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PREFACE TO THE SERIES

In the course of nearly every program of research in organic chemistry
the investigator finds it necessary to use several of the better-known
synthetic reactions. To discover the optimum conditions for the appli-
cation of even the most familiar one to a compound not previously
subjected to the reaction often requires an extensive search of the liter-
ature; even then a series of experiments may be necessary. When the
results of the investigation are published, the synthesis, which may
have required months of work, is usually described without comment.
The background of knowledge and experience gained in the literature
search and experimentation is thus lost to those who subsequently have
occasion to apply the general method. The student of preparative
organic chemistry faces similar difficulties. The textbooks and labora-
tory manuals furnish numerous examples of the application of various
syntheses, but only rarely do they convey an accurate conception of
the scope and usefulness of the processes.

For many years American organic chemists have discussed these
problems. The plan of compiling critical discussions of the more im-
portant reactions thus was evolved. The volumes of Organic Reactions
are collections of about twelve chapters, each devoted to a single reac-
tion, or a definite phase of a reaction, of wide applicability. The authors
have had experience with the processes surveyed. The subjects are
presented from the preparative viewpoint, and particular attention is
given to limitations, interfering influences, effects of structure, and the
selection of experimental techniques. FEach chapter includes several
detailed procedures illustrating the significant modifications of the
method. Most of these procedures have been found satisfactory by
the author or one of the editors, but unlike those in Organic Syntheses
they have not been subjected to careful testing in two or more labora-
tories. When all known examples of the reaction are not mentioned in
the text, tables are given to list compounds which have been prepared
by or subjected to the reaction. Every effort has been made to include
in the tables all such compounds and references; however, because of
the very nature of the reactions discussed and their frequent use as one
of the several steps of syntheses in which not all of the intermediates
have been isolated, some instances may well have been missed. Never-

v



vi PREFACE TO THE SERIES

theless, the investigator will be able to use the tables and their accom-
panying bibliographies in place of most or all of the literature search so
often required.

Because of the systematic arrangement of the material in the chapters
and the entries in the tables, users of the books will be able to find in-
formation desired by reference to the table of contents of the appropriate
chapter. In the interest of economy the entries in the indices have been
kept to a minimum, and, in particular, the compounds listed in the
tables are not repeated in the indices.

The success of this publication, which will appear periodically in
volumes of about twelve chapters, depends upon the cooperation of
organic chemists and their willingness to devote time and effort to the
preparation of the chapters. They have manifested their interest
already by the almost unanimous acceptance of invitations to con-
tribute to the work. The editors will welcome their continued interest
and their suggestions for improvements in Organic Reactions.
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2 ORGANIC REACTIONS

NATURE OF THE REACTION

The Diels-Alder reaction (diene synthesis) consists in the addition
of a compound containing a double or triple bond (usually activated by
additional unsaturation in the «,8-position) to the 1,4-positions of a
conjugated diene system, with the formation of a six-membered hydro-
aromatic ring. The following additions of various diene systems to
dienophiles are typical examples of the Diels-Alder reaction.

/Cﬁg
CH H
= + . -
\CH2 \CH CHO

o U

- o
o

° %—- 8%8

- CH
+ Il —_—
- CCO-H
CO.H
Diene Dicnophile Adduct

A noteworthy feature of the Diels-Alder reaction is the great variety
of the compounds which may serve as the dienophile. With a few excep-
tions, the compounds that have been employed as dienophiles fall into
one of the following categories.

1. CH,=CHA.

A = CHO, COzH, CO.CH;, CO,CeH;, COCL, COCHj; COCeHs, CN, NO,
CeHs, CH0H, CH.X, CHyNH,; CH,CN, CH:CO.H, CH.NCS,
0OCOCH;, SC¢H4CHjg, SOzR, X, H.
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2. CgH;CH=CHA.
A = CHO, CO.H, CO,CH;, CO,CoHs, COCHs, COCeHs.
3. CHx=CA,.
A = CO,C.H;, CN, COCH3, X.
4. ACH=CHA.
A = CO.H, COCI, CO,CH;, CO,C.H5, COCH3s, COCeHj, X.

5. Quinones.
6. AC=CA.
A = CO.H, CO.CHj;, CO.CoHy, COCeHj, CeHi, H.

The more reactive dienophiles usually contain the C=C—C==0 or
the C=C—C==0 system. Other unsaturated groups, such as CN, NO,,
or SO,, promote the addition. In some instances even substances with
isolated double bonds have been found to add dienes, but these sub-
stances usually require more drastic reaction conditions. Ketenes do
not react with dienes in the Diels-Alder fashion !+

Among those substances that have been employed most frequently as
dienophiles are maleic anhydride and other closely related dicarboxylic
acid derivatives (which are discussed in this chapter), a,8-unsaturated
carbony! compounds and acetylenic compounds (which are discussed in
Chapter 2), and quinones and other cyclic ketones (which will be dis-
cussed in Volume V). In Table I are listed some other compounds which
have been employed successfully as dienophiles.

1 Allen and Sheps, Can. J Research, 11, 171 (1934).

2 Farmer and Farooq, J. Chem. Soc., 1938, 1925,

3 Smith, Agre, Leekley, and Prichard, J. Am. Chem. Soc., 61, 7 (1939).
4 Brooks and Wilbert, J. Am. Chem. Soc., 63, 870 (1941).
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TABLE I
DienoprILES IN THE DIELS-ALDER REACTION
Dienophile Reference Dienophile Reference
Acrolein 5-21 Ethylenetetracarboxylic acid
Crotonaldehyde 6, 12, 15, 1€, ] and ester 51
2023 Azodicarboxylic ester 52, 53
Cinnamaldehyde 6, 24 Acrylonitrile 54
Acetylethylene (methyl
vinyl ketone) 25 B-Naphthol (keto tautomer) 55
Ethylideneacetone 9 Nitroalkenes 29, 56-59
Benzoylethylene (vinyl
phenyl ketone) 26 a,p-Unsaturated sulfones 56
Benzalacetone and Cyclopentadiene 60-63
benzalacetophenone 27, 28 1,3-Cyclohexadiene 64
Dibenzalacetone 29 Styrene 58, 65
1-Cyclopenten-3-one and Indenes 44, 65-69
derivatives 30-33 Acenaphthylene 69
1-Cyclohexen-3-one 34 Allyl compounds 70
sym-Diacetylethylene 35, 36 Vinyl halides, esters, and
sym-Diaroylethylenes 27,29, 37-41|| sulfides 56, 71, 72
Acrylic acids 8, 10, 18, 42 || Di- and poly-chloroethylenes | 71, 73
Crotonic acid and crotonyl 4-Vinyl-1-cyclohexene 74
chloride 8, 43 1-Methyl-1-cyclopentenc 66
Cinnamic acids and esters |24, 27, 44-47 | Unsaturated bicyclie  com-
3,4-Dihydro-i-naphthoic pounds (such as dicyclo-
acids and esters 48, 49 pentadiene) 75, 76
Coumarin 46 Ethylene 77, 78
B-Aroylacrylic acids 27, 50
Alkylidene-malonie,
-acetoacetic, and
-cyanoacetic esters 51

5 Dicls and Alder, Ann., 460, 98 (1928).
S Dicls, Alder, Litbbert, Naujoks, Querberitz, R6hl, and Segeberg, Ann., 470, 62 (1929).
" Diels, Alder, Petersen, and Querberitz, Ann., 478, 137 (1930).

3 Alder, Stein, Liebmann, and Rolland, Ann., 514, 197 (1934).

? Diels and Alder, U. 8. pats. 1,944,731-2 [C. 4., 28, 2016 (1934)].
 Lehmann and Paasche, Ber., 68, 1146 (1935).

1 Xagsansky and Plate, Ber., 68, 1259 (1935).

12 Arbuzov, Ber., 68, 1435 (1935).
13 Lehmann, Ber., 69, 631 (1936).
1 Dupont and Dulou, Compt. rend., 202, 1861 (1936).
¥ Arbuzov, Zinov'eva, and Fink, J. Gen. Chem. U.S.8.R., 7, 2278 (1937) [C. 4., 32,

507 (1938)].

16 Chayanov and Grishin, Colloid J. U.S.8.R., 8, 461 (1937) [C. A., 32, 6226 (1938)].

7 Chayanov, J. Gen. Chem. U.S.S.R., 8, 460 (193%8) [C. 4., 32, 7905 (1938)].
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18 Lehmann, Ber., 71, 1874 (1938).

19 Dupont, Dulou, Desreux, and Picoux, Bull. soc. chim. France, [5] 5, 322 (1938).

# Langenbeck, Gédde, Weschky, and Schaller, Ber., 75, 232 (1942) [C. 4., 37, 3746
(1943)).

2 Fiesselmann, Ber., 75, 881 (1942) [C. A., 37, 3417 (1943)].

2 Shorygin and Guseva, J. Gen. Chem. U.S.8.R., 6, 1569 (19386) [C. 4., 31, 2184 (1937)].

% Clar, Ber., T2, 1817 (1939).

% Fujise, Horiuti, and Takahashi, Ber., 69, 2102 (1936).

3 Petrov, J. Gen. Chem. U.S8.8.R., 11, 309 (1941) [C. A., 35, 5873 (1941)].

% Allen, Bell, Bell, and Van Allan, J. 4m. Chem. Soc., 62, 656 (1940).

% Bergmann and Eschinazi, J. Am. Chem. Soc., 65, 1405 (1943).

% Natsinskaya and Petrov, J. Gen. Chem. U.S.8.R., 11, 665 (1941) [C. A., 35, 6934
(1941)].

# Bergmann, Eschinazi, and Neeman, J. Org. Chem., 8, 179 (1943).

¥ Dane, Schmitt, and Rautenstrauch, Ann., 532, 29 (1937).

3 Dane and Schmitt, .Ann., 536, 196 (1938).

3 Dane and Schmitt, Ann., 537, 246 (1939).

% Dane and Eder, Ann., 539, 207 (1939).

3 Bartlett and Woods, J. Am. Chem. Soc., 62, 2933 (1940).

% Goldberg and Miller, Helv, Chim. Acta, 21, 1699 (1938).

® Goldberg and Miiller, Helv. Chim. Acta, 23, 831 (1940).

3 Adams and Geissman, J. Am. Chem. Soc., 61, 2083 (1939).

8 Adams and Gold, J. Am. Chem. Soc., 62, 56 (1940).

3 Adams and Wearn, J. Am. Chem. Soc., 62, 1233 (1940).

© Adams and Cold, J. Am. Chem. Soc., 62, 2038 (1940).

4 Adams, U. 8. pat. 2,341,850 [C. 4., 38, 4270 (1944)].

# Komppa and Komppa, Ber., 69, 2606 (1936).

4 Komppa and Beckmann, Ann., 523, 68 (1936).

“ Weiss and Beller, Monatsh., 61, 143 (1932).

4% Weizmann, Bergmann, and Berlin, J. 4m. Chem. Soc., 60, 1331 (1938).

4% Adams, McPhee, Carlin, and Wicks, J. Am. Chem. Soc., 65, 356 (1943).

4 Adams and Carlin, J. Am. Chem. Soc., 65, 360 (1943).

4 Fieser and Holmes, J. Am. Chem. Soc., 58, 2319 (1936).

4 Fiescr and Holmes, J. Am. Chem. Soc., 60, 2548 (1938).

% Fieser and Fieser, J. Am. Chem. Soc., 67, 1679 (1935).

% Alder and Rickert, Ber., 72, 1983 (1939).

52 Diels, Blom, and Koll, Ann., 443, 242 (1925).

5 Diels, Schmidt, and Witte, Ber., 71, 1186 (1938).

% Wolfe, U. S. pat. 2,217,632 [C. A., 35, 1069 (1941)].

% Salfeld, Ber., 73, 376 (1940).

% Alder, Rickert, and Windemuth, Ber., 71, 2451 (1938).

% Allen and Bell, J. Am. Chem. Soc., 61, 521 (1939).

% Allen, Bell, and Gates, J. Org. Chem., 8, 373 (1943).

% Nightingale and Jancs, J. Am. Chem. Soc., 66, 352 (1944).

60 Alder, Stein, and Finzenhagen, Ann., 485, 223 (1931).

61 Alder, Stein, Eckardt, Buddenbrock, and Schneider, Ann., 504, 216 (1933).

62 Alder and Stein, Angew. Chem., 47, 837 (1934).

83 Grummitt, Klopper, and Blenkhorn, J. Am. Chem. Soc., 64, 604 (1942).

64 Alder and Stein, Ann., 496, 197 (1932).

% Alder and Rickert, Ber., T1, 379 (1938).

% Bergmann and Weizmann, J. Org. Chem., 9, 352 (1944).

% Swain and Todd, J. Chem. Soc., 1942, 626.

8 Mameli, Pancotto, and Crestani, Gazz. chim. ital., 67, 669 (1937).

8 Dilthey, Henkels, and Schaefer, Ber., 71, 974 (1938).

7 Alder and Windemuth, Ber., 71, 1939 (1938).

1 Alder and Rickert, Ann., 543, 1 (1940).



6 ORGANIC REACTIONS

The types of conjugated systems capable of undergoing the Diels-
Alder reaction are equally diverse. These may be classified conven-
iently in the following manner.

1. Acyclic conjugates (butadiene, alkylbutadienes, arylbutadienes, conjugated
polyenes, ete.).
2. Alicyclic conjugates.
a. Wholly alicyclic systems (cyclopentadiene, 1,3-cyclohexadiene, fulvenes).
b. Bicyelic systems (1,1/-bicyelohexenyl, ete.).
¢. Alicyclic-acyelic systems (1-vinyl-l-eyclohexene, 1-vinyl-3,4-dihydro-
naphthalene).
3. Aromatic conjugates.
a. Wholly aromatic systems (anthracene, 9,10-dialkylanthracenes, pentacene,
ete.).
b. Aromatic-acyclic systems (isosafrole, 1-vinylnaphthalene, 9-vinylphenan-
threne, ete.).
¢. Aromatic-alicyclic systems (1-e-naphthyl-1-cyclopentene, ete.).
4. Heterocyclie compounds (furan, isobenzofurans, a-pyrone).

The versatility of the Diels-Alder reaction was recognized primarily
through the work of Diels and Alder, whose series of papers on this
subject began to appear in 1928.5 Isolated instances of the reaction
were discovered, however, as early as 1893 ™ and 1897 ¥ by Zincke, 8. %
who subsequently formulated the reactions as additions which conform
to the general scheme of the diene synthesis.

0O Cl 0
Cl Cl Cl
Cl Cl Cl Cl
_ 0 + Cl Cl Cl Cl
Cl a : Cl
Cl

In 1906, Albrecht 2 described the addition products of p-benzoquinone
with one and two molecules of cyclopentadiene, for which he suggested
the erroneous formulas I and II. Staudinger # suggested formulas ITI

72 Alder and Windemuth, 4Ann., 548, 41 (1940).

8 Alder and Rickert, U. 8. pat. 2,351,311 [C. 4., 38, 5222 (1944)].
# Alder and Rickert, Ber., T1, 373 (1938).

% Alder, Stein, Reese, and Gragsmann, Ann., 496, 204 (1932).

76 Alder and Windemuth, Ber., 71, 2409 (1938).

7 Joshel and Butz, J. Am. Chem. Soc., 63, 3350 (1941).

8 Nudenberg and Butz, J. Am. Chem. Soc., 66, 307 (1944).

7 Zincke and Gunther, Ann., 272, 243 (1893).

30 Zincke, Bergmann, Francke, and Prenntzell, Ann., 296, 135 (1897).
3 Zincke and Meyer, Ann., 367, 1 (1909).

32 Zincke and Pfaffendorf, Ann., 394, 3 (1912).

3 Albrecht, Ann., 348, 31 (1906).

3 Staudinger, Die Ketene, p. 59, F. Enke, Stuttgart, 1912,
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and IV for these compounds. That Albrecht’s addition compounds

O (0] (0]

RGN ~
(0] (0] (0]
I

v

were actually the result (V and VI) of a typical diene synthesis was
shown later by Diels and Alder.58 During the controversy concerning’

0
‘ C clo«
0 0

the quinone-cyclopentadiene reaction, Euler and Josephson % repor‘oed
that isoprene could be made to react with 1,4-benzoquinone to yield VII.
Diels and Alder subsequently showed that this reaction product was
actually a mixture of VII and VIII.

@@3 {eecy

VIII

An indication of the generality of these addition reactions was given
by the work of Diels, Blom, and Koll ® on the reaction of azodicarboxylic
ester with cyclopentadiene. The remarkably broad scope of the diene
synthesis was then established by the papers of Diels and Alder, which
appeared in rapid succession.

The development of the Diels-Alder reaction has been of inestimable
value not only in synthesis but also for the light it has cast upon the
mechanism of polymerization. Indeed, the discovery of certain dimeri-
zation processes that conform to the general scheme of the diene syn-
thesis preceded the work of Diels and Alder. Among these may be
mentioned the dimerization of butadiene to 4-vinyl-1-cyclohexene & 88

% Diels, Alder, Stein, Pries, and Winckler, Ber., 62, 2337 (1929).

% Buler and Josephson, Ber., 53, 822 (1920).

¥ Lebedev, J. Russ. Phys. Chem. Soc., 43, 949 (1910) [C. 4., 6, 2009 (1912)].

3 TLebedev and Skavronskaya J. Russ. Phys. Chem. Soc., 43, 1124 (1911) [C. 4., 6,
855 (1912)].
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and of isoprene to dipentene.® Discovery of the Diels-Alder reaction,
however, gave impetus to the further investigation of these and other
polymerization processes. Thus, the dimerizations of isoprene,® 3,4-
dimethyl-2 4-hexadiene,” 1,3,5-hexatriene,? cyclopentadiene,-6%9%9 cy.
clohexadiene,® and dienecarboxylic acids % were shown to be diene
syntheses, as were the trimerization of butadiene ™ and the polymeriza-
tion of cyclopentadiene.58.75% The dimerizations of such carbonyl
compounds as acetylketene,” acrolein,®® methyl vinyl ketone,® and o-
methylenecyclohexanone 1 have also been shown to be additions of the
Diels-Alder type.

Reaction Mechanism. The diene synthesis appears to be initiated by
an ionic reaction involving electron transfer from the diene to the
dienophile. This step is probably rapid and results in a complex that
is held together by ionic forces.?2101-108  Stereochemically, this complex
may be visualized as two parallel charged (usually flat) surfaces, oriented
in such a way as to take maximum advantage of electrostatic attractive
forces.*313 Tt has been postulated that this intermediate complex is in
some instances an open-chain diradical, although kinetic studies of the
agsociation of butadiene and of other diene syntheses are not in harmony
with this view.1%1% The second, and probably rate-controlling, step
in the reaction is a rearrangement of the ionic complex to yield the
stabilized adduct.

Certain characteristics of the Diels-Alder reaction appear to support
this mechanism.

1. The reaction usually (though not necessarily) is accompanied by
the production of a transient color, which has been attributed to forma-

3 Wallach, Ann., 227, 277 (1885).

% Wagner-Jauregg, Ann., 488, 176 (1931).

% yonRomburgh and vonRomburgh, Proc. Acad. Sci. Amsterdam, 34, 224 (1931)
[C. A., 25, 3309 (1931)].

9 Kharasch and Sternfeld, J. Am. Chem. Soc., 61, 2318 (1939)

9 Alder, Stein, and Grassmann, Ann., 504, 205 (1933).

 Pirsch, Ber., 67, 101 (1934).

% Kuhn and Deutsch, Ber., 65, 43 (1932).

% Farmer, Trans. Faraday Soc., 35, 1034 (1939).

% Hurd, Roe, and Williams, J. Org. Chem., 2, 314 (1937).

% Alder and Ruden, Ber., 74, 920 (1941).

9 Alder, Offermanns, and Riiden, Ber., T4, 905 (1941).

100 Mannich, Ber., 74, 557 (1941).

10 Hudson and Robinson, J. Chem. Soc., 1941, 715.

12 Woodward, J. Am. Chem. Soc., 64, 3058 (1942).

108 Woodward and Baer, J. Am. Chem. Soc., 66, 645 (1944).

104 Wassermann, J. Chem. Soc., 1935, 828.

1% Benford and Wassermann, J. Chem. Soc., 1939, 362.

108 W agsermann, J. Chem. Soc., 1942, 612.
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tion of the complex.}™1¢ Production of a color with maleic anhydride,
however, should not be construed as a reliable test for a diene or a
guarantee that a normal Diels-Alder reaction will ensue. Stilbene, for
example, when mixed with maleic anhydride gives first a yellow color
and then an amorphous substance having a high molecular weight.18
In other instances a colored complex is formed, but no further reaction
takes place.l?

2. Tonic compounds actually have been isolated from the reaction of
dimethyl acetylenedicarboxylate with such heterocyclic substances as
pyridine, a-picoline, quinoline, isoquinoline, and quinaldine.!''-115  Fuyr-
thermore, the nature of the solvent affects not only the rate of reac-
tion 1618 but also in some instances (the aforementioned nitrogen
heterocycles) the nature of the product.

3. The course of the reaction is sterically specific (see p. 10).

4. The tendency of a styrene to react with maleic anhydride is en-
hanced by an alkoxyl group parae to the unsaturated side chain, but a
similar group in the meta position has no such effect.!

5. Certain substances which may act as donor or acceptor molecules,
but which cannot themselves take part in the diene reaction, have been
found to catalyze diene syntheses. Among these are trichloroacetic acid,
trimethylamine,*®12 and possibly dimethylaniline and sym-trinitro-
benzene.%?

Reversibility of the Reaction. It has been observed repeatedly that
adducts from the Diels-Alder reaction are thermally unstable. Dissocia-
tion takes place with varying facility, depending upon the nature of the
adducts. Those which have an endo bridge, such as XXXIII, XTI,
LXXXVII, and XCIII (pp. 22, 24, 35, 38), generally show a pronounced
tendency to revert to their components.!2 The adduct from furan and
maleic anhydride, for example, decomposes at its melting point (125°).
When the adduct from cyclopentadiene and maleic anhydride is warmed,

7 Kuhn and Wagner-Jauregg, Helv. Chim. Acta, 13, 9 (1930).

108 Kuhn and Wagner-Jauregg, Ber., 63, 2662 (1930).

19 Littmann, J. Am. Chem. Soc., 58, 1316 (1936).

10 Sandermann, Seifensieder-Ztg., 66, 553 (1938) [C. 4., 32, 8698 (1938)].

11 Diels, Alder, Friedrichsen, Klare, Winckler, and Schrum, 4Ann., 505, 103 (1933).
112 Diels, Alder, Friedrichsen, Petersen, Brodersen, and Kech, Ann., 510, 87 (1934).
13 Diels and Meyer, Ann., 513, 129 (1934).

114 Diels and Pistor, Ann., 530, 87 (1937).

115 Diels and Harms, Ann., 525, 73 (1936).

116 Wassermann, Ber., 66, 1392 (1933).

7 Wasscrmann, J. Chem. Soc., 1936, 1028,

U3 Wassermann, J. Chem. Soc., 1942, 623.

119 Wassermann, Fr, pat. 838,454 (1939) [C. A., 33, 7818 (1939)].

120 Wassermann, J. Chem. Soc., 1942, 618.

121 Diels, Alder, and Naujoks, Ber., 62, 554 (1929).
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it likewise dissociates into its components. On the other hand, the ad-
ducts from cyclohexadiene and its derivatives are much more thermo-
stable. Indeed, this difference in properties has been suggested as a
means of differentiating between five- and six-carbon cyclic dienes 2
(compare Chapter 2).

The reactions between maleic anhydride and a number of polycyclic
hydrocarbons containing the anthracene nucleus are truly reversible.123
Identical mixtures of hydrocarbon, maleic anhydride, and adduct were
obtained by heating xylene solutions of either the pure adduct or the
components in equimolecular proportion. The quantitative results of
this investigation are discussed in a later section (p. 28).

The course taken by dissociation of maleic anhydride adducts is in
keeping with the thermal decomposition of other bicyclic compounds.
It has been observed %1% that the bonds that undergo pyrolytic rupture
are those once removed from unsaturation rather than those adjacent
to unsaturation (the double bond rule). In a typical maleic anhydride

(0]
(@
aﬂ/a\
O
N S
aﬁac

|
0

adduct the a-bonds are strong, whereas the 8-bonds are weak and subject
to thermal cleavage.

Stereochemical Selectivity of the Reaction. The Diels-Alder reaction
exhibits pronounced stereochemical selectivity. The configuration of a
given adduct conforms to the following general principles,”'¥ commonly
known as the Alder rules.

1. The addition of a dienophile to a diene is a purely cés addition.
The relative positions of substituents in the dienophile are retained in
the adduct. For example, maleic anhydride reacts with anthracene to
yield the cis-anhydride adduct IX, while fumaric acid yields the trans-
dicarboxylic acid adduct X128

12 Alder and Rickert, Ann., 524, 180 (1936).

123 Bachmann and Kloetzel, J. Am. Chem. Soc., 60, 481 (1938).

124 Littmann, J. Am. Chem. Soc., 57, 586 (1935).

1% Norton, Chem. Revs., 31, 387, 469 (1942).

126 Allen and Van Allan, J. .Am. Chem. Soc., 66, 1384 (1943).

127 Alder and Stein, Angew. Chem., 50, 510 (1937).

18 (¢) Bachmann and Scott, J. Am. Chem. Soc., 70, 1458, 1462 (1948); (b) Bachmann
and Chemerda, J. Am. Chem. Soc., 70, 1468 (1948).
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Maleic
l anhydride

’ Fumaric

anhydride

2. In the reaction of maleic anhydride with a cyclic diene, such as
cyclopentadiene, two modes of addition are theoretically possible, lead-
ing to the formation of an ‘‘endo’’ configuration (XI) or an “‘exo’’ con-
figuration (XITI) respectively. Actually, the endo configuration (XI) is
produced exclusively.’?71%® This ‘‘one-sided’’ addition indicates that
immediately before combination the components must always be ori-
ented in exactly the same manner with respect to each other; that is,
of the two possible orientations, A and B, A is favored.

O H
0 H
0
XTI
H
0
H
XI11

The favored orientation (A) corresponds to the maximum accumula-
tion of double bonds (the double bonds of the carbonyl groups are in-

12 Alder, Stein, Buddenbrock, Eckardt, Frercks, and Schneider, Ann., 514, 1 (1934).
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cluded 1n this consideration). It has been calculated ® that the attract-
ing forces between the two molecules are greater in the endo orientation
than in the exo orientation. Investigation of the behavior of substituted
fulvenes toward maleic anhydride demonstrated in a striking manner
that accumulation of unsaturation is truly the criterion for the steric
course of the reaction (see p. 24). It should be pointed out, however,
that when the dienophile has no activating unsaturation (as in allyl
alcohol, allylamine, etc.) it is no longer valid to speak of ““maximum
accumulation of double bonds,”” and orientation of the components to
give an endo configuration must be attributed to some other factor.
According to Alder ™ the unshared electrons on an oxygen, nitrogen, or
halogen atom may be considered equivalent to unsaturation, and in a
broader sense the presence of unshared electrons governs the spatial
arrangement of the components before addition.

3. The steric course of most Diels-Alder reactions is controlled by
the aforementioned generalizations. When, however, the dienophile is
an asymmetrically substituted maleic acid, such as 3,6-endomethylene-
3,45 6-tetrahydrophthalic acid (XIII), there arc theoretically two addi-
tional steric modes in which addition may take place. Here, too, the
steric selectivity of the reaction holds, for, of the two possible configura-
tions XIV and XV, only XIV is produced.?

- COOH
i COOH
* *
* COOH * COOH

Side Reactions. Polymerization of the diene sometimes accompanies,
or takes place to the exclusion of, the Diels-Alder reaction. Dienes with
doubly substituted carbon atoms in the terminal positions of the con-

130 Wassermann, J. Chem. Soc., 1938, 1511.
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jugated system generally tend to produce polymers rather than nor-
mal adducts. Thus, 4-methyl-1,3-pentadiene,!3-133 2-methyl-2,4-hexa-
diene,3%13%  4.methyl-1,3-hexadiene, 2,5-dimethyl-2,4-hexadiene,!3® 4-
methyl-6-phenyl-1,3-hexadiene, 4-methyl-6-m-methoxyphenyl-1,3-hexa-
diene, 3% and 4-n-propyl-1,3-heptadiene ¥ give, with maleic anhydride,
polymeric products exclusively. cis-1,3-Pentadiene likewise yields only
polymeric material, though the trans isomer readily adds maleic an-
hydride in the normal fashion 13113814

Conjugated aromatic-acyclic systems, such as styrene,'® p-methoxy-
styrene, 3,4-methylenedioxystyrene, anethole,* irans-isoeugenol ethyl
ether,' stilbene, benzalfluorene, 1,4-diphenyl-1-butene,*®% 5-vinyl-
hydrindene, 5-isopropenylhydrindene,'® 1-vinylnaphthalene, 1-vinyl-6-
methoxynaphthalene,'?8* and 6-isopropenylchrysene 1 also appear to be
particularly sensitive to the polymerizing influence of maleic anhydride.
With certain other dienes (for example, 2-methyl-1,3-pentadiene,!3?
3-methyl-1,3-pentadiene® 1,10-diphenyldecapentaene 0814 q-phellan-
drene, and a-terpinene ®) the normal addition of maleic anhydride,
even under mild conditions, is accompanied by polymer formation.

Relatively few polymers have been studied carefully to determine
the nature of the polymerization involved. Heteropolymerization ap-
pears to occur most frequently, since most of the polymers have been
observed to be alkali-soluble. The product from styrene and maleic
anhydride, however, has been reported # to be a complex mixture of
hetero- and homo-polymers. Oxidation experiments !*%133 have indi-
cated that the polymer from maleic anhydride and 4-methyl-1,3-penta-
diene has the following structure.

——CH——(IJH——(IJHCHZ——
I
CO CO CH

N/

O g(CI‘Is)z n

* Compare Tamayo and Ayeslaran, Anales soc. espat. fis. quim., 36, 44 (1940) [C. 4.,
34, 7288 (1940)]1.

131 Farmer and Warren, J. Chem. Soc., 1931, 3221,

182 Bachman and Goebel, J. Am. Chem. Soc., 64, 787 (1942).

133 Bachman and Hatton, J. Am. Chem. Soc., 66, 1513 (1944).

13 Bacon and Farmer, J. Chem. Soc., 1937, 1065.

1% Henne and Turk, J. Am. Chem. Soc., 64, 826 (1942).

13 Cohen, J. Chem. Soc., 1935, 429.

17 Slobodin, J. Gen. Chem. U.S.S.R., 8, 241 (1938) [C. A., 32, 5371 (1938)].

133 Robey, Morrell, and Wiese, J. Am. Chem. Soc., 63, 627 (1941).

139 Norton, Chem. Revs., 31, 349 (1942).

10 Craig, J. .Am. Chem. Soc., 65, 1006 (1943).

141 Wagner-Jauregg, Ber., 63, 3213 (1930).

42 Arnold, J. Am. Chem. Soc., 61, 1405 (1939).

143 Bergmann and Eschinazi, J. Am. Chem. Soc., 65, 1413 (1943).

4 Littmann, Ind. BEng. Chem., 28, 1150 (1936).
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In other polymers, only the ratio of maleic anhydride to diene has been
determined. In the product from maleic anhydride and 1,10-diphenyl-
decapentaene this ratio is 3:1; from o-phellandrene, 4:3 or 5:4; from
a-terpinene, 2:1 or 3:2; from p-methoxystyrene, 3:2; from benzal-
fluorene, 1:1.

The complexity of the polymer obtained is dependent both upon the
nature of the reactants and upon the conditions employed. With
maleic anhydride under comparable conditions, a-phellandrene and a-
terpinene yield polymers of molecular weight 1220 and 350, respectively.
3,4-Methylenedioxystyrene yields a relatively simple heteropolymer
with a molecular weight of 482. Stilbene and benzalfluorene yield poly-
mers with very high molecular weights. Anethole gives a relatively
simple polymer with maleic anhydride if reaction is effected in the cold;
application of heat yields a more complex product. The use of poly-
merization inhibitors (hydroquinone), low reaction temperatures, and
suitable solvents is sometimes effective in suppressing polymerization
of the diene.!®»!32 Tt has also been observed 2% that the addition of
trans-dienophiles (fumaric or mesaconic acids) to 1-vinylnaphthalene
or 1-vinyl-6-methoxynaphthalene is accompanied by less polymer for-
mation than the addition of cis-dienophiles (maleic or citraconic an-
hydrides).

The use of purified maleic anhydride in the Diels-Alder reaction is to
be recommended. Free maleic acid in the maleic anhydride may cause
isomerization of the diene with which the anhydride is to react, thus
altering the course of the subsequent condensation,¥s or it may initiate
polymerization of the diene!* Maleic anhydride is not, however,
without polymerizing influence of its own, for a mixture of 2-methyl-
1,3-pentadiene and 4-methyl-1,3-pentadiene does not polymerize readily
with either styrene or vinyl acetate unless maleic anhydride is present.!32

SCOPE AND LIMITATIONS OF THE REACTION

In this discussion consideration will be given those Diels-Alder reac-
tions which involve the following dienophiles:

Maleic anhydride.

Maleic acid and its esters.

Fumaric acid and its esters.

Fumary! chloride.

Fumaronitrile.

Citraconic (methylmaleic) anhydride.
Pyrocinchonic (dimethylmaleic) anhydride.

5 TTultzsch, Ber., 72, 1173 (1939).
46 Bytz, Gaddis, Bulz, and Davis, J. Org, Chem.. 8, 879 (1940),
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Mesaconic (methylfumaric) acid.

Itaconic anhydride.

Di- and tetra-hydrophthalic anhydrides.

Dihydronaphthalenedicarboxylic anhydrides.

Dihydrophenanthrenedicarboxylic anhydrides.

3,4-Dihydro-8,9-acephenanthrene-1,2-dicarboxylic anhydride.

Reaction with Acyclic Compounds. Butadiene reacts with maleic

anhydride in benzene solution at 100° to give a quantitative yield of
c1s-1,2,3,6-tetrahydrophthalic anhydride (XVI).514%148 Mono-, di-, and
tri-alkylbutadienes, as well as 2-acetoxybutadiene, 2-formoxybutadiene

CH,
Y 0 Cco
CI{ cuc? 7\
e oo L »
N No Neb
CH, XVI

(formoprene), 2,3-dimethoxybutadiene, butadienyl thioethers, chloro-
prene, and bromoprene react in a similar manner (see Table IIT). The
reaction usually proceeds readily at room temperature when the com-
ponents are mixed in equivalent proportions, and a quantitative yield
of the corresponding adduct is often obtained. Fatty acids containing
conjugated systems likewise add maleic anhydride readily.* Certain
halogenated dienes are, however, inert toward maleic anhydride. Thus,
2,3-dichloro-1,3-butadiene, 1,3,4,6-tetrachloro-2,4-hexadiene, 3,6-dichlo-
ro-1,3 4-hexatriene, 3,4,6-trichloro-1,2,4-hexatriene, 4-chloro-1,2,3,5-hex-
atetraene, and 3,4-dichloro-1,2,4,5-hexatetraene fail to react, though it
has been shown that 14-addition to a conjugated system terminating
in a series of contiguous double bonds is possible. 1415

The Diels-Alder reaction provides a convenient route for the synthesis
of biphenyl terphenyl, and quaterphenyl derivatives. 1,4-Diphenyl-
1,3-butadiene, for example, reacts readily with maleic anhydride to give
the hydroterphenyl derivative XVILI! Hydrobiphenyl systems have
also been prepared successfully by the addition of butadienes to cinnam-
aldehyde,® benzylidenemalonic ester,” or styrene,®® and by the thermal
polymerization of butadiene itself.” An adduct of type XVII may be

* This reaction sometimes yields elastic or resinous condensation products of industrial
value. See C. 4., 27, 4890 (1933); C. A., 29, 5953 (1935); C. 4., 30, 6848 (1936); C. 4.,
32, 2248 (1938).

147 Diels and Alder, Ber., 62, 2087 (1929).

13 Parmer and Warren, J. Chem. Soc., 1929, 897.

19 Berchet and Carothers, J. Am. Chem. Soc., 66, 2004 (1933).

180 Coffman and Carothers, J. Am. Chem. Soc., 55, 2040 (1933).
11 Diels, Alder, and Pries, Ber., 62, 2081 (1929).
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aromatized and decarboxylated simultaneously by distilling with a
mixture of lime and zinc dust !* or may be aromatized by treating with
potassium ferricyanide or sulfur and then decarboxylated by distilling
with soda-lime 1% or heating with basic copper carbonate in quinoline.!
In this manner, XVII yields terphenyl.

When a diene carrying an unsaturated substituent is employed in the
Diels-Alder reaction, stabilization of the adduct may occur through
spontaneous migration of the double bond to afford a conjugated system.
In this way, ethyl frans-trans-muconate (XVIII, A = B = COOC,Hj;)
reacts with maleic anhydride to give 3,6-dicarbethoxy-1,2,5,6-tetra-
hydrophthalic anhydride (XIX, A = B = COOC,H;)."** Ethyl cis-cis-
muconate does not react appreciably, even upon prolonged boiling. The
adduct from sorbic acid (XVIII, A = CH;, B = COOH) likewise is
presumed to have the structure XIX (A = CH;, B = COOH).

zlx
/CI—I A
CO CO
ERN 01{ RN
(L e 4 ).
\co AN \co
cH B
® ]
XVII XVIII XI1X

When maleic anhydride and 1,4-diphenyl-1,3-butadiene interact, the
product is not homogeneous but consists of two isomers (XX and XXI)
which are assumed to differ by the position of unsaturation in the central
ring.*® Maleic anhydride failed to react with 1,4-di-p-anisyl-1,3-
butadiene,'s3 1,2,3 4-tetraphenyl-1,3-butadiene,* or 1,4-dibiphenylene-
1,3-butadiene. %

OC/O\CO oC O\CO
AN N_ S
OO

* Tetraphenylcyclopentadienone, however, reacts readily.!» 18, 156
152 Bergmann and Weizman, J. Org. Chem., 9, 415 (1944).

153 Weizmann, Bergmann, and Haskelberg, J. Chem. Soc., 1939, 391.
1% Wagner-Jauregg, Ann., 491, 1 (1931).

1% Dilthey, Schommer, and Trésken, Ber., 66, 1627 (1933).

1% Dilthey, Thewalt, and Trosken, Ber., 67, 1959 (1934).
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An interesting variation of the aforementioned Diels-Alder reaction
consists in the replacement of maleic anhydride by fumaryl chloride.’®
Whereas maleic acid gives rise to a ¢is acid, fumaryl chloride leads to the
corresponding trans acid. The addition of fumaryl chloride to other
dienes is limited, however, by the polymerizing action of this reagent.
Butadiene, for example, is polymerized even when the reaction mixture
is cooled in an acetone-Dry Ice bath.

The following examples illustrate the use of substituted maleic an-
hydrides in the synthesis of complex molecules by the Diels-Alder reac-

tion.
COREN
/ _CH
CO i

CH,

2
3,6-¢ndo-Mecthylene-3,4,6,6- 5,8-endo-Mcthylenc.¢ls: A ~0§:5t7ﬂ11ﬂ-
tetraliydrophilialic anhydride 9,10.dlcarboxylic anhydride

CH,
Pt co
H H,CC— CO N
H I >0 > e
N HCC—CO
N, 3 CO
CH.
'yrocinclhionie CHs
anhydride .
els-1,2-Dhmethyl-A'cyeloliexene-
1,2.dicarboxylic anhydride!®
oC—0
¢o
CHBO “ +
7.Mclhoxy-3,4.dlhydronaphthalcnc« 6-Mcihoxy-l,4,9,10,11,12.
1,2«dicnrboxylic anhydride hexnhydrophenantbrene-11,12+
t

diearboxylle anhydride 169

A novel variation in the Diels-Alder reaction is the substitution of
two molecules of ketene diethylacetal for one of a conjugated diene.
The reaction with maleic anhydride (pyrocinchonic anhydride does not
react) presumably proceeds in the following manner.1%

157 Alder and Backendorf, Ber., T1, 2199 (1938).

18 Woodward and Loftfield, J. Am. Chem. Soc., 63, 3167 (1941).

189 Fieser and Hershberg, J. Am. Chem. Soc., 58, 2314 (1936).
180 McElvain and Cohen, J. Am. Chem. Soc., 64, 260 (1942).
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CH, CH,
7 7N\
(C2H;50),C CHCO (CH;0),C  CHCO
+| 20— I | 20—
2 CHCO CH, CHCO
AN
C(OC:Hy):

7N\
CoH;O  OC:Hy

co
CH 0N \O

/
cHB b

Extension of the Diels-Alder reaction to a series of conjugated polyenes
disclosed that these compounds react in the normal way to give six-
membered rings.1%® Addition of maleic anhydride ig initiated at the ends
of the conjugated polyene system and takes place in such a manner that
the double bonds are saturated in pairs. This behavior is in accord with
the observed manner of hydrogen addition to conjugated systems.!®
Addition of one molecule of maleic anhydride at the terminal carbons
of the polyene system is not observed. Allenes and cumulenes fail to
add maleic anhydride, 02167

Hexatriene itself reacts readily with maleic anhydride to give an
adduct which is probably 3-vinyl-1,2,3,6-tetrahydrophthalic anhydride
(XXII),2%188 though Farmer and Warren ® have ascribed to it the
isomeric structure XXIII. 2,5-Dimethyl-1,3,5-hexatriene reacts in a
similar manner to give 5-methyl-3-isopropenyl-1,2,3,6-tetrahydro-
phthalic anhydride.¢?

The structure of the adduct obtained from maleic anhydride and 1,6-
diphenyl-1,3,5-hexatriene depends upon the reaction conditions. Fusion
of the components in the absence of a solvent yields one product (possi-
bly XXIV); refluxing in xylene yields a different isomer.!%%18 These
adducts are presumed to differ in the position of the double bond in the
cyclohexene ring.

181 Kuhn and Winterstein, Helv. Chim. Acta, 11, 123 (1928).

12 Kyhn and Wallenfels, Ber., T1, 783 (1938).

183 Gulyaeva and Dauguleva, Caoutchouc and Rubber U.S.S.R., No. 1, 53 (1937) [C. A,
32, 3754 (1938)].

164 Acree and LaForge, J. Org. Chem,, 4, 569 (1939).

165 Carothers, Berchet, and Collins, J. Am. Chem. Soc., 54, 4066 (1932).

16 Dykstra, J. Am. Chem. Soc., 58, 1747 (1936).

167 Acree and LaForge, J. Org. Chem., 5, 48 (1940).
1688 Kharasch, Nudenberg, and Sternfeld, J. Am. Chem. Soc., 62, 2034 (1940).
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CH, CH; 0
gH - ICH oo oC Co
e | R N_/
o O O
\Cg \CO/
XXII XXIII XXI1V

1,8-Diphenyloctatetraene adds two molecules of maleic anhydride
smoothly to give a homogeneous adduct (probably XXYV). The posi-
tion of the double bonds in the central rings was not ascertained. When
reaction is effected in boiling xylene or tetralin a mixture of isomeric
adducts is obtained. Even if only one mole of anhydride is employed,
XXV still is obtained, and unreacted 1,8-diphenyloctatetraene may be
recovered. This would indicate that the monoaddition adduct is more
reactive toward maleic anhydride than is the tetraene itself. The ad-
ducts from 1,4-diphenylbutadiene or 1,8-diphenyloctatetraene are de-
composed into their components upon distillation in vacuum, whereas
the adduct from 1,6-diphenylhexatriene does not dissociate under these
conditions.

Reaction of 1,10-diphenyldecapentaene with maleic anhydride in
boiling xylene yields two isomeric adducts (XXVI, position of double
bonds in cyclohexene rings uncertain) and an amorphous substance.
1,12-Diphenyldodecahexaene combines with three molecules of maleic
anhydride to give an adduct whose structure was not determined con-
clusively. Reaction took place similarly with 1,14-diphenyltetradec-
aheptaene but no homogeneous adduct was obtained in this instance.

O /O
/ \CO oC \CO

@2;5*23 O O-Cenmenl -0

All the natural polyene pigments are decolorized by addition of maleic
anhydride. The acetate of vitamin A reacts smoothly to give an adduct
(probably XXVII).1®11  (Carotene also reacts with maleic anhydride

189 Hamano, Sci. Papers Inst. Phys. Chem. Research Tokyo, 26, 87 (1935) [C. 4., 29,
2545 (1935)]1.

10 Kawakami, Sci. Papers Inst. Phys. Chem. Research Tokyo, 26, 77 (1935) [C. 4., 29,
2545 (1935)1.
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but yields an adduct whose absorption spectrum shows no remaining
double linkings.™™ An addition product of maleic anhydride with the
methy! ester of bixin has been isolated as a crystalline sodium salt, but
its structure has not been ascertained.’® The extension of the Diels-
Alder reaction to the natural carotenoids apparently is rendered difficult
by the multiplicity of possible stereoisomers.

0 ¢)

OC/ \CO OC/ \CO
CH; CH; N S N S
| { B ) / . >CH,0COCH;

CHB C}I;; CH3
XXVII

Conjugated systems containing a triple bond as well as double bonds
have been made to undergo the Diels-Alder reaction. 2,5-Dimethyl-
1,5-hexadien-3-yne (XXVIII) adds two molecules of maleic anhydride
to yield the hydronaphthalene derivative XXIX.16* Similar reactions
have provided syntheses of phenanthrene,'™"% chrysene,’% and 1,2~
cyclopentenophenanthrene 7%%¢ nuclei.

CH 0
\chm CHCO e Ctts
AT G e
g/ CHCO »
CHF \\Cﬂz I'Isc cO
XXVIIX XXIX

Acyeclic diene systems containing nitrogen 7 or oxygen do not appear to
undergo normal Diels-Alder reactions. 2-Ethyl-2-hexenalaniline (XXX)
adds maleic anhydride, but the reaction apparently involves an aldimine-
eneamine tautomerism,!7& 179

* Compare Blomquist and Marvel, J. Am. Chem. Soc., 55, 1655 (1933).

171 Nakamiya, Bull. Inst. Phys. Chem. Research Tokyo, 16, 286 (1936) [C. 4., 31, 4984
(1937)].

172 Dane, Hoéss, Bindseil, and Schmitt, Ann., 532, 39 (1937).

17 Dane, Héss, Eder, Schimitt, and Schén, Ann., 536, 183 (1938).

174 Joshel, Butz, and Feldman, J. Am. Chem. Soc., 63, 3348 (1941).

1% Butz and Joshel, J. Am. Chem. Soc., 64, 1311 (1942).

176 Butz and Joshel, J. Am. Chem. Soc., 63, 3344 (1941).

177 yvan Alphen, Rec. trav. chim., 61, 895 (1942) [C. A., 38, 5324 (1944)].

173 Snyder, Hasbrouck, and Richardson, J. Am. Chem. Soc., 61, 3558 (1939).

17 Snyder and Robinson, J. Am. Chem. Soc., 63, 3279 (1941).
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Cinnamalaniline fails to undergo a similar condensation because the
initial tautomerism cannot take place. If moisture is present, cinnamal-
dehyde and maleanilic acid are obtained;%® ynder anhydrous condi-
tions the reaction does not proceed.'” Benzalmaleinhydrazine and
benzaldehyde are similarly obtained when maleic anhydride reacts with
benzalazine (XXXI).#2 TUnder more drastic conditions, benzalazine
reacts with two molecules of maleic anhydride to give a bispyrazolidine
derivative (XXXII).14,183

18 Bergmann, J. Am. Chem. Soc., 60, 2811 (1938).

181 LaParola, Gazz. chim. #al., 64, 919 (1934).

182 Snyder, Levin, and Wiley, J. Am. Chem. Soc., 60, 2025 (1938).
183 yan Alphen, Rec. trav. chim., 61, 892 (1942) [C. 4., 38, 5824 (1944)].
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CH OC—CH——CH
I CHCO o< I I
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Although the dimerizations of acetylketene,” acrolein,?® methy! vinyl
ketone,”® and possibly other, similar compounds ' may be considered
Diels-Alder reactions, these substances do not undergo normal condensa-
tions with other dienophiles such as maleic anhydride.

Reaction of Maleic Anhydride with Alicyclic Compounds. Cyeclo-
pentadiene reacts vigorously with maleic anhydride to give cis-3,6-endo-
methylene-1,2,3,6-tetrahydrophthalic anhydride (XXXIII).® The ad-
duct possesses the endo configuration (XI) and is stereochemically
homogeneous.)®  Citraconic anhydride,® pyrocinchonic anhydride,2!
itaconic anhydride,® dibromomaleic anhydride,” and acetoxymaleic
anhydride !5 react similarly with cyclopentadiene to give the expected
adducts.

XXXIIT

Cyclic dienes carrying alkyl, aryl, methoxyl, ethoxyl, and carbometh-
oxyl groups as substituents have been employed successfully in the Diels-
Alder reaction. Although these dienes appear to differ somewhat in
degree of reactivity, sufficient investigation has not been carried out
to indicate the relative hindrance afforded by the individual groups.
Ease of condensation also depends to some extent upon the size of the
ring containing the conjugated system. Five- and six-membered carbo-

18 Alder, Offermanns, and Riiden, Ber., T4, 926 (1941).
18 Nylen and Olsen, Kgl. Norske Videnskab. Selskabs, Forh., 11, 229 (1938) |C. 4., 383,
5361 (1939)1.
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cyclic dienes frequently react readily with maleic anhydride in the cold;
seven-membered rings apparently require heating 186188

Terpenes which contain conjugated systems within the ring, such as
a-phellandrene (XXXIV) and a-terpinene (XXXYV), generally react
readily with maleic anhydride in the usual manner. Even under mild
conditions, however, the reaction is accompanied by the production of
some polymeric material.** Certain bicyclic terpenes are able to undergo
the Diels-Alder reaction by virtue of a fused cyclopropane or cyclobutane
ring acting in conjugation with a double bond. Thus, a-thujene
(XXXVI) yields two products (XXXVII and XXXVIII) which are
identical with the adducts normally obtained from a-phellandrene and o-
terpinene respectively.'® In like manner, 4-methyl-4-nopino! (XXXIX)
yields, through intermediate dehydration and cleavage of the 3-7 bond,
an adduct (XXXVIII) identical with that obtained from a-terpinene.!®

CH, -
[ —
A
CHB CHB CH; CH;
XXXIV XXXVII XXXVI

CHs CHs

—OH
S — e —
CO
CHa CHs ~ C&
CH; CH,
XXXV XXXVIIL XXXIX

Still other terpenes, some of which do not contain a conjugated system
(notably caryophyllene,'®1% q-pinene, limonene, terpinolene, and
carene 1“»19198) gare capable of reacting with maleic anhydride at some-

188 West, J. Chem. Soc., 1940, 1162,

187 Alder, Stein, Friedrichsen, and Hornung, Ann., 516, 165 (1935).

18 Kohler, Tishler, Potter, and Thompson, J. Am. Chem. Soc., 61, 1057 (1939).
18 Gascoigne, J. Proc. Roy. Soc. N. 8. Wales, T4, 359 (1941) [C. 4., 35, 2876 (1941)].
1% Lipp and Steinbrink, J. prakt, Chem., (2) 149, 107 (1937).

191 Ruzicka and Zimmermann, Helv, Chim. Acta, 18, 219 (1935).

192 Ruzicka, Zimmermann, and Huber, Held. Chim. Acta, 19, 343 (1936).

193 Rydon, J. Chem. Soc., 1939, 537,

1 Goodway and West, J. Chem. Soc., 1939, 1853,

1% Ruzicka, Plattner, and Balla, Helv. Chim. Acta, 24, 1219 (1941).

1% Ruzicka, Plattner, and Werner, Helv. Chim. Acta, 26, 966 (1943).

7 Hultzsch, Angew. Chem., 51, 920 (1938).

108 Diels, Koch, and Frost, Ber., 71, 1163 (1938).
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what elevated temperatures. The crystalline products obtained under
these ‘'forced’” conditions are regarded as terpenylsuccinic anhydrides.
If maleic acid is employed instead of the anhydride, «-pinene, limonene,
terpinolene, and carene are all first isomerized to a-terpinene, which
then yields the normal adduct (XXXVIII).

An interesting feature in the fulvene series is the presence of a third
double bond which does not take part in the Diels-Alder reaction, but
which vitally influences the steric course of the addition process. Addi-
tion of maleic anhydride to 6,6-dimethylfulvene (XL) no longer takes
place selectively; endo and exo adducts (XLI and XLII respectively)
are produced concurrently in nearly equal quantities.'*»'™ 6 6-Penta-
methylenefulvene (XLIIT) with maleic anhydride at room tempera-
ture yields first the endo adduct and, upon longer standing, the exo
isomer, Elevated reaction temperatures favor formation of the exo ad-
duct.’®® The presence of the third double bond in 6,6-dimethylfulvene
and 6,6-pentamethylenefulvene has the effect of neutralizing the accumu-
lation of double bonds which normally results in exclusive production of
the endo configuration. With a fulvene carrying an aromatic or unsatu-
rated substituent the effect is even more striking. In 6,6-diphenyl-
fulvene (XLIV) the accumulation of double bonds actually favors the
exo configuration (XLV) and no endo isomer is produced 127151

CHz_q_CH;; CH3_' — CH3

I CH; Co
-~ 4 ~
s — / 0

,__> “CH, H co

O 1
0C-0
XL XLI XLIX

C{CHz—CHz p ©\?/©
BaGil - Dﬁ\@ 7 o
(0]

XL11 XLIV XLV

Fulvene adducts generally dissociate with remarkable facility. The
endo adduct of maleic anhydride and 6,6-pentamethylenefulvene dissoci-
ates readily, whereas the exo isomer is stable 10519

1% Kohler and Kable, J. Am. Chem. Soc., 87, 917 (1935).
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Although 1,2,3 4-tetraphenylbutadiene does not react with maleic
anhydride,'5® tetraphenylcyclopentadienone (tetracyclone) reacts read-
ily,+18515 g5 do other highly arylated cyclopentadienones.%2! The
dimer of 2,5-dimethyl-3,4-diphenylcyclopentadienone behaves in its
reactions as if it were dissociated into the monomer and affords an
excellent yield of Diels-Alder adduct (XLVI) with maleic anhydride.2?

penygs

Adducts of type XLVI sometimes lose carbon monoxide upon being
heated and may eliminate hydrogen at elevated temperatures to become
fully aromatic.!

In the polycyeclic series, the Diels-Alder reaction has provided a con-
venient diagnostic method for determining whether a conjugated system
lies wholly within one ring.*® Compounds of type A which have the
diene system in one ring (cis configuration) form normal adducts with
maleic anhydride. Such compounds include 2,4-cholestadiene,? ergos-
teryl acetate,®5 7-dehydrocholesteryl acetate,®® isodehydrocholesteryl
acetate,®” 7-dehydrositosteryl acetate,?® and levopimaric acid.®9-2!
Compounds of type B, in which the diene system extends over two rings
(trans configuration), react with maleic anhydride if ‘‘forced’’ but give
amorphous products of unknown composition. Among stch compounds
are 3,5-cholestadiene,?? cholestenone-enol acetate,® and 3,5-sola-
tubiene.? This rule has been employed repeatedly in the steroid series

0 Dilthey, ter Horst, and Schaefer, J. prakt. Chem., 148, 53 (1937).
1 Dilthey and Henkels, J. prakt. Chem., 149, 85 (1937).

22 Allen and Van Allan, J. Am. Chem. Soc., 64, 1260 (1942).

23 Bergmann and Hirschmann, J. Org. Chem., 4, 40 (1939).

24 Stavely and Bergmann, J. Org. Chem., 1, 575 (1936).

25 Inhoffen, Ann., 508, 81 (1934).

206 Schenck, Buchholz, and Wiese, Ber., 69, 2696 (1936).

27 Windaus, Linsert, and Eckhardt, Ann., 534, 22 (1938).

208 Wunderlich, Z. phystiol. Chem., 241, 116 (1936).

209 Bacon and Ruszicka, Chemistry & Industry, 546 (1936) [C. A., 30, 6357 (1936)].
%0 Wienhaus and Sandermann, Ber., 69, 2202 (1936).

211 Ruzicka, Bacon, and Kuiper, Helv. Chim. Acta, 20, 1542 (1937).
22 Stavely and Bergmann, J. Org, Chem., 1, 567 (1936).

%8 Westphal, Ber., 70, 2128 (1937).

¢ Rochelmeyer, Ber., T1, 226 (1938).
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and has been particularly useful in the elucidation of the structures of
the products of irradiation of ergosterol.?15-223

X |

Type A Type B

A few compounds of type B have been observed to yield the usual
type of adduct. Thus, abietic acid (XLVII) and levopimaric acid
(XLVIII) yield the identical adduct (XLIX), though the latter acid
reacts much more readily. 2224228 To gecount for this behavior it
has been assumed that abietic acid is in equilibrium with levopimaric
acid under the ‘“forced’’ conditions required for reaction.2*%227 A similar
phenomenon is encountered with g-phellandrene (L), which yields the
same adduct as does a-phellandrene (XXXIV).2520 Menogene (LI) has
been reported to react readily with maleic anhydride in warm benzene
solution, but the structure of the adduct is not certain.?®

CH; COOH CH,; COOH
———
CH.
H CH(CHy), ? CH(CHs)s
XLVIL XLVIIL
CH, COOH QH, O,
Ha
CHCQ
OH(CH: $HOD J &,
N\
CH, CH, 1
XLIX L

28 Windaus, Werder, and Litttringhaus, Ann., 499, 188 (1932).

46 Windaus, Gaede, Késer, and Stein, Ann., 483, 17 (1930).

27 Windaus, Dithmar, Murke, and Suckftil, Ann., 488, 91 (1931).

28 Windaus and Litttringhaus, Ber., 64, 850 (1931).

29 Windaus, Liittringhaus, and Deppe, Ann., 489, 252 (1931).

20 Windaus, Linsert, Litttringhaus, and Weidlich, Ann., 492, 226 (1932).

2 Lettré, Ann., 511, 280 (1934). '

22 Miller, Z. physiol. Chem., 283, 223 (1935).

228 Windaus and Giintzel, Ann., 538, 120 (1939).

4 Ruzicka, Ankersmit, and Frank, Helv. Chim. Acta, 15, 1289 (1932).

25 Arbuzov, J. Gen. Chem. U.S.8.R., 2, 806 (1932) [C. A., 27, 2688 (1933)].

6 Ruzicka and Kaufmann, Helv. Chim. Acta, 23, 1346 (1940).

27 Fieser and Campbell, J. Am. Chem. Soc., 60, 159 (1938).

28 Goodway and West, Nature, 140, 934 (1937).

29 Goodway and West, J. Chem. Soc., 1938, 2028.

20 Horiuti, Otsuki, and Okuda, Bull. Chem. Soc. Japan, 14, 501 (1939) [C. A., 34, 1983
(1940)1.
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Certain types of dienes which have the conjugated system extending
over two non-fused rings are able to undergo normal Diels-Alder con-
densation. Thus, 1,1-bicyclopentenyl (LII) and 1,1’-bicyclohexenyl
(LIII) yield the adducts LIV and LV respectively.?s42%2 3 3’-Bi-
indenyl,?* 343’ 4’-tetrahydro-7,7'-dimethyl-1,1’-binaphthyl 2% 3.4 3’ 4’-
tetrahydro-1,1’-binaphthyl, and 3,4,3’,4’-tetrahydro-2,2’-binaphthyl 235
react with maleic anhydride in a similar manner.

C Q CQ
—_— —
b o6
L1x LITI

Liv LV

Addition of dienophiles to compounds containing a conjugated ali-
cyclic-acyclic system has afforded polycyclic compounds, some of which
simulate the steroid nucleus. Condensation of dimethyl fumarate with
4-methoxy-1-cyclohexenyl-1’-cyclopentenylacetylene (LVI), for exam-
ple, yields LVIIL,™ while addition of maleic anhydride to 6-methoxy-1-
vinyl-3,4-dihydronaphthalene (LVIII) yields LIX.172

/@ CH,0,C
/@/C Dimethyl
" famarale 7
CH;0
CH;0O ! COCH;

CO.CH;
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CO,CH;

o///

C

/CHz
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21 Barnett and Lawrence, J. Chem. Soc., 1935, 1104.

%2 Gruber and Adams, J. Am. Chem. Soc., 57, 2555 (1935).
%8 Straus, Kuhnel, and Haensel, Ber., 66, 1847 (1933).

2 Nowman, J. Am. Chem. Soc., 62, 1683 (1940).

28 Weidlioh, Ber., 71, 1203 (1938).
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Reaction of Maleic Anhydride with Aromatic Compounds. 1. Wholly
Aromatic Systems. The central ring of the anthracene nucleus contains a
characteristic diene system, for the hydrocarbon forms stable adducts
with maleic anhydride, maleic acid, dimethyl maleate, fumaric acid,
dimethy! fumarate, citraconic anhydride, mesaconic acid, crotonic acid,
and dibromomaleic anhydride.’2823% 9 10-Dihydroanthracene-9,10-endo-
a,B-succinic anhydride (LXT) shows unmistakably the absorption spec-
trum of a simple benzene derivative.?

The reaction of maleic anhydride with polycyclic hydrocarbons con-
taining the anthracene nucleus has been shown to be reversible.?* Iden-
tical mixtures of hydrocarbon, maleic anhydride, and adduct were
obtained by heating xylene solutions of either the pure adduct or the
componentgs in equimolecular proportion. In Table IT are indicated the

TABLE II

EquiLiBrium MIXTURES FroOM PoLycycLic HYDROCARBONS AND MALEIC ANHYDRIDE
IN BoILiING XYLENE

Adduct in

Equilibrium

Hydrocarbon Mazture (%)
Anthracene 99
9-Methylanthracene 99
9,10-Dimethylanthracene 98
1,2-Benzanthracenc 84
9-Phenylanthracene 75
1,2,5,6-Dibenzanthracene 30
3-Methylcholanthrene 22
9,10-Diphenylanthracene 16

equilibrium mixtures which were obtained in this manner. Preparation
of the maleic anhydride adduct, followed by pyrolytic reversal of the
reaction, has been suggested as a means of purifying anthracene 238-29
and cholanthrene.?! '

%8 Diels, Alder, and Beckmann, Ann., 486, 191 (1931).

%7 Clar, Ber., 66, 503 (1932).

28 Polyakova, Org. Chem. Ind. U.S.S.R., T, 305 (1940) [C. A., 35, 4008 (1941)].
239 Dermer and King, J. Am. Chem. Soc., 63, 3232 (1941).

20 Winans, U. 8. pat. 2,347,228 [C. A., 39, 92 (1945)].

241 Bachmann, J, Org. Chem., 3, 434 (1938).
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Hydrocarbons containing the anthracene nucleus differ widely in the
rates at which they react with maleic anhydride. This cannot be at-
tributed merely to the steric hindrance offered by substituent groups
on the anthracene nucleus, for the presence of methyl groups in the meso
positions actually facilitates the reaction. 9-Methylanthracene, for
example, reacts much faster than anthracene, and reaction between
9,10-dimethylanthracene and maleic anhydride takes place rapidly at
room temperature. On the other hand, the presence of phenyl groups
in the meso positions retards the reaction enormously. In anthracene
derivatives which have both activating meso methyl groups and inhibit-
ing 1,2-benzo groups, the activating effect of the methyl groups pre-
dominates. Thus, 9,10-dimethyl-1,2-benzanthracene and 5,9,10-tri-
methyl-1,2-benzanthracene react rapidly with maleic anhydride.??
Ethyl groups in the mese positions of anthracene have very little activat-
ing eflect, for 9,10-diethyl-1,2-benzanthracene reacts slowly with maleic
anhydride (though more rapidly than does 1,2-benzanthracene itself).

Adducts of maleic anhydride with the carcinogenic hydrocarbons
1,2,5,6-dibenzanthracene, cholanthrene, and 3-methylcholanthrene
have been converted to water-soluble salts by reaction with potassium
or sodium hydroxide.*%24 Similar water-soluble salts have been pre-
pared from substituted imides, such as 9,10-dihydro-1,2,5,6-dibenzan-
thracene-9,10-endo-a,B-succinoglycine (LXII), which, in turn, can be
prepared from glycine and the corresponding maleic anhydride adducts.
These salts have proved useful in conducting tests for carcinogenic
activity in mice by subcutaneous injection.3 24

HEO

NCH:CO,H
OO‘O 1o

The Diels-Alder reaction has been employed in the diagnosis of fine
structure of numerous polycyclic hydrocarbons. The fact that anthra-
cene will add maleic anhydride is accepted by Diels and Alder 2 as
evidence for the validity of the conventional (Armstrong-Hinsberg)
anthracene formula, LX. Clar, on the other hand, considers that the
course of the Diels-Alder reaction can be explained best by assuming

LXII

42 Bachmann and Chemerda, J. Am. Chem. Soc., 60, 1023 (1938).

%3 Barry, Cook, Haslewood, Hewett, Hieger, and Kennaway, Proc. Roy. Soc. London,
B117, 318 (1935) [C. 4., 29, 5187 (1935)].

4 Bachmann and Cole, J. Org. Chem., 4, 60 (1939).
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that the Armstrong-Hinsberg structure is in equilibrium with a diradical
form. The colored hydrocarbons 2,3,6,7-dibenzanthracene (pentacene,
LXIII), heptacene, and 1,9,5,10-di-(peri-naphthylene)-anthracene react
(with simultaneous decolorization) more rapidly with maleic anhydride
than does anthracene itself. In view of the facility with which the free
triphenylmethyl radical combines with maleic anhydride,®® it is sug-
gested that these hydrocarbons react through diradical intermediates
(such ag LXIV).2%24.2¢7  Allen and Bell, however, were able to isolate a
mono- and a di-addition product from the reaction of maleic anhydride
with 6,13-diphenylpentacene (LXV).248

H

— » Malclc HCO

‘ A nnhydrlde HCO
H

LXYII LXIV

It has been postulated that in 9,10-diphenylanthracene the equilibrium
LXVI = LXVII is displaced in favor of the diradical form (LXVII)
to a greater extent than in anthracene itself 2#72% 9 10-Diphenylanthra-
cene, however, reacts much more slowly with maleic anhydride than does
anthracene.®»26  This behavior has been attributed to the protection
afforded the trivalent carbon atoms by the compact arrangement of
the benzene nuclei.??

!
XX S -
JONGOOLESS

\

LXVII

Perylene (LXVIII) reacts with only one molecule of maleic anhydride
in boiling nitrobenzene to give LXX.2% There is little doubt that a
normal adduct (LXIX) is first produced and that this is oxidized to
LXX by nitrobenzene. Of the various bond structures which may be
written for perylene only LXVIII suffices to explain the course of the

2 Conant and Chow, J. Am. Chem,. Soc., 55, 3475 (1933).
246 Clar, Ber., 64, 2194 (1931).

27 Clar and Guzzi, Ber., 65, 1621 (1932),

3 Allen and Bell, J. Am. Chem, Soc.; 64, 1253 (1942).

29 Tngold and Marshall, J. Chem. Soc., 1926, 3080.

%0 Clar, Ber., 65, 846 (1932).
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Diels-Alder reaction. 2,3,10,11-Dibenzoperylene, 12,6’-0xido-1,2-benzo-
perylene,?® 3 9-dichloroperylene, 3,9-dibenzoylperylene, and 1,2-di-
phenylaceperylene 2 likewise condense with maleic anhydride, whereas
1,12-benzoperylene,*® 3,4,9,10-tetrachloroperylene, 3,4,9,10-tetranitro-
perylene,?® and periflanthene 253 fajl to react.

LXVIIX LXIX IXX

When benzanthrone (LXXI) * is reduced with phosphorus and hy-
drogen iodide, a hydrocarbon (LXXIT) is obtained which cannot be an
anthracene derivative, for it fails to react with maleic anhydride.?*
The compound shows a pronounced phenanthrene extinction curve, and
its behavior is in harmony with the observation that phenanthrene itself
is inert toward maleic anhydride.? 25 When benzanthrone is distilled
with zine dust, benzanthrene is produced. This hydrocarbon probably
hag the structure LXXIII because of the manner in which it condenses
with maleic anhydride to give LXXIV, which subsequently rearranges
to LXXV 254266

SR — O — Oy

LXXIIT \
soollilece
0 — 0

—CO
LXXIV LXXV

* The structure shown ig that employed by Clar. See, however, Gilman, Organic
Chemistry, 1, p. 172, John Wiley & Sons, New York, 1943.

%1 Clar, Ber., 73, 351 (1940).

%2 Zinke, Noculak, Skrabal, and Troger, Ber., 73, 1187 (1940),

%3 yon Braun and Manz, Ber., 70, 1603 (1937).

%4 Clar and Furnari, Ber., 65, 1420 (1932).

%8 Cook and Hewett, J. Chem. Soc., 1933, 398,

26 Clar, Ber., 65, 1425 (1932).
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Anthrones do not undergo the normal Diels-Alder reaction but react
in the ketonic form to give anthronylsuccinic anhydrides.? Methylene-
anthrone and its substitution derivatives, however, react readily with
maleic anhydride, cinnamic acid, or quinones to give adducts which are
converted readily to benzanthrone derivatives.?®® Methyleneanthrone
(LXXVTI), for example, combines with two molecules of maleic anhydride
in boiling acetic acid to give LXXVII. If the condensation is carried
out in boiling nitrobenzene or acetic anhydride, or by fusion of the com-
ponents, LXXVIII is produced instead, probably through intermediate
formation of LXXVII.

CHCO 0o 0
N\
| 0 -— —
CHCO
CH, ‘
¢O CcO

0C—0 0C—0
LXXVII LXXVI LXXVIII

2. Aromatic-acyclic and Aromatic-alicyclic Systems. An aromatic
double bond in conjugation with extranuclear unsaturation frequently
has been observed to produce an active diene system capable of under-
going the Diels-Alder reaction. The essential features of this reaction
are exemplified in the addition of maleic anhydride to isosafrole.10%259

cH CHQO
0 “CHOH, < 9, CH,
we e T netf O
0C—
LXXIX

|

CHs,

CO
0C—0
LXXX

O
'
HC<

A normal adduct is probably the initial product and subsequently re-

arranges to give the more stable aromatic isomer (LXXIX). Continued

heating of the reaction mixture results in dehydrogenation of LXXIX to
%7 Barnett, Goodway, Higgins, and Lawrence, J. Chem. Soc., 1934, 1224,

%3 Clar, Ber., 69, 1686 (1936).
%9 Bruckner, Ber., T8, 2034 (1942) [C. 4., 38, 1228 (1944)].
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give LXXX. If the side chain contains a triple bond, a completely
aromatic adduct may be obtained directly.

N HCO 0 H
H2c<0 ©/ CCHs 50— H,,cioc P Hy
0 CHCO co

oCc—0

Investigation of a series of styrenes ¥ revealed that an alkoxyl group
in the p-position to the unsaturated side chain enhances the tendency to
unite with maleic anhydride. An alkoxyl group in the m-position has no
such effect. Tetrahydronaphthalene derivatives are obtained as ad-
ducts only when the styrene is alkylated in the B-position.* Maleic
anhydride fails to give adducts with m-hydroxystyrene, m-methoxy-
styrene, m-methoxypropenylbenzene, g-bromopiperonylethylene, ethy!
piperonylacrylate, piperonylacetylene, p-methoxystyrene,t 3,4-methyl-
enedioxystyrene,T anethole,ti styrene,{ stilbene,t benzalfluorene,™ t
5-vinylhydrindene,{ 5-isopropenylhydrindene,?{ or biphenyl.®? as-
Diphenylethylene adds two molecules of maleic anhydride to give a
crystalline adduct. The following mechanism has been suggested for
this double addition.!5

Malelo Malele
anhydride anhydride g
CHCO
(‘fiz\O S0
HCO
oC Og g
L —CO

Under relatively drastic conditions, indene undergoes a Diels-Alder
reaction with maleic anhydride to give endo-cis-3,4-benzo-3,6-endo-
methylene-1,2,3,6-tetrahydrophthalic anhydride. Under similar condi-
tions, hydrindene and fluorene react to give 1-hydrindylsuccinic anhy-
dride and 9-fluorenylsuccinic anhydride respectively.2d

Extranuclear unsaturation in conjugation with the naphthalene or
phenanthrene nucleus frequently produces a diene system which is
reactive toward maleic anhydride. The reaction affords a convenient

* Compare Tomayo and Viguera, Anales ffs. quim. Spain, 38, 184 (1942) [C. A., 317,
5034 (1943)].

1 Gives a copolymer.

{ Compare Tamayo and Ayestaran, Anales soc. espafi. fis. guim., 36, 44 (1940) [C. 4.,
34, 7288 (1940)].

20 Arbuzov, Salmina, and Shapshinskaya, Trans. Butlerov Inst. Chem. Tech. Kazan,

No. 2, 9 (1934) [C. A., 29, 3672 (1935)].
%L Alder, Pascher, and Vagt, Ber., T8, 1501 (1942) [C. 4., 38, 1227 (1944)].
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route to certain complex polycyclic systems. In boiling toluene or
xylene, for example, maleic anhydride reacts with 1-vinylmaphthalene
(IXXXI) to yield a 1,2,3,11-tetrahydrophenanthrene derivative
(LXXXII), along with some copolymeric material.'?3%2%8 * Jf the

oS-l oS

LXXXI LXXXIX LXXXIIX

reaction is effected in boiling acetic acid, the aromatic isomer (LXXXIII)
is obtained.’?®* Adduct LXXXII may also be isomerized to LXXXIII
by refluxing with an acetic acid solution of hydrogen chloride.2? Egteri-
fication of the aromatic product (LXXXIII) obtained in this manner
yields both cis- and trans-esters.)?8 Attempts to add citraconic anhydride
to 1-vinylnaphthalene in benzene, toluene, xylene, or excess citraconic
anhydride yielded only copolymers. The use of acetic and propionic
acids as solvents gave mixtures of aromatized adduct and copolymers.
The addition of trans-dienophiles (fumaric and mesaconic acids) to
1-vinylnaphthalene or 6-methoxy-1-vinylnaphthalene was found to be
more satisfactory than addition of cis-dienophiles, for less polymeric
material was produced.'?®

1-a~Naphthyl-1-cyclopentene (LXXXIV) can be made to react nearly
quantitatively with maleic anhydride to give a tetrahydrophenanthrene
derivative (probably LXXXYV). The calcium salt of 3,4-cyclopentano-
1,2,3,11-tetrahydrophenanthrene-1,2-dicarboxylic acid (from LXXXY)
was dehydrogenated and decarboxylated concurrently upon distillation
with a mixture of calcium oxide and zine dust, to give 3,4-cyclopenteno-
phenanthrene (LXXXVI). In like manner, the addition of maleic an-
hydride to 1-3-naphthyl-1-cyclopentene, followed by oxidative decarbox-
ylation of the resulting adduct, afforded 1,2-cyclopentenophenanthrene
in excellent yield.?

LXXXV

* Compare Robinson and Walker, J. Chem. Soc., 1935, 1530.
22 Cohen, Nature, 136, 869 (1935).

%3 Cohen and Warren, J. Chem. Soc., 1937, 1315.

24 Bachmann and Kloetzel, J. Am. Chem. Soc., 60, 2204 (1938).
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Numerous other a- and @-naphthyl and 9-phenanthryl derivatives
react with maleic anhydride in a similar manner (see Table V). The
following, however, fail to react:® 528 l-g-naphthyl-1-cyclohexene
(though 1-B-naphthyl-1-cyclohexene reacts); a-9-phenanthrylstilbene;
9-cyclohexenylphenanthrene (though 9-cyclopentenylphenanthrene re-
acts); 1’-(9-phenanthryl)-1’-phenylethylene [though 1’-(9-phenanthryl)-
2’-phenylethylene reacts]; and 9,9’-biphenanthryl.

There appears to be some correlation between the absorption spectrum
of a phenanthrene derivative and its ability to undergo the Diels-Alder
reaction. Thus, 9-cyclopentenylphenanthrene exhibits the washed-out
spectrum agsociated with conjugated resonance states, and it also reacts
with maleic anhydride. 9-Cyclohexenylphenanthrene and 9,9’-biphenan-
thryl, on the other hand, fail to react, and their absorption spectra are
close to those of their components.”’

The reaction of maleic anhydride with aromatic-aliphatic dienes has
been employed for the synthesis of compounds containing an angular
methyl group.125% 264 268,269

Reaction of Maleic Anhydride with Heterocyclic Compounds. The
furan nucleus undergoes the Diels-Alder reaction with extraordinary
facility to yield an adduct which has an oxygen bridge (LXXXVII).

CH—CH HCQO CO
N - AN
o+ L — Q)
H— CH HCO &
LXXXVIL

This type of adduct gives the corresponding phthalic anhydride when
heated with hydrogen bromide in acetic acid.?® Furfuryl deriva-
tives, 2?1 ag well ag substituted furans carrying alkyl groups '2%22-21
or halogen,”® yield normal adduets, but furans with a carbethoxyl,
cyano, or nitro group directly attached to the ring have not yielded
addition products.”® Although g-hydroxyfuran gives an adduct, a-

%5 Bergmann and Bergmann, J, Am. Chem. Soc., 59, 1443 (1937).
%5 Bergmann and Bergmann, J. Am. Chem. Soc., 62, 1699 (1940).
®7 Calvin, J, Org. Chem., 4, 256 (1939).

28 Meggy and Robinson, Nature, 140, 282 (1937).

%9 Koebner and Robinson, J. Chem. Soc., 1941, 566,

0 Van Campen and Johnson, J. Am. Chem. Soc., 66, 430 (1933).
 Diels, Alder, Nienburg, and Schmalbeck, 4nn., 490, 243 (1931),
72 Butz, J. Am. Chem. Soc., 67, 1314 (1935).

23 Alder and Backendorf, Ann., 535, 101 (1938).

4 Woodward, J. Am. Chem. Soc., 62, 1478 (1940).

#5 Diels and Olsen, J. prakt. Chem., (2) 156, 285 (1940).

¥ Poul, Bull. soc. chim. France, [5] 10, 163 (1943) [C. 4., 38, 3978 (1944)].
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hydroxyfuran has not yielded satisfactory results.?” «-Vinylfuran reacts
readily with maleic anhydride to give an adduct lacking an oxygen

00—0

CH, J}
H CO O
s -+ T{ >O ——
CHCO

bridge.?8-2® Maleic acid reacts with furan in the same manner as maleic
anhydride,” but pyrocinchonic anhydride (dimethylmaleic anhydride)
does not yield the expected adduct.?®

Isobenzofurans, which themselves may be synthesized by means of a
Diels-Alder reaction,3® react rapidly with maleic anhydride at room
temperature to yield adducts which may be converted easily to naphtha-

lene derivatives.38279-281
. cO
=== Malolc
— 0Dy —_—
O e OOy —— OO
) ’

Anthranil also reacts with maleic anhydride, but the structure of the
adduct has not been ascertained.?®

In harmony with its greater degree of resonance stabilization, thio-
phene isless reactive than furan in the Diels-Alder reaction.?®® Thiophene
does not react with maleic anhydride.?® 2,3,4,5-Di-(1’,8’-naphthylene)-
thiophene (LXXXVIII), however, does react with maleic anhydride.?

27 Hodgson and Davies, J. Chem. Soc., 1939, 806,

23 Paul, Compt. rend., 208, 1028 (1939).

2 Weiss, Abeles, and Knapp, Monatsh., 61, 162 (1932).

20 Weiss and Mayer, Monatsh., 71, 6 (1937).

21 Bergmann, J. Chem. Soc., 1938, 1147.

#2 Schénberg and Mostafa, J. Chem. Soc., 1943, 654,

23 Schomaker and Pauling, J. Am. Chem. Soc., 61, 1769 (1939).
24 Diels, Ber., 69A, 195 (1936).

%5 Clapp, J. Am. Chem. Soc., 61, 2733 (1939).
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‘ CO
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LXXXVIII LXXXIX

The sulfur atom is lost as hydrogen sulfide during the reaction, and an
aromatic adduct (LXXXIX) is formed.

It has been reported 2% that 1,3-diphenylisobenzothiophene does not
react with maleic anhydride. 1,3,5,6-Tetraphenylisobenzothiophene
(XC), on the other hand, reacts to yield an adduct which contains a
sulfur bridge.2! This adduct (XCI) can be aromatized by treatment
with ethanolic hydrogen chloride.

Malcle
anhydride > “:,
CO

X0 X01

The facile dissociation of isobenzofuran and isobenzothiophene ad-
ducts is remarkable because such dissociation must disturb an aromatic
structure. 3% 287 288

The a-pyrone (coumalin) nucleus has been observed to yield a normal
adduct with maleic anhydride.?®** In boiling toluene, coumalin
(XCII) reacts to give the adduct XCIII. If the reaction is effected at
150°, carbon dioxide is eliminated from the initial adduct and a second

%8 Dufraisse and Daniel, Bull. soc. chim. France, [5] 4, 2063 (1937).
%7 Allen and Gates, J. Am. Chem. Soc., 65, 1283 (1943).

28 Barnett, J. Chem. Soc., 1935, 1326.

29 Diels, Alder, and Mueller, Ann., 490, 257 (1931).

20 Fried and Elderfield, J. Org. Chem., 6, 566 (1941).
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molecule of maleic anhydride adds to yield XCIV. Subs‘mtuted couma-
lins react in a similar manner.

Malclc Malclc
anhydrlde anhydrlde
150°
CO

X011 p:Coinng X01v

Although many nitrogen heterocycles react readily with maleic anhy-
dride, they fail to yield normal adducts.* In the pyrrole series the
active a-position is attacked to give a-pyrrylsuccinic anhydrides.s 2% 22

CH—CH CHCO CH—CH
| |+l 20— |
CH CH CHCO CH C—CH—CH,
N\ N I
N N CO Co
I I NS
CH, CIL, 0

Furan and a-methylfuran undergo similar substitution reactions with
acrolein,? crotonaldehyde, methyl vinyl ketone, and vinyl pheny! ke-
tone 2 under the catalytic influence of sulfur dioxide or other sulfur-
containing compounds.

If reaction of a pyrrole with maleic acid is effected in hot aqueous
solution, the pyrrylsuccinic acids initially produced are decarboxylated
and hydrolyzed to some extent, depending upon the pyrrole derivative
employed.

CH—CH CHCOH " CH—CH

by dg T2 - Lod

g P H HCO.H  HO,CCH.CH " (IZHCHZCOZH
ozﬂg CO.H

-

H
CH—CH CH,—CH,
g g HOH é (J;
HO,CCH,CHy CH,CH,CO.H > HO,CCH,CH. i CH,CH,COH
N O
H

* Hopff and Rautenstrauch, U, 8. pat. 2,262,002 [C. 4., 86, 1046 (1942)], have reported,
without citing evidence, that N-isobutylmaleimide reacts with pyrrole to yield a tetra-
hydro«endo-N-phthalimide.

21 Diels, Alder, and Winter, Ann., 486, 211 (1931).

292 Diels, Alder, Winckler, and Petersen, Ann., 498, 1 (1932).

238 Sherlin, Berlin, Serebrennikova, and Rabinovich, J. Gen. Chem. U.S.S.R., 8, 7 (1938)
[C. A., 32, 5397 (1938)].

24 Alder and Schmidt, Ber., 76, 183 (1943),
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Indole derivatives which have an a-substituent are attacked in the
B-position.®®  An indole nucleus carrying no a-substituent is first
dimerized by the action of maleic anhydride, and the resulting dimer
then condenses with maleic anhydride.

2,3-Dimethylquinoxaline, in the tautomeric form XCV, reacts with
maleic anhydride to yield XCVI or XCVIL. Quinoxaline, 2-methyl-
quinoxaline, 2-methyl-3-phenylquinoxaline, and 2,3-diphenylquinoxaline
do not react with maleic anhydride.28

H
SO @f:IIZ LG
Malcle
nhyd lde
o g 6
H

X0V XOVII

2-Styrylquinoline with maleic anhydride yields 2-styrylquinolinium
maleate instead of the expected adduct.!® The addition of maleic
anhydride to the meso positions of anthracene is not paralleled by other
heterocyclic compounds of apparently similar structure. Thus, acridine,
1,2,3 4-dibenzphenazine, the azine of indanthrone,??” and dehydro-
indigo 20 all fail to give adducts. 2,4,10-Trimethylbenzo[g]quinoline
(XCVIII), however, yields an adduct (probably XCIX) with maleic
anhydride.2"

CH, HCe B
Z = H o
«C HC HCO
CH, oL
XCIX

XOVIIL

Diene Analysis. The Diels-Alder condensation with maleic anhydride
has been adapted to numerous analytical procedures, including a rapid
method for the determination of butadiene in complex gas mixtures 2
and methods for the estimation of diolefins in gasoline,® levopimaric
acid in rosin acid mixtures,® and a-terpinene ¥ or a-phellandrene %2 in
oils. In addition, the reaction has been extended to the determination

of “‘diene number’’ or ‘““maleic value,”” constants indicative of unsatu-

2% Diels, Alder, and Liibbert, Ann., 490, 277 (1931).

296 Pummerer, Fiesselmann, and Miiller, Ann., 544, 206 (1940).

%7 Johnson and Mathews, J. Am. Chem. Soc., 66, 210 (1944).

23 Tropsch and Mattox, Ind. Eng. Chem., Anal. Ed., 6, 104 (1934),

29 Birch and Scott, Ind. Eng. Chem., 24, 49 (1932).

30 Sandermann, Ber., T1, 2005 (1938).

M1 (Gascoigne, J. Proc. Roy. Soc. N. S. Wales, T4, 353 (1941) [C. A., 35, 2877 (1941)].
302 Birch, J. Proc. Roy. Soc. N. S. Wales, 71, 54 (1937) [C. A., 31, 8109 (1937)].
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1

rated linkages in oils and fats.®3-3¢ The determination of these con-
stants is subject, however, to certain inherent errors.®5-319

EXPERIMENTAL CONDITIONS AND PROCEDURES

Perhaps the most striking characteristic of the Diels-Alder reaction
is the ease and rapidity with which it may take place. No condensing
agents are required, although trichloroacetic acid, trimethylamine, a-
naphthoquinone, and, possibly, dimethylaniline and sym-trinitrobenzene
have been found to catalyze the reaction in certain instances 10118120 A
vigorous reaction frequently ensues when the components are merely
mixed in about equimolecular proportions at room temperature. Inert
solvents, such as benzene or ether, are sometimes added to dissolve the
components or to moderate the reaction. Under such conditions a
quantitative yield of adduct often separates from solution in nearly pure
form. Heat of reaction can also be dissipated effectively in certain in-
stances by allowing the reaction to proceed with emulsified dienes in
an aqueous medium.??

Less reactive dienes form adducts when solutions of the components
are refluxed at appropriate temperatures. Although high-boiling sol-
vents, such as anisole, o-dichlorobenzene, and nitrobenzene, have been
used for some reactions, this procedure is often of no avail because of
the reversible nature of the Diels-Alder reaction. It is evident from
examination of Table IT (p. 28) that the equilibrium at high temperatures
is decidedly unfavorable for the preparation of adducts from certain
polycyclic hydrocarbons. This disadvantage may be overcome, how-
ever, by lowering the temperature of reaction or by use of excess maleic

393 Kaufmann and Baltes, Fette u. Seifen, 43, 95 (1936) [C. A., 30, 7885 (1936)].

3 Kaufmann and Baltes, Ber., 69, 2676 (1936).

3 Kaufmann and Baltes, Ber., 69, 2679 (1936).

30 Kaufmann, Ber., 70, 900 (1937).

37 Kaufmann, Baltes, and Biiter, Ber., 70, 903 (1937).

388 Kaufmann, Baltes, and Josephs, Ber., 70, 908 (1937).

3% Kaufmann, Balies, and Biter, Ber., 70, 2535 (1937).

310 Kaufmann and Hartweg, Ber., 70, 2554 (1937).

31 Kaufmann, Baltes, and Hartweg, Ber., 70, 2559 (1937).

312 Ellis, Analyst, 61, 812 (1936).

38 Dyachkov and Ermolova, Caoutchouc and Rubber U.S.S.R., No. 3, 24 (1937) [C. A.,
31, 6138 (1937)].

314 GGrosse-Oetringhaus, Petroleum Z., 85, 567 (1939) [C. 4., 34, 975 (1940)].

315 Sabetay and Naves, Bull. soc. chim. France, [5] 4, 2105 (1937).

316 Bruce and Denley, Chemistry & Industry, 937 (1937).

a7 Bickford, Dollear, and Markley, J. Am. Chem. Soc., 59, 27447(1937).

313 Bickford, Dollear, and Markley, Oil & Soap, 15, 256 (1938) [C. 4., 33, 421 (1939)].

39 Norris, Kass, and Burr, 0il & Soap, 18, 29 (1941) [C. 4., 36, 2351 (1941)].

¥ Hopff and Rautenstrauch, U. 8. pat. 2,262,002 [C. 4., 36, 1046 (1942)].
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anhydride. In boiling benzene, for example, the equilibrium mixture
obtained from equimolecular proportions of 20-methylcholanthrene and
maleic anhydride contained 949 of the adduct, compared with 229
present in boiling xylene. By the use of thirty moles of maleic anhydride
in boiling xylene, on the other hand, the following yields of adducts were
obtained: 123 from 9-phenylanthracene, 97%; 9,10-diphenylanthracene,
78%; 1,2-benzanthracene, 999%,; 1,2,5,6-dibenzanthracene, 919%,; 20-
methylcholanthrene, 83%.

The nature of the product obtained from a Diels-Alder reaction is
dependent in some instances upon the solvent employed. Such varia-
tions, however, are generally due to secondary changes in the adduct
initially formed. When fused with maleic anhydride, 1,6-diphenyl-
hexatriene, for example, yields an adduct which is different from that
obtained when the reaction is effected in boiling xylene. The adducts
are isomers, and the difference is attributed to migration of one double
bond. 1,8-Diphenyloctatetraene exhibits a similar phenomenon in its
reaction with maleic anhydride.°®!5' When a Diels-Alder reaction is
effected in boiling nitrobenzene, dehydrogenation of the primary hydro-
aromatic adduct frequently occurs with simultaneous reduction of
nitrobenzene to aniline -250.288,32,822  Thjg transformation generally
occurs when maleic anhydride or a quinone is employed as the dieno-
phile.*

Reaction of Maleic Anhydride with Butadiene.®® A mixture of 50 g.
of maleic anhydride and 80 ml. of benzene in a soda bottle is chilled to
0°. The bottle is tared, charged with 32 g. of butadiene by distillation,
capped, and placed in an autoclave along with 100 ml. of benzene (to
equalize the pressure on both sides of the reaction bottle). The reaction
mixture is allowed to stand at room temperature for twelve hours and
is then heated at 100° for five hours. Crystallization of the 1,2,3,6-
tetrahydrophthalic anhydride from benzene-ligroin yields 69.9 g. (909,)
of long, colorless needles, m.p. 101-103°.

Reaction of Maleic Anhydride with 1-Phenyl-1,3-butadiene.’® Maleic
anhydride (7.5 g.) and 1-phenyl-1,3-butadiene (10 g.) are carefully
heated on a water bath until vigorous boiling indicates that reaction has
started. Heating is then discontinued. When the vigorous reaction
has subsided, a small amount of benzene is added and the mixture is

* See, however, Weidlich, Ber., 71, 1203 (1938); Bergmann and Weizman, J. Org.
Chem., 9, 415 (1944).

2 Bergmann, Haskelberg, and Bergmann, J. Org. Chem., 7, 303 (1942).

32 Bergmann, J. Am Chem. Soc., 64, 176 (1942).

32 Pieser and Novello, J. Am. Chem. Soc., 64, 802 (1942).
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again heated on a water bath for about ten minutes to complete the
reaction. The addition product begins to separate from the warm mix-
ture as a mags of colorless crystals, and, upon cooling, the mixture sets
to a thick paste. The 3-phenyl-crs-1,2,3,6-tetrahydrophthalic anhydride
is crystallized from benzene-ligroin; colorless needleg, m.p. 120°.

Reaction of Maleic Anhydride with 1,2-Diphenyl-1,3-pentadiene.??
1,2-Diphenyl-1,3-pentadiene (5 g.) and maleic anhydride (3 g.) are
heated for three hours in boiling nitrobenzene (15 ml). The 3,4-
diphenyl-6-methylphthalic anhydride begins to separate during the
heating. After standing for forty-eight hours the product is collected
and recrystallized from petroleum ether (b.p. 130°); m.p. 161°.

Reaction of Citraconic Anhydride with Cyclopentadiene.® Citraconic
anhydride (5 g.) dissolved in benzene (5 ml,) is treated with cyclopenta-
diene (3 g.). Vigorous evolution of heat takes place after a short time.
After standing for several hours the solvent is evaporated at room tem-
perature. The product is obtained as a faintly colored, viscous oil which
changes to a compact mass of colorless crystals upon standing in a
desiceator for two or three days. Two crystallizations from petroleum
ether yield pure 1-methyl-3,6-endomethylene-1,2,3,6-tetrahydrophthalic
anhydride, m.p. 138°.

Reaction of Maleic Anhydride with 9-Methylanthracene.!? 9-Methyl-
9,10-dihydroanthracene-9,10-endo-a,8-succinic anhydride crystallizes in
959, yield as colorless needles from a solution of 0.5 g. of 9-methylanthra-
cene and 0.25 g. of maleic anhydride in 10 ml. of benzene which has been
refluxed for two hours; m.p. 264-266°.

Reaction of Maleic Anhydride with 1,2-Benzanthracene.?® 9,10-Di-
hydro-1,2-benzanthracene-9,10-endo-a,B-succinic anhydride is isolated
by heating a mixture of 0.4 g. of 1,2-benzanthracene and 5 g. of maleic
anhydride in 8 ml. of boiling benzene for three hours, evaporating the
solvent, and distilling the excess maleic anhydride from the mixture
at 80° at 0.4 mm. The residue is washed with benzene; yield, 0.26 g.
(46%).

Reaction of Maleic Anhydride with Isoeugenol Methyl Ether.)? A
mixture of 24 g. of isoeugenol methyl ether, 18 g, of maleic anhydride,
and 50 ml. of xylene is refluxed for five hours and then allowed to stand
for two days; 45 ml. of xylene is then distilled. The residual orange-
red, glassy mass is boiled with 200 ml, of ethanol, whereupon 30 g. of
a solid separates (m.p. 101-103°). This is dissolved in chloroform, and
a little petroleum ether is added to precipitate a small quantity of
polymeric material. The adduct is recovered from the filtrate and
recrystallized from acetic anhydride or from & relatively large volume
of petroleum ether (b.p. 80-100°). 6,7-Dimethoxy-3-methyl-1,2,3,4-~
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tetrahydronaphthalene-1,2-dicarboxylic anhydride forms short, pale
yellow prisms, m.p. 107°,

Reaction of Maleic Anhydride with Furan.!? When the calculated
quantity of furan is added to 2 g. of maleic anhydride suspended in
ether, a reaction accompanied by a mild evolution of heat gradually
ensues. The reaction mixture is allowed to stand for several hours in
the cold in order to complete the reaction, during which time the addi-
tion product separates for the most part in the form of hard, colorless
crystals. By working up the mother liquor the 3,6-endoxo-1,2,3,6-
tetrahydrophthalic anhydride is obtained in quantitative yield; m.p.
125° dec.

SURVEY OF THE DIELS-ALDER REACTION
INVOLVING MALEIC ANHYDRIDE

The following tables include most instances reported before January,
1945, in which maleic anhydride and closely related dicarboxylic acid
derivatives have been made to react with dienes of known structure.
Unless otherwise indicated, the product isolated is assumed to be the
normal hydroaromatic adduct of the type formulated in the introduction.
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TABLE III
Appucts FrRoM MALEIC ANHYDRIDE WITH Acycric COMPOUNDS
Moles
. Anhydride Reaction Temperature Yield "
Diene per Mole Solvent and Time % Ref,
Dicne
Butadiene 0.88-1.1 | Benzene Room temp. (12 br.); 100°| Quant. 5
(5 br.)
Butadiene 1 Benzene Room temp, (24 hr.) Quant. 148
Butadiene 0.86 Benzene Room temp. (12 hr.); 100° 90 323
(5 br.)
Butadiene — Benzene Room temp. (2 days); 100° — 324
(8 hr.)
trans-1,3-Pentadiene (trans-piperylene) 1 Benzcne 0° (6 days) 95 131
trans-Piperylene 1.2 None 100° (2.5 br.) 97 140
Piperylene — Benzene Room temp. — [
2-Mecthyl-1,3-butadiono (isoprenc) — Benzene Room temp. — 8
Isoprene 1 Benzcne Gentle heat — 324
Isoprene 1 Benzcno 0° (12 hr.); 100° (geveral| Quant. 131
hours)
1,3-Hexadicne — — — — 136
2,4-Hexadiene 1 Benzene Room temp. (24 hr.) — [
2,4-Hexadicne — Benzeno — — 135
2,4-Hexadiene — - — — 326
2,4-Hexadiene 1 Benzone 0° (12 hr.); 100° (several | Quant. 131
hours)
2-Methyl-1,3-pentadiene 1 Benzene Room temp. — [
2-Methyl-1,3-pentadicne 1 Dioxano 4° 77 132
2-Methyl-1,3-pentadiene 1 Benzene Room temp. (1 week) — 134
2-Mcthyl-1,3-pentadieno 1 Benzene 0° (12 hr.); 100° (several | Quant. 131
hours)
3-Methyl-1,3-pentadiene 1 Benzene 0° (12 hr.); 100° (several 96 131
hours)
4-Methyl-1,3-pentadicne — — — — 137
2,3-Dimethyl-1,3-butadione 1 Benzene 0° (12 hr.); 100 (soveral | Quant. 131
hours)
2,3-Dimethyl-1,3-butadiene — Benzene Room temp. — [
2,3-Dimethyl-1,3-butadiene 1 Dry benzono | Room temp. (24 hr.) Quant, 148
2,3-Dimethyl-1,3-butadiene 1 Benzeno Heated — 324
2,3-Dimethyl-1,3-butadiene 1 Water 40° (12 hr.) Good 320
(cmulsion)
2,4-Heptadicne — — — — 135
5-Mcthyl-1,3-hexadiene — Benzeno Room temp. (>1 weck) — 134
3-Mcthyl-2,4-hexadicno — — — — 135
2,4-Dimethyl-1,3-pentadicne — — — — 326
2,4-Dimethyl-1,3-pentadiene — Benzene Room temp. (2-3 days) — 8
4-Tithyl-1,3-hexadiene —_ — — — 137
2-Cyclopropyl-1,3-butadicne —_ Benzene — — 327
2,6-Dimethyl-3,5-octadicne — — — — 19
7-Mecthyl-3-methylene-1,6-octadienc 1 None Warm Quant. 6, 328
(myrcene)
Myreene 1 Nono Warm gently Quant. 329
Myrcene 1 None Fuse — 330
5-Methyl-4-isopropyl-1,3-hexadicne — — — — 137
1-Phenyl-1,3-butadiene 1 None Warm — 151
1-Phenyl-1,3-butadiene 1 — Heat — 331
1-Phenyl-1,3-pentadiene 1 None Warm — 151
4-Phenyl-1,3-pentadiene 0.66 Benzene 100-105° (2 hr.) 6 18
1-(3’,4’-Methylenedioxyphenyl)- 2 Xylene Reflux (3 hr.) Quant. 333
1,3-butadiene {
2-Methyl-1-phenyl-1,3-butadiene 1 Dry benzene | 100° (6 br.) — 331
6-Phenyl-1,3-hexadiene 1 Xylene Room temp. (4 days) 20 136
4-p-Tolyl-1.3-pentadiene 0.5 Benzene 105-110° (2 hr.) 14 18
1-(8’,4’-Dimethoxyphenyl)-1,3-buta-~ 1.5 Xylenc Reflux (7.5 hr.) 55 333
diene }

* References 324—434 are listed on pp. 57-59.

t Piperonylallylcarbinol which was dehydrated under the reaotion conditions was omployed.

1 3,4~-Dimethoxyphenylallyloarbinol whioh was dehydrated under the roaotion oonditiony was
employod.
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TABLE IIT—Continued

Appucts FROM MALEIC ANHYDRIDE WITH AcycLic COMPOUNDS

45

Moles
. Anhydride Reaction Temperature Yield "
Diene per Mole Solvent and TS % Ref.
Dicne

4-(2’ 4’-Dimethylphenyl)-1,3-penta- 1.1 Benzene 105-110° (2 hr.) 53 18
diene

1-Butadienyl-2-vinyl-3-cyclohexcne — Benzene 90-100° — 92

1-a-Naphthyl-1,3-butadienc { 1.5 Xylene Reflux (6 hr.) 38 333

1-a-Naphthyl-1,3-butadiene 1 None 145-155° (45 min.) 50 333

3-tert-Butyl-1-phenyl-1,3-butadienc — None 100° (30 min.) — 332

trans-trans-1,4-Diphenyl-1,3-butadienc 1 Noane Tuse — 151

1,4-Diphenyl-1,3-butadicne 0.94 Xylene Reflux (7 hr.) 77 108

2,3-Diphenyl-1,3-butadiene 1.25 Benzene Reflux (overnight) 94 334

1-p-Nitrophenyl-4-phenyl-1,3-buta- 6 None 110° (2 hr.) Quant. 335
diene

1-0-Chlorophenyl-4-phenyl-1,3-buta- 1 lone Water bath (1 hr.) 48 336
diene

1-m-Chlorophenyl-4-phenyl-1,3-buta- 7 Nane Water bath (12 hr.) 61 336
dione \

1-p-Chlorophenyl-4-phenyl-1,3-buta- 6.1 None Water bath (5 hr.) 71 336
diene

1-p-Bromophenyl-4-phenyl-1,3-buta- 1 Dry benzene | Reflux (8 hr.) 91 337
diene

1,2-Diphenyl-1,3-pentadiene 0.94 Xylene Reflux (3 hr.) — 266

1,2-Diphenyl-1,3-pentadienc — Nitrobenzene | Reflux —r 321

1,2,4-Triphenyl-1,3-butadicne 1.1 Xylene Reflux (2 hr.) 22 266

1.2,4-Triphenyl-1,3-butadiene — Nitrobenzéne | 100° —1 321

1-p-Biphenyl-4-phenyl-1,3-butadicnc 10 None 140-150° (1 hr.) 80 152

Spilanthol 1.1 None Coel (ice): warm (50-60°); 5.8 338

room temp. (overnight)

2-Chloro-1,3-butadiene (chloroprene) 0.83 None Warm 77 340

1-Chloro-3-methyl-1,3-pentadiéne — — — — 341

2-Bromo-1,3-butadiene (bromoprene) 0.81 None Room temp. (3-4 hr.) — 342

1-Bromo-3-methyl-1,3-butadiene — — — — 343

5,8-Dibromo-1,3-hexadiene 1 Benzene Room temp. (12 hr.); 100° § 148

(5 br.)

1,6-Dibromo-2,4-hexadiene 1 Dry benzene | 100° (5.5 hr.) 67 148

2,3-Dimethoxy-1,3-butadiene — — — — 344

3-Chloro-5-methoxy-1,3-pentadicne 1 Acetone 50° (2 hr.) — 166

2-(3-Methyl-1,3-butadienyl) mothy! — — Heat 54 345
thioether

2-(3-Methyl-1,3-butadicnyl) cthyl Excess |— Heat 42 345
thioether

2-(3-Methyl-1,3-butadicnyl) n-propyl Exccss | None 150° — 345
thioether

2-(3-Methyl-1,3-butadienyl) isopropyl — Ether Reflux — 345
thioether

2-(3-Methyl-1,3-butadienyl) tert-butyl — None 160-165° —_ 345
thioether ||

2-(3-Methyl-1,3-butadienyl) phenyl — None 160-185° — 345
thioether ||

2-Formoxy-1,3-butadiene — — — — 346
(formoprene)

2-Acetoxy-1,3-butadiene — — — — 346

¢is-1,3.5-Hexatriene 1 Dry benzene | Room temp. (12 hr.); 100° 83 148

(5 hr.)

* References 324—434 are listed on pp. 57-59.
t a-Naphthylallylearbinol which was dehydrated under the reaction conditions was employed.
t Adduct dehydrogenated under these conditions.
§ A pure product could not be isolated.

|| The oorresponding sulfone which probably yielded the diene under the reaction conditions was

employed.
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TABLE III—Continued

AppucTs FROM MALEIC ANHYDRIDE WITH AcycLic COMPOUNDS

Moles
. Anhydride Reaction Temperature Yield .
Diene ver Mole Solvent and Time % Ref.
Diene
trans-1,3,5-Hexatriene 1 Dry benzene | Room temp. (14 hr.); 100° | Quant. 148
(5 br.)
1,3,5-Hexatriene 1 Benzene 90-100° (3 hr.) e 92
2,6-Dimethyl-1,3,5-hexatricne 1 Dry benzene | 80° (7 hr.) — 168
2,6-Dimethyl-2,4,8-octatriene (allo- 0.95 None Below 100° — 143
ocimene)
Allo-ocimene — None 100° (1 hr.) — 329
Allo-ocimene — — — —~— 19
Allo-ocimene 1 None Tuse - 349
4-Phenyl-1,3,6-heptatriene 1.15 Benzene 105-110° (1 hr.) _ 350
4-0-Tolyl-1,3,6-heptatriene — Benzene 105-110° —— 350
1-(2,6’,6'-Trimcthyleyclohexcnyl)-3- 1 Dry benzene | Room temp. (2 days) « — 347
methyl-1,3-butadicne
2-Methylencdicyclohexylideneethane TExcess | Benzone Room temp. (48 hr.) 70 348
1,6-Diphenyl-1,3,5-hexatricne — None Tuse — 108
1,6-Diphenyl-1,3,5-hexatricne 1 Xylene Reflux (7 hr.) 54~72 108
1,6-Diphenyl-1,3,5-hexatriene 1.2 None TFuse — 151
a~(1-A1-Oclahydronaphthyl)-8- 2,06 Dry benzene | Roflux (3 hr.) 52 351
(2’-methylenecyclohexylidene)-
ethane
Caleifarol acetate 1.6 Benzene Reflux (4 br.) i 852
1,8-Diphenyl-1,3.5,7-octatetraene 16.8 None TFuse — 108
1,8-Diphenyl-1,3,5,7-octatetraone 2.2 Xylene or Reflux (10 hr.) 70 108
tetralin
Vitamln A — — — — 353
Acetyl vitamin A — — 80° (2-3 days in COyp) - 169, 170
Benzoyl vitamin A — — 80" (2-3 days in COg) — 170
Biosterol — — — — 354, 355
Biosteryl acetate — — — — 170, 356
Biosteryl palmitate — — 90-100° (in COy) -~ 169, 357
1,10-Diphenyl-1,3,5,7,9-decapentacne 4 Xylone Reflux (8 hr.) 74t 108
Carotene — Benzene — - 171
Sorbic acid 1 Dry bengene | 100° (18-38 hr.) 80 148
Sorbic acid 1.1 None Warm — 8
Ethyl sorbate 0.71 None Warm — L]
B-Chloroethyl sorbate 1.06 Xylene Reflux (2-3 hr.) 58 358
Ethyl trans-trans-muoonate 1 Dry benzene {100° (18 hr.) 50 148
9,11-Oetadecadienoic acid Excess Benzene 90-100° (5 hr.) — 303
9,11-Octadecadienoic acid Fxcess | Acctone 100° (A8 hr.) Quant. 308
9,11-Octadeeadienoic acid — — Heat — 359
Ethy! 9,11-octadecadienoate — — — — 359
9,11,13-Octadceatrienoic acid 1 None Heat in Ng — 360-364
(a-eleosteario acid)
a-Eleostearic acid 1 Nono 70° (1.5 br. In Ng) — 365
B-Eleostearic acid 1 None Heat in N3 — 360364
B-Eleosteario acid 1 None 70° (1.5 hr. in Ng) — 365
B-Eleostearic acid — — — — 303
B-Eleostearin Excess | Acetone 100° (10-15 br.) Quant. 303
4-Keto-9,11,13-octadecatrienoic acid 1.1 Benzene Room temp., (overnight);| Quant 305
(a-licanic acid) Reflux (10 hr. in Ng)
a-Licanic acid Slight None 85° (in dry COg) — 366
excess
B-Licanic actd Slight None 85° (in dry COg) - 366
excess
Triacetyl-leuco-muscaryfin 1.5 Benzene 100° (0.5 hr.); reflux (1 hr.) 72 339
1,3-Hexadien-6-yne 1 None 75° (4 hr.) 37 367
2,5-Dimethyl-1,5-hexadien-3-yne 0.66 None 130° (2 br. in COg) 24 146
2-Ethyl-2-hexenalamline 1 Dry benzene | Room temp. (2 hr.); reflux | 75~80 3 | 178, 179

(3 br.)

# References 324~434 are listed on pp. 57-59.
1 Produot consists of two isomerio adduots.

t For strusture of this adduet, see p. 21,
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TABLE 1V
Appuors rrRoM MALEIC ANHYDRIDE WITH AvricycLic CoMPOUNDS *
Moles
Diene Anhydride Solvent Reaction Tex_nperature Yield Ref.*
per Mole and Time %
Dienc
Cyclopentadiene 1 Benzene Room temp. Quant. 5
1,5,8-Trimethyl-1,3-cyclopentadiene 1.65 Ether Room temp. (overnight) - 368
1-Benzyl-1,3-cyclopentadiene -~ Ether Room temp. (24 hr.) — 369
2-Benzyl-1,3-cyclopentadiene — Ether Room temp. (24 hr.) — 369
1,4-Diphenyl-1,3-cyclopentadiene 1.1 Benzene Reflux (1 hr.) — 370
1-Phenyl-4-p-tolyl-1,3-cyclopentadiene — — — — 370
6,6-Dimethylfulvene 1.1 Benzene Room temp. — 151
6,6-Pentamethylenefulvene 1 Benzene Cool — 199
6,6-Pentamethylenefulvene — Benzene 50-60° — 127
6,8-Pentamethylencfulvene 1 Benzene Room temp, -60° 1 103
6-Styrylfulvene 1 Benzene Room temp. — 151
6,6-Diphenylfulvene 1 Benzéne Reflux (0.5 hr.) — 151
1-Carbomethoxy-1,3-cyclopentadiene — Benzene Room temp. (scveral — 129
days)
1-Carbomethoxy-4,5 5-trimethyl-1,3-cy- 1 Benzene Reflux (6 hr.) — 368
clopentadiene (methyl a-camphylate)
2-Carbomethoxy-1,5,5trimethyl-1,3-cy- 1.7 Benzene 120° (8 hr.) — 368
clopentadicne (methyl S-camphylato)
Pentaphonyleyclopentadienol 5 None Heat — 126
2,5-Dimethyl-3,4-diphenyl-1,3-cyclo- Slight Benzene Reflux 99 202
pentadicnone exdcas
3,4-Diphenyl-1,3-cyolopentadienone 2.55 None 131° (3-5 hr.) 61-65 1,371
Tetraphenyleyolopentadienone (tetra~ 1 Benzene Reflux (7 hr.) 80 165, 166
cyclone)
Tetracyclone 3.9 None 155-160° (5 min,) 96 1
2,5-Diphenyl-3,4-(o,0’-biphenylenc)-1,3+ Chlorobonzence | Reflus — 200
cyclopentadienone (phencyclone)
2.5-Diphenyl-3,4-(1’,8-naphthylene)-1,3-| 18 None Heat 95 § 201
cyclopentadienone (acecyclone)
Acecyclone 5.5 Chlorobanzene | Heat (2 hr.) 04 201
3a,7a-Dihydro-3,3a.5,6-tetraphenylinden-| — — — — 371
1-one
3a,7a-Dihydro-3,3a,5,6-tetraphenylinden-| 4.7 None Boil (15 min.) 70 371
1-one ||
1,3-Cyclohexadiene 1 Benzene Warm Quant. 5
1,3-Cyclobexadiene — Benzene Room temp. — 148
1,3,5,5-Tetramethyl-1,3-cyclohexadicno 1 Bénzene Reflux (0.5 hr.) 77 372
1,5,5,6-Tetramethyl-1,3-cyclohexadiene — e — — 145
(a-pyronene)
a-Pyronene — — — — 14, 373
1,2,6,6-Tetramethyl-1,3-cyclohexadiene — — — — 145
(8-pyronene)
B-Pyronene — — — — 14, 373
B-Pyronene — None 100° (1 hr)) — 329
{-5-Isopropyl-1,3-cyclohexadiene 0.62 Lther Reflux e 374

* References 324-434 are listed on pp. 57-59.

1 Product is a mixture of isomeric endo and ezo adducts.
} Anhydracetonebenzil which dehydrated under the reaction conditions was employed.
§ Adduct lost carbon monoxide and hydrogen under these conditions.
| The dimer of 3,4-diphenyl-1,3-cyclopentadienone which lost carbon monoxide under the re-

aolion oonditions was employed.
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TABLE IV—Continued
* AppucTs FrRoM MALEIC ANHYDRIDE WITH ALICYCLic COMPOUNDS
Moles
Diene Anhydride Solvent Reaction Temperature | Yield Ref.*
per Mole %
Diene
d-a-Phellandrene 0.69 Ether Reflux (0.5 hr.) — 375
l-a-Phellandrene 0.69 Tther Reflux (0.5 hr.) — 375
a-Phellandrene 1 Benzene Room temp. — 5
a-Phellandrene — — — — 190
1-8-Phellandrene 0.97 Benzene Reflux (18 hr,) 7.8%| 228, 229
Menogene 1 Benzenc — — 230
a-Terpinene (1,3-menthadiene) 1 None Reflux (6 br.) — 198§
a-Terpinene — — Room temp. Quant. 301
a-Terpinene — — — — 381
3,5-Diethoxy-1,6-dihydrophthalic 2 Dry benzeno | Heat (4 hr.) 60 160
anhydride
4,5-Diphenyl-1,2-dihydrophthalio acid — None 200° — 1
Thebaine 1.3 Benzene Reflux 61 379
Thebaine 1.1 Dry benzene | Reflux (1 hr.) 91 380
Levopimaric acid 1 Benzcne Room temp. (12 hr.) Quant, | 209, 211
Levopimaric acid 1 Benzene or 20° 45-50 210
ether
Abietic acid — Dry benzenc 170° (4 hr.) — 225
Abietic acid 1.1 Xylene 130-140° (soveral hours) — 210
Methyl abietate — — — — 224, 382
Rosin — — — — 383
2,4-Cholestadiene 1.7 Dry benzene | Reflux (8 hr.) 15 204
2,4-Cholestadiene 1.7 Xylene 135° (18 hr.) 43 204
7,14-Cholestadiene 2.25 Toluene Reflux (10 hr.) — 384
AS3_Coprostadicnol acctate 19 Dry xylene 135° (15 hr.) — 385
5-Methyl-A3(14),901D_poreholestadien- 5 Xylene 135° (14 hr.) — 386
3,6-diol diacetate
B-Methyl-A1(19,91D_porcholestadion- 5 Benzene 80° (14 hr.) — 380
3,6-diol acclate
Frgosterol acetate 1.9 Xylene 135° (8 hr.) — 218
Ergosterol acetate 1.7 Dry xylene 135° (8 hr.) 16-20 205
22,23-Dihydrocrgosterol acetate — Xylcne 135° (4 br.) — 387, 388
Dehydroergosterol acctate 2.2 Benzenc Reflux (4 hr.) — 218
Dehydroergosterol acetate — Benzene Reflux (4 hr.) 87.5 389
7-Dehydrocholesterol acetate 2.2 Xylene 135° (8 hr.) — 206
isp-Dehydrocholestcrol acetate 2.2 Xylene 135° (8 br.) 13 207
7-Dehydrositosterol acetate 2.8 Xylene 135° — 208
Ergosterol-Bj acetate Excess | Benzene Reflux (7 hr.) — 217
Dehydrocholesterol-B; benzoate 2 Dry benzene | Reflux (4 br.) — 206
Pyrocalciferol — — — — 222
Isopyrovitamin D — — — — 222
Lumisterol acetate 2.7 None 170-180° (0.5 hr.) — 390
1socafesterol 2.5 Benzcne Room temp. (overmght) 95 391
Cafesterol acetate 2.56 | Benzene Room temp. (4 days) 60-70 392
ox-Norcafestadienone — — — — 392
1,3-Cycloheptadiene Sight Xylene Reflux (5 hr.) — 188
excess

* References 324-434 are listed on pp. 57-59.
t Same adduct as that obtained from I-a-phellandrene.
} Compare references 145, 376, 377 and 378.
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TABLE IV—Continued
AppucTs FROM MALEIC ANHYDRIDE WITH ALicycLic COMPOUNDS
Moles
. Anbydride Resction Temperature | Yield
Diene peryMole Solvent o and Tixr?: P Ref.*
Diene
Cycloheptatriene Slight Xylene Reflux (5 hr.) 84 188
excess
Eucarvone 1.5 None 150° (4 hr.) — 187
Eucarvone 0.91 Benzene Reflux (6 br.) 43 186
1,V-Bicyclopentenyl 1.1 None Warm — 231
1,1-Bicyclohexeny! 1.1 None Heat (2 min.) — 231
1,1-Bicyclohexenyl 1 Benzenc 4 hr. 34 232
1,V-Bicyclohexenyl 1 Benzene 4 hr. 36 45
3.,4,3',4’-Tetrahydro-1,1’-binaphthyl 2.1 Nitrobenzene | Reflux (3 hr.) 87 29, 235
3,4,3’,4’-Tetrahydro-1,1"-binaphthyl 10 None Water bath (4 hr.) 951 29
3,43’ ,4’-Tetrahydro-2,2’-binaphthyl 2.6 Xylene Reflux (1.5 br.) 89 235
3.4,3’,4’-Tetrahydro-7,7’-dimethyl-1,1- 3 Xylene Reflux (3 br.) 731 334
binaphthyl
3,3’-Biindenyl 1.25 Xylene Reflux (1 lir.) —§ 233
1-Vinyl-1-cyolohexene 0.78 Xylene Warm; room temp. 83 393
(overnight)
2-Methyl-1-vinyl-1-cyolohexene — Benzene — — 268
2-Methyl-1-vinyl-1-cyclohexene 1 Xylene 100° (30 min.); room — 393
temp. (overnight)
2-Methyl-1-vinyl-1-cyclohcxene 1 Benzene Room temp. (48 hr.) — 393
1-Vinyl-3,4-dihydronaphthalene — Cyclohexane | 100° (15 min.) — 172
1-Vinyl-6-methoxy-3,4-dihydronaphtha- 1 Cyclohexane | Room temp. (several 39 172
lene hours)
1-Ethynyl-6-methoxy-3,4-dihydro- 3 Tither Room temp, (overnight) |  40-57 | 172,173
naphthalene
2-Acetoxy-10-methyl-8-vinyl-5,8,9,10- — Benzene 150-160° 25 394
tetrahydro-1,4-naphthoquinone
1-Cyclopentenylisopropenylacetylene 1.75 None 110-120° (2 hr.); 150~ 13 395
160° (30 min.)
1-Cyclobexenyl-1"-cyclopentenylacctylene 3 None 150° (3 hr. in Ny) 15-17 178
1-Cyclohexenyl-1’-cyolopentenylacetylene 1 None 130° — 396
Di-1-cyclohexenylacetylene 3.9 Noue 150° (3 hr. in COyp) 19 174, 175
2-Methyl-di-1-cyclohexenylacetylene 5.1 None 150° (4 hr. in GOy) 1.9 | 174,175

* References 324-434 are listed on pp. 57-59.

1 Product consists of two isomeric adducts.
} Product consists of two stereoisomers, one of which is polymorphiec.

§ Product consists of three isomeric adducts.
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TABLE V
AppucTs FRoM MALEIC ANHYDRIDE WITH AROMATIC COMPOUNDS
Moles
. Anbydride Regction Temperature | Yield
Diene per Mole Solvent and Time o Ref *
Diene

Anthracene 1.2 None <260° (15-20 min.) — 236
Anthracene b Benzene Reflux (3 hr.) 96 123
Anthracene 1 Xylene Reflux (10 min.) Quant. 246
Anthracens 1 Xylene Reflux (15 min,) 80 397
Anthracene Lixoess | Acetone 100° (28 br.) Quant. 303
Anthracena 1.15 None 140-150° (4 hr.) — 398
Anthracene — Xylene 150° (15 min.) — 240
9-Methylanthraoene 1 Benzene Reflux (2 hr.) 95 123
2-~Iopropenylanthracena 1.7 Xylens Reflux (1 hr.) 34 266
9-Phenylanthracene Exoess | o-Diohlorobonzene | Reflux (1 hr,) — 257
9-Phenylanthracene 1 Xylene Reflux (30 min,) 75 397
9-Phenylanthragene 30 Xylene Reflux (2 hr) 97 123
9-Benzylanthracene Lixoess | o-Dichlorobenzene | Reflux (1 hr.) — 257
2-Chloroanthraccne 1 Xylene Reflux — 246
9-Bromoanthracene 1 Dry xylone Reflux (2.5 hr.) 94 899
9-Bromoanthracene Excess | o-Dichlorobenzenc | Reflux (1 hr.) — 257
9-Nitroanthraccne 1.5 Xyleno Reflux (2 hr.) 56 399
9-Acetoxyanthracene TExcess | o-Dichlorobenzene | Reflux (1 hr.) — 257
9-Anthrylacetamide 1.6 Xylens Reflux (4.5 hr) 91 309
Ethyl 9-anthrylearbamate 9.7 Dry xylene Reflux (2.75 hr.) 95 399
9,9"-Bianthryl 3.6 Xylene Reflux (1 hr.) 0 400
9,9-Bianthryl 14.4 Nono Tuse 0 400
9,10-Dimethylanthracene 1 Benzene Reflux (20 min,) 06 123
9,10-Diphenylanthracene 30 Xylene Reflux (2 hr.) 78 123
9,10-Diphenylanibracene 3.4 None Fuse 10 397
10,10’-Diphenyl-9,9’-bianthryl 3.8 Xylene Reflux (1 hr.) 0 400
10,10’-Diphenyl-9,9-bianthryl 14.4 None TFuse 0 400
9,10-Dichloromethylanthracene — Xylene — — 401
9,10-Anthracenedipropionic acid — Nitrobenzene — — 401
9,10-Anthracenedi-n-butyric acid 1.3 None 260° (15 min.) 67 402
9,10-Dichloroanthracene 1 Nitrobenzens Reflux (15 min.) 50 246
9,10-Dibromoanthracene 1 None 200-210° — 236
9,10-Dibromoanthracene — None Tuse — 403
10-Bromo-$-anthroic acid 1.5 None 220° (10 min.) — 404
9.10-Dimethoxyanthracene Txccss | o-Dichlorobenzene | Reflux (1 br.) — 257
1,5-Dichloro-9-acctoxyanthracene Dixcess | o-Dichlorobenzone [ Reflux (1 hr.) — 257
1,8-Dichloro-9-acetoxyanthraccne Fxcess | o-Dichlorobenzenc | Reflux (1 hr.) — 257
4,5-Dichloro-9-acetoxyanthracene Excess | o-Dichlorobenzene | Reflux (1 br.) — 257
1.2-Benzanthracene 1.2 Xylene Reflux — 237
1,2-Benzanthracene 30 Xylene Reflux (2 br.) Quant. 123
1,2-Benzanthracene — Xylene Reflux — 255
9,10-Dimethyl-1,2-benzanthracene 1.3 Benzeno Reflux (1 hr.) 94 242
9,10-Diethyl-1,2-benzanthracene 2.9 Xylene Reflux (2 hr.) 84 242
Cholanthrene 2.7 Benzene Reflux (2 days) 92 241
5,9,10-Trimethyl-1,2-benzanthracene 2.75 Benzene Reflux (0 5 hr.) Quant, 242
3-Methylcholanthrene 30 Xylene Reflux (15 min.) 83 123
2,3-Benzanthracene (naphthacene) 1.2 Xylene Reflux (5 min.) — 237
Naphthacene — — — — 248
1,4-Diphenyl-2,3-benzanthracene — — — — 248

(5,12-diphenylnaphthacene)

* Referenoes 324—434 are listed on pp. §7-59.
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TABLE V—Continued
AppucTs FROM MALEIC ANEYDRIDE WITH AROMATIC COMPOUNDS
Moles
. Anhydride Reaction Temperature | Yield
Diene per Mole Solvent and Time o, Ref.*
Diene
Benzanthrene 2 Xylene Reflux (5 hr.) —t 256
1,2,3,4-Dibenzanthracene 5.7 Xylene Reflux (3 hr.) —1 405
1,2,5,6-Dibenzanthracene 1.3 None 250-260° (20 min.) — 406
1,2,5,6-Dibenzanthracene 30 Xylene Reflux (1 hr.) 90 123
3.3,7,3"-bis-Trimethylene- — Xylene Reflux — 407
1,2,5,6-dibenzanthracene
1,2,6,7-Dibenzanthracene 2.85 Xylene Reflux — 405
1,2,6,7-Dibenzanthracene — Xylene Reflux (45 min.) — 408
2,3,6,6-Dibenzanthracene (pentacenc) 1 Xylene Reflux — 246
9,10-Diphenyl-2,3,6,7-dibenzanthra- 3.3 Xylene Reflux (@ hr,) § 248
eene (6,13-diphenylpentacene)
1,4-Dihydro-9,10-dipheny!-2,3,6,7- 4.4 Xylene Reflux (1 hr.) — 248
dibenzanthracene
9,10-Dichloro-2,3,8,7-dibenzanthracene | — — — — 237
1,2,8,7-Dibenzphenanthrene 2.85 Xylene Reflux — 405
2,3,8,7-Dibenzphenanthrene 1.5 Nitrobenzene Reflux (10~15 min,) Quant. 246
Perylene 3.1 Nitrobenzene Reflux (1-1.5 hr.) — 250
3,9-Dichloroperylene 6.6 Nitrobenzene Reflux (2 hr.) —I 252
3,9-Dibenzoylperylene 14,15 Nitrobenzene Reflux (1.5 hr.) —l 252
1,2-Diphenylaceperylene 8.8 Nitrobenzene Reflux (1.5 hr.) —I 252
Hcxaccne — — — — 23
5,16-Dihydrohexacene — — — — 409
1,2,7,8-Dibenztetracene Bxeess | Pseudocumene — — 410
3,4.8,9-Dibenztctraphene Excess | Pseudocumene Reflux (1 hr.) — 410
1,2-(2',3’-Naphtho)-pyrene — Xylene Reflux — 411
1,2-(2",3’-Naphtho)-pyrene 3 Xylene Reflux (45 min.} — 255
5,18-Dihydroheptacene — — — — 412
6,17-Dihydrohcptacene — Xylene — — 409
1,2,8,9-Dibenzpentaccne Fxcess | Pscudocumene Reflux — 413
2,3,10,11-Dibenzperylenc 5.85 Nitrobenzene Reflux (3 hr.) —1 250
1,9,5,10-Di-perinaphthyleneanthracone 1 Xylene — — 247
Methyleneanthrone 2 Acetic acid Reflux (0.5 hr.) —q 258
Methyleneanthrone 1.05 Acetic anhydride | Reflux —q 258
Methyleneanthrone 1 Nitrobenzene Reflux (45 min.) —q 258
Methyleneanthrone 1.05 | None Fuse 529 258
Benzylideneanthrone 1 Nitrobenzene Reflux (4 hr.) —9 258
B-Anthraquinonylmethyleneanthrone 1.5 Nitrobenzene Reflux (5 hr.) —q 258
Anethole ** 1 — Distilled 10.51| 259
Anethole ** 2 Toluene Reflux (12 hr.) — 414
Tsosafrole 0.87 None Water bath (3 hr.) 25 259
Isosafrole 1.3 Xylene Reflux (3 hr.) 40-50 101
1gosafrole 0.83 None Water bath (24 hr.) 34| 259
1aoeugenol methyl ether 1.4 Xylene Reflux (5 hr.) 80 101
TIsoeugenol methyl ether 0.89 | None ‘Water bath (3 br.) 40 259

* References 324-434 are listed on pp. 57-59.
1 See p. 31 for structure of this adduct.
I Product is probably a mixture of two stereoisomers.

§ Two adducts are obtained.

{| Adduot dehydrogenated under reaction conditions.
9 Beo p. 32 for structure of this adduct.
W Baa, however, Hudson and Robinson, J. Chem. Soc., 1941, 715.
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TABLE V—Continued

Appucts FROM MALEIC ANHYDRIDE WITH AROMATIC COMPOUNDS

Moles
Diene Anhydride Solvent Reaction Tex‘nperature Yield Ref.*
per Mole and Time %
Diene
cis-Isoeugenol ethyl ether 1.25 Xylene Reflux (5 hr.) 40-50 101
2,3-Dimethoxy-1-propenylbenzene 1.1 Xylene Reflux (5 hr.) 4 101
1-(3’,4’-Methylenedioxyphenyl)- — — — 10 101
1-pentene
Methyl-3,4-methylcnedioxyphenyl- 1.2 Xylene 150° (2 hr.) —t 101
acetylene (piperonylallylene)
as-Diphenylethylene 2 Benzene Reflux (20 br.) —% 141, 154
Indene 0.71 Benzcne 250° (5 br.) 22 261
1-Vinylnaphthalene 1 Xylone 100° (20 min.); room| 32 262, 263
temp. (3 days)
1-Vinylnaphthalene 1.2 Dry toluene 92° (3 hr.) § 128%
1-Vinylnaphthalane 1.1 Dry xylene 100° (3 br.) 264
2-Vinylnaphthalene 1.056 Xylene 100° (10 min.); room 6 263
temp. (7 days)
1-Propenylnaphthalene 4.3 None 100° (5 hr.) 77.5 415
1-Vinyl-6-methoxynaphthalene 1.1 Xylene 100° (15 min.) 30 262, 263
1-Vinyl-6-mcthoxynaphthalene 2.1 Acetic acid Reflux (2.5 hr.) I 128%
1-(a-Naphthyl)-1-cyclopentcne 1.06 Dry xylcne Reflux (2 br.) 20-22 264
1-(8-Naphthyl)-1-cyclopentene 10 None 100° (20 br.) 264
2-Methyl-1-(a-naphthyl)-1-cyelo- 10 None 100° (20 hr.) — 264
pentene
2-Methyl-1-(8-naphthyl)-1-cyclo- 10 None 100° (20 br.) — 264
pentene
1-(68’-Methoxy-2’-naphthyl)-1-cyclo- 10 None 100° (20 br.) — 264
pentene
1-(6/-M ethoxy-2’-naphthyl)-2-methyl- 10 None 100° (20 hr.) — 264
1-cyclopentene
3-(5"-Bromo-6"-methoxy-2- 10 Xylene Reflux (5 hr.) 29 269
naphthyl)-2-methyl-2-cyclopenten-
1-one
1-(8-Naphthyl)-1-cyclohexene 10 None 100° (12 hr.) 41 266
9-Vinylphenanthrene 1.3 Xylenc Reflux (5 hr.) — 265
9-Propenylphenanthrene 1.1 Xylene Reflux (4 br.) 10 265
9-Isopropenylphenanthrene 1.1 Xylene Reflux (4 hr.) 14 265
9-Cyclopentenylphenanthrene 1.8 Xylene Reflux 58 265
9-Cyclopentenylphenanthrene — Nitrobenzenc Reflux —t 321
9-Styrylphenanthrene 1.1 Xylene Reflux (4 hr.) 27 265
8-Isopropenylchrysene 4 5 Acetic anhydride [ Reflux (2 hr.) 92.5 143

* References 324-434 are listed on pp. 57-59.

1 Adduct dehydrogenated under reaction conditions.

} Adduct is a dianhydride.

§ A 959, yield of monomeric and copolymeric product was obtained. A 57% yield of pure, aroma-
tized cis-dimethyl ester was obtained by alkaline hydrolysis, treatment with diazomethane, and evapor-
ative distillation.

Il A 39% yield of aromatized monomeric and copolymeric product was obtained. A 309 overall
yield of pure, aromatized cis-dimethyl ester was obtained by alkaline hydrolysis, treatment with
diazomethane and evaporative distillation.

4 Dimethyl-6-chrysenylcarbinol which was dehydrated to give 6-isopropenylohrysene under the
reaction conditions was employed.
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TABLE VI
Appucrs rrRoM MALEIc ANHYDRIDE wiTH HeTEROCYCLIC COMPOUNDS
Moles
Diene Anhydride Solvent Reaction Temperature | Yield Ref.*
per Mole and Time % )
Diene
Furan 1 Ether Gentle heat Quant. 121
TFuran — Dioxane — — 275
2-Methylfuran (sylvan) 1 Ether Room temp. (2 days) Quant, 273
2-Ethylfuran 1 Ether Room temp, (48 hr.) 83 278
2-(8-Phenylethyl)-furan 1 Dry ether Room temp. (few days) | Quant 274
2-(8-m-Methoxyphenylcthyl)-furan 1 Dry ether Room temp. (3 days) Quant. 274
2-Vinylfuran — Ether — 80t 278
TFurfurylacetone — — — 270
2-Bromofuran — — — — 270
3-Bromofuran — — — — 270
3-Hydroxyfuran 1 Dry ether Room temp. (48 hr.) 60 277
Turfuryl acetate 1.1 Ether Room temp. (scveral| — 271
days)
Turfural diacetate — — — — 270
TFurfuryl methyl ether — — — — 270
2,5-Dimethylfuran 1 Dry ether Room temp. (24 hr.) Quant. | 121, 275
2-Mcthyl-5-isopropylfuran 0.8 Dry ether 6-8° — 272
2-gec-Butyl-5-methylfuran 1.04 LEther Room temp. (24 hr.) — 204
5-Methylfurfurylacetone 1 Ether Room temp, (24 hr.) — 204
5-Methylfurfurylacetophenonc 1.1 Ether Room temp. (1.5 days) — 204
2,5-bis-(y-Ketobutyl)-furan 1 Ether Room temp. (2 days) — 294
B-(5-Methyl-2-furyl)-n-butyraldchyde 1 Ether Room temp. (3 days) — 294
1,3-Diphenylisobenzofuran — Xylene Warm (0.5-1 hr.) 95 279
1,3-Diphenylisobenzofuran 1.2 Dichloroethylene | Room temp. (almost{ — 288
instantly)
1,3-Diphenylisobenzofuran — Xylene Warm (0.5-1 hr.) — 416
1,3-Diphenylisobenzofuran — — Room temp. — 416
1.3-Diphenylisobenzofuran — — — — 281
1,3-Di-p-tolylhisobenzofuran 1.1 Bengzeno Room temp. (5 min,) 92 39
1,3-Di-p-chlorophenylisobenzofuran 1.1 Benzene Room temp. (6 min.) 94 39
1,3-Diphenyl-4,7-dimcthylisobenzofuran|  lxcess Ether or benzene { Room temp, (instantly) {>70 37
1,3-Diphenyl-5,6-dimethylisobenzofuran 1 Benzene Room temp., Quant,. 38
1,3-Di-p-tolyl-5,6-dinethylisobenzo- 1.1 Benzene Room temp. (6 min.) 93 39
furan
1,3-Di-p-chlorophenyl-5,6-dimethylizo- 1.1 Benzcne Room temp, (5§ min.) 95 39
benzofuran
1,3-Di-(m,m*~dibromo-p-hydroxy- 1.26 Toluene Reflux — 280
phenyl)-1sobenzofuran
1,3-Di~a-naphthylisobenzofuran — Xylene — — 417
1-Benzoyl-3-phenylisobenzofuran — — — — 287
1,3,5,6-Tetraphenylisobenzothiophene 9 None Reflux (30 min,) 69 287
2,3,4,5-Di-(1’,8-naphthylenc)- 11.3 None 225° (15 min.) —1 285
thiophene
2,6-Dimethyl-3-propenyl-5.6- 1 — — 37 418
dihydro-1,2-pyran
e-Pyrone (coumalin) 1 Toluene Reflux (10 hr.) 40 289
Coumalin 1 None 150° —§ 289
5-Methyla-pyrone 1.1 Toluene Reflux — 280
5-Ethyl-a-pyrone 1.1 Toluene Reflux — 290
4,6-Dimethyl-a-pyrone 1.3 None 150° —§ 289
a-Pyrone-5-carboxylie acid (coumalic 1.1 None 200° —§ 289
acid)
Methyl coumalate 1.05 Toluene Reflux (2-3 br.) 30 289
Methyl coumalate 1.0 Xylene Reflux (2-3 hr.) 30 § 289
4,6-Dimethyl-a-pyrone-5-carboxylic 2 None Fuse —§ 289
acid (isodehydroacetic acid)
2,4,10-Trimethylbenzo[glquinoline 5.65 Bengzene Reflux (8 hr.) 76 297
2,3-Dimethylquinoxaline 1 Dry toluene Reflux (2.5 hr.) 50 282
Anthranil 1 Dry toluene Water bath (30 min.) — 282

* References 324434 are listed on pp. 57-59.

1 See p. 36 for the structure of this adduct.

1 Adduot lost hydrogen sulfide under these conditions.

§ Adduot is a dianhydride.
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TABLE VII
Appucts FrRoM DIENOPHILES RELATED To MALRIC ANHYDRIDE
. . Reaction .
(Moles]?)l:rmljv}l):lltlaeDiene) Diene Solvent Temperature Y:;ld Ref *
and Time °
Maleic acid (0.81) Butadiene Water 50-60° (10 hr.) Good 320
(emulsion)
Maleic acid (1.12) 2,3-Dimethyl-1,3-butadiene | Water 40° (12 br.) Quant. 320
(emulsion)
Maleic acid (1) Anthracene Dry toluene | Reflux (24 hr.) 87 128¢
Maleic acid (1.8) Turan Water Room {emp. (3| — 271
days)
TFumaric acid Acecyolone — Heat (5-6 hr.) — 201
TFumaric acid (0.2) 1,V-Bicyclohexenyl None 190-200° 80 29
TFumaric acid (8.4) Anthracene Aootic acid | Reflux (72 hr.) 88 128%
Tumario acid 3.8) 1-Vinylnaphthalene Propionio Reflux (110 hr.) 89 1 128%
acid
Tumaric acid (1.2) 1-Vinyl-6-mothoxynaphtha- | Acetic acid [ Reflux (18 hr,) ¥ 128%
lene
Lithyl hydrogen maleate (1) 1-Vinylnaphthalene Nono 100° (15 hr.) 264
Dimethyl maleate (1) Cyolopentadienc None Room temp. (24| 56 61
br.)
Dimethyl maleate (slight excess)| 2,5-Dimethyl-3,4-dipheny} | Benzene Reflux 83 202
1,3-cyclopentadienone
Dimethyl maleatc (5.3) Tetracyclone None 160° 81 1
Dimethyl maleate (5) Anthracene Dry xyleno | Reflux (72 hr.) 87 1282
Dimethyl maleate Indene None 250° (5 hr.) — 261
Dimethyl fumarate (slight 2,6-Dimothyl-3,4-diphenyl- | Benzene Reflux (15 hr.) 73 202
excess) 1,8-oyolopentadicnone
Dimethyl fumarate (2.65) Tetracyclone None 170° 83 1
Dimethyl fumarate (2.65) Tetracyclone None 225° 70 1
Dimethyl fumarate (3) Isoproponyl-2-methyl-1- None 190-200° (24 hr.| — 395
cyclopentenylacetylene in No)
Dimethyl fumarate (2.3) Di-1-oyolohoxenylacetylene | None 178° (24hr.inNg) | 34 175
Dimethyl fumarate (2.3) 4-Methoxy-1-cyclohexenyl- | None 175° (24 br.inNg) | 45 175
1’-oyolopentenylacetylene
Dimethyl fumarate (10) Anthracene Dry xyleno | Reflux (71 hr.) 87 128%
Diethyl maleate (1.08) 2,3-Dimethyl-1,3-butadiene | Water 60° (24 bhr.) — 320
(emulsion)
Diethyl maleate (excess) 2,6-Dimethyl-3,4-diphenyl- | None — 64 202
1.3-cyclopentadienone
Diethyl maleate (1) Tsoeugenol None Reflux (4 hr.) 25 101
Diethyl maleate (1) Tsocugenol methyl ether None Reflux (6 hr.) 50 101
Diethyl maleate (1) cis-Isoeugenol ethyl ether None Reflux (4 br.) 20 101
Diethyl maleate (1) Isosafrole None Reflux (2 hr.) 69 101
Diethyl maleate (2.16) 1,3-Di-(m,m’'-dibromo-p- Toluene Reflux — 280
hydroxyphenyl)-isobenzo-
furan
Diethyl fumarate (1.4) Di-1-cyclohexenylacetylene None 175° (7hr.in COg)| 31 175
Diigobutyl maleate (1) Butadiens Water 70° (24 hr.) — 320
(emulsion)
Fumaryl chloride 1,4-Diphenyl-1 3-butadiene None Heat — 108
Fumaryl chloride 1,8-Diphenyl-1,3,5,7-octa- Xylene Reflux — 108
tetraene
Fumaryl chloride (0.43) Cyclopentadiene Dry ether —10° (A br.); room{ 75 8

temp, (12 hr.)

* Referenoes 324-434 are listed on pp. 57-59,
T Adduot aromatizod under theso oondliions.
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TABLE VII—Continued
Appucrs FRoM DIENOPHILES RELATED To MALEIC ANHYDRIDE
. . Reaction .
(Moleali)lee:uljv}l):leDiene) Diene Solvent Temperature Y:;ld Ref.*
and Time ¢
TFumaronitrile Butadiene Toluene 131° (432 br.) T 76 419
N-Isobutylmaleimide (0.59) Butadiene Water Room temp. (12} Quant, 320
(emulsion) | hr.)
N-Isobutylmaleimide (1) Isoprene Water 40° (24 br.) — 320
(emulsion)
N-Isobutylmaleimide (1) 2,3-Dimethyl-1,3-butadiene | Water 40° (12 hr.) Quant. 320
(emulsion)
N-Isobutylmalcimide (1) Cyclopentadicne Water 25° (6 hr.) Quant, 320
(emulsion)
N-lsobutylmalcimide (1.05) Pyrrole Water 50° (6 br.) — 320
(emulsion)
Mecthylmaleic anhydride (citra- | 2-Chloro-1,3-butadiene — — 0 420
conic anhydride)
Citraconic anhydride (1) Cyclopentadiene Benzene Room temp. — 5
Citraconio anhydride 22-Dihydrotachysterol Ether Room temp. (4 — 223
days)
Citraconic anhydride Biosterol — 140° (20 hr.) 90 354
Citraconic anhydrido Tachysterol acetate — — — 221
Citraconic anhydride 1-Vinyl-6-methoxy-3,4-di- — — — 421
hydronaphthalene Benzene Reflux (48 hr.) 70§ 128b
Citraconic anhydrido (1.15) Anthracene None Tuse — 236
Citraconic anhydride (0.3) Anthragene Dry toluene | Reflux (48 hr.) 96 128%
Citraconic anhydride (2) 1-Vinylnaphthalene Propionic Reflux (22 hr.) 491 128¢
acid
Citraconic anhydride (2.1) 1-Vinyl-6-methoxynaphtha- | Propionic Reflux (21 br.) 59 § 128%
lene acid
Ttaconic anhydride (0.85-0.8) | Cyclopentadiene Benzenc Room temp. — 5
Methylfumaric acd Anthracene Propionic Reflux (96 hr.);| 80 128%
(mesaconic acid) (5) acid 92° (72 hr.)
Mesaconic acid (2.5) 1-Vinylnaphthalens Propionic Reflux (106 hr.) 571 128
actd
Megaconic acid (2.1) 1-Vinyl-6-methoxynaphtha- | Propionio Reflux (4 days) 64 1 128%
lene acid
Dimethylmaleic anhydride (py- | Butadiene Benzene 190-208° (72 hr.) 21 158
rocinchonic anhydride) (0.5)
Pyrocinchonic anhydride (1) Butadiene None 160° (26 hr.) 50 419
Pyrocinchonic anhydride (0.53) | Cyclopentadiene Benzene 100° (5 hr.) — 275
Pyrocinchonic anhydride (0.2) | Cyclopentadiene Benzene 100° (4 hr.) — 121
Pyrocinchonic anhydride (0.5) | 1,3-Cyclohexadiene None 170-180° 3 days) | 87.5 419
Pyrocinchonic anhydride 1-Propenylnaphthalene — Elevatod temps. 0 415
Dichloromaleic anhydride (1.2) | Anthracene None 160-170° Quant, 422
Dibromomaleic anhydride (0.39)| Cyclopentadiene Tther Reflux (0.5 hr.) — 7
Dibromomaleic anhydride (2) {1,3-Cyolohexadiene Benzene Reflux (6 hr.) — 7
Dibromomaleic anhydride (1.2) { Anthracene None 150-180° — 236
Acetoxymaleic anhydride Cyclopentadiene — — — 185
3,6-Dihydrophthalic anhydride | Butadiene Dioxane 170-180° (12 hr.) — 157
(0.28)
3,4.5,6-Tetrahydrophthalic Butadiene Benzens 170-180° (12 hr.) { — 157

anhydride (0.2)

* References 324-434 are listed on pp. 57-59.

1 Gaseous butadiene was passed into the heated toluene solution of the nitrile for 432 hours.

} Adduct aromatized under these conditions.
§ Produot is a mixture of 1-methyl- and 2-methyl-6-methoxyhexahydrophenanthrene-1, 2~dicarbox-

ylio anhydride.
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TABLE VII—Continued

ADDUCTS FROM DIENOPHILES RELATED To MALEIC ANHYDRIDY

. . Reaction .
(MoleaD}:::‘;\i?l}: Dieue) Diene Solvent Temperature Y;?ld Ref*
and Time

3,6-endo-Methylene-3,4,5,6- Butadiene Ligroin 170-180° (42 hr.) 72 157
tetrahydrophthalic anhydride
(0.18)

3,6-Endoxo-3,4,5,6-tctrahydro- | Butadiene Dioxanc 170-180° (18 hr.) —t 273
phthalio acid (<1)

3.6-Endoxo-3-methyl-3,4,5,6- | Butadiene Dioxane 170-180° (16 hr.) —F 273
tetrahydrophthalic acid (<1)

3,4-Dihydronaphthalene-1,2- Butadicne Noue 100° (85 hr.) 63 423, 424
dicarboxylic anhydride (0.2)

3.4-Dihydronaphthalene- 2,3-Dimethyl-1,3-butadiene | Nonc 100° (20-25 hr.) 94-97 | 423,424
1,2-dicarboxylic anhydride
(0.5)

3,4-Dihydronaphthalene-1,2-di- | Cyclopentadiene None 100° (24 hr.) 48 425
carboxylic anhydride (0.17)

3,4-Dihydronaphthalene-1,2-di- | 1.3-Cyclohexadiene None 100° (8 days) 70 425
oarboxylic anhydride

7-tert-Butyl-3,4-dibydronaph- | Butadiene None 150° (36 hr.) 87 426
thalene-1,2-dicarboxylio an-
hydride (0.081)

7-Methoxy-3,4-dihydronaph- Butadicne Dioxanc 160~180° (13-15( 75-85 159
thalene-1,2-dicarboxylic an- hr.)
hydride (0.093)

6-Methoxy-7-methyl-3,4-dihy- | Butadiene Dioxane 1680-180° (13-15| 75-85 159
dronaphthalene-1,2-dicar- hr.)
boxylic anhydride (0.089)

6,7-Dimethoxy-3,4-dihydro-~ Butadiene Dioxano 160-180° (13-15 | 75-85 159
naphthalene-1,2-dicarboxylio hr.)
anhydride (0.083)

3,4-Dihydrophenanthrene- Butadiene Dioxane 160-180° (24 hr,) 67 425
1,2-dicarboxylic anhydride

3,4-Dihydrophenanthrene- 2,3-Dimethyl-1,3-butadicne Dioxane 160-180° (24 hr.) 94 423-425
1,2-dicarboxyhc anhydride

1,2-Dihydrophenanthrene- Butadienc Dioxane 160-180° (24 hr.) 87 424, 425
3,4-dicarboxylio anhydride
(0.15)

1,2-Dihydrophenanthrene- 2,3-Dimethyl-1.3-butadicne | Dioxane 160-180° (24 hr.) 81 424, 425
3,4-dicarboxylic anhydride
0.15)

3,4-Dihydro-8,9-acephenan- Butadienc Dioxanc 160-180° (24 hr.) 81 425
threnc-1.2-dicarboxylic
anhydride

3,4-Dihydro-8,9-acephenan- 2,3-Dimethyl-1,3-butadiene | Dioxane 160-180° (24 br.) | 67-73 425
threne-1,2-dicarboxylic
anhydride

* References 324—434 are listed on pp. 57-59.
1 Adduct is the anhydride.
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NATURE OF THE REACTION

In addition to the reactions with maleic anhydride and related com-
pounds described in Chapter 1, conjugated dienes react by 1,4-addition
with olefinic and acetylenic compounds in which the unsaturated group
is conjugated with one or more carbonyl or other unsaturated groups
(CN, NOg, SO;R). Even certain vinyl and allyl compounds have been
found to function as dienophiles. Typical examples are the reactions
of butadiene with acrolein, 8-nitrostyrene, allyl chloride, and acetylene-

CH, CHO
VA 7
CH ca CHO
I + | -
CH CH,
AN
CH,
I
NO.
/
= CH NO,
+ —
N CH Cols
/
CeHj
I
CH.Cl
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CO.H

I
= C CO-H
( + — O
e C CO.H
dou
v
dicarboxylic acid. The olefinic dienophiles yield cyclohexene derivatives
(I-1I1), and the acetylenic dienophiles lead to derivatives of 1,4-dihydro-
benzene (IV).

Formation of Stereoisomeric Adducts. The addition reactions of
ethylenic and acetylenic dienophiles show stereochemical selectivity
similar to that discussed in the preceding chapter. A ¢is dienophile
vields a cis adduct, while a trans adduct results from the trans form.
For example, the adduct (m.p. 191°) from cés-o-methoxycinnamic acid
and 2,3-dimethylbutadiene is the ¢is compound (V), and the adduct
(m.p. 159-159.5°) from ¢{rans-o-methoxycinnamic acid is the frans com-
pound (VI).

CH,

H,C ‘

Co.H

O OCH,

v

The addition of an alicyclic diene to a dienophile follows the Alder
rule (Chapter 1). Thus, addition of acrylic acid to cyclopentadiene
gives the endo compound (VII) in preference to the exo compound (VIII).
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The configuration of VII was established by its conversion to the lactone
(VIIA) by aqueous sulfuric acid.!

Formation of Structurally Isomeric Adducts. Two structural isomers
are possible when an unsymmetrical diene and an unsymmetrical dieno-

éf<?

phile interact. Unfortunately the structures of the adducts have been
rigidly established in only seven instances: acrolein -4 1-phenylbuta-
diene, acrolein and methyl 3,4-dihydro-1-naphthoate + 2-ethoxy- and
2-methoxy-butadiene, 2,6-dimethoxy-4-n-amylcinnamic acid - isoprene,
and derivatives of sorbic acid + acryly! chloride and vinyl phenyl ke-
tone. Acrolein and 1-phenylbutadiene give IX, as shown by conversion
of the adduct through a number of steps to o-phenylbenzoic acid.?

H,C
CO.H
CHO RO CH;0, OCH;
CHO

CsHyi(n)
X X X1

2-Methoxybutadiene (and 2-ethoxybutadiene) with acrolein give rise
to a single product, X. On the other hand, 2,6-dimethoxy-4-n-amyl-
cinnamic acid and isoprene, when heated, usually yield XI, although
in a single experiment that could not be duplicated the isomeric adduct
was formed. The principal product formed from acrylyl chloride and
derivatives of sorbic acid is XII (799,), as established by conversion
to 4-methylisophthalic acid. The orientation of ethyl sorbate and vinyl
phenyl ketone, before reaction, must be just the reverse of the previous

1 Alder, Stein, Liebmann, and Rolland, Ann., 514, 197 (1934).
2 Lehmann and Paasche, Ber., 68, 1146 (1935).
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case, for the main product (709,) is XIII; it was smoothly converted
to S-methylanthraquinone by a three-step reaction.®

CH CH

3C /O 3

N
Cl
COCsH;
C<2 CO.C.Hj;
A = Cl, ——OCI‘IzCI‘IQCl
XI1 XII11

It has been suggested that the Diels-Alder reaction is probably initi-
ated by a coupling of the more anionoid end of the diene system with a
cationoid carbon of the dienophile.* The reactions of 2-alkoxybutadienes
with acrolein are in agreement with this hypothesis and may be formu-
lated as shown. The Alder rule (Chapter 1) correctly predicts the forma-
tion of isomer IX from the interaction of 1-phenylbutadiene and acro-
lein. It seems likely that steric and Alder effects as well as electronic

T [ + RO
+ HQ Lo CHO
S C<H

effects influence the course of the reactions, but the data available are
not extensive enough to permit an evaluation of the importance of the
different factors.

SCOPE AND LIMITATIONS
Dienes and Dienophiles

About three hundred Diels-Alder reactions, involving about one
hundred ethylenic and acetylenic dienophiles and seventy conjugated
dienes, have been carried out. The types of dienes which have been
employed and examples of each type are shown in the following list.

Acyclic dienes—butadiene, alkylbutadienes, arylbutadienes.
Alicyclic compounds.
Wholly alicyelic dienes—cyclopentadiene, cyclohexadiene, «-phellandrene,
cycloheptadiene.
Alicyclic-acyclic compounds—1-vinyleyclohexene, 1-vinyl-3,4-dihydronaphtha-
lenes, 1-ethynyl-6-methoxy-3,4-dihydronaphthalene.
Bieyelic compounds—bicyclohexenyl.

3 Allen, Bell, Bell, and Van Allan, J. Am. Chem. Soc., 62, 656 (1940).
4 Hudson and Robinson, J. Chem. Soc., 1941, 715.
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Aromatic compounds.
Wholly aromatic compounds—anthracene, 9-bromoanthracene.
Aromatic-acyelic compounds—1-vinylnaphthalene, methyleneanthrone.
Heterocyclic compounds—furan, 2-methylfuran, 1,3-diphenyl-5,6-dimethyliso-
benzofuran.

The dienophiles discussed in this chapter may be divided into two
main groups: ethylenic and acetylenic. In the ethylenic compounds
the double bond is usually conjugated with one or more unsaturated
groups, but certain substances with isolated double bonds, including
ethylene itself, have been found to undergo addition in the typical
Diels-Alder manner. The acetylenic compounds which have been em-
ployed contain the triple bond in conjugation with one or more carbonyl
or cyanide groups. For convenient reference the dienophiles are shown
in the following list.

Ethylenic compounds.
R—CH=CH—Y and Y—CH=CH-—Y
R = H, CH;s, CgHs.
Y = CHO, CO.H, COsR, COC], COR, CN, NO;, SO;R, CH.Cl, CH,OH,
CHNH,, CH,NCS, OCOR, C], Br, OR, SR, H.
Acetylenic compounds.
R—C=C—Y and Y—C=C—Y

R = H, CHs, CeH;.
Y = CHO, CO-H, COzR, COR, CN, H.

Ethylenic Dienophiles

a,6-Unsaturated Carbonyl Compounds (Table V). Aldehydes. The
a,B-unsaturated aldehydes which have been employed in the Diels-
Alder reaction are acrolein, crotonaldehyde and other alkylacroleins,
cinnamaldehyde, and cyclopentene-1-aldehyde. Nearly all these sub-
stances react readily with acyclic and alicyclic dienes. The terminal
methyl groups in 8,8-dimethylacrolein appear to mterfere somewhat, for
the yield of the adduct with isoprene is low.5 Cinnamaldehyde does not
react with l-vinylnaphthalene, nor does acrolein react with isosafrole
(1-propenyl-3,4-methylenedioxybenzene). The unifunctional dieno-
philes such as acrolein ® and crotonaldehyde 7 do not react normally with
the furans but in the presence of certain catalysts (p. 87) lead to abnor-
mal products.

5 M. Naef et Cie., Fr. pat. 672,025 [C. 4., 24, 2243 (1930)].

0 Sherlin, Berlin, Serebrennikova, and Rabinovich, J. Gen. Chem. U.S.8.R., 8, 7 (1938)

[C. A, 32, 5397 (1938)].
7 Alder and Schmidt, Ber., 76, 183 (1943).
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1,1,3-Trimethylbutadiene and acrolein give a mixture of the two
possible isomers (XIV and XV) in about equal amounts.® From the

CH; CH; CH; CH;,

CHO

H,C | H;C CHO
X1v XV

products (X) of the reaction of 2-alkoxybutadienes and acrolein, 4-
ketocyclohexane-1-carboxylic acid can be prepared by oxidation and
acid hydrolysis.®

The addition of acrolein to cyclopentadiene has been shown to give
the endo-2,5-methano-A®-tetrahydrobenzaldehyde (XVI).!  Alder,
Stein, et al.»1% have described the preparation of the hexahydro

AN

CHO

XVI XVIL

derivative, its conversion to the corresponding exo aldehyde (by saponifi-
cation of the enol acetate formed from the endo aldehyde and acetic
anhydride), and the preparation of the acids, alcohols, and amines (by
Curtius degradation) of the two series. Norcamphor (XVII) hasg been
prepared from the 2,5-methanohexahydrobenzaldehyde.

Cyclohexadiene and acrolein give 2,5-ethano-A3-tetrahydrobenzalde-
hyde (XVIII) in good yield.! Cinnamaldehyde and 2,3-dimethyl-
butadiene yield 4,5-dimethyltetrahydrobiphenyl-2-aldehyde (XIX,

CH,

H,C CHO
CHO
(I‘)Hs

XVIII XIX XX

3 Fiesselmann, Ber., 75, 881 (1942) [C. 4., 37, 3417 (1943)].

9 Alder, Stein, Schneider, Liebmann, Rolland, and Schulze, Ann., 526, 183 (1936).
10 Alder, Stein, and Rolland, Ann., 526, 247 (1936).

1 Alder, Stein, Rolland, and Schulze, Ann., 514, 211 (1934),

12 Diels and Alder, Ann., 478, 137 (1930).
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5569%).1* Cyclopentene-1-aldehyde is an example of a dienophile in which
the double bond is situated in a ring. Hexatriene combines with this
dienophile to give a hydrohydrindene with an angular aldehyde group,
which has been formulated as XX."

Acids and Acid Derivatives. «,6-Unsaturated acids, such as acrylic
acid, crotonic acid, sorbic acid, and cinnamic and substituted cinnamic
acids, react fairly readily with acyclic and alicyclic dienes. The esters
of the acids have been used usually when the corresponding acids (e.g.,
ethylidenemalonic acid and ethoxymethyleneacetoacetic acid) !* might,
be unstable at the reaction temperatures. Several unsaturated lactones
(A**-butenolide, S-angelica lactone, ecoumarin), though somewhat un-
reactive, have been successfully added to dienes. Only a few acid chlo-
rides have been used.

Derivatives of hydrobiphenyl have been prepared by the addition of
l-arylbutadienes to acrylic acid and of butadienes to cinnamic acids.

= CO.H
S CO.H CO.H
-+ “/ - or
XXI1

XXIA
CHj,
N
CH; C=CH,
C
(@H CH N
2 Hzc
7\ Co :
CH CO.R” 2R
.-_)
R/ R/
R R
R R

R = H, OCH;; R’ = H, OCH;, NOy;
R” = H, CHz, Csz.
XXII

By the first method a 729, yield of a phenyltetrahydrobenzoic acid
wag obtained (XXI or XXIA, structure not definitely established, for
18 Fujise, Horiuti, and Takahashi, Ber., 69, 2102 (1936).

¥ Butz, J. Am. Chem. Soc., 60, 216 (1938).
15 Alder and Rickert, Ber., 72, 1983 (1939).
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it is not the acid of IX).2 Various 1-aryl-1-methylbutadienes were em-
ployed also with acrylic acid and with crotonic acid.

The derivatives of hydrobiphenyl obtained by the second method
have been used quite extensively in the synthesis of dibenzopyrones and
their hydro derivatives,'®!” hydrofluorenones,'*!® and hydrophenan-
thridines.!®* o-Methoxycinnamic acid {(cts and #rans) and the corre-
sponding hydroxy acid react readily with 2,3-dimethylbutadiene, unsatis-
factorily with isoprene, and not at all with butadiene. The hydropyrone
(XXIII) obtained by the demethylation and lactonization of XXII

0 0
. .
VRN VRN
= 5y
CH, . CH;
XXIII XX1v

(R = R” = H, R’ = OCII;) with ethanolic potash is isomeric with
that from the interaction of coumarin with 2,3-dimethylbutadiene under
forcing conditions (260°). These hydropyrones are probably diastereo-
mers, for on dehydrogenation they yield the same benzopyrone (XXIV).
The adduct from o-methoxycinnamic acid and isoprene is considered
to be XXV, for the analogous reaction with 2,6-dimethoxy-4-n-amyl-
cinnamic acid gives solely XI (except in one instance, which it has not
been possible to duplicate, when the isomeric adduct was isolated in
439, yield). Methyl o-veratrylidenepyruvate reacts normally with
cyclopentadiene, but the adduct with butadiene could not be isolated.

Dimethylhexahydrofluorenone and many of its substitution products
(XXVI) were obtained by the addition of 2,3-dimethylbutadiene to
cinnamic acid (or ester) and to substituted cinnamic acids (3,4-dimeth-
oxy- and 3,4-dimethoxy-6-nitro-) followed by cyclization of the acid
chloride of the dihydro derivative of XXII. These hexahydrofluo-
renones have been converted to octahydrophenanthridines (XXVII)
by ring enlargement of XXVI (hydrazoic acid) to hexahydro-9-phenan-
thridones, followed by conversion to the thio analog (phosphorus
pentasulfide) and electrolytic reduction at a lead cathode.

16 Adams, McPhee, Carlin, and Wicks, J. Am. Chem. Soc., 65, 356 (1943).

17 Adams and Carlin, J. Am. Chem. Soc., 66, 360 (1943).

18 Sugasawa, Kodama, and Hara, J. Pharm. Soc. Japan, 60, 356 (1940) [C. A., 34, 7291
(1940)1.
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- CH, CH,
H,C H,C H,C
oo
—0 ?Hz
O OCH, R R, NH
R R
R R
R=H, OCH,; R=H, NO, R=H, OCH,; R'=H, NO,
XXV XXVI XXVII

A considerable number of anthraquinones have been prepared from
the adducts obtained from p-aroylacrylic acids and acyclic dienes as
shown.® The adducts (XXVIII) result in almost quantitative yield.

@R’ ? &

R—7 it R
+ H n n
he

0,H

R=H, CHa, CoH;
R=H, CH;
R=H, CH,;, OCH,

XXVIIL

Attempts to cyclize these addition products failed, but when aromatiza-
tion of the system with sulfur preceded ring closure, yields of 409, (based
on XXVIII) of the respective anthraquinones resulted in most cases.
Difficulty was experienced in the cyclization of the substituted anisoyl-
benzoic acid, but 2-methoxy-6,7-dimethylanthraquinone was obtained
by cyclization of the corresponding benzylbenzoic acid and oxidation
of the anthrone to the desired quinone.

Small amounts (19,) of high-melting isomers have been recovered
from the saponification of the ester adducts formed from the interaction
of B-benzoylacrylic acid and its 2,4-dimethyl derivative with 2,3-di-
methylbutadiene in ethanol solution. The isomerism cannot be attrib-
uted to a rearrangement during the saponification, for the same product
is obtained directly when toluene is the solvent.?? It has been suggested
that this isomerism is due to a migration of the double bond in the
cyclohexene ring.?-2

19 Tieser and Fieser, J. Am. Chem. Soc., 57, 1679 (1935).

20 Holmes, Husband, Lee, and Kawulka, J. Am. Chem. Soc., 70, 147 (1948).
21 Bergmann and Eschinazi, J. Am. Chem. Soc., 65, 1405 (1943).
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Derivatives of hydrophenanthrene and phenanthrene have been
prepared from compounds in which rings A and C are preformed and
by generation of ring C. A 689, yield of 9-phenyldodecahydrophenan-
threne-10-carboxylic acid was obtained by heating equimolar amounts
of bicyclohexenyl and cinnamic acid in a sealed system.?? This product
is often accompanied by traces (4%) of a high-melting isomer, whereas
in an open system the presence of the second product has not been
observed.? Dehydrogenation of the normal bicyclohexenyl-cinnamic
acid adduct with sulfur afforded 9-phenyl-10-phenanthroic acid, while
with selenium a good yield of 9-phenylphenanthrene resulted.

Generation of ring B of phenanthrene by lengthening the side chain
of IX, followed by cyclization, failed at the first stage, for with hydrogen
cyanide the benzoin, XXIX, was obtained instead of the expected cyano-

hydrin.2
O CoHs oHs
(> -,
CHO COCHOR

IX XXIX

The second type of phenanthrene synthesis has been applied to the
synthesis of possible degradation products of morphine. Butadiene,
2-ethoxybutadiene,?* and 2,3-dimethylbutadiene have been added to
3,4-dihydro-1-naphthoic acid (ester) % as well as to the 7-methoxy 2%
and 5-bromo-7,8-dimethoxy derivatives.?* The yields of adducts were
quite satisfactory with 2,3-dimethylbutadiene, but from butadiene and
5-bromo-7,8-dimethoxy-3,4-dihydro-1-naphthoic acid the yield of the
acid adduct (XXX) was 187, and of the methyl ester, 87%,. Similar

R=H, Br
R=H, OCH,
XXX

2 Weizmann, Bergmann, and Berlin, J. Am. Chem. Soc., 60, 1331 (1938).
2e Holmes and Mann, J. Am. Chem. Soc., 69, 2000 (1947),
% Fieser and Holmes, J. Am. Chem. Soc., 60, 2548 (1938).
# Fieser and Holmes, J. Am. Chem. Soc., 68, 2319 (1936).
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additions with substituted 3,4-dihydro-2-naphthoic acids led to analo-
gous hexahydrophenanthrene-14-carboxylic acids.22%:25

In general the yield of addition products from acids is superior to that
from their esters (Table ITI), and, except where the acids cause polymer-
ization of the diene % or the acids are unstable to heat, the esters have
found but limited use in the Diels-Alder reaction. However, the addi-
tion of ethyl cinnamate to isobenzofurans has been used in the synthesis
of substituted g-naphthoic acids. A mixture of 1,3-diphenylisobenzo-

CeHjp

C CeH;
/ \.  CHCO.C:Hs NCO5CsH
N\ /  CHCeH;  (@o-HO #Cells

? CeHs

CeHj

furan and ethyl cinnamate in ethanol led to the normal adduct, but in
the presence of dry hydrogen chloride gas the bridge oxygen of the
primary adduct was eliminated as a molecule of water and an 809 yield
of ethyl 1,2,4-triphenyl-3-naphthoate was obtained. This ester is very
resistant to hydrolysis. With hydriodic acid and phenol,? cyclization
to, and reduction of, the ketone occurred simultaneously to give 1,4-
diphenyl-2,3-benzofluorene, identical with that from indene and 1,3-
diphenylisobenzofuran.

CeHs CeHs
co I CH,
Ny ] AN N ] AN

——)
7 = p P
CsHs CoHj

It has been found that traces of acrylic acid polymerize 2-ethoxy- and
2-methoxy-butadiene 2 at 120°. Ethyl esters have been substituted in
this reaction for such thermally sensitive acids as ethoxymethylene-
acetoacetic, ethylideneacetoacetic, and ethylidenemalonic acids. The

% Holmes and Trevoy, Can. J. Research, B22, 56 (1944), and unpublished work.
% Potrov, J. Gen. Chem. U.S.8.R., 11, 66 (1941) [C. A., 36, 1593 (1942)].
2T Weiss and Beller, Monatsh., 61, 143 (1932).
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adducts from these esters with butadiene and 2,3-dimethylbutadiene
are represented by the generalized formula XXXI.

R NR
di:kwﬁms

COX
R = H, CH;
R, = CH3, Csz, C3H7 (’I:SO), OCzH5
X = CH3, OCZHs

XXXI1

From the limited number of examples at hand the a,8-unsaturated
lactones appear to be rather unreactive dienophiles. A*’-Butenolide
and B-angelica lactone (y-methyl-A**-butenolide) fail to react with
butadiene and 2,3-dimethylbutadiene until a temperature of 150° is
reached.?® Even at this temperature XXXII (R’ = CH,CO,H) failed
to react with 2,3-dimethylbutadiene. Although the addition products
from these lactones are formulated as XXXIII, they have not been
successfully dehydrogenated to the completely aromatic phthalides.
Coumarin fails to react with butadiene and isoprene, and it reacts with
2,3-dimethylbutadiene only under forcing conditions (260°) and in the
presence of a large excess of this reagent.

P e
o L —
T, CHR/
XXXII R=H, CH,
R’=H, CH;, CH,CO.H
XXXIIX

The use of acid chlorides has been limited by their tendency to poly-
merize the diene components. However, Alder and co-workers! by
working at —10° obtained the normal adduct from #rans-crotonyl
chloride and cyclopentadiene. From acrylyl chloride and sorbyl chlo-
ride, a 799, yield of the normal adduct (XII) was obtained.?

Ketones. The a,f-unsaturated ketones that have been successfully
employed are methyl vinyl ketone, benzalacetone, benzalacetophenone,
diacetylethylene, dibenzalacetone, dibenzoylethylene and substituted
dibenzoylethylenes, and vinyl phenyl ketone. However, failures have

g

B Linstead and Leavitt, private communication.
2 Wagner-Jauregg and Helmert, Ber., T1, 2535 (1938).
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been reported with the combinations: furans with methyl viny! ketone
and vinyl phenyl ketone; cyclone (tetraphenylcyclopentadienone) with
benzalacetophenone and dibenzoylethylene; and cyclohexadiene with
vinyl phenyl ketone. The failure of the last pair of reactants to undergo
addition is rather surprising since under comparable conditions a 549
yield of 4-benzoyl-3,6-methano-A’-cyclohexene was obtained from cyclo-
pentadiene and this ketone.

The most direct route to the synthesis of 1,3-diarylisobenzofurans
and o-diaroylbenzenes and their hydro derivatives is through the addi-
tion of dienes (butadiene, 1,4- and 2,3-dimethylbutadiene, 2,3-diphenyl-
butadiene, and cyclopentadiene) to various cis and frans dibenzoyl-
ethylenes (4,4’-dichloro-, 4,4’-dimethyl-, 2,4,6,2’,4’,6’-hexamethyl-).
In general, yields of 80-909%, are obtained. 1,2-Dimethyl-4,5-dibenzoyl-
A'-cyclohexene (XXXIV, R = CIHj;) is readily cyclized (acetic anhy-
dride and phosphoric acid) to 1,3-diphenyl-5,6-dimethyl-4,7-dihydroiso-
benzofuran (XXXV, R = CHj).® Dehydrogenation (bromine and
sodium acetate, but not sulfur) * opens the furan ring, and the resulting
4,5-dimethyl-1,2-dibenzoylbenzene is reductively recyclized by zine in

Co; CIOH5

R—" ca—¢—o R C=0
L * beoe — 2L
~ H—C=0 =0

H, b,
R=H, CH,, C.H,
XXXIV
CeH, CoHs
R ~ R
R . R
3]5[5 COHB
XXXV XXXVI

acetic acid or, better, in ethanolic sodium hydroxide. Exceptions to

these generalizations have been encountered but may be attributed

either to strain in the molecule (cyclopentadiene and dibenzoylethylene) 32

or to steric factors (2,3-dimethylbutadiene and dimesitoylethylene).
8 Adams and Gold, J. Am. Chem. Soc., 62, 56 (1940).

81 Allen and Gates, J. Am. Chem. Soc., 65, 1283 (1943).
2 Adams and Wearn, J. Am. Chem. Soc., 62, 1233 (1940).
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1,3,5,6-Tetraphenylisobenzothiophene (XXXVI, R = CgH;) is ob-
tained in 709, yield by the dehydrogenation of XXXV (R = C¢Hj)
with sulfur.®

A pair of geometric isomers in the proportion of 10 to 1 results from
the interaction of frans-dibenzoylethylene with hexadiene-2,4. Three
formulas are possible, XXXVII-XXXIX. The high-melting and more
abundant isomer is formulated as XXXIX, for on oxidation with mono-
perphthalic acid the substance yields a pair of epoxides.?® The low-melt-
ing isomer, which occurs in the lesser amount, is either XXXVII or
XXXVIIIL

COCH, COC.H, COC,H,
H.C CH, H,C CH
"1/ COCHs COCH, oo ’
N H, H; .
XXXVIX XXXVIIL XXXIX

The addition of 1-vinyl-6-methoxy-3,4-dihydronaphthalene to
(trans?) 3* diacetylethylene has found some application in the synthesis
of homologs of 15-dehydro-z-norequilenin. 3* The reaction furnished a
diketone CioH,,03 (m.p. 174-175°) in 25-30%, yield, and a lesser
amount of a lower-melting isomer (107-108°). Provided that the rela-
tive position of the acetyl groups has been maintained in the addition
products, these two isomers are probably XL and XLI, for both are
reduced to the same dihydro derivative. Esxperimental support for XLI

is found in the ease with which the high-melting isomer is dehydro-
genated by atmospheric oxygen during the cyclization of this 1,4~
diketone with 0.1 N methanolic sodium methoxide. It is understandable
that the dihydronaphthalene system of XLI should readily lose two
atoms of hydrogen and pass into a stable naphthalene system. As would
be expected, the dihydro adduct showed no such susceptibility to dehy-

3 Adams and Geissman, J. Am. Chem. Soc., 61, 2083 (1939).
3 Armstrong and Robinson, J. Chem. Soc., 19384, 1650.
8 Goldberg and Mtller, Helv. Chim. Acta, 28, 831 (1940).
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drogenation under similar conditions. The phenolic ketone from XLIA
or XLIB, although it was never isolated analytically pure, shows an
oestrogenic activity much greater than that of dl-isoequilenin (rings C/D

0]
Il CH,

C I Y
CH,4 C=0
anol L no I

XLIA XLIB

cts) and of about the same order of activity as dl-equilenin (rings
C/D trans). This indirect evidence supports the earlier conclusion that
the yellow diacetylethylene is trans.

The relationship of the isomeric pairs of dodecahydrophenanthrenes
from the interaction of dibenzoylethylene and benzalacetophenone with
bicyclohexenyl is not yet clear.

a,B-Unsaturated Nitriles, Nitro Compounds, and Sulfones (Tables
VI and VII). Relatively few examples of the use of the o S-unsaturated
nitriles and sulfones as dienophiles have been reported. Structures for
the adducts from the nitriles (crotononitrile 4- cyclopentadiene and
1,3-dimathylbutadiene, sorbonitrile -+ 1,3- and 2,3-dimethylbutadiene)
and from the sulfones (dihydrothiophene dioxide 4 butadiene, cyclo-
pentadiene, and 2 3-dimethylbutadiene, p-tolyl vinyl sulfone -- 2,3-
dimethylbutadiene) are based solely on analogy. The reaction of di-
hydrothiophene dioxide with cyclopentadiene is formulated as shown.

A
Os 8
o,

Nitroethylene and a few alkyl derivatives have found limited use as
dienophiles, but g-nitrostyrene and its 3,4-dimethoxy and 3,4-meth-
ylenedioxy derivatives have been used frequently. The latter sub-
stances react satisfactorily with the acyclic dienes (butadiene, 2,3-
dimethylbutadiene, 1,4- and 2,3-diphenylbutadiene, and isoprene) and
the alicyclic dienes (cyclohexadiene, cyclopentadiene, a-phellandrene,
and cyclone) and with methyleneanthrone. They fail to react with the
simple furans (furan, 2-methylfuran, and 25-dimethylfuran) under
normal conditions; however, the addition of B-nitrostyrene to 1,3-
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diphenylisobenzofuran and its 5,6-dimethyl derivative has been re-
ported.

The reaction of nitroethylene with cyclopentadiene at 110° appears
to follow the Alder rule. The single product isolated is probably the
endo form (XLII, R = H), for this nitro adduct and the cyclopentadiene-
acrylic acid adduct both yield the same endo-norbornylamine, 36 37,38

CHR R
CHNO, “NO.

R=H, CH,, C,H,

XLII

Substituted 2,3-dimethyl-1,4,11,12-tetrahydrophenanthridines
(XLIV) have been prepared in 70-80%, yield from the N-acyl derivatives
of XLIII. The Hofmann degradation of the amide from the acid adduct

CH; CH;
H,C H;C
NHZ \N
Il
/CR/I
R R
R’ R

RR, = 2-OCH3, CH202< R” = H, CgI‘I5
XLIII XLIV

of 3,4-dimethoxycinnamic acid (and ethyl ester) and 2,3-dimethyl-
butadiene failed. However, the amines (XLIIT) for this synthesis were
obtained by electrolytic reduction (lead cathode) of the nitro adducts
XLV from 2,3-dimethylbutadiene and 3,4-dimethoxy and 3,4-meth-
ylenedioxy derivatives of S-nitrostyrene.

R CH;,
NO;

RR’ = 2-0CH;, CH,0X
XLV

36 Alder, Rickert, and Windemuth, Ber., 71, 2451 (1938).
3 Kenyon and Young, J. Chem. Soc., 1941, 263.
8 Jones and Wallis, J. Am. Chem. Soc., 48, 189 (1926).
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Allyl, Vinyl, and Related Compounds (Table VIII). Compounds with
other than unsaturated groups next to the ethylenic linkage also func-
tion as dienophiles. Allyl compounds, vinyl compounds, styrene deriva-
tives, and even ethylene will combine with the more reactive dienes at
170-180°, and with the less reactive ones under forcing conditions (200~
300°).

Allyl alcohol and its derivatives (amine, cyanide, isothiocyanate,
esters, and halides) have been found to react with 2,3-dimethylbutadiene,
the alicyclic dienes (cyclopentadiene, cyclone, and piperylcyclone), and
with anthracene. Temperatures of 170-180° are required to mitiate the
reaction of cyclopentadiene with allyl alcohol, and its chloride and
bromide. (The more reactive allyl iodide decomposed under the same
conditions, but addition proceeded satisfactorily at 100-105°). Tem-
peratures in excess of 180° are required before anthracene reacts with
either allyl alcohol or chloride to an appreciable extent.

D+ e ®2,
CHCHzX N

X=O0H, Cl, Br, I

CH,
SOORY “O
CroEx CHCH,X

The steric course of the reaction between allyl alcohol and its esters
(salicylate and phthalate) with cyclopentadiene conforms with the Alder
rule, for the adducts on reduction and hydrolysis furnished endo-2,5-
methanohexahydrobenzyl alcohol.

The addition of vinyl acetate to cyclopentadiene and 1,5,5-trimethyl-
cyclopentadiene is the most direct synthetic route to norcamphor and
dehydro-norcamphor, epicamphor, and camphor, respectively. Vinyl
formate, viny! chloride, and the dichloro- and trichloro-ethylenes have
been used with acyclic dienes (butadiene and 2,3-dimethylbutadiene)
and with alicyclic dienes (cyclopentadiene, 1,5,5-trimethylcyclopenta-
diene, methyl g-camphylate, and cyclohexadiene) as components in the
Diels-Alder reaction. The reaction of anthracene with vinyl acetate
required forcing conditions.

Almost a quantitative yield of dehydro-norbornyl acetate (XLVI,
R = H) was obtained when slightly more than the required amount
of cyclopentadiene was heated with vinyl acetate at 180°. A second



78 ORGANIC REACTIONS

product (XLVII), in which the components are in the ratio of two
molecules of cyclopentadiene to one of vinyl acetate, accounted for the
remainder of the reactants. Alder and Rickert * have described the

L (4 R
+ —_—
R J:HOCOCHa X OCOCH;,

OCOCH;
R=H, CH,
XLVI XLVIX

hydrolysis of the acetate (XLVI, R = H) and the oxidation of dehydro-
norborneol to dehydro-norcamphor, as well as the reduction of XLVI
(R = H) and its subsequent hydrolysis and oxidation to norcamphor.
1,5,56-Trimethylcyclopentadiene, in a similar series of reactions, gave an
overall yield of 26.69, of dl-borneol and 35.89, of dl-epiborneol. Chromic
acid oxidation of these alcohols gave dl-camphor and dl-epicamphor #
respectively.

Various vinyl ethers (vinyl butyl ether, vinyl ethy! ether, and viny!l
phenyl ether) and vinyl p-tolyl thioether have been combined with
several alicyclic dienes. The thioether combines with cyclopentadiene
at 180° (529,).

C BH 5 9.[15

(YN ()
(] po v K — | =]
)N () L)

- L H

oHp :
/ XLy

At suitable temperatures (200-220°) ethylene reacts with butadiene
(18%), 2,3-dimethylbutadiene (509), and cyclopentadiene (749,).4
Similarly, a trace of the acetate of 1,4,58-bis-methano-A%-g-octalol

3 Alder and Rickert, Ann., 543, 1 (1939).

9 Alder and Windemuth, Ann., 543, 41 (1939).
4 Joshel and Butz, J. Am. Chem. Soc., 63, 3350 (1941).
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(XLVII) that occurs in the reaction of vinyl acetate with cyclopenta-
diene is accounted for by the addition of a second molecule of cyclo-
pentadiene to the primary adduct (XLVI, R = H).#* This secondary
adduct can be made the principal product by increasing the temperature
and changing the proportion of the two reactants. The 1,2- and 1,4-
dihydronaphthalenes react with cyclone, phencyclone, and piperyl-
cyclone at 200-300°.2 When the diene component is acecyclone [1,4-
diphenyl-2,3(1,8-naphthylene)-cyclopentadienone], the endo-carbonyl
group and two atoms of hydrogen are lost from the primary adduct
(XLVIII) in the aromatization of the central ring.

Acetylenic Dienophiles (Tables IX and X)

Aldehydes. Acetylenic aldehydes (propargyl, tetrolic, and phenyl-
propiolic) have been used to only a very limited extent as dienophiles.
Addition products of these aldehydes with 1,1- and 2,3-dimethyl-
butadiene, isoprene, 1,1,3-trimethylbutadiene, and cyclone have been
described and some of their physical properties recorded.5* No attempt
has been made to assign structures to reaction products for which alterna-
tive structures are possible. Pentaphenylbenzaldehyde was formed di-
rectly by heating phenylpropiolic aldehyde with cyclone.

Acids and Acid Derivatives. Although propiolic acid, substituted
propiolic acids (tetrolic acid, phenylpropiolic acid), and their esters
have been added successfully to a number of dienes** acetylene-
dicarboxylic acid and its methyl and ethyl esters have been most ex-
tensively studied. These acetylenes combine readily with all types
of dienes, although the yields from the reaction of acetylenic esters with
2,3—dipheny§butadiene and isosafrole are reported to be low. Only one
failure of thig reaction has been reported (methyl acetylenedicarboxylate
and 9,10-dibromoanthracene).?s

Vinylacetylenes, when combined with acetylenic dienophiles, lead to
benzene derivatives. Methyl propiolate and 1-ethynyl-6-methoxy-3,4-
dihydronaphthalene afford a good yield of a separable mixture of two
isomers (probably XLIX and L). From a consideration of electronic
effects,®® the main product (crystalline ester, 45%) would be formulated
as XLIX. The oily ester (109,) would then be the isomeric adduct, L.
This structure for the crystalline ester appears to be correct, although

42 Arbuzov and Akhmed-Zade, J. Gen. Chem. U.S8.S.R., 12, 206 (1942) [C. 4., 37, 2732

1943)].
( 43 1))]11they, Schommer, and Trosken, Ber., 66, 1627 (1933).

4 Dilthey, Thewalt, and Trosken, Ber., 67, 1959 (1934).

% Daels and Friedrichsen, Ann., 513, 145 (1934).
4 Alder, Angew. Chem., 65, 53 (1942).
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the proof is based only on the evidence that dehydrogenation (quinone)
led to a phenanthroic acid, presumably the 6-methoxy-2-phenanthroic

acid.4
H( H ‘ CO,CH,

O( )
con, ond L
<ﬂ';( ‘_< XLIX
CH, CH

(+)
CO.CH,
CH,0 “

L

The addition products from the interaction of acetylenedicarboxylic
acid and its esters with acyclic and alicyclic dienes are A' *-dihydro-
phthalic acids and 3,6-alkano-A'‘*-dihydrophthalic acids, respec-
tively; 244488 with anthracene, 9,10-dihydroanthracenc-9,10-endo-a, 8-
maleic acid and its esters are formed.® 3,6-Epoxy-Al‘*-dihydrophthalic
acids or 1,4,5,8-bis-epoxy-A®-®-hexahydronaphthalene-9,10-dicarboxylic
acids are the products from one and from two moles of furan.5 6.6

Al%-Dihydrophthalic acid is readily separated from the traces of
AV*-dihydrobenzoic acid, A2**- and A%'®-dihydrophthalic acids which are
formed when a dioxane solution of butadiene and acetylenedicarboxylic
acid is heated to 170-180°. Selective hydrogenation (colloidal palla-
dium or palladized calcium carbonate) of the A*-ethene, followed by
dehydrogenation (bromine) of the A'-tetrahydrophthalic acid to phthalic

4 Dane, Héss, Eder, Schmitt, and Schén, Ann., 536, 183 (1938).
4 Allen and Sheps, Can. J. Research, 11, 171 (1934).

49 Alder and Holzrichter, Ann., 524, 145 (1936).

% Diels and Alder, Ann., 490, 236 (1931).

51 Alder and Windemuth, Ann., 543, 56 (1939).

52 Alder and Rickert, Ann., 524, 180 (1936).

% Lohaus, Ann., 516, 295 (1935).

% Alder and Rickert, Ber., 70, 1354 (1937).

% Alder and Rickert, Ber., 70, 1364 (1937).

% Alder, Ber., T1, 2210 (1938).

% Allen, Eliot, and Bell, Can. J. Research, 17, 75 (1939).

% Dupont and Dulou, Angew. Chem., 51, 755 (1938).

% Dupont and Dulou, A#i. X°. congr. intern. chim., 3, 123 (1939).
% Diels and Alder, Ann., 486, 191 (1931).

81 Diels and Alder, Ann., 490, 243 (1931).

8 Alder and Backendorf, Ann., 535, 101 (1938).
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(IEOzH
~ ﬁ COH
_—_—
+ CoH
io,,H v
CO,CH,
r COzCHs
@CHZ),, + ﬁ —_— l( He),
= CO,CH,
CO,CIi; n=1,2,3
LI
CO,CH;,

SR

acid, established that acetylenedicarboxylic acid combines with buta-
diene by a 1,4-mechanism. Isomerization accompanies the saponifica-
tion of the methyl ester of IV.

0.R

R 0:R ! ' ’
+ CO-R
(’ COzR

RI iozR‘ \\ RI R/ R/

0.CHj, LIIT

R=R'=H, CH, CO.R
LIv R=H, CH,
R=H
Lv

Alicyclic dienes have been more extensively used than their acyclic
counterparts in Diels-Alder reactions with acetylenic dienophiles. The
adducts obtained from cyclopentadienes and from 1,3-cycloheptadiene
(LI, n = 1 and 3 respectively) are stable at their boiling points under
reduced pressure but dissociate into their components at higher tem-
peratures. The adducts from 1,3-cyclohexadienes (LI, n = 2), by con-
trast, lose the bridge carbon atoms on heating.

Cyclopentadiene and its 1,5,5-trimethy] derivative react vigorously
with methyl acetylenedicarboxylate at room temperature or lower, and
the products of the reactions can be purified by distillation under reduced
pressure. The reduction of 3,6-methano-A'"*-dihydrophthalic acid (or
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the methyl ester) over colloidal palladium or platinum oxide catalyst
proceeds in a stepwise manner, and the hydrogenation may be inter-

]CO2CH8
z /R
‘G —
A \R Cl CO,CH,
R CO,CH, CO.CH,
=H, CH,

/
LVHI

COZH
002H
EVIL f
COzH

rupted after the A*linkage has been saturated. By the addition of a
second mole of hydrogen (ezo addition) to 3,6-methano-A'-tetrahydro-
phthalic acid the endo-cis-3,6-methanohexahydrophthalic acid is re-

COR H, COR
— +
COR - CO.R

11X
0
CH8 CHs
¢ CH(CH)), CH(CH)),
0
LXI LXII LXIII
H.C CH,; H, CH,

H, H,C

LXIV LXVY
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covered as the main product ? (a small amount of {rans-3,6-methano-
hexahydrophthalic acid is also formed). The anhydride of 3,6-meth-
ano-A'-tetrahydrophthalic acid proved to be identical with that derived
(three steps) from dibromomaleic anhydride and cyclopentadiene.!?

The ethano group of the 3,6-ethano-Al'*-dihydrophthalic esters
(LI, n = 2), like that of the ethanodihydrobenzene system of 1,4-
ethano-1,4-dihydroanthraquinone (LXI), is sensitive to heat. The
esters of acetylenedicarboxylic acid react smoothly with cyclohexadiene
at 0°, and a yield of about 849, of the dimethyl ester of 3,6-ethano-
A'*-dihydrophthalic acid is obtained.® Heating the reaction mixture
to 200° pyrolyzes the primary adduct to ethylene and the ester of
phthalic acid. Thus, by identifying the ethylenic products of pyrolysis
it has been possible to locate the conjugated systems of a-phellandrene
(LXII), a-terpinene (LXIII), a-pyronene (LXIV), and B-pyronene
(LXV).

The propano bridge of the cycloheptadiene adduct (LI, n = 3), like
the methano bridge (LI, » = 1), is thermally stable. A conjugated
CH, (|30202H5

CO,C;Hj
FY —

o i CO,C.H,
3
CH; OngHg

LXVI

CH; C/O

N CH,
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cyclopentadiene or cycloheptadiene derivative, isomeric with a-terpin-
ene, is also formed by dehydrating a-terpineol, for with ethyl acetylene-
dicarboxylate a thermally stable adduct is formed. The perhydro acid
(LXVII) of the adduct (LXVI) of this 1,5,5-trimethyl-1,3-cyclohepta-
diene with ethyl acetylenedicarboxylate was identical with an acid
obtained from maleic anhydride and eucarvone by another route. The
reduction of the ketone and the ethene of LXVIII completes the proof
for the identity of this alicyclic diene.

Other dihydrobenzene systems with an ethano bridge result when
derivatives of the anthracene-methyl acetylenedicarboxylate adduct
(LIII) interact with conjugated dienes (butadiene, dimethylbutadienes,
1,1,3-trimethylbutadiene, and cyclopentadiene). Dimethyl 9,10-dihy-
droanthracene-9,10-endo-a,8-maleate (LIIT) has been transformed into
the corresponding acid, anhydride (anthracene-C,QOs), acid chloride,
amide, and nitrile. The anthracene-C,0; adduct (LXIX) reacts vigor-
ously with a number of simple acyclic dienes (Table XT) at temperatures
below 100° to give the secondary adducts LXX. At temperatures above

R=H, CH, O
LXX

100°, pyrolytic extrusion of the 9,10-bridge system of LXX (R = CHj)
occurs with the formation of anthracene and dimethyldihydrophthalic
anhydride, whereas at the boiling point disproportionation also occurs
and the products of pyrolysis are 9,10-dihydroanthracene and phthalic
anhydride or an alkyl derivative.

This pyrolytic method was applied successfully to the synthesis of
the acid chloride of acetylenedicarboxylic acid,®® after the usual methods
for the preparation of acid chlorides failed. Simple thermal dissociation
of the acid chloride of LIIT failed to give the diacid chloride, for the
latter decomposed into carbon monoxide, carbon dioxide, and phosgene
at temperatures required for this reaction. The desired diacid chloride
was obtained by adding maleic anhydride. At moderately high tem-
peratures the more reactive maleic anhydride displaces the acetylene-
dicarboxylic acid chloride from the equilibrium and the dichloride distils
from the reaction mixture. Attempts to prepare acetylenedicarboxylic

8 Diels and Thiele, Ber., 71, 1173 (1938).



DIENE SYNTHESIS II 85

anhydride from LXIX by the same method failed; in boiling nitro-
benzene solution, carbon monoxide and carbon dioxide were evolved

and LXXI was formed.
s C
l / O\C/ m
/1 p
O\E /

LXXI

The furans and the pyrones are the only heterocyclic dienes reported
to undergo normal diene reactions with acetylenic dienophiles. With
furans the nature of the reaction product depends upon the molar
proportion of the reactants. With methyl acetylenedicarboxylate and
one mole of furan a quantitative yield of methyl 3,6-epoxy-A'+*-dihydro-
phthalate (LIV, R’ = H) is obtained, while with two moles methyl
1,4,5,8-bis-epoxy-A2®-hexahydronaphthalene-9,10-dicarboxyl-
ateisformed. Thestructuralsimilarity of methy1.3,6—epoxy—A] 4_dihydro-
phthalate to LVI (R = H) is reflected in a number of its reactions, e.g.,
the reverse Diels-Alder at elevated temperatures and the selective hydro-
genation of the A*-ethene. This correspondence in properties does not
hold for the respective tetrahydro derivatives. Mineral acid eliminates
the oxygen bridge of LXXII while by pyrolysis (100-150°) the ethano
bridge is lost.# The addition of two atoms of hydrogen to the A'-ethene

0
o e ST
O: o B0 oL co.i— | + O

LXXII LXXIII

l(m)

0

CO.H
H

Co.H
I

LXXIV

of LXXII is endo, and the carboxyls of the resulting cis-3,6-epoxy-
hexahydrophthalic acid are exo with respect to the oxygen bridge.

% Norton, Chem. Revs., 31, 469 (1942).
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The addition products from pyrones and ethyl acetylenedicarboxylate
show a similar sensitivity to heat. When the a-pyrone, LXXYV, is heated
with this ester a lively reaction ensues, accompanied by the evolution of
carbon dioxide. The pyrolysis product is the triester of trimellitic acid
(LXXVIII). The dimethyl derivatives (LXXVI) and the enol of
vy-methylpyronone (LXXVII) behave similarly.

R’ ?0 2Calls R’

RC? ﬁ R O COzCzH5
I + —
BN A0 i CO.CH,

0,C,H;
LXXV, R=C0,CH,, R=R=H
LXXVI, R=C0.C.Hy R=R'=CH,
LXXVII, R=H, R=CH, R=0H

r

R
R CO,C.H;
" + CO.
R CO.C.Hs
LXXVIIL

Other Acetylenic Compounds. The reactions of acetylene, phenyl-
acetylene, diphenylacetylene, and phenylbenzoylacetylene with cyclone
have been described.*»% The dinitrile of LI (n = 1) has been prepared
in 839, yield by the interaction of acetylenedicarbonitrile (carbon sub-
nitride) and cyclopentadiene. Hydrolysis of the dinitrile to the acid
of LI (n = 1) failed, but the structure of the adduct was established by
the addition of two moles of hydrogen to furnish the hydro derivative
of the maleonitrile-cyclopentadiene adduct. At elevated temperatures
pentaphenylbenzonitrile is obtained from phenylpropiolic nitrile and
cyclone.

Side Reactions

Side reactions, which run concurrently with or follow the Diels-Alder
reaction, materially decrease the yield of the normal adducts. The
interfering reactions most commonly encountered are: polymerization
of the diene; polymerization of the dienophile; secondary reactions of
the primary addition products; and reactions due to impurities.

Temperatures required to promote the Diels-Alder reaction are often
such that polymerization of the diene may successfully compete with,

% Dilthey and Hurtig, Ber., 67, 495 (1934).
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or even prevent, the primary reaction. This competing reaction has
been noted in the reaction of allyl amine with cyclopentadiene, of 1-
nitropentene-1 with cyclopentadiene, and of o-methoxycinnamic acid
with butadiene. Some dienophiles (acids % and acid chlorides!) have
been found to promote the polymerization of dienes. This troublesome
reaction cannot be eliminated entirely, but its effect upon the yield may
be minimized by the use of somewhat more than an equimolar amount
of the diene (1.5 moles) and by diluting the reaction mixture with an
inert solvent (benzene, toluene, or xylene 13).

Polymerization of the dienophile may account for a further decrease
in the yield. The dienophile in the reaction, acrolein + 2-methoxy-
and 2-ethoxy-butadiene,®* has been stabilized with hydroquinone.®

A number of secondary reactions of the addition products have been
discussed previously. These changes involve: addition of a second mole
of the diene to the primary adduct (cyclopentadiene -+ vinyl acetate and
vinyl chloride, furan 4 acetylenedicarboxylic acid and its methyl ester);
rearrangement and the addition of a second mole of the dienophile to
the adduct; !* elimination of the bridge system which may or may not
be accompanied by dehydrogenation (ethyl cinnamate - 1,3-diphenyl-
isobenzofuran, ethyl acetylenedicarboxylate + cyclohexadiene, sty-
rene -+ piperyleyclone, 1,2-dihydronaphthalene + acecyclone); dehy-
drogenation by the solvent % (cinnamic acid 4 methyleneanthrone);
and the reverse Diels-Alder reaction (see Chapter 1).

Traces of mineral acid may alter the course of the reaction. It has
been reported 7 that, after several months at room temperature, such
unifunctional dienophiles as acrolein, crotonaldehyde, methyl viny!
ketone, and vinyl phenyl ketone failed to react with furan and 2-methyl-
furan. Traces of sulfuric acid or sulfur dioxide, sulfonic acids or their
chlorides, but not formic acid or esters of sulfonic acids, promote the
so-called “‘substitution-addition reaction’’—exemplified by the forma-
tion of B-(2-furyl-)propionaldehyde from furan and acrolein. This
exothermic reaction may proceed one stage further by a similar mecha-
nism,

[' j' —H H—U'CH CH,CO.H ’
O O 2 2

CH,=CHCO.H

HO.CCH.CH 2—@—CH :CH,CO.H

% Bergmann, Haskelberg, and Bergmann, J. Org. Chem., 7, 303 (1942),
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In the absence of a catalyst, N-methylpyrrole -+ acetylenedicarboxylic
acid, 2-methylpyrrole and 4-methylimidazole 4+ methyl acetylenedi-
carboxylate react similarly (Table X). These substituted maleic acids

U— 7 UCCO»H

T
CHs + HO.CC=CCOH  CH, CHCO’H

can react with a second mole of the heterocyclic diene, e.g., 2,4-dimeth-
ylpyrrole, N-methylindole, and 1-methylimidazole 4 methyl acetylene-
dicarboxylate. Dependence of the course of the reaction upon the

(IJO :CH,

' lCH:; n
2HsC[ ] H C
l

H CO,CH,

| CIL

0,CH, CO;,CHa

reagent is clearly illustrated by the formation of methyl 1-methyl-8,9-
dihydroindole-4,5,6,7-tetracarboxylate (LXXIX) from N-methylpyrrole
and methyl acetylenedicarboxylate. 1,2-Dimethylimidazole, pyridine,
a-picoline, 2-stilbazole, quinoline, isoquinoline, and phenanthridine [see
Norton, Chem. Revs., 81, 319 (1942)] react in an analogous manner with

(/0:CHa CO,CH,
¢ COCH,
Ly + 2 ] | 5 @cmam
X N
CH, CH, CO.CH,
CO.CH, LXXIX

methyl acetylenedicarboxylate. The reaction mixture from the pyridines
and their benzologs contains, as well as the stable adduct (LXXXI), a
Iabile isomer (LXXX) which is isomerized to the stable form by heat
or solution in ethanol, acetic acid, or sulfuric acid.

0.CH;
(-)i\ CO.CH,
< )/ g-COCH, - X CO:CH;
N.___C—CO.CH, N__~CO.CH,
) CO.CH,
0,CH;,

LXXX LXXX1
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SELECTION OF EXPERIMENTAL CONDITIONS

Comparison of Dienes. The yield of addition products from acyclic
dienes appears to be dependent to a greater extent upon the position of
the substituents in the acyclic chain than upon the size of the groups.
Alkyl, alkoxyl, and aryl groups on C,, or C, and Cjs, generally enhance
the reactivity of the diene, whereas substitution of these groups on the
terminal positions depresses the reactivity. Thus the following order
holds for butadiene and some of the alkylbutadienes:

2,3-dimethylbutadiene > isoprene > butadiene > 2,4-hexadiene

The same is true for 2,3-diphenylbutadiene, 1,4-diphenylbutadiene, and
1- and 2-alkoxybutadienes.

Diene systems in five- and six-carbon rings are very reactive, and the
reactivity does not decrease appreciably with increased substitution;
usually 76-959, yields of the adducts are obtained.

Mixed aromatic-acyclic dienes exhibit reduced reactivity and often
react only under forcing conditions.

Furans do not react with such dienophiles as methyl vinyl ketone,
vinyl phenyl ketone, or crotonaldehyde even after several months at
room temperature.

Comparison of Dienophiles. Despite the number of dienophiles that
have been combined with the various types of dienes, no systematic
study has been undertaken to determine the conditions (temperature,
solvent, etc.) for optimum yields, and no quantitative comparison can
be made of the reactivity of different classes of dienophiles. Examina-
tion of Tables I-IV will show that (1) ethylenic dienophiles usually give
better yields than analogous acetylenes, (2) bifunctional dienophiles
react more favorably than unifunctional ones, (3) «,8-unsaturated
acids as a rule react better than their esters, and (4) the yields from 8-
nitrostyrene are as good as, if not superior to, those from vinyl phenyl
ketone.

Reaction Conditions. Reactions have been carried out at tempera-
tures ranging from —10° to 300°. Addition of some simpler dienophiles
{0 the more reactive dienes proceeds with such vigor that the exothermic
reaction must be controlled by cooling in an ice bath. These reactions
nre often complete in one hour, whereas the less reactive compounds may
roact to the extent of only a few per cent after many hours at high tem-
poratures. Reactant pairs might conveniently be classified as reactive,
normal, or unreactive. Cyclopentadiene -+ acrolein is a reactive system
for which room temperature suffices: isoprene -+ 2,6-dimethoxy-4-n-
umylcinnamic acid is a nonmnally reactive system for which heating (185°)
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is necessary; and butadiene + methyl 5-bromo-7,8-dimethoxy-3,4-dihy-
dro-1-naphthoate is an unreactive system which requires a high tem-
perature (225°) and a long reaction time (168 hours), and even under
these conditions the yield of adduct is only 8%, The reaction of cin-
namic acid with 2,3-dimethylbutadiene is influenced by temperature.
The yield of adduct improved with increase in temperature; the highest
yield (749,) was obtained at 170°, and then the yield fell progressively
to 249, at 240°. Whether this is the result of the reversibility of the
reaction (Chapter 1) has not been determined. Numerous combina-
tions of conditions have been employed. The standard conditions that
will generally give satisfactory results for many pairs of reactants are:
temperature, 100-170°; time, ten to thirty hours; solvent, benzcne,
toluene, or xylene.

A few acyclic dienes have failed to give adducts. This may be attrib-
uted in part to polymerization of the dicne in preference to addition to
an unreactive dienophile (see Side Reactions, above). Inert solvents
such as benzene, toluene, and xylene are employed '* to minimize the
tendency of dienes to polymerize. In a few reactions the yield of adduct
was improved by the addition of small amounts of trichloroacetic acid &
(see Chapter 1).

EXPERIMENTAL PROCEDURES

endo-2,5-Methano-A3-tetrahydrobenzaldehyde (XVI)—Addition of
Acrolein to Cyclopentadiene.® When a solution of 10 g. of acrolein in
15 ml. of ether is mixed with 14 g. of ¢yclopentadiene there is immediate
reaction accompanied by the evolution of heat. When the initial vigor-
ous reaction is over the tightly corked flask is allowed to stand for several
hours at room temperature. After removal of the solvent, the product
is distilled (b.p. 70-72°/20 mm.) in an atmosphere of carbon dioxide;
yield 90-959%,.

Sodium bisulfite reacts rapidly with the aldehyde in ethereal solution,
and further purification of the product can be accomplished through
the addition product.

4-Methyl-6-(2,6-dimethoxy-4- n-amylphenyl)-A3-tetrahydrobenzoic
Acid, (XI)—Addition of 2,6-Dimethoxy-4-n-amylcinnamic Acid to Iso-
prene!” A mixture of 10 g. of 2,6-dimethoxy-4-n-amylcinnamic acid,
40 ml. of 809, isoprene, and 40 ml. of dry xylene is heated in a steel bomb
at 185° for forty hours. The mixture is cooled and diluted with twice
its own volume of petroleum ether (b.p. 60-110°) and thoroughly shaken
with 100 ml. of saturated aqueous sodium carbonate. On settling, the

8 Wassermann, Fr. pat. 838,454 [C. A., 33, 7818 (1939)].
% Diels and Alder, 4nn., 460, 98 (1928).
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liquid separates into three phases, the middle of which is the sodium
salt of the product, insoluble in both the aqueous and petroleum ether
layers. This material is separated and washed with a mixture of petrol-
eum ether and dilute aqueous sodium carbonate, again separated from
the ternary mixture, and treated with 75 ml. of 109, hydrochloric acid
and 75 ml. of ether. The mixture is shaken vigorously, and the aqueous
layer withdrawn. The ether layer is washed three times with water and
the solvent replaced by 30 ml. of petroleum ether (b.p. 60-110°). On
standing for ten minutes the solution deposits 1 g. of solid which is
unchanged starting material.

The mother liquor is placed in an icebox overnight, during which
time a crystalline solid deposits; yield 6.2 g. Another 0.8 g. is obtained
by concentrating the filtrate. The total yield, corrected for recovered
starting material, is 629,. When crystallized from petroleum ether and
from dilute ethanol (Darco), vacuum-sublimed three times, and again
recrystallized from petroleum ether, the product forms very fine white
needles, m.p. 115-115.5° (cor.).

Addition of Methyl 6-Bromo-7,8-dimethoxy-3,4-dihydro-1-naphthoate
to Butadiene.”® Twenty grams of methyl 5-bromo-7,8-dimethoxy-3,4-
dihydro-1-naphthoate is heated in a sealed thick-walled Pyrex tube with
15 ml. of butadiene at 220-230° for seven days. After several fractional
distillations, 9.2 g. of starting material is recovered and the bulk of the
addition product collected in an 8.6-g. fraction boiling at 185-196°
(3 mm.). Crystallization from petroleum ether gives 3.2 g. more
starting material in the first crop, and the next crystallizate consists of
crude addition product (2.4 g.), m.p. 89-100°. Two further crystalliza-
tions raise the melting point to 101-103°, and the average yield, not
allowing for recovery of considerable starting material, is 8-99,. The
mother liquors contain about 3.4 g. of an oil which fails to crystallize.
The fully purified ester of XXX forms elongated prisms, m.p. 105-106°.

1-Propyl-2,5-methano-6-nitro-A%-tetrahydrobenzene (XLII, R = C;H;)
—Addition of 1-Nitro-1-pentene to Cyclopentadiene.’® A solution of 15g.
of 1-nitro-1-pentene and 15 g. of cyclopentadiene in 10 ml. of benzene is
heated for eight hours at 105-110° in a sealed tube. The reaction mix-
ture is distilled in vacuum. After removal of the fore-run of dicyclo-
pentadiene, the main fraction is collected as a pale yellow oil boiling
over a range 122-125°/14 mm.; yield 17 g.

Addition of A’-Dihydrothiophene-1-dioxide to Cyclopentadiene.’® A
solution of 5 g. of A’-dihydrothiophenedioxide and 3 g. of cyclopenta-
diene in 15 ml. of toluene is heated in a sealed tube at 140-150° for ten
hours. The solvent is removed under vacuum, and the residue is distilled
at 0.1 mm. After a small amount of an oily fore-run boiling at 120-130°,
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the main fraction is collected at 135-145°, both at 0.1 mm. The distillate
solidifies in the receiver to a waxy, camphorlike solid; weight 4 g. The
product, after thorough pressing on a clay plate, melts at 141-142°,

The residue remaining in the distillation flagk is crystallized from ethyl
acetate. The crystalline product, m.p. 218°, is the result of the addition
of two moles of cyclopentadiene to one of A’-dihydrothiophenedioxide.

Dehydro-norbornyl Acetate (XLVI, R = H)—Addition of Vinyl Ace-
tate to Cyclopentadiene.®® One hundred grams of freshly distilled cyclo-
pentadiene is heated in an autoclave with 150 g. (609, excess) of vinyl
acetate at 185-190° for ten hours. From the oily reaction mixture 72 g.
of vinyl acetate is recovered by distillation and the remaining oil is
fractionated in vacuum. The fraction boiling at 73-77°/14 mm. is
dehydro-norbornyl acetate; yield 100 g. (799%). A fraction boiling at
140-145°/14 mm. is the result of the addition of a second mole of cyclo-
pentadiene to the primary adduct.

Diethyl 3,6-Diphenyl-A'“-dihydrophthalate—Addition of Ethyl Ace-
tylenedicarboxylate to frans-trans-1,4-Diphenylbutadiene.’® A mixture
of 44 g. of irans-trans-1,4-diphenylbutadiene and 3.7 g. of ethyl
acetylenedicarboxylate is heated at 140-150° for five hours. The reac-
tion mixture solidifies to a mass of glistening prisms; m.p. 88°, yield
90%,.

Dimethyl 9,10-Dihydroanthracene-9,10-endo-a,5-maleate (LII)—
Addition of Methyl Acetylenedicarboxylate to Anthracene.® A mixture
of 5 g. of anthracene and 5 ml. of methyl acetylenedicarboxylate is
heated cautiously until a lively reaction sets in. In a short time, the
reaction is complete. When the mixture is cooled it sets to a solid
mass. To remove small traces of oily material the solid is pressed
on a clay plate and then crystallized from acetonitrile and finally from
methanol, m.p. 160-161°; yield, quantitative. From ethyl malonate
the adduct crystallizes in stout crystals.

ABBREVIATIONS USED IN TABLES I-XI

A = acid chloride.
= methyl ester.
C = ethyl ester.
D = the salicylate,
Quant. = quantitative yield.
Reflux = reflux temperature.
t. as subscript indicates that the reaction is carried out in a sealed tube or autoclave,



TABLE 1

Y1ELDS oF ADDUCTS FROM ACETYLENIC AND ETHYLENIC DIENOPHILES

s . . Tempera- | Yield, | Refer-f| Yield Tempera- . Ethylenic Refer-
Acetylenio Dienophile Diene turel,)e"C P ence % % ' turel,m"C Diene Dien};phile once
Ethyl acetylenedicarboxylate Isosafrole 100 5 4 20 140 Isosafrole Ethyl maleate 4
Tetraphenyleyclo- 300 22 48 63 170 Tetraphenyleyclo- Methyl fumarate 48
pentadienone pentadienone
1,4-Diphenylbutadiene 140 90 53 77 Reflux 1,4-Diphenylbutadiene Maleic anhydride 71
Methyl acetylenedicarboxylate | Anthracene 20 100 60 100 Reflux Anthracene Maleic anhydride 72
Cyclohexadiene 0 84 50 100 | Room temp. | Cyclohexadiene Maleic anhydride 68
9,10-Dibromo-~ — 0 45 3some 200 9,10-Dibromo- Maleic anhydride 60
anthracene anthracene
2,5-Dimethylfuran 100 100 62 100 | Room temp, | 2,5-Dimethylfuran Maleic anhydride 73
Tetraphenyleyclo~ 200 31 48 61 165 Tetraphenyleyclo-~ Methyl maleate 48
pentadienone pentadienone
Acetylenedicarbonitrile Cyclopentadiene <20 83 70 94 <0 Cyclopentadiene Maleonitrile 70
Propiolic acid Cyclopentadiene Room temp. 44 9 90 50 Cyclopentadiene Acrylic acid 68

* References 69-116 are listed on pp. 172-173.
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TABLE 1II
Y1ELDS OoF ADDUCTS FROM UNIFUNCTIONAL AND BIFUNCTIONAL DIENOPHILES

. . . ; . Tempera- | Yield, | Refer-|| Yield, | Tempera- N Bifunctional Refer-
Unifunctional Dienophile Diene ture, °C % ence® % ture, °C Diene Dienophile cnce*
Acrylic acid Cyclopentadiene 50 90 68 100 0 Cyclopentadiene Maleic anhydride 68
1-Phenylbutadiene 100 77 2 Good 80 1-Phenylbutadiene 75
Ethyl 3,4-dihydro-1-naphthoate | Butadiene 170 23 23 63 100 Butadiene 3,4-Dihydronaphthalic | 76
anhydride-1,2
2,3-Dimethylbutadiene 180 74 23 97 100 2,3-Dimethylbutadiene 76
Ethyl 7-methoxy-3,4-dihydro-1- { Butadiene 160 31 23 85 160 Butadiene 7-Methoxy-3,4-dihy- 77
naphthoate dronaphthalic
anhydride-1,2
1-Methyl-Al-cyclohexen-3-one | Butadiene — 0 74 75 100 Butadiene p-Xyloquinone 78
Vinyl phenyl ketone Cyclopentadiene 100 54 3 89 80 Cyclopentadiene Dibenzoylethylene 30
2,3-Dimethylbutadiene >140 37 3 100 100 2,3-Dimethylbutadiene 30
* References 69-116 are listed on pp. 172-173.
TABLE III
YIELDS OF ADDUCTS FROM «,8- UNSATURATED AcCIDS AND KSTERS
. . . Tempera- | Yield, Refer- Yield, Tempera- . . . Refer-
Dienophile Diene ture, °C 7 ence % 7, ture, °C Diene Dienophile ence®
Benzoylacrylic acid 2,3-Dimethyl- 100 98 19 52 165 2,3-Dimethyl- | Methyl benzoylacrylate 19
. butadiene butadiene
5-Bromo-7,8-dimethoxy-3,4- Butadiene 195 18 23 8 225 Butadiene Methyl 5-bromo-7,8-dimethoxy- | 23
dihydronaphthalene- 3,4-dihydronaphthalene-1-
1-carboxylic acid carboxylate
Cinnamic acid 2,3-Dimethyl- 170 74 13 55 180 2,3-Dimethyl- | Bthyl cinnamate 13
butadiene butadiene

* References 69-116 are listed on pp. 172-173.
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TABLE IV
YiELDs oF ADDUCTS FROM B-NITROSTYRENE AND VINYL PHENYL KETONE
. Tempera- | Yicld, «|| Yield, | Tempera- | .. "
B-Nitrostyrene ture, °C % Reference %, ture, °C Vinyl Phenyl Ketone [Reference

Cyclohexadiene 100 20 79, 80 0 — Cyclohexadiene 3
Cyclopentadiene 100 95 79, 80 54 — Cyclopentadiene 3
2,3-Dimethylbutadienc 70 82 80 37 — 2,3-Dimethylbutadiene 3
2,6-Dimethylfuran 20 0 79, 80 0 — 2,5-Dimethylfuran 3
1,4-Diphenylbutadicne 140 40 79 30 — 1,4-Diphenylbutadiene 3
2,3-Diphenylbutadiene 140 9 79, 80 46 — 2,3-Diphenylbutadiene 3
Furan 20 0 79 0 — Turan 3
a-Phellandrene — 45 79, 80 37 — a-Phellandrene 3

* References 69-116 arc listed on pp. 172-173.

In Tables V through XI which follow are listed those examples of
diene synthescs with ethylenic and acetylenic dienophiles that have been
found in the literature prior to June 1, 1945.



TABLE V

TeEE DIELS-ALDER ADDITION OF «,8-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Addends Products t?g;:;_ Solvent iilr?erc Lme. | BP. or M.P. Y‘%d’ Refer,
ophile
Acetylethylene (Methyl
Vinyl Ketone)
Butadiene 4-Acetyleyclohexene-1 — None 1404, 8-10 184-185/ 75-80 81
747 mm.” {
Cyclohexadiene 3,6-Ethano-4-acetyleyclo- — None 140y, 8-10 106-106.5/ 50 81
hexene-1 20 mm.”
2,3-Dimethylbuta- 1,2-Dimethyl-4-acetyleyclo- — None 1404, 8-10 218-220/ 75-80 81
diene hexene-1 747 mm.?
Isoprene — None 140y, 8-10 204.5-206/ | 75-80 81
CH, {@ COCH, 747 mm.’
(See footnote 2)
Sylvan — None Room |>320 — 0 82
temp.
Acrolein
Butadiene Ad-Tetrahydrobenzaldehyde 1.0 None 100y, 1 51-52/ 100 68
13 mm." 3
Cyclobexadiene 2,5-Ethano-As-tetrahydrobenz- 0.5 None 1004, 3.5 84-85/ Good 12
aldehyde 12 mm.7
Cyclopentadiene 2,5-Methano-As-tetrahydrobenz- 1.2 Ether Room 24 70-72/ 90-95 | 10, 68
aldehyde temp. 20 mm.7 13
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1-Diethylamino-
butadiene

1,1-Dimethylbuta-
diene

1,3-Dimethylbuta-
diene

1,4-Dimethylbuta-
diene

2,3-Dimethylbuta-
diene

Di-a-naphthyliso-
benzofuran

a,a-Diphenyl-8,8-
isobenzofuran
1-Ethoxybutadiene

N (C.Hs)2
fowo

(See footnote 2)
CH,. _CH,

oo

(See footnote 2)
CH,

e, Jjcmo

(See footnote 2)
2,5-Dimethyl-A%-tetrahydro-

benzaldehyde
3,4-Dimethyl-A%-tetrahydro-

benzaldehyde

CircHre

SO

CIOH7'Q
1,4-Diphenylnaphthaldehyde

0C.H;
} CHO
(See footnote 2)

1.1

1.0

1.0

1.0

1.0

0.86

Ether

None

None

None
None

Absolute
ethanol

Alcohol

None

Room
temp.y.°

1804,

1004,

100,
1504,

80

100

100,

48

2-3

0.5

90-93/
3 mm.3?

74-75/
12 mm.

71-73/

10 mm.

79/10 mm.?
75/12 mm.

—8

90/11 mm.

Good

Good

61

52

83

84

69

84

85

86

87

* References 69-116 are listed on pp. 172-173.
T For table footnotes see pp. 134-135.

IT SISHHILNAS HUNAIA

26



TABLE V—Continued

Ta® DIELs-ALDER ADDITION OF «,3-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Addends Products tODll)?;Z_ Solvent i?llr?,)e: é '}]i‘;nl:re; B.P.or M.P. Yl;id’ ii{:;
ophile
Acroletn (Cont’d)
2-Ethoxybutadiene | 4-Ethoxy-As-tetrahydrobenzal- 1 — 100-110 34 104-105/ 51 8
dehyde (See footnotes 2, 12) 13 mm.”
— None * 1201404, 6 101.5-102/ 50 4 26
10 mm.
0.6 Benzene Reflux 3 24 — 68 8
— Benzene ¢ 1004, 10 — 74 8
— Benzene * 1654, 0.75 — 74 8
Isosafrole CHO — — — — — 0 4
'ee
~0 CH,
Isoprene CHO — None 100 —_ 63-64/ Good 84
CH:{@ 10 mm.”
None 1504, 2-3 6465/ — 5
(See footnote 2) 12 mm.?
2-Methoxybuta- 4-Methoxy-As-tetrahydrobenz- 0.8 Benzene 4 1603 0.5 94-95/ 75 8
diene aldehyde 18 mm."
— None * 1201404, 6 92-92.5/ 65 & 26
10 mm.
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1-Methylbutadiene
(piperylene)

1-Methyl-1(2',4'-di-
methylphenyl)-
butadiene

Myreene

e-Phellandrene

1-Phenyl-1-methyl-
butadiene

1-Phenylbutadiene

CH,

O} CHO

(See footnote 2)

CH, CHO

CH;
(See footnote 2)

CH,;. CH;,

C@} CHO

(See footnote 2)

} CHO
H,C

(See footnote 2)
CHO
—~

CH,
(See footnote 2)

2-Phenyl-As-tetrahydrobenzalde-

hyde

0.9

0.9

1.0

None

Benzene

None

1001104,

1004.

100

100-1054,

1004,

2-3

179-181/
12 mm.

134-136/
17 mm.

128-130/
12 mm.

48
172-174/

12 mm.

144/12 mm.

3514

Good

Good

40 14

69

84

84

88

* References 69-116 are listed on pp. 172-173.
1 For table footnotes see pp. 134-135.
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TABLE V—Continued

THE DIELS-ALDER ADDITION OF «,B-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Addends Products Dle}le Solvent Tempeor- Time, B.P. or M.P. Yield, | Refer-
to Dien- ature, °C hours % ences *
ophile
Acroletn (Cont’d)
1-Propoxybutadiene | OC,H; 1.0 None 100y, 3 103-104/ 50 87
11 mm.
[ Jporo
(See footnote 2) 1
a-Terpinene H, — None 1201504, — 116-119/ — 89
10 mm.!®
} CHO
cH
cH; ~CH,
(See footnote 2)
1,1,4,4-Tetramethyl-| 2,2,5,5-Tetramethyl-Ad-tetra- 1.0 None 1802004, 48 83-85/ — 5
butadiene hydrobenzaldehyde 12 mm.
1,2,6,6-Tetra- CH, — None 1104, 3 123/15 mm.” 50 90
methyleyclo-
) hexadiene CH,
(8-pyronene) } CHO
(See footnote 2)

001
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1,5,5,6-Tetramethyl-
cyclohexadiene
(a-pyronene)

1-p-Tolyl-1-methyl-
butadiene

1,1,3-Trimethyl-
butadiene

1,1,4-Trimethyl-
butadiene

Acrolein,B,p-dimethyl-
Isoprene

Acrolein, B-ethyl-
Isoprene

CHO

—_

CH,
(See footnote 2)

CH, CH;
CH
ol o
(See footnote 2)
CH,._ _CH;

@}CHO

CH,
(See footnote 2)

CHO
enf( IS,
CH,

(See footnote 2)

CHO
CcH
3{©02H,

(See footnote 2)

0.95

1.0

1.0

1.0

1.0

None

Benzene

None

None

None

None

110y,

100-1054,

1502004,

150-200

180-200¢,

1802004,

48

2-3

48

2-3

176-178/
12 mm,
51

78-79/
12 mm.?

78-80/

12 mm.

80-85/

12 mm.

86-88/

12 mm,

10

Poor

90

* References 69-116 are listed on pp. 172-173.
¥ For table footnotes see pp. 134-135,
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TABLE V—Continued

Tae DIELS-ALDER ADDITION OF o,8-UNSATURATED CARBONYL CoMPOUNDS

Ratio of
Addends Products Diene | o 1vent | Temper- | Time, gy o gpp | Yield, | Refer-
to Dien- ature, °C hours % ences *
ophile
Acrolein, a-methyl-p-
ethyl-
Isoprene CH, 1.0 None 1802004, 48 88-90/ — 5
CHO 12 mm.
o, {
? CH;
(See footnote 2) T
Acrylic acid
B-Chloroethyl CH, 1.25 | Xylene 140 2 150-154/ 7 29
sorbate 4 cocl 0.2 mm.
CO.CH:CH,Cl1
(See footnote 16)
Cyclopentadiene 2,5-Methano-Ad-tetrahydro- 1.7 Ether 50 34 132-134/ 83-90 68
benzoic acid 22 mm. V7
Isoprene 1.0 None 1504, 2-3 97-98 — 5

on, {OCOZH

(See footnote 2)
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1-Methyl-1-phenyl- CO.H

butadiene

mixture

1-Methyl-1-(2/,4/-di-

CH,

(See footnote 2)
H: Co.H
—~—

methylphenyl)-
butadiene H,C O Q
CH,

mixture
(See footnote 2)
1-Methyl-1-p-tolyl- CO.H
butadiene —
ne{ )
CH,
mixture

(See footnote 2)

1-Phenylbutadiene | 5-Phenyl-A3-tetrahydrobenzoic

acid
Sorbyl chloride # CH,

COoCl1

COCl1

(See footnote 16)

0.8

1.0

Benzene

Benzene

Benzene

None

Xylene

1001054,

100-1054,

1001055,

1004,

140

142
138
(isomer)

147
139-140
(isomer)

204
181-182
(isomer)

122

118-122/
0.3 mm.

26

23

77

79

91

91

91

* References 69-116 are listed on pp. 172-173,

1 For table footnotes see pp. 134-135.
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TABLE V—Continued

TrE DIELS-ALDER ADDITION OF «,3-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Addends Products Dle'n © 1 Solvent Tempeor " | Tixe, B.P.or M.P. Yield, Refer;
to Dien- ature, °C hours % ences
ophile
Acrylic acid (Cont’d)
2-Thiocyanobuta- — None 40 5-6 140-141 — 92
diene SCN { CO.H
(See footnote 2)
1,1,3-Trimethyl- CH,._ CH; 1.0 None 180-200;, 48 135-140/ — 5
butadiene I }COZH 12 mm.
H;C
(See footnote 2)
Benzalacetone
Bicyclohexenyl 0.75 | None 1754, 3 135 27+ 21
180-190/
CaHs 05 mi.
COCH,
Butadiene 4-Acetyl-5-phenyleyclohexene-1 3.8 None 170-180;. 10 62.2-62.77 47 93

$01
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Benzalacelophenone
Bicyclohexenyl

Butadiene

Isoprene

Tetraphenyleyclo-
pentadienone

Benzalmalononitrile
2,3-Dimethylbuta-
diene

B-Benzoylacrylic acid
Bicyclohexenyl

05H§
COC;H,

isomer
4-Benzoyl-5-phenylcyclohexene-1

0

CH,—{@:‘%‘;&H&

CsH,
HsCs CeHe
H;GCs COC:H;
CsHs
(See footnote 43)

H,C C:H;
H,C CN
N

CO.H
COCH;

(See footnote 19)

1.0

3.0

0.9

1.2

None

None
None

None

Trichloro-
benzene

Benzene

None
Xylene
Ethanol

180-185

180-185
160180,

1505,

140
Room
temp.

185-195;.

170-180
Reflux
Reflux

10

18

10

-~

21618

153-154
100.4-
10157

105-106

341

81-82

258-259
258-259
258-259

31

91

24

27

21

21
93

93

15

21,
21
21

* References 69-116 are listed on pp. 172-173.
+ For table footnotes see pp. 134-135.
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TABLE V—Continued

TreE DIELS-ALDER ADDITION OF «,8-UNSATURATED CArRBONYL COMPOUNDS

Ratio of
Addends Products tcly)]lﬁil;i Solvent i?ll:ge:é '}]i‘;nl:; B.P.or M.P. Yl(;id’ iif:;
ophile
B-Benzoylacrylic acid
(Cont’'d)
2,3-Dimethylbuta- 0 1.45 | Absolute | 100-105;, | 96-120 143 95-98 19
. 1
diene C ethanol
efpe=-
CH;
HO,
isomer Absolute | 100-105;, | 96-120 189 — 19
ethanol
2,3-Diphenylbuta- 0 2.3 — 165 15 147 52 3
diene B (%
(j/ mCsHs
CH.O, CeH;
B-Benzoylacrylic
acid,2,4-dimethyl-
2,3-Dimethylbuta- ? 1.8 Absolute | 100-105:. | 96-120 150.5 95-98 19
diene CH, é ethanol
J O
H,C HO,C CH,
isomer Absolute | 100-105¢. | 96-120 165.5 — 19

ethanol

901
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B-Benzoylacrylic
acid,2,5~-dimethyl-
2,3-Dimethylbuta-
diene

B-Benzoylacrylic
acid,&-methoxy-
2,3-Dimethylbuta~
diene

B-Benzoylacrylic
actd,4-methyl-
Butadiene

2,3-Dimethylbuta-
diene

Cinnamaldehyde
1,3-Dimethylbuta-
diene

?
CH; _C
O e
CH;
CH3H02C
0
1
C.
S
CH CH
30 HO,C 3

0
Jij
c
oo
€ HO.C
?
o}
SIPe -
H,C HOLC CH,

CH,
}CHO
H;C CeH;

(See footnote 2) t

1.8

1.8

2.3

1.7

Absolute
ethanol

Absolute
ethanol

Absolute
ethanol

Absolute
ethanol

None

1001054,

100-105¢,

100-1054,

100-105;,

96-120

96-120

96-120

96-120

151

149

151.5

167.5

156-158/
16 mm,

95-98

70

95-98

95-98

19

19

19

19

84

* References 69-116 are listed on pp. 172-173,
T For table footnotes see pp. 134-135.
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TABLE V—Continued

TrE DIELS-ALDER ADDITION OF «,B-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Addends Products Dle.n ° | Solvent Tempeor - Time, | B.P.or M.p.| Yicld, | Refer
to Dien- ature, °C { hours % ences *
ophile
Cinnamaldehyde
(Cont’d)
2,3-Dimethylbuta- | 3,4-Dimethyl-6-phenyl-A3-tetra- 1.6 None 2004, 5 171-173/ 55 13
diene hydrobenzaldehyde 3.5 mm.%
1-Vinylnaphthalene CHO — | — — — — 1] 94
e,
(See footnote 2)
Cinnamic acid
Bieyclohexenyl 1.0+ | Nitro- 130-140 8 164 — 66
benzene
CeHs
CO.H
(See footnote 24)
Bicyclohexenyl 1.0 None 180¢. 5 221 68 22
1.0 None 180, 5 231 43 21
Ce¢Hs 282 4 21
CO,H (isomer)
1.0 None 175 8 231 40 21
1.0 None 205-210 — 231 47 21
(See footnote 23)
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Bicyclohexenyl ©

2,3-Dimethylbuta-

diene

2,3-Dimethylbuta-
diene ©

e,o’-Diphenyl-8,8'-
isobenzofuran ©

Methyleneanthrone

CeH;
CO,C,H;

isomer

HSC CsH;
H,C CO.H
H,C CeH;
H,C CO,C,Hj

CeHs
CeHs
CO,C,Hy
CeHs
(0]

O CGH.’)

1.0

e e
DP[CJ'\U\CHO'\O

—

1.4

0.9

0.95

None

None

Xylene
Xylene
Xylene
Xylene
Xylene
None

None
None

Absolute
ethanol

Nitro-
benzene

200

140y,
170,
1804,
240y,
1804,
2204,
2004,

100

Reflux

10
14
10

10

85-86

159-160
159-160
159-160
159-160
159-160
133-143/
1.5 mm.*
133-143/

1.5 mm. ]

133-143/
1.5 mm.

183-184

48
74
56
24
87
55

20-30

80

22

22
13
13
13
13
18
13

13

13

27

95

* References 69~116 are listed on pp. 172-173.
T For table footnotes see pp. 134-135.
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TABLE V—Continued

TrE DIELS-ALDER ADDITION OF «,8-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Diene Temper- Time, Yield, | Refer-
Addends Products to Dien- Solvent, ature, °C | hours B.P. or M.P. o, ences *
ophile
Cinnamic actd,3,4-
dimethoxy-
2,3-Dimethylbuta- CH, — — — — — — 96
diene ‘ CH;
CH,0
CH,0 CO.H
(See footnote 22) 1
2,3-Dimethylbuta- CH, — = — — — — 96
diene © CH;
CH,0
CH,0 CO,C,H;
Cinnamic acid,2,6,-
dimethozy-4-n-
amyl
Isoprene CH; 4.0 |Xylene 1855, 4 133-1341 43 17
CO.H
CH;0 O OCH;
CsHn(n)

011
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Isoprene

Cinnamic acid,2,6-
dimethozy-4-
methyl-

2,3-Dimethylbuta-
diene

Cinnamic acid,3,4-
dimethozy-6-nitro-
2,3-Dimethylbuta-
diene ®

H,C
CO.H

CH;0 0CH,

Ol

CsHu(®m)

C

H

H,C
CO.H

CH,0 OCH;,

-0

Q
H

CH,
H30
CO,CH,

NO,

e

CH;0
OCH;

9.0

Xylene

Xylene

Xylene

185,

170

115-115.51

178-1801

155-156

62

24

17

17

18

* References 69-116 are listed on pp. 172-173.
T For table footnotes see pp. 134-135.
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TABLE V—Continued

TeEE DIELS-ALDER ADDITION OF «,8-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Diene Temper- Time, Yield, | Refer-
Addends Products to Dien- Solvent, ature, °C hours B.P.or M.P. %, ences *
ophile
Cinnamic acid,o-
hydroxy- (trans)
2,3-Dimethylbuta- CH, 3.0 Xylene 1854, 40 181-181.51% 4 16
diene H,C ‘
0=0
Cr
Cinnamic acid,o-
methozy-(cis)
Butadiene 1+ Xylene — — — 0 16
‘ CO.H
o
2,3-Dimethylbuta- CH, 1.8 Xylene 170y, 28 1911. 2 48 16
diene HC
CO.H

r48!
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Isoprene

Cinnamic acid,o-
methoxy-(trans)
Butadiene

2,3-Dimethylbuta-
diene

Isoprene

Q

Hy

/./‘
‘ CO,H
C OCH,

(See footnote 20)

‘ CO.H

CH,
H.C
COZH

O OCH,
H},_

‘ COH
O 0OCH,

(See footnote 20)

Q

3.8

1+

2.3

Xylene

Xylene

Xylene

Xylene

1704,

1805,

1854,

30

199-199.51

159-
159.5 1. #

147-147.51

100

49

16
17

16

16

16
17

* References 69-116 are listed on pp. 172-173.
t For table footnotes see pp. 134-135.
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TABLE V—Continued

Tre DIiELs-ALDER ADDITION OF o,8-UNSATURATED CArRBONYL COMPOUNDS

Ratio of
Diene Temper- Time, Yield, | Refer-
Addends Products to Dien- Solvent ature, °C | hours B.P.or M.P. % ences *
ophile
Cinnamic acid,2-
methyl-4,6-
dimethozy-
Butadiene 8.0 {Xylene 170y, 48 140-1411 % 8 16
o
H,C O OCH,
OCH,
2,3-Dimethylbuta-~ CH; 4 Xylene 170y, 48 174-1751 58 16
diene H,C
COH
Hac OCH;
OCH3

P11
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Coumarin
Butadiene

2,3-Dimethylbuta-
diene

Isoprene

Crotonaldehyde
Butadiene

1-n-Butoxybutadiene

(See footnote 20)

6-Methyl-As-tetrahydrobenz-
aldehyde
OCHy(n)
}CHO
CH;
(See footnote 2)

14

2.1

1+

0.5

0.5

Xylene

Xylene

Xylene

None

260

260

260

1504,

140-1505,

4-5

181-181.51

75/22 mm.”

127-129/
13 mm.

22

62

16

16

16

84

87

* References 69-116 are listed on pp. 172-173.
T For table footnotes see pp. 134-135.
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TABLE V—Continued

TrE DIELS-ALDER ADDITION OF «,B-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Addends Products Dlgne Solvent Tempeor - | Time, B.P.or M.P. Yield, | Refer-
to Dien- ature, °C | hours % ences *
ophile
Crotonaldehyde (Cont’d)
1-Isobutoxy- OC,Hy(iso) — None 140-1504, 5 — 49 87
butadiene }OHO
CH,
(See footnote 2)
Cyclopentadiene 2,5-Methano-6-methyl-A-tetra- 1.3 — 1004, 4 80/15 — 84
hydrobenzaldehyde mm,” 4
1-Diethylamino- N(C:H;), 1.0 Ether Room — — — 83
butadiene }CHO temp.
CH;
(See footnote 2)
1,1-Dimethylbuta- |CH,_ CH, 1.0 None 180-2004, 48 79-81/ — 5
diene }CHO 12 mm.
CH,
mixture
(See footnote 2)

911
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1,3-Dimethylbuta~-
diene

1,4-Dimethylbuta-
diene

2,3-Dimethylbuta-
diene

1-Ethoxybutadiene

Isoprene

2-Methoxybuta-
diene

1-Methyl-2-vinyl-
cyclohexene-1

CH,

} CHO
H,C CH;,
(See footnote 2)

2,5,6-Trimethyl-A-tetrahydro-
benzaldehyde

3,4,6-Trimethyl-A%-tetrahydro-
benzaldehyde

OC,H;
}CHO

CH,
(See footnote 2)

CHO
CH“{Q CH,

(See footnote 2)

CHO
CH.0 CH,

(See footnote 2)

CHO
CH;

CH,

(See footnote 2)

0.4

-0
(==l

0.7

0.5

None
None

None

None

None

Benzene

1504,

1504
150-1604.

145-1504,

4-5

2-3

81-82/
12 mm.”

89/12 mm.”
80-81/
12 mm.?
93-96/

11 mm,

92-93/

25 mm.”

73-74/

12 mm.
102/12 mm.?

51

67

84

69

87

84

97

* References 69-116 are listed on pp. 172-173.
1 For table footnotes see pp. 134-135.
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TABLE V—Continued

Tre DieLs-ALDER ADDITION OF o,f-UNSATURATED CARBoNYL COMPOUNDS

Ratio of
Diene Temper- Time Yield Refer-
Ad i . P. i
dends Products to Dien- Solvent ature, °C | hours B.P.or M.P 7, ences *
ophile
Crotonaldehyde (Cont’d)
Myreene CH;,\ _CH; 0.5 — 1504, 2-4 1434144/ — 84
(C/@}CH; 12 mm,
CHO
(See footnote 2) {
a-Phellandrene 0.5 — 1004, — 143-144/ — 84
18 mm.
1-n-Propoxybuta- OC,H, (See footnote 2) 0.5 | None 145-1554, 3 112-115/ 18 87
diene }CHO 12 mm.
CcH;
(See footnote 2)
1,1,4,4- Tetramethyl-| 2,2,5,5,6-Pentamethyl-A-tetra- 1.0 None 180-200;. | 48-72 86-88/ — 5
butadiene hydrobenzaldehyde 12 mm.

811
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1,1,3-Trimethyl-
butadiene

1,1,4-Trimethyl-
butadiene

Crotonic actd
Anthracene

Butadiene

Cyclopentadiene

Bicyclohexzenyl

CH, _CH,

}CHO
H,C CH,

mixture
(See footnotes 2, 11)

CH, _CH,
CHO
e
CH;,
(See footnote 2)

S OP)
CHCO.H

H
6-Methyl-Ad-tetrahydrobenzoic

(See footnote 24)

1.0

0.64

1+

1.1

None

None

None

None

None

Nitro-
benzene

1805,

180-2004,

1802005,

150-2005.

150-170;,

—10

130-140

5-7

48

24-48

93-95/
18 mm.
8284/

12 mm.

80-82/
10 mm.

191-193

68

- 40

164

84

60

84

66

* References 69-116 are listed on pp. 172-173.
T For table footnotes see pp. 134-135,
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TABLE V—Continued

THE DIELS-ALDER ADDITION OF a,8-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Addends Products Diene | g jveng | Temper- | Time, \gp app | Yield, | Refer-
to Dien- ature, °C | hours % ences *
ophile
Crotonae acid (Cont'd)
1,3-Dimethylbuta- CH; 1.8 None 1804, 3 98 — 84
diene }COzH
H,C CH,
(See footnote 2) T
Isoprene COH 1.0 None 150y, 2-3 81-83 — 5
o CH,
(See footnote 2)
1,1,3-Trimethylbuta-| CH, _CH, 1.0 None 180y, — 82-83 — 5
diene COH (CH,) 0.5 None 1504, — 88.5-89 — 84
H,C CH, (CO,H)
o (i) .
(See footnotes 2, 10)
Crotonolactone or
A%P-butenolide
Butadiene At-Tetrahydrophthalide (See — | — 1104, 36 — 0 28
footnotes 2, 27)
— 150-1904, 48 88-92/ — 28

1.5 mm.

021

SNOITOVHY DINVOHO



2,3-Dimethylbuta-
diene
Crotonolactone,y-methyl-
2,3-Dimethylbuta-
diene
Cyclopentene-1-al
1,3,5-Hexatriene

Diacetylethylene
2,3-Dimethylbuta-
diene
1-Vinyl-6-methoxy-
3,4-dihydronaph-
thalene

1,2-Diacetylpropene-1
2,3-Dimethylbuta-
diene

4,5-Dimethyl-At-tetrahydro-
phthalide

2,4,5-Trimethyl-A*-tetrahydro-
phthalide

CHO

_CH
CH;

4,5-Diacetyl-1,2-dimethyleyclo-
hexene-1

COCII,

COCH,

CH;0 O‘

COCH;,

COCH;,

CH;0 O‘

4,5-Diacetyl-1,2,4-trimethyl
eyclohexene-1

1.27

1.8

1.8

1.7

Ethanol

Benzene

Benzene

Benzene

Benzene

1504,

1501604,

90-95

1004,

110-1154,

110-115;,

1504,

48

48

48

12

115-117/
3.5 mm.

112-115/
3.5 mm.

173-1757. ¢

36-377

174-175

107-108

141/10 mm.

25-30

23

28

28

14

98

99

99

98

* References 69-116 are listed on pp. 172-173,

T For table footnotes see

pp. 134-135.
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TABLE V—Continued

Tae DIELs-ALDER ADDITION OF ¢,8-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Diene Temper- Time, Yield, | Refer-
Addends Products to Dien- Solvent ature, °C hours B.P.or M.P. %, ences *
ophile
Dibenzalacetone
Butadiene ? 2.4 None 170-180;. 10 163.5-164.7 — 93
CsHs : : C : : CGHE
Dibenzoylethylene (cis)
2,3-Dimethylbuta- | 1,2-Dimethyl-4,5-dibenzoyl- 2.5+ | Absolute 100 3 111-111.514 100 30
diene cyclohexene-1 ethanol
Cyclopentadiene 3,6-Methano-4,5-dibenzoyleyclo- | 7.2 Absolute 80 4 160-161 1 — 30
hexene-1 ethanol
Dibenzoylethylene
(trans)
Butadiene 4,5-Dibenzoyleyclohexene-1 1.7 Benzene 100y, 2 111.5-1121 100 30
Cyclopentadiene 3,6-Methano-4,5-dibenzoyleyelo- | 3.5 Dry 80 2 78-791 89 30
hexene-1 benzene
Bicyclohexenyl 1.4 Xylene Reflux # 3 182 49 21
1.4 Ethanol Reflux 6 182 85 21
COCH;s 1.0 | Nitro- 175 1 182 6 21
COCqH; benzene
.
isomer Xylene Reflux 3 162 — 21

ol
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2,3-Dimethylbuta-~
diene

2,3-Diphenylbuta-
diene

2,7-Diphenyl-4,5-di-
methylisobenzo-
furan

2,4-Hexadiene
(1,4-dimethyl-
butadiene)
Methyleneanthrone

Tetraphenylcyclo-
pentadienone
Dibenzoylethylene,4,4'-

dichloro-
Butadiene

1,2-Dimethyl-4,5-dibenzoyleyeclo-
hexene-1

1,2-Diphenyl-4,5-dibenzoyleyclo-
hexene-1

CeH;
H,C COCsHs
H,C COC:Hs
CsHs

3,6-Dimethyl-4,5-dibenzoyl-
cyclohexene-1

COCqH;

O COC,H;

0]

COC:H.Cl(p)
COCH.Cl(p)

e
-0 O

NN
o o

2.0

Absolute
ethanol
Ethanol
Xylene
Ethanol

Toluene
Toluene

Trichloro-
benzene

Nitro-
benzene

Benzene

100
Reflux

Reflux
Reflux

100
100

210

Reflux

Room
temp.

80

PN 'S

18
18

12

111-111.51
154-155

154-155
169

136-137
86-88

208

286

125

100

90
60
92

64

92

31
31
31

33
33

48

32

* References 69-116 are listed on pp. 172-173.
1 For table footnotes see pp. 134-135.
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TABLE V—Continued

TeE DIELS-ALDER ADDITION OF «,3-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Diene Temper- | Time, Yield, | Refer-
Addends Products to Dien- Solvent ature, °C | hours B.P.or M.P. %, ences *
ophile
Dibenzoylethylene,4,4'-
dichloro- (Cont’d)
Cyclopentadiene COCsHCl(p) 2.0 Benzene 80 12 139 92 32
COCH.Cl(p)
(See footnote 29)
2,?:]—jDimethylbuta.— H,C COCH,Cl(p) 2.0 Benzene 80 12 151 92 32
ene H,C COCH,Cl(p)
Dibenzoylethylene,4,4’-
dimethyl-
Butadiene COCH,CH;(p) 2.0 Benzene 80 12 127 89 32
COCsH CH;(p)

a1
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Cyclopentadiene

2,3-Dimethylbuta-
diene

Dibenzoylethylene,
2,4,6,2/,47,6 -
hexamethyl-
Butadiene

Cyclopentadiene

2,3-Dimethylbuta-
diene

COCSHCH,(p)
COCsH,CH,;(p)

(See footnote 29)

H,C COC:H,CH:(p)
HC COCHCH:(p)

COCH,(CH,),
COCsH,(CHy),

COGCsH2(CHa)s
COC:H:(CHs)s

(See footnote 29)

2.0

2.0

2.0

2.0

Benzene

Benzene

Benzene

Benzene

Benzene

80

80

80

80

12

12

12

12

106

129

204

117

67

80

80

32

32

32

32

32

* References 69-116 are listed on pp. 172-173.
1 For table footnotes see pp. 134-135.

II SISHHINAS HNAHIA

Al



TABLE V—Continued

TrE DIELS-ALDER ADDITION OF «,8-UNSATURATED CArRBONYL COMPOUNDS

Ratio of
Addends Products Dle}le Solvent Tempeor - Time, B.P.or M.P. Yield, | Refer-
to Dien- ature, °C | hours % ences *
ophile
3,4-Dihydro-1-naph-
thoic acid
Butadiene © 3.4 | None 140, 41 164-166/ 21 24
5 mm.
1.25 | None 1704, 36 164-166/ 23 23
C,H;0: 5 mm.
2,3-Dimethylbuta- CH, 2.1 None 1005, 100 49-501 27 24
diene © HC ‘ 1.4 |None 170-180;. | 36 49-501 74 23
C,H;0,C

9z1
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3,4-Dihydro-5-bromo-
7,8-dimethoxy-
1-naphthoic acid
Butadiene

Butadiene ®

2,3-Dimethylbuta~
diene B

3,4 Dikydro-7T-meth-
oxy-1-naphthoic
acid

Butadiene ©

e
CH;0
CH;O Br

CH;0,

CH,0
CH;O Br
C
H,C

H

CH,;0,

CH;0
CHaO Br

C H:0

&P

CH;O

2.3

4.6

1.4

3.2

2.1

Benzene

None

None

None

None

185-195;,

2254,

175-185;.

220-240;,

1501605,

100

168

31

21

63

260-261 1
(dec.)

105-106 1

154-1551

202-204/
14 mm.
202-204/
14 mm.

18

54

15

31

23

23

23

24

23

* References 69-116 are listed on pp. 172-173.
1 For table footnotes see pp. 134-135,
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file:///8-dimethoxy-

TABLE V—Continued

Tre DIELS-ALDER ADDITION OF o,8-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Diene Temper- Time, Yield, | Refer-
Addends Products to Dien- Solvent ature, °C | hours B.P. or M.P. %, ences *
ophile
3,4-Dihydro-7-meth-
ozy-1-naphthoic
acid (Cont’d)
2,3-Dimethylbuta- 2.0 None 120-1604, 48 67-681 85 23
diene ©
3,4-Dihydro-6,7-di-
methoxy-2-naph-
thoic acid
2,3-Dimethylbuta- CH, 1.5 Toluene 180y, 48 175.5-1781 11.5 25
diene

821
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3,4-Dihydro-T-meth-
oxy-2-naphthoic
acid
Butadiene ©

2,3-Dimethylbuta-
diene ©

Ethyl Benzalmalonate
2,3-Dimethylbuta-
diene

Ethyl ethylenetetra-
carboxylate
Butadiene

2,3-Dimethylbuta-
diene

CO.C.Hjy

Hac SH 13

HC 0,C.Hs
CO.C:H,

(CO.C:Hs)
(CO:C.Hs):

(See footnote 30)

HacO(cozcsz
H,C (CO,C:Hy),

[
~ o

1.1

Toluene

Toluene
Toluene

None

None

Benzene

170y,

170,
1804,

180¢.

170-180¢.

170-180,

100

72
72

14

126-127 1. %

187/2 mm.
137.5~
138.2 1. 3

156-158/
0.1 mm.

149-151/
0.1 mm.

1561-153/
0.1 mm.

13.2

18

31.4

91

25

25
25

15

15

15

* References 69-116 are listed on pp. 172-173.
T For table footnotes see pp. 134-133.
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TABLE V—Continued

TreE DIELs-ALDER ADDITION OF «,B-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Addends Products Dle.ne Solvent Tempeor- Time, B.P. or M.P. Yield, | Refer-
to Dien- ature, °C hours % ences *
ophile
Ethyl ethoxymethylene-
acetoacelate
2,3-Dimethylbuta- H,C OC,H; 1.3 None 170-1804. 12 1563-155/ 61 15
diene H,C CO,C,H, 12 mm.
COCH,
Ethyl ethylideneaceto-
acetate
Butadiene CH, 2.2 None 1701804, 12 126-128/ 24 15
COCH, 11 mm.
COCH;,
2,3-Dimethylbuta- H,C CH, 1.27 | None 170-180;. 12 139-141/ 83 15
diene H,C CO,C,H; 2 mm.
COCH;
Ethyl ethylidenecyano-
acetate
2,3-Dimethylbuta- | H;C CH, 1.4 None 170-1804, 12 146-149/ 69 15
diene H,C CN 11 mm.
CO,C.H;

0g1
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Ethyl ethylidene-
malonate
Butadiene

Cyclohexadiene

-

Cyclopentadiene

2,3-Dimethylbuta-
diene

Ethyl isobutyral-
malonate
2,3-Dimethylbuta-
diene

Ethyl propional-
malonate
2,3-Dimethylbuta-
diene

Methyl 2,3-dimethoxy-
benzalpyruvate
Butadiene

CH;
(CO:C.Hs)

CH,
(CO.C:Hs) 2

CH;
(CO,C.Hs):

(See footnote 31) f
H,C Ocm
H,C (CO.C.Hy)

H,C CH(CHy),
H,CL_(COC:Hy)2

Hac CgH 5
H,C (CO,C:H;),

3.1

1.0

1.1

1.7

None

None

None

None

None

None

170180y,

190200

170-180

1701805,

170-180y.

180,

14

12

12

12

12

12

125-135/
11 mm.

155-156/

11 mm,

138-139/
11 mm.

147-149/
11 mm.

155-157/

11 mm.

149-150/
11 mm.

54

70

80

15

15

15

15

15

15

* References 69-116 are listed on pp. 172-173.
1 tor table footnotes see pp. 134-135.
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TABLE V—Continued

TaE DIELS-ALDER ADDITION OF «,-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Addends Products D1e.n © Solvent, Tempeor - Time, B.P.or M.P. Yield, | Refer-
to Dien- ature. °C hours % ences *
ophile
Methyl 2,3-dimethozy-
benzalpyruvate
(Contd)
Cyclopentadiene 18.9 Ethanol 20 48 74-75 50 4
COCO,CH;
CH;O
CH,0
Vinyl phenyl ketone
Biphenylene-di- CsHjs — Toluene Reflux 2 273 — 3
phenyleyclopenta-
dienone @
COCsH;
O CeH;
Cyclohexadiene — (See footnote 37) — Ethanol 100 — — 0 3
Cyclopentadiene 3,6-Methano-4-benzoylcyclo- 1.3 Toluene 95-1004, 30 122-124/ 54 3
hexene-1 3 mm.
2,5-Dimethylfuran | — (See footnote 37) — — 20 — — 0 3
2,3-Dimethylbuta- | 1,2-Dimethyl-4-benzoylcyclo- 5.3 — 70 24 163-165/ 37 3
diene hexene-1 6 mm.

28l
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1,4-Diphenylbuta-
diene

2,3-Diphenylbuta-
diene

Ethyl sorbate

Furan
Isoprene

Methyleneanthrone

2-Methylfuran
(sylvan)

(1,8-Naphthylene)-
diphenyleyelo-
pentadienone

3,6-Diphenyl-4-benzoylcyclo-
hexene-1

1,2-Diphenyl-4-benzoyleyelo-
hexene-1

Ethyl 4methyl-6-benzoyl-A2-
tetrahydrobenzoate (See foot-
note 35)

— (See footnote 37)

CHy—
’ {QCOCGEL;

(See footnote 2)

O COC:H;

O
— (See footnote 37)

oH 5

1.0

1.0

0.9

—
(51

0.7

0.4

Xylene
Xylene

Xylene

Toluene
Nitro-

benzene

Toluene

140
140

140

20

1004,

180-190

20

Reflux

48

60

18

24

2.5

250-255/
5 mm.
83
162-163

120-122/
2 mm.*®

192

273

30 38

46

70

(=]

84

* References 69-116 are listed on pp. 172-173.
T For table footnotes see pp. 134-135.
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TABLE V—Continued

TaE DIELS-ALDER ADDITION OF a,S-UNSATURATED CARBONYL COMPOUNDS

Ratio of
Diene Temper- Time, Yield, | Refer-
Addends Products to Dien- Solvent ature, °C hours B.P. or M.P. 7, ences *
ophile
Vinyl phenyl ketone
(Cont’d)
«-Phellandrene — Ethanol — — 183-185/ 37 3
2 mm.
(See footnote 2)
1-Phenyl-4-methyl- CeH; 0.9 Trichloro- | Reflux 8 61 36 3
butadiene }_ COC.H, benzene
CH;
(See footnotes, 2, 36)
Tetraphenyleyelo- CeHs 0.25 | Toluene Reflux 36 210 95-100 3
pentadienone Hscs
HSCG COCsHs
CeHs

* References 69-116 are listed on pp. 172-173.
1 The melting point recorded is corrected.
2 The structure is not definitely established.

3 The reaction was carried out in an atmosphere of nitrogen.

The reaction mixture contains some p-benzoquinone.
5 A pressure of 7 to 8 atmospheres was developed in the sealed system.

el
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8 The product gradually decomposes on standing at room temperature in the sealed tube.

7 Characterized as the semicarbazone,

8 Characterized as the oxime.

9 Characterized as the 2,4-dinitrophenylhydrazone.

10 The ester of this acid resists hydrolysis so that figure 7 probably is the structure for this adduct and not .

I This aldehyde can be oxidized with silver oxide to the acid obtained from erotonic acid and 1,1,3-trimethylbutadiene (104),

12 The enol ether is readily hydrolyzed by dilute mineral acid,

13 The product was distilled in a stream of carbon dioxide.

14 purified by formation of the sodium bisulfite addition product.

15 The addition product dissociates completely into its components when distilled at atmospheric pressure.

3 The acid was dehydrogenated to 4-methylisophthalic acid.

17 The adduct melts at body temperature.

13 The addition product of benzalacetophenone and bicyclohexenyl failed to give any ketone derivatives.

19 The bicyclohexenyl-8-benzoylacrylic acid adduct will not add bromine.

20 These authors in their second paper 17 show that the methyl group is probably located at C1.

21 A mixture of the 2,3-dimethylbutadiene adducts from cis- and trans-o-methoxycinnamic acid melts at 144-166°,

22 This acid could not be degraded to the corresponding amine by the Hofmann degradation of the amide.

23 Gelenium dehydrogenation of this product is accompanied by decarboxylation, and 1-phenylphenanthrene results,

2 Unless the dienophilic ethene is flanked by two carbonyl groups no dehydrogenation is effected by nitrobenzene,

% Characterized as the phenylhydrazone,

2 Saponification of the ester gives the acid, m.p. 159-160°,

2 Dehydrogenation of this lactone to phthalide was not achieved,

2 After refluxing in xylene the reaction mixture stood for twelve hours at 0°,

% These 1,4-diketones could not be converted to furan derivatives.

30 Hydrogenation followed by saponification of this tetraethyl ester by ethanolic alkali gives cés-hexahydrophthalic acid, m.p, 190-191° (dec.), while acid hydrolysis
leads to the trans isomer, m.p. 222°.

31 This bicyclo~(1,2,2)-heptene adds phenyl azide,

32 Vinyl phenyl ketone was not used directly but was formed in the reaction mixture from the sction of potassium acetate upon S~chloropropiophenone. g-Dialkyl-
aminopropiophenone hydrochlorides can also be used.

33 The analytical figures differed from those calculated by 1%,.

34 The melting point recorded is that of the acid.

35 Wight isomers are possible from this addition reaction, but no attempt was made to separate all the stereoisomers, 2-Benzoyl-4-methylbenzoic acid was obtained
by dehydrogenation.

Sixteen isomers are possible here, but again no attempt was made to isolate the isomers.

37 No addition occurred between cyclohexadiene, furan, 2-methylfuran, and 2,5-dimethylfuran and vinyl phenyl ketone, prepared from an ethanolic solution of

B chloropropiophenone and potassium acetate. In every case S-ethoxypropiophenone was isolated and characterized as its 2,4-dinitrophenylhydrazone.
The reaction is exothermie.

3% This adduct decomposes (reverse Diels-Alder) on distillation.

40 The acid melts at 95-96°.

41 A trace of acrylic acid in the acrolein causes immediate polymerization of the diene.

42 Ap isomeric adduct is formed on prolonged heating.

43 The endo-carbonyl group is lost under these experimental conditions.
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TABLE VI

Tax DiBLs-ALDER ADDITION OF o,3-UNSATURATED NITRO COMPOUNDS

Ratio of
Addends Products tc?gilz:;- Solvent aiilr?,)e:(-} '}]i‘(l)llrll:; B.P. or M.P. Yl;(,l) d, ::Zi:r;
ophile
Nutroamylene (1-nitro-
1-pentene)
Butadiene 4-Nitro-5-propyleyclo- 1.5 None 1001104, 6 118/11 mm.! { — 36
hexene-1
Cyclopentadiene 3,6-Methano-4-nitro-5- 1.8 Benzene 105-1104, 8 | 122-125/14 mm.! 72 36
propyleyclohexene-1
2,3-Dimethylbutadiene | 1,2-Dimethyl-4-nitro-5- 1.1 None 100-1104, 6 146-147/12 mm.! — 36
propyleyclohexene-1
Nitroethylene
Cyclopentadiene
3,6-Methano-4-nitrocyclo- 5.5 Absolute 105-1104, 8 70-90/15 mm. — 36
Nitropropylene (1-nitro- hexene-1 (See footnote 7) ether
1-propene)
Cyeclopentadiene 3,6-Methano-4-nitro-5- 1.1 Glacial 118 8 94-95/14 mm.! 55 36
methyleyclohexene-1 acetic
acid
B-Nitrostyrene
Butadiene 4-Nitro-5-phenyleyclo- 1.6 Toluene 150y, 5 103 70 80

hexene-1

9eT
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Cyclohexadiene
Cyclopentadiene

2,3-Dimethylbutadiene

2,5-Dimethylfuran

1,4-Diphenylbutadiene
2,3-Diphenylbutadiene
1,3-Diphenylisobenzo-

furan

1,3-Diphenyl-5,6-di-
methylisobenzofuran

3,6-Ethano-4-nitro-5-
phenyleyclohexene-1

3,6-Methano-4-nitro-5-
phenyleyclohexene-1

1,2-Dimethyl-4-nitro-5-
phenyleyclohexene-1
(See footnote 8)

3,5,6-Triphenyl-4-nitro-
cyclohexene-1

1,2,5-Triphenyl-4-nitro-
cyclohexene-1

CeHj
CeHs
NOg

CeHs

CeHs

H,C CeHjy
H;C NO,

Cells

1.0

1.0

o-Dichloro-
benzene

o-Dichloro-
benzene

Ethanol

TEthanol

Reflux

Reflux

138-142/1 mm.
145/1 mm.

96
96

130
130

175
175

163

182

© O

100

100

79
80
79
80

80
79
80
79
80

79
80

80

80

* References 69-116 are listed on pp. 172-173.
T For table footnotes see p. 139.
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TABLE VI—Continued

Tae Diers-ALDER ADDITION OF «,3-UNSATURATED Nrreo CoMPOUNDS
Ratio of
Diene Temper- | Time, Yield, | Refer-
Addends Products to Dien- Solvent ature, °C | hours B.P. or M.P. 9% | ences*®
ophile
B-Nitrostyrene (Cont’d)
Furan — — — — — — 0 79
— — 100 — — 0 80
Isoprene NO, — — — — 52 7 79
CH{ CH, 2.2 |— 70-80 | 2720 52 58 | 80
(See footnote 5)
Methyleneanthrone — — — —2 — 255 3+ 79
— Acetic acid | Reflux 16 255 3 80
2-Methylfuran — — — — — — 0 79
— — 100 — — 0 80
a-Phellandrene — — — — 190/1 mm. 45 79
80
{See footnote 5)
Tetraphenyleyclo- Pentaphenylbenzene — Trichloro- Reflux — — — 80
pentadienone (See footnotes 2 and 9) benzene

881l
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B-Nitrostyrene, 3,4-di-
methoxy-

2,3-Dimethylbutadiene CH, 1.5 Xylene 175-1804, 10 129-130 80 96

H,C

NO,

CH;0
CH;0
(See footnote 6)

Oal

B-Nitrostyrene, 3,4-meth-

ylenedioxy-
2,3-Dimethylbutadiene CH; 1.5 Xylene 175-180;, 10 91 70 96
H,C
NO,
7
H, C/O

* References 69-116 are listed on pp. 172-173.

1 The redistilled adduct is pale yellow.

2 Oxides of nitrogen evolved.

3 Five per cent yield of a hydrocarbon (Cg4H g0, m.p. 77°) obtained.

4 Twenty-five per cent yield of bz-1-phenyl-bz-2-nitrobenzanthrone obtained.

5 The structure of the adduct not established.

8 The nitro group was reduced electrolytically in an acid medium at a lead cathode. The ethene remained unattacked.

7 This nitro adduct can be reduced to an amine which is identical with that obtained from the Curtius degradation of the cyclopentadiene-acrylic acid addition
product.

3 This adduct is soluble in aqueous alkali, .

9 The endo-carbonyl group is lost under these experimental conditions.
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TABLE VII
TaE DIELS-ALDER ADDITION OF «,8-UNSATURATED NITRILES AND SULFONES
Ratio of
Addends Products Du.ane to Solvent Tempeor— Time, B.P. or M.P. Yield, | Refer-
Dieno- ature, °C | hours %o ences *
phile
Crotononitrile
Cyclopentadiene 2,5-Methano-6-methyl-A3-tetra- 1.3 None 150-160y, 6 87-88.5/ 48 100
hydrobenzonitrile 12 mm.
1,3-Dimethylbutadiene |H,C CH, 1.5 None 160;. 5 93-95/ 95-100 100
} C 13.5 mm.
N — = 140 8 | 9395/ |95-100| 100
CH;,
13.5 mm.
(See footnote 1)
Sorbonitrile
2,3-Dimethylbutadiene | 3,4-Dimethyl-6-propenyl-A3-tetra- 1.7 None 170, 4 1126.5-127.5/ 42 100
hydrobenzonitrile 10 mm. 101
1,3-Dimethylbutadiene | 1,0 CH=CHCH, 1.7 None 1704, 4 120121/ — 100
}CN 10 mm.
CH,
(See footnote 1)

071
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Dihydrothiophene-1-
diozxide
Butadiene

Cyclopentadiene

2,3-Dimethylbutadiene

p-Tolyl vinyl sulfone
2,3-Dimethylbutadiene

HC
H30

0.

0.
zﬁcmcsﬂsozgﬁs
H,

3.4

1.1

1.0

1.3

Toluene

Toluene

Toluene

Benzene

1701805,

140-150

145-155

145-150;,.

10

10

10

10

94-95
131-133/
0.1 mm.

141-142
135-145/
0.1 mm.

96
140-150/
0.05 mm.

82-83

51

30

36

36

36

36

* References 60-116 are listed on pp. 172-173.
18tructure not definitely established.
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TABLE VIII
D1eELs-ALDER ADDITIONS WITH ALLYL, VINYL, AND REraTED COMPOUNDS
Ratio of
Diene Temper- | Time, B.P. or Yield, | Refer-
Addends Products to Dien- Solvent ature, °C | hours M.P. % |ences *
ophile
Allyl alcohol
Acecyclone 0.17 | Benzene | 200-220;. 30 149-150 15 102
Anthracene! § 0.5 Benzene 2104, 12 112 90 103
(See footnote 2)
Cyclopentadiene 2,5-Methano-As-tetrahydrobenzyl 0.8 None- 175-1854, 11 92-95/ 44 103
aleohol 13 mm.
Cyclopentadiene P Salicylate of 2,5-Methano-As-tetra- 0.9 None 3 175-1854, 11 185-186/ 60 103
hydrobenzyl aleohol 11 mm.

(4
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Piperylcyclone

Tetraphenyleyclo-
pentadienone

Allyl amine
Cyeclopentadiene

Allyl bromide
Cyeclopentadiene

Allyl chloride
Acecyclone

CeH s

H;C CH.0H
H;Cq
CeHs

2,5-Methano-A3-tetrahydrobenzyl
amine

2,5-Methano-As-tetrahydrobenzyl
bromide

CeHs
>
S S

CeH

0.15

0.8

0.9

0.22

Benzene

Dry
benzene

None

None

Benzene

1601805,

180-200y,

1704,

1704,

2002204,

36

89-93

85-86

61-62/
12 mm.

75-77/

13 mm,

274-275

88

56

49

69

104

105

103

103

102

* References 69-116 are listed on pp. 172-173.
T For table footnotes see p. 152,
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TABLE VIII—Continued

DiELs-ALDER ADDITIONS WITH ALLYL, VINYL, AND RELATED COMPOUNDS

Ratio of
Diene Temper- | Time, B.P. or Yield, | Refer-
Addends Products to Dien- Solvent ature, °C | hours M.P. 9% |ences*
ophile
AUyl chloride (Cont’d)
Anthracene - 0.2 Benzene 220y 13 115-116 84 103
409w
H,
H
Cyclopentadiene 2,5-Methano-A3-tetrahydrobenzyl 0.6 None 170-1804,. 8 54-57/ 74 103
- chloride . 11 mm.
Piperylcyclone — — — — — — —3 4 104
Tetraphenyleyclo- o5 0.15 | Dry 180-200;, — 115-118 83 105
pentadienone H.Cs CH,CL benzene
H;Cs
oH s
AUyl cyanide
Cyclopentadiene 2,5-Methano-A-tetrahydrobenzyl 0.8 None 170-180;,. 12 89-93/ 75 103
cyanide 11 mm,
(See footnote 4)
165/11 mm. 3 103

CH,CN

SI;IOILOV’E[H OINVOHEO
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Alyl {odide
Cyclopentadiene

Allyl vsothiocyanate
Cyclopentadiene

2,3-Dimethylbuta-
diene
Anethole
Piperyleyclone

Benzylethylene
Tetraphenyleyclo-
pentadienone

Benzylethylene, 3-meth-
oxy-4-hydroxy-
Cyclopentadiene

2,5-Methano-A3-tetrahydrobenzyl
iodide

2,5-Methano-As-tetrahydrobenzyl
isothiocyanate

3,4 Dimethyl-As-tetrahydrobenzyl
isothiocyanate

H2(]j\0

O
A s
Jos
CsH.OCH;(p)
()lillll Cetls

|
L,C ~0

(See footnote 9)

CeHs
Cng CGH5
C:H:CH, CeHs
(See footnote 9)

CH;O

.

0.97

1.0

1.1

0.63

1.0

None

None

None

Benzene

Dry
benzene

None

100-10545

145-1554,

145-155;,

180-2005.

180-2005,

170180y,

12

12

34

105-115/

15 mm,

120-123/
12 mm.
137-138/

12 mm,

168-169

158-160

88

21

103

103

103

104

105

103

* References 69—116 are listed on pp. 172-173.
t For table footnotes see p. 152.
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TABLE VIII—Continued

DIELS-ALDER ADDITIONS WITH ALLYL, VINYL, AND RELATED COMPOUNDS

Ratio of
Diene Temper- | Time, B.P. or Yield, | Refer-
Addends Products to Dien- Solvent ature, °C | hours M.P. 9% {ences*
ophile
Crotyl alcohol
Cyeclopentadiene 2,5-Methano-6-methyl-A3-tetra- 1.8 None 170-180;. 12 100-115/ 14 103
hydrobenzyl aleohol 12 mm.
Dichloroethylene
Cyclopentadiene 3,6-Methano-4,5-dichlorocyclo- 1.0 None 180-190 15 70-76/ 20 39
hexene-1 11 mm.
1,4,5,8-bis-Methano-2,3-dichloro- 1.0 None 180-190 - 15 140-150/ 26 39
AS-octalin 11 mm.
1,2-Dihydronaphthalene
Acecyclone 0.7 Xylene 240-280 } 5 254-256 62 42
280-300] +.

CeHs
T
oS

CHs

(See footnote 10) 1

oF1
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Tetraphenyleyclo-
pentadienone CeH;
Hscslc/
HyCel S0
CsH;
Phencyclone O H
J &
Piperyleyclone —
1,4-Dihydronaphthalene
Ph 1
encyclone O CoH,
O C:Hs
Piperylcyclone HC __ 0
[
0 CoH;
<l) CeHs
O
H,C~

0.7

0.7

0.56

0.9

0.7

Benzene
or
xylene

Xylene

Xylene

Xylene

Xylene

230-2404,

1802004,

230-240

140-1504.

2302404,

12

89

159-160

306-308
(dec.)

316-318

174-175

60

100

63

42

42

42

* References 69-116 are listed on pp. 172-173.

T For table footnotes see p. 152.
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DieLs-ALDER ADDITIONS WITH ALLYL, VINYL, AND RELATED COMPOUNDS

TABLE VIII—Continued

Ratio of
Diene Temper- | Time, B.P. or Yield, | Refer-
Addends Products to Dien- Solvent ature, °C | hours M.P. 9% | ences *
ophile
1,4-Dihydronaphthalene
(Cont’d)
Tetraphenyleyclo- CeH; 0.67 | Xylene 2302404, 8 155-156 70 42
pentadienone Hscal 5
H;Cs
CéHs
2,5-Endomethylene-A3-
tetrahydrobenzalde-
hyde
Cyclopentadiene 2.8 None 170-175;, 8 142-143/ — 106
Ethylene
Butadiene Cyclohexene — None 2004, 17 82.6-83.6/ 18 41
758 mm,
Cyclopentadiene 3,6-Methanocyclohexene-1 — None 190-200;, 23 44-46 74 41
2,3-Dimethylbuta- 1,2-Dimethyleyclobexene-1 — None 2004, 21 |137.6-138.2/ 50 41
diene 760 mmn,

14!
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Indene
a,o’-Diphenyl-g,8/-
isobenzofuran

Stilbene
Tetraphenyleyclo-
pentadienone
Styrene
Piperylcyclone

Tetraphenyleyclo-
pentadienone

Styrene,3,4-dimethoxy-
w-benzamino-
2,3-Dimethylbuta-
diene
T'richloroethylene
Cyeclopentadiene
(2 moles)

CsH s

CsHj

Hexaphenylbenzene

e
CHz\O O CGHB
CHZ\O ‘ SHB

(See footnote 9)
CesH;

H;C CoH,
H:C, ! CeH,

(See footnote 9)

1,4,5,8 bis-Methano-2,2,3-trichloro-
AS-octalin

0.73

Absolute

ethanoi
+ HCl

None

Benzene

Dry
benzene

None

100

180-190y.

175-180;.

25

199

421-422

191.5-192.5

157-158

158-160/
11 mm.

70

27

43

104

105

96

39

* References 69—116 are listed on pp. 172-173.
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TABLE VIII—Continued

DreELs-ALDER ADDITIONS WITH ALLYL, VINYL, AND RELATED COMPOUNDS

Ratio of
Diene Temper- | Time, B.P.or Yield, | Refer-
Addends Products to Dien- Solvent ature, °C | hours M.P. % lences*
ophile
Vinyl acetate
Anthracene 0.24 | Xylene 220-230 17 100-101 40 39
Butadiene 4-Acetoxycyclohexene-1 1.1 None 180, 12 168-175¢ 6 39
Cyclohexadiene 3,6-Ethano-4-acetoxycyclohexene-1 0.98 | None 1804, 12 1257 — 39
Cyclopentadiene 3,6-Methano-4-acetoxycyclohexene-1| 0.87 | None 185-1904, 10 73-77/ 43 39
o 14 mm.
Acetate of 1,4,5,8-bis-methano-As-g- 0.87 | None 185-1905, 10 140-145/ 6 39
octalol 14 mm.
2,3-Dimethylbuta- 1,2-Dimethyl-4-acetoxy-1-cyclo- 0.82 | None 180y, 12 1127 — 39
diene hexene
Methyl g-camphylate — None 230 14 142-146/ 84 40
12 mm.

—O0COCH;
CH;0.C

CH,

(See footnote 2) 1
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1,5,5-Trimethyl-
cyclopentadiene

Trimethyleyelo-
pentadiene?
(Damsky)

Vinylacetic acid

Cyclopentadiene

Vinyl bromide
Acecyclone

Vinyl chloride
Cyclopentadiene

Vinyl butyl ether
Acecyclone

Vinyl ethyl ether
Acecyclone

}-—OCOCHa

CH,

mixture

2,5-Methano-As-tetrahydrophenyl-
acetic acid (See footnote 4)

1,4-Diphenyl-2,3-(1,8-naphthylene) -
benzene

3,6-Methano-4-chloro-1-cyclohexene

1,4,5,8-brs-Methano-2-chloro-As-
octalin

1,4-Diphenyl-2,3-(1,8-naphthylene)-
benzene (See footnote 9)

1,4-Diphenyl-2,3-(1,8-naphthylene)-
benzene (See footnote 9)

0.9

0.18

0.94

0.94

0.22

0.27

None

None

None

Benzene

None

None

Benzene

Benzene

235-240

170-180

175-180¢,

180-2004,

1701805,

170-180;,.

180-200;,.

180

20

12

24

15

15

12

14

92-94/

12 mm.

203-212/
760 mm.

142-143/

13 mm.

160-161

46-47/
12 mm.
128-133/

12 mm,

160-161

160-161

88

45

75

24

33

77

103

102

39

39

102

102

* References 69-116 are listed on pp. 172-173.
T For table footnotes see p. 152.
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TABLE VIII—Continued

DIELs-ALDER ADDITIONS WITH ALLYL, VINYL, AND RELATED COMPOUNDS

Ratio of
) Diene Temper- | Time, B.P. or Yield, | Refer-
Addends Products to Dien- Solvent ature, °C | hours M.P. % | ences *
ophile
Vinyl formate
Acecyclone 1,4-Diphenyl-2,3-(1,8-naphthylene)- — Benzene | 180—2004, 16 160-161 77 102
benzene
Cyclopentadiene — — None — — — 40-45 39
Vinyl phenyl ether
Acecyclone 1,4-Diphenyl-2,3-(1,8-naphthylene)- | 0.26 | Benzene | 180-200;, 12 160-161 66.5] 102
benzene
Vinyl p-tolyl thioether
Cyclopentadiene $-CH,CH.S 1.0 None 180-190s,. 15 175-178/ 52 36
11 mm,

* References 69-116 are listed on pp. 172-173.
1 The dienophile used was a 309, aqueous solution of allyl alcohol.
2 The structure of the adduct is not definitely established.
3 A trace of hydroquinone was added to the reaction mixture,
No rearrangement of allyl cyanide to crotononitrile occurs during the addition. The same holds true for the acid.
5 Allyl iodido is scnsitive to higher temperatures.
§ The reaction product when hydrogenated and hydrolyzed was characterized as cyclohexanol.
7 The melting point of the phenylurethane.
8 The adduct could not be isolated in a pure state,
9 The endo-carbonyl group is lost under these experimental conditions.
10 Two hydrogen atoms and the endo-carbonyl group were lost under these experimental eonditions.
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TrE DieLs-ALDER ADDITION oF ACETYLENIC DieNopHILES wITH AcycLic AND CarBocycLic DiENES

TABLE IX

Ratio of
Diene Temper- | Time, B.P. or Yield, | Refer-
Addends Produets to Dien- Solvent ature, °C { hours M.P. 9% lences *
ophile
Acetylene
Tetraphenyleyclopenta- | 1,2,3,4-Tetraphenylbenzene (See — — — — 190-191 — 43
dienone footnotes 3 and 25)
Acetylenedicarbonitrile
Cyclopentadiene 3,6-Dihydro-3,6-methanophthal-| 2.5 None <20 — 44-45 83 70
onitrile
Diphenylfulvene 3,6-Dihydro-3,6-benzohydryli- 1.0 Benzene 100 1 168-169 61 70
denemethanophthalonitrile
Acetylenedicarboxylic acid
1-Benzyleyclopentadiene | 3,6-Methano-3-benzyl- 1.0 Ether Room 24 — — 49
3,6-dihydrophthalic acid temp.
2-Benzyleyclopentadiene | 3,6-Methano-4-benzyl- 1.0 Ether Room 24 — — 49
3,6-dihydrophthalic acid temp.
Butadiene 3,6-Dihydrophthalic acid 2.3 Dioxane | 170180y, | — 153 34 107
4,5-Dihydrophthalic acid — — — — — — 107
2,3-Dihydrophthalic acid — — — — — — 107
A dihydrobenzoic acid 2.3 Dioxane 170-180¢, | — 123 — 107

(See footnote 2)

* References 69—116 are listed on pp. 172-173.

1 For table footnotes see p. 160.
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Tre DIELS-ALDER ADDITION OF ACETYLENIC DIENOPHILES WITH AcycLic AND CARBOCYCLIC DIENES

TABLE IX—Continued

Ratio of
Diene Temper- | Time, B.P. or Yield, | Refer-
Addends Products to Dien- Salvent ature, °C | hours M.P. 9% | ences*
ophile
Acetylenedicarbozylic acid
(Cont’d)
Cyclopentadiene 3,6-Methano-3,6-dihydro- 1.03 | Ether 03¢ | — 170 — 50
phthalic acid
Methyl a-camphylate CO,CH, 0.86 | Ether 100 12 — — 51
Co.H
CH,~G-CH]
CO.H
CH,
(See footnote 8)
1,5,5-Trimethyleyclo- 0.55 | Ether 120-130;. | 12 — — 51
pentadiene COo.H
CHC~CH|
CO.H
CH,

(See footnote 8)
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Trimethyleyclopenta-
diene? (Damsky)®

Diphenylacetylene

Tetraphenyleyeclopenta-
dienone

Ethyl acetylenedicarbozylate

2-Benzyleyclopentadiene

Cyclohexadiene

trans-trans-1,4-Diphenyl-
butadiene

trans-1,2-Dihydrophthalic
acid

Isosafrole

a~Phellandrene

o-Terpinene 16. 17

Tetraphenyleyclopenta-
dienone

Trimethyleyclopenta-
diene? (Damsky) °
1-Vinylnaphthalene

— (Bee footnote 8)

Hexaphenylbenzene
(See footnote 25)

Diethyl 3,6-methano-4-benzyl-
3,6-dihydrophthalate

Diethyl phthalate (See footnote
10)

Diethyl 3,6-diphenyl-3,6-dihy-
drophthalate (See footnote 12)

Diethyl phthalate

6,7-Methylenedioxy-3-methyl-
3,4-dihydronaphthalene-1,2-
dicarboxylic acid anhydride

Diethyl 4-methylphthalate
(See footnote 14)

Diethyl 3-methyl-6-isopropyl
phthalate (See footnote 18)

Diethyl tetraphenylphthalate
(See footnotes 19, 25)

— (See footnote 20)

1.05

1.09

1.06

0.98

1.02

0.94

Ether

None

None

None

None

None

None

None

None

None
None
None
None

Room
temp.®
140-150

220

100 18

160
300-310
Reflux
260-280

12

—

y—t[l\’)r-‘

175-176

421-422

222224/
11 mm.1
153-160/
760 mm.
88

178

164/11
mm.
180-195/
15 mm.
205-206
187-1881
174-175/
20 mm.

96
22

Good

51

43

65

52

52

53

52

52

55
56

48
48
51

94

* References 69-116 are listed on pp. 172-173.

1 For table footnotes see p. 160,
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TrE DIELS-ALDER ADDITION OF ACETYLENIC DIENOPHILES WITH Acycric AND CarBocycLIC DIENES

TABLE IX—Continued

Ratio of
Diene Temper- | Time, B.P. or Yield, | Refer-
Addends Produets to Dien- Solvent ature, °C | hours M.P. % |ences *
ophile
Methyl acetylenedicarbory-
late

Anthracene Dimethyl 9,10-dihydroanthra- — None Room — 160-161 100 60
cene-9,10-endo-a,S-maleate temp.?
(See footnote 21) 1

9-Bromoanthracene Dimethyl 9-bromo-9,10-dihy- 0.5 |XNone — — 178 — 45
droanthracene-9,10-endo-a, 8-
maleate

Butadiene Dimethyl 3,6-dihydrophthalate { 1.0 None 100y, 20 — — 50
(See footnotes 8, 22)

B-Chloroethyl sorbate CH, 1.0 Xylene 140 8 190-194/ — 29

COzCH; 0.25 mm.
CO.CH,
CO,CH,CH,Cl

Cycloheptadiene Dimethyl 3,6-propano-3,6-dihy-{ 1.0 None 198 1 — 84 54
drophthalate (See footnotes 8,
23)

Cyclohexadiene ¢ Dimethyl 3,6-ethano-3,6-dihy- 0.9 None 0 1 — 84 50

drophthalate (See footnote 7)
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Cyclopentadiene

9,10-Dibromoanthracene

2,3-Diphenylbutadiene
Methyl e-camphylate

1,2,6,6-Tetramethyleyclo-
hexadiene
(B-pyronene)
1,5,5,6-Tetramethylcyclo-
hexadiene
(e-pyronene)
Tetraphenyleyclopenta-
dienone
1,5,5-Trimethyl-1,3-cyclo-
pentadiene

Dimethyl 3,6-methano-3,6-dihy-
drophthalate

Dimethyl 9,10-dibromo-9,10-
dibydroanthracene-9,10-endo-
a,B-maleate

Dimethyl 4,5-diphenylphthalate

0,CH,
CO,CH;,

CO,CH;,

CH,
Dimethyl 3,4-dimethylphthalate

Dimethyl 3-methylphthalate

Dimethyl tetraphenylphthalate
(See footnote 25)

CO,CH;
CO.CH,

1.0

0.77

1,05

1.05

oo
S|

None

None

None
Ether

None
None
Ether

0s

190
110-115¢.

Pyrolysis
100

Pyrolysis
100

200
160
Room
temp.

—

10

(]

(]

—

134-135/
11 mm.

72
162-165/
3 mm.

258
142-143/
12 mm.

Poor
94

31
100
74

50

45

57
51

58
59

58
59

48

51

* References 69-116 are listed on pp. 172-173.

T For table footnotes see p. 160.
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TeE DIELS-ALDER ADDITION OF ACETYLENIC DIENOPHILES WITH AcYcLIC AND CARBocycLIC DIENES

TABLE IX-—Continued

Ratio of
Diene Temper- | Time, B.P. or Yield, | Refer-
Addends Products to Dien- Solvent ature, °C | hours M.P % ences *
ophile
Phenylacetylene
Tetraphenyleyclopenta- | Pentaphenylbenzene (See foot- — None — — 246247 — 43
dienone note 25) t
Phenylbenzoylacelylene
Tetraphenyleyclopenta- C.H; 0.54 | None 195 0.16 340-3411 92 48
dienone HCo C:Hj;
H;Cs COCH;
CeHs
(See footnote 25)
Phenylpropiolic acid
Tetraphenyleyclopenta- | Pentaphenylbenzoic acid 1.0 None 190 1 345 — 43
dienone (See footnote 25) 44
Tetraphenyleyclopenta- | Methyl pentaphenylbenzoate 1.0 None 190 0.5 342 100 44
dienone ® (See footnote 25)
Phenylpropiolic aldehyde
Tetraphenyleyclopenta- | Pentaphenylbenzaldebyde — — — — — — 43
dienone (See footnote 25)
Phenylpropiolic nitrile
Tetraphenyleyclopenta- | Pentaphenylbenzonitrile — None — — 271272 — 43

dienone

(See footnote 25)
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Propargyl aldehyde
2,3-Dimethylbutadiene

1,1,3-Trimethylbutadiene

Propiolic acid
Cyclopentadiene

1-Ethynyl-6-methoxy-3,4-
dihydronaphthalene B

Tetrolic acid
Tetraphenyleyelopenta-
dienone
Tetraphenyleyelopenta-
dienone ©
Tetrolic aldehyde
1,1-Dimethylbutadiene

Isoprene

3,4-Dimethyl-2,5-dihydrobenz-
aldehyde
CH; CH;

e } CHO

(See footnote 4)

2,5-Methano-2,5-dihydro-
benzoic acid

Methyl 7-methoxy-9,10-dihy-
drophenanthrene-2-carboxyl-
ate

Methyl 7-methoxy-9,10-dihydro-
phenanthrene-1-carboxylate

Tetraphenyl-o-toluic acid
(See footnote 25)
Ethyl tetraphenyl-o-toluate

CH,

foro

(See footnote 4)

CH { CH:
8 CHO

(See footnote 4)

1.0

1.0

1.0

0.5

0.5

0.4

1.0

1.0

None

None

None

None or
dioxane

None or
dioxane

None

None

None

None

150-200;.

1502005,

Room
temp.
Reflux

Reflux

2004,

150-1804,

1304,

48

48

48

77-78/
12 mm.
82-34/

12 mm.

93-94

86

0il

302

205

100-105/
12 mm.

90-95/
12 mm.

45 %

10 %

90

47

47

* References 69116 are listed on pp. 172-173.

T For table footnotes see p. 160.
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FOOTNOTES TO TABLE IX

1 The melting point is corrected.

2 The position of the double bonds is not definitely established.

3 The same tetraphenylbenzene was obtained from the tetraphenyleyclopentadienone-maleic anhydride adduct.

4 The structure of the adduct has not been established.

5 The reaction is exothermic.

8 The product used was about 30% cyclohexadiene.

7 This dihydro ester can be catalytically reduced over colloidal palladium to give, after saponification, the Al-tetrahydro acid. This is identical with that ob-
tained by Diels and Alder 12 from cyclohexadiene and dibromomaleie anhydride.

3 This addition product was not isolated but was immediately reduced to the A l-tetrahydro adduct.

9 The structurc of this diene is not definitely known.

10 At the temperature of this reaction the primary addition product is unstable and loses a molecule of ethylene,

11 The acid melts at 232°.

12 The reaction product was dehydrogenated to 3,6~diphenylphthalic acid and this in turn converted to terphenyi.

13 The reaction mixture was heated for an additional five minutes at 200°,

14 A molecule of isopropylethylene is lost during the reaction.

18 For identification the diester was saponified to 4-methylphthalic acid.

1 The reagent used in this reaction was that obtained directly from the dehydration of a-terpineol,

17 During the dehydration of a-terpineol to a-terpinene an isomeric product containing a conjugated diene system is formed, for it also reacts with ethyl acety-
lenedicarboxylate. Unlike the a-terpinene adduct, this adduct does not lose ethylene during the distillation.

18 Ethylene is evolved during the reaction.

19 This diester cannot be saponified.

2 The reaction gave an ill-defined oily condensation product.

2 The anhydride from this diester is identical with that obtained from anthracene and dibromomaleic anhydride followed by the elimination of the bromine.

22 Methyl A 1+ “-dihydrophthalate was reduced to the A l-tetrahydro ester. Bromine removed four hydrogen atoms from the A 1_tetrahydro acid to give phthalic
acid.

2 There is no thermal cleavage of the propano bridge.

2 The reaction mixture was heated until it was a deep brown.

% The endo-carbonyl group is lost as a molecule of carbon monoxide,

% The acid melts at 206-207°.

% The acid melts at 152-153°,

091
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TABLE X

Tue DIELS-ALDER ADDITION OF ACETYLENIC DIENOPHILES To HETEROCYCLIC DIENES

Ratio of Tem
Diene " | Time, | B.P. or | Yield, | Refer-
Addends Products to Dien- Solvent pera.; hours M.P. 9 | ences *
R ture, °C
ophile
Acetylenedicarboxylic
acid
Furan (2 moles) 0.H 24 None 100 1.5 158 — 61
(dec.)
CO.H
N-Methylpyrrole I I 0.98 | Ether 35 — 222-223 | Quant.| 108
WCOzH (dec.)
CH:  CHCO.H
@f 0.98 | Ether 35 — 164 — | 108
3 CH—C\
Ethyl acetylenedicar-
boxylate
Ethyl isodehydro- | Triethyl 3,5-dimethyltrimellitate (See footnote| 1.0 None 190200 1 200-218/ 50 54
acetate 3t 12 mm.*

* References 69-116 are listed on pp. 172-173.

§ For table footnotes see p. 169,
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TABLE X—Continued

TreE DIELs-ALDER ADDITION oF AcCeTYLENIC DiENoPHILES To HETEROCYCLIC DIENES

Ratio of

. Tem- . .
Addends Products Dle'n © Solvent pera~ Time, | B.P. or | Yield, | Refer-
to Dien- o~ | hours M.P 9% | ences *
R ture, °C
ophile
Ethyl acetylenedicar-
boxylate (Cont’d)
Furan Diethyl 3,6-epoxy-3,6-dihydrophthalate (See 1.25 | None 100 18 — — 54
footnote 1)
Methyl coumalin- | 1,2-Diethyl 4-methyl trimellitate (See footnote — None 155-200 1 180-205/ — 54
ate 2) 12 mm.?
2-Methylfuran Diethyl 3,6-epoxy-3-methyl-3,6-dihydrophthal- | 0.86 | Benzene 80 3 — — 54
(sylvan) ate (See footnote 1) 1.20 | None 100 10 — — 62
y-Methylpyronone | Diethyl 3-methyl-5-hydroxyphthalate (See 0.87 { None 170-210 0.5 —5 — 54
footnote 6)
Methyl acetylenedicar-
bozylate
2,5-Dimethylfuran | Dimethyl 3,6-epoxy-3,6-dimethyl-3,6-dihy- 1.0 None 100 10 — Quant. 62
drophthalate (See footnote 1)
1,2-Dimethylim- CO.,CH;, 0.5 Absolute Room — 163 — 109
idazole | N~ NCO,CH, ether temp. (dec.) ®
S CO2CH3

H,0 : CO,CH;
™ CH,
(See footnote 10)
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N-e-Dimethyl-
indole

3,5-Dimethylpyra-
zole

2,3-Dimethylpyr-
role

2,4-Dimethylpyr-
role

Furan

Furan (2 moles)

e {0
~ CH:  do,0m, COL0H,
CH,

C16H2204N

CnH1404Ne

H;C
2oL concn
Hy %C 2 3
H gdco,0H,

(See footnote 12)
Ha

H,C LO;CHz
CHaOgC

CH3

B.C
2 o,

iogaaa 0,CH, H
Dlmethyl 3,6-epoxy-3,6-dihydrophthalate
(See footnote 1)
0,CH,

DO

CO.CH;,

0.5

1.0

1.0

1.0

2.0

1.04

2.0+

None

Ether
Ether
Petroleum

ether and
benzene

Petroleum
ether and
benzene

Benzene

None

None

Room
temp.

Room
temp.
Room
temp.
Room
temp.

Room
temp.

Room
temp.

100;.

1003,

72

24

24

24

18

18

1299

188 1

58

98

132

165

148
(dec.)

Quant.

100

110

109

109

109

109

108

61
62
61

* References 69-116 are listed on pp. 172-173.
T For table footnotes see p. 169,
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TABLE X—Continued

TrE DIELS-ALDER ADDITION oF ACETYLENIC DIENoPHILES TO HETERoCYCLIC DIENES

Ratio of

X Tem- . .
Addends Products Dlgne Solvent pera- Time, B.P. or Yield, | Refer-
to Dien- o~ | hours M.P 9% lences*
. ture, °C
ophile
Methyl acetylenedicar-
bozylate (Cont’d) o
Isoquinoline + 0.5 | Absolute 0 72 |165-16713 4| 31 111
dJCO2CH' ether
CH:0:C- CO,CH, 0.5 | Absolute 0 48 | 167-169 54 | 112
CO?CH‘ ether
(— CO:CH, 0.5 |Ether 0 48 l124-1251 2 | 112
/N COCH,
_~CO,CH,
+ CO.CH,
2-Methylfuran Dimethyl 3,6-epoxy-3-methyl-3,6-dihydro- 1.20 | — 100 10 — _ 62
phthalate (See footnote 1)
4,(5)-Methylimid- 1.0 Absolute Room — 103-104 — 109
azole ether temp.

Vi

0,CH; CO.CH,

HSC@_ (fH

COzCH; CO,CH,
(See footnote 15)
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N-Methylindole

a-Methylpyrrole

N-Methylpyrrole

a-Picoline

=
g I I CH———CH
CH: Co,cH, CO.,CH,CHs
H,C : CO,CH,
H HCCO,CH;
(See footnote 12)
H30| CO,CH,
H cn,0,0-CH
CO,CH,
CO,CH,
CO.CH,
CH: COgCHs
(See footnote 17)
CHCO.CH,
SCC0o,CH;
CH, _CCO.CH,
~c60,CH,
CO.CH,
=Cs
l / CCO.CH,
N /([JCOzCHa
Ch \C/
P CO.CH;

0.47

0.97

0.55

0.55

Petroleum
ether

Benzene

Benzene

Ether

Ether

Room
temp.

Room
temp.

Room
temp.

Room
temp.

2400 1

12

12

24

72

157-158

52

111

145-148

126

138

Quant.

Quant.

109

109

113
109

108

114

114

* References 69-116 are listed on pp. 172-173.
1 For table footnotes see p. 169.
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THE DIELS-ALDER ADDITION OF ACETYLENIC DIENOPHILES To HETEROCYCLIC DIENES

TABLE X—Continued

Ratio of

. Tem- . "
Addends Products D1e.ne Solvent pera- Time, | B.P. or | Yield, | Refer-
to Dien- o~ | hours M.P. 9% |ences*
ophile ture, °C
Methyl acetylenedicar-
boxylate (Cont’d)
Pyrazole I\JI 1.0 Ether Room 48 158 — 109
?_?H——CIJH—@ temp.
H  cocH, cocuH
isomer 1.0 Ether Room 48 139 — 109
temp.
Pyridine CO,CH; — Absolute Room 5 124 — 115
TN ether temp.
~ CCO.CH, Absolute Room | 24 | 124-125| — | 111
I P CCO.CH; ether temp.
N
CO.CHs
H — Absolute Room 24 187 — 111
ether temp.

CO,CH;
7~ N CO;CH;
\ N = COgCH 3

CO.CH;




291

Quinaldine

Quinoline

COzCHa

Ether

Ether

Absolute
ether

Benzene

Room
temp.

Reflux

48

72

0.5

204

174-175

181-182

177

111

111

111

115

* References 69-116 are listed on pp. 172-173.
1 For table footnotes see p. 169.
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TABLE X—Continued

Tae DIELs-ALDER ADDITION OF AceTYLEN1C DIiENorurLEs To HETEROCYCLIC DIENES

Ratio of Tem-
Addends Products Diene Solvent pera- Time, | B.P. or | Yield, | Refer-
to Dien- “~1 hours M.P. S, |ences*
R ture, °C
ophile
Methyl acetylenedicar-
bozylate (Cont’d)
Stilbazole @ — Ether Room 72 187-188 — 116
C:H;CH=CH A (=) temp.
s NE——CCO,CH,
(+) |
CH;O:CC\C/ CO.CH,
COCH;
, A — Ether — — 205-206 — 116
CeH ,CH=CH
o N~ CO,CH,
CH302C COzCH;
CO.CH,
C.H;CH=CH — Xylene Reflux — 192 — 116
0.CH,
CO,CH,
CO,CH,
CO,CH,




691

2,3,4-Trimethyl- H.C CH; 1.0 Benzene and 0 — 137-138 — 109
pyrrole H;@U— CO.CH, petroleum
ITI ether
H HCO,CH;,

(See footnote 10)

* References 69-116 are listed on pp. 172-173.

1 The primary addition product was not isolated, but was reduced without purification to the Al-tetrahydro adduct.

2 During the reaction 230 ml. of carbon dioxide was collected. The theoretical amount is 350 ml.

3 During the reaction 1800 ml. of carbon dioxide was collected. The theoretical amount is 2700 ml.

4 The acid melts at 168°,

5 Saponification of the ester with hydrochloric acid at 100° effects a simultaneous decarboxylation, for the resulting acid agrees with the 3-hydroxy-3-methylbenzoic
acid (m.p. 208°) of Bishop and Tingle (Dissertation, Minich, 1889).

5 During the reaction 580 ml. of carbon dioxide was evolved, The theoretical amount is 800 ml.

7 Trimellitic acid melts at 231°,

3 The tetramethyl 1,8-dimethyl-1,8-dihydropyrimidazole-4,5,6,7-tetracarboxylate crystallizes in red needles.

9 The addition product erystallizes in reddish-yellow needles,

10 No isomeric product was obtained analogous to the addition of the same ester to 2,3-dimethylpyrrole.

1 This reaction product (base : ester = 2 : 1) settles out of the reaction mixture; the second product is recovered from the mother liquors.

12 1t is the author’s conclusion, although there is no evidence, that the higher-melting isomer is the trans form. Both isomers can be hydrogenated to the same dihy-
dro adduct, identical with that from maleic anhydride and 2,3-dimethylpyrrole.

18 The crystals are brick-red.

1 These crystals are greenish yellow and have a greenish-yellow fuorescence.

15 The pomt of attachment of the dimethyl maleate residue to the methylimidazole nucleus has not been established.

16 The same product 1s obtained if the reaction mixture is allowed to stand 700 hours.

17 Y ellowish-green crystals from methanol.

13 Tt is not possible to convert the labile adduct into the stable adduct by thermal means, This is the exception to the rule.,



TABLE XI

AppucTs FrROM ANTHRACENE-C403; (LXIX, p. 84)

Ratio of Temn-
Addends Products Dle‘ne Solvent pera- Time, { B.P. or | Yield, | Refer-
to Dien- o~ | bours M.P. 9% |ences *
. ture, °C
ophile
Anthracene-C403
Anthracene-C40Os AN C 1.0 | Nitro- Reflux | 8 360 302 45
N
o ./ benzene
O C or phenol
\ C
N4
\C
I
O
(Sce footnote 1)
Butadiene 3.3 | Benzene 100, | 72 212 100 45
O
Cyclopentadiene (") 124 — Reflux | 0.75 | 279280 | — 45
B ¢
SQOKIC
O

041
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1,3-Dimethylbuta-
diene

1,1,3-Trimethylbuta-
diene

9-Bromoanthracene-C4O3 ?
2,3-Dimethylbuta-
diene

19.4

Reflux 8

85-95

Reflux 3

197

199-200

192

100

37

45

45

45

* References 69-116 are listed on pp. 172-173.

1 Carbon monoxide and carbon dioxide are the other products of the reaction.

2 The yield is poorer if phenol 1s used as the solvent.
3 The reaction is exothermic,
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INTRODUCTION

Reductive alkylation is the term applied to the process of introducing
alkyl groups into ammonia or a primary or secondary amine by means
of an aldehyde or ketone in the presence of a reducing agent. The
present discussion is limited to those reductive alkylations in which the
reducing agent is hydrogen and a catalyst or ‘“nascent’’ hydrogen, usu-
ally from a metal-acid combination; most of these reductive alkylations
have been carried out with hydrogen and a catalyst. The principal vari-
ation excluded is that in which the reducing agent is formic acid or one
of its derivatives; this modification is known as the Leuckart reaction.

The process of reductive alkylation of ammonia consists in the addi-
tion of ammonia to a carbonyl compound and reduction of the addition
compound or its dehydration product. The reaction usually is carried
out in ethanol solution when the reduction is to be effected catalytically.

RCHO + NH; & RCHOHNH,; \\Z(A‘H)

J{T RCH:NH,
%H)

RCH=NH
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Since the primary amine is formed in the presence of the aldehyde it
may react in the same way as ammonia, yielding an addition compound,
a Schiff’s base (RCH=NCH,R), and, finally, a secondary amine. Sim-
ilarly, the primary amine may react with the imine, forming an addition
product which also is reduced to a secondary amine.! Finally, the

RCH=NH + RCH,NH; = R(IJHNHCHzR 2%, (RCH,),NH -+ NH,
NH,

secondary amine may react with either the aldehyde or the imine to
give products which are reduced to tertiary amines.

(RCH.):NH -+ RCHO 2 (RCH);NCHR —ZEI—)> (RCH,)sN -+ H:0
OH

(RCH;):NH -+ RCH=NH « (RCH,);NCHR ﬁ(—lg (RCH,)sN -+ NH,
NH,

Similar reactions may occur when the carbonyl compound employed
is a ketone.

As indicated by the equation above, in an alkylation by an aldehyde
a primary alkyl group becomes attached to the nitrogen atom. When
the alkylation is eflected by a ketone a secondary alkyl group is intro-
duced. The method cannot be used for the attachment of a tertiary
alkyl group to the nitrogen atom.

Various types of secondary and tertiary amines can be prepared by
reductive alkylation. Some symmetrical secondary amines are prepared
by the reduction of a mixture of two moles of an aldehyde or a ketone
and one mole of ammonia. Symmetrical and unsymmetrical secondary

Rl
2R'COR + NH; + 4(H) — >CH> NH + 2H;0
R 2
(R = hydrogen or alkyl)
amines are available from the reduction of a mixture of a primary amine
and an aldehyde or ketone. An experimental variation in the prepara-
RI
R'COR -+ R"NH, - 2(H) — >CHNHR" -+ H,0
R

(R = hydrogen or alkyl)

1 3chwoegler and Adkins, J. Am. Chem. Soc., 81, 3490 (1939).
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tion of secondary amines consists in the isolation and subsequent reduc-
tion of the Schiff’s base (see p. 189).

RCHO + R'NH, — RCH=NR' —= RCH,NHR/

Certain tertiary amines containing three identical groups attached
to the nitrogen atom can be prepared from ammonia and a carbonyl
compound. Those containing two identical groups can be prepared
either from a secondary amine and one mole of an aldehyde or a ketone,
or from a primary amine and two moles of an aldehyde or a ketone.
Te, tiary amines containing three dissimilar alkyl groups can be pre-
par.d only from a secondary amine and a carbonyl compound.

RI
3R’COR + NH; - 6(H) — ( >CH> N
R 3

2R'COR + R'NH: + 4(H) \_ ( ,>(* )
R' _/H NR”

R'COR -+ >CHNHR” + 2(H) 7 \r 2

R

Rl

R’COR -+ R’R"’NH - 2(H) — >CHNR”R”’
R

(R = hydrogen or alkyl)

If an amine to be used in a reductive alkylation is one which itself is
prepared by a process of reduction it mmay be possible to employ the
precursor instead of the amine (see p. 183). For example, di-n-butyl-
aniline is prepared conveniently by hydrogenation of a mixture of
nitrobenzene and n-butyraldehyde.?

CeHsNOy + 2n-C3H,CHO + 5Hs — CsHzN(C4Hg)2 + 4H.0

The usefulness of each of the various reactions formulated above is
modified by the structural features of the carbonyl compound and of
the amine employed or formed. A carbonyl compound which has little
tendency to undergo addition of ammonia or an amine may be reduced
largely to the carbinol, with the result that the reductive alkylation
fails. Similarly, structural features of the particular reactants may favor
the formation of an amine or amines of a degree of alkylation different
from that desired. Such effects of structure are considered in detail in
the next section. It may be said at the outset that in a great many
preparations it has been found possible to obtain high yields of amines
of the desired degree of alkylation by proper choice of the conditions.

2 Emerson and Uraneck, J. Am. Chem. Soc., 63, 749 (1941).
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SCOPE AND UTILITY OF THE REACTIONS
Preparation of Primary Amines (Table IX)

From Aliphatic Aldehydes. The lower aliphatic aldehydes (those con-
taining four carbon atoms or less) are too reactive to be of much value
in the usual reductive alkylation processes for the preparation of pri-
mary amines. Thus, formaldehyde and ammonia react rapidly to form
hexamethylenetetramine, which is reduced to a mixture of methylamine
and trimethylamine.? With acetaldehyde, propionaldehyde, and the
butyraldehydes the primary amines may be contaninated not only by
the corresponding secondary amines but also by heterocyclic amines.
For example, from a reductive alkylation of ammonia with n-butyr-
aldehyde over Raney nickel catalyst, the products isolated were n-
butylamine (329,), di-n-butylamine (129;), and 2-n-propyl-3,5-diethyl-
pyridine (239,).* Thus, even though good yields of ethylamine (68%,)

HsCo” CeHis
3CH,CH,CH,CHO -+ NH; ~—> |
x ACsHy

and n-butylamine (699,) have been obtained by use of the aldehydes
and nickel catalyst® the method does not appear to have found com-
mercial application in the synthesis of the simple amines. However, it
is possible that the industrial synthesis of methylamine from methanol
and ammonia in the presence of copper chromite catalyst is really of
the reductive alkylation type. The alcohol may be in equilibrium with
the aldehyde and hydrogen, and these may react with the ammonia to
yield methylamine, the formation of which would be favored by the
very large ratio of ammonia to formaldehyde actually present. The
facts that primary and secondary alcohols are converted to the corre-
sponding primary amines on heating with ammonia and a catalyst,
whereas tertiary alcohols do not react, afford strong support for the
view that amination of alcohols proceeds through dehydrogenation to
aldehydes or ketones.

Aliphatic aldehydes containing five or more carbon atoms can be
converted to the primary amines in yields of 609, or better by reduction
in the presence of an excess of ammonia and with a nickel catalyst.5
The secondary amines, formed to a lesser extent, are easily removed in
the distillation of the product. The usefulness of the method in the

3 Meister, Lucius, and Bruning, Ger. pat. 148,054 [IPrdl. 1, 26 (1905)].

4 Winans and Adkins, J, Am. Chem. Soc., 55, 2051 (1933).
8 Mignonac, Compt. rend., 172, 223 (1921).
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preparation of saturated primary amines containing primary alkyl
groups of more than four carbon atoms apparently is limited only by
the availability of the corresponding aldehydes. Because of the fact
that only one operation is required, reductive alkylation is likely to be
preferred to other methods of conversion of aldehydes to primary
amines, such as the reduction of oximes and phenyithydrazones. A
comparison of the yields of n-heptylamine which have been obtained
by these and other methods (Table I, p. 202) illustrates the value of the
reductive alkylation.

There are few data concerning the effects of structure in the prepara-
tion of primary aliphatic amines. A few unsaturated aldehydes, such
ag acrolein, crotonaldehyde, and cinnamaldehyde, have given the
saturated primary amines in unspecified yields.5? Glucose has been
converted to the corresponding primary amine in 269, yield.® Iso-
butyraldehyde has been converted to isobutylamine, but in unspecified
vield.? Phenylacetaldehyde has given a 649, yield of S-phenylethyl-
amine.}

From Aromatic Aldehydes. Benzaldehyde is converted to benzyl-
amine in a yield of about 909, by the hydrogenation of benzaldehyde in
the presence of an equimolar quantity of ammonia.l® The reaction is
carried out with ethanol ag the solvent and with Raney nickel catalyst.
A small amount (about 79,) of dibenzylamine is formed also, but the
boiling points of the two products are widely separated. The secondary
amine probably is formed not only from the primary amine and the
aldehyde (see p. 176) but also from a condensation product of the hydro-

N=CHC¢Hj
vl 3H,
3CsHsCHO + 2NH3 — CeHzCH —N—_—> (CeHsCHy)eNH -+ CeHsCHNH,
1
N=CHCsHj

benzamide type. A comparison of the various methods of synthesis of
benzylamine is given in Table II, p. 203.

Only a few other aromatic aldehydes have been converted to primary
amines by reductive alkylation. o-Tolualdehyde is converted to the
primary amine in 839, yield, and even o-chlorobenzaldehyde gives an
excellent (88%) yield of o-chlorobenzylamine by reaction with ammonia
in the presence of hydrogen and a nickel catalyst) p-Ethylbenz-

8 Baur, U. 8. pat. 1,966,478 [C. 4., 28, 5470 (1934)].

"1.G. Farbenind. A.-G., Suppl. Fr. pat. 37,923 (to Fr. pat. 628,641) [C. 4., 26, 151
(1932)1.

3 Wayne and Adkins, J. Am. Chem. Soc., 62, 3314 (1940).

9 I.G. Farbenind. A.-G., U. 8. pat. 1,762,742 [C. A., 24, 3800 (1930)].

10 Winans, J. .4m. Chem. Soc., 61, 3566 (1939).
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aldehyde has been converted to the amine in 719 yield.5 Furfural
has given furfurylamine in yields as high as 799, Aldehydes con-
taining other aromatic nuclei apparently have not been used in the
reaction.

From Ketones. Most of the yields reported in preparations of pri-
mary amines from simple aliphatic ketones are better than 50%,. The
yields from acetone and methy! ethyl ketone, in preparations carried
out with hydrogen and a nickel catalyst, are only about 309, How-
ever, methyl n-propyl ketone 12 and methy! isopropyl ketone! are con-
verted to the primary amines in yields of 909, and 659, respectively.
As might be predicted on the basis of steric factors, pinacolone and di-
isopropyl ketone give somewhat lower yields of the primary amines
(51%, and 489, respectively).) From di-n-butyl ketone, the yield is
729, while from methyl n-hexyl ketone it is 939,.5 The yield of cyclo-
hexylamine from cyclohexanone is about 809,.5¥ One v,5-unsaturated
methyl ketone [(CHj),C=CHCH,CH,COCHj3] has been converted to
the unsaturated primary amine in 609, yield.® One a,f-unsaturated
ketone, mesityl oxide, has been converted to the saturated amine in
609, yield.”

Aryl alkyl ketones are converted to the primary amine in somewhat
lower yields. With a fivefold excess of ammonia and high-pressure
hydrogenation over Raney nickel catalyst, acetophenone is converted
to a-phenylethylamine in yields of 45-509.1¢ Benzohydrylamine has
been obtained from benzophenone in only 199, yield.! The only re-
corded application of the process to a quinone is the conversion of
anthraquinone to the 9,10-diamine by treatment with ammonia and
sodium hydrosulfite.l

Preparation of Secondary Amines (Table X)

From Ammonia and Aliphatic Aldehydes and Ketones. The reduction
of a mixture of two moles of a ketone or aliphatic aldehyde and one of
ammonia usually leads to a mixture of amines of all three types. For
example, the products from n-butyraldehyde, ammonia, hydrogen, and
a nickel catalyst are n-butylamine (up to 319), di-n-butylamine (up
to 409,), and tri-n-butylamine (up to 229;).)* Diethylamine has been

1 Skita and Keil, Ber., 61, 1682 (1928).

2 Olin and Schwoegler, U. 8. pat. 2,278,372 [C. 4., 36, 4829 (1942)].

13 Cantarel, Compt. rend., 210, 403 (1940).

1 Robinson and Snyder, Org. Syntheses, 23, 68 (1943).

I8 Vorozhtsov and Shkitin, J. Gen. Chem. U.S.8.R., 10, 883 (1940) [C. A., 35, 4375
(1941)]. .

18 Vanderbilt, U. 8. pat. 2,219,879 [C. 4., 85, 1065 (1841)].
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obtalned from acetaldehyde in 509, yield,'” but the few other aliphatic
aldehydes which have been studied have given yields of 20-309, of
the secondary amines.’® In a few preparations of secondary amines the
primary amine obtained as a by-product from one run is added to the
next reaction mixture. By this method it is possible to obtain diethyl-
amine from acetaldehyde and ammonia in yields as high ag 8491612

Acetone and methyl ethyl ketone are converted to the secondary
amines in yields of 30-40%,,!5% whereas diethyl ketone gives only 209, of
the gecondary amine.?? Cyclohexanone has been converted to dicyclo-
hexylamine in 549, yield.! A platinum catalyst was used with all these
ketones. In the presence of hydrogen and a nickel catalyst, acetonyl-
acetone and ammonia reacted to form the dimethylpyrrole (599 yield)
and the related pyrrolidine (289, yield).!

Ha(ND)
1 H Ty sy [ [ ]
CH3;COCH,CH,COCH; + NH; H30| N/”CH3 and Hy . o,

H

Acetylacetone, by contrast, furnished acetamide in quantitative yield.

From Ammonia and Aromatic Aldehydes. The reduction of a mix-
ture of two moles of an aromatic aldehyde and one of ammonia provides
an excellent route to diaralkylamines. Thus, over a nickel catalyst
benzaldehyde yields 819, of the secondary amine with only 12-179 of
the primary amine.’>? Similar results are obtained with o-tolualdehyde
and even with o-chlorobenzaldehyde (859, of secondary amine and 49,
of primary amine). From furfural a 66%, yield of difurfurylamine has
been obtained. A comparison of various preparations of dibengzylamine,
shown in Table III, p. 204, indicates the value of the method.

The aromatic aldehydes which have been converted to secondary
amines by this process are listed in Table X.

From Primary Amines and Carbonyl Compounds. As mentioned
previously, the reactions which occur in reductive alkylations of primary
amines are of the type shown on p. 182, Whether or not the reduction
will involve the addition product or the Schiff’s base will depend upon
the relative rates of the reactions. Probably in most instances it is
the Schiff’s base which is reduced; even though the equilibria may be
g0 unfavorable that the Schiff’s base cannot be isolated, removal of this

17 Grigorovskii, Berkov, Gorlad, Margolina, and Levitskaya, Org. Chem. Ind., 7, 671
(1940) [C. A., 35, 5094 (1941)].

13 Skita, Keil, and Havemann, Ber., 66, 1400 (1933).

19 Christ, Ger. pat. 671,839 [C. 4., 33, 6340 (1939)].

© Skita and Keil, Ber., 61, 1452 (1928).

4 Winans, U. 8. pat. 2,217,630 [C. 4., 35, 1065 (1941)].
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component by reduction may disturb the equilibria to such an extent
that all the secondary amine is formed by this reduction.

R” OH R’

AN AN
R'COR + H,NR’ = /CNHR" = /C=NR” + H:0

R
2(% %H)
RI
>CHNHR"
R

When the Schiff’s base can be isolated easily it may be advantageous
to separate it before the reduction is carried out. If the Schiff’s base
forms readily, but is too unstable to permit convenient isolation, then
it may be desirable to heat a solution of the reactants for a certain time
and reduce the base without isolating it. Thus there are three modifica-
tions of procedure, all of which may be equivalent when applied to pairs
which react very readily to form Schiff’s bases. For purposes of classi-
fication, the term ‘‘reductive alkylation’” will be used to designate those
preparations in which no attempt to promote the formation of the
Schiff’s base was made. Preparations in which the reactants were
brought together under conditions favorable for the formation of the
condensation product will be referred to as reductions of Schiff’s bases
even though the base was not isolated.

Aliphatic Amines and Aldehydes. Methylamine has been converted
to dimethylamine in unspecified yield by treatment with formaldehyde,
zine, and hydrochloric acid.?? The reduction of a mixture of ethylamine
and acetaldehyde over a platinum catalyst has given diethylamine and
triethylamine in yields of 229, and 169, respectively; ! with nickel the
yields were 569, and 199, respectively®* Di-n-butylamine and tri-n-
butylamine have been obtained in yields of 489, and 479, respectively,
from butylamine and butyraldehyde with a nickel catalyst;® cyclo-
hexylamine and butyraldehyde gave 919, of the secondary amine.?2
The secondary amines from cyclohexylamine and mannose and arabinose
have been obtained in unspecified yields by reduction of the mixtures
over nickel.'»% FEthanolamine has been alkylated by several aldehydes
in reductions over a platinum catalyst.?® The yields of secondary amines

2 Meister, Lucius, and Bruning, Ger. pat. 73,812 [Frdl., 3, 15 (1896)].

% Adkins, Reactions of Hydrogen, University of Wisconsin Press, 1937, p. 56.

# Adkins and Winans, U. 8. pat. 2,045,574 [C. 4., 30, 5589 (1936)1.

% Skita and Keil, Brit. pat. 313,617 (Chem. Zentr., 1930, 1, 1052).
% Cope and Hancock, J. Am. Chem. Soc., 64, 15603 (1942).
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from n-butyraldehyde, n-valeraldehyde, and n-caproaldehyde were 689,
70%, and 719, respectively. The yield in an alkylation with isobutyt-
aldehyde was somewhat lower (629;), but that with 2-ethylhexanal was
higher (919,).

Some interesting variations in yields have been observed in the alkyla-
tion of derivatives of S8-phenylethylamine.? (-(3,4-Dimethoxyphenyl)-
B-methylethylamine gave 649, of the N-n-propyl derivative in an
alkylation with propionaldehyde, hydrogen, and nickel catalyst. When

CH,0 CH(CH;)CH,NH i
; @ (CH)CHNH: | oy cmcno + m, s

CH,0
CH;0 CH(CH;)CH,NHC;H;
CH;0 + H:0

acetaldehyde was used, the yield of the N-ethyl derivative was only
369%. In the ethylation of the 8-methoxyphenyl-a-methylethylamines,
the p-methoxyphenyl isomer gave a 489, yield of the secondary amine
and the m-methoxyphenyl derivative a 709, yield.

P
CHgO@CHZCHNHZ + CH3CHO + H ——t—> CI'I30©CI'IZCHNHCQH5
Hs Hs

There are but few cxamples of the preparation of secondary amines
by the reductive alkylation of primary aliphatic amines with aromatic
aldehydes (see Table X). The corresponding Schiff’s bases have been
used more frequently in such preparations (see p. 190).

Aliphatic Amines or Nitro Compounds and Ketones. Purely ali-
phatic secondary amines have been prepared in great variety by the
reductive alkylation of primary amines with ketones. Most of the
reductions have been effected with the aid of a platinum catalyst, al-
though nickel and palladium have been employed.

The yields obtained from simple primary amines and simple ketones
usually are good (50-1009,). It is to be expected that yields will be
affected by steric factors in both the ketone and the amine, but few
relevant data have been collected. In alkylations of cyclohexylamine
with acetone, methyl ethyl ketone, diethyl ketone, and cyclohexanone
carried out under comparable conditions with hydrogen and a platinum
catalyst, the yields were 799, 609, 319, and 637, respectively!! In
alkylations of ethanolamine with these same ketones the yields were all
above 959,; % even with diisobuty] ketone the yield was 949,.

7 Woodruff, Lambooy, and Burt, J. Am., Chem. Soc., 62, 922 (1940).
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Several diketones have been used in these alkylations. With most
of the a-diketones the reductions were carried out over palladium cata-
lyst, and only one of the carbony! groups took part in the reaction.
Thus, the product isolated from cyclohexylamine and 2,3-hexanedione
was that in which the carbonyl group next to the methyl group had
reacted.? Undoubtedly, other reactions occurred also; the yield of the

Pd
CH;CH,CH,COCOCH;3 + CeHyNH; 4+ Hy — CH3CH,CH,COCHCHj; + H0
NHCGHH

product indicated in the equation was only 10%,. Similarly, a keto
amine was obtained (299, yield) from methylamine and this diketone
when the reduction was carried out over palladium catalyst.?? However,
with platinum catalyst an amino alcohol was formed (309 yield).2 %

P
CH;3;CH,CH,COCOCH; 4 CH3NH, + 2H, —t) CH3;CHCH,CHOHCHCH;
NHCH;

Acetylacetone and ethanolamine, in a reduction over platinum, gave
the dihydroxy amine.?® Similar products have been obtained in about

P
CH3;COCHCOCH; + H,NCH:CH,0H + 2H, ——t—> CH3;CHOHCH,CHCH; + H0
NHCH.,CH,0H

259, yield from cyclohexylamine with acetylacetone % and its a-methyl
derivative.?®

CHaCO?HCOCHa + CeHnNH; + 2H: —P—t—> CH;CHOHCHCHCH;
CH; H;C NHCeHy

It was mentioned earlier (p. 177) that in the preparation of secondary
and tertiary amines a substance which is easily reduced to a primary
amine can be employed in place of the primary amine. Only three
aliphatic nitro compounds have been so used with aliphatic ketones.
The reduction of a mixture of nitromethane and acetone with hydrogen
and platinum gives methylisopropylamine in 599 yield;? the reductive
alkylation of 4-nitro-l1-phenyl-2,3-dimethyl-5-pyrazolone with acetone
or methyl ethyl ketone is reported to give a nearly quantitative yield
of the corresponding secondary amine.*

B Skita, Keil, and Baesler, Ber., 66, 858 (1933).

» Skita and Keil, Ber., 62, 1142 (1929).

¥ Skita and Keil, Z. angew. Chem., 42, 501 (1929).
3 Skita, Keil, and Stuhmer, Ber., 76, 1696 (1942).
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An exanple of the relatively few recorded reductive alkylations of
primary aliphatic amines by simple aromatic ketones is that of ethanol-
amine by acetophenone.® The yield is 959,. No simple diaryl ketone

CsHsCOCH; + HoNCH,CH,OH -+ Hs — CoHsCHNHCH,CH,0H -+ H20
|
CH,

has been used in a reductive alkylation with a primary aliphatic amine.

Diketones containing one or more aryl groups react in the same way
as the aliphatic diketones. Keto amines are obtained with palladium
catalyst,® and amino alcohols with platinum catalyst.?

CeHs;COCOCH; -+ CeH11NH; + H. P—d> CeHsCOCHNHC:H1, (19%)
CH;
CeHsCOCOCH; + CeHuNH: + He E) CeH;COCHNHC:Hn (24%)
&,
CeH,COCOCeH;s + CeHy NH -+ 2H, —Pi> CeldsCHOHCHNHCH1;
(|ng5

Aromatic Amines and Aldehydes; Aromatic Nitro Compounds, Azo
Compounds, etc., and Aldehydes. Aniline is converted to ethyl-
aniline by treatment with acetaldehyde and hydrogen in the presence
of nickel or platinum3>% or by reduction with zinc and sulfuric # or
sulfurous acid.?® Most of the higher n-alkylanilines have been prepared
by reduction with hydrogen and nickel catalyst (yields, 45-65%); %
the presence of a small quantity of sodium acetate (1 ¢. for a 0.1 M run)
is desirable. In reductive alkylations with aldehydes, hydrogen, and
nickel catalyst, a-naphthylamine gives 889, of the N-cthyl derivative
and 809, of the N-n-butyl derivative,3® whereas from B-naphthylamine
the yields of the corresponding secondary amines are 649, and 63%,
respectively. The number of substituted anilines which have been
alkylated by this method is relatively small. The yields from p-toluidine,
p-anisidine, and p-aminophenol are about the same as those from aniline.
Aluminum and aqueous sodium hydroxide have been used to effect the
reduction in some alkylations of p-aminophenol, but the yields of the

# Emerson and Walters, ,J. Am. Chem. Soc., 60, 2023 (1938).

% Emerson, U. 8. pat. 2,208,284 [C. 4., 37, 1450 (1943)].

¥ Lockemann, Ger, pat. 491,856 [Frdl., 16, 356 (1931)].

# Chemische Fabriken Vorm. Weiler-ter Meer, Ger. pat. 376,013 [Frdl., 14, 398 (1926].)
% Tmerson and Robb, J. Am. Chem. Soc., 61, 3145 (1939).
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secondary amines were not reported.?”*® Similarly, N-methyl-o-anisidine
has been obtained in unspecified yield from o-anisidine, formaldehyde,
zine, and aqueous sodium hydroxide.® In the presence of acids, aro-
matic amines react with aldehydes of low molecular weight to form
resins and quinoline derivatives,” so acidic reducing media usually are
not employed. However, in the preparation of N-benzoyl-N’-ethyl-
p-phenylenediamine, acetaldehyde-ammonia was used as the source of
acetaldehyde and zinc and sulfuric acid as the reducing agent.3*

Zn 4 113804
————

CGHBCONHQNHZ -+ CH;CHOHNH; -+ 2(H)

CeHsCONH@NHCHZCHs -+ NH; -+ H0
(94%)

A preparation of N-ethylarsanilic acid (p-C,H;NHCH,AsO;H,) in
5%, yield from arsanilic acid and acetaldehyde, hydrogen, and nickel
catalyst has been reported; ¥ the low yield may be due to poisoning of
the catalyst by the arsenic compound.

That hindrance around the amino group is of little consequence in
alkylations of this type is shown by the high yields obtained in the
preparations of secondary amines from mesidine (2,4,6-trimethyl-
aniline) and isobutyraldehyde (919;) and isovaleraldehyde (949,).%

CH;
Zn 4 HC1
H;ﬂ@NHz + (CHg)CHCHO + 2(H) ————
CH;
CH;,
H30©NHCHQCH(CH3)2 + Hgo
CH;

These reductions were effected with zine and hydrochloric acid, and the
high yields may be due in part to the acidic medium. This reducing
agent cannot be used in similar alkylations of aniline derivatives in
which ortho or para positions are unsubstituted, since these amines
react with aliphatic aldehydes in the presence of acid to give quinoline
derivatives and resins.®

¥ Bean, Brit. pat. 503,400 [C. 4., 33, 7317 (1939)].

% Bean, U. S. pat. 2,338,482 [C. A., 38, 3666 (1944)].

3 Morgan and British Dyestuffs Corp., Swiss pat. 91,563 (Chem. Zentr., 1922, 111, 837).

4 Sprung, Chem. Revs., 26, 297 (1940).

41 Doak, Eagle, and Steinman, J. Am Chem. Soc., 62, 3010 (1940).
42 Emerson, Neumann, and Moundres, J. Am. Chem. Soc., 68, 972 (1941).
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Since many aromatic primary amines are prepared by reduction, it
often is possible to combine the preparation and alkylation of such an
amine into a single operation. Secondary amines are obtained in 60—
959, yields by the reduction of a mixture of an aromatic nitro com-
pound and an aldehyde over Raney nickel catalyst in the presence of
sodium acetate.®® If the nitro compound containg an amino, hydroxyl,
alkoxyl, or alkyl group in the para position, the amount of tertiary
amine formed as a by-product is increased (see Table X).%44%  Acidic
reducing agents can be used in the reductive alkylation of nitro com-
pounds by aldehydes other than formaldehyde; * evidently the concen-
tration of the primary amine remains so low that the condensations to
give quinoline derivatives and resins (p. 186) occur only very slowly.
In the preparation of secondary amines by the reductive alkylation of
nitrobenzene with aliphatic aldehydes, hydrogen, and Raney nickel
catalyst with ethanol as the solvent, the yields pass through a maximum
with n-butyraldehyde; methylaniline is obtained in yields of about 509;
ethylaniline, about 609,; n-butylaniline, about 95%); n-amylaniline,
about 8569; and n-heptylaniline, about 409,.%# n-Propylaniline has not
been prepared under comparable experimental conditions.

A few reductive alkylations of aromatic nitroso compounds to second-
ary amines have been reported, but the yields are low.# Azobenzene
yields 50-759, of secondary amines in reactions with aliphatic aldehydes
and hydrogen over Raney nickel catalyst, but the readily available azo
compounds produced by coupling give mixtures of secondary and tertiary
amines.*®* For example, the reaction of p-phenylazodimethylaniline,
butyraldehyde, and hydrogen yields almost equal quantities of n-
butylaniline and N,N-di-n-butyl-N’,N’-dimethyl-p-phenylenediamine.

CeHsN,Cl CsH,CHO
(CH3)2NCGH5 __?_5_3_,) (CH3)2N06H4N=NCGH5 a(;h)

(CH;3):NC¢HN(C,Hy)2 + CeHsNHC,H,
(73%) (76%)

A comparison of the various reductive alkylation procedures with
other methods for the synthesis of n-butylaniline is shown in Table IV,
p- 205.

The only aromatic aldehydes that have been used in direct reductive
alkylations of primary aromatic amines are benzaldehyde, anisaldehyde,

4 Emerson and Mohrman, J. 4dm. Chem. Soc., 62, 69 (1940).

4 Major, J. Am. Chem. Soc., 53, 4373 (1931).

4 Fitch, U. S. pat. 2,249,352 [C. 4., 35, 6602 (1941)].

4 Emerson and Uraneck, unpublished work.

47 Girhard, Thesis, University of Illinois, 1940.

4 Emerson, Reed, and Merner, J. Am. Chem. Soc., 63, 751 (1941).



188 ORGANIC REACTIONS

veratric aldehyde, and furfural, and only a few yields have been reported.
Most secondary amines which might be made from such combinations
are prepared by reduction of the Schiff’s base (see p. 191) rather than
by the direct procedure. It is of interest that the yield of N-benzyl-g-
naphthylamine obtained by the reductive alkylation of S-naphthylamine
with benzaldehyde, hydrogen, and nickel catalyst is much better (689)
than that reported (249,) for the similar preparation of the a-amine,3

NH, Ni WNHCH,C¢Hs
+ C¢H;CHO + Hy —> + H.0
F

Apparently no advantage is to be gained by the reductive alkylation
of a nitro, nitroso, or azo compound with an aromatic aldehyde; the
yields of benzylaniline so obtained from nitrobenzene,* nitrosobenzene,
and azobenzene ® are only 339, 479, and 499, respectively.

Aromatic Amines, Aromatic Nitro, Nitroso, or Azo Compounds and
Ketones. N-Isopropylaniline is obtained in 319, yield from aniline,
acetone, zine, and hydrochloric acid; # under the same conditions, N-
isopropylmesidine is obtained in only 189, yield. p-Aminophenol is

CH; CH;
Zn 4+ HCl
H3C©NH2 + CH3COCH; + 2H) —————— H;;CQNHCH(CH:;)Z + H0
CH; H

converted to the N-isopropyl derivative when an acetone solution of the
base is heated to the boiling point and then reduced over platinum
catalyst; 4 none of the secondary amine is obtained when hydrogenation
at room temperature is attempted.®

The highest reported yield in a preparation of this type is that (919)
of the secondary amine from a-naphthylamine and N,N-diethylaceto-
propylamine.® This is also the only reported use of palladium catalyst

NH.

A Pd
+ CHchCHchchzN(CzI'Is)z + Hy —»
F

NHCH(CHj3)CH:CH.CHN(C:Hs)2 -+ H0

e

i the preparation of a secondary amine by a reductive alkylation involv-
ing a primary aromatic amine and a monoketone. It is possible that
49 Major, J. Am. Chem. Soc., 63, 2803 (1931).

% Major, J. Am. Chem. Soc., 53, 1901 (1931).
% Bergman, Brit. pat. 547,301 [C. A., 37, 5985 (1943)].
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the yields in such syntheses (see Table X) could be improved by the
use of this catalyst.

Hydrogenation of a solution of aniline and methylphenylglyoxal over
palladium catalyst leads to the formation of either the keto amine or

CeH;COCHCH;  (49%)

2, b NHC,H;
CeHsNHz + CsHsCOCOCHz ————
CeH;CHOHCHCH; (469%,)

NHC¢Hs

the hydroxy amine, depending on the amount of catalyst used.?® Only
the keto amine is obtained from p-toluidine and p-anisylmethylglyoxal.2

Pd
])—CI‘IzCeH4NH2 + p—CHgOCsH4COCOCH3 + Hz —>

p-CHzceH4COCHCH3 + Hzo

NHCGH4CH3-1)
(49%)

A number of preparations of secondary amines from ketones and
aromatic nitro and nitroso compounds have been reported. In general,
the use of a nitro compound appears less attractive than the use of the
primary aromatic amine. However, in a few preparations higher yields
have been obtained with nitro compounds than with amines. Thus,
isopropylaniline has been obtained from nitrobenzene, acetone, hydro-
gen, and platinum catalyst in 539, yield; 2 N-isopropyl-p-aminophenol
has been obtained in 459, yield from the nitrophenol, acetone, hydrogen,
and platinum catalyst,?%5.5 and in 509, yield from the aminophenol and
the same reagents.®

No successful preparations involving diaryl ketones in the alkylation
of primary aromatic amines or their precursors have been recorded.

Preparation of Secondary Amines by Reduction of Schiff’s Bases

As indicated earlier, secondary amines can be prepared from primary
amines and carbonyl compounds by way of the Schiff’s bases, with or
without isolation and purification of these intermediates. This method
has been used most extensively with primary aromatic amines.

8 Major, J. Am. Chem. Soc., 53, 190 (1931).

» Major, U. 8. pat. 1,978,433 [C. 4., 29, 178 (1935)].
% Major, U. 8. pat. 1,989,707 [C. 4., 29, 1833 (1935)1.
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From Schiff’s Bases Derived from Aliphatic Amines. The isolation
and reduction of purely aliphatic Schiff’s bases containing from five to
ten carbon atoms has been accomplished, but such bases are unstable
and their isolation is difficult. They have been prepared in yields of
50-809%, and they have given the secondary amines in yields of 40-65%,
by catalytic reduction.®® Schiff’s bases derived from aldehydes having
a-methylene groups undergo condensations of the aldol type on being
heated.5s5.5% Because of the occurrence of such condensations higher-

9RCH,CH=—NR’ — R'NH, + RCH,CH=—CCH=—NR’ %

R
RCHzCHz?HCHzNHR’

R

boiling amines may be expected as by-products from the reduction of
the Schiff’s bases, particularly if vigorous conditions are used in the
preparation or isolation of the intermediates.®

Unsaturated Schiff’s bases of the type produced by the condensation
just described can be prepared also from «,8-unsaturated aldehydes and
amines. Many of them have been reduced to the corresponding satu-
rated amines. Platinum catalyst has been used most frequently, and
the yields generally have been above 50%,.

The Schiff’s bases from simple aliphatic amines and benzaldehyde are
more readily prepared, and they are reduced to alkylbenzylamines in
70-1009,, yields by hydrogenation over nickel or platinum catalyst. A
number of amines of the general type ArCH,CH,NHAr’ have been
obtained in excellent yields by hydrogenation over nickel or platinum
catalysts of the Schiff’s bases prepared from substituted phenylethyl-
amines, including some with substituents in the side chain, and substi-
tuted benzaldehydes (see Table X). Similar secondary amines have
been prepared from substituted benzylamines.

Schiff’s bases derived from aliphatic ketones are not common inter-
mediates. Those derived from diisobutyl ketone and 1-amino-2-propa-
nol, 2-amino-l-propanol, 3-amino-l-propanol, and 2-amino-1-butanol
have given high yields (83-939,) of the corresponding secondary
amines by reduction over platinum catalysts.?» %8 A few derived from

5 Campbell, Sommers, and Campbell, J. Am. Chem. Soc., 66, 82 (1944).

% Kharasch, Richlin, and Mayo, J. Am. Chem. Soc., 62, 494 (1940).

% Emerson, Hess, and Uhle, J. Am. Chem. Soc., 63, 872 (1941).

8 Skita and Pfeil, Ann., 486, 152 (1931).

% Cope and Hancock, J Am. Chem. Soc., 66, 1453 (1944).

% Hancock and Cope, J. Am. Chem. Soc., 66, 1738 (1944).
81 Hancock, Hardy, Heyl, Wright, and Cope, J. Am. Chem. Soc., 86, 1747 (1944).
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simple alkylamines and activated carbonyl compounds, including
glyoxylic acid, pyruvic acid, and acetoacetic ester, have given lower
yields of the amines.®?

From Schiff’s Bases Derived from Aromatic Amines. Only isoamyl-
aniline and isoamyl-o-toluidine have been prepared by the reduction
of a Schiff’s base derived from an aromatic amine and a simple ali-
phatic aldehyde.®* In these preparations a nickel catalyst was used; the
yields of the secondary amines obtained were not reported. A number
of Schiff’s bases prepared from the hydroxyanilines and branched-chain
aldehydes have been reduced over platinum or nickel in good yields.
For example, the base from o-aminophenol and 2-ethylbutyraldehyde
was converted to the amine in 919, yield.®

o-HOCHN=—CHCH(CsHz)s - Hs —s o-HOCH,NHCH,CH(CHs)s

Cinnamalaniline ® and p-crotonalaminophenol  appear to be the
only unsaturated anils that have been reduced. The reduction was
effected with magnesium and methanol in the first instance, but the
vield of phenylpropylaniline was not reported. The reduction in the
second preparation was carried out with hydrogen and nickel catalyst,
and the yield of p-butylaminophenol was 339,. The Schiff’s bases
derived from aniline (and several substituted anilines) and glucose or
sorbose have been converted to the amines by hydrogenation over nickel
catalyst, but the yields of the products are not available.%

The condensation product of aniline and acetoacetic ester has been
reduced to the amine in 309, yield.®? No other anil derived from a
ketone appears to have been reduced.

P
CoHsN=CCHC0,CoH; + Hy — CGHsNH(IJHCHZCOZCZHs
CH, CH,

The Schiff’s bases from aromatic aldehydes and aromatic amines are
readily available, and many of them have been reduced to secondary
amines. Catalytic reduction has been carried out most often over nickel
catalyst at moderate temperatures in either high-pressure or low-pressure
equipment. The reduction of benzalaniline over copper chromite at 175°
is quantitative ¢ but other anils apparently have not been reduced over
this catalyst.

82 Skita and Wulff, Ann., 453, 190 (1927).

63 Mailhe, Bull. soc. chim. France, [4] 25, 324 (1919).

8 Fitch, U. S. pat. 2,270,215 [C. 4., 36, 3189 (1942)].

8 Zechmeister and Truka, Ber., 63, 2883 (1930).

% Salzberg, U, 8. pat. 2,193,433 [C. A., 34, 4742 (1940)].
8 Adkins and Connor, J. Am. Chem. Soc., 53, 1091 (1931).
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Chemical reducing agents have been employed in great variety for
the reduction of benzalaniline and its derivatives. Electrolytic reduction
is quite satisfactory for the conversion of aniline and substituted aniline
derivatives of the chlorobenzaldehydes to the secondary amines,® and
this method may be useful with other anils containing substituents
which might be removed in catalytic reduction or which might exert a
poisoning effect on the catalyst. A comparison of the various methods
of reduction of benzalaniline, together with other methods of synthesis
of benzylaniline, is shown in Table V, p. 206.

No systematic studies have been made of the effects of structure on
yields in the reduction of anils of the type ArCH=NAr’, and although a
great many such compounds have been converted to the secondary
amines the variety of reducing agents and conditions is so great that no
generalizations can be made from the data at hand. The anils that have
been reduced are listed in Table X.

Preparation of Tertiary Amines (Table XI)

From Ammonia and Aldehydes and Ketones. This modification has
found application only in the preparation of triethyl- and tripropyl-
amines, the reductions having been carried out over platinum catalyst
in unreported yields.? A related preparation is that of trimethylamine
in 899, yield from ammonium chloride and formaldehyde, in which part
of the formaldehyde serves as the reducing agent.®®

From Primary Aliphatic Amines or Primary Aliphatic Nitro Com-
pounds and Aldehydes and Ketones. Dialkylmethylamines have been
obtained in 30-909, yields by the reductive alkylation of nitromethane
with aliphatic aldehydes over a platinum catalyst.2™ The best yield
(92%,) was obtained with acetaldehyde, and the poorest (309,) with
n-hexaldehyde.

Several amines of the type ArCH(CH;)CH,NH, and ArCH,CH-
(CH3)NH, have been methylated by treatment with formaldehyde and
hydrogen over nickel catalyst.? The yields of tertiary amines were in
the range of 51-849,. Dimethylaminoethanol has been obtained simi-
larly from the primary amine in yield as high as 889,," and 2-dimethyl-
amino-1-phenylpropanol in 849, yield.# The only example of the use
of platinum catalyst in a methylation of this type is the conversion of

8 Law, J. Chem. Soc., 101, 154 (1912).

8 Adams and Marvel, Org. Syntheses, Coll. Vol. I, 531 (1941).

0 Private communication from E. H. Huntress.

7 Cass and K’'burg, U. S. pat. 2,194,294 [C. A., 34, 4742 (1940)].
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4-amino-1-phenyl-2,3-dimethyl-5-pyrazolone to the tertiary amine in
unspecified yield.!5

In an experiment in which ethylamine was treated with a mixture of
acetaldehyde and benzaldehyde, hydrogen, and platinum catalyst,
diethylbenzylamine (289, yield) was obtained.” This appears to be
the only attempt at the simultaneous introduction of two different alkyl
groups by the use of two aldehydes.

Only one instance has been recorded of the conversion of a primary
aliphatic amine to a tertiary amine by reductive alkylation with a simple
ketone: 4-amino-1-phenyl-2,3-dimethyl-5-pyrazolone gave the diiso-
propylamino compound in unspecified yield on treatment with acetone,
hydrogen, and platinum catalyst.* Methylamine and ethylamine have
been reductively alkylated by treatment with a mixture of formaldehyde
or acetaldehyde and a 1,2- or 1,3-diketone, hydrogen, and platinum
catalyst.»™* The products were dialkylaminoalcohols, generally ob-
tained in unreported yields. The cyclic tertiary amine was the major

CH;NH. + CoHsCOCOCH; + CH.O0 + 3H, —5
CsH;CHOHCH(CH,) N(CHa)s + 2H,0
product from cyclohexylamine, acetonylacetone, hydrogen, and plat-

inum catalyst.2%
CHy——CHg

chéH éHCHg
N

N
CeHn

Pt
C¢H1 NH; 4+ CH;COCH,CH,COCH; 4 211y —» -+ 2H0

From Primary Aromatic Amines, Nitro Compounds, or Azo Compounds
and Aldehydes and Ketones. Primary aromatic amines with substit-
uents in the 2,4 or 2,4,6 positions have been converted to the dimethyl
derivatives by reductive alkylation with formaldehyde, zine, and hydro-
chloric acid; %7 other aldehydes have not been tested. The yields in
these methylations ranged from 509, to 909,. The primary amines
employed carried alkyl groups and halogen atoms as substituents in the
ring. No variations in yield ascribable to steric hindrance were noted,
but the removal of iodine atoms from the ortho and para positions 7
and of bromine atoms from ortho positions was noted.” Tribromoaniline,

7 1.G. Farbenind. A.-G., Ger. pat. 479,348 (Chem. Zentr., 1929, I1, 1592).

73 Skita and Kcil, Ber., 63, 34 (1930).

7 Skita and Keil, Monatsh., 53-54, 753 (1929).

7 Eimerson aud Ringwald, J. Am. Chem. Soc., 63, 2843 (1941).
™ Emerson, Dorf, and Deutschman, J. Am. Chem. Soc., 62, 2159 (1940).
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for example, gave p-bromodimethylaniline in 889, yield. Aromatic
primary amines without substituents in the reactive ortho and para
positions are converted to resins by treatment with formaldehyde in
acid solution.

Br

Br</ ‘>NH2 -+ 2CH0 + 8(H) — Br@N(CHa)z -+ 2HBr - 2H,0

Br

p-Aminobenzoic acid has been converted to the tertiary amine by
methylation with formaldehyde, hydrogen, and a catalyst (platinum,
nickel, or cobalt), but the yields are not reported.”

Aromatic nitro compounds can be converted to dialkylarylamines in
vields of 34-709, by reductive alkylation in the presence of acetic acid
with hydrogen, platinum catalyst, and aliphatic aldehydes other than
formaldehyde.2 If the nitro compound carries a methyl, methoxyl,
hydroxyl, or amino group in the para position, the use of acetic acid is
unnecessary (see p. 187).4.444 The convenience of this method of pre-
paring tertiary amines directly from nitro compounds is illustrated by
the comparison of various preparations of di-n-butylaniline shown in
Table VI, p. 206.

The formation of tertiary amines by reductive alkylation of azo
compounds formed by coupling has been mentioned (p. 187).#

Benzaldehyde has been used as the alkylating agent in the prepara-
tion of tertiary amines from p-nitrophenol and p-nitroaniline. Both
reactions were carried out over platinum catalyst. The tertiary amine
was isolated in unspecified yield from the nitrophenol; 5255 both nitro-
gen atoms of the nitro amine were alkylated, tetrabenzyl-p-phenylenedi-
amine being obtained in 509, yield.#* These appear to be the only
examples of the use of an aromatic aldehyde as the alkylating agent in
the preparation of tertiary amines from aromatic nitro compounds, and
no similar preparations from primary aromatic amines or azo compounds
are recorded.

From Secondary Aliphatic Amines and Aldehydes and Ketones.
Many secondary aliphatic amines have been alkylated with aliphatic
aldehydes. The yields of tertiary amines obtained have varied from
almost zero to as high as 1009;. The highest yields are obtained when
formaldehyde is the alkylating agent (with hydrogen and platinum
catalyst) and when the alkyl groups attached to the nitrogen atom of
the secondary amine are primary or when they form a pyrrolidine or
piperidine ring system. Nevertheless, good yields are obtained in

7 Skita and Stuhmer, Ger. pat. 716,668 [C. 4., 38, 2345 (1944)].
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methylations even when both the alkyl groups of the secondary amine
are secondary, as in the following example.’® In contrast, the alkylation

CH;
Pt |
CH;CH,CHNHCHCHCH; 4 CH,O0 + Hy —y CH;CH,CHNCHCH,CH; 4 H,0
H3 2H 5 Hz CoHs
(64%)

of diisopropylamine with propionaldehyde gives only a 269, yield, and
that of di-sec-butylamine with heptaldehyde only a 69, yield. However,

P
[(CHg)oCHJNH + CH;CH,CHO + Hy — [(CH;)sCHJ,NCH,;CH,CH; -+ Hy0
(26%)

[CHsCH,CH(CHj3)]:NH - CHj3(CH,)sCHO -+ H, i

[CHsCH,CH(CHz3)]oN(CH,)6CH; -+ H20
(6%)

good yields are obtained with the higher aliphatic aldehydes when the
secondary amine contains only primary alky! groups.

Most of the preparations of this type have been carried out with
hydrogen and platinum catalyst; there are a few examples of the use of
nickel catalyst and of chemical reductions (see Table XI).

The only recorded alkylation of a secondary aliphatic amine with an
aromatic aldehyde is the preparation, in unspecified yield, of benzyldi-
methylamine from dimethylamine, benzaldehyde, hydrogen, and plat-
inum.™

Only poor yields (up to 479,) are obtained in the preparation of
tertiary amines from aliphatic secondary amines and ketones. The
vields decrease with increasing size and complexity of the groups at-
tached to the nitrogen atom of the amine or the carbonyl group of the
ketone. These effects are shown in Tables VII and VIII, p. 207.

From Secondary Aromatic Amines and Aldehydes and Ketones.
Simple alkylanilines can be alkylated in good yields (55-939%,) by treat-
ment with formaldehyde or acetaldehyde and zinc and acid. Higher
aliphatic aldehydes and aromatic aldehydes have not been tested in
similar preparations. The only recorded synthesis of a tertiary amine
from an arylalkylamine and a ketone is that employing methylaniline
and methyl ethyl glyoxal.?®

"Pd
CsHsNHCHs + CHchCOCHchz + Hz — CHchCOCHchg

I
CsH;NCH;
%)
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Of the diarylamines, only diphenylamine has been alkylated by the
aid of aldehydes! The reactions were carried out over platinum
catalyst, and good yields of the methyl (65%) and ethyl (809%) deriva-
tives were obtained. The yield of the propyl derivative was 539, and
that of the butyl and isobutyl derivatives 339, and 7%, respectively.

SELECTION OF EXPERIMENTAL CONDITIONS

Primary Amines. Of the various procedures for obtaining primary
amines, the hydrogenation of an ethanolic solution of ammonia and an
aldehyde or an aliphatic ketone in the presence of a Raney nickel
catalyst has proved most effective.’>»1® The ammonia, usually as a
standard ethanolic solution, is used in excess to minimize secondary
amine formation.>® When less than one equivalent of ammonia is used,
the amount of secondary amine produced increases markedly.® The
best results have been achieved with hydrogen at pressures of 20-150
atm. At pressures below 20 atin. the hydrogenation is too slow for
convenience.l A temperaturc of at least 40° is nccessary for the reac-
tion to start,’® and good results have been obtained from 40° to 150°.7
For reductions run at 40-75°, 3%, of Raney nickel based on the aldehyde
is recommended,!® whereas at 125-150° only 0.5-1.09% is needed.!

In the preparation of a-phenylethylamine from acetophcenone, am-
monia, and hydrogen over Raney nickel catalyst the reduction is 1un
without a solvent.” As the temperature required for rcasonably rapid
reduction (150°) is above the critical temperature of ammonia, an
initial pressure of about 330 atm. is required and hydrogen must be
added when the pressure falls to 230 atm.

Secondary Amines. The experimental conditions for preparing a
secondary amine by hydrogenating an ethanolic solution of an aldehyde
or ketone and ammonia are very much the same as for the preparation
of a primary amine except that two moles of the carbonyl compound are
used for each mole of ammonia.'»® With 3%, of Raney nickel catalyst,
pressures of 20 to 100 atm. and temperatures of 40-75° have proved
satisfactory.l® In these reactions where water is a product, the reaction
is facilitated by the solvent, ethanol, which keeps the mixture in a single
phasel® With 1 g. of platinum catalyst for every 0.17 mole of aldehyde
or ketone the reaction proceeds smoothly in aqueous suspension at 3
atm. and 25° although at 90° the reaction time is reduced appreciably.?
Even at 90° and 15 atm. the use of a third the amount of catalyst men-
tioned above not only markedly lengthens the reaction time but also
leads to primary amines as the principal products of the reaction.® Tt

B Adkins, Reactions of Hydrogen, University of Wisconsin Press, 1937,



PREPARATION OF AMINES BY REDUCTIVE ALKYLATION 197

is therefore advisable to use an alcohol solvent, a rather large quantity
of catalyst (39, of Raney nickel catalyst), fairly high pressures (perhaps
20 atm.), and a temperature such that hydrogenation proceeds rapidly.

The preparation of secondary amines by the hydrogenation of an
ethanolic solution of a primary amine and an aldehyde or ketone may
be conducted conveniently in either high- or low-pressure equipment.
At 100 to 150 atm. and 125° 4 g. of nickel on kieselguhr or 10 g. of
Raney nickel catalyst is used for a 0.4 to 0.5 M run.? The reaction is
complete in one to two hours. Usually equimolar amounts of the amine
and carbonyl compound are employed,'®27 although a 309, excess of the
carbony! compound may be used to ensure complete reaction of the
amine.?5% 6,6  Somewhat milder conditions than those described above
are effective. Thus at 75° in a ligroin solvent, a 0.5 M run requires
three to twelve hours with 10 g. of Raney nickel catalyst. On the other
hand at 150° only 3 g. of Raney nickel catalyst and at 160° 1 g. of copper
chromite is necessary for the smooth hydrogenation of a 0.3 M run.®
Under these conditions the reaction between an amine and a ketone
proceeds equally smoothly with or without ethanol as solvent. The use
of ethanol is recommended in alkylations with aldehydes to avoid
polymerization.2® It is also advisable to cool the solution of the amine
during the addition of the aldehyde. With acetic acid as the solvent
extensive polymerization of the aldehyde results.?

At pressures of 1 to 2 atm. excellent results have been obtained in
1M runs using 0.5 g. of platinum oxide catalyst which was reduced
before the start of the alkylation.?® KEthano!l or acetic acid was used as
the solvent. Alkylation with aldehydes and aliphatic methyl ketones
proceeded smoothly without external heat. Such ketones as aceto-
phenone, dipropyl ketone, dibutyl ketone, and l-menthone required
temperatures of 50-60° in the alkylation of ethanolamine and a longer
time (twenty to thirty hours as against seven), while diisobutyl ketone
did not react. In place of the 0.5 g. of platinum oxide, 3 g. of palladinized
charcoal could serve as the catalyst, although the reaction was much
slower, requiring thirty-one hours at 60°. Successful alkylations have
also been obtained with colloidal platinum in aqueous suspension.!®
Raney nickel can also be used, but at low pressures a large amount of
catalyst 1s necessary. Good results have been obtained in 0.1 M runs
with 1 mole of nickel.?3%3% With aromatic amines and aliphatic alde-
hydes, the use of sodium acetate as a condensing agent (1 g. for a 0.1 M
run) increases the yield markedly 33

The best way to prepare secondary amines from Schiff’s bases is to
hydrogenate them catalytically in either high- or low-pressure equip-

™ Honze and Humphreys, J. Am. Chem. Soc., 64, 2878 (1942).
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ment. With a nickel on kieselguhr catalyst (3 g. for a 0.07 M run)
benzalaniline is reduced in five minutes at 65°.2 With copper chromite
(2 g. for a 0.47 M run) the same transformation may be effected in
twenty-five minutes at 175°.%2 In low-pressure equipment (2-3 atm.)
both pre-reduced platinum and palladium on charcoal are satisfactory
catalysts, but Raney nickel leads to side reactions with aliphatic Schiff’s
bases.® Yields of 33-639, with aliphatic Schiff’s bases containing 5-9
carbon atoms have been obtained, using 0.2 g. of platinum oxide for
0.3 mole of the Schiff’s base, pressures of 2-3 atm., and room temper-
ature.’® ’

In preparing secondary amines by the reductive alkylation of nitro
compounds, low pressures have been employed primarily.® Typical
conditions are 0.1 mole of the nitro compound, 0.12 to 0.3 mole of the
aldehyde, 3-6 g. of Raney nickel, 150 ml. of ethanol as a solvent, and
2 g. of sodium acetate as a condensing agent.?®* Sodium acetate is by
far the most effective condensing agent for this purpose; neither sodium
carbonate nor sodium formate is of value.®® At 3 atm. pressure these
alkylations require twelve to twenty-four hours for completion,®
although most of the reaction is complete in one to two hours (see
example below). With ketones as the alkylating agents, an acid con-
densing agent is necessary.? This is usually acetic acid (10 ml. for a
0.1 M run) with platinum (0.1 g. on this scale) used in place of nickel
ag the hydrogenation catalyst.

Tertiary Amines. The hydrogenation procedures for the reductive
alkylation of primary or secondary amines to give tertiary amines are
similar to those described previously for the preparation of primary and
secondary amines. The carbonyl compound is generally used in excess,
although good yields have been obtained with equivalent amounts.”

In general, acids act as strong condensing agents in reductive alkyla-
tions. Acid systems are therefore seldom used for preparing primary or
secondary amines, except where steric hindrance prevents tertiary amine
formation as in the case of mesidine.2 Zine, hydrochloric acid, and
formaldehyde have been used quite frequently to methylate primary
and secondary amines to tertiary amines.®® With powdered zinc the
technigque has been to dissolve the amme in dilute hydrochloric acid,
add the formaldehyde, and then gradually add the zinc (a threefold
excess) along with additional hydrochloric acid.® With amalgamated
zinc all the reagents except the hydrochloric acid were heated to boiling
in glacial acetic acid and then the latter was added gradually over a
five-hour period and the refluxing continued to a total of twenty-four
hours.#2 This high-temperature technique is best suited for hindered

30 Wagner, J. Am. Chem. Soc., 65, 724 (1933).
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aromatic amines which are sluggish in their reactions.2 The formalde-
hyde is used in excess (0.2-0.4 mole for 0.1 mole of amine). With
alkylanilines whose reactive orthe and pare positions are unsubstituted,
the formation of diarylmethanes is avoided by using an equivalent
amount of formaldehyde and conducting the reaction at 25°.%

The reductive alkylation of nitro compounds, except where such
activating groups as methyl, hydroxyl, alkoxyl, and amino are para to
the nitro group, is effected with an acid condensing agent.? Typical
conditions are 0.1 mole of the nitro compound, 0.3 mole of the aldehyde,
10 ml. of glacial acetic acid as the condensing agent, 150 ml. of ethanol
solvent, and 0.1 g. of platinum oxide catalyst. Under these conditions
ketones give secondary amines. Raney nickel may be used as the
catalyst with trimethylamine hydrochloride as the condensing agent, but
this combination is not so effective as that previously described.

ILLUSTRATIVE PREPARATIONS

Benzylamine.® Three hundred and eighteen grams (3 moles) of
benzaldehyde is added to a solution of 51 g. (3 moles) of ammonia in
300 ml. of cooled ethanol in the hydrogenation autoclave with 10 g. of
Raney nickel catalyst.”® Under an initial pressure of 90 atm. hydrogen
absorption starts at 40° and is complete in thirty minutes at a final
temperature of 70°. Distillation of the filtered reaction product gives
287 g. (899,) of benzylamine, b.p. 70-80°/8 mm. and 21.7 g. (79%,) of
dibenzylamine, b.p. 140-150°/7 mm.

Dibenzylamine.l* The preparation is the same as that described for
benzylamine except that half as much ammonia (25.5 g., 1.5 moles) is
used. The yield of benzylamine is 129, and that of dibenzylamine 81%,.

2-(2-Octylamino)-ethanol.?® In a 1-l. bottle containing 50 ml. of
absolute ethanol, 0.5 g. of platinum oxide ® is reduced to platinum by
shaking in an atmosphere of hydrogen. A solution of 61 g. of ethanol-
amine in 100 ml. of absolute ethanol and 166 g. of methyl hexyl ketone
is added. The mixture becomes warm from the heat of the reaction.
The solution is rinsed into the bottle containing the platinum catalyst
with 50 ml. of absolute ethanol and reduced by shaking with hydrogen
at 1-2 atm. pressure for seven hours. The reduction is rapid and
exothermic. The catalyst is removed by filtration, and the bottle and
catalyst are rinsed with 75 ml. of benzene. The benzene and ethanol are
removed from the filtrate by distillation at atmospheric pressure, and
the residue is distilled in vacuum through a Widmer column. The excess

3 Adams, Voorhees, and Shriner, Org. Syntheses, Coll. Vol. 1, 463 (1941).
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ketone is recovered as a fore-run. There is practically no distillation
residue. The pure amine boils at 130.0-130.5°/12 mm.; yield 166 g.,
969,

N-n-Heptylaniline.®® In the pressure bottle of an apparatus for
catalytic reduction ® are placed 9.3 g. (0.1 inole) of aniline, 1 g. of
sodium acetate, 150 ml. of ethanol, 34.2 g. (0.3 mole) of n-heptaldehyde,
and 58 g. of Raney nickel.”® The bottle is evacuated, and then an initial
pressure of 3 atm. of hydrogen is applied. When, after about thirty-six
hours, 0.20-0.25 mole of hydrogen has been absorbed, the veduction is
stopped and the catalyst is removed by filtration. The ethanol is then
distilled from the filtrate. The residue is subjected to steam distillation
and allowed to cool before extracting with three 75-ml. portions of ether.
After the combined extracts have been dried over potassium hydroxide,
the ether is distilled on the steam bath. The residue is distilled at re-
duced pressure, the fraction taken being 125-130°/30 mm. The yield
is 10 g. (659%,).

Benzylaniline.®” An autoclave for high-pressure hydrogenation is
charged with 0.47 mole of benzalaniline and 2 g. of copper chromite.”
When the reduction is conducted at 175° and 100 atm. hydrogen pressure
for four-tenths hour, the yield of benzylaniline is 1009,

In a similar experiment % the autoclave is charged with 0.077 mole of
benzalaniline in 50 ml. of ethanol and 1 g. of nickel on kieselguhr. At
100 atm. pressure the hydrogenation is conducted for fifteen minutes at
70°. The yield of benzylaniline is 13.5 g. (96.5%), b.p. 144-146°/1 mm.

Butylidenepropylamine.’® A 250-ml. three-necked conical-bottomed
flagk, fitted with reflux condenser, mercury seal stirrer, and dropping
funnel, is packed in an ice bath. It is charged with 23.6 g. (0.4 mole) of
n-propylamine, and 28.8 g. (0.4 mole) of butyraldehyde is added grad-
ually over a period of two hours. The reaction mixture is stirred for an
additional fifteen minutes; potassium hydroxide flakes are then added,
and the mixture is allowed 1o stand until separation into two layers
appears complete; this requires about ten minutes. The organic layer
is then removed and allowed to stand over crushed potassium hydroxide
in the refrigerator overnight. The dried material is decanted into a
100-ml. conical-bottomed Claisen flask, a few pellets of potassium
hydroxide are added, and the material is distilled. There is a small
preliminary fraction; the temperature then rises rapidly to 120°, and
the bulk of the material distils at 120-124°. The yield is 709, nf
1.4149, d2° 0.7611. When the treatment with potassium hydroxide is

2 Adams and Voorhees, Org. Syntheses, Coll. Vol. I, 61 (1941).
3 Winans and Adkins, J. Am. Ckem. Soc., 54, 306 (1932).
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omitted and another drying agent is substituted, the boiling point of
the product rises gradually and continuously, and there is no plateau.

Propylbutylamine.’® A suspension of 0.20 g. of platinum oxide ® in
50 ml. of absolute ethanol is shaken with hydrogen at 25 1b. pressure for
ten minutes, or until no more hydrogen is absorbed. The hydrogen
pressure is then released, and 31.6 g. of freshly distilled butylidenepropyl-
amine (0.28 mole), 50 ml. of absolute ethanol, and 3 ml. of propylamine
are added to the catalyst mixture. The mixture is shaken with hydrogen
at an initial pressure of 51 lb. until no more hydrogen is absorbed;
thig requires forty minutes, and 0.26 mole of hydrogen is taken up.
The catalyst is removed, and the ethanolic solution is distilled through a
small Whitmore-Fenske column at atmospheric pressure and a 4:1 reflux
ratio until the ethanol is removed. The residue is distilled through the
same column under reduced pressure. The yield of product boiling at
92-93°/200 mm. is 20.8 g. (659).

N,N-Dimethylmesidine.? The apparatus consists of a 1-l. three-
necked flask equipped with a reflux condenser, dropping funnel, and
mechanical stirrer. In it are placed 10.1 g. (0.075 mole) of mesidine,
17 g. (0.23 mole) of 409, aqueous formaldehyde, 100 g. (1.53 mole) of
amalgamated zinc, and 100 ml. of glacial acetic acid. This mixture is
refluxed over an clectric hot plate for about twenty-four hours, 200 ml.
(2.5 moles) of concentrated hydrochloric acid being added during the
first five hours. Afterwards the reaction mixture is diluted with water,
and sodium hydroxide is added until zinc salts start to precipitate. The
product is then extracted with benzene, and the benzene solution is
distilled. The N,N-dimethylmesidine boils at 210-221°; yield 8.5 g.
(70%).

N-n-Butylaniline.*# In the pressure bottle of an apparatus for
catalytic reduction are placed 12.3 g. (0.10 mole) of freshly distilled
nitrobenzene, 2 g. of fused sodium acetate, 150 ml. of 959, ethanol,
9.4 g. (0.13 mole) of freshly distilled n-butyraldehyde and 3 g. of Raney
nickel.” The bottle is evacuated, and then an initial pressure of 3 atm.
of hydrogen is applied. When, after one to two hours, 0.40 to 0.43
mole of hydrogen has been absorbed the reduction is stopped and the
catalyst is removed by filtration. After 6 ml. of concentrated hydro-
chloric acid has been added to the filtrate, the ethanol is distilled on the
steam bath. The residue is diluted with 100 ml. of water, made alkaline
with 6.5 g. of sodium hydroxide, and then allowed to cool before extrac-
tion with three 50-ml. portions of ether. After the combined extracts
have been dried over potassium hydroxide, the ether is distilled on the
steam bath. The residue is then distilled at atmospheric pressure, the
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fraction boiling at 235-245° being collected. The yield is 11.5-12 g.
(77-819%,).

If 22 g. (0.30 mole) of butyraldehyde is used and the reduction is then
allowed to run eighteen hours, the yield rises to 13.7-14.3 g. (92-969%).
This method is time-consuming and more costly because of the larger
amount of aldehyde used, even though the yield is higher.

N,N-Di-n-Butylaniline.? If, in the preparation just described, 22 g.
(0.30 mole) of butyraldehyde is used and 10 ml. of glacial acetic acid is
substituted for the sodium acetate and 0.1 g. of platinum oxide ® for
the Raney nickel, 0.66 mole of hydrogen is absorbed in ninety-six hours.
The reaction mixture is worked up in the same manner to obtain 14.5
g. (699) of N,N-di-n-butylaniline, b.p. 265-275°.

TABLE I

PREPARATION OF n-HEPTYLAMINE

Mecthod Yicld, % | Ref.*

Reductive alkylation of ammonia with n-heptaldehyde 60 5
Reduetive alkylation of ammonia with n-heptaldchydo 59 1
Reduetive alkylation of ammonis with n-heptaldehydo 53-63 14
Reduction of n-heptaldoxime with ammonium amalgam 93 84
Reduction of n-heplaldoxime with sodium and ethanol 60-73 85
Reduction of n-heptaldoxime with sodium and ethanol 69 86
Reduction of n-heptlaldoxime with hydrogen and Raney nickel 64 87
Reduction of n-heptaldehyde phenylhydrazone with sodium amal-

gam and acetie acid 23 88
Hofmann reactlion with caprylamide 30 89
Reduction of heptylamide with hydrogen and copper chromito 391 90
Reaction of n-heplyl bromide with ammonia 478 91

* References 84-91 are listed on p. 254.

1 There is also formed 169, of di-n-heptylamine,
i There is also formed 58% of di-n-heptylamine.
§ There is also formed 37% of di-n-heptylamine.



PREPARATION OF AMINES BY REDUCTIVE ALKYLATION 203

TABLE II

PREPARATION OF BENZYLAMINE

Yield
Method Benzyl- { Dibenzyl- Ref.*
amine amine
% Yo

Reductive alkylation of ammonia with benzaldehyde | 89 7 10
Reduction of benzaldoxime with aluminum amalgam | 88 — 92
Reduction of benzaldoxime with hydrogen and pal-| Almosi — 93

ladium quant.
Reduction of benzaldoxime with zine and acelic acid | 94 — 04
Reduction of benzaldoxime with hydrogen and nickel | 90 — 95
Reduction of benzaldoxime acetale with hydrogen

and palladium 91 — 96
Reduction of benzaldoxime with hydrogen and nickel

on kieselguhr 77 19 4
Reduction of benzaldoxime with hydrogen and Rancy

nickel 73 20 4
Reduction of benzaldazine with hydrogen and niclel

on kieselguhr 68 26 4
Treatment of benzylmagnesium chloride with chlor-

amine 92 — 97
Treatment of benzylmagnesium chloride with ly-

droxylamine O-benzyl ether 79 — 98
Treatment of benzyl chloride with sodium iodide and

hexamethylenctetramine 82.5 — 99
Curtius degradation of phenylacetic acid 92 — 100
Gabriel synthesis 90 — 101
Treatment of benzyl chloride with liquid ammonia 53 39 102
Electrolytic reduction of the imino ether hydrochloride| 76 — 103
Electrolytic reduction of benzamide 74 — 104
Electrolytic reduction of benzaldehyde phenylhydra-

zone 43 12 ¢ 105
Reduction of benzonitrile with hydrogen and pal-

ladium in acetic acid 80 — 96
Reducticn of benzonitrile with hydrogen and nickel 72 5 106
Reduction of benzonitrile with hydrogen and platinum

in the presence of acetic anhydride 69 — 107

* References 92—-107 are listed on p. 254.
+ There is also formed 23% of benzyl alcohol.
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TABLE III
PREPARATION OF DIBENZYLAMINE
Yield
o %
Method Benzyl- | Dibenzyl- | 1%
amine amine
%o %o
Reductive alkylation of ammonia with benzaldehyde 12 81 10
Disproportionation of benzylamine in the presence of
hydrogen and palladium in boiling xylene — 90 108
Trealment of benzylamine with trimethylbenzylain-
monium bromide — 90 109
Reduction of benzonitrile with hydrogen and platinum
in ethanol 21 79 107
Hydrolysis of dibenzyleyanamide — 55 110
Reduction of benzaldoxime with hydrogen and Raney
nickel 20 75 87

* References 108-110 are listed on p. 254.
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TABLE IV

PREPARATION OF N-n-BUTYLANILINE

Method Yield, 9% | Ref.*

Reductive alkylation of nitrobenzene with n-butlyraldehyde,

hydrogen, Rancy nickel, and sodium acetate 94, 96 43
Reductive alkylation of azobenzene with n-butyraldehyde 71 48
Reductive alkylation of nitrosobenzene with n-butyraldehyde 56 47
Reductive alkylation of aniline with n-butyraldehyde 47 32
Alkylation of aniline with n-butyl bromide 75 111
Alkylation of aniline with n-butyl bromide 69 112
Alkylation of aniline with n-butyl chloride 60 112
Alkylation of aniline with n-butyl chloride 49 113
Alkylation of aniline with n-butyl methanesulfonate 68 114
Alleylation of aniline with n-butyl p-toluencsul{onate 64 114
Alkylation of aniline with n-butyl p-toluenesulfonate 66 112
Alkylation of aniline with aluminum n-butoxide 77 115
Alkylation of formanilide with n-butyl bromide 50 116
Alkylation of aniline with n-butyl alecohol over silica gel 24 1 117

* References 111-117 arc listed on p. 254,
¥ T'here is also formed 16% of di-n-bulylaniline.
1 There is also formed 8%, of di-n-butylaniline.
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TABLE V

PREPARATION OF BENZYLANILINE

Method Yield, 9%, | Ref.*
Reduction of benzalaniline with hydrogen and copper chromite 100 67
Reduction of benzalaniline with hydrogen and nickel 97 83
Reduction of benzalaniline with hydrogen and nickel Almost 118
quant.
Reduction of benzalaniline with hydrogen and nickel Excellent| 119
Reduction of benzalaniline with magnesium and methanol 70-90 65
Reduction of benzalaniline electrolytically 83 68
Reduction of benzalaniline with sodium amalgam and ethanol 74 120
Reduction of benzalaniline with sodium amyloxide 73 121
Reductive alkylation of nitrobenzene with benzaldchyde 33 43
Reductive alkylation of azobenzene with benzaldehyde 49 48
Alkylation of aniline with benzyl chloride 85-87 122
Alkylation of aniline with benzyl alcohol and alumina 81 123
Alkylation of formanilide with benzaldehyde and formic acid 29 124
* Referenoes 118-124 are listed on p. 254.
TABLE VI
PREPARATION OF Di-n-BUTYLANILINE
Method Yield, % | Ref.*
Reductive alkylation of nitrobenzenc with n-butyraldehyde,
hydrogen, and platinum 69 2
Alkylation of aniline with n-butyl p-toluenesulfonate 80 112
Alkylation of aniline with n-butyl phosphate 78.5 125
Alkylation of aniline hydrochloride with n-butyl alecohol 75.5 126

* References 125-126 are listed on p. 254,
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TABLE VII
ALEYLATIONS WITH ACETONE 18
Yield of

‘ Tertiary Amine

Secondary Amine Alkylated A
CH;CH;CH(CH3)NHCHj 47
(CHj3)2CH(CH3):NHCHCH; 24
(CHj3)2CH(CH3)2NH(CHg):CH (CH3), 14
CH;;CH,CH(CH3)NHCH,CH3 2

TABLE VIII

ALKYLATION OF METHYL sec-BUTYLAMINE 18

Yield of
Tertiary Amine

Ketone %
CH;COCH; 47
CH;COCH,CH; 18
CH;CO(CHy),CH; 17
CH;CO(CH,)3;CH3s 8
CH;CO(CH,),CH3 3
CH;CO(CH,)sCHj 0.6
CH;;CH,COCH,CH3 0.02
Cyclohexanone 15
2-Methyleyclohexanone 0
3-Mecthyleyclohexanone 5
4-Methyleyclohexanone 4
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TABLE IX

PREPARATION OF PRIMARY AMINES

A. From Ammonia and Aliphatic Aldehydes

Carbonyl Compound Reducing Agent Products Isolated Yield, % Ref.*
CH20 (Ammonium sulfate, rather than ammonia, | Electrolytic CH3NH, — 3
was used in this reaction.) (lead cathode) (CH3)sN —
CH3;CHO He + Ni CH3;CHoNH,; 68 5
(CH3CHy):NH —
CH;CHO Zn + HCl CH;CH,NH. — 22
CH3(CH2),CHO H, 4+ Ni CH3(CHg)sNH, 69 5
[CH3(CHs)slkeNH —
CH3(CHj):CHO Hy 4+ Ni CH;3(CHg)sNHy 32 4
[CH3(CHy)sleNH 12
HiCo ICzH5
CH3(CHy) SN 23
CH3(CH;),CHO H, + Ni CH3(CHy)sNH, — 9
(CH3):CHCHO He 4+ Ni (CHj3):CHCHNH, — 9
CH3(CHg)sCHO He + Ni CH3(CHj)eNH, 60 5
CH3(CH,)sCHO Hy 4+ Ni CH3(CHz)eNH, 59 1
CH;3(CHg)sCHO He + Ni CH3(CHyg)eNHs 32 4
[CH3(CHy)sl:NH 12
CH=—=CHCHO He + Ni CH3(CHg)oNH, Good 6,7

803
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[CH3(CHy)sleNH —

CH;3(CH2):CH=C(CH,CH3)CHO He + Ni CH;3(CHg)sCH (CHCH3)CHoNH, 60

(CHj3),C=CH (CH;);C(CH3)=CHCHO He + Pt (CHj3),CH(CHg)sCH(CHj3)(CHg)oNH, —

Glucose H2 4 Ni CH0H(CHOH),CH.NH, 26 8

Ce¢H;CH.CHO H, 4+ Ni CeH;CH,CH,NH, 64 1

CeH;CHCHO Al-Hg 4+ H0 CeHsCHCHNH, — 127
(CeHsCH,CHy)2:NH —

CgH;CH=CHCHO H: 4+ Ni CsH(CHz)sNH, — 6, 7

B. From Ammonia and Aromatic Aldehydes

CsH;CHO He + Ni CeH:CHoNH, 89 10
(CeH;CHy)NH 7

CeH;CHO He + Ni CsH;CHNH, 70 13

CsH;CHO Hz + Ni CeHsCHNH, 48 1

C¢H;CHO H, + Ni CeH;CH,NH, equal parts 5
CeH;CH=NCHCsH;

0-CHC¢H,CHO He + Ni 0-CH3C¢HCHoNH, 83 10
(0-CH3CsH4CHs):NH 16

0-CIC¢H4CHO He + Xi 0-ClCeH4CH,NH, 88 10
(0-ClCsH4CHg)oNH 8

p—CQH5CsH4CHO Hy, + Ni p-CoHsCeH,CHNH, 71 5

Furfural He + Ni Furfurylamine 79 10
Difurfurylamine 6

Furfural He + Ni Furfurylamine 60 1

Furfural H, + Ni Furfurylamine 50 14

* References 127-133 are listed on p. 254,
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TABLE IX—Continued

PREPARATION OF PRIMARY AMINES

01g

C. From Ammonia and Ketones

Carbonyl Compound Reducing Agent Products Isolated Yield, % | Ref.*

CH;COCH; He + Ni (CH;):CHNH, 62 5
[(CH3)oCH]:NH 10
CH;COCHj; He 4 Ni (CH3);CHNH, 32 11
CH;COCHj3; Na 4 CH;CH.0H | (CH;3).CHNH, — 128
[(CH3).CH],NH —

CH;COCH,CH; Hs; 4+ Ni CH;CH,CH(CH3;)NH, 29 11
CH3;CH,COCH,CH; Hs + Ni (CH3CH2)20HNH2 —_ 11
CH;3;CO(CH;),CH; Hy + Ni CH3(CH,),CH(CH)NH, 88-91 12
CH;3;CO(CH,)oCHj3 Na + CH3;CH,0H | CH3(CH,).CH(CH3)NH, — 128
(CH3)eCHCH,COCHj Hy + Ni (CH3);CHCH,CH(CH;)NH, 65 1
(CH;3)3CCOCH; He 4+ Ni (CH3)sCCH(CH3)NH, 51 1
(CH;3);CHCOCH(CHj), H, + Ni [(CH;3),CH].CHNH, 48 1
CH;CO(CH,),CH; He 4 Ni CH;3(CHg)sCH(CH3)NHe 75-80 129
CH3;CO(CH,)4CH3 H; + Ni CH;3(CH2)sCH(CH3)NH, 50-55 14
CH3;CO(CH,)sCHj3 Hy +Ni CH;3(CHg);CH(CH3)NH, 93 5
CH3(CH;)3;CO(CHg)sCHj He + Ni [CH3(CHy)3l.CHNH, 72 1
Cyclohexanone H,; 4+ Ni Cyclohexylamine 80 13
Cyclohexanone He + Ni Cyclohexylamine 79 5
Cyclohexanone He + Pt Cyclohexylamine 50 11
Cydchezanone H,; 4+ Ni Cyclohexylamine — 9
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(CH3):C—=CHCOCH;
(CHj3)oC=CH(CHy);COCH;
CH;3(CH2)13C0(CH,)2COH
CH;3;COCH,COCH;
CsH;COCH;

CsH;COCH;

CeH;COCH;

CeHsCOCHCH3
0-HOCsH,COCHCH;
’Il’b—HOCﬁH4CO CH20H3
p—HOCsH4COCH20H3
0-CH3;0CsH,COCH,CH;,

p-CH3;0CeH4,COCH,CH;
CeH;CH,COCH;
CsHsCH,COCH3
p—HOCsH4CHchCH3

CGH 5COCGH 5
i

SHe

|
0

H, + Ni
H, + N1
H, + Ni
Hy + N1
Hy + N1
Hy + Ni
H, + Ni

H,; 4+ XNi
H; + Ni
H, 4+ Ni
H; 4+ Ni
H,; 4+ Ni

H; + Ni
H; + Ni
H, + Ni

H, 4+ Ni
H, 4+ Ni

NagSe04

(CH3)sCHCH,CH (CH3)NH,
(CH3)eC=CH(CH2):CH(CH;3;)NH;
CH;3(CHy)1sCHNH,(CHy)COLH
CH3;CONH,

CeH;CH(CH;)NH,
CeHsCH(CH3)NH;

CeH3CH (CH3)NH,
C¢H;CHOHCH;
C;H;CH(CH,CH;)NH,
0-HOC¢H,CH(CH,CH3)NH,
m-HOCsHCHOHCH,,CH;
p-HOCgHCH(CH,CH3)NH,
O—CH3OCGH4CH (CHch;;)NHQ
O—CH3OCGH4CHOH CHchg
p—CH3O CGH4CH (CH20H3) NH2
p-CH3;0CsH,CHOHCII,CH;
CeH;CH,CH (CH3)NH,
CsH;CH,CH(CH3)NH,
p-HOCH,CH,CH(CH;)NH,
(CeH5):CHNH,

NH,

906

NH,

60
60
30
100
44-52
25-35
15
40
23-35
Quantitative
Sole product
Poor
Poor

Poor
Quantitative
40
97
19

35

130

14
131
131
131
131
131
131
131

132
133

15

* References 127-133 are listed on p. 254.
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TABLE X

PREPARATION OF SECONDARY AMINES

A. From Ammonia and Aliphatic Aldehydes

Carbonyl Compound Ri(}glgllfg Products Isolated Yield, % Ref . *
CH3;CHO Hp 4+ Ni | CH3CH,NH, 20, 4,7 —1t | 16, 17, 19
(CH3CHg)NH 50, 68,1 84t
(CH3CHy)sN 20, 2,116 T
CH;3(CH2):CHO Ha + Ni | CH3(CHg)sNHe 15-31, —* 16, 19
[CH3(CHs)sleNH 17-40, 80 1
_ | [CH3(CHy)s]sN 8-22, 20 t
(CHj3):CHCH,CHO Hy 4+ Ni | [(CHs)oCH(CHy)oloeNH 27 18
(CH3)oCH(CHy)oNHe 15
CH;3(CH,)sCHO He + Pt | [CH3(CHy)gloNH — 20
{CH3),C=CH(CH,),C(CH3)=CHCHO Hp 4 Pt | [(CH3)oCH(CH,)sCH(CHj3)(CHa)oloeNH 23 18
(CHj3)eC=CH (CH;):C(CH3)=CHCHO Hy + Pt | [(CHj3):CH(CH;)sCH(CHjs)(CHz)o]odNH — 20
B. From Ammonia and Aromatic Aldehydes
CeH;CHO Hy 4+ Ni | (CeHsCHg)oNH 81, 81 10, 21
cH;CH,NH, 12, 17
CsHsCHO He 4+ Pt | (CeHsCHg)oNH — 11
CsH;CHO H, + Pd | (C¢gH;CH2)eNH — 134
0-CH3CsH,CHO He + Ni | (o-CH3CeHCH,)sNH 82, 59 10, 21
O—CH306H4CH2NH2 11, 14
o-CIC:H,CHO Hjy + Ni | (o-CIC;H,CH,):NH 85 10
o0-CICsH,CH,NH, 4
Furfural H; + Ni | Difurfurylamine 66, 66 10, 21
Furfurylamine 12, 12
Furfural Hy + Ni | Difurfurylamine — 21

¢1g
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C. From Ammonia and Ketones

CH3;COCH; He + Pt | [(CHj),CH];2NH 28 20
CH3;COCH; Hp 4+ Pt | [(CH3),CH].NH 27 18
CH3;COCH,CH3 Hp 4 Pt | [CH3CH,CH(CH;)]NH 37 18
CH3;COCH,CH3 H, 4+ Pt | [CH3CH,CH(CHjs)]oNH — 20
CH3CH,COCH,CHj; Hy + Pt | [(CHsCHj),CH],.NH 20 20
Cyclohexanone Hp 4 Pt | Dicyclohexylamine 54 11
Cyclohexanone Hy + Pt | Dicyclohexylamine — 20
CH3;COCH;CH,COCHj3 Hp 4+ Ni (“IJH CH 59 1
HzC(g (UJCH;;
NH
(IZHZ CH, 28
H;CCH éHCH;«;
NH
CsH;COCH; H,; 4+ Pt | [CsH;CH(CH3)kNH — 11
. From Primary Amines or Nitro Compounds a ehydes
D. F Pry; Amz itro Cl nds and Aldehyd,

Nitrglgi%?%osgﬁd or Carbonyl Compound Ridg:}%l?g Produets Isolated Yield, 9% Ref.*
CH;NH, CH,0 Zn 4 HCI | (CH3),NH — 22
CH3;CHNH, CH3;CHO Hy 4+ Ni (CH3CHqg)oNH 55 16

(CH3CHg)3N 19
CH3;CHNH, CH3;CHO Hy 4+ Pt (CH3CHg)oNH 22 11
(CH3CHg)sN 16

* References 134-180 are listed on p. 255.
T In the presence of ammonia plus the primary amine isolated from a previous run.
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TABLE X—Continued

PREPARATION OF SECONDARY AMINES

D. From Primary Amines or Nitro Compounds and Aldehydes——-C’ontinued

Nitr ? QO?%OSgﬁd or Carbonyl Compound ReA(zé%lfg Products Isolated Yield, % Ref.*

CH3(CHz)sNH, CH3(CHj)eCHO H, + Ni [8%113%0}1233%2'%}1 48 16
3(CHg)3sD 47
(CH;3)oCH(CHs)oNH, CH3CHO Hy + Pt (CHj3),CH(CH5)o NHCH,CH; — 18
(CH3);CH(CH,),NH, (CH3)ZC—CH(CH2)zC- Hy + Pt | CHyCH(CH;) (CH,);CH(CHy) (CHy)o 67 18
(CH;)—CHCHO NI (CHy).CH (CHy),
Cyclohexylamine CH;3(CH2).CHO H, + Ni CeHy;NH(CHg)sCHj 91 23, 24
Cyclohexylamine Arabinose Hs + Ni CeH 1 NHCH,(CHOH)3CH,0H — 11, 25
Cyclohexylamine Mannose H, + Pt CeH1NHCH(CHOH),CH0H — 11, 25
HO(CH,)eNH, CH;3(CHy),CHO Hy 4 Pt HO(CHz)sNH(CHg)sCHjy 68 26
HO(CHj)oNH, (CH3);CHCHO Hy 4 Pt HO(CHg):NHCH,CH (CHj3), 62 26
HO(CH,);NH, CH3(CH,);CHO H, + Pt | HO(CH,),NH(CH,),CH; 70 26
HO(CH,),NH, CH;(CH,)sCHO H, - Pt | HO(CHy)eNH(CH)sCH, 71 26
HO(CH;):NH, C%I(ngf%z%%:o{} He 4+ Pt HgIEICHZ)ZXHCHZCH(CHZCHz) (CHg)4- 91 26
2CHjs 3
CH;CHOHCHNH, (CH3);CHCH,CHO He 4+ Pt CH3;CHOHCH,NH(CHg)oCH(CHj), 90 59
(CH3):COHCH,NH, (CH3)eCHCH,CHO H, + Pt (CH3)eCOHCH;NH(CH;);CH(CHj3), 89 60
CH3CHOHCHC(CHj3)eNH, | CH50 — CH3COCH,C(CHj3)eNHCH; 72-80 135
CH3;CHOHCH,C(CH;3)sNH, | CH;CHO — CH3COCHC(CHj3)o NHCH,CHj Quantitative 136
CH3;CHOHCH,C(CH;3),NH, | CsH;CHO — CH3COCHC(CHj3)o NHCHCgHj — 136
HoN(CHg)oNH, CH;CH,CHO Hy 4+ Ni | HoN(CHy),NH (CH,).CH3 42 137
HoN(CHp),NH, CH;3(CH,),CHO H, +Ni | HoN(CHy)oNH(CHy)sCH; 59 137
CH;(CH,)sNH (CHy),NH (CHy);CHs 13
HoN(CHjp)oNHe CH;3(CH2)sCHO He 4+ Ni HoN(CHy)oNH(CH,)sCH3 — 137
HoN(CHg)oNH, C%ﬁcgﬁz?gio H, + Ni HZL\I{I(CHZ)ZN HCH,CH (CHyCHj3)(CHg)s- 60 137
oCH3 3

HaN(CHp)sNH, CH;3(CHy)10CHO He + Ni HoN(CHg):NH(CH2);1CH; 61 137

¥18
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HoN (CHg)2NHo CH3(CHy)s- Hy + Ni H,N(CHy),NH(CHy);,CH; 49 137
CH=CH(CH.);CHO
HyN(CH,),NH, CsHs;CHO Hy + Ni | HoN(CHy)p,NHCH,CeHy 67 137
CeH;CHNH(CH;)o NHCHCgHj 17
HoN (CHg)oNHy Furfural H, + Ni HoN(CHg)eNHCH,CH30 52 137
HeN(CHg)sNHp /Cg\ Hy + Ni /Cg\ — 137
7 4
CIJH CCHO HoN(CH)sNHCH,C ?])H
CIC (UJH H CCl
NS N
N N
HzN (CHz)gNHQ CHzo Hz + Pt Mixture -—_ 137
HoN(CHg)sNH, CH3(CH;),CHO Hy, + Ni HoN (CHg)sNH(CHg)3CHs 47 137
HZ —"—l CHj (CH0)3 H, + Pt CH3HNC: CIJCHz 40 31
ot NCH; 0=C NCH;
\N/ AN

CsHs CeHs
HQNC:CIJCHg CH3CHO He + Pt CH30H2HNC————(IDCH3 — 31
O=é\ /NCH3 — NCHs

N N

CeHs CeHs
HoNC——=—=CCH3 CH3CH,CHO Hs + Pt or | CH3(CHjg)eHNC=—-—=CCH; Almost 31

| - H, + Co quantitative

0= NCH; 0=C NCH;

N N

CeHs CeHg
Hy;NC—==CCH; (CH;3);CHCHO He + Pt (CH;;)ZCHCHZHNC:C!)CH;; —_ 31
O==(£‘ NCH; 0=C NCH;3

N N

Ce¢Hs CeHs

NOILVTAMTY HALLOAHY Ad SHNINV 40 NOILVUVIHAJ

* References 134-180 are listed on p. 235.
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TABLE X—Conitnued

PREPARATION OF SECONDARY AMINES

D. From Primary Amines or Nitro Compounds and Adldehydes—Continued

Nitro Compound or Carbonyl Compound Rﬁ‘fg‘gfg Products Isolated Yield, % | Ref.*
HzNC_—‘—‘_“(leHz (CH3)20HCH20HO Hz + Pt (CH3)20H(CH2)2HNC=CCH3 - 31
— NCH, — NCH,
N N
CeH CeHj5
HeNC=—===CCHj3 CH;3(CH)sCHO Hs + Pt CH3(CHg)gHN Cl_—__—-——CCH,g — 31
— NCH; 0=C NCH;
} N
N N
_ CeHp CeH
HoN C——_{]}CHz CgH;CHO H, + Pt CeH;CH,HN C=—=CCHj; — 31
— NCH; 0=C NCHjs
N N
CeHs CeHjy
HaN(CHg)sNH CH3(CH,);CH- He + Pd HoN (CHg)sNHCHCH (CHCHjy)- 70 137
(CHCH3)CHO (CHg)sCHjy
HoN(CHg)oNH (CHy)oNH, CeH;CHO H, + 3:1 HoN(CHg)eNH(CH,) :NHCHCsHj 38 137
CoHs(CH),NH, CH,(CH,);CHO Hy + NI | GoH5(CHy)oNH, 21 23, 24, 83
CeH5(CHj)oNH(CHj)3CH; 36
Cel5(CH,)o N[ (CH,)3sCHjlo 11
CeHCH(CH;)CH,NH, CH,CHO Hy +Ni | CeHsCH(CH;)CH, NHCH;CH, 94 27
CeH;CH,CH(CH;)NH, CH,0 Al 4+ CHs | CeH;CHCH(CH3)NHCH; — 138

CH0H

913
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p-HOCH,CH,CH(CH;)NH,

p—%HzOCsH4CH (CH3)
2;

3,4-(CH:0);CsH,CH-
(CH;3)CHoNH,

3 4—(01{30)206H3CH-
(CH)CH

7ID-CH3OCGH4CH20H-
(CHz)NH,

p—CH3006H4CH20H-

CsHsCHOHCH (CH5)NH,

02 NC—==CCH3

ok lom

CH0
CH3;CHO
CH3CHO
CH3CH,CHO
CH3;CHO
CH3CHO

CHz0
CeHsCHO

CgH;CH,CHO

CsHsCH=CHCHO

0-HOC¢H,CHO

Al 4 CHs-
CH,0H
Hy 4+ Ni
H,; 4+ Ni
Hy 4+ NI
H,; 4+ Ni
Hy 4 Ni

Hy + Ni
H,; 4+ Pt

H, + Pt

H, 4 Pt

Hy + Pt

p-HOCsH,CH,CH(CH3) NHCH3

p-CH3;0C:H,CH(CH;)CH, NHCH,CH3

3, ‘é—(CHzO)zCstCH (CH;3)CH;NHCH,-

3 4—(CH30)206H30H(CH3) CH,NH-
(CHy)CH,

p-CH30CeH,CH,CH(CH3) NHCH,CH3

CsH;CHOHCH(CH3)NHCH;
CsHscHZHNC—————(l]CH;;

0=C NCHj
N
CeH3
CSHS(CHz)zHN C’)—‘_"CCH;;
O=é NCH;
N
CeHs
CgH;5(CHy)sHNC=—==CCH;
|
0=C NCH;
N
CeH5
o-HOCeH4CH2HNC——————(FCH3
|
0=C NCH;
AN

N
CsHs

48
36
64
70
48

139
27
27
27
27
27

140
31

31

31

31

* References 134-180 are histed on p. 255.
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TABLE X—Continued

PREPARATION OF SECONDARY AMINES

E. From Primary Aliphatic Amines or Nitro Compounds and Ketones

Nitro Compound or Carbonyl Compound Rﬁ‘ig‘;‘jlifg Products Isolated Yield, % | Ref.*
CH3NO, CH3COCH; H, + Pt CHsNHCH(CHj)e 59 2
CH3NH, CH3;COCH,CH; H, + Pt CH3;CH,CH(CH3)NHCH; 69 18
CH3NH, CH3COCH,CH; Né I:{I- g}flls— CH3CH,CH(CH3)NHCH; — 141
2

CH;3NH, CH3CH,COCH,CH3; H, + Pt (CH3CHg);CHNHCH; 62 18

CH3NH, CH3CO(CHy)oCHs Ng,} Ijl- géls— CH3(CHy)CH(CH3)NHCH; — 141
2

CH3NH, CH3CHyCO(CHj)CHj Nca.) Ijl- g}lils— CH3(CHy)CH(CH,CH3)NHCH3; — 141
2

CH;3;NH, CH3(CHj;),CO(CHy)o,CH3 Né I:{I- g}lila- CH;3(CH,),CH[(CH,).CH3]NHCH; — 141
2!

CH3NH, Cyclohexanone N% Ijl- géla- CeH{NHCH; 75 142
2!

CH3;NH, Cycloheptanone Na }—{I- géls— C;H13NHCH; 75 142
CHy

CH3NH, Cycloheptanone Ng,} I:{I- g}lila— CH,3NHCH; — 128
2!

CH3NH, CeH;CH,COCHj3 Nca,) I:{I- g}lilg— CeHsCH,CH(CH3)NHCH;3 — 128
2!

CH3NH, p-HOCgH,CH,COCH; H, + Ni p-HOCgH,CH,CH(CH3)NHCH3 93 143

CH3NH, p-HOCeH ,CH,COCHg AICE 8%3— p-HOCsH,CH,CH(CH3)NHCH; 93 143
2

CH;3;NH, m-CH30CsH,CH,COCH; | Al 4+ HyO | m-CH3;0CH,CH,CH(CH;)NHCH; 8090 144

CH3NH, CH3COCO(CHy),CHs H, +Pd CH;CH(INHCH;3)CO(CH,)2CHs 29 28

818
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CHsNH,

CH3CH;NH,
CH3;CHyNH,
CH3;CH,NH,
CH3;CHNH,
CH;3;CHNH,
CH;CHyNH,
CH;CH,NH,
CH3CH,NH,

CH3(CHg)sNH,
CH3(CH;)3sNH,
(CH3)oCH(CHy)oNHo
(CH;)2CH (CHg)2NH2

(CH3CHg)oCHNH,
(CH3CHo)oCHNH,
CH3(CHj)sNH,
Cyclohexylamine

CH3;COCO(CH,),CH;3

CsHsCOCOCH3
CsH;COCOCHj3
CgH;COCOCH3
CslisCOCOCH;3
CeH;COCOCH3

p-CH;0CsH,COCOCH;
CsH;COCOCH;
CH;COCH,COCH;
CeHyCOCH,COCH;
CeH3:0(CH,),CH (CH)-
CO(CHy),CH;

CH3;COCH,CH;
CH3COCHCH3
clohexanone
-HOCsH,COCHCH3
CeHsCHCOCH3
CgH;COCOCH;,
CH3;COCH,COCHj;
CegHs;COCH,COCH3
CH3COCH;
CH;COCH.CH;
CeH;COCOCH;
Ce¢H;COCHCOCHj3

CH3;COCH,CH3

CeHsCOCOCsH5
CsHsCOCOCH;

CH3COCH;

Hy; 4+ Pt

CHch(\*HCHz)CHOH(CH2)20H3

HgCCl)O ~CH
CH,(CH,),CH (EHCHOH(CHZ)ZCHg
NCH;
CsHsCHOHCH(CH;)NHCH;
CoHsCHOHCH (CH;)NHCH;
CeH:CHOHCH (CHy)NHCH,
CeH:CHOHCH (CH,) NHCH;
CeH.CHOHCH (CHy) NHCH,
CeHsCOCH (CHy) NHCH,
»-CH;0CsH,COCH (CH) NHCH;
CelCH (NHCH;) CHOHCoH,
CH,CH(NHCH,)CH,CHOHCH,
CsHsCHOHCH,CH (CHy) NHCH,;
CeHs0(CHj),CH (CHj3)

> HNHCH,;

CH3(CHy),
CH;CH,CH(CH;) NHCH,CH,
CH3CH,CH(CHy)NHCH,CH;
CGHH NH CH20H3
0-HOCgH,CH(CH,CH3)NHCH,CH;
CeHsCH,CH(CH3)NHCH,CH;
CeH:CHOHCH (CH;) NHCH,CH;
CH3;CHOHCH,CH(CH3;) NHCH,CHj;
CeHsCHOHCH,CH(CH3)NHCH,CHj
CH3(CH);sNHCH(CHj),
CH;(CHa)sNHCH (CH3)CH,CH;
CsHsCHOHCH (CH3) N H(CH,),CH (CHs)s
CeH;CHOHCH,CH (CH;3)NH(CHy),-
CH(CHg),
(CH;CH,).0HNHCH (CH;)CH,CH;
CeHsCOCH (CeHs) NHCH (CHoCHg),
CeH;CHOHCH(CH;)NH (CH,)sCHj
CeHyn NHCH(CHj;),

30
17

63

30-49
Good
16-36
1641

[&1 1]

[*}]

84
Good
Good

Lxcellent

29, 30

30, 145
29

146, 147
131
28

28
29, 30
73

29, 30
148

* References 134-180 are listed on p. 255.
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TABLE X—Conttnued

PREPARATION OF SECONDARY AMINES

E. From Primary Aliphatic Amines or Nitro Compounds and Ketones—Continued

Nltrlgn(:’ig?lt)ﬂ;ﬁd or Carbonyl Compound R’zdgl;gfg Products Isolated Yield, % Ref.*
Cyclohexylamine CH3CH,COCH,CHj; He + Pt CeH1nNHCH(CH2CHj), 31 11
Cyclohexylamine CH;COCH,CHj; H, 4 Pt CsH:NHCH (CH;3)CH,CHg 60 11
Cyeclohexylamine Cyclohexanone Hy, 4+ Ni Dicyclohexylamine 70 23, 324,

8
Cyclohexylamine Cyclohexanone gZ -+ i\;i Dicyclohexylamine 63 11
2 + Pt
Cyclohexylamine CH3;COCH0H He + Pt CeHyy NHCH (CH;3)CH,0H — 11
Cyclohexylamine CH3;CH,COCOCH; Hy +Pd | CH;CH,COCH(CH3)NHCgH;; 18 28
Cyclobexylamine CH3(CH,)sCOCOCH; Hy +Pd | CH3(CHy)COCH(CH3)NHCsH;; 10 28
Cyclohexylamine CeH;COCOCH; Hy +Pd | CeHsCOCH(CH3)NHCsHy; 19 28
Cyclohexylamine CeHsCOCOCsH; Hy +Pd | CeHsCOCH(CgHs)NHCeHyy 24 28
Cyclohexylamine CsH;COCOCeH; He + Pt CsHsCHOHCH (CeH5) NHCgHyq — 29
Cyclohexylamine p-CH30CH,COCOCH; | Hy; +Pd | p-CH;0CH,COCH(CH;)NHHy, 24 28
Cyclohexylamine CH3;COCHCOCHj; H, + Pt CH;CHOHCH,CH(CH3)NHCgHyy 27 11, 30
Cyclohexylamine CH;COCH(CH;)COCH; | H, + Pt CH3;CHOHCH(CH;3)CH(CH3)NHCgHyy — 29
HO(CHj)NH; CH3;COCH3 H, + Pt HO(CHz)eNHCH(CHj), 95 26
HO(CHj):NH2 CH3;COCH.CHj He + Pt HO(CH2)eNHCH(CH;3)CH,CH; 98 26
HO(CH;)eNH, CH;CO(CHy),CHg H, 4+ Pt HO(CHj)oN HCH(CH3)(CH2)ZCH3 95 26
HO(CH,)eNH, CH;CH;COCH,CH; Hy 4+ Pt HO(CH,)eNHCH(CH,CHj; 97 26
HO(CH;)eNH, CH3COCH20H(CH3)2 Hp 4 Pt HO(CH;)oNHCH(CH3) CHch(CHs)z 98 26
HO(CH;)eNH, CH3CO(CHy)4CHg He + Pt HO(CH;),NHCH (CHj;)(CH,)4,CHs 98 26
HO(CHy):NH, CH;3(CH3);CO(CHg)o:CH;s | Hy + Pt HO(CHz)eNHCH[(CHs)CHjl, 96 26
HO(CHg)oNH, CH;3;CO(CHg)sCHj He + Pt HO(CH,)oNHCH (CHj3)(CHg)sCHj3 96 26
HO(CH;):NH, CH3CO(CH;)sCH3 He + Pt HO(CH,),NHCH(CHj;)(CH,)¢CH; 92 26
HO(CH,)eNH, CH;3(CHy)sCO(CHy)sCH;s | Hy + Pt HO(CH,),NHCH[(CH,)3CHglp 94 26
HO(CH;)eNH, (%%)(é?él?HgCOCHZ- Hy 4+ Pt HO(CH,)eNHCH[CH,CH(CHj)sl2 94 26
3)2

02z
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HO(CHy),NH,
HO(CHy),NH,

HO(CH,),NH,

HO(CHy),NH,

HO(CH,):NH;

HO(CHy),NH,

HO(CH,):NH,
HO(CH)sNH,
HO(CH)sNH,
HO(CHy)oNH,
HO(CH)sNH,
CH;CHOHCH,NH,
CH;CHOHCHNH,
CH;CHOHCH,NH,
CH;CHOHCH,NH,

CH3;CHOHCHyNH,
CH3;CHOHCH;NH;,

CH3;CO(CHy);CHj
Cyeclohexanone
CH,CH,
7
CHy CO

N s A
CH,CHCHj,
CH,CH,

H3;CCH \CO

/
CH,CH,
CH,CHCHj,

C{I\z C=0
CHZC(/CHm

1-Menthone

CH;COCH;
CH;(CHy),COCOCH;
CsH;COCOCH;
CeH;COCOCH;
CH;COCH,COCH;
CH3;COCH
CH;COCH,CH;
CH;CH,COCH,CHj
CH3;COCH,CH(CHs)s

CH3;CO(CHy)4CHjs
CH3(CH;):CO(CH,),CH;

He + Pt
He + Pt

H, + Pt

H, + Pt

H, 4 Pt

H, 4 Pt

Hy + Pt
Hy, + Pd
Hy, + Pd
Hy + Pt
Hy, + Pt
H, + Pt
Hp 4 Pt
Hy 4 Pt
H, 4+ Pt

Hy + Pt
H, + Pt

HO(CH,)sNHCH (CH;)(CHy);CH;
HO(CHa),NHCsHy,
CH,CH,

v AN
HO(CH,);HNCH CH,

/
H;CCH CHp
CH,CH,

e N
HO(CHy);HNCH /CHCH3
H,CH,

/CH20HOH3
CHz CHNH(CH,);0H

CH,C(CHg)z

CH(ClH;)CH,
/ AN
cgz CHNH(CHy);0H

CHy——CHCH (CHy),

CoHCH(CHy) NH(CH,),0H
CH;(CHy);COCH (CH3)NH(CH,),0H
CeHsCOCH (CH3) NH(CH,),0H
CeH:CHOHCH (CH3) NH(CH,),0H
CH;CHOHCH,CH (CH;) NH(CH),0H
CH;CHOHCH,NHCH (CHs),
CHsCHOHCH,NHCH (CH3)CHCH;
CH;CHOHCH,NHCH(CH,CH,),
CH;CHOHCH,NHCH(CH3)CH,-

CH(CHj3),
CH;CHOHCH,NHCH (CHjz) (CHp)4CH;
CH;CHOHCH,NHCH[(CHy):CHjls

97
96

88

98

98

26
26

26

26

26

* References 134-180 are listed on p. 253.
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TABLE X—Continued

PREPARATION OF SECONDARY AMINES

E. From Primary Aliphatic Amines or Nitro Compounds and Ketones—Continued

Nitr 0@ Qor;l%c:;?id or Carbonyl Compound degl;lfg Products Isolated Yield, % Ref.*
CH;CHOHCH;NH, CH;CO(CH.)sCH3 He + Pt CH;CHOHCH,NHCH (CH;3)(CHy)s€H3 96 59
CH;CHOHCH;NH, CH;3(CH2)sCO(CHg)sCHs | Hy 4 Pt CH;CHOHCH;NHCH[(CH2)sCHjlp 81 59
CH;CHOHCH,;NH, CH;3(CH2)4CO(CH)4CH3 { Hy + Pt CH;CHOHCH;NHCH|(CHg)4CHjsl, 88 59
CH;CHOHCH,NH, CH;3(CH,)sCO(CHz)sCHs | Hy 4 Pt CH;CHOHCH;NHCH[(CH,)sCHjlz 80.5 59
CH;CHOHCHNH, CH;3(CH,)sCO(CHz)sCHs | Hp + Pt CH3;CHOHCH,NHCH[(CH,)sCHjl» 94 59
CH3;CHOHCH,NH, CH;3(CHy)sCO(CH)sCH; | Hy 4 Pt CH;CHOHCH;NHCH[(CH,)sCHjls 68 59
CH;CHOHCH,NH, Cyclobexanone He + Pt CH;CHOHCH;NHC¢Hp 95 59

/CHZCHZ CH.CH,
CH;CHOHCHNH, H;CCH /CO H, 4 Pt CH;CHOHCHHNCH CHCH; 93 59

CH,CH, CH,CH,
HOCHCH(CH3)NH, CH3;CH,COCH,CH3 He + Pt HOCHCH(CH3)NHCH(CH3yCHj)s 64 60
HOCH,CH(CH3;) NI, CH;3(CH2):CO(CHg)oCIl3 | Hy + Pt HOCH,CH(CH3)NHCH[(CH}),CII3l2 84 60
HOCH,CH(CH3;)NH, CH;3(CH,)3CO(CHg)sCH3 | Hy 4+ Pt HOCHCH(CH3)NHCH[(CHs)sCHjle 72 60
HOCH,CH(CH3)NH, Cyclohexanone He + Pt HOCHCH(CH;3)NHCsHy; 82 60
HO(CH,)sNH, CH3;CO(CH,),CHg H, + Pt HO(CH2)sNHCH (CHj3) (CII,)4CH; 90 61
HO(CHg)sNH, CH;3(CH,)eCO(CHg)oCHs | Hp + Pt HO(CH)sNHCH[(CHs)2CHjlp 98 61
HO(CHg)sNH, CH;3;CO(CHy)sCHg He + Pt HO(CHg)sN HCH(CHz) (CH,)sCHgs 90 61
HO(CHy)sNH, Cyclohexanone He + Pt HO(CHy)sNH 78 61
HOCH,CH(CHCH3)NH, | CH3;COCH; H, + Pt HOCHZCH(CHZCH3) NHCH(CHj)e 93 60
HOCH,CH(CH,CH3)NH, | CH3(CH,)sCO(CHy)sCH3 | Hp 4 Pt HOCHCH(CH,CH3)NHCH[(CH2)sCHjlz 50 60
HOCH,CIT(CH,CH3)NH, | Cyclohexanone He + Pt HOCH,CH(CH,CHjy) NHCng 1 68 60
(CH3)eCOHCHNH, CH3COCHj; He + Pt (CHj3)2COHCH,NHCH(CHzs), 96 60
(CH;3):COHCHNH, CH;CH,COCH,CHj Hy + Pt (CHj;):COHCHNHCH (CH,CHj;), 96 60
(CH;):COHCHNH, CH;CO(CH,)4sCH3 He + Pt (CHj;)eCOHCHNHCH (CH;)(CHg)4CH; 98 60

teéd
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(CH3):COHCHNH,
(CH3)eCOHCH,NH,
CH;CHOHNH;
HoN(CHg)NH;
CH3CO (CHz) 5NH2
CeHzCH,NH,
CgH:;CO(CHg)sNH,
HoN C—"——-—(l}CH;;
O=é NCH3
AN
N
CesHs
ON C—-——-CIJCH;;
O=(JJ NCHs
N
CsHs
Ho,NC—=—=CCH;

0=C NCH;

N
CGH5
O N(I}————-—-CCH3
0=C 1\|TCH3
N

N
CeHs

CH3;CO(CHg)sCH3
Cyclohexanone
CH3COCQO.H
C¢HsCOCH;

CeH3;CH2COCH;

CH3;COCH;

CH3COCH;

CH;3;COCHCH3

CH3COCH,CHj

Hy, + Pt
Ho + Pt
H, 4+ Pt
He 4+ Ni

Na + CHs—
CH,0H

He + Pt
Na + CHg—
CH,0H

H2 + Pt or

H, + Ni

Hy 4+ Pt

Hy 4+ Pt

H; + Pt

(CH3):COHCH,NHCH (CH;) (CHy)sCH;
(CH3);COHCH,NHCeHy,
CH,CH,NHCH (CH;3)COH
H,N (CHa),NHCH (CHj) CgHj
CoH;CH (CH,) NH,
HiCCHCHCHy,

CH,

CoHsCH,CH (CH3) NHCH,CeHs
HCeCHCH,CH

30}12
NHCH,CH,
(CH3);CHIN Co—e—CCH,

— NCH;

Ny
CeH
CCHj3

NCH;

(CHj),CHHNC:
0=C

N
CeHs
CH3CHCH (CH3) HNC———=—=CCH;
0=C NCHg
N
CeHy
CH3;CH,CH (CHg)HNC:Cl)CHz
— NCH;
AN
N
CeH5

98
87

37

55
68

Almost
quantitative

Almost
quantitative

Almost

quantitative

Almost
quantitative

60

62
137

150
149
150

31

31

31

31

* References 134-180 are listed on p. 255.
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TABLE X-—Continued

PREPARATION OF SECONDARY AMINES

E. From Primary Aliphatic Amines or Nitro Compounds and Ketones—Continued

Nitrxn%%%u%?sue%d or Carbonyl Compound R’i?g‘:gfg Products Isolated Yield, % | Ref.*
HZNC:CIJCHz CH3CH;COCHCHj Hy + Pt (CH3CH2)ZCHHNCP=————CIJCH3 — 31
0=C  NCH; 0=C  NCH;

N \
CeHp CeHs
H:NC——=—=CCHj; CH3CO(CH;)sCH; H, + Pt CH3(CH2)5CH(CH3)HNQ—:——CCH3 — 31
— NCH; 0==C NCH;
N N
. CeHp CeHs
HgN(l}———(l}CHg Cyclohexanone H, 4+ Pt CeHnHN(lj—-_—-__(?CH;; — 31
0=C NCH; 0=C NCHj
N N
CeHs CeHs
HoNC——=—=CCHj3; CeH;COCH3 Hy, + Pt CsHscH(CHg)HXCl):—-———Cl)CHz — 31
0=C NCHj 0=C NCHs
A4
N N
CsH; - CeHs

f 44
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F. From Primary Aromatic Amines, Nitro, Nitroso, or Azo Compounds and Aldehydes

61121;:’01:2;; Oéu?lét%):ga Carbonyl Compound Reducing Agent Products Isolated Yield, % | Ref.*
CsH:;NHs CH20 Zn 4+ NaOH CeH;NHCH; 55 151
CeHsNOe CH0 Hy 4 Ni CeHsNHCH;3 50 43
CeHsNH, CH0O Zn + NaOQOH CeH:NHCH; —_ 39
CeH;NHp CH3;CHO Zn -+ HeS04 CsHsNHCH,CHj 82 34
CsHsNO, CH3;CHO Zn + H2804 CsH;NHCH,CH; 80 34
CeHsNO CH3;CHO Hy + N1 CeHsNH, 80 47

CeH;NHCH,CHj 21
CsHsNHj CH;CHO Zn + HsS803 CeHsNHCH,CHg 60 35
CsHsNO, CH3;CHO Hy + Ni CsHsNHCH,CH; 57, 63 43
CeH:NHp CH;3;CHO Hp 4 Ni CeH;NHCH,CHj 58 32, 33
CeHsNH, CH3;CHO Hy + Pt CsH:NHCH,CH; 41 32, 33
CeH;NH, CH;3;CHO He 4+ Ni CsHsNHCH,CHg 25 32
(NaOH) CGH5N(CH20H3)2 10
CeH;NH, CH;3;CH;CHO He + Ni CeH:NH(CH;),CHg 52 32
CsHsNO, CH3(CHz):CHO Hy + Ni CeHsNH(CH2)sCHj 94, 96 43
CeHNOeg CH3(CH2).CHO Hy 4+ Ni CeHsNH(CH,)sCHg 74-92 33
CsHsN=NC¢H3 CH3(CH;):CHO Hy + Ni CeHsNH(CH2)sCHj3 71 48
CeH;;NO CH;3(CHy):CHO H,; 4+ Ni 8%5%7 %(CHZ);;CH;; 56 47
5 2 -
CeHsNH, CH3(CH2)CHO He + Ni CeHsNH(CH,)sCHj3 47 32
CsHsNO. CH3(CHz):CHO Hp 4 Ni CsHsNH(CH,)3CH;3 27-74 33
CeHN[(CHg)sCHglo 1220
CeH;NO2 CH3(CH3)sCHO Hy + Ni CsHsNH(CH2)4,CH; 84 43
CGH5NH2 CH3(0H2)3CHO HZ + Ni CGH5NH(CH2)4CH3 62 32
CeH;N=NCgHj CH;3(CHj)sCHO Hy 4 Ni CeHsNH (CH;)sCHg 74 48
CegHsNH. CH;3(CH2)sCHO Hy; + Ni CeHsNH (CH;)sCHg 65 32, 33
CGH5I\102 CH;3(CH2)sCHO Hp 4 Ni CeHsNH (CH,)sCHj 40 43
CeHsNOHCHCsHj CH;3(CH3).CHO Hs + Ni CeHsNHCH2CsH 54 2
CeH;N=NCgHj CeH;CHO H, + Ni CeH;NHCH,CgHp 49 48

* References 134-180 are listed on p. 255,
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TABLE X—Continued

PREPARATION OF SECONDARY AMINES

F. From Primary Aromatic Amines, Nitro, Nitroso, or Azo Compounds and Aldehydes—Continued

Amine, Nitro, Nitroso,

or Azo Compound Used Carbonyl Compound Reducing Agent Products Isolated Yield, % | Ref.*
CeHsNO C¢HsCHO Hy, + Ni CeHsN gCHZCeHs 47 47
5N Hp —
CsHsNO, CeH;CHO Hy + Ni CeHsNHCHCsHj 33 43
0-CH3CsH4NH, CH3;CHO Zn -+ Hy80; 0-CH3CeHNHCH,CH;, 80 35
p-CH3CeH4NH, CH3;CHO H, + Ni p-CH3CeHNHCH.CHj3 50 36
p-CH3CeH4NO, CH3(CH.);CHO Hp 4+ Ni p-CH;CeHsNH (CH,)sCH;3 85, 40 43
p-CH3CeHyN[(CH,)3CHjls 53
p-CH3CeH NH, CH;3(CHj),CHO H, + Xi p-CH3;CsHNH (CHy)3CHj 58 36
p-CH3CeHN[(CH2);CHsly 19
p-CH3CeHNO, CH;3(CH,);CHO Hy + Ni p-CH3CeHNH(CH,)sCHjs 35 33, 43
p-CH3CsHN[(CH2)sCHzip 34
2,4,6-(CH3)sCsHoNH, (CH3);CHCHO Zn 4+ HCI 2,4,6-(CH3)3CeH,N HCH,CH (CH3)o 91 42
2,4,6-(CH3)3sCeHaNH, (CH;3):CHCH,CHO Zn + HC] 2,4,6-(CHjs)sCsHoNH(CH,)sCH(CHg)e 94 42
2,4,6-(CHj3)3CsHoNO, (CH3),CHCH,CHO Zn + HCI 2,4,6-(CH;)sCeHNH (CH,),CH(CHs)2 61 42
p-CIC¢H4NO; CH3(CH;),CHO H, +XNi p-CIlCeHNH, —
p-CICsH,NH(CHj)sCHg — 33
CsHsNH(CHy)sCH, —
p-HOCsHNH, CH3CHO Al + NaOH p-HOCHNHCH,CH; — 37, 38
p-HOCgHNO, CH;3(CHg)eCHO H, + Ni p-HOCsH,NH(CH,);CHj3 56 45
p-HOCH,N[(CHj)3CHjlo 39
p-HOCH,NH, CH;3(CH,),CHO Al + NaOH p-HOCHNH(CH,)3;CH; — 37, 38
p-HOCgHNH, (CH3);CHCHO He + Ni p-HOCHNHCH,CH(CHjg)o 28,77, 90 64
p-HOCsH NO, (CH3);CHCHO Hy + Ni p-HOCgH,NHCH,CH(CHj3), 82 45
p-HOC¢H4NO, (CH;3),CHCHO Zn + NaOH p-HOCHNHCH,CH(CHjs), — 45
p-HOCeH4NO (CH3);CHCHO Hy + Pt p-HOCsHNHCH,CH(CHjs), — 45
p-HOCgHsNH, CH3(CHg)sCHO Al 4+ NaOH p-HOCsHNH(CH,)sCH;3 — 37, 38

933
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p-HOCsHsNH,
p-HOCsHNH, -
p-HOCsHNH,

p-HOCEH,NH,
p-HOCsHNH,

0-CH30CsH4NH,
p—CHzOCGH4NH2
p-CH0CsH,NH,

p-CH30CsH4NO,
p—CHzOCsH4NH2

p-CeH;CONHCH NH,
p—CsH5CONH C(;H4N02
p-HO.CCeH NH,
p-CH30,CC¢H4NH,
p—CH30zCCsH4NH2
p—CH;;CHzOzCCsI‘L;NHZ
p-CH3CH0,CCsIT N e

p—CHzCHzochsH4NH2
p-CH3CH;0,CCsHsNH,

p-CH3CH20,CCsH,NH,
p-CH3CH,0,CCeH NH,
p-CH;CH20,CCeH,NH,
p-CH5CH,0,CCsH,NH,

p-HaNOCCsH4NH,
p-HzNOCCGH4NH2

(CH3CH,),CHCHO
CH3;CH=CHCHO

CH;3;CH,CH=C(CH3)-

CHO
CH,CH(CH3) CH—C-
(CH3)CHO
CsH;CHO
CH,0
CH;CHO
CH3(CH,),CHO

CH;3(CHy).CHO
(CH3CHy),NCH,-
CHO-HCI
CH3;CHOHINH,
CH;CH,CHO
CeH;CH (CH;)CHO
CH;CH,CHO
CH3(CH,),CHO
CH;CH,CHO
CH;CH,CHO

CH;3(CHy).CHO
(CH3)eCHCHO

C¢HsCHO
p-CH30CsH,CHO
3,4-CH,0.CsH3CHO
Furfural

CH;3;CH,CHO
CH;3(CH.)2,CHO

Zn 4+ HyS804

7Zn 4+ CH3COH
Hy; +Pt, Ni or

Co

Zm 4 CH3COH
Zn + CH3002H
Zm +4 CH3COH
H; + Pt, Ni or

Co

Zn + CH3CO.H

Hy +Pt, Ni or
Co

Hy +Pt, Ni or
C

)
H; + Pt, Ni or|p,p”
C

0

Hy +Pt, Ni or
Co

Hy; + Pt, Ni or
Co

Zn + CH;3CO.H
Zn + CH3CO.H

p—HOCeHmHCHZCH(CHZCHg)Z
p-HOCsHNH (CHy)3C
p-HOCsH,NHCH,CH (CHg)(CHZ)ZCHg

p—g}(l)(%eHz;NHCHzCH (CH;)CH,-
p—HOCeH4NHCH205H5
0-CH30CsHNHCH;

p-CH30CsH NHCH,CH;,
p—CHzOCeH4NH (CHz) 3CH3
p-CH30CsHN[(CHy)3CHjls
p—CHzOCGH‘;N'H (CHz) 3CH3
p-CH30CH4NH (CHz)oN (CHCHs),

p-CeHsCONHCsHy;NHCH,CH;
p—CsH5CONH CeH4NH (CHz) chz
p-HO,CCeH NHCH,CH (CH;)CsH s
p-CH30,CCeH,NH(CH,),CHj;
p—CH30zCCﬁH4NH (CH2)3CH3
p-CH3CH0,CCsH4ANH (CH,),CHj3
p—CHzCHzochsHQ\IH (CHz) chz

p-CH;3CH,0,CCsH,NH (CH,);CH;
p-CH3CH,0,CCeH,NHCH,CH (CHs,),

p-CH3CH,0,CCsH,NHCH,CsHj
-CH;CH,0,CCsHy,NHCH,CsH4OCH;
4,3’,}411;-CH30HZOZCCGH4NHCH205H302-
p-CH3CH20,CCeH NHCH,C,H40

p-HoaNOCCeH4NH (CHy),CH3
p—HzNOCCsH4NH (CH2)3CH3

10, 56
95

103

30
47
45

80

54
60

37, 38
64
64

152

33, 36
33, 36

43
51

34
77
153
153
153
7

153
77

77
77
77
77

153
153

* References 134-180 are listed on p. 255.
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TABLE X—Continued

PREPARATION OF SECONDARY AMINES

F. From Primary Aromatic Amines, Nitro, Nitroso, or Azo Compounds and Aldehydes—Continued

ijﬁi;;e’clgg; o, Nitroso, | Garbonyl Compound | Reducing Agent Products Isolated Yield, % | Ref.*
p-H03AsCgHyNH, CH3;CHO He + Ni p-H.03AsCeHINHCHCH; 5 41
a-CloH7NH2 CH3CHO Hz + Ni a-C]0H7NHCH20H3 88 36
a-CloH7NH2 CHz(CHg)zCHO H, + Ni a-Cl()H7NH(CH2)3CH3 80 33, 36
a-CpHINO, CH;3(CHj).CHO H, + Ni a-C1pH7;NH(CHg)3sCH; 60 43
a-C1oH7N O, CH3(CH,);CHO H, + Ni o-C1oH7NH (CH,),CHs 43 43
a-CoH/NH, Ce¢HsCHO He + Ni a-C1oH;NHCHCgH; 24 33, 36
B-010H7NH2 CH, 7Zn 4+ NaOH B8-C1oH;NHCH; — 39
ﬁ—CmH7NH2 CH3CHO H, + Ni B—C]0H7NHCH20H3 64 36
B-010H7NH2 CH3(CH2)20HO Hy + Ni B—010H7NH (CH2)3CH3 63 36
5-CpH7NH, CeHsCHO Hy + Ni B-CroH;NHCHCeHs 58 36
CH,;0 = CH,CO(CH,)s CHj =
.~ N(CH,CHy)s Hy + Pd _ 87 | 154
NO, N N
NHCH(CHj;)(CHy)sN (CH,CHg)g
G. From Primary Aromatic Amines, Nitro, or Nitroso Compounds and Ketones

bgﬁlegtégg rtjlgé'firoso Carbenyl Compound R’idgl;%ifg Products Isolated Yi%l)d’ Ref.*
CsH5NO, CH3COCH; He + Pt CeH;NHCH (CHj)e 53 2
CsHsNH, CH3COCH; Zn 4+ HCl CeH;NHCH (CHj3), 31 42
CsHsNO, CH;COCH; He + Pt None 0 52

835
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CeHsNHy
CeHsNH,

p—CH3CﬁH4NH2
2,4,6-(CHjz)sCeHNH,
o-CleH4NH2

0-HOCgHNO;
m-HOCsH4NOy
p-HOCsH,NO
p-HOCsH4NO
p—HOCsH4l\ H,
p-HOCHNO,
p-HOCsH s NH,
p-HOCsH4NO,
p-HOCgHsNO,
p-HOC¢H4NO,
p-HOCgH4NO,
p-CH30C¢HNOs

1-HO0-2,4-C¢H3s(NO2)2
p—CH3CH2006H41\ H2
1-CH3CH20-2,4-CeH -
(NOg)s
0-H2N05H4N02

WH2N06H4N02
p-HoNCsH,NO,
p-CeHa(NHo)o
p-CeH4(NHy)2

p-HoNCsH4NO,
p-CeHy(NHa)2

Cyclohexanone
CH;CO(CHg)s-
N(CHCHy).
CeHsCOCOCH3
CsH;COCOCHj
p-CH3;0CH,COCOCH;3
CH;3;COCHg
CH3;CO(CHg)s-
N(CHyCHs)
CH;COCH;
CH;3;COCH3
CH;3;COCH3
CH;COCH3;
CH;COCH3;
CH;COCHj3
CH3;COCH;
CH;COCHCH;
CH;CH;COCH,CHj
Menthone
CeH;COCH;
CH;3CO(CHy)e-
N(CHCHj3)2
CH;COCHg
CH;3(CHy)eCOCOCH;3
H;COCH;

CH;3COCH;

CH3COCH;
CH3COCH;
CH3;COCH;
CH3COCH;

CH3;COCH,CH3
CH3;COCH,CH3

H, + Pt
He 4 Ni

H, + Pd
H, 4+ Pd
H, +Pd
Zn 4 HCl
Zn + HCl

Hy + Pt
Hy + Pt
Hy 4 Pt
H, 4+ Pt
Hy 4+ Pt
H, 4+ Pt
H, + Pt
Hy + Pt
Hy + Pt
H, 4+ Pt
Hy + Pt
H, + Ni

Hy + Pt
He + Pd
H, + Pt

H, + Pt

H, + Pt

H, + Pt

H, 4 Pt

HZ + CIIO,
Cry03 + BaO

HZ + Cuo;
Cr203 + BaO

CeHsNHCHyy
CsHsNHCH(CHj;) (CHg)3sN(CH2CHj),

CsHsCOCH(CH3) NHCH;
CeHsCHOHCH (CHy) NHCqH

2 -CH3OCGH4COCH(CHg)NHCeH4CH3
24, 6-(CH3)3CsH,NHCH (CHj
o-ClCsH N HCH(CHs) (CHy)sN (CHzCH)s

None

None

p-HOCsH,NHCH(CHjy),
p-HOCHNHCH(CHjg),
p-HOCeH,NHCH (CHg)s
p-HOCHNHCH(CHj),

None
p-HOCHNHCH(CH3)CH,CHj;
p-HOC¢HNHCH (CH,CHs),
None

None

p-CH30CeHNHCH (CHj3) (CHj) N (CH2CH3)o

1-HO-2,4-H,NCsH;NHCH(CHj3).
p-CH3(CHj)oCOCH (CH3)NHCH,OCH,CH3
None

0-CsHa(NHy),

o-HaN CGH4NH CH(CHj),

m- CGH4(

p-CesHa4[ NHCH(CHz)z]z
p-CsH A NHCH(CHjs)elo

P—CGH4 NHCH(CHz)z]z

p—CGH4[NHCH (CH3) CH20H3]2
p-CsH NHCH (CH3)CH2CHsl

80-100

41

49, 53, 54
52

49
52, 53, 54
50

52, 53, 54
52

52
52
154

52
28
52 |

* References 134-180 are listed on p. 255.
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TABLE X—Continued

PREPARATION OF SECONDARY AMINES

083

G. From Primary Aromatic Amines, Nilro, or Nitroso Compounds and Ketones—Continued
Amine, Nitro or Nitroso Reducing Yield,
Cotmpound Used Carbonyl Compound Agent Products Isolated %, Ref.*
p-CeH4(WNHy), CH3;COCH,CH3 He + Ni p—CsH4 INHCH(CH;)CHoCHjlp 43 155
CH3CHCH(CH3)-
/CHZCHZ
HNCH CHNHCH(CH;)CH,CH;
CH,CH,
p-HoNCgH4NO, CH3;CH,COCHCH3 H,; 4+ Pt p-CeHa(NHg), 70 44
p-CeH4 NHCH(CHoCHjs)olo 20
a-CyoH/NH, Cﬁ%%%(%%z))yr H; + Pd a-C1oH7N HCH(CHz)(CHz);;\T(CHzCH;;)Q 91 51
2
p-HO,CCsH NH, CH3COéH33 H(Zj -+ Pt, Nior | p-HO.CCeHNHCH(CHjs), — 77
0
p-HOCCeHyNH, CsHsCOCH,CH3 Hé -+ Pt, Nior | p-HO,CCeHNHCH(CH;CH;)CgH — 77
0
p-CH3;CH0,CCsH4NH, | CH;COCH; Hé -+ Pt, Nior | p-CH3CH0,CCsH{NHCH (CHj), — 77
)
p—CH3CH202006H4NH2 CGH5COCH20H3 Hé+ Pt, Ni or p—CH3CH202006H4NHCH(CH20H3)06H5 - 77
o
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H. By Reduction of Schiff’s Bases Derived from Aliphatic Amines

Schiff’s Base

Reducing Agent

Product

Yield, %

Ref.*

HN=C(CH;)CO,H
CH

2
7\
HN=CH<I:H (IZHZ
H;CCH  CHCH;
AN

)
CH,

VAR
HN:CH(I:H CH,
H3;CCH éHCH3
\O/

+ NH;

CH,
VRN
HN=CH<I:H CcH
H;CCH (UJCH3
\O/

Hy; 4 Pt

Hy + Ni

Hy, + Ni

H,NCH (CH;)CO.H
CH

2

2\
H,NH,CCH  CH,
H3;CCH éHCHg

N

0
CH,

HZNHZCCé \CHZ
H;CCH éHCH;;

)

CH,
Cﬁz \CHCHQ
ch(le éHCH;;

6] 2
CH,

VRN
H,NH,CCH (lez
chéH CHCH;
\o

NH

30

70

15

62

62

156

156

156

* References 134-180 are listed on p. 255.

186  NOILLVTIAMTV HAILONAHY AL SANINY 40 NOILLVIVJITId



TABLE X—Continued

PREPARATION OF SECONDARY AMINES

H. By Reduction of Schiff s Bases Deriwved from Aliphatic Amines—Continued

Schiff’s Base Reducing Agent Product Yield, % Ref.*
CH;3;CON=C(CH3)CHCO:CH,CH;} Hy; + Pt H,NCH (CH;3)CH,CO,CH.CH; — 62
CHsN=CHCH(CHj;), Na + CH3CH,O0H CHgNHCHCH(CHs), 29 157
CH;3;N=CHCH;CH(CHj;). Na + CH3CH,0H CH3NH(CHg)oCH(CHzy)s 46 157
CH;;N=CHCH=C(CHj3)(CHy)s- H, 4+ Pt CH3NH(CHg).CH(CH3)(CHy)s~ Low 20

CH=C(CHzy)s CH(CHjy),
CH3N=CHCsH; H, + Ni CH;NHCHCgHy Excellent 119
CH3;N=CHCgH; Electroly‘tlc Pb cathode | CH3NHCHCeH; — 158
CHsN=CHC¢H; a——Hg + CH3CH.0H | CH;3NHCHCeH; —_ 159
o-CH3N=CHC¢H,CHj3 Hy + M o-CH3;NHCH,C¢H,CHj Excellent 119
p—CHzN—‘:CH CGH4CH3 H + p—CHzN HCH205H4CH3 Excellent 119
CH;3;N=CHCH.CsHj; Na. -+ CH;;CHZOH CH;3;NH(CHj).CeHs — 160
CH3;CH;N=CHCH; Electrolytic Pb cathode | (CHsCHy)oNH — 158
CH;3;CH:N=CHCH,CH;} Hy 4+ Pt CH3CHNH (CHg),CHjg 43 55
CH;3;CH:N=CH(CH,).CHst H, 4+ Pt CH3CHoNH(CH2)3CH; 33 55
CH3CH N=CHCHCH(CHj3)st Hp + N1 CH3;CH N H(CHz)ZCH(CHg)z — 63
CH;CHN=CHCH,CH(CHjy).t H, + Pt CH3;CH,NH(CH,),CH(CH; 20 58
C(}jlgg(lélz\ )HCHZCH[CH (CHz) 2](CHg)o- 16
C%;;CHZCI\T( ?}(;I;I (;/H=C(CH3) (CHg)o- H, 4 Pt CgIgCHZ\IH (CH3)2CH(CH3)(CHg)s- 55 20
= 3)2 3)2
CH3CH,N=CHCO,H Hy, 4+ Pt CHCH,NHCHCOH 30 62
CH3;CHN=C(CH3)COH Hy, 4+ Pt CH;CH:NHCH(CH3)COH — 62
CH3;CHoN=C(CH3)CH,CO.CHCH3t H, 4+ Pt CH;CH:NHCH (CH3)CHCO,CH,CH; — 62
CH3;CH;N=CHCsHj; H, + Ni CH3;CH.NHCH.CsH; Excellent 119
CH3CHy,N=CHC¢Hst Na.——Hg -+ CH3;CH0H | CH3;CH,NHCH,CeHj 159

CH3CH,N=CHCH;}

Hy + N

CH3CHoNHCH:CeHs

288
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CH3CH;N=CHCsH5t

CHy(CHy).N=CHCH;}
CH3(CH,);N=CH (CH,),CH;+
CH3(CHy)oN=CHCH (CHa),t
CH;3(CHg)eN=CHCH,CH(CHjs),t
CH3(CH);N=CHC¢H;
CH;3(CH;),N=CHCsH;7
(CHj3)oCHN=—CH (CH,)oCH;}
CH;3(CHy)sN=CHp
CH;(CHa)sN—=CHCH}
CH;3(CH,)sN=CHCH;
CH;3(CHg)sN=CHCHyCHjst
CH4(CH,);sN=CHCH,CH,
CH;3(CHz)sN=CHCH(CH3),
CH3(CHg)sN=CH(CH,)3CHj
CH3(CH5)sN—=CHCH,CH(CHj).t
CH;3(CH,)sN=CHCH,CH(CHjs),
CH3(CHj)sN=CHCgH;
(CH3)sCHCH,N=CHC¢H;t
(CH3)sCH(CHa)sN—=CHCH=—C(CHj)-
(CHy)sCH=C(CHzs)p 1
(CHg).CH (SHz)zN—C(CHz) CH,CO-
2 3
CSH 11N=CH CGH5T
CeH1sN=CHCsHsT

CHgCHZC(CHg)—CHN—CﬂCH(CH3)-
CH,CH;t

H, 4+ Ni

H, + Pt
H, + Pt

H, + Pt

H, + Pt

H, + Ni

Na—Hg + CH;CH,0H

Ni
Na~ g + OH:CH,0H
H, 4+ P

Hy + Pt

Na—Hg + CH3;CH.0H
H, 4+ Pt

Hp + XNi

CH;3;CH,NHCHCeHj
CsHsCH;
C_%gCHZNHZ

NH;
(CHCH,),NH
(CH;CH,)sN
CH;3(CH;):NHCH,CHj
CH;(CHy)oNH(CHy);CH;
CHj(CHy),NHCH,CH(CHg)s
CH;(CH)sNH (CHg);CH (CHa)g
CH3(CH3)e NHCHCeHj
CH;3(CH,):NHCH;CsHs
(CH;3)CHNH(CH,)3CHj
CH(CH)sNHCH,
CH;3(CHg)sNHCH,CHj
CH(CH3)sNHCH,CH,
CH3(CHj)sNH(CH3),CH
CH;3(CHy)sNH(CH,),CH;
CH3(CHz)sNHCH;CH(CHj),
CH3(CHp)sNH(CH,)4CH,
CH,(CHy)sNH(CHy):CH(CH)s
CH3 (CHZ) 3NH (CHz) ch(CH;ﬂz
CH3(CHy)sNHCH,Coly
(CHy),CHCH,NHCH,CsHs
(ngg 2§3H (CEHZ)ZI\ H(CHy)sCH/(CH)-
2)3C
(CH;;)ZCH(CHZ)ZNHCH (CH3)CHoCOx
CH,CH
CsHy NH CHZCGH 5
CeHisNHCHCeH5

cgchZCH(CHz)CHZXHCHZCH(Cﬁz).

H,CH;

Mostly

41
Excellent

50

Almost

quantitative
83

161

* References 134-180 are listed on p. 255.

1 These Schiff’s bases probably were purified before reduction.
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TABLE X—Continued

PREPARATION OF SECONDARY AMINES

H. By Reduction of Schiff’s Bases Derived from Aliphatic Amines—Continued

Schiff’s Base Reducing Agent Product Yield, % Ref.*
CH;3(CHj)eC(CH3)=CHN=CHCH- He + Ni CH3(CH,).CH(CH3)CH,NHCH,- 88 162
(CH3)(CHg)2CHst CH(CH3)(CH2),CHj
(CH3CH3)oC—=CHN=CHCH(CH;CHj3)ot { Hs + Ni (CH3CHg2):CHCH;NHCH;CH(CH,CHjs)q 92 162
CH3(CHy)3C(CH,CH3)=CHN=CHCH- | H,; 4+ Ni CH;3(CHy)sCH (CHCH3)CH,NHCH,CH- 94 162
(CHyCHy) (CHZ) 3CHat (CH,CHj3)(CHg)sCH3
CeHpN=CHCH;t - H, + Pt CsHyy NHCHCH; 8 58
. CsHynNH(CH,)sCH;, 39
CeH1iN=CHCH,CH;? He + Pt eHu\IHCHZCH(CHg)(CHZ)QCHg 49 58
CeHn N=CHCH,CHj3t H, + Pt Cyclohexylamine —
+ CH3;CHO CeH i) NHCHCH; —
CGH]]NH (CH2)30H3 — 58
CsH;1 NHCHCH(CH3)CH,CH; 30
|| CeH1nNHCHCH(CH3)(CHz)oCHs —
CeHnN=CHCH.CH3t He + Pt CsHy NH(CHg)eCH3 76 58
-+ CH3CH-CHO
CeHyyN=CHCHCH;3t 4 CsHzCHO Hp + Pt CeHyn NHCH,CH (CH3)CHCeHj 11 58
C?HHBIHCHZCH(CH3)CHZC4H30(¢1- 9
ury
CsHy NHCH,CH(CH;3)CHC.H:0 (- 8
tetrahydrofuryl)
CeH1N=CHCHCHj3t -+ furfural He + Pt (I“IJH—(IZHZ
CsH1: NHCH.CH (CH;)CHC CH, 0.7 58

254
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CeH N=CH(CH,).CHjt
CeHnN=CH (CH3),CHz¥
CeHyyN=CHCH(CHjg)t

+ CH,0
CeHy N—CHCH=—CHCH;}
CeHy N—=CHCH,CH(CH,).t

CeH11N=CHC(CH3)=—CHCH;

CeHn N=CHC(CH;)=—=CHCH,CH;t
CsH1N=CH(CH,)sCH3t

CeH N=CHC(CH;CH3)=CH(CHy),-

CHstf
C%IHN=CHC[CH (CHz)ol=CHCHy-

H(CHjg)s
CsHuN-—CHCH CH(CHj3)al(CHy) o
CH=C(CH
C%%N_CHC [(CH,):CHyl—CH(CHy)s-

e N——CHC(CHy),CH,OH
CelnN—=C(CHj3)CO-H
CeHN—=C(CH;)CH,CO,CH,CH;t
CsH 1 N=CH (CHy).CeHs

CeH1N=CHC(CH3)=CHCHs}
CGHHN_CHC (CH206H5)_CH (CHz) 2=

CeHst
CH—(I‘IJHT
CsH]1N=CH(UJ CH

8]

Hy 4 Pt
Hy, + Pt
H, 4 Pt

H, 4+ Pt
H, + Pt

H, + Pt
H, 4+ Pt
H, 4Pt
H, 4+ Pt

Hy 4 Pt
He + Pt
Hy, + Pt
He 4+ Pt
He 4 Pt
Hy 4 Pt
H + Pt

H, 4 Pt
H, 4Pt

H, + Pt

CeHyyNHCH,CH (CHCHj;3) (CH,)3CH;y
CeHnNH(CH2)3CHj
CeH1: NHCHC(CHj3),CH0H

CsHNH(CH,);CH

CeHy NH(CHg),CH(CHy),

CeHn NHCH,CH[CH (CHj3)g)CH,CH-
CH(CHjg)e

CsH;n NHCH,CH(CH3)CH,CH;

CsHnnNHCHCH (CHj3)(CHy)CHs

CeHnNHCH,CH[(CHs)4CH](CHg)sCHj

CsH1 1 NHCHCH (CH,CHj3)(CHg)sCHj

CCGHI-? NHCHCH[CH (CHj)2](CHg)o-
3)2
ng] NHCH,CH[CH (CHj)g](CHy)s-

3)2
CeH1yNHCH,CH[(CH2)4CH;](CHy)sCH3
CsH1 1 NHCH,C(CH;3).CH0H
CeH 11 NHCH (CH;3)COH
CeHn NHCH(CH;3)CHCO;CH,CH
CsH11NH (CHy)3CeHs
CGHHNH CHch (CHzcﬁHs) (CH2)306H5
CoH NHCH,CH(CH,) CHy
CsH1uuNHCH,CH (CHzceHs) (CHZ)BCGHS

CH—CH

I g
CeHy NHCH,C H
N

50

58
58

58
58

58

* References 134-180 are listed on p. 255.

T These Schiff’s bases probably were purified before reduction.
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TABLE X—Continued

PREPARATION OF SECONDARY AMINES

H. By Reduction of Schiff’s Bases Derived from Aliphatic Amines—Continued

Schiff’s Base Reducing Agent Produect Yield, 9%, Ref.*
?H—ﬁ)H
CsHuNHCHZCH(CHg)CHZ(JJ CH 7
(‘I‘JH—CHi CH—(IZHZ
CsHuN:——:CHC(CHg):CH(l}\ /(UJH He + Pt CGHHNHCHZCH(CHg)CHZ(UJ CH 2 58
[0} ¢}
CH,—CH,
CGH]]NHCHch(CH;;)CHzéH Ho 11
\O/
CH;CHOHCH,N=C[CH,CH(CHj3)2lot He + Pt CH;CHOHCH.NHCH[CH,CH(CHjy)slo 93 59
HOCH,,CH(CH3)N=C[CH,CH(CHjs)slet |Hz + Pt HOCHCH(CH3;)NHCH[CH,CH(CHj)ql2 93 60
HO(CHy)sN=C[CH,CH(CH3)a]21 Hy + Pt HO(CH2)sNHCH|CH,CH (CHa3)qlo 93 61
HOCH,CH(CH,CH3)N=C- He + Pt HOCHCH(CH,CH3)NHCH- 83 60
[CH.CH(CHjs)olot [CH,CH(CHjy)zl
CeHs;CHN=CHCH;t H, + Ni CsH,CH,NHCH,CH; Low 63
CsHsCH,N=CHCsH;} Zn + CH3;CO.H (CeHsCHj)oNH — 163
CsH;CHoN=—=CHCH,CsHj Na + CH3;CH0H CsH;CHNH(CH;)oCsH; 25 164
CeH5(CHg)oN=CHC¢H5t Na + CH3;CH,O0H CsH5(CHg)o NHCHCeHj 100 165

CeH(CHy)yN=CHC¢H5t
0-CsH5(CHy)eN=CHCsH,0H }

H, +Pd
Na + CH3;CH,0H

CeH(CHy),NHCHCgHy
O—CGH5(CH2)2NH CH206H4OH
CeH5(CHg)osNHz

166
165

98¢
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p—CsH5(CH2)2N=CHCsH4OH i
p-CeHs(CH) ) N=CHC:H,OCH37
3,4'_CeH5(CHy)sN=CHCsH3(OCH;)OH }
3/,4'-CeH 5(CHg)oN=CHCsHs(OCHs)z

CeH5(CH)sN—=CHCH,CsHj
p-HOCH 4(CH),N—=CHCeHs }
4,3/ 4" HOCeH (CH))N—CHCgHj-

3
4,2""HOC,H4(CHy);N—CHCsH,0H
434 HOCHH, (CH)sN—CHO:0z-

il
4,4"-CH,0CsH (CH;)sN—CHCH,0CH,
4,3',4'-CH30CsH4(CHg)oN=CHCgH3-

{OCHy)q1
3,4646 -(CH30)2CeH3(CHy)eN=CHCgH s
37
3,4,3'(,3%(CH30)206H3(0H2)2N=CH06H3-
3)2
3,4,35%- (CH30)2CsH3(CH2)eN=CHCgH;-

3,4.3" 4/-CH,05CH3(CHy)sN—CH CsH-
(OCHj)ot
3,4.3" 4'-CH30,CeH3(CHy) e N—CHCHy-

2 2
0-CH30C¢H,CH(CH3) CH,N=CHCgsH5t
ﬁl-CHaOCﬁH4CH(CH3) CH2N=CH CGH5T
p-CHzOCsH4CH (CH3) CH2N=CHCGH5T
CsH;CH,CH(CH3) N=CHCgH st
0-CH30CHCH,CH(CH ) N=CHCgHs t
m-CHz0CsH4CH,CH (CH3) N—=CHCeHt
H;CeC=N

(Jj SCHCeHs T
H;CsCHNH

Na + CH3CH20H
Na + CH3;CH,0H
Na + CH;CH;0H
H, 4 Pt

Hy + Ni
Na—Hg 4 CH3;CH.,0H
Na—Hg + CH3;CH.0H

Na—Hg 4+ CH3CH.0H
Na—Hg + CH3CH.0H

Hy 4+ Pt
Hy, 4+ Pt

H, + Pt
H, + Pt
H2+Pt
H, +Pd
H, + Pt
H, + Ni
He 4 Ni
H, + Ni
H, + Ni
He + Ni
H, + Ni

H, + Ni

p-CeH 5(CHy): NHCH,CsH,OH
p-CeHs(CH;)sNHCH,CeH/OCH;

37 4".CyHy(CHp)sNHCH,;CsHo(OCH;) OH
374/ CoHy(CHy)aNHCH,CoHs(OCHS),

Mixture
p-HOCsH(CHg):NHCHCeH;
4,3/, 4'."HOCsH4(CHg) NHCH,CsH3-

3)2

4,2'-HOCe¢H4(CH,5);NHCH,CsH,OH

4,3 é’-HOCsH4(CH2)ZNHCHZCGH;;OZ-
C

2
4,4'-CH;0CsH4(CH,), NHCH,CeH0CH;
4,3,4'-CH30CeH4(CHy),NHCH,-
CeH3(OCHjs)o
3,4,4'-(CH;30)2CeH3(CHy) e NHCH,-

6144 3
3,%,3’,4’-(CH30)ZCGH3(CH2)2XHCH2-

3(OCHz)e )
3,4.8,4'- (CH30)2CsH(CHy)sNHCH,-
CeH30,CH,
3,43 4/-CH,0,CeH3(CHy)aN HCH,-
CeH3(0CHg)s 3
3,4.3' 4-CH,05CoH3(CHy),NHCH,-

32 2
0—CH3OCGH4CH (CH3) CHzNH CH205H5
m-CH30CsHCH(CH3) CH,NHCHCeHj
p-CH 3;0CeH,CH(CH;) CH,NHCH,CsHj
CeHsCH,CH (CH3) NHCH,CgHj
0-CH30CH,CH,CH(CH3;) NHCHCeH 5
m-CH30CsHCH,CH(CH3)NHCHCeHj
HypCeCHNH

>CHCgHyy

HquéHNH

65
Eixcellent
47
Almost,
quantitative

Quantitative
Quantitative

Quantitative
Quantitative
Quantitative

Quantitative

165
165
165
167
118
168
168

168
168

167
167

167
167
167
169
167
27
27
27
27
27

23

¥ References 134-180 are listed on p. 255.

t These Schiff’s bases probably were purified before reduction.
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TABLE X—Continued

PREPARATION OF SECONDARY AMINES

H. By Reduction of Schiff’s Bases Derived from Aliphatic Amines—Continued

Schiff’s Base Reducing Agent Product Yield, % | Ref.*
CH—(l}H CH2——(I‘)H2
(UJH (JJ-—C:N éHZ CH—CH-NH
\O e \ (]TJH—CH t o CHy—CH,
CH—C (UJH Hy + Ni CH-CH CH, 82 23
oo\ TN OHty—C, { Ny
(UJH C—CH—NH éHz CH H-N
\O/ \0
CH3CHC=N CH;CH;CHNH
| >COf Hp 4 Ni >CHOH 76 23
CH;CH,CHNH CH;CH,CHNH
Ce¢HyC=N CeHyiCHNH
é Ot Hy + Ni é >CHOH 77 23
CeHnCHNH CsH11CHNH
sC= C¢HyCHNH 82 23
é >COt Hy 4 Ni é >CHOH
CeH;CHNH CeHyCHNH
N=CHCsH;t /NHCHZCeHs
CeHsCH Na—Hg + CH3CH,0H | CeH;CH — 170
N=CHCHj; NHCH,Cg¢Hj
CH;CHOHNH, Hy + Pt CH;;CHNH 75 62
CeHuaNHCOH(CH;3)COH T He + Pt CanNHCH(CHg)COzH 29 62
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I. By Reduction of Schif’'s Bases Derived from Aromatic Amines

CsH;N—CHCH,CH(CHj),t
CeHsN=CH(CHOH),CH,OH
CsHsN=C(CH,0H)(CHOH)3;CH,0H
CGH5N=C (CH3) CH20020H20H3 T
CeHsN=CHCeH
CeHsN=CHC¢H;T

CeHsN=—=CHCeHj
CeH;N=CHC¢H5t
CGH5N=CHCGH5 i
CGH5N=CHCGH51
CGH5N=CHCGH5 i
CsH5N=CHCgH5 ]
CGH5N=CH06H5
CeHsN=CHCsH;}
CeHsN=CHCeH;+
CGH5N=CHCGH5"
CGH5N=CHCGH5 ]
CGH5N=CHCGH5 ]
CGH5N=CHCGH5 i
CsHsN=CHCeHs+}
CeHsN=CHCsH5}
0-CeHsN=CHCH4CH,
m-CsH5N=CHCsH4CH3T
m-CsH5N=CHCsH4CH3T
p-CeHsN=CHCsH4CHj?
p-CsHsN—=CHCeH,CHj
p-CeHsN=CHC:H,CH (CHjy),t
CeHsN=CHCH=CHC¢H;7

H, + Ni
Hy 4+ Ni
Hp 4 Ni
Hy 4 Pt
Hs 4+ Cu Chromite
Hy + Ni

H, + Ni

Mg + CH;0H
Electrolytic Pb cathode
Na—Hg + CH3;CH0H
NaOCsHy;

Electrolytic Cu cathode
Electrolytic Pb cathode
Na—Hg 4 CH3;CH,0H
Electrolytic Pb cathode
7n + CH3COQH

He + Ni

He 4+ Ni

NaOCHCH;

Al—Hg

Electrolytic Pb cathode
FElectrolytic Pb cathode
Electrolytic Cu cathode
Electrolytic Pb cathode
FElectrolytic Cu cathode
Na-—Hg + CH3CH20H
Mg + CH;0H

CelsNH (CHy),CH (CHjy),
CoHsNHCH,(CHOH),CH,0H
CeHsNHCH (CH,0H) (CHOH);CH,0H
CsHsNHCH (CHzy) CH,CO.CH,CH,
CeHsNHCH,CeHj

CeHsNHCH,CeH3

CsHsNHCHCgH;
CeH;NHCHCgH;
CeHsNHCHCsHp
CeH;:NHCHCsH;
CeHsNHCHCsHs
CeH;NHCHCgH;
CeH;sNHCH,CeHj
CeH;NHCHCsHs
CeHsNHCH,CeHj
CeHs:NHCH2CeHss
CsHs;NHCHCeHs
CsHsNHCHCeHj
CsHsNHCH,CeHs
CeH;NHCHCgHs
CeHsNHCH (CsH;)CH(CsHs)NHCsHj
0-CeHsNHCH,CeH,CHj
m-CeHsNHCH,CeH4sCH3
m-CeHyNHCHCsH4CH3
p—CsH5NH CH206H4CH3
p-CsH;NHCH,CeH4CH 3
p-CeH;NHCHCsH4CH(CHs),
CsHsNH(CHj)3CeHs

30
100
97

Excellent
89
70-90
83
74
73
67

ol LTI

87
79
43

20

* References 134-180 are listed on p. 255.

T These Schiff’s bases probably were purified before reduction.
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TABLE X—Continued

PREPARATION OF SECONDARY AMINES

1. By Reduction of Schiff's Bases Derived from Aromatic Amines—Continued

Schiff’s Base Reducing Agent Product Yield, %, Ref.*
0-CeHgN=CHCsH,Clt Electrolytic Pb cathode | o-CeHsNHCHCsH4Cl 87 68
0-CeHsN=CHCgH,Clt Electrolytic Cu cathode | o-CeHsNHCH,CgH,Cl 83 68
o-CsH;N=CHC:HClt Na—Hg 4+ CH3CH0H | o-CeHsNHCHCgH,Cl 38 175
m-CeHsN=CHCeH,Cl} Electrolytic Pb cathode | m-CsHsNHCHCeH,Cl 77 68
m-CeHsN=CHCsH,CIt Electrolytic Cu cathode | m-CeHsNHCHCeH,Cl 40 68
p-CeH;N=CHCsH4Clt Electrolytic Pb cathode | p-CeHsNHCHCsH4Cl 63 68
p-CeHsN=CHCsH,Cl} Electrolytic Cu cathode | p-CeH;NHCHCgH4Cl 57 68
0-CsHsN=CHCH,0Ht Mg + CH;0H 0-CeH;NHCH,CsH,OH — 65
0-CeHgN=CHCH,0H } Na—Hg 4 CH3CH0H | 0-CeHsNHCH.CsH,OH — 176
m-CeHsN=CHC¢H,OH } Na—Hg 4 CH3CH0H | m-CsHsNHCHC¢H4/OH 88 175
p-CeHsN=CHC:H,0H t Na—Hg 4+ CH3;CH0H | p-CeH;NHCHCeH,0H — 176
2/ 5-CeHsN=CHCsH3(OH) (CH3) } Zn + CH3COH 2/.5'-CeHsNHCHCegH3(OH) (CHy) — 170
2',5-CsHsN—=CHCsH;(OH) (CHs) T Al-Hg 2,5,2",5'-CeH;NHCH[CeHz(OH)(CH3)l- Quantitative] 170

CH|C¢H30H(CH;3)INHCsH;
p-CeH;N=CHCsH,0CH3? Na—Hg 4 CH3CH0H | p-CeHsNHCHCeH4OCHs 80 177
p-CeHsN=CHC¢H,O0CHj3} Electrolytic Pb cathode | p-CsHsNHCHCeH4OCH; — 171
p-CeHsN=CHCgH,O0CH;3} Mg + CH;0H p-CeHsNHCH,CeH,O0CH; — 65
3',4’-CeHsN=CHCgH30,CHq} Mg + CH;0H 3’,4"-CeHsNHCH CeH30.CH, — 65
p-CeH;N=CHC¢H,N (CHs)s} Mg + CH;0H p-CeHNHCH,CeH, N (CHj)o — 65
0-CH3CeHy N=CHCH,CH(CHj)st He + Ni 0-CH3CsHyNH(CH,),CH(CHj), — 63
0-CH3CsHiN=CHCsHst Electrolytic Pb cathode | o-CH3CeHNHCHCsHs 99 68
0-CH3CeH4N=CHCH; T Electrolytic Cu cathode | o-CH3CeH NHCH,CsHp 83 68
o-CH3CsH N=CHC¢Hj;T H, + N1 0-CH3CsH4 NHCH,CsHj — 63
0-CH3CeHy N=CHCH;t He 4+ N1 0-CH3CeH,NHCH,C¢H5 — 173
2,4'—CH305H4N=CHCGH4CH3T Electrolytic Pb cathode | 2,4’-CH3;CeH,NHCH,CeH,CH;3 77 68
2,4’-CH3;CsHyN=CHCsH,CHst FElectrolytic Cu cathode | 2,4'-CH3CeH NHCH,CeH,CH;3 48 68
2,4'-CH3CeHN=CHCsH,Cl1} Electrolytic Pb cathode | 2,4/-CH3;CeH NHCH,CsH,Cl 61 68

0¥g
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2,4-CH3CeHsN=CHC¢H,Cl}
2,4'-CH;CeH 4/ N=CHCsH,OCH3}
m-CH3;CeHsN=CH(CHOH),CH;0H
m-CH;CeH N=CHCsH;}
‘m—CHzCsH4N=CH CGH5T
m-CHsCeHN=CHCsH;t
3,3'-CH3CsH N=CHC¢H CH;}
3,3/-CH;3CsH ;N=—=CHCH,CH;}
3,4’-CHsCsHyN=CHC¢H,CH3t
3,4/-CH;3CeHN=—=CHCH;CH;}
3,4/-CH3CsH N=CHCsH,Cl}
3,4-CH3CsH N=CHCsH,Clt
p-CH3CsHsN=CHCsHj 1
p-CH;CeH N=CHCsH;}

p—CH3CﬁH4N=CHCGH5T
p-CH3CeHyN=CHCsH57
p-CH3CeHy N=—=CHCsHst
4,3'-CH3CsH;N—CHCH,CHst
4,3'-CH;3;CeHN=CHCsH,CH37

4,4-CH3;CsH,N=CHCsH,CH3?1
4,4-CH3CeHN=CHCsH,CHst

4,4/ CH3CeH,N=CHCsH,CH (CH;)ot
4,4’-CH;3CeH,N—=CHCH,Cl}

4,4'-CH3CeHN=CHC:H,Cl{

4,2/-CH;CeH;N—CHCsH,0H

Electrolytic Cu cathode
Na—Hg + CH;CH,0H
Hy + Ni

Electrolytic Pb cathode
Electrolytic Pb cathode
Hp 4+ Ni

Electrolytic Pb cathode
Electrolytic Cu cathode
Electrolytic Pb cathode
Electrolytic Cu cathode
Electrolytic Pb cathode
Electrolytic Cu cathode
Electrolytic Pb cathode
Electrolytic Cu cathode

Mg + CH30H

Hy, + Ni

Na—Hg + CH3CH,0H
Electrolytic Pb cathode
Electrolytic Cu cathode

Electrolytic Pb cathode
Electrolytic Cu cathode

Na—Hg 4 CH3;CH0H
Electrolytic Pb cathode

FElectrolytic Cu cathode

Na——Hg + CHgCHon

2,4'-CH3;CeH, N HCH,CegH,Cl
2,4-CH3CH,NHCH,CcH,OCH;
m-CH3CeH,NHCH(CHOH)4,CH,0H
m—CH3CGH4NHCH206H5
WCH3CGH4NHCH205H5
m-CH3CeHNHCHCgH;
3,3-CH3CsH,NHCH,C¢H,CH;
3,3-CH3CeH,NHCH,CeH,CH;y
3,4'-CH3CsHNHCH,CcH,CHj
3,4'-CH3CeH NHCHCsH,CHj
3,4’-CHC¢H, NHCH,CsH,Cl
3,4’-CH3C¢H4 NHCH,CgH,Cl
p—CH3CﬁH4NH CHZCGH5
p-CH;CeHNHCH,CeH;
p,p’-CH3CeH4NHCH (CgHj)-
CH(C¢Hs)NHCsH,CH;
p-CH3CsHJNHCHCeH ;5
p-CH3;CeH4aNHCHCHj
p—CH306H4NH CH205H5
4,3'-CH;CeH4;NHCH,CcH,CHj
4,3-CH3CsH NHCH,CeH,CH;y
4,3 4/, 3'-CH3CeHyNHCH (CsH,CH;)-
CH(CeH,CH3) NHCGH,CH;
4,4-CH;C¢H,NHCH,CcH,CH;g
4,4'-CH;CeH,NHCH,C¢H,CH;
4,4 4’ 4-CH;CsHNHCH(CsH4CHj)-
CH(CsH4,CH3g) NHCgH,CH3
4,4'-CH3;CeH4,NHCHC¢H,CH(CHg)g
4,4'-CH3CeH/NHCH,C¢H,Cl
4,4 4’ 4/-CH;CsH{NHCH (CsH,4Cl)-
CH(CeH4Cl) NHCgH,CH;
4,4'-CH3;CeH4 NHCH,CgH,Cl
4.4 4’ 4'-CH3CeHJNHCH(CsH4Cl)-
CH(CgH4Cl)NHC¢H4CH;
4,2-CH3CeH NHCH,CsH,0H

Good

174
68

68

176

* References 134-180 are listed on p. 255.

1 These Schiff’s bases probably were purified before reduction,
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TABLE X—Continued

PREPARATION OF SECONDARY AMINES

I. Ly Reduction of Schiff’s Bases Dertved from Aromatic Amines—Continued

Schiff’s Base Reducing Agent Product Yield, 9, | Ref.*
4,4'-CH3CeH,N—=CHC;H,0H 1t Na—Hg + CH3CH,0H | 4,4-CH;CeHNHCH,CeH,0H — 176
4,4'-CH;CHN—CHCsH;0CH;+t Na—Hg + CH3;CH,0H | 4,4-CH3;CsH;NHCH,CeH/0CH; — 177
4,4’-CH3CH,N=CHC¢H,0CH; Mg + CH3;0H 4,4'-CHCeHNHCHC¢H,OCH; — 65
2,5(CH3),CeHzN—CH(CHOH),CH,0H | H, + Ni 2,5(CH3)eCeHsNHCH,(CHOH),CH,0H — 66
0-HOCH,N—=CHCH (CH,CH3)st H, + Pt 0-HOCH NHCH,CH(CH,CHj3), 91 64
m-HOCeH,N—=CH(CHOH),CH,0H H, + Ni m-HOCsHNHCH,(CHOH),CH,0H — 66
p-HOCH,N—CHCH(CHg),} H, + Pt p-HOCHNHCH,CH(CHy), 83 64
p-HOCH,N—=CHCH—CHCH,t H; + Ni p-HOCHNH(CH,)3CH, 33 64
p-HOCH,N—=CHCH(CH;3)CH,CH;t H, + Pt p-HOCH,NHCH,CH(CH;) CH,CH; 85 64
p-HOCsHN—CHC(CHs),t H, + Pt p-HOCH,NHCH,C(CHs); 65 64
p-HOCsH,N=CHCH(CHj;)(CHp)sCHst |H, + Pt p-HOCHNHCH,CH(CH;)(CH,),CH; 85 64
p-HOCH,N=CHCH(CH,CHj;).t Hy, + Pt p-HOC:HNHCH,CH(CHyCH3), 89 64
p—%(})ICGH4N=CHCH(CHZCH3) (CHp)s |Hp + Pt p—él}(I)CeH4NHCHZCH(CHZCH3)(CH2)3- 93 64

3 3
p-HOCHN-—CH (CHOH),CH,0H H, + Ni p-HOCH,NHCH,(CHOH),CH;0H — 66
p-HOCeHN=CHCsH,}t Zn + NaOH p-HOCsH NHCH,CeHj — 179
4,4’ -HOCeH,N=CHCsH,CH (CHs).} Na—Hg + CH,CH,0H | 4,4-HOCsH,NHCH.CH,CH (CHs), — 174
"HOCGH4N=CHCGH4OHT Zn + NaOH 4,2'-HOCsH4NHCH,C¢H,OH — 179
4,4 HOCeHN—CHCsH,0CH;t Zn -+ NaOH 4,4-HOCeHNHCH,CsH,0CH; — 179

t474
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o-CH;0C6H,N=CH (CHOH),CH,0H

m-CH3OCsH4N-—CH(CHOH)4CH20H

p-CH30CsH N— Hit

9 CH;0- 4—CH306H3N-—CH(CHOH)4-
CH,OH

2,5-(CH30),CeH;N—=CH(CHOH),CH,0H

m-Q,NCeH,N=CH(CHOH),CH,0H
p-H,NCsHsN—CH (CHOH}4,CH,0H
B (CH N HN—CHC,H, f
p%%3%ONHCGH4N-—CH(CHOH)4-
4.4/ (CH3)2NCGH4N——CHCSH4CH(CH;;)Z']'
4 4/-(CH3)eNCeH,N=CHCsH,OCH3;
a-C]oH7N-—CH(CHOH)4CH20H
a-C1oH;N=CHC¢H;s}
1,4'-C1oHN=CHCsH,OCHj3t
11/-CroHIN—CHCoHrt
B-CyoH,N=CHC;Hs}

B-CyyH;N=CHCsHs?
2,2"-C1oH;N=CHCeH,0H1
2 4'-CoH;N=CHCsH,OH }
2 4'-Cy H;N=CHCsH,OCHj3t
2,4'-010H7N=CHCGH4OCH3T
2,2'-C1pH;N=CHCyH7}

Hy 4+ Ni
Hy + Ni
He + Ni
Hy + N

H; + Ni

H2 + \1

H; 4+ Ni

Na-—Hg + CH3CH,0H
He + N

Na—Hg + CH;CH,0H
Na—Hg + CH;CH,0H
H, + Ni

Mg + CH;0H

Mg + CH;0H

H, + Ni

Na—Hg + CH;CH,0H

Mg +4- CH30H

Na—Hg 4+ CH3;CH.,0H
Na—Hg + CH3CH,OH
Na—Hg 4+ CH;CH,CH
Mg 4 CH3;0H

H, + Ni

0-CH;0CsH,NHCH, (CHOH) ,CH,0H

m-CH30CsH ;NHCHy(CHOH) ,CH,0H

p-CH30CsHNHCH,Cols

9 CH30-4-CH;3CeHsNHCH,(CHOH) 4
CH,0H

2,5-(CH30),CeHsNHCH,(CHOH) -
CH,0H

2
m-HoNCeH,NHCH,(CHOH),CH,0H
p-HoNCeH ,NHCH,(CHOH),CH,0H
p-(CH3)sNCgH,NHCHCglHy
p—CéIggl(_)INHC(;H‘;N HCH(CHOH) 4+
4,4’-(CH3)2NCGH4NHCHZCGH4CH (CHj3)e
4,4/-(CH3)oNCeHNHCH,CsH,0CH;
a-C H,NHCH,(CHOH)4CH,0H
a-C1pH7;NHCH,CeHj
1,4"-CyoH;NHCH,C¢H,OCH;

]., 1/—010H7NH CH2010H7
B-C1oHNHCHCsH

B-C1oH;NHCH2CsH
2,2'-C1oH;NHCH,CeH, OH
2,4/-CoH;NHCH,CsH,0H
2,4'-C1pH;NHCH,C¢H,0CH;
2,4'-CyoH;NHCHC¢H,OCH;
2,2/-C1oH;NHCH,CoH;

Nearly
quantitative

66

173
66

66
66

178
66

174
177

65
65
180
178

65
176
176
177

180

* References 134~180 are listed on p. 255.

t These Schiff’s bases probably were purified before reduction.
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TABLE XI
PREPARATION OF TERTIARY AMINES

A. From Ammonia and Carbonyl Compounds

Amine Used C%ﬁggﬂld deglé;ifg Products Isolated Yieid, Ref. *
NH; CH3;CHO Hy + Pt | (CH3CHg)sN — 20
NH; CH;CH,CHO Hy + Pt | [CH3(CHg)glsN — 20

B. From Primary Aliphatic Amines or Nitro Compounds and Aliphatic Aldehydes

Amine or Nitro Compound Used &%ggﬁih Rz(iglé;lfg Produets Isolated Yi%d’ Ref.*
CH3NO, CH3;CHO Hy 4 Pt | CH3N (CHyCHj), 92 2
CH3NO, CH3;CH.CHO Hs + Pt | CH3N[(CHg)oCHgle 45 2
CH;;NOZ CH3CH20HO Hz + Pt CH;;N[(CHZ)ZCHB}Z 33, 38 70
CH;3NO, CH3(CH2):CHO | Hy 4 Pt | CH3N[(CH2)sCHjle 56 2
CH3NO, CH3(CH2):CHO | Hy + Pt | CHsN[(CHg)3sCHjle 39, 46,54 | 70
CH;NO, CH;3(CH)sCHO | Hy + Pt | CH3N[(CH,)sCHjle 30 70
HO(CHy):NH, CHO Hy + Ni | HO(CH;),N(CHj), 78-88 71
m-CH30CsH,CH(CH3)CHNHy CH;O He + Ni | m-CH30C¢H,CH(CH3)CHoN{CHg)s 64 27
p-CH30Cg H CH(CH3)CHNH, CH0 Hs + Ni | p-CH30CsH,CH(CH;)CHN(CHj)e 64 27
CsHsCH,CH(CH3;)NH, CH:0 Hy + Ni | CeH;CH,CH(CH;)N (CH3), 67 27
0-CH30CeH,CH,CH(CH3)NH, CH0 He + Ni | o-CH3;0CeH,CH,CH(CH;3) N (CHjg)e 80 27
m-CH3;0CHCHCH(CH;)NH, CH0 Hp 4 Ni | m-CH30CsH4 CHoCH(CH;3)N (CHs)s 86 27
p—CH3OCsH4CH20H(CH3)NH2 CHzo HZ + N] p—CHzOCsH4CH20H(CH3)N(CHB)Z 51 27
CsHsCHOHCH (CH;3)NH, CH.0 Hy; + Ni | CeH;CHOHCH (CH;3)N (CHj)e 84 27

HQN(l}—-——(l}CH;; CH;O He + Pt (CHg)zNC—:————(l]CHg — 18,72

ocC NCH; oC NCH;
N \N
GCsHs CesH;

e
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C. From Primary Aliphatic Amines and Aromatic Aldehydes

Reducing

Yield,

Amine Used Carbonyl Compound Agent Products Isolated < Ref.*

CH;CH;NH, CsH;CHO CH3CHO H; 4+ Pt | CeHs;CHN(CH,CHg), 28 11
D. From Primary Aliphatic Amines and Ketones

Amine Used Carbonyl Compound R’eAdgl;gél € Produets Isolated Yi(%l?d’ Ref.*
CH;NH, CH3COCH.COCHj3 -+ CH,0 Hy, + Pt | CHsCHOHCH,CH(CH3)N(CHjg)s — 73
CH;3;NH, CeHsCOCOCH; + CH0O Hy + Pt | CgHsCHOHCH(CH3)N(CHg), — 74
CH;CH;NH, CH3;COCH,COCH; 4+ CH3CHO | Hy + Pt | CHsCHOHCH,CH(CH;3)N (CHCHjs)o 42 73
CH;3;CHNH, CsH;COCH,COCHj; + CH3CHO | Hy + Pt | CeHsCHOHCHCH(CH3)N (CHoCHjs)e — 73

CHZ———(l}HZ
Cyclohexylamine CH;3CO(CH;),COCH3 H, + Pt HgC(L}H CHCH3 27 29, 30
NCgHyy
CH;CHOH (CHZ)ZCH (CH3)\ HCeHn 8

HyNC=—=CCH; CH;3;COCH; Hy 4+ Pt | {(CH;)CH]NC: CH. — 18

oé 1110}13
N

N
CsHs

l
0 NCH;

AN
.
CeHj

NOILVIANTY HALLOAQHY AL SANINV J0 NOLLVIVIHUI

* References 181-185 are listed on p. 255.
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TABLE XI1—Continued

PREPARATION OF TERTIARY AMINES

E. From Primary Aromatic Amines, Nitro, Nitroso or Azo Compounds and Aliphatic Aldehydes

Amine, Nitro, Nitroso or Azo Carbonyl Reducing Yield, %
Compound Used Compound Agent Products Isolated % Ref.
CeH;NO CH;3;CHO 7Zm + HoS04 | CeHzN(CHoCHj), 90 34
CsHsNO; CH;CHO H, + Pt CsH;N(CH.CHj;)2 70 2
CeHsNO, CH3CH,CHO He + Pt CeHsN[(CHy),CHj)o 34 2
CsH:NO, CH3(CH2).CHO H, + Pt CsHsN[(CHg)sCHj;le 69 2
CsHsNO, CH;3(CHg)sCHO H, + Ni CeHN[(CH3)sCHj)o 63 2, 33
p-CH3CsH4NO, CH0 Electrolytic p-CH3CeHyN (CHj)s — 181
2,4 6-(CH;3)3CeHaNH, CH:0 Zn 4 HCl 2,4,6-(CH3)3CeHoN (CHg), 70 42
2,4,6-(CH;)3CeHoNOg CH:0 Zn + HCI 2,4,6-(CH3)sCsH2N (CHjy)o 68 42
2,4,6-Cl3CsH N H, CH:0 Zn + HCl 2,4,6-ClsCsHIN(CH3) — 76
2-CH;-4-BrC¢H3;NH, CH20 Zn + HCI 2-CH3s-4-BrCgH3;N(CHj), 54 76
2,4—(CH3)2-6-BI‘CGH2NH2 CHzo Zn + HCI 2,4—(CH3)206H3N( H3)2 90 76
2-CH3-4,6-BroCsHoNH, CH0 Zn 4 HCI 2-CHz4-BrCgH3N (CH3)2 68 76
2,6-Bre-4-CH3C¢HoNH, CH.0 Zm + HCI 2-Br-4-CH3CsHsN (CHjy), 75 76
2,4,6-BrsCsHoNHy CH0 Zn + HCI p-BrCeHyN (CHjg)o 88 76
2,4,6-Brs-3-CH3;CsHNH, CH20 Zn + HCI 3-CH;3-4-BrCeH ;N (CHj), 63 76
2,6-Bro-4-1CsHNH, CH.0 Zn + HCI CeH;N(CHgy)s 81 75
4,6-Clp-1,3-CsHa(NHg), CH20 Zn + HCl 4,6-Cla-1,3-CeHo[ N (CH3)els 71 75
p-(CH3)eNCsHiIN=NCsHj CH;3(CH2).CHO He + Ni p-(CH3)eNCsHN[(CH2)sCHsle 76 48
CeHsNH(CH,)3;CH; 73
p-HOCgHNO, CH3CH,CHO Hy, 4+ Pt p-HOC¢HNH(CHz),CH; 26 45
p-HOCsH N[ (CHz),CHjlp 40
p-HOCsHN=NC¢Hj CH;3(CH2).CHO He + Ni p-HOCeHN[(CHz)sCHjls 46 48
p-HOC¢HNO, CH3(CH;).CHO He + Ni p-HOCHN[(CH;)sCHs)o — 33
p-HO,CCcH4NH, CH20 le\ -+ P% p-HOCCeH 4N (CllIs)e — 77
ior Co
p-CH3CH0,CCsH4NH, CH20 HIZ\I + P% p-CH3CH0,CCeH4 N (CHj)e — 77
ior Co

a-C1pH/NO, CH;CHO H; + Pt a-C1oHsN (CH,CHj), 40 2
2-HOC,pHgN=NCsH;y CH;3(CHg),CHO Hy + Ni 2-HOCyyHgN[(CH2)sCHlz 41 48

iz
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F. From Aromatic Nitro Compounds and Aromatic Aldehydes

Nitro Compound Used &%ggﬁﬁi Rg‘ig%%ifg Products Isolated Yield, % | Ref.*
p-HOCHNO, CsH;CHO Hy 4+ Pt p-HOCH 4N (CHCsHs)o — 52, 53, 54
p-HoNCgHsNOq C¢H;CHO He + Pt p-CeH 4[N (CH2CeHs)solo 50 44

G. From Secondary Aliphatic Amines and Aliphatic Aldehydes
Amine Used Carbonyl Compound | Reducing Agent Products Isolated Yield, 9, Ref.*
(CHz)eNH (CHj3):CHCH,CHO Hy 4+ Pt (CH3)2N (CH,),CH (CHj)e — 73
(CHj3).NH (CHj3)oC=CH(CHy)s- | Hy + Pt (CH3)oCH(CHy)sCH (CHjs) (CHg)o- 64 73
C(CH;3)=—CHCHO N(CHjs)e
(CH3CHg)oNH CH0O CH3;CHOHCH-. | (CH3CH,):NCH; — 135
(CH;3CH,)NH CH3;CHO Hp + Ni (CH3CHy)sN 90 182
[(CHs)eCH],NH CH3;CH,CHO He + Pt [(CH3)sCH,N (CHj),CHj 26 18
(CH;3).CH(CH,):NHCH.CH; | CH0 H, 4+ Pt (CH3)oCH(CHy)oN (CH3)CH.CHj — 73
(CHjs)CH(CHz)eNHCH,CHj3 | CHsCHO He + Pt (CHj3)oCH(CHz)oN(CHoCHs)s 40 73
(CHj3)2CH(CHy) NHCH,CHj3 | CH;CH,CHO H, + Pt (%%)ZCH(CHZ)ZN(CHZCHQ(CHZ)Z- 33 73
3
(CH3)CH(CH,)NHCH,CH; | (CH;),CHCHO Hy + Pt (CHg)%jCH(CHz)ZN(CHZCH3)CH2- 40 73
3)2
(CH3)2CH(CH3):NHCH,CHj3 | (CH3)CHCH,CHO Hy 4 Pt [(CHg3)oCH (CHy)oleNCH,CHj 50 73
(CH3)oCH(CHg)oNHCH,CH; | CH3(CH2)sCHO H; + Pt (%%)ZCH(CHZ)ZN(CHZCHQ(CHZ)G- 10 18
3
(CH3)oCH (CHy) NHCH,CHj; | (CH;3)oC=CH(CHy)s- | Hs + Pt (CHj;)2CH(CHbs)oN (CHoCHg) (CHy)s- 47 18
C(CH;)=—CHCHO CH (CH3)(CHg)sCH(CHzs)s
[CH3(CHy)sloNH CH3;CHO He + Ni [CH3(CHzg)sleNCH,CHj — 182,183

" % References 181-185 are listed on p. 255.
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TABLE XI—Continued

PREPARATION OF TERTIARY AMINES

G. From Secondary Aliphatic Amines and Aliphatic Aldehydes—Continued

Amine Used Carbonyl Compound | Reducing Agent Products Isolated Yield, 9%, Ref.*
[CH3(CHy)g,NH CH;(CHy),CHO H, + Ni [CH3(CHa)glsN 34 182, 183
[CH3CH.CH(CHj)leNH CHj3(CHg);CHO Hy + Pt [CH3CH2CH (CH3)leN (CHg)sCHj 6 18
CH3;CH,CH(CH3)NHCH- CH0 He + Pt CH;CH,CH(CH;)N(CH;)CH- 73 18

H,CHy)y ) (CHCHg)o
[(CHg)2CH (CHy)ob,NH CH,CHO H, + Pt [(CHg)oCH (CHg)gloNCH;CH, 34 18
[(CH3)2CH(CHz)2]oN (CH2)3CHj 15
[(CH3);CH (CHy)gNH CH,CH—CHCHO  |H, + Pt [(CH3)2CH(CH,)2laN (CHy)sCHs 44 18
[(CH3)eCH(CHg)oleNH (CH3);C=CH(CHy)s- | Hz + Pt [(CH3)2CH(CHz)2]oN (CHy)o- 34 18
C(CH3)=—CHCHO CH(CHj3)(CHy)3;CH(CHz),
(CH3)sCH(CH2)sCH(CHj)- | (CH3):CH(CH,);CH- | Hp + Pt [(CHj3)sCH (CHz);CH(CHj3) (CHz)zlo- 75 18
E}%‘%ZC)JZ\IH(CHZ)Z- (CH3)CH,CHO N(CH»):CH(CHj3)2
(ngz)ng(CHz)BCH(CHs) CH3CHO Hy 4 Pt (C%z)ZCH(CHz)scH(CHz)(CH2)2]2- 33 18
(CHz)yCH&%HZ);gCH(CH;g) (CHj3):CHCHCHO He 4Pt (glilé)ZC)HC()CIgCZJ)I?IC)H(CHz) (CHg)sglo- 67 18
Ho)o
[(CHz)zCH(CHZ)ch(CHz)- (CH;3);CH(CHg)sCH- |Hy + Pt [(CH3)sCH(CH2)sCH(CHj3) (CHy)2lsN 85 18
)2l NH (CH3)CH,CHO
[(CHs5);CH(CH3);CH(CHs)- | (CHy)eC—=CH(CHy)y- | Ha + Pt [(CH3);CH (CHz)3CH(CH3) (CHz)2]sN 64 18
2)2]2 (CH3)=CHCHO

CeH1nNHCH,CH; CH3CHO Hy 4+ Pt CeH1yN (CH,CHzy)o — 73

CI_’%IC-)IIC_)IOHCHZCH (CHj;)- CH,0 He 4+ Pt CH;CHOHCHCH(CH;3)N (CHy)e — 73

CHchOHCHZCH(CHz) CH3;CHO He + Pt CH;CHOHCH,CH(CH;)N- 48 73

NHCH,CH, (CH,CH,),

CeHsCHOH CH (CH3)NHCH3{ CH,0O Hy 4 Pt CsHsCHOHCH (CH;3)N (CHj3)s Quantitative | 29, 30

CH,0O Hy + Pt Quantitative 73

CﬁﬁCHOHCH (CHy) NHCH,-

3

Ce§5CHOH CH(CH3)N(CH3)CH,-
3

8%¢
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CsHaCHOHCHZCH (CHy)-
HCH

5

CeHscHOHCHZCH(CHg)
NHCH,CH;

CeHsCHoNHCH,CH3

Piperidine

Piperidine
Piperidine
Piperazine

Piperazine

CHz0
CH3CHO
CH3CHO

CH0

CH3CHO

CH3(CH,),CHO

CH0

CH3CHO

H; 4+ Pt
Hy 4 Pt
H; + Pt

CH3;CHOHCH3

CH3;CHOHCH;

Hy +Ni

Zn + HCI

Zn 4 HCl

CeHsCHOHCH;CH (CH;3)N(CHj):

CeH;CHOHCH,CH(CH3)N-
(CHoCHj)s

CeHsCHN (CHoCHs)s

2 2
Ve N
CH, NHCH;

AN
CH,CH,
CH,CH,

Céz \N CH,

AN s/
CH20H2 2
CH,CH,

7 AN
CH, NCH,CH;

\CHZCHZ
CH,CH,

Céz \X (CHz)sCH;

CH,CH,
CH,CH,

CH31\'/ \\'CH;;

CH,CH,
CH,CH,

/
CH;CH,N NCH,CHj
CHCH,

74
15-50

25

93

88

92

73
73
11

135

136

23, 24,
83

184

184

* References 181-185 are listed on p. 255.
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TABLE XI—Continued

PREPARATION OF TERTIARY AMINES

G. From Secondary Aliphatic Amines and Aliphatic Aldehydes—Continued

Amine Used Carbonyl Compound | Reducing Agent Products Isolated Yield, % Ref.*
CHy——CH, CH3CHO — CHy——CH, Nearly 136
(JJ | quantitative

He CHCHOHCH; CHa, HCOCH;
AN
N
H CH,yCH3
CH,—CH, CHO — CH;—CH, Nearly 135
é é | é quantitative
He HCHOHCH.CHj; CH, HCOCHCH;
N\,
N N
H CH;
(IZHZ—~—CHZ CHO — CHT-—(I)HZ — 135
CH, éHCHZCHOHCHg éHz CHCH,COCH3;
AN N
N N
H CH;
H. From Secondary Aliphatic Amines and Aromatic Aldehydes

Amine Used Carbonyl Compound | Reducing Agent Products Isolated Yield, % Ref.*
(CH3)sNH CsH;CHO Hy; 4 Pt (CHj3)oNCH,CeHs — 73
(CH;)oNH CsHsCH,CHO CH3;CHOHCH; | (CHj3)oN(CHj)oCsHs Quantitative| 136
(CHp)eNH CsH;CH,CHO Al—Hg 4 Ho0O | (CHj3)eN(CHg)oCeHs 39 127

06g
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I. From Secondary Aliphatic Amines and Ketones

Amine Used Carbonyl Compound Ridglégfg Products Isolated Yl,e%l) 4| Ref.*
(CH3):NH CH3COCH; Hy 4 Pt | (CH3)sNCH (CHz)s — 74
(CHs)eNH CeH;COCH; H, + Pt | (CH3)eNCH(CH;)CsHj — 73
(CH3),NH CeHsCH2COCH; Hy 4 Pt | (CH3)e:NCH(CH;)CHoCeHjy — 149
(CH3)eNH CH;3(CHy)eCOCOCH; | Hy -+ Pd | CH3(CH,),COCH(CH3)N (CHj)e 8 28
(CHj3):NH CsHsCOCOCH;3 H, 4 Pt | CgHsCHOHCH(CH3)N (CHzy), — 74
(CH3):NH CH3COCH,COCH; H, 4 Pt | CH3CHOHCHCH (CH3)N (CHjs), 0.8 29, 30
(CH3),NH CegHsCOCH,COCH; | Hy + Pt | CeHsCHOHCH,CH(CH;3)N(CHg)s — 73
(CH3CHy)NH CH3COCH,COCHjs H, + Pt | CH;CHOHCH,CH (CH;3)N (CH2CHz): 6 73
CH3CH,CH(CH3)NHCH; CH3COCH; H, 4+ Pt | CH3CH,CH(CH3)N(CH3)CH(CHj), 47 18
CH3CH,CH(CH3)NHCH; CH3;COCH,CH; H, + Pt | CH3CH,CH(CH3)N(CH3)CH(CH;)CH,CHj 18 18
CH;CH,CH(CH;)NHCH;, CH3CO(CHy),CHjs H, 4 Pt | CH3CH,CH(CH3)N(CH;)CH(CHj3) (CHg)2CH; 17 18
CH;CH,CH(CH;3;)NHCH, CH3CH,COCH,CH; | Hj; + Pt | CH3CH,CH(CH3)N(CH3)CH(CHCHjy)2 0.02 18
CH3CH,CH(CH3)NHCH; CH3;CO(CHy),CH3 H, 4+ Pt | CH3CH,CH(CH3)N(CH3) CH(CHj3) (CHg)sCHs 8 18
CH3CH,CH(CH;3)NHCH;3 CH3CO(CHy)4CHj3 H, 4+ Pt | CH;CH,CH(CH3)N(CH3)CH(CHj3) (CHg)sCH; 3 18
CH3CH,CH(CH3)NHCH3 CH;CO(CHy)sCHj3 H, + Pt | CH3CH,CH (CH;3)N(CH3)CH(CH3)(CHz)sCHjs 0.6 18
CH3CH,CH(CH3)NHCH; Cyc%%e}gﬁone H, + Pt | CH3CHCH(CH3)N(CH;3)CeHyy 15 18

2CHy
7 AN .
CH3;CH,CH(CH3;)NHCH; C}\I\z /CO H, 4 Pt | None 0 18
CH,CHCH;
CH,CH, CH,CH,
v AN 4
CH;3;CH,CH(CH3)NHCH; CHy /CO H, 4 Pt | CH;CH,CH(CH3)N(CH;3)CH CH, 5 18
CHCH, CH,CH
H; H;

* References 180-185 are listed on p. 255.
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TABLE XI—Continued

oF TERTIARY AMINES

1. From Secondary Aliphatic Amines and Ketones—Continued

Amine Used Carbonyl Compound Ridglé;itng Products Isolated Yleid’ Ref.*
CHchz CHZCHZ
vl AN v AN :
CH;CH,CH(CH;3)NHCH; H;CCH CO | Hp + Pt | CH;CH;CH(CH3)N (CH;3)CH CHCHj3; | 4 18
CH20H2 CH20H2 "
(CH3;CH,)2CHNHCH; CH3;COCHCH3 H, + Pt | (CH3CH);CHN (CH3)CH (CH;)CH,CHg 21 18
C}ggHZCH(CHg)N HCH, CH3;COCH; Hp + Pt | CH;CH,CH(CH3)N (CH,CH3)CH(CHj)s | 2 18
3
(CH3)2:CH(CHy) NHCH,CH; | CH;COCH; Hy + Pt | (CH3)oCH(CH;)oN(CH,CH;3)CH (CHj), 124 18
[(CH3)eCH(CHs)sloNH CH3;COCHj3 Hp 4 Pt | [(CHg)oCH (CHg)oloeNCH(CHj)e 14 18
J. From Aryl Alkyl Amunes and Aliphatic Aldehydes
Amine Used C%%ggﬁild Reducing Agent Products Isolated i Yi(%d, Ref.*
]
CeH;NHCH; CH0O Zn + HCl CsH5N (CHg)o 80 80
CeH;NHCHCH3 CH0 Zn 4+ HCl CeHsN (CH3)CH.CH; 88 80
CeHsNHCH.CH3 CH3;CHO Zn -+ HyS0, CeHsN (CHo,CHg)o 93 185
CsHsNHCH,CH3 CH;CHO Zn + HyS804 CsH;N (CHCHg)e 82 35

(444

SNOLLOVHYE DINVDEO



CeH3NH(CH,),CH; CH0 Zn + HCl CsHsN (CH3)(CHg);CHz3 76 80
CeHsXH(CHz);;CH;; CHO Zn + HCL CGH5N(CH3)(CH2)3CH3 55 80
CeH:sNH(CH,),CH(CHj): CH,0 Zn 4+ HCl CsHs N (CHj3) (CHg)oCH(CHs)e 61 80
CsHsNOHCHCeH CH;3(CH),CHO | Hy 4 Pt CeHsN (CH2CgHi) (CHy)3CH3 38 2
CsHsNHCH,CsHs CH;3(CHg),CHO | H; + Pt CsH N (CHoCeHs) (CHg)sCHjy 3 2
p-HO,CCeHNH (CHs)CHj3 CH,O Hy 4 Pt, Nior Co | p-HO.CCsH4N (CHs)(CHg)2CHg — 77
p-HOCCeH,NHCH(CH,CH3)CgHs | CH0 Hy + Pt, Nior Co | p-HO.CCsH 4N (CH3) CH(CH,CH;3)CsHj — 77
p-CH3CH0.CCcHuNH(CH,)o,CHs | CH3CH;CHO Hsp + Pt, Ni or Co | p-CH3CH20,CCeH4N[(CH2),CHjlz — 77
K. From Aryl Alkyl Amines and Ketones

Amine Used Carbonyl Compound { Reducing Agent Produets Isolated Yield, % | Ref.*

CeHsNHCH; CH;CH,COCOCH; |Hp + Pt CH;CH,COCH(CH3)N(CH;3)CsHj; 7 28
L. From Diarylamines and Aldehydes

Amine Used Carbonyl Compound | Reducing Agent Products Isolated Yield, 9, | Ref.*
(CeHz)oNH CHO Hs + Pt (CeHs)eNCH;3 65 18
(CeHz)eNH CH;CHO H, + Pt (CsHj5):NCH,CH;, 80 18
(CeHjp)eNH CH3;CH,CHO Hy 4+ Pt (CeHs)eN(CHz)sCH3 53 18
(CeHg)eNH CH;3(CH_2);CHO He + Pt (CeHs)eN(CH2)3CH; 33 18
(CsHs)oNH (CH;3),CHCHO He + Pt (CeHs)eNCH,CH(CHjy)s 7 18

* Refcrences 180-185 are listed on p. 255.
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INTRODUCTION

Acyloins are a-hydroxy ketones of the general formula RCHOHCOR,
in which R represents an aliphatic residue. They are, therefore, the
aliphatic analogs of benzoins.

The term ‘“‘acyloin’’ is commonly used as a class name for the sym-
metrical keto alcohols, and the name of the individual compound is
derived by adding the suffix oin to the stem name of the acid to which
the acyloin corresponds, e.g., acetoin, propionoin, butyroin, ete. For

256



THE ACYLOINS 257

euphony and to avoid confusion with commonly used names of the
glyceryl esters, the acyloins corresponding to caproic and capric acids
are called capronoin and caprinoin. A mixed acyloin in which the two
alkyl groups are different is named as a derivative of carbinol, e.g.,
ethylacetylcarbinol.

The commonest method of preparation of those acyloins in which the
alkyl groups are identical is the reaction of sodium with esters of ali-
phatic acids in inert solvents. Salts of enediols are produced in this
reaction; on hydrolysis they are converted into the acyloins. Acyl

0
V4 RC—ONa
2RC—OR’ + 4Na — | -+ 2NaOR’
RC—ONa

ngO

RC—OH RC=0
-~ -+ 2NaOH

|
RC—OH|  RCHOH

chlorides also react with sodium. The product of this reaction is an
ester of the above enediol, which can be hydrolyzed to an acyloin. The

RC—ONa _RCOCI RC—OCOR H 20 RC=0
)
41 ONa —OCOR RJJHOH

2RCOCI + 4Na — 2NaCl +

reaction of an ester with sodium is a more satisfactory as well as a more
economical method of preparation of acyloins.

Other methods of preparation that have been used for the synthesis
of certain acyloins are: (1) the action of the Grignard reagent on an
a-hydroxy nitrile and on nickel carbonyl, (2) the hydrolysis of an a-halo
ketone, (3) the oxidation of an allene with silver chlorate in the presence
of osmium tetroxide, (4) the reaction of an ethynylcarbinol with acetic
acid or ethylene glycol in the presence of mercuric oxide and boron tri-
fluoride followed by hydrolysis of the resulting acetate or dioxolane,
(5) the reaction of a glyoxal with an aromatic hydrocarbon in the pres-
ence of aluminum chloride, (6) the partial reduction of a 1,2-diketone,
(7) the oxidation of 1,2-glycols, and (8) photochemical and biological
syntheses.

ACYLOINS FROM ALIPHATIC ESTERS
The reduction of aliphatic esters in inert solvents with sodium is the

most convenient method of synthesis of acyloins in which the alky!
groups are the same. The reaction was discovered by Bouveault and



258 ORGANIC REACTIONS

Blanc during the course of their studies® of the sodium reduction of
aliphatic esters in alcoholic solution to the corresponding primary
alcohols. Their isolation of the glycol C;H;sCHOHCHOHC H,; in-
stead of the expected primary alcohol from the sodium reduction of
methyl caprylate #n ether solution led Bouveault and Locquin to a survey
of the reaction of sodium on aliphatic esters in inert solvents.? The
preparation of the diacyl derivatives of the acyloins by the action of
sodium on acid chlorides had been reported in the very early literature,?
but the structures of the compounds were not established until much
later.t

Mechanism of the Reaction. The formation of an acyloin from an
ester or acid chloride is a combination reduction-condensation reaction

i )
RC==0 RC—ONa RC==0
+ 2Na — | — | + 2NaX
R?=O R?——ON& RC==0
X X
X = Clor OR

that undoubtedly involves the initial formation of the diketone. The
further reduction of this diketone by the metal yields the sodium salt
of the enediol form of the acyloin.’ The reaction is similar to the reduc-
tion of a ketone to a pinacol.? The yellow diketone, which is usually

RC=0 RC—ONa
I -+ 2Na — ”
RC=0 . RC—ONa

present to color the acyloin, has been postulated as resulting from air
oxidation of the acyloin;? but later work with the acid chloride ” and
the ester ® of trimethylacetic acid has shown that this assumption is
questionable, since the intermediate diketone (R is ¢t-butyl), which is
very resistant to further reduction, appears as a major product of the
reaction.

1 Bouveault and Blane, Bull. soc. chim. France, [3]1 29, 787 (1903); [3] 31, 666, 672 (1904);
Compt. rend., 136, 1676 (1903).

2 Bouveault and Locquin, Compt. rend., 140, 1593, 1669 (1905); Bull. soc. chim. France,
[3] 35, 629, 633, 637 (1906).

3 Freund, Ann., 118, 35 (1861); Bruhl, Ber., 13, 315 (1879).

4 Klinger and Schmitz, Ber., 24, 1271 (1891); Basse and Klinger, Ber., 31, 1218 (1898).

5 Snell and McElvain, J. Am. Chem. Soc., 83, 750 (1931).

8 An interesting—but nevertheless mnaccurate—description of the reaction is that the
ester may be considered as being reduced to an aldehyde, which then goes to the acyloin
through a condensation of the benzoin type. Houben-Weyl, 3rd ed., Vol. 2, p. 931 (1925).

" Egorova, J. Russ. Phys. Chem. Soc., 60, 1199 (1928) [C. A., 23, 2935 (1929)].
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A mechanism similar to that outlined above has been proposed for
the reduction of aromatic acids to benzoins by the binary system
magnesium-magnesium iodide.® This reagent, however, has not been
applied to aliphatic esters.

Another proposal involves the sodium enolate ? of the ester as an

0 ONa,
7 /
R,CHC—OR’ + Na — R,C=C—OR’ + [H]

/ONa R.CHC—ONa
2ch=c\ -+ 4[H] — “ -+ 2R’OH
OR' R,CHC—ONa

intermediate in the formation of acyloins. The most convincing objec-
tion to this mechanism is the inability to explain the ready formation of
diketone and acyloin from ethyl trimethylacetate, which has no enoliz-
able a-hydrogen.

A study of the action of sodium in liquid ammonia on a number of
esters of aliphatic as well as aromatic acids has resulted in the suggestion
that a series of equilibria and an intermediate free radical are involved
in the formation of diketones and acyloing.® Even if this is a correct

ONa
0 ONa I
7 Na | RC—OR’  RC=0
2RC—OR’ —> 2RC—OR’ = | =2 | -+ 2NaOR’
' RC—OR’  RC=0

ONa
1
I
2ll\Ta
! !
ONa 0
| V4 RC—ONa
2RC—OR’ &= 2RC—Na -+ 2NaOR’ = | -+ 2NaOR’
| RC—ONa
Na

representation of the reduction of esters by sodium in liquid ammonia,
it does not follow that the mechanism is similar in an inert solvent in

3 Gomberg and Bachmann, J. Am. Chem. Soc., 50, 2762 (1928).

? Scheibler and Voss, Ber., 53, 388 (1920) ; Scheibler and Emden, Ann., 434, 265 (1923).

10 Kharasch, Sternfeld, and Mayo, J. Org. Chem., 5, 362 (1940); see also Blicke, J. Am.
Chem. Soc., 47, 229 (1925).
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which one of the reactants and the final reaction product are insoluble.
It also may be significant that ethyl benzoate is the only one of the
esters studied that gives evidence (color) for a free radical.

Application of the Reaction. The original procedure of Bouveault and
Locquin 2 consisted in treatment of the ester with sodium in ether at 0°.
The reaction was allowed to proceed for several days, and yields approxi-
mating 809, were obtained from the esters of propionic, butyric, caproic,
isobutyric, and trimethylacetic acids. Acetoin was produced in a much
lower yield, and no experiments with formic esters were reported. A
substantial improvement in the conditions for carrying out this reaction
has been described.? With the same esters and ether, benzene, xylene,
or in some cases an excess of ester as the reaction medium, the low
temperature previously employed is avoided and the reaction time re-
duced from several days to a few hours merely by allowing the reaction
to proceed at the temperature of the refluxing solvent.

Small amounts of 1,2-diketone (RCOCOR) and some higher-boiling
materials generally accompany the acyloins. The presence of the di-
ketone is a result of incomplete reduction to the sodium derivative of the
acyloin; the higher-boiling materials are formed possibly from the
acyloins during distillation or by polymerization or rearrangement of
the diketones under the influence of alkali produced in the reaction.5

Ether is the preferred solvent for esters of low molecular weight,
though benzene also is fairly satisfactory. Table I summarizes the
yields of the acyloins and the corresponding diketones from a number of
such esters.

TABLE I

AcyLoiNs AND DikkToNEs FROM Low-MOLECULAR-WEIGHT ALIPHATIC KSTERS

(Two gram-atoms of sodium with one mole equivalent of ester)

Ethyl Ester Solvent Yield 0£ Acyloin | Yield ofoDiketone

% T

Acetate Ether 23 7
Propionate Ether 52 9
Benzene 30 7

Butyrate Ether 72 7
Benzene 61 7

Isobutyrate Ether 75 4
Benzene 68 8

Trimethylacetate Ether 62 32
Benzene 63 15
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There is a striking variation in the reactivities of the esters listed in
Table I. In ether solution a period of twenty-four hours at the refluxing
temperature is necessary to complete the reaction with ethyl acetate,
whereas after two hours at the same temperature the reaction with ethyl
propionate is complete. In sharp contrast to the behavior of these
esters, ethyl butyrate, ethyl isobutyrate, and ethyl trimethylacetate
react so vigorously with sodium that the reaction cannot be controlled
if the ester is added in a single portion to sodium sand under ether.
Instead the ester is added to the sodium and ether from a dropping
funnel at a rate sufficient for the heat of reaction to keep the ether
boiling vigorously.

With an excess of ester as the reaction medium, fair yields of acyloins
are obtained from the branched-chain esters ethyl isobutyrate and tri-
methylacetate. Ethyl acetate and ethyl propionate under these condi-
tions give none of the acyloin reactions but instead undergo the aceto-
acetic ester condensation.* With no solvent other than excess ester,
the sodium will not react with ethyl acetate or with ethyl propionate
until heat is applied. ITEven then the reaction is in no sense vigorous,
and it is necessary to reflux the ester for about two hours to cause the
sodium to disappear. However, the three higher esters, ethyl butyrate,
ethyl isobutyrate, and ethy! trimethylacetate, react so vigorously with
sodium that the metal must be added in small portions to the ester if
the reaction is to be kept under control.

The use of ether as the reaction medium in the preparation of acyloins
from esters of more than six carbon atoms results in much smaller yields
than are obtained from the lower-molecular-weight esters.!! This may
be due to lack of proper contact of ester with the sodium because of the
insolubility of the reaction product in the medium. By substituting
toluene or xylene for ether this difficulty is avoided, since, at the boiling
point of the medium, the sodium remains molten and in a finely dispersed
statel? The ester must be free of organic acid or hydroxyl compounds
that react with sodium and cause the reaction mixture to gel and thus
stop the reaction between the ester and sodium. The toluene or xylene
must be free of impurities that react with sodium. Under these condi-
tions no diketone appears as a by-product. The acyloing from the methyl
esters of the normal saturated acids from eight to eighteen carbon atoms
are obtained in 80-909, yields by this method.’? This procedure also
has been applied successfully to esters of unsaturated acids. Methyl

* For a discussion of this reaction see Hauser and Hudson, Organic Reactions, I, 266
(1942).

1 Corson, Benson, and Goodwin, J. Am. Chem. Soc., 52, 3988 (1930).

2 Hansley, J. Am. Chem. Soc., 57, 2303 (1935).
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10-hendecenoate and methyl 9-hendecynoate give the respective
acyloins, 1,21-docosadien-11-one-12-0l and 2,20-docosadiyn-11-one-12-ol
in 509, yields,'3 together with 1-29, of the corresponding diketones.

In all the conversions of esters to acyloins, the methyl or ethy! esters
have been used. No data are available concerning esters derived from
alcohols of higher molecular weight. With the exception of the above-
mentioned unsaturated esters, the formation of acyloins from esters of
acids containing other functional groups has not been reported. No
mixed acyloins from simultaneous reduction of two different esters are
described. Hsters of alicyclic or heterocyclic acids do not appear to
have been studied in this reaction.

Acyloins, when completely free from the yellow diketones, are color-
less. The lower members are liquids, but those that contain sixtecn
or more carbon atoms are waxy, white, readily crystallized solids.!?
They are scarcely affected by sodium ethoxide. They form osazones 512
with phenylhydrazine, and monoacetates * with acetic anhydride, and
the lower members reduce Fehling’s solution. Reduction with hydrogen
and platinum at room temperature or with nickel at 125-150° results
in the formation of glycols.)? Oszidation with Wijs solution 2 (iodine
monochloride in glacial acetic acid) or with nitric acid * has been used
to convert acyloins to the corresponding diketones.

Cyclic Acyloins from Esters of Aliphatic Dibasic Acids. The intra-
molecular condensation of esters of dibasic acids, RO,C(CH,),CO,R,
in which n is 7 or more, to cyclic acyloing, (CH,),CHOHCO, was re-

ported 1% in the patent literature in 1941. The reaction was carried out
in xylene using sodium that had been finely dispersed in a colloid mill.

More recently this cyclization hag been used with remarkable success
by two groups of Swiss investigators 14%%¢ to prepare macrocyclic acyl-
oins containing 9-20 carbons in the cycle. These cyclic acyloins were
obtained in yields of 29-96%, without the use of the high dilutions that
have been employed for this ¢ and other *¢ ¢yclizations of bifunctional
open-chain compounds into large-membered rings, and without using
sodium prepared in a colloid mill; dispersion of the metal by rapid stir-
ring in hot xylene was quite sufficient.

The success of these cyclizations proved to be primarily dependent

18 Ruzicka, Plattner and Widmer, Helv. Chim. Acta, 25, 604, 1086 (1942).

1 Fuson, Gray, and Gouza, J. Am. Chem. Soc., 61, 1937 (1939).

e Hansley, U. 8. pat. 2,228,268 [C. 4., 35, 2534 (1941)].

14b Prelog, Frenkiel, Kobelt, and Barman, Helv. Chim. Acta, 30, 1741 (1947).

He Stoll and Hulstkamp, Helo. Chim. Acta, 30, 1815 (1947).

¥d Stoll and Rouvé, Helv, Chim. Acta, 30, 1822 (1947).

e Ziegler et al., Ann., 504, 94 (1933); 513, 43 (1934); Hunsdiecker, Ber., 76, 1190
(1942).
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upon the rigid exclusion of oxygen from the reaction as long as the
product was in contact with alkali. The cyclic acyloins in the presence
of sodium alkoxides are extremely sensitive to oxygen, and the small
amount of oxygen present in commercial nitrogen is sufficient to trans-
form the disodium enolate of the acyloin into the cyclic diketone and
other secondary-reaction products. For example, the yield of sebacoin
from methyl sebacate dropped from 329, to less than 5%, when the re-
action was run in an atmosphere of nitrogen containing 4%, of oxygen
instead of in pure nitrogen; also the yield of thapsoin was reduced from
739, to 319, when the reaction mixture from methyl thapsate was
allowed to cool under air instead of pure nitrogen.!* In an atmosphere
of pure nitrogen, however, the formation of the secondary-reaction prod-
ucts is prevented and the cyclic acyloins are obtained in good yields.

The relative ease with which these macrocyclic acyloins may be pre-
pared and transformed into other classes of compounds indicates that
intramolecular acyloin condensations of diesters may well be the pre-
ferred route to large carbocyclic ring compounds in the future.

The boiling points, melting points, and yields of the cyclic acyloins
that have been prepared from diesters are listed in Table II.

TABLE 1I
Cycric Acyroing, (CHj),CHOHCO, FroM EsTERs oF ALIPuATIC DiBASIC ACIDS,
SV ——— |

RO,C(CH2),CO:R (R is CH3 or C2Hj)

Acyloin nIs | B.P, °C (mm.) | M.P., °C| Yield, 9%, | Reference *

Cyclononanol-2-one

(azeloin) 7 | 110-124 (12) 43 9 14b, 14d
Cyclodecanol-2-one

(sebacoin) 8 | 124-127 (10) 38-39 45 14d, 14b
Cycloundecanol-2-one 9 | 100-105 (0.12) 29-33 14d
Cyclododecanol-2-one 10 | 106-109 (0.09) 78-79 76 14d, 14b
Cyclotridecanol-2-one

(brassyloin) 11 | 126-139 (0.2) 45-46 67 14d
Cyclotetradecanol-2-one| 12 | 116-124 (0.15) 84-85 79 144, 14b
Cyclopentadecanol-2-one | 13 | 123-139 (0.02) 57-58 77 14d
Cyclohexa.decaﬁol-2-one

(thapsoin) 14 | 143-146 (0.1) 56-58 84 14d, 14b
Cycloheptadecanol-2-one | 15 | 168-170 (0.1) 53-54 85 14d
Cyeclooctadecanol-2-one | 16 | 155-160 (0.15) 59-60 96 14d
Cycloeicosanol-2-one 18 | 210-225 (0.3) —_— 96 14b

% The first referenoe listed reports the higher melting point and yield of the acyloin.
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ACYLOINS FROM ACID CHLORIDES

Acyloins may be obtained by the saponification of the esters of enediols
which result from the reaction of sodium and the acyl! chlorides. This
latter reaction is carried out in ether solution. No yields of the diesters
are reported in the earlier work ¢ in which butyryl, isobutyryl, and iso-
valeryl chlorides were used. Yields of 60-709, of the diesters are re-
ported from lauroyl, myristoyl, palmitoyl, and stearoyl chlorides.’®
The highly branched trimethylacetyl chloride reacts with sodium to give
hexamethylbiacetyl as the chief product and the monoacy! derivative of
the acyloin as the secondary product.’

From the data thus far published there appears to be no reason to use
acid chlorides in place of esters for the preparation of acyloins.

ACYLOINS FROM o-HYDROXY NITRILES, NICKEL CARBGCNYL, AND
o-HALO KETONES

A general method for the preparation of both simple and mixed
acyloins involves the reaction of an a-hydroxy nitrile (from an aldehyde
and hydrogen cyanide) and a Grignard reagent.'

o)
RCHOHCN + 2R'MgX — R'H + RCH CR' =% ROHOHCOR'

I I
OMgX NMgX

By this procedure methylpropionylcarbinol, isopropylpropionyl-
carbinol, and isobutyroin have been prepared in 60-709, yields,'® and
sym~diphenylacetoin has been obtained in 459, yield.”

The preparation of benzoin, butyroin, isobutyroin, and valeroin in
70, 50, 35, and 509, yields respectively from the reaction of nickel
carbonyl! with the appropriate Grignard reagent has been veported.:®

The hydrolysis of a-bromo ketones to the corresponding hydroxy
ketones has been used to determine the structure of a variety of bromi-
nated ketones. In this work the acyloins, acetoin and methyltrimethyl-
acetylcarbinol, as well as a number of dialkkylacylcarbinols, R,-
COHCOR’, were obtained in 60-759, yields by hydrolysis of the
corresponding bromo ketones in the presence of potassium or barium

1 Ralston and Selby, J. 4dm. Chem. Soc., 61, 1019 (1939).

16 Gauthier, Compt. rend, 152, 1100 (1911).

7 Ruggli and Hegedus, Helv. Chim. Acta, 26, 1285 (1942).

13 Benton, Voss, and McCusker, J. Am. Chem. Soc., 67, 82 (1945).
¥ Faworsky, J. prakt. Chem., [2] 88, 675 (1913).



THE ACYLOINS 265

carbonate. This procedure has been used to prepare cyclic acyloins de-
rived from cyclopentane and from cyclohexane. Thus 2-hydroxycyclo-
pentanone and its 3-methyl derivative are obtained in about 289, yield
from the corresponding 2-chlorocyclopentanones simply by boiling with
water; 2 2-hydroxycyclohexanone (adipoin) and its 4-, 5-, and 6-methyl
derivatives are obtained in 509, yields from the corresponding 2-chloro-
cyclohexanones by hydrolysis with aqueous potassium carbonate.?!

ACYLOINS FROM ALLENES AND ACETYLENES

The conversion of ethylallene to ethylacetylcarbinol has been re-
ported.? The reaction involves the oxidation of the allene with 109
aqueous silver chlorate in the presence of catalytic amounts of osmium

CoHsCH=C=CH; + 20H — C,H;CHOHC(OH)=CH; — C,H;CHOHCOCH;

tetroxide. This method is of doubtful preparative value because the
requisite allenes are difficult to obtain.

The addition of ethylene glycol or acetic acid to ethynylcarbinols in
the presence of mercuric oxide and boron trifluoride results in the
formation of dioxolanes or acetates which readily yield a-hydroxy

ketones on hydrolysis.?
CHo——CT,

l

R OH CH,0H R OH OCH;CH;0H R OH O 0
N | H | N N /
C—C=CH + CH.0H —» C—C=CH, - Gl cH,
BF; /
R' R’ R
H,CO:H
e OO B ococH, R OH 0
BT N Ho0  \/|

C—COCH; ——> C—COCTH;
/s
R’ R/

Although the reaction has been applied mainly to the preparation of
acetyldialkylearbinols, the fact that the acetates of acetoin and acetyl-
phenylearbinol are obtained in 41 and 509, yields and the dioxolane
corresponding to acetoin in 67%, yield indicates that this method should
be generally applicable to the synthesis of mixed acyloins of the structure
RCHOHCOCHS;.

2 Godchot and Taboury, Bull. soc. chim. France, [4] 13, 546 (1913); Compt. rend., 156,
1779 (1913).

A K6tz et al., Ann., 400, 62 (1913); 379, 16 (1911).

2 Bouis, Bull. soc. chim. France, [4] 51, 1177 (1932).

2 Hennion and Murray, J. Am. Chem. Soc., 64, 1220 (1942).
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ACYLOINS FROM 1,2-DIKETONES AND 1,2-GLYCOLS

Since 1,2-diketones are readily prepared from monoketones,? the
partial reduction of such diketones, particularly the symmetrical ones,
would seem to be a practical method of preparation of acyloins. No
study of the sodium reduction of 1,2-diketones to acyloins from a prepar-
ative point of view appears to have been made. However, the prepara-
tions of a few acyloins from the corresponding diketones by other
reducing agents are described.

Biacetyl is reduced to acetoin in 459, yield with zinc and sulfuric
acid.?® This reducing agent converts the mixed diketone acetylpropionyl
into methylpropionylcarbinol.® The eyclic acyloin, 3-hydroxycamphor,
is obtained from the reduction of camphorquinone in wet ether with
aluminum amalgam.? *

The oxidation of 1,2-glycols to acyloing has not been generally applied,
primarily because the acyloins (or the 1,2-diketones) are the usual
source of the glycols. The oxidation of 2,3-butylene glycol (from sucrose
fermentation) by air over a copper catalyst at 270-275° has been re-
ported.2® Both acetoin and biacetyl are obtained, but the yields are
not stated.

ACYLOINS FROM GLYOXALS

A novel method of preparation of mixed aliphatic-aromatic acyloins
has been described.’* In this preparation ¢-butylglyoxal is condensed
with the aromatic hydrocarbons (ArH), benzene, toluene, m-xylene, or
mesitylene, in the presence of aluminum chloride to yield an aryltri-

(CHy);,CCOCHO -+ ArH —2%%, (CHy),CCOCHOHAr

methylacetylearbinol. By this method acyloins in which Ar is phenyl,
p-tolyl, m-xylyl, and mesity! are obtained in 49, 52, 42, and 309, yields
respectively.

PHOTOCHEMICAL AND BIOLOGICAL PREPARATION OF ACYLOINS

Ultraviolet irradiation of an aqueous solution of acetaldehyde or
pyruvic acid is reported * to produce acetoin in quantitative yields. It

% yon Pechmann, Ber., 20, 3162 (1887); 21, 1411 (1888); 22, 2115 (1889); Locquin,
Bull. soc. chim. I'rance, [3] 31, 1173 (1904) ; Dieckmann, Ber. 30, 1470 (1897); Meyerfield,
Chem. Ztg., 36, 549 (1912); Wallach and Weissenborn, Ann., 437, 148 (1924).

% Diels and Stephan, Ber., 40, 4338 (1907).

% Cf. von Pechmann and Dahl, Ber., 23, 2425 (1890), and Venus-Daniloff, Bull. soc
chim. France, [4] 43, 585 (1928).

% Mannase, Ber., 30, 659 (1897).

2 MecAllister and de Simo, U. 8. pat. 2,051,266 [C. 4., 30, 6759 (1936)].

# Dirscherl, Z. physiol. Chem., 188, 225 (1930).
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is thought that pyruvic acid is decarboxylated into nascent acetaldehyde,
which then is dimerized to acetoin. This method is believed 2 to have
preparative possibilities for acetoin. When the ultraviolet irradiation
of pyruvic acid is carried out in the presence of benzaldehyde a small
yield of phenylacetylearbinol is obtained along with the acetoin.® The
irradiation of a-ketovaleric acid produces butyroin to the extent of
35409, of the acid decomposed.?

Fermentation processes for the production of acetoin and its oxida-
tion and reduction products, biacetyl and 2,3-butylene glycol, have been
studied extensively. They are not reviewed here because they are not
generally applicable to other acyloins. It may be mentioned, however,
that the yeast fermentation of pyruvic acid yields an optically active
acetoin.®® The fermentation of sucrose to 2,3-butylene glycol in 909,
yield is reported,® and in this publication references are given to previous
work on the formation of this glycol and acetoin by fermentation proc-
esses.

EXPERIMENTAL PROCEDURES

Butyroin from Ethyl Butyrate. The preparation of this acyloin in
65-709, yield from ethyl butyrate is described in Organic Syntheses.’s
Propionoin, isobutyroin, and pivaloin (hexamethylacetoin) can be pre-
pared similarly in 50-55, 70-75, and 52-60%, yields, respectively.

Lauroin from Methyl Laurate!? A mixture of 115 g. (5 atoms) of
sodium and 3 1. of xylene (c.r.) is charged into a 5-1., three-necked Aask
immersed in an oil bath at 105°. The flagk is fitted with a high-speed
stirrer (2000-2500 r.p.m.), and the air over the xylene is replaced by
nitrogen or other inert gas. When the temperature of the xylene reaches
105° and the sodium melts, the stirrer is started and the sodium dispersed
in a finely divided state in the xylene. From a separatory funnel 535 g.
(2.5 moles) of methyl laurate, or the equivalent quantity of another
ester, is then introduced into the reaction flask. 7The addition is at
such a rate that the temperature does not rise above 110°. The addition
of the ester requires about one hour. Stirring is continued for one-half
hour after the ester has been added.

Small particles of unchanged sodium are decomposed by the addition
of an excess of methanol (1-2 moles). Then, after cooling to about 80°,
water (0.5 to 11.) is added cautiously until the alkali has dissolved, and
the layers are separated by decantation. After one or two more washings

% Dirscherl, Z. phystol. Chem., 219, 177 (1933).

3 Dirscherl and Schollig, Z. physiol. Chem., 252, 53 (1938).

32 Fulmer, Christensen, and Kendall, Ind. Eng. Chem., 25, 798 (1933).
8 Snell and McElvain, Org. Syntheses, Coll. Vol. 2, 114 (1943).
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of the xylene layer with water, the remaining alkali is neutralized with a
slight excess of mineral acid, and this excess acid is finally neutralized
with sodium bicarbonate. The xylene is removed by steam distillation,
and the residual oily layer is poured into a suitable vessel to solidify.
The impure product contains 80-909, of the acyloin. The acyloins from
methyl caproate, laurate, and myristate are purified by crystallization
from 95%, ethanol, but acyloins from methyl palmitate and stearate
crystallize better from trichloroethylene or acetone.

By the above procedure butyroin, capronoin, capryloin, nonyloin,
caprinoin, myristoin, palmitoin, and stearoin have been prepared in
80-909, yields.!?

The boiling points, melting points, and yields of the acyloins that
have been prepared by procedures analogous to those described above
are listed in Table ITI.

TABLE III
Boiuing Points, MeLTING POINTS, AND YILLDS OF SYMMETRICAL ACYLOINS
(RCHOHCOR)
Acyloin B.P., °C (mm.) Mog’ Yield, Reference
%
Acetoin 140-150 23 5
Propionoin 60—65 (12) 50-55 33
Butyroin 80-86 (12) —10 | 65-70 33
Isobutyroin 70-75 (14) 70-75 33
Valeroin 90-92 (3) 50 11
Isovaleroin 19497 (12) 50 11
Pivaloin (hexamethylacetoin) 85-95 (12) 81 | 52-60 33
Capronoin 105-107 (3) 9 50 11
Isocapronoin 101-103 (3) 50 11
3,8-Dimethyldecan-5-one-6-ol 102-104 (3) 50 11
3,3,6,6-Tetramethyloctan-4-one-5-ol 96-97 (3) 12 50 11
Capryloin 39 | 80-90 12
Nonyloin 45 | 80-90 12
Caprinoin 52 | 80-90 12
1,21-Docosadien-11-one-12-0l 47 50 13
2,20-Docosadiyn-11-one-12-ol 51 50 13
Lauroin 62 | 80-90 12
Myristoin 72 | 8090 12
Palmitoin 78 | 80-90 12
Stearoin 83 | 8090 12
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INTRODUCTION

Benzoins are aromatic a-hydroxy ketones of the general formula
Ar’'CHOHCOAr. Similar compounds containing aromatic heterocyclic
nuclei also are classed as benzoins. If the two nuclei in a molecule are
alike, the benzoin is said to be symmetrical; if different, unsymmetrical
or “‘mixed.” The reactions for the preparation of benzoins are (1) the
condensation of two molecules of an aromatic aldehyde in the presence
of cyanide ion (benzoin condensation), (2) the conversion of an unsym-
metrical benzoin into its 1somer, (3) the condensation of an aryl glyoxal
with an aromatic hydrocarbon, (4) the reaction of an aryl Grignard
reagent with a mandelamide or a mandelonitrile, (5) the reduction of a
benzil, (6) the reduction of an aromatic acid or its derivative, (7) the
introduction of a hydroxyl group into a desoxybenzoin, (8) miscellaneous
methods of limited application. Through these many methods the
variety of benzoins that can be prepared is large.

The benzoins constitute convenient intermediates for the preparation
of many related compounds, such as desoxybenzoins, ArCH,COAr’;
benzils, ArCOCOAr’; hydrobenzoins, ArCHOHCHOHAr’; enediols,
ArC(OH)=C(OH)Ar’; stilbenes, ArCH=CHAr’; diphenylethylamines,
hydroxy amines, isoquinolines, etc.

The term ‘‘benzoin’’ is used to represent the molecule containing two
unsubstituted phenyl groups, CeH;CHOHCOCsH;, and substituents
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are indicated in the usual way; 4-CH30CsH,CHOHCOC;H,OCH;-4
is 4,4’-dimethoxybenzoin, and 2,4,6-(CH;);Ce H,CHOHCOCH,(CHj3)3-
2,4,6 is 2,2,4,/4’ 6,6'-hexamethylbenzoin. In a second system of nomen-
clature of symmetrical benzoins the suffix ‘‘ic’’ or ‘‘oic’’ of the corre-
sponding carboxylic acid is replaced by ‘‘oin.”” Thus the benzoin
containing two anisoyl radicals is known as anisoin, and that containing
two naphthoyl! radicals as naphthoin.

In unsymmetrical or mixed benzoins, which may have either of two
isomeric structures, primes (") are used to indicate substitution on the
ring adjacent to the carbinol carbon atom; thus the substance 4-
CIC¢H,CHOHCOCzH,/N(CHj3),-4 is called 4’-chloro-4-dimethylamino-
benzoin, and the isomer, 4-CIC¢H,COCHOHCH N (CH;),-4, is called
4-chloro-4’-dimethylaminobenzoin. Another system for naming some
of the simpler unsymmetrical benzoins has been used occasionally. The
terms for the two aroyl radicals present are abbreviated and combined,
and the ending ‘“‘oin”’ is added; 4-CH;0C¢H,COCHOHCsH;s would be
designated as anisbenzoin or benzanisoin. This terminology does not
serve to distinguish between isomers. The letter ‘‘’’ has been used to
indicate the higher-melting, more stable isomer, and ‘‘«’’ the lower-
melting, less stable one.

Some benzoins may exist not only in the normal keto form (Ar'CHOH-
COAr) but also in the enediol form [ArC(OH)=C(OH)Ar’]. Cis and
trans forms of certain enediols have been isolated. Enediols reduce
cupric acetate and Tollens’ reagent, whereas benzoins do not. The
enediols frequently ketonize spontaneously, and they isomerize readily
when treated with methanolic hydrochloric acid. They are oxidized
with ease to the corresponding diketones (benzils).

The relatively stable enediols are found almost exclusively among
those in which one or both of the aryl radicals have substituents in the
two positions (2,6-) adjacent to the hydroxy ketone residue.'® The

1 Fuson and Corse, J. Am. Chem. Soc., 61, 975 (1939).

% Fuson, Corse, and McKeever, J. Am. Chem. Soc., 61, 2010 (1939).
3 Fuson, McKeever, and Corse, J. Am. Chem. Soc., 62, 600 (1940).

4 Fuson, Scott, Horning, and McKeever, J. Am. Chem. Soc., 62, 2091 (1940).
5 Fuson and Horning, J. Am. Chem. Soc., 62, 2962 (1940).

6 Fuson and Kelton, J. Am. Chem. Soc., 63, 1500 (1941).

7 Fuson, Scott, and Lindsey, J. Am. Chem. Soc., 63, 1679 (1941).

8 Fuson, Corse, and Welldon, J. Am. Chem. Soc., 63, 2645 (1941).

9 Fuson, McKeever, and Behr, J. Am. Chem. Soc., 63, 2648 (1941).
10 Juson and Scott, J. Am. Chem. Soc., 64, 2152 (1942).

11 Fuson and Soper, J. Am. Chem. Soc., 65, 915 (1943).

12 Barnes and Green, J. Am. Chem. Soc., 60, 1549 (1938).

13 Barnes and Tulane, J. Am. Chem. Soc., 62, 894 (1940).

1 Barnes and Tulane, J. Am. Chem. Soc., 63, 867 (1941).

15 Barnes and Luecas, J. Am. Chem. Soc., 64, 2258, 2260 (1942).
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steric hindrance of such groups appears to stabilize the highly conju-
gated system. The symmetrical enediols containing certain aroyl
radicals (2,4,6-trimethylbenzoyl, 24 6-triethylbenzoyl, 2,4,6-triisopro-
pylbenzoyl, 2,6-dimethylbenzoyl, 2-methyl-1-naphthoyl, 2,3,5,6-tetra-
methylbenzoyl, and 2,3,4,6-tetramethylbenzoyl) are stable in an inert
atmosphere and do not ketonize spontaneously. In the ketonization of
unsymmetrical enediols, the hydroxyl group of the benzoin appears on
the carbon beta to the aryl radical with the 2,4,6-substituents.

2,4,6-(CsH7)3CeH,C==CCsH; — 2,4,6-(C3H;)sCcH.,COCHOHCsH
OH OH

Unsymmetyical benzoins can exist in two isomeric forms differing in
the relative positions of the carbinol and carbony! groups:

ArCHOHCOAr and ArCOCHOHAr

In general, one isomer is more stable than the other, and many of the
less stable unsymmetrical benzoins can be made to isomerize to the more
stable forms. Not infrequently, isomeric benzoins of this type yield
identical derivatives, since a shift from the less stable to the more stable
isomer takes place during the reaction.

THE BENZOIN CONDENSATION

The benzoin condensation consists in the treatment of an aromatic
aldehyde with potassium cyanide or sodium cyanide, usually in aqueous
ethanolic solution. By the use of one mole of each of two different

ArCHO + ArCHO —=5 ArCHOHCOAr

aromatic aldehydes, it is possible to prepare many unsymmetrical or
mixed benzoins.

The reaction is not applicable to all aromatic or aromatic-type alde-
hydes. The condensation is affected greatly by the nature of the sub-
stituents in the aromatic nucleus. Many substituted benzaldehydes
either do not react or yield products other than benzoins.

In order that an aldehyde may form a symmetrical benzoin it must
possess not only a relatively unsaturated carbonyl group but also a mo-
bile hydrogen atom.’®® Two aldehydes, neither of which forms a sym-

16 Staudinger, Ber., 46, 3530, 3535 (1913).

17 Jenkins, Buck, and Bigelow, J. Am. Chem. Soc., 52, 4495 (1930); Jenkins, Bigelow
and Buck, ibid., 52, 5198 (1930).

8 Byck and Ide, J. Am. Chem. Soc., 53, 4107 (1930); 53, 1912 (1931).

1 Thffeneau and Lévy, Bull. soc. chim. France, [4] 49, 725 (1931).
% Hodgson and Rosenberg, J. Chem. Soc., 1930, 14,
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metrical benzoin, may form an unsymmetrical benzoin if one aldehyde
is an acceptor and the other a donor of the hydrogen atom. Benzalde-
hyde, which is both an acceptor and a donor, readily forms a benzoin.
4-Dimethylaminobenzaldehyde does not form a symmetrical benzoin;
however, it condenses with other aldehydes, acting as a donor, for in
the mixed benzoins that are formed the dimethylaminophenyl group is
always attached to the carbonyl carbon atom. Benzaldehyde by con-
trast usually acts as an acceptor when it reacts with other aldehydes to
form mixed benzoins. As an index to the activity of an aldehyde as an
acceptor or donor of the hydrogen atom Staudinger!® relates benzoin
formation to the ease of autoxidation of the aldehyde. The mobility
of the hydrogen atom is assumed to be parallel to the rate of autoxida
tion # of the aldehyde, and the unsaturation of the carbony! group is
inferred from the ease with which the aldehyde forms a symmetrical
benzoin.

Mechanism of Condensation

The mechanism postulated by Lapworth 2—two successive aldol
(ionic) reactions—has been accepted generally, although the only step
that is corroborated by experimental evidence is the initial one between
benzaldchyde and the cyanide ion. A subsequent reaction is assumed
between this addition product and another benzaldehyde molecule.?s
The work of Greene and Robinson 42 on the préparation of benzoylated
benzoins {p. 296) tends to confirm Lapworth’s hypothesis that the initial

CN
CelsC—H + CN~ — CeHsCI}——H
g !
CN H CN H H
CﬁH5CID——H -+ CGH5C|3 ~ CeHsCli-—-—CI?——CsHs — CsHsc——CI}——Cng; + CN~—
o 5 b bm S bu
stage is the formation of mandelonitrile, which then condenses with the

free aldehyde.

2 For further work on the oxidation of aldehydes see Raiford and Talbot, J. Am. Chem.
Soc., 54, 1092 (1932); Perry and Raiford. Proc. Iowa Acad. Sci., 47, 264 (1940) [C. A., 35,
7383 (1941)1.

2 Lapworth, J. Chem. Soc., 83, 995 (1903); 85, 1206 (1904).

23 Weiss, Trans. Faraday Soc., 37, 782 (1941); Watson, ibid., 37, 707 (1941).

% Greene and Robmson, J. Chem. Soc., 121, 2182 (1922).

% Greene, J. Chem. Soc., 1926, 328.
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Most syntheses of benzoins have involved the use of a solvent which
contains water, and many of the theories on mechanism of formation
are based on the assumption that the reaction is ionic and that water
18 necessary for the reaction. Very few of the early experiments were
carried out in such a way that ionization or hydrolysis could not occur.
However, that water is unnecessary was shown by Smith % in 1899, and
confirmed by other workers.?”2®8 The reaction also takes place in an-
hydrous petroleum ether.? This has led to the suggestion of a nonionic
mechanism. In the formation of unsymmetrical benzoins the elimina-

C¢HsCHO + NaCN — CgH;CH—CN

Na
CGHB(FH-—ONa.
CN C¢HsCH—ONa ncen CsH;CHOH
i — ——> NaCN + -
PH C¢HsC—ONa Cell;C—ONa
CgHﬁé—ONa N N

N
CeH;CHOHCOCH; + NaCN

tion of hydrogen cyanide in one or the other direction would determine
the structure of the product.

Other important discussions of the mechanism have been given
by Zincke,® Chalanay and Knoevenagel,® Bredig and Stern,® Staud-
inger,)® Horbye,*? Ekecrantz and Ahlqvist,3® Lachman, Hodgson and
Rosenberg,® Tiffeneau and Lévy® and Hammett.?s More recently
Wheeler,2® Weiss,? and Watson 2 have reviewed the previous theories.
Weiss and Lachman make a comparison of the benzoin condensation
with the Cannizzaro reaction.

2 Smith, Am. Chem. J., 22, 249 (1899).

27 Morton and Stevens, J. Am. Chem. Soc., 52, 2031 (1930).

8 Nadkarni, Mehta, and Wheeler, J. Phys. Chem., 89, 727 (1935) ; Nadkarni and Mehta,
bid., 39, 901 (1935); Nadkarni, bid., 39, 907 (1935).

® Zincke, Ber., 9, 1769 (1876).

30 Chalanay and Knoevenagel, Ber., 25, 289 (1892).

81 Stern, Z. physik. Chem., 50, 513 (1905); Bredig and Stern Z. Elektrochem., 10, 582
(1904).

32 Horbye, Dissertation, Dresden, 1917.

33 Ekecrantz and Ahlqvist, Arkiv Kemi, Mineral. Geol., 3, No. 13, 1 (1908) (Chem.
Zentr., 1908, 11, 1688).

3¢ Lachman, J. Am. Chem. Soc., 45, 1509, 1522, 1529 (1923); 46, 708 (1924).

34a T, P. Hammett, Phystical Organic Chemistry, M cGraw-Hill, 1940, pp. 348-350,
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Symmetrical Benzoins

No generalization concerning the types of aromatic aldehydes that
will undergo the benzoin condensation is possible. Many aldehydes
that will not give symmetrical benzoins will condense with other alde-
hydes to give unsymmetrical benzoins.

The simple alkyl- and ethoxy-benzaldehydes, the ortho-, meta-, and
para-chloro-, bromo-, hydroxy-, and amino-benzaldehydes do not readily
form symmetrical benzoins.?5337 The presence of a halogen atom in
addition to other substituents generally prevents the condensation.
Thus 5-bromo-4-hydroxy-3-methoxy-,3¢ 5,6-dibromo-4-hydroxy-3-meth-
oxy-,3¢ 4-hydroxy-3-methoxy-2 2-bromo-3,4-dimethoxy-,2 6-bromo-3,4-
dimethoxy-,? and 4-dimethylamino-benzaldehydes ¢ have been reported
not to yield symmetrical benzoins,

2-Methoxybenzaldehyde (salicylaldehyde methyl ether) 3% and 3-2
and 4-methoxybenzaldehyde * give yields of benzoins of 55, 20, and 609,
respectively. When alkoxyl groups are present the smoothness of the
reaction depends upon the absence of phenolic impurities.’® Many
methoxybenzaldehydes with additional alkoxyl or other substituents
have not been condensed successfully to symmetrical benzoins; among
them are 3-methoxy-4-ethoxy-,3 3-ethoxy-4-methoxy-,% and 2-ethyl-4-
methoxy-benzaldehyde.® Benzoins have not been isolated from 3,4-
dimethoxy- 23242 and 5-bromo-3,4-dimethoxy-benzaldehyde,® but the
reaction mixture from each aldehyde yields on oxidation nearly quanti-
tative amounts of the corresponding benzl. A bromine atom, which
usually acts as an interfering group, does not prevent the condensation
of 5-bromo-2-methoxybenzaldehyde,®® which gives a 509, yield of the
benzoin. ’

ortho-Nitrobenzaldehyde gives a benzoin 44 but with the mefa or
para isomer a reaction occurs which leads to the nitrophenylacetic acid
and the azobenzoic acid.*** 4-Cyanobenzaldehyde reacts, but the
product is the desoxybenzoin (4,4'-dicyanodesoxybenzoin).?

% Irvine, J. Chem. Soc., 79, 668 (1901).

3 Brass and Stroebel, Ber., 63, 2617 (1930).

¥ Brass, Willig, and Hanssen, Ber., 63, 2613 (1930).

3 Raiford and Hilman, J. 4m. Chem. Soc., 49, 1571 (1927).

3 Bosler, Ber., 14, 323 (1881).

4 Buck and Ide, J. Am. Chem. Soc., 54, 3302 (1932).

4 Linnell and Shaikmahamud, Quart. J. Pharm. Pharmacol, 15, 384 (1942).

42 Vangzetti, Gazz. chim. ital., 57, 162 (1927).

4 Kuhn, Birkofer, and Moller, Ber., 76, 900 (1943).

4 Ekecrantz and Ahlqvist, Ber., 41, 878 (1908): 43, 2606 (1910).

% Popovici, Ber., 40, 2562 (1907); 41, 1851 (1908).

% Homolka, Ber., 17, 1902 (1884).
4 Aghley, Barber, Ewins, Newbery, and Self, J. Chem. Soc., 1942, 103,
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Cinnamaldehyde does not undergo the benzoin condensation.” 2-
Furaldehyde,®® 2-picolinaldehyde,” and quinaldehyde,’ 3,4-methylene-
dioxybenzaldehyde,® a-naphthaldehyde,’ and 4-phenylbenzaldehyde,5
condense in 38, (?), 66, 80, 13, and 959, yields respectively.

Unsymmetrical Benzoing

The benzoin condensation is more generally applicable to the prepa-
ration of unsymmetrical benzoins than to the preparation of symmetrical
benzoins. No prediction can be made with respect to the aldehydes that
will react with other aldehydes. Benzaldehyde and its mono- and di-
alkoxy and methylencdioxy derivatives give unsyminetrical benzoins.
Among the substituted benzaldehydes that do not undergo symmetrical
benzoin condensation but react readily with other aldehydes are 4-
dimethylamino- ¢ 3-methoxy-4-ethoxy-,% and 3-ethoxy-4-methoxy-benz-
aldchyde.® Other substituted aldehydes that give unsatisfactory yields
of symmetrical benzoins give good yields of unsymmetrical benzoins;
2-chlorobenzaldehyde, which is reported to form a symmetrical benzoin
in 20-409, yicld, condenses with 4-dimethylamino-,% 4-methoxy-,!8
3-methoxy-4-cthoxy-,9 3,4-diethoxy-,% 3,4-dimethoxy-,'® and 3-ethoxy-
4-methoxy-benzaldehyde ¥ to form unsymmetrical benzoins in yields of
36, 60, 60, 63, 70, and 819, respectively. 2-I'uraldehyde (furfural) 45 5
and 3,4-methylenedioxybenzaldehyde 1819324,53,54 gl condense with a
variety of substituted aldehydes.

Two different aldehydes might be expected to yield a mixture of two
symmetrical benzoins and two unsymmetrical benzoins, but only a single
unsymmetrical benzoin usually is isolable. The second unsymmetrical
benzoin may be formed when the reactivity of the two aldehydes is
similar.'%%5 In the products examined, the carbinol group usually is
adjacent to the unsubstituted phenyl! group or to the ortho, meta-, or
para-halogen substituted phenyl group. The carbonyl group generally
ig next to the methylenedioxy-, 4-dimethylamino-, methoxy-, dimethoxy-,
methoxyethoxy-, or diethoxy-substituted ring or to the furan nucleus.
However, in the following products (I-IV) the carbinol group is adja-

4 Fischer, Ber., 13, 1334 (1880); Hartman and Dickey, J. Am. Chem. Soc., 55, 1228
(1933) ; Fischer, dnn., 211, 214 (1882).

4 Harries and Lénért, Ann., 410, 95 (1915).

5 Kaplan, J. Am. Chem. Soc., 63, 2654 (1941).

% Torrey and Sumner, J. Am. Chem. Soc., 32, 1492 (1910).

52 Gomberg and Bachmann, J. Am. Chem. Soc, 49, 236, 2584 (1927); Gomberg and
Vau Natta, ¢bid., 51, 2238 (1929).

5 Buck and Ide, J. Am. Chem. Soc., 52, 220 (1930).

 Buck and Ide, J. Am. Chem. Soc., 53, 2350 (1931).
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cent to the nucleus substituted with the methylenedioxy or methoxy
group.1%4.5 Tt is interesting to note that, in the formation of I, the

3,4-CH0,CeH3CHOHCOCH N (CHj)p-4  4-CH30CH,CHOHCOCH;30,CH,-3,4
I II

2-CH30CsH4CHOHCOCH,O0CH 3-4 2-CH30C¢H,CHOHCOC:H;

11 v
aldehyde carrying the methylenedioxy group is the acceptor of the hy-
drogen atom, whereas in II it is the donor. In the formation of II,
4-methoxybenzaldehyde is the acceptor, whereas in III it is the donor.
Benzaldehyde is the acceptor and 4-methoxybenzaldehyde is the donor
when these aldehydes are condensed to form 4-methoxybenzoin
(CeHzsCHOHCOCsH,0CH;-4); but benzaldehyde is the donor when
condensed with 2-methoxybenzaldehyde, as shown in IV. In a benzoin
condensation the carbinol group never appears next to the 4-dimethyl-
amino-substituted ring.

Reversion Applied to Formation of Unsymmetrical Benzoins

Benzoin tends to revert to benzaldehyde in the reaction mixture in
which it is synthesized. Other products, such as benzyl benzoate, benzyl
alcohol, benzoic acid, ethyl benzoate, mandelonitrile, and benzylphenyl-
carbinol, also are formed.®:8348.5 Thig reactivity accounts for the poor
yields of some benzoins. Although benzoin can be formed by the action
of potassium cyanide on benzaldehyde in the absence of water, the de-
composition and dissociation of the benzoin require water.

The reversion of the benzoin to the aldehyde has been used as’a means
of synthesizing unsymmetrical benzoins,5 5 usually with good yields.
By addition to an aqueous ethanolic solution of potassium cyanide of
one mole of a benzoin and two moles of an aldehyde, or one mole of each
of two symmetrical benzoins, it is possible to obtain a new benzoin.
The three types of reaction are shown below.

YC¢H,CHOHCOCgH X -+ XCeH,CHOHCOC:H+Y
2. XCeH4,CHOHCOCsH,Y - 2ZC¢H,CHO —
XCsH,CHOHCOCHZ -+ ZC:H,CHOHCOCH Y
3. XCsH,CHOHCOC:HX 4+ YC:H,CHOHCOCH,Y —
2XCsH,CHOHCOCsH.Y

% Anderson and Jacobson, J. Am. Chem. Soc., 45, 836 (1923).
% Romo, Quimica (Mex.), 2, 8 (1944) [C. 4., 38, 5214 (1944)].
¥ Buck and Ide, J. Am. Chem. Soc., 53, 2784 (1931).
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To illustrate the first of these possibilities the following reactions may
be cited: the conversion of benzoin with 4-dimethylamino-, 4-methoxy-,
and 3,4-methylenedioxy-benzaldehyde or 2-furaldehyde, to 4-dimethyl-
amino-, 4-methoxy-, and 3,4-methylenedioxy-benzoin or benzfuroin
(CeHsCHOHCOC,H;0); the conversion of 3,4,3’,4’-dimethylenedioxy-
benzoin with benzaldehyde or with 2-chloro- or 4-dimethylamino-
benzaldehyde to 3,4-methylenedioxy-, 2’-chloro-3,4-methylenedioxy-, or
3’,4’-methylenedioxy-4-dimethylamino-benzoin ; the conversion of furoin
with benzaldehyde or 4-dimethylaminobenzaldehyde into benzfuroin
(CeHsCHOHCOC,H;30) or 4-dimethylaminobenzfuroin (see Table I,
p. 281). Examples of reaction 2 are the conversion of 3,4-methylene-
dioxybenzoin with 2-chloro- or 4-dimethylamino-benzaldehyde into
2’-chloro-3,4-methylenedioxybenzoin or 4-dimethylaminobenzoin; the
conversion of 4-methoxybenzoin with 4-dimethylaminobenzaldehyde
into 4-dimethylaminobenzoin, and of 2’-chloro-4-methoxybenzoin with
4-dimethylaminobenzaldehyde into 2’-chloro-4-dimethylaminobenzoin
(see Table I). For reaction 3, the conversion of benzoin with 3,4,3’,4'-
dimethylenedioxybenzoin or with furoin into 3,4-methylenedioxybenzoin
or into benziuroin (CaHsCHOHCOC I ;0) serves as an illustration (see
Table I).

It is not necessary to start with a pure benzoin in order to accomplish
these interconversions. The reaction mixture in which a symmetrical
or unsymmetrical benzoin has been formed can be treated dircctly with
an aldehyde or another benzoin.

Determination of Structure of Unsymmetrical Benzoins

Several methods have been used to determine the structures of the un-
symmetrical benzoins. Oxidative degradation and alkali fission 1 32 58. 8,60
convert benzoins into substituted benzaldehydes and benzoic acids.
The aldehyde is derived from the arylearbinol portion of the benzoin.

The oxime of a benzoin can be oxidized with nitric acid to an aldehyde
and an arylnitrolic acid [ArC(NOy)=NOH].# Identification of the
aldehyde determines the structure.

It is reported that on the basis of oxidation-reduction potential meas-
urements the structure of a mixed benzoin can be established.t% 6364

5 Tiffeneau and Lévy, Compt. rend., 192, 287 (1931).

% Luis, J. Chem. Soc., 1932, 2547.

% Clutterbuck and Reuter, J. Chem. Soc., 1935, 1467,

81 Charlton, Earl, Kenner, and Luciano, J. Chem. Soc., 1932, 30.
8 Semerano, Gazz. chim. ital., 65, 273 (1935).

% Semerano, Gazz. chim. ital., T1, 447 (1941).

8 Law, J. Chem. Soc., 89, 1437, 1512, 1520 (1906).
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Since the reduction of a benzoin to the corresponding desoxybenzoin
is accomplished readily, a comparison of the desoxybenzoin with an
authentic sample prepared by some other method 857 has been applied
frequently. The methylene group, however, is not always found in the
same position as that held by the carbinol group, and hence the procedure
is of doubtful value.

Probably the most satisfactory method of determining the benzoin
structure is the Beckmann rearrangement. The oxime of the benzoin is
converted 1549737 into an aldehyde and a nitrile or isonitrile. The

RCHOHC(=NOH)R’ — RCHO -+ R’CN or R'NC

structure of the aldehyde establishes the position of the carbinol group
in the benzoin, and the formation of the nitrile or isonitrile discriminates
between the two possible configurations of the oxime group.

Experimental Conditions

The experimental conditions used in the preparation of symmetrical
and unsymmetrical benzoins are the same.” A solution of 0.2 mole of
the aldehyde(s) in 100 ml. of 959, ethanol is mixed with a solution
of 10 g. of potassium cyanide (96-98%,) in 20 ml. of water, and the
mixture is refluxed on a steam bath from one to one and one-half hours.
Sufficient ethanol should be used to keep the aldehyde(s) in solution.
Mechanical stirring is not necessary, since the ebullition of the mixture
provides sufficient agitation. The products are obtained from the reac-
tion mixture by dilution and refrigeration. There is no particular
advantage in steam distillation or extraction of the reaction mixture
with bisulfite to remove the unchanged aldehydes. Seeding the reaction
mixture is advisable. The instantaneous crystallization of the product
observed with benzoin 7® i3 unusual. Purification generally can be
accomplished by recrystallization from ethanol, but recrystallization

% Buck and Ide, J. Am. Chem. Soc., 54, 3012 (1932).

% Collet, Bull. soc. chim. France, 17, 506 (1897).

8 Isimura, Bull. Chem. Soc. Japan, 16, 196, 252 (1941) [C. A., 36, 4487 (1942)].

% Jenkins, J. Am. Chem. Soc., 55, 703 (1933).

8 Jenkins and Richardson, J. dm. Chem. Soc., 55, 1618 (1933).

% Jenkins, J. Am. Chem. Soc., 55, 2896 (1933).

1 Jenkins, J, Am. Chem. Soc., 56, 682 (1934).

72 Jenkins, J. Am. Chem. Soc., 66, 1137 (1934).

73"Werner and Piguet, Ber., 37, 4295 (1904); Werner and Detscheff, Ber., 38, 69 (1905).

74 Gheorghiu and Cozubschi, Ann. sci. univ. Jassy, 26, 575 (1940) [C. 4., 35, 6246
(1941)1; Gheorghui and Cozubschi-Sciurevici, Bull. sect. sci. acad. rowmaine, 24, 15 (1942)
[C. A., 38, 3276 (1944)].

% Adams annd Marvel, Org. Syntheses, Coll. Vol. 1, 2nd ed., 94 (1941).
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from acetic acid, in which the benzoins are sparingly soluble, is advisable
when catalytic reduction is to follow.%

The catalyst for the condensation is the cyanide fon. Only alkali
salts of hydrogen cyanide have proved successful. A large number of
possible catalysts for the benzoin reaction have been explored, but in the
absence of cyanide ion little or no benzoin has been obtained.

Both the aldehyde and the alkali cyanide may contain substances that
inhibit the reaction. Aldehydes sometimes contain the corresponding
acid, hydroquinone, or quinone; and alkali cyanides may contain such
inhibitors as alkali halides. Other inhibitors are iodine, hydrogen sulfide,
sulfur, and carbon disulfide. It has been found that a quantitative rela-
tionghip sometimes exists between a specified amount of inhibitor and a
definite quantity of potassium cyanide; 0.3 g. of hydroquinone renders
inactive 0.7 g. of potassium cyanide. Inhibitors can be removed from
the aldehyde by washing with aqueous sodium carbonate, by formation
of the bisulfite compound, or by treatment with solid potassium cyanide
overnight at room temperature in an atmosphere of nitrogen.?% %7 The
effect of the impuritics is decreaged by an increase of the proportion of
water and by the addition of an excess of cyanide.

Experimental Procedures

The detailed description of the preparation of benzoin is given in
Organic Syntheses.”

4-Methoxybenzoin.”” To 50 g. of potassium cyanide dissolved in 350
ml. of water in a 3-1. flask is added 272 g. (2 moles) of 4-methoxybenz-
aldehyde, 212 g. (2 moles) of benzaldehyde, and 700 ml. of 959} ethanol.
The mixture forms a solution at thé boiling temperature and is refluxed
for one and one-half hours. Steam is then passed through the solution
until all the ethanol and nearly all the unchanged aldehydes are removed.
The water formed by condensation in the reaction flask is decanted from
the product, which crystallizes on chilling. The product is then pressed
as free as possible from oily material on a suction funnel and washed
with cold ethanol. In this way about 250 g. (629, yield) of crude product
i8 obtained. After recrystallization from ethanol the 4-methoxybenzoin
melts at 106°.

2’-Chloro-3,4-dimethoxybenzoin.’® A solution of 8.3 g. (0.05 mole) of
3,4-dimethoxybenzaldehyde (veratraldehyde), 7.0 g. (0.05 mole) of
2-chlorobenzaldehyde, and 4.0 g. of potassium cyanide in 756 ml. of 509
ethanol is refluxed for two and one-half hours. The product crystallizes

7 Buck and Ide, J. Am. Chem. Soc., 52, 4107 (1930).
7 Kinney, J. Am. Chem. Soc., 51, 1592 (1929).



TABLE I

BENzoiNs PREPARED BY THE REVERSION PROCEDURE

. Heat~ | Ethanol
: Compound Added nzoin P Yield, ] KCN, | * prora]
Benzoin Grams Aldehyde Grams Benzoin Produced grams| grams 111(1)11,(1;;5 Illi]'gzlalrls
Reaction 1 * R—CHOHCO—R
Benzoin 4.24 | 4-Dimethylaminobenz- 5.96 | 4-Dimethylamino- 9.18 | 3.0 3.0 20
Benzoin 4.24 | 4-Methoxybenz- 5.44 | 4-Methoxy- 7.36 | 4.0 2.0 20
Benzoin 4.24 | 3,4-Methylenedioxybenz-| 6.00 [3,4-Methylenedioxy- 2.16 | 2.0 0.5 30
Benzoin 4.24 | 2-Furaldehyde 3.84 | Benzfuromn 3.98 | 3.0 1.5 20
(CeH;CHOHCOC,H;30)
Piperoin 6.00 | Benz- 4.24 | 3,4-Methylenedioxy- 1.29 | 4.0 2.0 30
Piperoin 3.00 | 2-Chlorobenz- 2.82 |} 2’-Chloro-3,4-methylenedioxy- | 2.05 | 2.0 3.0 15
Piperoin 3.00 |4-Dimethylaminobenz- 2.98 | 3',4-Methylenedioxy-4- 2,121 2.0 3.0 15
dimethylamino-
Furoin 3.84 | Benz- 4.24 | Benzfuroin 4.06 | 2.0 0.16 20
(CeH;CHOHCOCH;0)
Furomn 3.84 | 4-Dimethylaminobenz- 5.96 |4-Dimethylaminobenzfuroin 5.77 | 3.0 1.5 20
[C4H3;0CHOHCOCH,N-
(CHs)o4]
Reaction 2 * 57
3,4-Methylenedioxy- 5.12 | 2-Chlorobenz- 5.64 | 2-Chloro-3,4-methylenedioxy- | 3.13 | 4.0 1.5 40
3,4-Methylenedioxy- 5.12 | 4-Dimethylaminobenz- 5.96 | 4-Dimethylamino- 1.93 | 4.0 2.0 40
4-Methoxy- 4.84 | 4-Dimethylaminobenz- 5.96 |4-Dimethylamino- 2.04 | 4.0 3.0 40
2’-Chloro-4-methoxy- 5.54 | 4-Dimethylaminobenz- 5.96 |2’-Chloro-4-dimethylamino- 3.33 | 4.0 2.5 40
Reaction 3 * 57
Benzoin
Benzoin 4.24 | Piperoin 6.00 |3,4-Methylenedioxy- 0.98| 5.0 3.2 50
Benzoin 4.24 | Furoin 3.84 | Benzfuromn 3.00] 3.0 1.0 50
(CeH;CHOHCOC,H30)
* See p. 277,

SNIOZNJd 40 SISTHINAS HHL

[8C
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on cooling. After recrystallization from ethanol the compound forms
fine white needles, m.p. 142°; yield 11 g. (709,).

Reversion Procedure. Appropriate molecular proportions of the ben-
zoin and aldehyde are dissolved in hot ethanol, and potassium cyanide
is added in saturated aqueous solution. The mixture is then boiled
under a reflux condenser on a steam bath, additional water being added
to keep most of the potassium cyanide in solution. After heating from
ten minutes to three hours the flask is chilled and the product isolated.5 5
Compounds formed by this general procedure are listed in Table I, p. 281.

THE CONVERSION OF AN UNSYMMETRICAL BENZOIN INTO ITS ISOMER

The less stable isomeric form of an unsymmetrical benzoin will isomer-
ize under relatively mild conditions to the more stable form. By indirect
means the more stable isomer can be converted into the less stable one.
This interconversion of isomers is useful synthetically for the prepara-
tion of certain benzoins that are difficult to obtain by one of the more
general methods. Although interconversions have been recorded by
many investigators,®-% gufficient examples are not available to per-
mit predictions concerning the relative stability of the two possible un-
symmetrical benzoins in any new instance.

Less Stable to More Stable

The less stable 4’-methoxybenzoin (V), 4’-dimethylaminobenzoin
(VI), and 4-chloro-4’-dimethylaminobenzoin (VII) are isomerized to the
more stable products, 4-methoxybenzoin (VIII), 4-dimethylamino-
benzoin (IX), and 4’-chloro-4-dimethylaminobenzoin (X), in yields of
60 to 809, by treatment with ethanolic potassium hydroxide at room
temperature for three days or by heating with ethanolic potassium cya-
nide for thirty minutes.’® 8 The isomerization of 4’-methoxybenzoin
(V) can be brought about quantitatively by distillation at 1 mm.%

8 Wren, J. Chem. Soc., 95, 1583, 1593 (1909).

7 McKenzie, Roger, and Wills, J. Chem. Soc., 1926, 779.

® Jenkins, J. Am. Chem. Soc., 53, 3115 (1931).

3 Jenkins, J. Am. Chem. Soc., 55, 3048 (1933).

32 Julian and Passler, J. Am. Chem. Soc., 54, 4756 (1932).

33 Buck and Ide, J. Am. Chem. Soc., 54, 4359 (1932).

8 Buck and Ide, J. Am. Chem. Soc., 55, 4312 (1933).

% Buck and Ide, J. Am. Chem. Soc., 55, 855 (1933).

3 Barnes, Cooper, Tulane, and Delaney, J. Org. Chem., 8, 153 (1943).
37 Cowper and Stevens, J. Chem. Soc., 1940, 347,

3 Weinstock and Fuson, J. Am. Chem. Soc., 58, 1986 (1936).
3 Weinstock and Fuson, J. Am. Chem. Soc., 68, 1233 (1936).
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Lzss STABLE MOoRE STABLE
v C¢HsCOCHOHCH,OCH3-4 — C¢H;CHOHCOC:H/OCHs-4 VIII
VI CsHsCOCHOHCH N (CHj)s-4 — CsHsCHOHCOCH N (CHj)o-4 X
VII 4-CICgH,COCHOHCsH N (CHs)o-4 — 4-CICeH,CHOHCOCHN(CH;)e-4 X

4-Methoxy- or 4'-methoxy-benzoin or the a-bromo derivative of
4-methoxybenzoin upon treatment with potassium acetate and acetic
anhydride gives a mixture of the benzoin monoacetate and enediol di-
acetate, each of which on hydrolysis forms the stable isomer.!%

CeH;CHOHCOCH,OCH 4
CsHsCOCHOHCH,OCH 54
CeH;CHBrCOCH,OCH 54
C¢Hy—Co===C—ClH4,OCH 4 + CGH50|HCOCGH4OCH3—4

KOAc-Ac0

I |
OAc OAc OAc
J/H2S04 1}12504

CGI‘I5——C:CICGH4OCI'13—4 - CsHsCHQHCOCGH4OCI‘Ig-4
OH OH

Most unsymmetrical benzoins undergo reduction to desoxybenzoins
in which the carbinol group of the benzoin has been replaced by methyl-
ene. However, the isomeric desoxybenzoin or a mixture of both of the
two desoxy compounds may be obtained.'»9.8 Tn this latter class
may be cited 4-methoxy-, 4-dimethylamino-, 4’-chloro-4-dimethylamino-,
3’-chloro-4-methoxy-, and 2,4,6-trimethyl-benzoin.

The reduction of either 2,4 6-trimethylbenzoin (XI) or 2’,4/,6'-tri-
methylbenzoin (XII) results in the same desoxybenzoin, 2,4,6-trimethyl-
benzyl phenyl ketone (XIII).?%% If either 2,4,6-trimethylbenzoin (XT)

CeHsCHOHCOCHo(CHjy) 32,4,6

X1
caaco,,NaH CeHsCOCH,CoHa(CHy)5-2,4,6
XIII
CsHsCOCHOHCHy(CHi)o2,4,6
XI1I

or 2',4’,6’-trimethylbenzoin (XII) is warmed with ethanolic sodium
acetate, an equilibrium mixture is formed ; therefore the stabilities of the
two isomers are similar. It is obvious that one of the benzoins is reduced
much more readily, since a single desoxy tompound entirely free from

% Jenkins, J. Am. Chem. Soc., 54, 1155 (1932).
1 Jenkins and Richardson, J. Am. Chem. Soc., 55, 3874 (1933).
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even traces of the isomer results. Both benzoins XI and XII on treat-
ment with benzoyl chloride give the same monobenzoate. Presumably
an equilibrium mixture of isomers is produced first; benzoylation then
occurs readily with only one of the isomers.?®

The diketone corresponding to XI or XII, when treated with zinc
and acetic acid for five minutes, yields a mixture of the isomeric benzoins;
but on heating for ten hours only the desoxy compound XIIT is formed,
and no further reduction takes place.

More Stable to Less Stable

More stable benzoins can be converted into the less stable isomers by
indirect means through derivatives which have the appropriate isomeric
structures and which in turn can be transformed readily into the desired
benzoins. 4-Methoxybenzoin upon reduction gives the desoxy com-
pound related to the isomeric benzoin (829, yield); the desoxybenzoin
can be brominated to the bromo ketone (849, yield). This on treatment
with sodium ethoxide followed by acidification is converted (749,) into
the isomer of the original benzoin. Isolation of the bromo ketone is not
necessary,% ™72 8

S)
CeHsCHOHCOCGH,OCH ;-4 ™ >
More stable HCl Bry
CeHsCOCH,CeHOCH 4 —25 CeHsCOCHBrCeH,0CH;-4

lNuOCsz
HCl
CeHsCOCHOHCH;0CH;-4 +— CgHC(0OCH;5):CHCsH,0CH;-4

Less stable

Na

Another procedure for the conversion of the more stable isomeric
benzoin into the less stable one is illustrated also with 4-methoxyben-
zoin.'®# The more stable benzoin is converted into the oxime in 50-99%,
yield. This is reduced catalytically to the corresponding amine in

C GI‘I5CHOI‘ICOCGH4OCH3—4 —_—> CGH 5CHOHCCGH4OCH3—4

More stable
NOH

Cr03

CaHsco(IJHCGH4OCH3-4 ¢— C¢H;CHOHCHCH,OCH;4
NH2 NH2

1

HNO;

C¢H;COCHOHC:H,OCH -4

Less stable
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66-869, yield. Oxidation with chromic acid converts the amino carbinol
into the amino ketone in 59-709, yield. Treatment of the desylamine
with nitrous acid yields the less stable benzoin 9 in 50-719, yield. This
procedure should be applicable to any benzoin that does not contain
substituents affected by the reagents used in the different steps.

Slight modification of the reaction series just outlined may sometimes
be desirable. As an alternative procedure the desylamine can be heated
with aqueous ethanolic hydrochloric acid in a sealed tube at 95° for
twenty hours; a yield of 409, of the benzoin results. By heating at 130°
for twenty-four hours a 1009, conversion is possible. 2,4,6-Trimethyl-
desylamine is difficult to convert into the benzoin by ordinary proced-
ures; however, heating with aqueous ethanolic hydrochloric acid at 130°
for twenty-four hours furnishes a 207, yield of 2,4,6~trimethylbenzoin.?

Experimental Procedures

The Benzoin Oxime. The benzoin oxime is prepared by any of the
following methods:!8 (a) The benzoin is allowed to stand in ethanolic
solution at room temperature with hydroxylamine acetate, and the
product is precipitated by the gradual addition of water. (b) The
benzoin is warmed on the steam bath, usually for three hours, with
hydroxylamine and excess of ethanolic sodium hydroxide solution. The
oxime is precipitated by carbon dioxide. This method is useful when
the benzoin is sparingly soluble in ethanol. (c¢) The benzoin, in pyridine
solution, is warmed on the steam bath for three hours with hydroxylamine
hydrochloride, and the reaction mixture is then diluted gradually with
water., By these methods yields varying from 50 to 999, are obtained.

The Reduction of the Benzoin Oxime to the «-Aminobenzylphenyl-
carbinol.® The reduction is carried out in the usual Burgess-Parr appa-
ratus, with the exception that the bottle is heated electrically and the
apparatus modified so that it will accommodate from about 0.1 to 0.005
mole of material. This modification of the apparatus requires only the
insertion of a second gauge in the line between the reservoir and the
bottle. After the bottle is filled with hydrogen it is cut off from the
reservoir by means of the needle valve. Under these conditions the bottle
functions as its own reservoir, the pressure being read on the second
gauge. Since the capacity of the bottle is only a fraction of that of the
tank, the pressure drop accompanying the hydrogenation of 0.005 mole
of a substance can be read easily.*

% McKenzie and Walker, J. Chem. Soc., 1928, 646; McKenzie and Kelman, ibid., 1934,
412; McKenzic and Pirie, Ber., 69, 861, 876 (1936).

9 Weissberger and Glass, J. Am. Chem. Soc., 64, 1724 (1942).
% Buck and Jonking, J. Am. Chem. Soc., 51, 2163 (1929).
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A solution of 0.03 mole of the benzoin oxime in 50 ml. of absolute
ethanol is reduced with 0.5 g. of platinum oxide catalyst (Adams) at
70-75°. The product is isolated by removal of the catalyst, partial
evaporation of the solvent, and recrystallization of the solid from ethanol.
The aminocarbinol is obtained in 66-86%, yield.

The Oxidation of the a-Aminobenzylphenylcarbinol to the a-Amino-
benzyl Phenyl Ketone.®* The oxidation is carried out by dissolving the
aminocarbinol in 7-12 parts of 209, sulfuric acid and adding chromic
acid (one atomic equivalent of oxygen) in water. For example, 4.86 g.
(0.02 mole) of a~amino-4-methoxybenzylphenylcarbinol is dissolved in
50 ml. of 209 sulfuric acid, and 1.33 g. of chromic acid in 10 ml. of water
is added. The reaction mixture is heated slowly to 70°. The amino-
benzyl phenyl ketone usually separates as the sulfate on the further
addition of sulfuric acid. If the sulfate does not separate, the reaction
mixture is extracted with ether to remove non-basic material. The mix-
ture is made alkaline with aqueous ammonia, extracted with ether, and
the extract is dried over anhydrous sodium sulfate. Dry hydrogen chloride
is passed through the ether solution to precipitate the hydrochloride,
which is filtered and recrystallized from ethanol; the yields are 59-70%.

Conversion of the a-Aminobenzyl Phenyl Ketone into the Benzoin.3
A solution of 0.01 mole of the a-aminobenzyl pheny! ketone hydrochlo-
ride in 40 ml. of water is cooled, and 3.0 ml. of concentrated hydrochloric
acid is added (in some cases 8.0 ml. of concentrated sulfuric acid is used).
A solution of 0.02 mole of sodium nitrite in 15 ml. of water is introduced
in portions at room temperature. The mixture is warmed on a steam
bath for a few minutes or until the nitrogen is expelled. The oily product
that separates solidifies on being cooled, and is filtered and recrystallized
from ethanol. The yield of benzoin is 50-719;. It is not necessary to
isolate the a-aminobenzyl phenyl ketone from the oxidation mixture.
The ether extract may be treated directly with sodium nitrite and acid.

THE CONDENSATION OF ARYLGLYOXALS WITH AROMATIC
HYDROCARBONS

Benzoins can be prepared in 35909, yield by the condensation of
phenylglyoxals with aromatic hydrocarbons in the presence of aluminum
chloride.?% The benzoins prepared in this way have the carbonyl
group adjacent to the aromatic residue of the glyoxal.

ArCOCHO + ArH 2% ArCOCHOHAY

% Fuson, Weinstock, and Ullyot, J. Am. Chem. Soc., 57, 1803 (1935).
% Arnold and Fuson, J. Am. Chem. Soc., 58, 1295 (1936).
97 Fuson, Emerson, and Weinstock, J. Am. Chem. Soc., 61, 412 (1939).
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Aliphatic glyoxals condense with aromatic compounds in a similar
way to give analogs of benzoin with one aromatic and one aliphatic
group. This reaction is discussed in Chapter 4.

Scope and Limitations

This 1nethod is equally successful with substituted or unsubstituted
phenylglyoxals and substituted or unsubstituted hydrocarbons, and it
may be used for the preparation of symmetrical or unsymmetrical
benzoins. It appears especially useful for halogen- and methyl-substi-
tuted benzoins that cannot be formed satisfactorily from the appropriate
aldehydes. Phenylglyoxal condenses with the following aromatic com-
pounds to give benzoins in the yields indicated: benzene (909,), anisole
(48%,), naphthalene (429%,), chlorobenzene (84%,), bromobenzene (57%,),
toluene (509,), and mesitylene (629;). 4-Methyl-, 4-chloro-, and 4-
bromo-phenylglyoxal condense with benzene in 42, 35, and 709, yields,
respectively; and mesitylglyoxal condenses with benzene, toluene,
m-xylene, and mesitylene in 57, 24, 17, and 409 yields, respectively.
The method is unsatisfactory for the condensation of highly hindered
arylglyoxals with certain heavily substituted aromatic compounds to
form unsymmetrical benzoins: mesitylglyoxal condenses with 3,5-di-
methylanisole, 3,5-dimethylphenetole, 1,3,5-triethylbenzene, durene
(1,2,4,5-tetramethylbenzene), or isodurene (1,2,3,5-tetramethylbenzene)
to form diarylbenzoylmethanes rather than benzoins.

2,4,6-(CH3)3CeH,COCHO + 1,3,5-(CoHg)sCol; —
2,4,6-(CHy)3CsH,COCH[CsHo(CoHs) 52,4,6]

The glyoxals are prepared readily by the oxidation of the substituted
acetophenones with selenium dioxide in dioxane.®® %

Experimental Conditions

In the usual procedure, an excess of the hydrocarbon reactant is em-
ployed as the solvent. Often, however, carbon disulfide has been found
advantageous as a solvent.% ¥ If an arylglyoxal is condensed with m-
xylene in the presence of excess hydrocarbon as solvent, a diarylaroyl-
methane is formed. By the use of one mole of m-xylene with carbon
disulfide as solvent, a benzoin results. Aluminum chloride (two molar
equivalents) generally is used as the catalyst, although zinc chloride has
been reported to be satisfactory in one instance.%

%8 Riley, Morley, and Friend, J. Chem. Soc., 1932, 1875.
% Riley and Gray, Org. Syntheses, Coll. Vol. 2, 509 (1943).
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The time of heating to complete the reaction varies from one-half
hour to twenty hours and is determined largely by trial. In general, the
time required decreases as the number of substituents in the aromatic
hydrocarbon increases; for example, in the condensation of mesityl-
glyoxal with benzene the reaction period is twenty hours, with toluene
six to ten hours, with m-xylene four to six hours, whereas with mesitylene
it is but one and one-half hours. With insufficient length of heating, the
glyoxal hydrate contaminates the product; with too prolonged heating
the product is difficult to crystallize. The reaction is best carried out
in an atmosphere of nitrogen.

Since glyoxals readily form hydrates, which may cause complications,
they should be rendered as anhydrous as possible immediately before use.

Experimental Procedures

General Procedure. Anhydrous phenylglyoxal is prepared in the
following way from the reaction mixture obtained by oxidizing aceto-
phenone in dioxane solution with selenium dioxide.*®® The dioxane
solution is decanted from the precipitate of selenium and is distilled at
atmospheric pressure until nearly all the dioxane is removed. One
hundred milliliters of a suitable hydrocarbon with a boiling point about
10 to 15° above the melting point of the glyoxal hydrate is added, and
the solution is again distilled at atmospheric pressure until the distillate
is no longer turbid. The solution is transferred to a Claisen flask, and
the distillation is continued under reduced pressure.%

In a 200-ml. three-necked flask equipped with a reflux condenser and
drying tube, mercury-gealed stirrer, and dropping funnel are placed 0.06
mole of powdered anhydrous aluminum chloride, 0.03 mole of the hydro-
carbon, and about 70 ml. of carbon disulfide. The mixture is cooled in an
ice bath. The freshly distilled glyoxal (0.03 mole) in about 20 ml. of car-
bon disulfide is then added over a period of one-half to three-quarters of
an hour. Stirring is continued at 0° for a total of one to twenty hours.
In experiments where the time required is long, the ice bath is allowed
to warm to room temperature after the first six hours. The reaction
mixture is decomposed with ice and hydrochloric acid, and the resulting
emulsion is extracted twice with ether. The ether solution is washed
once with water containing a little hydrochloric acid and then twice
with water. After the solution has been dried over anhydrous sodium
'sulfate, the ether and carbon disulfide are distilled under reduced pres-
sure. The residual oil is placed in an Erlenmeyer flask, and a little
petroleum ether is added and evaporated by means of an air blagt. A
little more petroleum ether is then added, and the mixture is placed in
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the ice box to crystallize. The crude product is collected on a filter,
washed with petroleum ether, and crystallized from aqueous ethanol.

2,4,6-Trimethylbenzoin.®* To a stirred mixture of 26.6 g. of powdered
anhydrous aluminum chloride and 100 ml. of dry benzene contained in
8 500-ml. three-necked flask immersed in water at a temperature of 10°,
is added over a period of two hours 17.6 g. of mesitylglyoxal 9% dissolved
in 100 ml. of dry benzene. Stirring at room temperature is continued
for five hours. The mixture is poured slowly into ice and concentrated
hydrochloric acid. The benzene layer, containing the benzoin, is re-
moved. The aqueous layer is extracted once with a small amount of
benzene. The benzene extract is added to the main portion of the
solution. The benzene is removed at 50° by evaporation under dimin-
ished pressure; to prevent oxidation of the benzoin, nitrogen is passed
through the ebullator tube during the evaporation. The residual yellow
liquid is crystallized from 100 ml. of ethanol. There is obtained 16.1 g.
(639 yield) of a colorless product, m.p. 97-99°. The pure compound
obtained by recrystallization from ethanol melts sharply at 102°.

4-Bromobenzoin.®® In a 500-ml. three-necked, round-bottomed flask
surrounded with ice and equipped with a mercury-sealed stirrer are
placed 200 ml. of dry benzene and 13.3 g. of powdered aluminum chlo-
ride. A solution of 10.65 g. of 4-bromophenylglyoxal in 50 ml. of benzene
is added dropwise to the benzene-aluminum chloride solution. The
addition takes approximately thirty minutes. The reaction mixture is
allowed to remain at 0° for fifteen hours. It is then decomposed by the
slow addition of ice-cold 209}, aqueous hydrochloric acid. The benzene
solution is separated and concentrated to a volume of 30 ml. by removal
of the solvent under diminished pressure in the absence of air. To this
concentrate is added 30 ml. of petroleum ether (b.p. 30-60°), and the
solution is kept cold overnight. The precipitate is separated by filtra-
tion with suction and washed with four 256-ml. portions of cold petroleum
ether. The material weighs 10.2 g. (70.29, yield). After one recrystal-
lization from ethanol the benzoin melts at 108-109°.

THE REACTION OF MANDELAMIDES AND MANDELONITRILES WITH
THE GRIGNARD REAGENT

The synthesis of benzoins from mandelonitriles or amides and aromatic
magnesium halides is general. Both symmetrical and isomeric stable
and less stable unsymmetrical benzoins can be prepared in this way.
4-Dimethylaminomandelamide, obtained from 4-dimethylaminobenz-
aldehyde, reacts with three moles of phenylmagnesium bromide to give
4'-dimethylaminobenzoin (459, yield), the less stable isomer.)” From
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_ mandelamide and 4-dimethylaminophenylmagnesium bromide, 4-di-
methylaminobenzoin, the more stable isomer, is formed in 259 yield.”

H,80
4-(CH3)sNCsHCHO — 4-(CHj)sNCsH,CHCN _:164’ 4—(CH3)2N06H4(IZHCONH2
2

H oH
OMgBr
H,0
+(CH3)2NCSH4CHéNHMgBr 25 4-(CH3),NCeH,CHOHCOCsH;
Less stable
BI‘Mg CGH5

3CgH;MgBr
_—

Extensive study of the preparation of benzoins by this procedure has
revealed that, although it is time-consuming and does not result in
yields better than 20-479%, it nevertheless is the best procedure for
many benzoing. 17918 93,100-108 - Symmetrical and unsymmetrical methyl-
and halogen-substituted benzoins and the less stable isomers of unsym-
metrical benzoins have been synthesized; 4’-chlorobenzoin (329)1%
4-chlorobenzoin (179)," 4’-methylbenzoin (24%),'* 4-methylbenzoin
(479%),'* and 4-chloro-4’-dimethylaminobenzoin (429,) ® are typical.
In an attempt to form 2/,4’,6'-trimethylbenzoin from phenylmagnesium
bromide and 2,4,6-trimethylmandelonitrile only o-aminobenzyl 2,4,6-
trimethylphenyl! ketone # was obtained.

2,4,6-(CH3)3CGH20HOHCN + CgH5MgBI‘ - 2,4,6"(CH3)SCGHZCOCIHCGH5

NH,
Experimental Procedure

4’-Dimethylaminobenzoin (Less Stable Isomer).”Y Phenylmagnesium
bromide is prepared from 30 g. of hromobenzene, 5.5 g. of magnesium
turnings, and 50 ml. of anhydrous ether. Then 2.5 g. of finely powdered
4-dimethylaminomandelamide is added in small portions over a period
of fifteen minutes. After each addition of the amide a vigorous reaction
occurs and is allowed to subside before the next portion is added. The
mixture is heated on the water bath for twelve hours and then poured
into 200 g. of crushed ice containing 30 g. of concentrated sulfuric acid.

1 Beis, Compt. rend., 137, 575 (1903).

101 McKenzie and Wren, J. Chem. Soc., 93, 309 (1908).

102 Gauthier, Compt. rend., 162, 1100, 1259 (1911).

18 Asahina and Terasaka, J. Pharm. Soc. Japan, 494, 219 (1923) [C. 4., 17, 3028 (1923)];
Asahina and Ishidate, 7bid., 521, 624 (1925) [C. 4., 20, 409 (1926)].

14 Weissberger, Strasser, Mainz, and Schwarze, Ann., 478, 112 (1930) ; Weissberger and
Dym, Ann., 502, 74 (1933).

16 McKenzie and Luis, Ber., 65, 794 (1932).

1% McKenzie, Luis, Tiffeneau, and Weill, Bull. soc, chim. France, [4] 45, 414 (1929).

107 Smith, Ber., 64, 427 (1931).

18 Agahina and Asano, Ber., 63, 429 (1930).
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The ether is removed, and the aqueous layer is extracted with two 100-
ml. portions of ether. The extracts are discarded. The acid solution is
neutralized with aqueous ammonia, and the yellow precipitate which
forms is separated, dissolved in 50 ml. of ethanol, and filtered while hot.
On cooling, yellow needles separate, which weigh 1.5 g. (459, yield).
After three reerystallizations from ethanol, a pure product results, m.p.
159-160°.

THE REDUCTION OF BENZILS

Benzils have been reduced by a variety of reagents, usually with the
formation of the benzoins. Although the transformation is simple and
direct, it has the serious limitation that most benzils are accessible only

ArCOCOAr’ — ArC=CAr’ — ArCOCHOHA:’
o on

through oxidation of the corresponding benzoins. The probable mecha-
nism of reduction in the absence of certain catalysts is 1,4-addition of the
hydrogen with subsequent rearrangement of the enediol intermediate.
The reagent used and the conditions employed determine whether any
of the following reduction products are obtained in place of or in addition
to the benzoin: ArCH,COAr’, ArxCHOHCHOHAr/, ArCH,CHOHAr’,
ArCH,CH,Ar’. In unsymmetrical benzils the relative reactivity of the
two carbonyl groups is so markedly different that usually only one of
them is reduced ; the stable isomeric form of the corresponding benzoin
is formed.® ® Catalytic hydrogenation and reduction with magnesium
and magnesium iodide or bromide are the preferred procedures of the
variety of systems that have been studied.

The reduction of benzl with zinc dust and sulfuric acid in the presence
of acetic anhydride 1% yields two stereoisomeric forms of the enediol

diacetate; each is converted by hydrolysis with ethanolic potassium
hydroxide into benzoin. Only one of the two stereoisomeric enediol

CeHs;COCOCsH — CeHyC=—===CCeH; — CeHiC=—=CCeH; —
COCH; $COCH3 ()21 H
eis and trans
CsHsCOCHOHCH;
diacetates is obtained if benzil is reduced in ether solution by sodium

and then treated with acetic anhydride.'® Hydrolysis of some of the
diacetates leads to enediols which can be isolated.

199 Thiole, Ann., 306, 142 (1899).
19 Nef, Ann., 308, 283 (1899).
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Treatment with triphenylmethylmagnesium bromide or with mag-
nesium and magnesium iodide or bromide converts a benzil into the
halomagnesium salt of the enediol which on hydrolysis gives a benzoin.
The following benzoins have been obtained in this way: 4,4’-toluoin
(829, yield), 4,4"-anisoin (629, yield), 4,4’-dichlorobenzoin (919 yield),
a-naphthoin (919, yield), 4,4’-diphenylbenzoin (889, yield), and 4-
phenylbenzoin (good yield).s11112

Mg-Mglq

CsHsCOCOCsH5 _> CsHsC“—:CCsHs - CsHs?::?CsHts
OMgl  OMgl OHl OH
CeH;COCHOHCH;

The reduction of benzil with sodium or with tin or zinc amalgam and
hydrochloric acid gives benzoin in nearly quantitative yield; 12113 with
magnesium amalgam and hydrochloric acid or aluminum amalgam and
ethanolic hydrochloric acid a 909, yield results; %94 nickel aluminum
alloy in sodium hydroxide, on the other hand, converts benzil into a
mixture of reduction products but converts anisil into anisoin in 809,
yield. 1 Furoin has been obtained from furil by enzymatic reduction.!

The reduction of 2,2',4,4’,6,6’-hexamethylbenzil with zinc amalgam
and hydrochloric acid is not successful,*” but the benzoin can be obtained
by catalytic hydrogenation 18

Ferrous sulfate in the presence of agqueous ammonia reduces 4,4'-
dinitrobenzil to a mixture of 4,4’-diaminobenzoin and 4,4’-diamino-
benzjl 119 )

2,4 6-Trimethylbenzil is reduced with zinc in acetic acid to a mixture
of isomeric benzoins. This appears to be the only recorded reduction in
which both isomers of an unsymmetrical benzoin have been obtained
simultaneously.®

The catalytic reduction of benzils is of more general application; the
yields generally are in the range 86-93%,. Platinum oxide (Adams) ¥
is the usual catalyst.* It promotes the hydrogenation of hindered ben-
zils, such as 2,2',4,4’,6,6’-hexamethylbenzil, when other reagents are in-

1 Gomberg and Bachmann, J. Am. Chem. Soc., 60, 2762 (1928).

12 Bachmann, J. 4m Chem. Soc., 53, 2758 (1931): 56, 963 (1934).

18 Pearl and Dehn, J. Am. Chem. Soc., 60, 57 (1938).

14 Carré and Mauclére, Bull. soc. chim. France, [4] 49, 1148 (1931).

18 Papa, Schwenk, and Whitman, J Org. Chem , 7, 587 (1942).

16 Neuberg, Lustig, and Cagan, Arch. Biochem., 1, 391 (1943).

17 Kohler and Baltzly, J. Am. Chem. Soc., 54, 4015 (1932).

138 Thompson, J..dm. Chem. Soc., 61, 1281 (1939).

19 Kyhn, Méller, and Wendt, Ber., 76, 405 (1943).
120 Voorhees and Adams, J. Am. Chem. Soc., 44, 1397 (1922).
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effective.#1® The cés and trans enediols are formed from such benzils;
they can be separated, and on treatment with piperidine acetate or with
ethanolic hydrochloric acid !-? they isomerize to the benzoins.

Experimental Procedures

Catalytic Reduction (General Procedure). The catalytic reduction of
benzil %120 is carried out conveniently in a Burgess-Parr apparatus (with
the modification described on p. 285). A solution of 0.01 mole of the
substance in about 50 ml. of the appropriate solvent (ethanol, ethyl
acetate, pyridine, or acetic acid), to which 0.5 g. of platinum oxide is
added, is warmed to 70-75° and allowed to absorb 0.01 mole of hydrogen.
The reduction is then stopped to prevent the formation of hydrobenzoin.
The catalyst is removed, the solvent partially evaporated, and the
product recrystallized from a suitable solvent. Anisil, benzil, furil, and
piperil are reduced to the corresponding benzoins in 86-937%, yield.

Reduction of 4,4’-Tolil with Magnesium-Magnesium Bromide.’? To
an ether solution containing 10 g. of anhydrous magnesium bromide in
a 70-ml. test tube is added 4.76 g. of tolil and 20 ml. of benzene. A
deep-yellow solution results. A weighed magnesium rod is inserted, and
the tube is corked and placed on a shaking machine. A deep-brown
coloration soon forms around the ends of the magnesium rod; after
several hours the entire solution has become very deep brown. The
reduction is apparently complete after twenty hours’ shaking. The
magnesium rod is removed and washed with benzene, and the solution
is quickly decomposed with water. The ether-benzene solution is dried
over anhydrous sodium sulfate. The product crystallizes after partial
evaporation of the solvent. The yield of pure toluoin is 3.9 g. (82%,),
m.p. 88-89°,

THE REDUCTION OF AROMATIC ACIDS AND THEIR DERIVATIVES

The reduction of aromatic acids, their chlorides, esters, and peroxides
can be accomplished by treatment with magnesium and magnesium
iodide in a mixture of ether and benzene as solvents. With benzoic acid
or benzoyl peroxide two steps are involved: the formation of the mag-
nesium iodide salt and the reduction. With an acid chloride or ester
the magnesium iodide derivative of the enediol forms directly and is
hydrolyzed to the benzoin. Intermediate enediols have been isolated
only from reduction of hindered acid chlorides. The method has been
used in reducing benzoic, 4-toluic, e~ and B-naphthoic, and phenyl-
benzoic acid, benzyl and methyl benzoate, benzoyl peroxide, and 2,4,6-
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trimethylbenzoyl, 2,4,6-triisopropylbenzoyl, and 2,6-dimethylbenzoyl
chloride, the corresponding benzoins being isolated in 30 to 759,
yields.®%1m  Acid chlorides give the best yields. The procedure can be

ArCO.H
MeMel, M ArCOMgl  — ArC(OMgl);C(OMgI);Ar
(ArCOy)q |

ArCOCl ————
Me-Mgl, ArC=CAr — ArCHOHCOAr
ArCOzR————--/1

IMgO OMgl

employed when the aldehyde corresponding to the symmetrical benzoin
desired is not available. No unsymmetrical benzoin has been prepared
by this method.

Experimental Procedures

Benzoin from Benzoic Acid.™ A mixture of magnesium and magne-
sium iodide is prepared from 95 g. (0.75 atom) of iodine and 20 g. of
magnesium powder in 100 ml. of dry ether and 200 ml. of benzene. To
this colorless mixture 30.5 g. (0.256 mole) of benzoic acid is added in
portions. When the lively evolution of gas has ceased, the mixture,
protected from air by means of a mercury trap, is heated on the steam
bath. After five days of heating, the dark reddish-brown solution is
filtered from the undissolved magnesium and treated with water.
Dilute acid is added to dissolve the copious precipitate of magnesium
hydroxide. The organic solution is extracted with dilute aqueous sodium
carbonate, which removes unchanged benzoic acid. Evaporation of the
solvents leaves a solid contaminated with some oily by-products, which
are removed by digestion with ether. The residue consists of practically
pure benzoin and weighs 12.0 g. (309, yield).

Mesitoin from 2,4,6-Trimethylbenzoyl Chloride? To 3 g. of magne-
sium turnings, 60 ml. of dry ether, and 120 ml. of dry benzene is added
156.3 g. of iodine in several portions. When the reaction mixture has
become colorless and has been cooled to room temperature, the air in
the flask is swept out by a stream of dry, oxygen-free nitrogen. A solu-
tion of 11 g. of 2,4,6-trimethylbenzoyl chloride in 10 ml. of dry ether is
then added from a dropping funnel over a period of fifteen minutes.
Stirring in a nitrogen atmosphere is continued for sixteen to eighteen
hours. At the end of this time the magnesium has nearly disappeared,
and the solution is dark red.

The reaction mixture is filtered through folded cheesecloth into a
separatory funnel containing 8 ml. of acetic acid and 100 ml. of ice water.
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The ether-benzene layer is separated and washed rapidly with water,
with 5%, aqueous sodium thiosulfate, again with water, then with 109,
aqueous potassium bicarbonate, and finally once more with water. The
solution is then dried for a few minutes over calcium chloride, filtered,
and evaporated to a thin syrup as rapidly as possible under reduced
pressure. Dilution of the brown syrup with 50 ml. of petroleum ether
followed by cooling causes the enediol to precipitate as a white crystalline
material, which is separated and washed with petroleum ether; yield,
3.1 g. (369%). The enediol is unstable in the presence of oxygen, being
rapidly autoxidized to the benzil.

A solution of 1.3 g. of enediol and 6 ml. of methanol which has been
saturated previously with dry hydrogen chloride is refluxed for forty-five
minutes, allowed to cool, and poured into 70 ml. of water. The mesitoin
separates as a white crystalline compound. Itis collected on a filter and
recrystallized from 709, aqueous methanol; yield, 1.2 g. (929,); m.p.
130-131°.

THE CONVERSION OF DESOXYBENZCINS INTO BENZOINS

Desoxybenzoins are prepared readily by a number of methods which
do not involve the use of benzoins.651442¢  Since the a-hydrogen atom
in a desoxybenzoin is quite active and can be replaced easily, desoxy-
benzoins serve as convenient starting materials for the synthesis of
benzoins.

In the presence of light, bromine converts a desoxybenzoin into an
a-bromo derivative.”s”? (The a-chloro derivatives usually have been
prepared from the benzoins.’2528) The a-bromodesoxybenzoins react
with alkali to form benzoins,™ 1261213 and with sodium ethoxide to
form the corresponding ketals, which are readily hydrolyzed with cold

Br NaOH
CgHsCH2COCgHOCH 3-4 —2% CgH;CHBrCOC4H4OCH3-4 ———» CsH;CHHOHCOC¢HOCH3-4

/ Ne0CsH; HCl
CgH;CHBr—C—CsH4OCHz4 — CgH;CH—C—CgH40CH 3-4 — CgHsCHC(OCH;)3CeH4sOCH -4
NaQ OCqHj (0] OCyH; Na

121 Fuson, Corse, and McKeever, J. Am. Chem. Soc., 62, 3250 (1940).
122 Francais, Ann. chim., 11, 212 (1939).

123 Ruggli and Businger, Helv. Chim. Acta, 24, 1112 (1941).

124 Blau, Monatsh., 26, 1149 (1905); Weisl, ¢bid., 26, 977 (1905).

1% Schroeter, Ber., 42, 2336 (1909).

126 Ward, J. Chem. Soc., 1929, 1541,

127 McKenzie and Wren, J Chem. Soc., 97, 473 (1910).

123 Curtius and Lang, J. prakt. Chem., [2] 44, 544 (1891).

129 Meisenheimer and Jochelson, Ann., 355, 249, 293 (1907).

139 yon Auwers, Ber., 53, 2271 (1920).
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dilute mineral acid to the benzoins. If sodium methoxide is used in
place of sodium ethoxide, benzoin methyl ether CeHz;CH(OCH3)COCsHj5
is obtained.1®

Scope and Limitations

Since the conversion of the a-bromodesoxybenzoins into benzoins is a
reaction that results in 909, yields,™1%1%,13%¢ gnd the bromination of
the desoxybenzoins to a-bromodesoxybenzoins usually gives 809,
vields,”»2 the practical applicability of the general procedure for syn-
thesis of benzoins depends on the availability of the desoxybenzoins.
The desoxybenzoins are most commonly prepared (1) from an arylacet-
amide with an aryl Grignard reagent, (2) from an arylamide with benzyl
or a substituted benzyl Grignard reagent, and (3) from an arylacetyl
chloride and an aromatic or substituted aromatic hydrocarbon with
anhydrous aluminum chloride. Reactions 2 and 3 are preferred to
reaction 1. The yields of desoxybenzoins vary widely (30-809,) and
depend on the individual components involved.66-7 12-124

Experimental Procedure

General Procedure ™" A solution of 0.010 mole of the desoxybenzoin
in 2040 ml. of warm carbon tetrachloride in a 150-ml. Pyrex flagk is
exposed to the rays of a 500-watt tungsten lamp, and 20 ml. of a solution
containing 8.00 g. of bromine per 100 ml. of carbon tetrachloride is added
slowly while the flask is shaken. The reaction is quite rapid; hydrogen
bromide is liberated, and the bromine color quickly disappears. The
solution is concentrated under reduced pressure and cooled, and petro-
leum ether is added to complete crystallization of the product. The
substance is dissolved in warm absolute ethanol. Three equivalents of
sodium ethoxide in absolute ethanol is added, and the solution is allowed
to stand until sodium bromide ceases to precipitate. The mixture is
poured into 100 ml. of cold 159, hydrochloric acid. The product crystal-
lizes on cooling; it can be recrystallized from ethanol.

MISCELLANEOUS SYNTHESES OF BENZOINS

Benzoylmandelonitriles have been obtained in nearly quantitative
yields by treatment of aromatic aldehydes with benzoyl chloride and
aqueous potassium cyanide.'®»133 In the presence of ethanolic sodium

131 Madelung and Oberwegner, Ann., 526, 195 (1936).

132 Francis and Davis, J. Chem. Soc., 95, 1403 (1909).
133 Davis, J. Chem. Soc., 97, 949 (1910).
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ethoxide these substances generate benzoylbenzoins; #2° the yields are
improved by the addition of some of the aldehyde before the treatment

NaOCyH
CsHsCHO + CeHCOCI 4+ KCN — CgHsCHCN R CsHsCOCHCHj

COCgHjp 0COCsHj

with the base. If the aldehyde added at the second stage is different
from that used in the preparation of the benzoylmandelonitrile, a deriva-
tive of an unsymmetrical benzoin is formed. By this method the O-

CoH;CHCN -+ CH0.CeH,CHO —2P%, ¢ H,COCHCH;0:CH,

0COCsIis 0OCOCeH;

benzoyl derivatives of benzoin, furoin, 3,4,3’,4’-methylenedioxybenzoin
(piperoin), 4-methoxy- and 4’-methoxy-benzoin, 3,4-methylenedioxy-
and 3’,4’-methylenedioxy-benzoin, and furopiperoin (both isomers) have
been prepared in yields of 10-539,. The hydrolysis of the benzoy!
group has not been studied extensively. However, the O-benzoyl de-
rivatives of 4-methoxy- and 4’-methoxy-benzoin are both hydrolyzed
with sodium ethoxide in the cold to the more stable 4-methoxybenzoin.
This method is of little practical value, since all the compounds re-
corded can be prepared in better yields by other methods.

Benzoins have been isolated in small amounts, usually as by-products,
from various reactions, none of which has been studied sufficiently to
permit evaluation for the synthesis of benzoins.3%110.132-157  Qther proc-
esses have furnished certain benzoins in yields often unspecified but
sometimes as high as 909, ; however, the recorded data concerning them
are meager. These preparations are listed in the following paragraphs.

a-Hydroxydiphenylacetaldehyde (obtained from a-bromodiphenyl-
acetaldehyde and barium carbonate) rearranges in ethanol containing a
few drops of sulfuric acid to benzoin, along with a lesser amount of the
ethyl ether of benzoin.!314  Aliphatic a-hydroxy aldehydes undergo a
similar transformation.*! Diphenylacetaldehyde gives the desoxy-
benzoin. 139

1% Wahl, Compt. rend., 147, 72 (1908).

1 Blicke, J. Am. Chem. Soc., 46, 2560 (1924); 47, 229 (1925).

136 Shoruigin, Isagulyantz, and Guseva, J. Gen. Chem. U.S.S.R., 4, 683 (1934) [C. 4., 29,
3671 (1935)].

187 Ramage, Simonsen, and Stowe, J. Chem. Soc., 1939, 89.

138 Danilov, Ber., 60, 2390 (1927).

1% Danilov and Venus-Danilova, J. Russ. Phys. Chem. Soc., 57, 428 (1925) [C. A., 21
380 (1927)]; 68, 957 (1926) [C. 4., 21, 2126 (1927)].

40 James and Lyons, J. Org. Chem., 3, 273 (1938).
M1 Danilov and Venus-Danilova, Ber., 62, 2653 (1929); 67, 24 (1934).
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(CsHy):C(OMCHO 2%, ¢ H,CHOHCOCH; - CsH;CHCOCH;
0C,Hj

When 2-methylquinoline (quinaldine) is treated with selenium dioxide,
quinaldehyde is formed in 509, yield. However, oxidation of 2-methyl-
quinoline with unsublimed, aged selenium dioxide furnishes quinaldoin
in yields as high as 849,.5% TUnder similar conditions 4-methylquinoline
may give the aldehyde or it may produce the corresponding stilbene in
yields as high as 849,. 1-Methylisoquinoline gives only the aldehyde.!#

L o, =2 (I Jomonedl I
e |N/CH3 N | /CHOHCO\NJ| i

\ SeQ2

/ KCN
C ACHO

1-Methylanthraquinone can be oxidized directly with manganese
dioxide to the corresponding benzoin 14314

O CHOH——CO O
“ CH;
ZZRN A MnO; =
>
O C@é CQQ
(II)

Phenylmagnesium bromide reacts Wlth methyl cyanoformate to yield
the phenyl ether of benzoin.!4

CNCO.CH; -+ 3CgH;MgBr — CH;CHCOC:Hjs

OCgH;

Diphenyl triketone (1,3-diphenyl-1,2,3-propanetrione) rearranges on
treatment with phenylmagnesium bromide or phosphoric acid in acetic
acid to give benzoin,® 146-148

142 Barrows and Lindwall, J. Am. Chem. Soc., 64, 2430 (1942).

13 1. G. Farbenind. A.-G., Ger. pat. 481,291 [C. 4., 23, 4951 (1929)].
14 Scholl and Wallenstein, Ber., 69, 503 (1936).

15 Finger and Gaul, J. prakt. Chem., [2] 111, 54 (1925).

16 Schénberg and Azzam, J. Chem. Soc., 1939, 1428.

47 Kohler and Erickson, J. Am. Chem. Soc., 53, 2301 (1931).

143 de Neufville and von Pechmann, Ber., 23, 3375 (1890).
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CsHsCOCOCOCsI‘L; o CGH5C(OH)COCGH5 - CﬁHsCHOHCOCsHs
CO.H

2-Methoxymandelonitrile and resorcinol react in the presence of zinc
chloride in hydrochloric acid (Hoesch reaction) to give a ketimine
hydrochloride, which can be hydrolyzed to 2’-methoxy-2,4-dihydroxy-
benzoin.!*® Benzoylmandelonitrile reacts similarly with resorcinol to
form a non-crystalline phenolic substance, which on acetylation gives
2,4-diacetoxy-O-acetylbenzoin. 1%

2-CH30CsH,CH(OH)CN + CsH4(0H); — 2-CH3;0C:H4,CHOHCCsH3(0H), —
H-HCl

2-CH30CsH,CHOHCOCsH;3(0H)1-2,4

CgHsCHCN 4 CgHy(OH); — 2,4-(CH;3CO02):CsH3;COCHCsHj
COCsHjp COCHs

Phenylmagnesium bromide reacts with carbon monoxide under pres-
sure 1% or with nickel carbonyl 1% to give benzoin in 709 yield.

TABLE OF BENZOINS PREPARED BY VARIOUS METHODS

In Table IT are listed the benzoins whose preparation has been de-
scribed up to November, 1947. The numbers in the column headed
“Method” refer to the following methods of preparation: (1) benzoin
condensation; (2) from isomeric benzoin; (3) condensation of an aryl-
glyoxal with an aromatic hydrocarbon; (4) the Grignard reaction; (5) re-
duction of benzils; (6) reduction of aromatic acids or their derivatives;
(7) from desoxybenzoins.

149 Tshidate, J. Pharm. Soc. Japan, 542, 311 (1927) [C. 4., 22, 1153 (1928)].

10 Baker, J. Chem. Soc., 1930, 1015.

11 Benton, Voss, and McCusker, J. Am. Chem. Soc., 67, 82 (1945).
132 Fischer and Stoffers, Ann., 500, 253 (1933).



300 ORGANIC REACTIONS
TABLE II
BenzoiNs PREPARED BY VARIOUS METHODS
Formula R —CHOH.CO—R Method MO'P" Yield, Reference*
Benzoin C %
C10H304 Furoin 1 135 38 48
5 86 04
C12H1003 Benzfuroin (CoHsCHOHCOC4H30) 1 139 19, 48, 54,
57
C12H1003 Benzfuroin (CgH;COCHOHCH30) 4 119 103
C12H1003N 9 2-Pyridoin 1 156 49
C14H1202 Boenzoin 1 134 92 75, 154
5 93 52, 94, 162
3 90 95, 96
4 137 33 103
6 45 m
1 70 151, 152
C14H1203 2’-Hydroxy- 4 148 103
Cr4H ;204 2,2’-Dihydroxy- 1 142-149 80 155
C14H1502 Cyclohexoylplienylearbinol 4 62-63 26 92
(C¢HsCHOHCOCH 1)
C14H1303 1-(p-Anisyl)-2-cyclopentylothan-1-0l- 4 70-71 12 123
2-one (4-CI130CHCHOHCOCH;)
C14H 2409 Dodecahydro- 6§ B.P. 141
CgH1;CHOHCOCoH 13 140-141.5/
3 mm.
C14H1002Cly 2,2’-Dichloro- L 62-63 20-40 20, 104
56-57
C14H1002Cly | 3,3"-Dichloro- 1 33
C134H1002Cl, 4,4’-Dichloro- L 88 156
5 85-87 91 52
C14H,002Br2 3,3’-Dibromo-~ 1 123-124 33
C14H10021, 4,4’-Diiodo- 1 122 157
C14H;006N2 2,2’-Dinitro- 1 155.5, 8 44, 45
168-169
C14H1;02C1 4-Chloro-~ 3 90-91 35 96
4 88-89 17 104
7 94 71
C14H1102C1 4’-Cliloro- 3 116 84 96
4 110-111 32 104
7 116-117 93 71
C14H1:02Br 3-Bromo- (?) 1 129-130 32 53
C14H1109Br 4-Bromo- 3 108-109 70 96
C14H1102Br 4’-Bromo- 3 125-126 57 96
C14H140:N; | 4,4-Diamino- 5 199 119
C14H 503N 4-Dimecthylaminobonzfuroin 1 168 30 53, 54
[C4H3OCHOHCOCsH sN(CHj3)-4]
Ci16H1204 3,4-Mecthylenedioxy- 1 120 32 19, 32, 53,
54, 57
Ci15H1402 2’-Methyl- 4 64-65 15 104
Ci15H 1402 3-Methyl- 4 69.5-70 92
C15H1403 4 -Methyl- 3 116 50 96
4 116-117 24 104

* References 153-171 are listed on pp. 303-304.
1 The Grignard reagent added to carbon monoxide or nickel carbonyl.

1 By hydrolysis of 2,2"-bis(methoxymethoxy)-benzoin.

§ From corresponding a-hydroxy acetaldehyde.
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TABLE II—Continued

BENzoINs PREPARED BY VARIOUS METHODS

301

, .
Formula R—CHOH.CO—R Method MO'P" Yield, Reference*
Benzoin C Y%
Ci15H1402 4-Methyl- 3 109—- 42— a6
4 110 47 104
Cy5H1403 2-Methoxy- 1 56-57 70 37
C15H1403 2’-Methoxy- 1 78 19
4 58 103
Ci15H140; 4-Methoxy- 1 105.5- 25-45 |19, 54, 77
2 106.5 14, 59, 82,
86
4 90
7 108 94 71, 129
C15H1403 4’-Methoxy- 2 50 81, 84, 85
3 100 48 96
4 89 41 103, 105
7 90 74 71
Ci15H1403 2-Hydroxy-5-methyl- 7 130
C16H1405 2’-Methoxy-2,4-dihydroxy- 1 171 149
Ci15H2003 4’-Methoxyphenyl hexahydrophenyl- 4 72-73 123
(4-CH3;0C¢H4,CHOHCOCs,,)
C15H1104C1 2’-Chloro-3,4-mscthylenedioxy- 1 116 50 18, 53, 54,
57
C15H1104Cl1 4’-Chloro-3,4-methylenedioxy- 1 110 40 40, 76
C15H1,04Br 3’-Bromo-3,4-methylenedioxy- 1 106 33 53
C15H,303CI 2’_Chloro-4-methoxy- 1 84 60 76
C15H1303C1 3’-Chloro-4-nmict hoxy- 1 85.5 25-30 91
4 20 91
C,5H;1303C1 4’-Chloro-4-mcthoxy- 7 84.5- 85 72
85.5
Ci15H1303C1 4-Chloro-4'-nethoxy- 7 70.5- 70 72
71.5
C15H1303Br 3’-Bromo-4-mctlioxy (?)- L 88 20 76
C16H1304 4,4’-Dialdehydo- 1 170-174 158
Ci16H,20g 3,4,3’,4’-Dimecthylencdioxy- 1 120 80 51, 159
5 87 94
C16H1405 4’-Met{hoxy-3.4-mecthylenedioxy- 1 110 19
Ci16H1402 2,2’-Dimethyl- 1 79 33
C16H1602 3,3'-Dimcthyl- 1 Oil 33
C16H1602 4,4’-Dimethyl- 1 88-89 33, 160
3 a0 52
C16H1603 2-Ethoxy- 4 77-78 16 104
Cy16H1603 2-Fthoxy- 4 81-82 14 104
Ci6H1604 2,2"-Dimethoxy- 1 99-100 55 35
101.5
C16H1604 3.4-Dimethoxy (?)- 1 0Oil 36
Cy16H1604 2',4-Dimethoxy- 1 102 79 19
4 92-93 103
Ci16H1604 3’,3-Dimethoxy- 1 41-42 20 20
1 535 70 161
Cy6H1604 3*-4-Dimethoxy- 4 60 5 108
C16H1604 4,4"-Dimethoxy- 1 109-110 60 39
5 113 62-90 | 52, 94, 162

s References 153-171 are listed on pp. 303-304.
+ The Hoesoh reaction.



302 ORGANIC REACTIONS
TABLE II—Continued
BeENzoINs PREPARED BY VaRIOUS METHODS
, .
Formula R —CHOH,CO—R Method MO'P" Yield, Reference*
Benzoin C %
C16H10010N2 | 6,6’-Dinitropiperoin T 150-240 24
(dee.)
Ci16H1103N 8’-Nitropiperoin + 166 24
C16H1404Cle | 2,2’-Dichloro-3,3’-dimethoxy- 1 134 20
C16H1404Br2 | 2,2’-Dimethoxy-5,5'-dibromo- 1 105 50 43
C16H1504C1 2’-Chloro-3,4-dimcthoxy- 1 142 70 18, 76
C16H1702N 4’-Dimethylamino- 4 159-160 45 17
CieH1702N 4-Dimethylamino- 1 1683-164 86 18, 54, 57
2 59
5 68 17
4 25 17
C19H1503NC1 | 2’-Chloro-4-dimethylamino- 1 173 36 18, 53, 57
C16H160¢NC1 | 8’-Chloro-4-dimethylamino- 1 145 45 40, 76
C1613509NCl | 4’-Chloro-4-dimethylamino- 1 127-128 46 16, 80
2 80 80
4 80
C16H1603¢NCl | 4’-Dimethylamino-4-chloro- 4 104.5 42 80
C16H1602NBr | 4-Dimethylamino-3’-b1omo- 1 145 50 53
C17H1302 2’4 ,6’-Trimethyl- 3 93.5~ 62 96, 97
5 94 89
2 88
C17H130: 2,4,6-Trimethyl- 5 103.5- 57- 89
3 104.5 83 95, 96, 97
C17H1502 4-Isopropyl- 1 97 Small 32
Ci17H1704N 3’,4’-Motliylenodioxy-4-dimethylamino- 1 136 40 40, 54
C17H1704C1 2’-Chloro-3-mcthoxy-4-othoxy- 1 121 80 40
C17H1704Cl1 2’-Chloro-3-ethoxy-4-methoxy- 1 103 81 40
Ci17H1903N 4’-Moethoxy-4-dimethylanino (?)- 1 144 52 76
C13H1402 Naphtliabonzoin 3 128 42 96
(C1oH7CHOHCOCoH )
C13H2002 2,4,4’,6-Totramcthyl- 3 95-95.5 24 97
Ci13H3002 2,2',8,6’-Telramethyl- [ 127-128 4
C13HH 2002 3,3%,5,5’-Letrametliyl- 1 93-94 77 170
C13H3003 4’-Methoxy-4-isopropyl (?)- 1 81-82 33
C13H2004 2,2’-Dicthoxy- 4 68.5-69 104
1 68.5-69 5 104
Ci13H 2004 4,4’-Diethoxy- 1 86~87 8 104
C13H2008 2,2’-Dimethoxymethoxy- 1 B.P. 50— 155
200-210/ 60
1 mm.
Ci13H4004 2,2’,3,3'-Tetramethoxy- 1 86-87.3 44 165
C13H2006 2,2',5,5’-Tetramethoxy- 1 0il 100 165
C13H 2006 3,4,3',4’-Tetramethoxy- 1 0il 60 21, 36, 42
C13H150sNy | 4,4"-Diacetamido- 1 244-246 30 171
C13H1303Br; | 4,4’-Dibromo-2,2’,6,6’-tetramethyl- 6 143-144 7
C,3H,904C1 2’-Chloro-3,4-diethoxy- 1 106 63 40
C19H1603 4-Methoxynapthbenzoin 1 162-163 163

(4-CH30C,0H¢COCHOHCgHj)

* References 153-171 are listed on pp. 303-304.
t Nitration of corresponding benzoin.
1 Desoxybenzoin treated with thioglycolic acid followed by hydrolysis.
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TABLE II—Continued
Brnzoins PREPARED BY VARIous METHODS
Formula R—CHOH.CO—R Method MQ'P" Yield, Reference
Benzoin C %
Ci19H2209 2,2',4,4’,6-Pentamethyl- 3 120- 17 97
120.5
C9oH1602 4 Phenyl (?)- 5 148-151 Good 52
C20H240, 2,2’ ,4,4’,6,6’-Hexamethyl- 3 130.5- 48 96, 97
131
5 118
6 1,3
Co0H2402 4,4’-Diisopropyl- 1 101-102 35 39, 164
C20H2403 2,2’,4,4’,6,6’-Hexamethoxy- * Gum 137
Ca0H2403 3,3',4,4',5,5’-Hexamethoxy- 1 147.5- 16 165, 167
148.6
C320H1402N2 2-Quinaldoin 1 260-271 66 50, 153
5 135 36 166
+ 84 50
Caol12202Br2 3,3’-Dibromo-2,2’,4,4’-6,6’-hexamethyl- 6 133.5-135 7
CaaH1602 a-Naphthoin 1 138-139 13 52
6 35 52, 111
5 91 52, 162
C22Hi1602 B-Naphthoin 6 70 52, 111
C22H 9302 2,2',3,3",5,5,6.6’-Octlamethyl- 5 45 6
6 130-131 6
Cgol1230 2,2',3,3’,4,4',6,6’-Oclamcthyl- 6 117-118 6
CasH3¢02 2,4,6-Triisopropyl- 5 117.5- 11
118.5
C24H2002 2,2’-Dimethyl-1,1’-naphthoin 6 149- 9
151.5
Cg0Hgo02 4,4’-Diphenyl- 1 168— 95 52, 162
5 170 88 52, 162
Ca6H3602 2,2',4,4’,6,8’-Hexacthyl- 6 64-65.5 2
C30H1000 2,2’-Diphthaloyl- s 143, 144
R,R’ = CgH4(CO)sCsH -]
C30H 2002 9,9*-Phenanthroin 1 283 25 168, 169
C32H 4302 2,2’,4,4’,6,6’-Hexaisopropyl- 6 126, 5~ 5
127.5

* Reduction of aldehyde
1 Oxidation of 2-methylquinoline.
} Oxidation of 1-methylanthraquinone.
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INTRODUCTION

p-Benzoquinone, or ‘“‘quinone,’”’ was discovered in 1838 as a product
of the action of manganese dioxide in sulfuric acid on the rare natural
product quinic acid,! a tetrahydroxycyclohexanecarboxylic acid ; however,
benzoquinones generally are prepared by the oxidation of disubstituted
aromatic hydrocarbon derivatives having hydroxyl or amino groups in
the ortho or para positions. Thus quinone results from the oxidation of
hydroquinone, p-aminophenol, or p-phenylenediamine; in the two latter
mmstances the reaction proceeds through the formation and the rapid
hydrolysis of a quinonimine or quinonediimine. When such starting

o1 (I) II\IH NH,
[0] 11,0 [o] X
— — —
a
o1 0O NH NH,

materials or intermediates are available, conditions often can be defined
for the production of the desired quinone in high yield. Certain qui-
nones are obtainable in moderate or fair yield by the oxidation of starting
materials containing only one hydroxyl or amino group, as exemplified
by the industrial production of quinone from aniline. Other methods
that have been employed for the synthetic production of benzoquinones
are of less consequence.

Ozidation of phenols and amines constitutes the chief topic for dis-
cussion in this chapter. Processes for the oxidation with dichromate in
sulfuric acid solution 23 or with ferric chloride ¢ were developed at an
early date, and Nietzki ® found that a marked increase in yield results
if the substance oxidized contains an additional hydroxyl or amino group
m the para position. This investigator was the first to employ the
efficient method of introducing a pare amino group into a phenol or an
amine by the process of diazo coupling and reduction.

1 Woskrensky, Ann., 27, 268 (1838).

? Nietzki, Ber., 10, 1934 (1877).

3 Nietzki, Ber., 19, 1467 (1886).

4 Carstanjen, J. prakt. Chem., [2] 3, 54 (1871).
5 Nietzki, Ber., 10, 833 (1877).
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MECHANISM OF THE OXIDATION

Bamberger and Tschirner ¢ isolated p-aminophenol as a product of
the partial oxidation of aniline, and they tentatively suggested that the
conversion of aniline to quinone with dichromate may proceed through
the formation and oxidation of this known product of the rearrangement
of phenylhydroxylamine. However, these investigators found’ that

II\THQ II\THOH ll\THz (“)
—> — —p
Hy0

I

OH O

phenylhydroxylamine actually is oxidized by dichromate to nitroso-
benzene; furthermore Willstétter and Dorogi ® observed that sulfuric
acid of the concentration used in the oxidizing mixture does not rearrange
phenylhydroxylamine to p-aminophenol at an appreciable rate. A
suggestion ? that p-aminodiphenylamine is formed as an intermediate
product is discounted by the observation 8 that oxidation of this sub-
stance gives a much poorer yield than is obtained from aniline.
Pummerer’s work on the oxidation of S-dinaphthol ¥ suggests that
the initial product of the oxidation of any phenol is an aroxyl radical,
which exists in a state of resonance with ketomethylene radicals. Fur-
ther oxidation of a radical with a free electron at the para position would

on o L1 1
sRletteNsNes
N
H

afford a para quinone. The oxidation of an amine can proceed through
a similar radical intermediate and subsequent hydrolysis of the ketimine
group; quinonimines have been isolated as products of the oxidation of

6 Bamberger and Tschirner, Ber., 31, 1522 (1898).

7 Bamberger and Tschirner, Ber., 40, 1893 (1907).

3 Willstitter and Dorogi, Ber., 42, 2147 (1909).

? Nover, Ber., 40, 288 (1907).

10 Pummerer and Frankfurter, Ber., 47, 1472 (1914).
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aminophenols when anhydrous conditions are maintained 1 or when the
imino group is very resistant to hydrolysis.? Free-radical mechanisms
may be involved in reactions of preformed benzoquinones '* and in the
oxidation of hydroquinones.!* Hunter 151617 investigated the oxidation
of certain halogenated phenols and isolated various products that
appeared to be formed through free-radical intermediates. Thus 2,4,6-

0 0]
|

0
I I

cl o a 0CH,Cl, ClezcsOOOCstclg
I
0

!

Il
0

= O

I

trichloropheno! was found to yield the products I, IT, and ITI. Davis
and Harrington 18 also suggested the formation of free radicals during
the oxidation of halogenated phenols. The formation of biphenyl deriva-
tives or of substances of higher degree of polymerization as products of
the oxidation of benzene derivatives is generally attributed to free-radical
intermediates of the same type141%2.2%

SIDE REACTIONS

The nature of the oxidizing agent, the experimentsl conditions, and
the character of the substituents present influence the side reactions that
occur. Thus the products obtained on oxidation of trichlorophenol !
vary considerably with the oxidizing conditions. With chromic an-
hydride in glacial acetic acid the principal product (only 279, yield) is
the expected 2,6-dichloroquinone; however, when lead dioxide is used
in either glacial acetic acid or benzene the principal products are the

11 Willstittter and Pfannenstiel, Ber., 37, 4605 (1904).

12 Kehrmann, J. prakt. Chem., [2] 40, 494 (1889).

1B Wieland, Heymann, Tsatsas, Juchum, Varvoglis, Labriola, Dobbelstein, and Boyd-
Barrett, Ann., 514, 145 (1934).

Y Erdtman, Proc. Roy. Soc. London, A143, 191 (1933).

1 Hunter and Morse, J. Am. Chem. Soc., 48, 1615 (1926).

18 Hunter and Levine, J. Am. Chem. Soc., 48, 1608 (1926).

¥ Hunter and Woollett, J. Am. Chem. Soc., 43, 135 (1921).

18 Davis and Harrington, J. Am. Chem. Soc., 56, 131 (1934).

19 Erdtman, Proc. Roy. Soc. London, A143, 228 (1933).

© Levine, J. Am. Chem. Soc., 48, 797 (1926).

A Davis and Hill, J. Am. Chem. Soc., 51, 493 (1929).
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aryloxyquinones represented by formulas IT and III above. Tribromo-
2 6-dimethoxyphenol gives the expected quinone ! when treated with
chromic anhydride in glacial acetic acid, whereas weaker oxidizing agents
yield an aryloxyquinone (IV). This compound also is obtained from the

(I) CH;0 Br
FOCOAY
Br ” Br CH3O Br

)
v

oxidation with chromic anhydride when 509, acetic acid is used as
solvent. A coupling product is formed when 4-bromopyrogallol 1,3-
dimethy! ether is oxidized in 509, acetic acid.

0
0" I CH;0 OCH;

H; Cr0;  CHz0 “NOCH
CH30©00 3 3 & P F 0= 0

Br 50% AoOH Br
CH3O Br Br OCH3

The preceding data might suggest the general use of glacial acetic acid;
however, this is not always desirable. Ozxidation of 2,4 6-tribromo-m-
cresol with chromic anhydride in 509, acetic acid gives the expected
product, 3,56-dibromotoluquinone, but oxidation in glacial acetic acid
yields a mixture of di- and tri-bromoquinones.? Similar results are
reported in the oxidation of 4,6-dibromo-o-cresol.?® It appears that no
other such direct comparisons have been made; however, several
workers # %% gbtained satisfactory products on oxidizing trihalogenated
phenols with chromic anhydride in dilute acetic acid. A free-radical
mechanism has been used to explain the oxidation of a halogenated
phenol or amine to a quinone containing more than the expected number
of halogen atoms. Thus tribromomethoxyquinone is obtained on oxida-
tion of 2,4,6~tribromo-3-methoxyphenol.’® Substitution of bromine in

% Claus and Hirsch, J. prakt. Chem., [2] 39, 59 (1889).

% Claus and Jackson, J. prakt. Chem., [2] 38, 326 (1888).

# Kehrmann and Tiesler, J. prakt. Chem., [2] 40, 480 (1889).
% Conant and Fieser, J. Am. Chem. Soc., 45, 2194 (1923).

% Smith and Byers, J. Am. Chem. Soc., 63, 616 (1941).
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4 ] ]

Br Br _ Br Br —HBr Br Br (0]

— —_—

OCH; * OCH; OCH;
AN
Br H Br

OH

(1) HBr Br Br [01> Br

OCH, (2) Rearmngement Br OCH3 Br OCH;

OH

2,6-dichloroquinone,? with glacial acetic acid as solvent, leads to the
rearranged product, 2,5-dichloro-3,6-dibromoquinone. At 10-20° the
product consists chiefly of the normal substitution product, with only
a small amount of rearranged material. Such rearrangements can occur

O 0]
| |
Cl Cl Boiling B Cl -
+ 2Br; W cl Br + 2HBr
I |
0

in solvents other than glacial acetic acid, however, for oxidation of
2,6-dichloro-4-nitrophenol with bromine in water at 100° gives 2,5-
dichloro-3,6-dibromoquinone.?» 28

It has been observed by several investigators that oxidation in aqueous
medium may result in hydrolysis of an amino group to a hydroxyl
group. Thus in the oxidation of diaminothymol* a hydroxyquinone
results. Other workers 23 31 have reported similar results with aqueous

OH I
H,N CH(CHz)z  FeCly HOOCH(CHQQ
m ey
H SC Steam-distil HSC
|
NH, 0

% Ling, J. Chem. Soc., 61, 558 (1892).

% Ling, J. Chem. Soc., 51, 783 (1887).

» Fittig and Siepermann, Ann., 180, 23 (1875).

30 Ladenburg and Engelbrecht, Ber., 10, 1219 (1877).
3l Mazzara, Ber., 23, 1390 (1890).



SYNTHESIS OF BENZOQUINONES BY OXIDATION 311

ferric chloride and with aqueous chromic acid. The amino group resists
hydrolysis during oxidation in aqueous medium, however, in the prepa-
ration of 5-amino-6-chlorotoluquinone.’> When certain alkyl-p-amino-
phenols are oxidized with ferric chloride (even in the absence of hydro-
chloric acid) the product contains, in addition to the expected quinone,
some of the corresponding chloroquinone' for example: 3% 3

OH o
I I |

Fe013 Cl
H;C CH CH;

N, ; J)
This difficulty is avoided by use of ferric sulfate.

The most generally encountered by-products in quinone preparations
are dark, insoluble, amorphous materials. These materials doubtless
result from coupling and from polymerization, and certain of them have
been characterized as dimeric and trimeric compounds.’* Methoxy-
hydroquinone on oxidation with chromic acid or ferric chloride does not
give the expected methoxyquinone but a coupling product for which
structures represented by formulas V and VA have been proposed. This

OH | OH
cmo@ OCH3 CH,0 O ©00H3
I | OH
0 0 0
v V4

product is also formed when a trace of sulfuric acid is added to an acetic
acid solution of methoxyquinone. Biphenyl derivatives are also ob-
tained from hydroxyhydroquinone trimethyl ether and from pyrogallol.
Oxidation of toluhydroquinone dimethyl ether with chromic acid, nitric
acid, or manganese dioxide gives, in addition to dark materials of high
molecular weight, a ditoluquinone derivative. Treatment of toluquinone
with 509, sulfuric acid yields bitolyl and tritoly! derivatives and higher
polymers. Benzoquinone 1? when shaken for two and one-half days with
509, acetic acid-sulfuric acid is converted into a complex mixture of
amorphous products, from which a small amount of a termolecular
dihydroxy eompound can be isolated.
3 Zincke and Schurman, Ann., 417, 251 (1918).

38 Smith and Irwin, J..Am. Chem. Soc., 63, 1036 (1941).
3 Smith and King, J. Am. Chem. Soc., 63, 1887 (1941).
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Dilute alkali polymerizes quinones rapidly, and even neutral oxidizing
agents sometimes cause'polymerization.)* It should also be mentioned
that light often promotes polymerization. Avoidance of drastic condi-
tions and rapidity of operation are usually important factors in the
successful preparation of quinones.

SURVEY OF METHODS OF PREPARATION

Nearly any derivative of phenol or aniline can be oxidized to the
corresponding p-quinone; however, the yield and the ease of oxidation
are greatly influenced by the substituents in the ring. If the position
para to the hydroxy or amino group is occupied by hydrogen the yield
of quinone is usually poor. The yield of p-quinone is greatly improved
by a para amino or hydroxyl group; an o-quinone has been prepared
only rarely except from an intermediate containing ortho amino or
hydroxyl groups. A para halogen atom usually improves the yield of
p-quinone, and various other para substituents sometimes help. Any
group para to the amino or hydroxyl group will be eliminated or oxidized
under appropriate conditions, and usually some quinone can be isolated.
This fact has been applied as evidence of orientation; however, the
migration of a methyl group into the quinone ring has been assumed in
the nitric acid oxidation of 2-chloro-p-cresol or of 2-chloro-6-nitro-p-
cresol.®®  Similar vesults were obtained in the oxidation of the correspond-

OH 0
I |

0
I
CJ uno, Cl NO; Cl NO;
>
cH, " 1,
|
0

CH;,

ing bromo compounds.? These appeatr to be the only examples of such a
migration. Several p-toluidines have been oxidized with a chromic
acid-sulfuric acid mixture; in every one the para methyl group was
eliminated.®

Choice of the most suitable method for preparing a given quinone is
rendered difficult not only by the variety of routes available but also by
the lack of data regarding yields. Any specific quinone usually can
be prepared satisfactorily by oxidation of any one of at least five com-
pounds. The choice of compound to be oxidized will depend upon the

3 Zincke, Schneider, and Emmerich, 4nn., 328, 314 (1903).

3 Zincke and Emmerich, Ann., 341, 313 (1905).
37 Nolting and Baumann, Ber., 18, 1151 (1885).
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availability of the various starting materials and the yields obtainable
on oxidation. In addition, the relative ease of manipulation is sometimes
a determining factor. In the following pages the more successful meth-
ods and oxidizing agents are discussed in some detail; less important
methods and oxidizing agents are mentioned briefly. The objective is
the presentation of an overall picture, not only of the final oxidation
but also of the choice and preparation of starting materials. It should
be emphasized that the choice of oxidizing agent and the manner of use
depend largely upon the specific structure of the compound being oxi-
dized.

0-QUINONES

0-Quinones are nearly always prepared from the corresponding
catechols. Amines are usually unsatisfactory starting materials, for
many o-quinones are sensitive to moisture, and oxidation of an amine in
anhydrous medium leads to the quinonimine. The only preparation in
which an amine has proved useful as a starting material was the oxida-
tion of 2-amino-4,5-dimethylphenol to 4,5-dimethyl-o-quinone; with a
chromic acid-sulfuric acid mixture a yield of 459, was obtained.38.3?

Hzc OH KaCryOy Hzc =0

H,;C NH, H804 ’ H,C =0
No tetramethyl-o-quinone is obtained by oxidation of tetramethyl-o-
phenylenediamine; however, this unstable quinone is obtained in 819
yield by oxidation of tetramethylcatechol with silver oxide.®

Silver oxide is a very useful reagent for preparing sensitive quinones
and is especially so in the o-quinone series. The dihydroxy compound
is usually oxidized by shaking at room temperature with freshly pre-
pared silver oxide ## in anhydrous ether in the presence of a dehydrat-
ing agent such as sodium sulfate. The method is rapid, simple, and
successful ; the few yields reported range from 12 to 819%,.

The usual instability associated with o-quinones is not encountered
in the highly halogenated derivatives, which are sufficiently stable to
be prepared in good yield by oxidation of the catechol with nitric
acid 4445 in acetic acid or ethanol solution. The stability of these

38 Diepolder, Ber., 42, 2921 (1909).

3 Willstdatter and Miiller, Ber., 44, 2171 (1911).

% Smith and Hac, J. Am. Chem. Soc., 56, 477 (1934).

4 Willstatter and Pfannenstiel, Ber., 37, 4744 (1904).

42 Willstatter and Midler, Ber., 41, 2581 (1908).

48 Jackson and Koch, Am. Chem. J., 26, 10 (1901).

4 Jackson and Maclaurin, Am. Chem. J., 37, 11 (1907).
4% Jacksou and Flint, Am. Chem. J., 39, 83 (1908).
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quinones is not due solely to the highly substituted ring, for tetramethyl-
o-quinone is especially unstable.?

The only preparations of amino-o-quinones reported are oxidations
by air in ammoniacal solution.®®#»4 These compounds doubtless exist
in equilibrium with the hydroxyquinonimines.

A method generally applicable for the preparation of catechols is the
oxidation of o-hydroxybenzaldehydes with alkaline hydrogen peroxide.
This procedure # usually gives satisfactory yields unless the aldehydo
group is hindered by a large ortho substituent. The method is also

0;N CHO o, 0N |OH
OH ~_+OH

(70%)

moderately successful for oxidation of p-acetophenols !®4:% to the corre-
sponding hydroquinones.

Experimental Procedure

4-0-Toluquinone.® 5 An aqueous solution of 17 g. of silver nitrate
is made slightly alkaline with sodium hydroxide. The precipitated silver
oxide %% is washed twelve times with water, six times with acetone, and
six times with anhydrous ether, then covered with 100 ml. of anhydrous
ether. After addition of 15 g. of anhydrous sodium sulfate and a solu-
tion of 3 g. of 4-methylcatechol ® in 80 ml. of anhydrous ether the mix-
ture is shaken for three to four minutes. The precipitate is removed by
filtration from the red solution, and the filtrate is cooled in an ice-salt
mixture. One gram of dark-red prismg and blades separate; they are
collected and washed with dry ether. The filtrate and washings, on
concentration in vacuum, yield an additional gram of quinone (total
yield, 689,). 4-o-Toluquinone melts with decomposition, and the melt-
ing point has been variously reported in the range 75-84°.

4 Kehrmann and Prunier, Helv. Chim. Acta, T, 987 (1924).

4 Hoehn, Helv. Chim. Acta, 8, 275 (1925).

4 Kehrmann and Poehl, Helv. Chim. Acta, 9, 485 (1926).

9 Dakin, Am. Chem. J., 42, 477 (1909).

% Baker, J. Chem. Soc., 1941, 665.

% Kvalnes, J. Am. Chem. Soc., 56, 2487 (1934).

5 Busch, Clark, Genung, Schroeder, and Evans, J. Org. Chem., 1, 2 (1936).
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ExpranaTioN oF TABLEsS *

In Table I and subsequent tables the compounds are listed for the most part in
alphabetical sequence. Halo- and nitro-quinones, however, are listed as substitution
products according to the method of Beilstein. Those quinones which contain more
than one functional group are listed in Table V. The tables include all references
found in Chemical Abstracts to November, 1947; some preparations appearing as
minor parts of papers may well have been overlooked.

In many instances the yield is not recorded in the literature and probably was
low; in other instances the result given appears to represent the yield in a single
experiment and is probably far from the maximum obtainable. Where an oxidation
has been reported several times the yield quoted is that reported in the reference
followed by (y.). Where the yield is not based on the substance oxidized but is the
overall yield from some previous intermediate the figure reporting the yield is followed
by the symbol (0.). An overall yield from a phenol or an amine by the process of
coupling, reduction, and oxidation is indicated by the symbol (¢.). The following
abbreviations are used: cr., crude; hydr., isolated as the hydroquinone.

* The system and abbreviations used in the several tables included in the chapter are
explained in this section. References occurring for the first time in a table are listed at
ihe end of that table,
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TABLE 1
0-QUINONES

Quinone Substance Oxidized Oxidizing Agent Yield { References
4-Acetamino-o-quinone 4-Acetaminocatcchol NagCra07 (H2304) 75% 53
3,5-Diacetamino-o-quinone | 3,5-Diacetaminocatechol | KoCreQy (H3804) 789, 48
3,5-Diamino-o-quinone 3,5-Diaminocatechol Air (ammonia solution) | Nearly 46

quant.
4,5-Diamino-o-quinone 4,5-Diaminocatechol Air (ammonia solution) | — 47
3,5-Diamino-6-hydroxy- 4,6-Diaminopyrogallol Air (ammonia solution) | — 48
o-quinone
4,5-Dignilino-o-quinone Catechol and aniline AgsO (AcOH) — 54
4,5-Diethyl-o-quinone 4,5-Diethyleatechol Ago0 — 55
3,5-Dimethyl-4,8-dichloro- | 3,5-Dimethyl-4,6- FINOQj3 (AcOII) — 56
o-quinonc dichlorocatechiol
4,5-Dimecthyl-o-quinone 4,5-Dimethyloatechol Agy0 — 39, 57
2-Amino-4,5-dimethyl- NagCraOy — 39
phenol . K2Cra07 (112804) 45%, 38
4-(4-Chloro-2-hydroxy- 4-Chlorocatcchol NaNOz (Acp0) 70%, 58
phenoxy)-o-quinone
3-Methoxy-o-quinono 3-Methoxycatechol AgoO Poor 39
4-Mecthoxy-o-quinone 4-Methoxycatochol Ags0 — 51
o-Quinono Catcchol Aga0 — 41, 42, 59
(1,2-benzoquinone) 60, 61
Pb salt of catecliol Iz — 43, 62
3-Chloro-o-quinone 3-Chlorocatechol Ags0 or PbOq 129, 63
4-Chloro-o-quinone 4-Chlorocateoliol AgyO — 51, 63
3,5-Dichloro-o-quinone 3,5-Dichlorocatechol Agy0 — 51
4,5-Dichloro-o-quinone 4,5-Dichlorocatochol Ap20 — 63
Tetrachloro-o-quinone Tetrachlorocatechol TIINO3 81% 44 (y.), 59,
64
Catecliol Clg — 64
Tetrachlorocatoechol TINO3 — 85
mono- or di-motliyl
ether
4-Bromo-o-quinone 4-Bromooatcchol AgsO — 51
Tetrabromo-e-quinono Totrabromocaicchol HNOj3 (AcOH, EtOH) 90.5% (43, 45 (y.),
59, 64
Catechol Brg — 64
Tetrabromocatcohol HNO; — 65
mono- or di-methyl
ether
Tetramethyl-o-quinone Tetramethylcatechol Ago0 81%, 40
3-0-Toluquinone 3-Methylcatechol Ago0 — 39
(3-methyl-o-quinone)
5,8-Dichloro-3-o- 5,8-Dichloro-3-methyl- HNO3 — 66
toluquinone catochol
4,5,6-Trichlo1 0-3-0- 4,5,6-Tiichloro-3-mothyl- | HNO3 (AcOH) — 67
toluquinone catlechol
4,8-Dichloro-5-bromo- 4,8-Dichloro-5-bromo- HNO; — 68
3-o-toluquinono 3-methyleatecliol
5,6-Dibromo-3-o- 5,8-Dibromo-3-mecthyl- HNOg — 69
{oluquinone catechol
4-0-Toluquinone 4-Moethylcatechol Agy0 68% 39 (v), 51,
(4-methyl-o-quinone) 70
3,5,8-Trichloro-4-o- 3,5,8-Trichloro-4-methyl- | HNQ3 (AcOH) — 71,72
toluquinone catechol
3,5,6-Tribromo-4-0- 3,5,6-Tribromo-4- HNOj3 (AcOH) — 72
toluquinone methylcatechol
3,5,8-Trimethyl-4-chloro-o- | 3,5,6-Trimethyl-4- HNO; (AcOH) — 73
quinone chlorocatechol
4-Triphenylmethyl-o- 4-Triphenylmethyl- PbOg (benzene) — 51
quinone catechol HNO; (EtOH) Good 74
4-Triphenylmethyl-6- 4-Triphenylmethyl- HNO; (AcOH) 8-109%, 74
chloro-o-quinone 2,6-dichlorophenol
4-Triphenylmethyl-6- 4-Triphenylmethyl-2,6- HNO; (AcOH) 8% 74

bromo-o-quinone

dibromophenol
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p-QUINONES
Alkyl and Aryl Quinones and Their Substituted Derivatives

Oxidation of Simple Amines and Phenols. If the simple amine or
the phenol is readily available, or if only a small amount of quinone is
desired, it is often most convenient to oxidize directly without introduc-
ing a substituent into the position pare to the amino or hydroxyl
group.

Perhaps the most widely used agent for this type of oxidation is
sodium or potassium dichromate in dilute sulfuric acid. Ordinarily the
amine is dissolved in dilute sulfuric acid and the dichromate added
gradually at a temperature below 20°; however, the dichromate is
sometimes introduced in one portion. In the preparation of o-xylo-
quinone from 2,3-dimethylaniline (339, yield) the oxidation period is
extended preferably over two and one-half days.”® In the preparation
of pseudocumoquinone ® (trimethylquinone) from pseudocumenol-3
(2,3,6-trimethylphenol), the oxidation may be carried out advan-
tageously in an hour or less. The dichromate oxidation of pseudo-
cumenol-6 gives no quinone.’”

™ Emerson and Smith, J. Am. Chem. Soc., 63, 141 (1940).
™ Smitl, Opiec, Wawzonek, and Prichard, J. Org. Chem., 4, 318 (1939).
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0
o |
N
H,C T HC
|
OH

Hzc NagCra07 .
~—————> No quinone
H;C CH;  H:804

When a p-dialkylbenzene is nitrated as the first step in a quinone
synthesis the mixture of nitro compounds need not be separated, for
the mixture of amines obtained by reduction can be oxidized to give a
single quinone. This procedure followed by dichromate oxidation
furnishes 5-nonyltoluquinone in 179, yield and 5-hendecyltoluquinone
in 229, yield.”

Manganese dioxide is a very useful and convenient reagent for oxida-
tion of simple amines as well as other types of compounds, and it is
sometimes preferred even where other methods give somewhat better
yields. When a mixture of the amine, manganese dioxide, and dilute
sulfuric acid is steam-distilled the quinone usually separates (or is
extractable) from the distillate in the pure state. This method has been
used for preparing 2-bromo-5-chloroquinone from 2-chloro-5-bromo-
aniline,’™ and it is stated that the results are much better than those
of dichromate oxidation. Manganese dioxide is preferred for oxidation
of o-toluidine to toluquinone (489 yield), and detailed directions for
this preparation have been reported.® When 2,4,5-trimethylaniline is
oxidized with manganese dioxide the 4-methyl group is eliminated and
p-xyloquinone is formed in 359, yield.®

Oxidation of Aminophenols and Diamines. Alkyl- and aryl-quinones
usually are prepared from amines or phenols having favorable substitu-
ents in the para positions, and various methods for introducing these
substituents have been developed. Perhaps the most successful is the
coupling procedure perfected 2 in the naphthalene series and extensively
employed 7838485 in the benzene series. This method has been de-

" Hasan and Stedman, J. Chem. Soc., 1931, 2112,

8 Nef, Am. Chem. J., 13, 422 (1891).

™ Clark, Am. Chem. J., 14, 553 (1892).

% Pieser, Experiments tn Organic Chemistry, 2nd ed., Boston, Heath, 1941, p. 228.

3 Heymann and Koenigs, Ber., 20, 2395 (1887).

82 Fieser, Org. Syntheses, 17, 9, 68 (1937).

8 Sinith, Hoehn, and Whitney, J. Am. Chem. Soc., 62, 1863 (1940).

3 Smith and Opie, J. Org. Chem., 6, 427 (1941).
% Smith and Austin, J. Am. Chem. Soc., 64, 528 (1942).
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scribed 7 as ‘‘the most rapid and efficient procedure known at present
for preparation of the polymethylquinones in quantity.”’ Several com-

OH oHq OH
R *N,CeH, 803~ R, R Nay830 R
R@ CoH 05 @ RN R@ + HsNCgH,S0;Na
R R NaOH R R R R (water soluble)
R=H, CHg, eto.) N=NCgHsS0;Na NH,
(l) (]
R, R
R R

binations of coupling agents and reducing agents have been studied,?
but all are less successful than the process of coupling with diazotized
sulfanilic acid and reducing with sodium hydrosulfite. The cou-
pling should be carried out in strongly alkaline solution, and adequate
time should be allowed for completion. The preferred oxidizing agent
is ferric chloride, or ferric sulfate where ferric chloride causes chlorina-
tion.3%3 The ferric salt is added to an aqueous solution of the amine or
its salt, and the mixture is steam-distilled at once. If the quinone is
very sensitive (e.g., o-xyloquinone %) steam distillation is carried out
at reduced pressure. Coupling and reduction are commonly carried
out as consecutive reactions without isolation of the intermediate, and
the crude amine is usually oxidized without purification. Overall yields
are rarely less than 609, and occasionally, as in the preparation of
pseudocumoquinone ™ from the phenol, may be as high as 95%,. Even
unsaturated quinones,®® such as allylquinone and allyltrimethylquinone,
are obtained in quite satisfactory yields.*

Although coupling is the most generally successful method for prepar-
ing p-aminophenols, other methods have found some application. One
is the electrolytic reduction of the appropriate nitro compound.2 ®
Nitration of a phenol, followed by reduction of the nitro group, has been
used, and in representative procedures %% good results have been ob-
tained by oxidizing the aminophenol with chromic acid-sulfuric acid at
0°. Nitrosation and reduction have also been used successfully,% 9% 9a

* For another method of preparing unsaturated quinones see p. 322.

36 Gattermann, Ber., 27, 1931 (1894).

37 Raiford, Am. Chem. J., 46, 425 (1911).

8 van Erp, Rec. trav. chim., 30, 284 (1911).

3 yvan Erp, Ber., 58, 663 (1925).

% Hodgson and Moore, J. Chem. Soc., 1926, 2039.

91 Hodgson and Nicholson, J. Chem. Soc., 1942, 375.
9e Karrer and Schlipfer, Helv. Chim. Acta, 24, 298 (1941).
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and details for the preparation of thymoquinone by this route are given
in Organic Syntheses.®? Nitrosophenols are isomeric with quinone

OH OH
CH(CHjz); HNO, CH(CHs)»
5

H;C HsC

Nﬂﬂsy

0
OH I
CH(CH3), =NO, CH(CHs).
5
H,C H;C

NH, |
0

NO

monoximes and may be hydrolyzed directly to quinones, as illustrated
by the preparation of alkylquinones.?

O
OH OH
H;C HNO; H;C H;Co HCl H;C
H;C CH; H;C! CH; H3C CHz H0, H3C 3
NO | |

NOH
(19 g.) (18g.) 115 g.)

If the p-dinitro compound can be obtained by dinitration, it may
serve as a suitable starting material. This procedure %9 has been
developed particularly for the preparation of bromotrimethylqui-
none,’8 duroquinone % %19 (tetramethylquinone), pseudocumoquinone 12
(trimethylquinone), trimethylethylquinone%% and tetraethylqui-
noneJ04105106 Tt congists in nitration with fuming nitric and sulfuric
acids, reduction to the diamine with stannous chloride and hydrochloric

2 Kremers, Wakeman, and Hixon, Org. Syntheses, Coll. Vol. 1, 2nd ed., p. 511 (1941).
9% Karrer and Hoffmann, Helv. Chim. Acta, 22, 654 (1939). .

% Karrer and Hoffmann, Helv. Chim. Acta, 23, 1126 (1940).

% Nef, J. Chem. Soc., 53, 428 (1888).
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% Nietzki and Schneider, Ber., 27, 1426 (1894).

9 Smith and Johnson, J. Am. Chem. Soc., 59, 673 (1937).

9% Smith and Dobrovolny, J. dm. Chem. Soc., 48, 1420 (1926).

0 Smith, Org. Syntheses, 10, 40 (1930).

11 §mith and Denyes, J. Am. Chem. Soc., 58, 304 (1936).

12 Smith, J. Am. Chem. Soc., 56, 472 (1934).

18 Smith and Kiess, J. Am. Chem. Soc., 61, 993 (1939).

14 Smith and Opie, J. Am. Chem. Soc., 63, 932 (1941).

1% Smith and Harris, J. Am. Chem. Soc., 57, 1292 (1935).

16 Smith and Guss, J. .Am. Chem. Soc., 62, 2635 (1940).
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acid, and oxidation with ferric chloride. The yields by this procedure
are usually good. The method is well illustrated by the preparation of
duroquinone 919 (overall yield, 849).

NO;
HBC CHB HNO; Hzc CH3
-
Hzc CH3 H;804 Hzc CH3
NO;
SnCl/
O
NH, n
HsC CH; reci; H3C CH;
—_—>
H,C CH; H;C CH;
NH.
O

Oxidation of Hydroquinones. Substituted hydroquinones may be
oxidized to quinones in satisfactory yield by a variety of oxidizing
agents. Ferric chloride, chromic acid-sulfuric acid, silver oxide, and
manganese dioxide have been widely used, and in some instances benzo-
quinone YU in boiling ethanol has proved quite successful.

Arylhydroquinones may be prepared by condensation of quinone
with benzene or various substituted benzenes10%10810,12,13114  [gyally
aluminum chloride is the best condensing agent, but sometimes 109,
sulfuric acid is used. The condensation* normally gives 2,5-disubstitu-
tion, but monoresorcinylhydroquinone is obtained by condensation of
quinone and resorcinol at 2560° without a catalyst.®* The preparation of
a 2,5-diarylquinone may be represented in the following way. Actually

0 0
| OH |

AlCI; Ar (o] Ar
> —

-+ 2ArH
| OH
0

* For a detailed discussion of this typc of condensation sec p. 359.
07 Browning and Adams, J. Am. Chem. Soc., 52, 4102 (1930).

108 Shildneck and Adams, J. Am. Chem. Soc., 53, 346 (1931).

1% Shildueck and Adams, J. Am. Chem. Soc., 53, 2208 (1931).

10 Shildneck and Adams, J. Am. Chem. Soc., 53, 2373 (1931).

1 Knauf, Shildneck, and Adams, J. Am. Chem. Soc., 56, 2109 (1934).
12 Pummerer and Prell, Ber., 55, 3108 (1922).

13 Pummerer and Fiedler, Ber., 60, 1441 (1927).

14 Pymmerer, Dally, and Reissinger, Ber., 66, 792 (1933).

15 Pymimerer and Huppmann, Ber., 60, 1442 (1927).
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the initial condensation rarely gives a pure hydroquinone, for this is
oxidized in part by quinone, and there results a mixture of diarylquinone,
diarylhydroquinone, and the quinhydrone (molecular complex of the
quinone and the hydroquinone). The diarylquinone is obtained by
completing the oxidation of this mixture (for detailed procedure see
p. 326). Since these compounds are rather insoluble in water, the oxida-
tion is preferably carried out in organic media, e.g., ferric chloride in
acetic acid,"'»M* quinone in boiling ethanol 1M or chromic anhydride in
acetic acid. )0

Higher alkylhydroquinones can be prepared ¢ by Clemmensen reduc-
tion and demethylation of the corresponding acylhydroquinone dimethyl
ethers. 2,3- and 2,56-Diallylhydroquinone result from rearrangement of
the diallyl ether of hydroquinone.!” The diallylquinones are prepared
in good yield by oxidation with silver oxide.*

Many haloquinones have been synthesized by oxidation of the corre-
sponding halogen-substituted hydroquinones, prepared by addition of
halogen acid to the appropriate quinone. %18 TIf an alkyl group or
halogen is present in the quinone the halogen acid adds in such a way
that the two substituents bear the 2,5-relationship.¥-21 'When both

0 0
I OH I
o, X
X X
OH |

X
+ X —

0

alkyl and halogen are present in a quinone the position at which a sec-
ond halogen enters has not been established. The addition of hydrogen
chloride to 5-bromotoluquinone and oxidation of the product 2 affords
a compound which melts at 150° and which is probably 5-bromo-6-
chlorotoluquinone, for the only other possibility (except by rearrange-
ment) is 5-bromo-3-chlorotoluquinone, m.p. 119°.12 Hydrogen chloride
adds to 5-chlorotoluquinone,’?* and the product can be oxidized to a
quinone which melts at 85-86° and which is probably 5,6-dichloro-

* For another method of preparing unsaturated quinones see p. 319.
16 Asano and Hase, J. Pharm. Soc. Japan, 60, 650 (1940).

17 Fijesor, Campbell, and Fry, J. Am. Chem. Soc., 61, 2216 (1939).
13 Schniter, Ber., 20, 1316 (1887).

119 Sarauw, Ann., 209, 106 (1881).

120 Levy and Schultz, Ann., 210, 138 (1881).

121 Hantzsch and Schniter, Ber., 20, 2279 (1887).

122 Schniter, Ber., 20, 2283 (1887).

128 Raiford, J. Am. Chem. Soc., 36, 670 (1914).

124 Kehrmann, Silva, and Keleti, Ber., 48, 2027 (1915).
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toluquinone, for this has been reported as melting at 83°,25 whereas the
melting point of 3,5-dichlorotoluquinone is recorded as 102°'2% and as
103°.8%123  Addition of hydrogen chloride to 6-chlorotoluquinone gives
a product that on oxidation yields a dichloroquinone entirely different
from the 5,6-dichlorotoluquinone described above; it is probably 3,6-
dichlorotoluquinone.!?® Work in progress by the author indicates that
the melting points of dihalotoluquinones obtained via halogen acid addi-
tion may be unreliable because of contamination by very difficultly
separable trihalotoluquinones. Consequently the correlations and struc-
tures assigned in this paragraph should be regarded as tentative.
Oxidation of Halophenols. A number of 2,6-dihaloquinones (and
2-alkyl-6-haloquinones) have been prepared from the corresponding
2,4,6-trihalophenols (or 2-alkyl-4,6-dihalophenols). Typical procedures
are illustrated by the preparations of 3,5-dibromotoluquinone 2 (see
p. 326) and 2,6-dichloroquinone.?#% These oxidations were carried out
with chromic anhydride in dilute acetic acid in yields of 779, and 697,.
They demonstrate the beneficial effect of p-halogen substituents. Highly
halogenated phenols and hydroquinones are so sparingly soluble in water
that their oxidation is usually accomplished in an organic solvent. In-
spection of Table IT will show that haloquinones have been prepared from
virtually every conceivable type of intermediate and are frequently pre-
pared by a combination halogenation and oxidation process.
Miscellaneous Oxidations. There is little to be said about the numer-
ous nitric acid oxidations included in Table II except that few yields
have been reported and most of those are poor. Preparations in which
yields are mentioned include 2-bromo-6-chloroquinone # (10.5%,) and
2 6-dilodoquinone ¥ (“‘poor’’). Oxidation of 2,3,5-tribromo-1,4-di-
methoxybenzene with fuming nitric acid results in a ‘‘small’”’ yield of
bromanil 28 (tetrabromoquinone). Nitric acid oxidations in acetic acid
solutions have been carried out by several workers,5%126:1% hut no yields
are reported. 2,6-Dichloroquinone is obtained in 499, yield by oxidation
of 2,4,6-trichlorophenol with nitric acid in ethanol; # however, chromic
anhydride in acetic acid is preferable for this oxidation. Halogenation of
phenol '3 or p-phenylenediamine '#2 followed by nitric acid oxidation
constitutes a satisfactory preparation of chloranil ! or bromanil 13%132

%5 Angeletto and Oliverio, Gazz. chim, ital., 70, 789 (1940).
126 Raiford and Leavell, J. Am. Chem. Soc., 36, 1510 (1914).
127 Kvalnes, J. Am. Chem. Soc., 56, 669 (1934).

128 Kohn and Guttmann, Monatsh., 45, 573 (1924).

129 Agahina and Yasue, Ber., 69, 647 (1936).

130 Cruickshank and Robinson, J. Chem. Soc., 1938, 2068,
13 Kempf and Moehrke, Ber., 47, 2620 (1914).

182 Graebe and Weltner, Ann., 263, 31 (1891).
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Nitric acid has been used repeatedly for the preparation of highly
halogenated quinones; 1?8 however, yields are not specified. Treatment
of the methyl ether of 2,3,4,6-tetrabromophenol 3* with concentrated
nitric acid gives the corresponding nitroanisole, but oxidation of the
acetyl derivative of this phenol gives 2,3,6-tribromo-5-nitroquinone.

Several quinones have been prepared by electrolytic oxidation. Oxi-
dation of o-xylene '*® for ten ampere-hours gives toluquinone in 12.29
vield, while after forty ampere-hours 7.39, of toluquinone and 1.39,
of m-xyloquinone are obtained. Low yields of quinones are obtained by a
similar procedure * from benzene, phenol, toluene, and thymol under a
variety of conditions. The electrolytic oxidation of ethylbenzene and of
o- and p-ethylphenol has been studied.” By electrolysis of aniline in
109, hydrochloric acid, chloranil results,'3® whereas in 2097 hydrochloric
acid the product is trichloroquinone. The only good yields (77-8197, 18
and 659, 1%) reported for electrolytic oxidations are obtained in the
preparation of quinone by oxidation of benzene.

Of the many other methods included in Table IT a few may be men-
tioned briefly. A variety of 2,6-disubstituted quinones 42 results from
oxidation of the appropriate 4-nitrophenols with one-half equivalent of
lead tetraacetate in acetic acid at room temperature. It is claimed that
this method gives excellent yields when alkyl and aryl substituents are

OH
R@ AcOH
—_
Pb(QAo)s
NO;

present. p-Hydroxysulfonic acids have been oxidized *147 with chromic
acid-sulfuric acid, and satisfactory yields of quinones are claimed in

133 Kolin and Steiner, Monatsh., 58, 92 (1931), and numerous earlier papers in this series.
134 Kohn and Sirassmann, Monatsh., 46, 597 (1924).

135 Fichter and Rinderspacher, Helv. Chim. Acta, 10, 40 (1927).
136 Fichter and Stocker, Ber., 47, 2012 (1914).

187 Ono, Helv. Chim. Acta, 10, 45 (1927).

138 Brdelyi, Ber., 63, 1200 (1930).

13 Tnoue and Shikatla, J. Chem. Ind. Japan, 24, 567 (1921).

10 Seyewetz and Miodon, Bull. soc. chim. France, 33, 449 (1923).
41 Jones and Kenner, J. Chem. Soc., 1931, 1851.

12 Kenner and Morton, J. Chem. Soc., 1934, 679.

13 Kehrmann, J. prakt. Chem., [2] 37, 334 (1888).

144 Kehrmann, J. prakt. Chem., [2] 39, 392 (1889).

15 Kehrmann, J. prakt. Chem., [2] 40, 188 (1889).

16 Kehrmann, Ber., 22, 3263 (1889).

W Kehrmann and Kruger, dnn., 310, 89 (1900).
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some instances. Oxidation of sulfanilic acids 14%1% is only moderately
successful.

Experimental Procedures

Several detailed preparations have been described. These include
the preparation of p-benzoquinone by oxidation of hydroquinone with
sodium dichromate in sulfuric acid,'® manganese dioxide in sulfuric
acid,® or sodium chlorate ip the presence of vanadium pentoxide.!®
Toluquinone ¥ is prepared by oxidation of o-toluidine with manganese
dioxide in sulfuric acid; thymoquinone # (2-isopropyl-5-methylquinone)
is prepared by nitrosation of thymol, reduction, and oxidation with
nitrous acid; duroquinone ¥190 (tetramethylquinone) is prepared by
dinitration of durene, reduction, and oxidation with ferric chloride.

Trimethylquinone.?%7® A solution of 105 g. of sulfanilic acid in 500
ml. of water containing 26.5 g. of sodium carbonate is cooled to 15°,
and a solution of 37 g. of sodium nitrite in 100 ml. of water is added.
The mixture is poured immediately into 600 g. of ice and 106 ml. of con-
centrated hydrochloric acid, then allowed to stand for twenty to thirty
minutes. The diazo solution is introduced slowly into a well-stirred
solution of 63 g. of pseudocumenol-6 (2,3,5-trimethylphenol) in 300 ml. of
water containing 75 g. of sodium hydroxide. An excess of alkali must
be present at this point. The mixture is allowed to stand at least two
hours (preferably overnight), during which period the ice melts and the
temperature rises to that of the room. After coupling is complete the
solution is made strongly acid with 200-250 ml. of concentrated hydro-
chloric acid. Without removal of the red azo compound, 164 g. of
stannous chloride * in 200 ml. of concentrated hydrochloric acid is
added, and the mixture is heated almost to boiling until the precipitate
dissolves and the color becomes orange-brown. The mixture is trans-
ferred to a steam-distillation flask, excess ferric sulfate (about 1400 g.
of the nonahydrate) is added, and the mixture is steam-distilled at once.
The product is removed from the distillate by ether extraction, which
must be continued until the aqueous layer is colorless, for this quinone
is fairly soluble in the large volume of water necessary for steam distilla-
tion. The combined ether solution is dried over anhydrous sodium
sulfate, and the solvent is removed through a short packed column (to
prevent loss of quinone). The residue, which weighs 72 g. (959%,), solidi-
fies in an ice bath and melts at 26°. Although this melting point is a

* In some preparations, reduction with sodium hydrosulfite is more satisfactory; see
ref. 33.
e1‘*"3I?Iayduck, Ann., 172, 209 (1874).

19 Heinichen, 4nn., 253, 285 (1889).

180 Vliet, Org. Syntheses, Coll. Vol. 1, 2nd ed., p. 482 (1941).
Bl Underwood and Walsh, Org. Syntheses, 16, 73 (1936).
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few degrees low (m.p. 20-30° 192), the quinone does not need to be purified
further for most purposes. Distillation is a satisfactory method of
purification; b.p. 98°/10 mm., 108°/18 mm.

2,5-Diphenylquinone.!® To a suspension of 300 g. of finely powdered
anhydrous aluminum chloride in 500 ml. of dry benzene in a 2-1., three-
necked flask, equipped with a mechanical stirrer, 500-ml. separatory
funnel, thermometer, and reflux condenser, is slowly added with stirring
a solution of 100 g. of pure benzoquinone.in 1 1. of dry benzene. The
rate of addition is regulated (two to three hours required) to maintain
the reaction mixture at a temperature of 36-40°. Stirring is continued
for five hours, during which time the temperature is allowed to drop to
that of the room. The reaction mixture is decomposed by pouring it
slowly into a mechanically stirred mixture of 2 kg. of ice and 250 ml. of
concentrated hydrochloric acid. Stirring is continued until a light-
brown emulsion is formed and no lumps of undecomposed material
remain. After the benzene has been removed by steam distillation, the
residual light-brown granular solid is collected and washed with hot
water and dried. The dry material (140 g.) is green and is a mixture of
quinones, hydroquinones, and quinhydrones. The crude product is
placed in a 5-1., round-bottomed flagk with 3 1. of glacial acetic acid and
21.5 g.* of chromic anhydride, and the mixture is rapidly heated to
boiling. The solution is immediately filtered through a large fluted
filter and the filtrate cooled for two to three hours in running water.
The yellow flakes of diphenylquinone are collected and waghed first with
water and then with 150 ml. of 509, ethanol. The dried material weighs
51 g. and melts at 210-212°. Tt is pure enough for most purposes, but a
single recrystallization from benzene or glacial acetic acid yields the
pure substance melting at 214°. An additional 7 g. of pure material
may be obtained from the mother liquors; thus the total yield is 58 g.
(729,; this figure is based on the fact that three moles of quinone are
required to give one mole of diphenylquinone, if no oxidizing agent other
than quinone is present).

3,5-Dibromotoluquinone.?® A solution of 10 g. of tribromo-m-cresol %
(m.p. 82-83°) in 500 ml. of 709, acetic acid is heated to 70°, 3.2 g. of
chromic anhydride is added, and the temperature is maintained at 70~
75° for ten minutes. After the addition of 1.5 1. of water the yellow solid
is collected and recrystallized from dilute ethanol. There is obtained
6.2 g. (779) of quinone melting at 114-115°,

* The amount of chromic anhydride required may be determined by boiling 1-g.
samples in 25 ml. of glactal acetic acid with various amounts of chromic anhydride for
two to three minutes, filtering, and cooling. The proper amount of oxidizing agent gives

yellow quinone not contaminated with green quinhydrone. Excess oxidizing agent destroys
the desired quinone.
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TABLE II *
ALRYL AND ARYL QUINONES AND THEIR SuBSTITUTED DERIVATIVES
Quinone Substance Oxidized Oxidizing Agent Yield Referencest
Allylquinone 2-Allyl-4-aminophenol FeCl3 87% 83
Allyltrimethylquinone |} 2-Allyl-4-amino-3,5,6- FeCl3 75% 83
trimethylphenol
2-Amyl-5-octylquinone | 2-Amyl-5-octylhydro- HNO; (AcOH) — 130
quinone dimethyl ether
n-Amylquinone n-Amylhydroquinone HNOj3 (AcOH) — 129
5-Benzyl-o-xyloquinone | 5-Benzyl-o-xylohydro- Fey(S04)3 (HeSOy) 759%, (er.) 152
quinone
2,5-bis-(2,4-Dimethyl- | 2,5-bés-(2,4-Dimethyl- Quinone 90% 107
phenyl)-quinone phenyl)-hydroquinone
2,5-b1s-(2,4-Dimethyl- | 2,5-bis-(2,4-Dimethyl- Quinone 70-809%, 107
phenyl)-3,6-dibromo- | phenyl)-3,6-dibromo-
quinone hydroquinone
2,5-bis-(2,5-Dimethyl Quinhydrone mixture FeClg — 113
phenyl)-quinone from quinone and p-
xylene
2,5-bis-(3-Bromomesi- | 2,5-bis-(3-Bromomesityl)-|{ Quinone 70-92%, 108, 111
tyl)-3,6-dibromo- 3,6-dibromohydro-
quinone quinone
[| 2,8-bis-(o-(m- and p-) Pb(OAc)s (AcOH) | — 142
2,6-bis~(o-(m- and p-) Chlorophenyl)-4-nitro-
Chlorophenyl)- phenol
N 2,6-bis-(0-(m- and p-) Aqucous chromic — 142
qumnone Chlorophenyl)-4-ainino-| acid
L| phenol
5-tert-Butyl-2-mecthyl- HNO, — 153
5-tert-Butyliolu- phenol
quinone 4-tert-Butyl-3-methoxy- | INOs (sp. gr. 1.4) 229, 154
toluene
2,3-Diallylquinone 2,3-Diallylhydroquinone | Ag,0 96%, (cr.) 117
2,5-Diallylquinone 2,5-Diallylhydroquinono | AgeO 649, 117
2,5-Di-tert-amylquinone | 2,5-Di-tert-amylhydro- FeCl3 — 155
quinone
2,6-Dibenzylquinone 2,6-Dibenzyl-4-amino- FeCl3 5% 215
phenol
. . Hydroquinone and tert- | FeCls — 156
2.51]-31;tert-butquu1- { biutyl chloride
p-Di-tert-butylbenzcne CrOs (AcOH) Poor 157
2,5-Diethylphcnol H303 (AcOH) — 158
2,5-Diethylquinone 2,5-Diethyl-4-amino- KyCry0O7 (HeS04) — 158
phenol
3,5-Diethyl-4-amino- HNO; (H804) 70%, 91b
2,6-Diethylquinone phenol
2,6-Diethyl-4-nitrophenol{ Pb(OAo)4 (AcQOH) Good 141
2,5-Diphenylquinone Condensation product of | CrO; (AcOH) 72% (0.) 110 (y.), 112
quinone and benzene
2,5-Diphenyl-3,6- 2,5-Diphenyl-3,6-di- Quinone 85% 110
dibromoquinone bromohydroquinone
2,6-Diphenyl-4-nitro- Pb(0Ac)s (AcOH) Good 141
. . phenol
2,6-Diphenylquinone 1 ()¢ 1 henyl-d-amino- | KCraOr (HsS08) | 81% (0)  [158a (v, 159

phenol

* Soe p. 315 for explanation of system and abbreviations in tables,
1 Roferenoos 152—-247 are listed on pp. 336-338,
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TABLE II*—Continued

ALKYL AND ArYL QUINONES AND THEIR SUBSTITUTED DERIVATIVES

Quinone Substance Oxidized Oxidizing Agent Yield Referencesi
2,5-Di-p-tolylquinone 2,5-Di-p-tolylhydro- Air and Hy09 87.5% 112
quinone
2,6-Di-o-tolylquinone 2,6-Di-o-tolyl-4-ginino- NayCrgO7 (H804) Good 141
phenol
2,6-Di-o-(m~ and p-) 2,6-Di-o-(m- and p-) Pb(OAc)4 (AcOH) Cood 141
tolylquinone tolyl-4-nitrophenol
Dodecylquinono Dodceylhydroquinone FeGlz — 116
NayCraOy (Ho804) — 77
Diaminodurcne FeCls 95% (0.) 95, 99, 100,
. ) 101(y.)
Duroquinone (telra- | purengl NuyCrsO7 (HaS09) | 50% 76
methylquinone) Aminodurenol FoCl3 60% (c.) 33, 76(y.)
Durene H303 (AcOH) 349, 159a
Fthylhydioquinone NazCrq07 (H2804) | — 160
léihylquinone Lthylbenzene Islectrolytic ox. — 137
2-Tithylphenol Llectrolytic ox. — 137
I$,Cr307 (AcOH) — 161
5-bithyltoluquinone 2-Mothyl-5-cthiylphenol | KyCrgO7 (AcOH) — 162
6-Ithyltoluquinone 2-Methyl-4-nit10-6- Pb(OAc)4 (AcOII) Good 141
ethylphenol
Ithylirimethylquinone | Ethyltrimcthyl-p- FeClg — 103, 104
phenylencdiamine
5-I5thyl-o-xyloquinone | 2,3-Dimethyl-6-cthyl-4- | FeCls 86% (c.) 84
aminophen ol
3-Tthyl-m-xyloquinone | 3,5-Dimothyl-2-ethyl-4- | FeCls 669 (c.) 84
aminophenol
3-Ethyl-p-xyloquinone | 2,5-Dimecthyl-3-cthyl- 1"eClg 73% (0.) 84
hydroquinone
Hendeeylquinone Hendecylhydroquinone | FeClg — 116
5-Hendecyltolugquinone | 2- and 3-Amino-4-hendee-| NagCrgO7 (H2S04) 229, 77
ylioluene
Hoxadeeylquinone Hexadceylhydroquinono -| FeCls — 118
Isopropylquinone m-Isopropylplicnol or K4Cra07 (AcOR) — 163
o-isopropylphenol
5-(3-Bromonecsibyl)- 5-(3-Bromomaesityl)- Quinone 839, 164
3,8-dibromotoluqui- 3,6-dibromotoluhydro-
none quinono
5-Nonyltoluquinone 2- and 3-Amino-4-nonyl- | NagCraOy (I2804) 17%, 77
tolucne
Qctadeeylquinone Octadecylhydroquinone | FeCls — 116
Phenylquinone 2-Phenyl-4-aminophenol | NasCraOy (HgS04) 62.5% (o0.) 1155a(y.), 163a
n-Propylquinone 3-Propyl-4-aminophenol | FeCly 80% (0.) 164a
(hydr.)
3-Propyl-5,6-dibromo- | 2-Methyl-3-propyl-5,6- Cr0O3 (AcOH) — 96
toluquinone dibromo-p-phenylenec-
diamine
5-Propyltoluquinone 2-Methyl-5-propylphenol | K4CreQ7 (AcOH) — 217
5-Propyl-3,6-dibromo- | 2-Methyl-5-propyl-3,6- CrO3 (AcOH) — 96
toluquinone dibromo-p-phenylenc-
diamine
6-Propyl-3,5-dibromo- | 2-Methyl-6-propyl-3,5- CrQ; (AcOH) — 96

toluquinone

dibromo-p-phenylenc-
diamine

* See p. 315 for explanation of system and abbreviations in tables.

* References 152—247 are histed on pp. 336-338.
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TABLE II—Continued
ALKYL AND ARYL QUINONES AND THEIR SUBSTITUTED DERIVATIVES
Quinone Substance Oxidized Oxidizing Agent Yield References®
Trimethyl-p-phenylene- | FeCly 92-989, 97, 102 (y.)
diamine
Pseudocumenol-3 NagCreO7 (HeSO4) | 50% 76
Pgeudocumoquinone Pseudocumenol-6 NaoCryO7 (H2S04) None 76
(trimethylquinonc) 4-Aminopseudocumenol-8} Feo(S04) 3 95% (c.) 33, 34 (y.),
76
2,3,4,6-Tetramethyl- Cr0O3 (Hy304) — 37
aniline
Chloropseudocumo- 2-Chloro-3,5,6-trimethyl- | FeClg — 97
quinone p-phenylenediamine
2-Bromo-3,5,6-trimethyl- | FeClg 829%, (0.) a8
Bromopseudocumo- p-phenylenediamine
quinone Bromopseudocumohy- Fea(S04)s 68% (0.) 1640
droquinone
Quinone (1,4-benzo- Various phenols, amines, | Consull references 3, 8, 43, 62, 79, 80, 122, 136,
quinone) and aminophenols 137, 139, 140, 150, 151, 165-1690
Fluoroquinone 2-Fluoro-4-hydroxy- FeCl3 409, 170
aniline Nug.2CraO7 (H4804) 809, 170
Chlorohydroquinone MnOy (H3804) 56%, 25
Chloroquinone NagCraOy (H2S04) 889, 25, 120, 121,
171, 172 (y.)
2-Chloro-4-aminophecnol | KoCryO7 (HaS04) 68% (o0.) 89 (y.), 173
2,3-Dichloroquinone 2,3-Dichlorohydro- MnQy (113804) 88% 25 (y.), 174
quinone CrQ; (AcOH) — 171
2,5-Dichlorohydro- Cone. HNO; — 120
quinone ICoCry07 (H9S04) 30.5-36.5% | 25,27 (y.),
2.5-Dichloroquinono (0.) 121
2,5-Dichlorohydroqui- Fuming ANQg — 175
none dimethyl cther
[l 2,4,6-T1ichlorophenol CrO3 (AcOH) 69% 24,25 (y.), 27
27% 15
HNO;g (EtOH) 499, 27 (y.), 176
PbO; (benzene) 149, 15
4-Bromo-2,4,6-trichloro- | Fuming HNOj; — 177
benzenone
4,4-Dibromo-2,8-di- Fuming 1INOg — 178
chlorobenzenone
2,6-Dichloroquinone 2,6-Dichloro-4-fiuoro- HNO3; (sp. gr. 1.5) — 179
phenol (and methyl
ether)
2,6-Dichloro-4-amino- KCraO7 (H3804) 89.5% 89
phenol
2,6-Dichloro-4-nitro- HNOs (sp. gr. 1.5) Poor 180
phenol
2,6-Dichlorohydroqui- FeCls — 49
L| none
2,6-Dichloro-3-fluoro- 2,4,6-Trichloro-3-fluoro- | HNOj; (sp. gr. 1.5) — 181

quinone

phenol

* References 152—-247 are listed on pp. 336-338,
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TABLE II*—Continued
ALKYL AND ARYL QUINONES AND THEIR SUBSTITUTED DERIVATIVES
Quinone Substance Oxidized Oxidizing Agent Yield Referencest
[| p-Hydroxybenzenesul- KCl103, HC1 — 182
fonic acid
2,5-Dichlorohydroqui- Clg — 27
Tiichloroquinone none
Aniline Electrolysis in 20% | — 138
HC1
|| p-Phenylenediamine KCl03, HC1 — 183
p-Hydroxybenzenesul- KCl103, HC1 — 182
fonic acid
2,5-Dichlorohydroqui- Cly — 27
none
p-Phenylencdiamine KCl10s, HC1 — 183
. Phenol HNO;, Clg 42.5% 131
Chloranil (tetrachloro- | , oo Electrolysis in 10% | — 138
quinone) el
Pentachlorophenol CISOgH, Cl, 909, 184
Hydroquinonesulfonic Cly — 218
acid
Quinone or hydroquinone | Cly, HCl Neaily 184
L quant.
Bromoquinone Bromohydroquinone Agy0 76%, 59
FoCls — 119
5-Bromo-2-chloroaniline | MnOQOg (H804) — 78, 79
2-Br?mo-5-ohloro- 2-Bromo-5-clilorohydro- | FeClz — 185
quinone quinone IINOs — 120
( 2-Bromo-6-chloro-4- MnO; (HsS04) Nealy 78 (y.), 79
aminophenol quant.
2-Bromo-8-chloro- 2,4,4-1ribrormo-6-chloro- | Fuming HNO3 — 177, 186
quinono benzenone
2,4-Dibromo-6-chlo: o- HNO3 (sp. gr. 1.5) 10.5% 27
L| phlonol
3-Bromo-2,5-dichloro- | KoCra07 (H2804) | — 27
3-Bromo-2,5-dichloro - hydroquinone
quinone 4,6-Dibromo-2,5-di- Fuming HNOg — 187
chlorophenol
3-Bromo-2,6-dichloro- KoCrp0Q7 (Hy804) — 27
3-Bromo-2,8-dichloro- hydroquinone
quinone 3,4-Dibromo-2,6-di- Fuming HNOg — 178
chlorophenol
Bromotrichlorohydro- Cono. HNOg — 120
Bromotrichloro- quinone
quinone 3,4-Dibromo-2,5,8-tri- Fuming HNOg — 188
L| chlorophenol
2,5-Dibromohydroqui- Brg, H20 — 189
none FeCl3 — 119
2,5-Dibromohydroqui- Fuming HNO3 — 128
2,5-Dibromoquinone none dimethyl ether
’ 2,5-Dibromo-p-phenyl- KyCraO7 (HeSO0y) — 190
cnediamine
2,5-Dibromo-4-amino- KyCraOy (HaS04) — 191

phenol

* See p. 315 for explanation of system and abbreviations in tables,

1 References 152—247 are listed on pp.336-338.
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TABLE II—Continued
ALEYL AND ARYL QUINONES AND THEIR SUBSTITUTED DERIVATIVES
Quinone Substance Oxidized Oxidizing Agent Yield References*
(1 2,4,6-Tribromophenol HNO3; Poor 27 (y.), 120
2,4,4,6-Tetrabromo- Fuming HNO; — 192
oyclohexadienone Pb(OAc)s — 193
AgNO3 — 194
2,6-Dibromoaniline KyCrq07 (HyS04) Poor 149
2,6-Dibromoquinone 1 3,:;Elbromosulfamhc KyCraO7 (HeSO4) 289, 149
2,6-Dibromo-4-amino- K,Cry07, (HoS04) 80% 88 (y.), 149
phenol
2,6-Dibromo-4-bromo HNO3; (sp. gr. 1.5) — 195
(chloro and fuoro)
L| phenol
2,6-Dibromo-3-fluoro- | 2,4,6-Tribromo-3-fluoro- | HNOj (sp. gr. 1.5) — 181
quinone phenol
2,8-Dibromo-3-chloro- | 2,4,6-Tribromo-3-chloro- | Fuming HN O3 — 188
quinone phenol
2,3- or 2,5-Dibromo- 2,3- or 2,5 Dibromo-4,6- | Fuming HNQ3 — 178
8-chloroquinone dichlorophenol
2,5-Dibromo-3,6-di- 2,6-Dicliloro-4-nitro- Bry, H20 — 28
chloroquinone ¥ phenol
2,6-Dibromo-3,4,5-tri- Fuming HNO3 — 196
. . chlorophenol
2'6£;'r’2:’l‘1‘i;fri'd" 3,5-Dibromo-2,6-di- Fuming HNO3 — 197
chloro-4-chloro (bromo
and iodo) phenol
Tribromohydroquinone FeCl3 (ethanol) — 119
Tribromogquinone 2,3,6-Tribromo-4-bromo | Fuming HNQg — 178, 198
(and chloro) phenol
[} 2-Chloro-4-bromo  (and | Fuming HNO3; — 197
chloro)-3,5,68-tribromo-
. . phenol
Tr:llzx;loemochloroqul- Tribromochlorohydro- K3Crg07 (HeS04) — 199
quinone
2,4-Dichloro-6-nitro- Brg, H20 — 28
L phenol
(| Hydroquinone Bry, HNOg — 27, 200
Phenol Brg, HNO3 329, 131
p-Phenylenediamine Brg, HNO3 69-71.5% 132
2,3,5,6-Tetrabromo- Fuming HNO3 — 197
4-chlorophenol
Tribromohydroquinone | Fuming HNOQO3 Poor 128
. dimethyl ether
Bromanil (?etra- 2-Bromo-4-chloro-6- Brg, H20 — 28
bromogquinone) .
nitrophenol
2,6-Dibromo-4-nitro- Bry, H2O — 201
phenol
2,4-Dibromo-6-nitro- Bry, H20 — 201
phenol
2,6-Dibromo-4-diazo- Bra (AcOH) 98%, 207

benzene-1-oxide

* References 152-247 are listed on pp. 336-338.
% Concerning the structure of this quinone, see p. 310.
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TABLE II*—Continued
ALKYL AND ArRYL QUINONES AND THEIR SUBSTITUTED DERIVATIVES
Quinone Substance QOxidized Oxidizing Agent Yield Referencest
Todoquinone 3-Iodo-4-aminopheunol NayCryO7 (Ha804) 959%, (er.) 127
Fez(804)3 — 9
2-Iod o-6-chlo10-3,5- 2-Todo-4-chloro (and Fuming HNO3 — 197
dibromoquinone iodo)-6 chloro-3,5-
dibromophenol
[13,5-Ditodo-4-iydroxy- | CrOs (HsS04) Poor 143
benzonesulfonic acid
p-Diacctoxybenzeno KIOz (I12804) — 127, 202
2,8-Diiodo-4-fluorophenol| HNOj3 (sp. gr. 1.5) — -179
T'riiodophenol Fuming HNOQOj3 Poor 127
2,8-Diiodoquinone CrQO3z (AcOH) Poor 203
2,8-Diiodo-4-amino- KyCraOy (HyS04) Nearly 204
phenol quant.
2,6-Diiodohydroquinone | FoCl3 — 204
2,8-Diiodo-p-phenylenc- | Chromie acid — 205
diamine
2,6-Diiodo-3-fluoro- 2,4,6-Triiodo-3-fluoro- 1INO;3 (sp. gr. 1.5) — 181
quinonc phenol
2,8-Diiodo-3-chloro- 2,4,6-Triiodo-3-clilo1o- Fuming HNOg — 188
quinone phonol
2,6-Diiodo-3-chloro- 2,4,6-Triiodo-3-chloro- Furmning HNO3 —eam 188
5-bromoquinono 5-bromophcnol
2,8-Diiodo-3,5-dichloro- { 2,4,8-Triiodo-3,5- Fumning HNOy — 208
quinone dichlorophonol
2,8-Diiodo-4-chlor0- Fuming HNO; — 197
2,8-Diiodo-3,5-di- 3,5-dibromoplicnol
bromoquinone 2,4,6-Trilodo-3,5- Fuming HNO, — 208
dibromophenol
2- (or 6-) Nitro-3-clhloro-| 2,4-Dibromo-G-c¢hloro- HINOy (T1,804) — 210
5-bromoquinong phenyl acctate
2-Nitro-3,6-dichloro- 2,4,6-Trichilorophonyl HNO3 (HS04) - 209
quinone propionato
2-Nitro-3,5-dibroma- 2,4,6-Tribrémophonyl "HNO; (Ha804) — 209
quinono propionate
2-Nitro-3,5-6-tribromo- | 2,3,4,6-1'etrabromo- Fuming IINQO; — 134
quinone phenyl propionate (H2S04)
n-Tetradecylquinone Tetradecylhydroquinone | FoCly -— 116
Tetraethylquinone Tetraethyl-p-phenylenc- | FeClg 92¢, 104 (y.),
diamine 105, 106
Thymoquinone 4-Thymolsulfonic acid MnOy (H2S04) 25% 4 (y). 211
(2-isopropyl-5- 4-Aminothymol HNO, 73-80% (o.) 92
methylquinone) Thymol Llectrolysis — 136
3-Chlorothymno- { 3-Cl{10rothymohyd1 o- FoCl3 — 118
) quinone
duinonc 4,6-Dichlorothymol N2aaCryO7 (AcOH) — 147
6-Chlorothilymoquinonce | 4,6-Dichlorocaivacrol NagCra07 (AcOH) — 147
3-Bromothymohydroqui- | FeClz — 118
none
3-Bromothyroqui- 4,6-Dibromothymol NagsCra0O7 (AcOH) — 146
6-Bromo-4-thymolsul- NagsCra07 (AcOH) — 146
none ..
fonic acid
Thymohydroquinone Bra — 212
6-Bromo-4-aminothymol { FeClz — 146

* See p. 315 for explanation of system and abbreviations in tables.

T References 152-247

are listed on pp. 336-338.
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TABLE II—Continued
ALKYL AND ARYL QUINONES AND THEIR SUBSTITUTED DERIVATIVES
Quinone Substance Oxidized Oxidizing Agent Yield References*
6-Bromo-4-carvacrolsul- | Chromic acid — 146
6-Bromothymoqui- | fonic acid
6-Bromo-4-aniinocarva- | Chromic acid — 146
none erol
4,6-Dibromocarvacrol NagCreO7 (AcOH) — 147
3-B1omo-6-chlorothy- 3-Bromo-6-chlorothymo- | FeClz — 118
moquinone hydroquinone
Thymohydroquinone Bre — 212
3,6-Dibromothymo- 3,8-Dibromo-2-methyl- Gliromic acid — 96
qquinone 5-isopropyl-p-phenylene-
diamine
6-Iodo-4-thymolsulfonic | Cliromie acid — 144
3-Iodothymoquinone acid
4,8-Diiodothymol CrO3 (AcOH) — 213
6-Iodothymoquinone 8-Iodo-4-carvacrolsul- NayCraOy (HaS04) 509, (o0.) 145, 147 (y.)
fonic acid
[| 4-Hydroxy-o-toluidine Feo(SO4) s 56% 33
3-Methylsulfanilic acid MnOy (HaS04) Trace 148
o-Xylene Llectiolysis 127 135
Tolucne Electrolysis Trace 136
4-Hydroxy-m-toluidine Fea(S04)s 259, (c.) 33
Toluhydroguinone NagCraO07 (HaSO04) — 219
Toluquinone 4-Amino-o- (and m-) Chromate (H3804) Poor 37
(2-methylquinone) xylenc
2-Methyl-p-phenylenedi- | MnOz (HeSO4), — 5
amine NagCraO7 (H2804),
or Pet ™t
o-Toluidine MnOg (I1,804) 48%, 79, 80 (y.)
K2CrO7 (HyS04) 86% (cr.) 37,122 (y.)
L| m-Toluidine NagCraOy (H2S04) Good 37
3-Chlorotoluquinone 3-Chloro~4-hydroxy-o- Dichromate 60% 87
toluidine FeCl3 — 87
[l 5-Chlorotoluhydro-e FeCl; or KaCryOy — 122
quinone (I19804)
5-Chloro-4-amino-i»- KyCraO7 (HaS04) 32%, 220
5-Chlorotoluquinone toluidine .
5-Chloro-4-amino-n- FeCls 60% 87
cresol MnQjy (H2S04) 80%, 90
5-Chloro-4-hydroxy- MnOg (HyS04) 80% % 90
o-toluidine
4,6-Dichloro-o-cresol KyCryO7 (I12804) Good 221
NasCry07 (AcOH) — 222
6-Chloro-4-hydroxy-o- NagCraO7 (HaS04) — 223
. . toluidine
6-Chlorotoluquinone 1| ¢ p1500.4-amino-o- KyCr07 (HsS00) | — 224
cresol
6-Chloro-4-bromo-o- Cr0Q; (dil. AcOH) — 23
cresol
(| 2.4,6-Trichloro-m-cresol | NasCryO7 (H804) | 72% (cr.) 87 (y.), 221
3,5-Dichlorotoluqui- 2,68-Dichloro-4-bromo- NagCra07 (HaS04) 65% 128
none m-cresol
2,6-Dichloro-4-amino- NaygCi1307 (HaS04) — 123

m-cresol

* Reforences 152247 are listed on pp. 336-338,
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TABLE IT*—Continued

ALKYL AND ARYL QUINONES AND THEIR SUBSTITUTED DERIVATIVES

Quinone Substance Oxidized Oxidizing Agent Yield Refcrencest
3,6-Dichlorotoluqui- 3,6-Dichlorotoluhydro- — — 124
none quinone }
[ 5,6-Dichlorotoluhydro- NagCryO7 (HaSO4) — 122, 124
5,6-Dichlorotoluqui- | quinone I
none 5,6-Dichloro-4-amino- NagCrgO7 (HaS804) | — 125
o-cresol
Trichlorotoluhydro- — — 223
quinono
Crude o- and m-ecresol- | KCIQs, HCl — 182
sulfonic acids
o-Toluidine NayCra0y, IIC1 38-40%, 225
. . 3,5,6-Trichloro-4-amino- | Chromic acid — 227
Trichlorotoluquinone . ge
o-toluidine
3-Mcthylsulfanilic acid KCl10s, HC1 — 148
0-Cresol KCl103, HC1 — 226
m-Cresol Cly (sunlight) ~— 228
4,6-Dichloro-o-cresol Aqua rogia 169 229
| | 2,4,6-Trichloro-m-cresol | Aqua regia 26% 229
Tetrachlorotoluquinone | Beechwood crcosole KClOg, IC1 — 230
( 5-Bromotoluhydro- TeCl; or — 122, 231
quinone KyCraO7 (HaS04)
. 5-Bromo-4-hydroxy-o- MnOg (H2804) 809% == 90
5-Bromotoluquinone toluidine FoCls . 86
5-Bromo-4-amino-o- MnQg (I13804) 80% 920
Li cresol TeCl3 — 86
4,8-Dibromo-o-cresol NagCrqa07 (AcOH) — 222
Cr(); (dil. AcOH) — 23
8-Bromotoluquinone 6-Bromo-4-amino-o-cresol| NagsCrpO7 (Ho804) | — 68
6-Bromo-o-cresol-4- CrO3 — 23
sulfonic acid
5-Bromo-3-chloro- 5-Bromo-3-chloro-4- NayCryO7 (HeSO4) 97% 123
toluquinone hydroxy-o-toluidine o,
5-Bromo-6-chilorotolu- | 5-Bromo-6-chlorotolu- KoCreOy (H4804) _— 122
quinone hydroquinone } )
6-Bromo-5-chloro- 8-Bromo-5-chloro- KyCraQ7 (I15804) — 122
toluquinone toluhydroquinone 1
5-Bromo-3,6-dicliloro- | 5-Bromo-3,8-dichloro- HNQ3 (AcOH) — 68
toluquinone toluhydroquinono
2,4,8-Tribromo-m-cresol | CrO; (709, AcOH) 7% 22, 26 (y.),
133
3,5-Dibromotoluqui- 3,5-Dibromo-4-hydroxy- | NagCraO07 (H2804) | — 87
none o-toluidine FeCls Good 22
2,6-Dibromo-m-cresol- CrOs (HaSO4) Nearly 232
4-sulfonic acid quant.
3,5-Dibromo-68-chloro- | 3,5-Dibromo-4,6-di- Fuming HNO3 — 233
toluquinone chloro-o-cresol
* See p. 315 for explanation of system and abbreviations in tables.
T References 152-247 are listed on pp. 336-338.
1 For a discussion of the probable structure of this hydroquinone, see p. 322.
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TABLE II—Continued
ALEYL AND ARYL QUINONES AND THEIR SUBSTITUTED DERIVATIVES
Quinone Substance Oxidized Oxidizing Agent Yield References*
[ 3,5,6-Tribromo-4-chloro- | Fuming HNOg — 233
o-cresol
Tetrabromo-o-cresol Fuming HNO3 — 133, 234
3,5,6-Tribromo-4-amino- | FeClz — 234
o-cresol
2-Methyl-3,5,6-tribromo- | HNO3 — 235
4-hydroxybenzyl alco-
Tribromotoluquinone hol (and diacetate)
2-Methyl-3,5,6-tribromo- | HNO3 (sp. gr. 1.4) — 236
4-hydroxybenzaldehyde
Tetrabromo-m-cresol HNO3 (3p. gr. 1.4) — 236
Tribromotoluhydroqui- | HNO3 — 79
none .
2-Hydroxy-p-toluic acid | Brz (AcOH) — 218
2-Hydroxy-5-nitio- Bry (AcOH) — 218
L} »-toluic acid
Tetrabromotoluquinone| 2,4-b2s(Accloxymethyl)- | HNO3 — 237
3,5,6-tribromophenol
Pentabromotoluquinone| 1-Dibromomothyl-3,5,6- | INOg — 236
tribronio-4-hydioxy-
benzaldehyde
5-Iodotoluquinone 5-Iodo-4-amino-o-cicsol | MnQy (HaSO4) 809, 90
5-Iodo-4-hydroxy-o- MnOg (H3S04) 809, & 90
toluidino
6-Iodotoluquinone 6-Iodo-o-cresol-4-sulfonic | CrOs (H2804) 20%, 143, 144 (y.)
acid
6-Iodo-3,5-dibromo- 4,6-Diiodo-3,5-dibromo- [ Fuming HNO3 — 233
toluquinone o-cresol
3,5-Diiodotoluquinone | 2,6-Diiodo-m-cresol- Chromic acid 159, 144
4-sulfonic acid
3-Nitrotoluquinone 3-Nitro-4-hydroxy-o- PbOy (HeS04) — 238
toluidine
3-Nitro-5- (or 6-)chloro-| 3-Nitro-4-hydroxy-o- Ca(0Cl)y, HC1 — 238
toluquinone toluidine
3- (or 5-)Nitro-5- (or 3-) | 2-Chloro-p-cresol HNOj; (sp. gr. 1.5) — 35
chlorotoluquinone 6-Nitro-2-chloro-p-cresol | HNOjz (sp. gr. 1.5) — 35
. 2-Bromo-p-cresol HNO3 (sp. g1. 1.5) — 36
3-(or 5-)N1tro-5'-(or 8) 8-Nitro-2-bromo-p- HNOg3 (sp. gr. 1.5) — 36
bromotoluquinone eresol
3-(or 5-)Nitro-5 (or 3), 6-| 6-Nitro-2,3- or 5-di- HNO;z (sp. gr. 1.5) — 36
dibromotoluquinone bromo-p-cresol
Triphenylquinone Triphenylhydroquinone | CrOj3; (AcOH) 669% 238a
o-Xyloquinone vie-0-Xylidin MnOz (HaS04) — 239
2,3-dimethylqui- NagCraO7 (HeS04) 33% 75 (y.), 240
no’ne) 4-Hydroxy-vic-o-xylidin | Fea(S04)3 61% 85, 240a
MnQg (H3S04) 549, 240q
Dichloro-o-xyloquinone | 2,3-Dichloro-5,6-di- CrQ; (AcOH) — 96

methyl-p-phenylene-
diamine

* References 152-247 are listed on pp. 336-338,
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TABLE II*—Continued

ALKYL AND ARYL QUINONES AND TIEIR SUBSTITUTED DERIVATIVES

Quinone Substance Oxidized Oxidizing Agent Yield References
(| 4-Amino-3,5-dimethyl- | MnOy (HaS04) — 241
phenol FeClg or Fea(804)s | 74.5% (c.) 33, 76 (y.)
2,4,6-Trimethylaniline CrOy (H3804) 40% 37
bis-(3,5-Dimethyl-4- CrO; (AcOH) — 242
m~Xyloquinone (2,6- ] hydroxyphenyl)-
dimethylquinone) methane
o0-Xylene Electrolysis 1.3% 135
2,6-Dimecthyl-4-nitro- Pb(OAc)4 Good 141
phenol
L| 3,5-Dimethylaniline NagCraO7 (HaS504) 30% 240
Chloro-m-xyloquinono{ 4-A1nino-3,5-dimothyl- FeCl3 — 33
phenol
Dichloro-m-xyloquinone| 2,6-Dimethyl-3,5-di- . C103 (dil. AcOT1) — 243
chlovo-p-phenylenc-
diamine
Bromo-mn-xyloquinono | Bromo-m-xylohy/lro- Fep(S04) 3 84, 243a
quinone
. . 2,4,6-Trimectihylphenol Brg, H0 — 244
Dl]lla‘x;zr:o-m-xyloqm- 2,4,6-Tiibromo-3,5- Fuming HNO3 — 245
dimethylphienol
4-Amino-2,5-dimethyl- FcClg 824, (e.) 76, 84 (y.),
phenol 245a
2,5-Dimethyl-p-phonyl- | NagaCreOy (T1x804) — 168, 248
p-Xyloquinone (2,5- cnedizmino
dimethylquinone) 2,4,5-Trimethylaniline CrOy (113804) 409, 37
MnOyz (I13804) 35% 81
2,5-Dimethylaniline KyCra0y (HaS04) 55Y, 168, 246,
247 (y.)
Chlo1o-p-xyloquinone Cliloro-p-xylohydro- FoClz, CrOQy or — 214
quinone HINO3
Dichloro-p-xyloquinone { Dichloro-p-xylohydvo- FuClg, CrOg or — 214
quinone HNO3
Dibronto-p-xyloquinone| p-Xylohydioquinone Bry, then HNO3 88% 245a

* Sce p. 315 for explanation of systemn and abbreviations in tables.

5 Knigs and Mai, Ber., 26, 2653 (1892).
15 GGurewitsch, Ber.

REFERENCES TO TABLE II

152 Smith and Tess, J. Am. Chem. Soc., 66, 1528 (1944).
153 Battegay and llaefloly, Bull. soc. chim. France, [4] 35, 988 (1924).
154 Zejde and Dubinin, J. Gen. Chem. U.S.8.R., 2, 455 (1932) [C. 4., 27, 961 (1933)].

, 82, 2427 (1899).

157 Boedtker, Bull. soc. chim. France, [3] 31, 969 (1904).
153 Henderson and Boyd, .J. Chem. Soc., 97, 1663 (1910).
18« Borsche, Ber., 32, 2937 (1899); Ann., 312, 220 (1900).
1 Hill, Am. Chem. J., 24, 5 (1900).
1% Arnold and Larson, J. Org. Chem., 5, 250 (1940).
160 Clemmensen, Ber., 47, 56 (1914).
101 Bayrac, Bull. soc. chim. France, [3] 11, 1131 (1894).
162 Bayrac, Bull. soc. chim. France, [3] 13, 898 (1895).



SYNTHESIS OF BENZOQUINONES BY OXIDATION

188 Bayrac, Bull. soc. chim. France, [3] 13, 984 (1895).

3¢ Hill and Hale, Am. Chem. J., 33, 11 (1905).

12 Hill and Adams, J. Am. Chem. Soc., 53, 3457 (1931).
e Baddeley and Kenner, J. Chem. Soc., 1934, 633.

169 Smith and Wiley, J. Am. Chem. Soc., 68, 889 (1946).
166 Woliler, Ann., 51, 152 (1844).

16 Craven and Duncan, J. Chem. Soc., 127, 1489 (1925).
187 Hofmann, Jahresber., 415 (1863).

163 Nietzlki, Ann., 215, 127 (1882).

1% Seyda, Ber., 16, 687 (1883).

19 Billman, Wolnak, and Barnes, J. dm. Chem. Soc., 66, 652 (1944),
1895 Gibbs, U. 8. pat. 2,343,768 [C. 4., 38, 3293 (1944)].
170 Flodgson and Nicholson, J. Chem. Soc., 1941, 645.

11 Fekert and Ender, J. prakt. Chem., [2] 104, 81 (1922).
172 Hollander, Rec. trav. chim., 39, 481 (1920).

173 Kollrepp, Ann., 234, 14 (1886).

1" Peratoner and Genco, Gazz. chim. ital., 24, 375 (1894).
178 Kohn and Gurewitsch, Monatsh., 56, 135 (1930).

176 Taust, Ann., 149, 153 (1869).

17 Kohn and Rabinowitsch, Monatsh., 48, 347 (1927).
173 Kohn and Sussmann, Monatsh., 46, 575 (1925).

17 Hodgson and Nixon, J. Chem. Soc., 1930, 1868.

180 Arymstrong, J. Chem. Soc., 24, 1121 (1871).

181 TTodgson and Nixon, J. Chem. Soc., 1930, 1870.

182 Knapp and Schultze, Ann., 210, 174 (1881).

18 (Gracbe, Ann., 263, 19 (1891).

184 Schuloff and Pollak, Chem. Ztg., 66, 569 (1932).

185 Schulz, Ber., 15, 656 (1882).

18 Kohn and Sussmann, Monatsh., 48, 193 (1927).

137 Kohn and Fink, Monatsh., 58, 73 (1931).

18 Kohn and Zandman, Monatsh., 47, 357 (1926).

189 Benedikt, Monatsh., 1, 346 (1880).

10 Jackson and Calhane, Am. Chem. J., 28, 462 (1902).
11 Bargellini, Monti, and Grippa, Gazz. chkim. ital., 60, 559 (1930).
192 Zincke, Ann., 320, 146 (1901).

19 Thiele and Eichwede, Ber., 33, 673 (1900).

19 Kasile, Am. Chem. J., 27, 42 (1902).

19% Hodgson and Nixon, J. Chem. Soc., 1930, 1085,

1% Kohn and Kramer, Monalsh., 49, 167 (1928).

197 Kohn and Démotdr, Monatsh., 47, 207 (1926).

198 Kohn and Pfeifer, Monatsh., 48, 225 (1927).

19 Ling and Baker, J. Chem. Soc., 61, 589 (1892).

20 Jackson and Bolton, J. Am. Chem. Soc., 36, 305 (1914).
21 Ling, J. Chem. Soc., 51, 147 (1887).

02 Metzeler, Ber., 21, 2555 (1888).

28 Kehrmann and Messinger, Ber., 26, 2377 (1893).

4 Seifert, J. prakt. Chem., [2] 28, 437 (1883).

26 Willgerodt and Arnold, Ber., 34, 3351 (1901).

26 Kohn and Pfeiffer, Monatsh., 48, 231 (1927).

27 Hodgson and Foster, J. Chem. Soc., 1942, 583.

28 Kohn and Rosenfeld, Monatsh., 46, 101 (1925).

29 Guareschi and Daccomo, Ber., 18, 1170 (1885).

0 Garzino, Ber., 25 (ref.), 121 (1892).

M Carstanjen, J. prakt. Chem., [2] 15, 399 (1877).

22 Chechik, J. .Am. Pharm. Assoc., 22, 506 (1933).

213 Bordeianu, Arch. Pharm., 272, 8 (1934).

337



338 ORGANIC REACTIONS

24 Carstanjen, J. prakt. Chem., 28, 429 (1881).

5 du Feu, McQuillin, and Robinson, J. Chem. Soc., 1937, 58.

26 Datta and Bhoumik, J. Am. Chem. Soc., 43, 309 (1921).

a7 Bayrac, Bull. soc. chim. IFrance, [3] 13, 979 (1895).

23 Gibbs and Robertson, J. Chem Soc., 106, 1887 (1914).

2% Kumagai and Wolffenstein, Ber., 41, 299 (1908).

20 Vorlander and Schrédter, Ber., 84, 1653 (1901).

21 Claus and Schweitzer, Ber., 19, 927 (1886).

22 Kehrmann, Mussmann, and Facchinetti, Ber., 48, 2021 (1915).

2 Angeletti and Oliverio, Gazz. chim. ital., 70, 342 (1940).

2 Kehrmann, Ber., 49, 1212 (1916).

2 Elbs and Brunnschweiler, J. prakt. Chem., [2] 52, 559 (1895).

26 Southworth, Ann., 168, 273 (1873).

2 Seclig, Ann., 237, 145 (1887).

28 Burds, Chem. Listy, 21, 108 (1927) [C. A., 22, 63 (1928)].

2 Chulkov, Parine, and Barshoev, Org. Chem. Ind. U.S.8.R., 3, 410 (1937).

20 Gorup-Besanez, Ann., 143, 159 (1867); Briauninger, Ann., 188, 352 (1877); Richier,
Ber., 34, 4296 (1901).

%1 Kehrmann and Rist, Ann., 303, 24 (1898).

22 Claus and Dreher, J. prakt. Chem., [2] 39, 370 (1889).

%3 Kohn and Rabinowitsch, Monatsh., 48, 361 (1927).

%4 Zincko and Klostermann, Ber., 40, 679 (1907).

%5 Auwers and Erggelel, Ber., 82, 3033 (1899).

29 Auwers and Burrows, Ber., 32, 3038 (1899).

%7 Auwers and Hampe, Ber., 32, 3015 (1899).

%8 Cohen and Marshall, J. Chem. Soc., 85, 527 (1904).

B Koolsch and Wawzouek, J. Am. Chem. Soc., 66, 755 (1943).

28 Fieser and Chang, J. Am. Chem. Soc., 64, 2048 (1942).

20 Nslting and Forel, Ber., 18, 2673 (1885).

e Smith and Tess, J. Am. Chem. Soc., 66, 1523 (1944).

1 Auwers and Borscho, Ber., 48, 1699 (fooinote 3) (1915).

%2 Auwers, Ber., 40, 2528 (1907).

%3 Claus and Runschke, J. prakt. Chem., [2] 42, 110 (1890).

%3¢ Smith and Wiley, J. Am. Chem, Soc., 68, 894 (1946).

%4 Jacobsen, Ann., 195, 271 (1879).

5 Kohn and Feldmann, Monatsh., 49, 169 (1928).

e Sith and Nichols, J. Am. Chem. Soc., 65, 1742 (1943).

9 Nolting, Witt, and Forel, Ber., 18, 2667 (1885).

%7 Kehrmann and Stiller, Ber., 45, 3348 (1912).

HYDROXYQUINONES AND DERIVATIVES

Many hydroxyquinones have been prepared by the general methods
discussed for alkylquinones, and the most common oxidizing agents are
those previously mentioned; however, since hydroxyquinones are not
sufficiently volatile to be steam-distilled they are usually isolated by
crystallization or extraction from the reaction mixture.

A very successful preparation of hydroxyquinones is that mtroduced
in 1900 by Thiele and Winter.#® When a quinone is treated with acetic
anhydride and sulfuric acid a triacetoxybenzene is formed; the hydroxy-

#8 Thiele and Winter, Ann., 311, 341 (1900).
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quinone ig obtained from this by hydrolysis and oxidation. This reac-
tion has been applied extensively.?9-252 Ferric chloride can be used as

0 o
| OAc |
Ac0 Hydrolysis, [0]
— el
Hy804 ©0Ac OH
| OAc |
0 0

the oxidizing agent,?*%2% but oxidation by air in a buffered solution of
pH 8 is usually preferable.?®? The yields by this procedure vary from 78
to 959, most of them being near 909, (e.g., 2-hydroxy-5-methoxyqui-
none, 2-hydroxy-5,6-dimethoxyquinone, 3-hydroxy-6-methoxytoluqui-
none, and 3-hydroxy-5,6-dimethoxytoluquinone). In the acetoxylation
of 3-methoxytoluquinone and 5-methoxytoluquinone substitution occurs
in the position meta to the methoxyl group.?

0]
I OAc
CH3 Ac20 CI‘I3
CH,;O II?SO4> CH;0 OAc
| OAc
0

Quinones containing a hydroxyl group in the side chain have been
prepared by oxidation of the appropriate G-hydroxychroman or 5-hy-
droxycoumaran. Thus, oxidation of 6-hydroxy-2,5,7,8-tetramethyl-
chroman yields 2,3,5-trimethyl-6-(3’-hydroxybutyl)-quinone.?®* Ferric

0
CH, I

0
e~ \([JHcm 0] HCr” “NCH,CH,CHOHCH;
—
HO it el Men
\ / 2 3 3

CH3 CH2 O

chloride or silver nitrate in ethanol oxidizes chromans to quinones in
yields of 60-809,; 25 silver acetate in methanol is reported 254255 to be

29 Anslow, Ashley, and Raistrick, J. Chem. Soc., 1938, 439.

%0 Raistrick, Chemistry & Industry, 1938, 293.

%1 Anslow and Raistrick, Biochem. J., 32, 694 (1938).

%2 Anslow and Raistrick, J. Chem. Soc., 1939, 1446.

23 John, Dietzel, and Emte, Z. physiol. Chem., 257, 180 (1939).

%t John and Schmeil, Ber., 72, 1653 (1939).

25 John, Gunther, and Rathmann, Z. physiol. Chem., 268, 104 (1941).
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an even better agent for this oxidation. The oxidation of chromans by
use of ceric sulfate in aqueous ethanol # may be adapted to volumetric
determination. A study has been made of the various types of quinones
obtainable by oxidation of chromans and coumarans,!529¢ and of the
behavior of these compounds at the dropping mercury electrode.2%6e
The various methods of preparing a-tocopherylquinone have been crit-
ically reviewed.?

Ethoxy- and methoxyquinones may be prepared by oxidation of the
appropriate polyalkoxy compounds. Nitric acid in ethanol 5258 or
acetic acid 25%2% hag proved useful, although there is some nitration of

0
OCHj I

CH;0 OCH; (01 CH30 OCH; L
— - Nitration products
I
0]

the starting material. The triethyl ether of pyrogallol is much more
resistant to oxidation and more susceptible of nitration than the tri-
methyl ether.?® The yields of the 2,6-dialkoxyquinoncs are, respec-
tively, 16 and 64%,. Pyrogallol trimethyl ether has becen oxidized
electrolytically in 24-309, yield."*

2,6-Dialkoxyquinones may also be obtained in 20-399, yield by
oxidation of ethers of phloroglucinol with chromic anhydride in acetic
acid.??  Chromic anhydride or sodium dichromate in acetic acid at 100°
also has been used for the preparation of 2-methoxy-6-alkylquinones from
the appropriate 1,3-dimecthoxy-5-alkylbenzenes.?2%5 Alkyl groups from
methyl to tetradecyl are included in the serics. Unfortunately, no
yields are given.

Several 5-substituted-1,2,4-trimethoxybenzenes have been oxidized to
5-substituted-2-methoxyquinones in unspecified yields by use of nitric
acid in acetic acid at 0°%° 3,6-Dibromo-1,2,4-trimethoxybenzene is

%0 8mith, Ruoff, and Wawzonek, J. Org. Chem., 6, 236 (1941).

%96 Smith, Kolthoff, Wawzonek, and Ruoff, J. Am. Chem. Soc., 63, 1018 (1941).

%7 Tishler and Wendler, J. Am. Chem. Soc., 63, 1532 (1941).

23 Gracbe and Hess, Ann., 340, 232 (1905).

%9 Pollak and Goldstein, Monatsh., 29, 135 (1908).

20 Majima and Okazaki, Ber., 49, 1489 (1916).

%1 Spath and Wesseley, Monatsh., 49, 229 (1928).

%2 Fuzikawa, Ber., 68, 72 (1935).

%3 Asahina, Miyasaka, and Sekizawa, Ber., 69, 1643 (1936).

%4 Agano and Yamaguti, J. Pharm. Soc. Japan, 60, 105 (1940).

%8 Asano and Yamaguti, J. Pharm. Soc. Japan, 60, 585 (1940).
%6 Szeki, Ber., 62, 1373 (1929).



SYNTHESIS OF BENZOQUINONES BY OXIDATION 341

oxidized 7 by warm concentrated nitric acid to 3,6-dibromo-2-methoxy-
quinone in 849, yield. Nitric acid also has proved useful for the prepa-
ration of nitranilic acid (2,5-dihydroxy-3,6-dinitroquinone) by nitration
and oxidation of quinone 2% or hydroquinone diacetate 26927 (yields of
72-809%,). The oxidation is carried out at 0° or lower.

0]
OAc |
HNO; 02N OH
s
H,80, I'IO N02
OAc ]
0]

Ferric chloride appears to have been used less frequently than in the
alkylquinone series but in several instances has afforded good yields.
A 409, yield of 2-hydroxy-6-methoxyquinone results on oxidation of
2,4-dihydroxy-6-methoxyaniline,®® and a ‘‘nearly quantitative’’ yield
of 2,6-dihydroxy-m-xyloquinone on oxidation of 2,4,6-trihydroxy-3,5-
dimethylaniline.?? Hydroxyhydroquinones and methoxyhydroquinones
have been oxidized with ferric chloride %25 in yields varying from 479,
to ‘“‘nearly quantitative.”” In one instance,?® 2 3,4-trimethoxyaniline,
oxidation by ferric chloride gives a poor yield, whereas use of aqueous
chromic acid gives a 729, yield. As a matter of fact, inspection of

O
NH,-HCl Il
OCH3 CrO; OCH3
—_>
OCH; H:0 OCH;
OCH; I
O

Tables I-V reveals only one instance (oxidation of aniline to 2,5-di-
anilinoquinone in 16%, yield, Table IV) in which an amine or a phenol
with no para substituent has been oxidized with ferric chloride; and in
the few cases where the para substituent is some group other than amino
or hydroxy the yield (if reported) is poor. Thus 2,4-diaminomesity-
lene 2 gives a 59, yield of hydroxy-m-xyloquinone. Several amines with

%7 Dorn, Warren, and Bullock, J. Am. Chem. Soc., 61, 145 (1939).
23 Meyer, Ber., 57, 327 (1924).

29 Nietzki, Ber., 43, 3458 (1910).

%0 Town, Biochem. J., 30, 1834 (1936).

1 Pollak and Gans, Monatsh., 23, 954 (1902).

22 Brunmayr, Monatsh., 21, 9 (1900).

23 Baker and Smith, J. Chem. Soc., 1931, 2547.
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no para substituent have been oxidized by chromic acid-sulfuric acid
mixture. As usual with starting materials of this type, the yields are

O
NH, |
I‘Izc CH3 FeCls Hzc CHS
—_—>
NH. H»0 OH
CH; |
O

relatively low. Thus, 5,6-dimethoxy-m~toluidine gives 5,6-dimethoxy-
toluquinone (crude) in 309, yield;?* 2-methoxy-m-toluidine gives 3-
methoxytoluquinone in 14.5%, yield ; #° o-methoxyaniline gives methoxy-
quinone in 209, yield; #%%¢ and 5-methoxy-6-ethoxy-m-toluidine gives
5-ethoxy-6-methoxytoluquinone {(crude) in 299, vyield.?2® Chromic
acid-sulfuric acid appears unsuited to the preparation of quinones con-
taining a free hydroxyl group. None of the expected quinone is ob-
tained on oxidation of 4,6-dihydroxy-o-toluidine?? although a 659
yield of 6-methoxytoluquinone results on oxidation of 4-hydroxy-
6-methoxy-o-toluidine.?’® Other p-disubstituted compounds (2-ethoxy-

NH,
HO CH a
8 NealrOs No quinone obtained
H,S80,

OH
0

NH, I

CH:O CH r CH;0 CH
2 4 .

OH

0

4-hydroxyaniline, 2,4’-dimethoxy-4-amino-5-ethoxydiphenylamine) have
been oxidized in moderate to good yields with dichromate.

Experimental Procedures

2-Hydroxy-5-methoxyquinone.”? For acetoxylation of methoxy-
quinone by the Thiele-Winter procedure, 4.0 g. of this quinone /.2 ig

24 Pollak and Solomonica, Monatsh., 22, 1008 (1901).
5 Muhlh#user, Ann., 207, 251 (1881).

#8 Will, Ber., 21, 605 (1888).

%7 Henrich, Taubert, and Birkner, Ber., 46, 303 (1912).
%8 Henrich and Nachtigall, Ber., 36, 894 (1903).

29 Erdtman, Proc. Roy. Soc. London, A143, 186 (1933).
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dissolved with shaking in a mixture of 30 ml. of acetic anhydride and
1.5 ml. of concentrated sulfuric acid. After the mixture has stood for
twenty-four hours at room temperature, it is poured on 100 g. of ice and
water. The 1,2,4-triacetoxy-5-methoxybenzene separates as crystals or
as an oil which soon solidifies. The material is collected, washed with a
few milliliters of cold water and a like amount of anhydrous ether, then
dried in vacuum. The crude product, 5-5.5 g., is suitable for the next
step.

Five grams of 1,2,4-triacetoxy-5-methoxybenzene, prepared by Thiele-
Winter acetylation of methoxyquinone, 5% is boiled for forty-five
minutes in an atmosphere of nitrogen with a mixture of 36 ml. of meth-
anol and 1.2 ml. of concentrated sulfuric acid. After dilution with water
the methanol is removed by distillation in vacuum, and the hydroqui-
none (2.56 g.) is extracted with ether. For oxidation, 1.1 g. of the crude
hydroquinone is dissolved in 110 ml. of pH 8.0 buffer solution (molar
potassium dihydrogen phosphate, 50 ml.; normal sodium hydroxide,
46.8 ml.; water to 100 ml.) and aerated vigorously for ten minutes. The
intensely blood-red solution is acidified with 16.5 ml. of concentrated
hydrochloric acid. 2-Hydroxy-5-methoxyquinone quickly crystallizes
(0.60 g.), and an additional 0.45 g. of slightly impure quinone may be
obtained by ether extraction of the filtrate; total yield, 1.05 g. (959%,).
The substance forms large, orange-brown, rectangular leaflets from
ethanol, m.p. 179° (dec.), after softening at 171°. This quinone may be
sublimed in high vacuum at 100°.

2,6-Dimethoxyquinone.’%%% In a 3-1, round-bottomed flask are placed
1565 g. of pyrogallol trimethyl ether, 775 ml. of 959, ethanol, and 775 ml.
of nitric acid ( sp. gr. 1.2). The mixture is warmed carefully to 35° and
then allowed to stand until a vigorous reaction sets in. By external
cooling the temperature is maintained just below 50° until the main
heat evolution ceases (about fifteen minutes). The mixture is then
allowed to stand for about four hours (after prolonged standing, the
nitro derivative of the starting material may crystallize), and the crystals
of yellow quinone which separate are collected, washed with several
portions of ethanol (400 ml. in all) and several portions of water (800 ml.
in all), and dried. There is obtained 124 g. (80%) of material melting
at 255°.
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TABLE III *

HYDROXYQUINONES AND DERIVATIVES

Quinone

Substance Oxidized

Oxidizing Agent

Yield

Referencest

2,6-bis(Benzyloxy)-
quinone

2,5-bis(p-n-Butoxy-
plienyl)-quinone

2,5-bis(2,4-Dihydroxy-
phenyl)-quinone
2,5-bis(4-Hydroxy-2-
methylphenyl)-qui-
none
2,5-bis(4-Hydroxy-3-
methylphenyl)-qui-
none
2,5-bis(p-Hydroxy-
phenyl)-quinone
2,5-bis(3-Bromomesi-
tyl)-3,6-dihydroxy-
quinone
2,6-b1s(2,4,8-Trichloro-
phenoxy)-quinone
2,5-Dianisylquinone

2,5-Dianisyl-3,6-di-
bromogquinone
2,5-Diethoxyquinone

2,8-Diethoxyquinone

3,6-Dihydroxy-5-meth-
oxytoluquinone

2-Diacetoxymethyl-5-
methoxyquinone

2-(2,4-Dihydroxy-
phenyl)-quinonoe

2,5-Dihydroxy-3-
phenyl-6-p-tolyl-
quinone

Dihydroxythymogqui-
none

3,5-Dihydroxy-m-xylo-
quinone

3,6-Dimethoxy-2-
hydroxyquinone

1,2,3-tris(Benzyloxy)-
benzene
Condensation product
of quinone and plenyl
butyl cther
2,5-bi8(2,4-Dihydroxy-
phenyl)-quinhydrone
2,5-bis(4-Hydroxy-2-
methylphenyl)-quin-
hydrone
2,5-bis(4-Hydroxy-3-
methylphenyl)-quin-
hydrone
Condensation product
of phenol and quinone
2,5-bis(3-Bromomesi-
tyl)-1,3,4,8-tctra-
lhiydroxybenzeno
2,4,8-Trichlorophenol

Condonssation product
of anigolo and quinone
2,5-Dianisyllhydrogui-
none
2,5-Diethoxy-p-1shenyl-
cnodiamine
3,5-Diethoxyphenol
2,6-Diethoxy-4-hy-
droxyaniline
Pyrogallol t1iothyl ctlior
Phenyl-(2,6-Diethoxy-
4-niecthoxyplhenyl)-
carbinel
2,3,5,8-Tetrahydroxy-
4-mothoxytoluene
2,4,5-Trimnethoxybenz-
aldehydo
2-(2,4-Dihydroxy-
phenyl)-hydroquinono
2-Phenyl-5-p-tolylhy-
droquinone

3-Hydroxyecarvacrol
Tetirahydroxy-p-cymene
2-Methyl-4-cthoxy-5-
isopropyl-m-phenyl-
cnediamine
2,4,6-Trihydroxy-3,5-
dimethylaniline
1,2-Dihydroxy-3,4,6-
trimethoxybenzene

HNOj3 (sp. gr. 1.19)

Quinone

Quinone

FeClz (AcOH)
FeCl; (AcOH)

FoCly (AcOH)

Quinone

PbOy (benzene)
FeClg (AoOH)
Brg

FoCly

CrO3 (AcOH)
FeCl3

HNOy (AcOH)

CrQ3 (AcOII)

Air (alkaline sol.)

HNOjz (HaSOy,
Acy0)

FoCly

Bras

Oy (alkaline sol.)

Ajr

FcCly

Fe(’il_q

FeCly

489% (cr.)

20% (o.)

70%

31% (er.)

20" (er.)

25%
13.5%, (er.)

4%

22%

16%
39%

55% (er.)
(0.)

Nearly quant.

70.5%

250,

280

112
110
281

261
282

259
261
251 (y.)
283
115
284
285

286
30

272

* Sec p. 315 for explanation of system and abbreviations in tables.
1 References 280-323 are lisied on p. 350.
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TABLE ITI—Continued
HYDROXYQUINONES AND DERIVATIVES
Quinone Substance Oxidized Oxidizing Agent Yield References*
5,6-Dimecthoxy-2- 2-Hydroxy-5,6-dimeth- | Air (pH 8) 78% (o.) 252
hydioxyquinone oxyhydroquinone
5,6-Dimethoxy-3- 3-Hydroxy-5,6-dimeth- | Air (pH 8) 87%, (cr., 0.) 252
hydroxytoluquinone oxytoluhydroquinone
2,3,4-Trimethoxyaniline | Aqueous chiromic 729%, 273
acid
2,3-Dimethoxyquinone FeCl3 Poer 273
2,3-Dimethoxyhydro- FeCl3 79%, 252
quinone
2,3-Dimethoxy-5,6- 1,2-Dibromo-3,4,5,6- HNO;z (sp. gr. 1.4) — 287
dibromoquinone tetramethoxybenzene
2,5-Dimethoxy-p-phen- | FeCls — 281
. . ylenediamine
2,5-Dimethoxyquinonos | o i th oxy-4- HNO; (50%) — 288
aminophenol
[| Pyrogallol trimethyl HNOQ3 (AcOH) 644% 259 (y.) 276
ether HNO; (EtOH) 809 50 (y.), 258,
289
Iilectrolysis 24-30%, 14
3,5-Dimetlioxy-4-hy- NasCraOy (HpSO4) 609, 290, 291(y.)
droxybenzoic acid
2,68-Dimethoxyqui- 2,6-Dimethoxy-4-liy- FeCls — 282
none droxyaniline
2,6-Dimethoxy-4-iso- CrQOg (AcOI1) — 292
valerophenol
2,6-Dimethoxy-4- KoCraO7 (FHaS04) — 293
valerophenol
2,8-Dimethoxy-4-ethyl- | KsCraO7 (HaB04) 63 (cr.) 294
L| phenol
2,6-Dimethoxy-3,5- 2,6-Dimethoxy-3,4,5- CrO; (AcOH) 43.5% 16 (y.), 295
dichloroquinone trichlorophenol
2,6-Dimethoxy-3- CrO; (50% AcOH) 5% 20
2,8-Dimethoxy-3- bromophenol
bromoquinone 3,5-Dimethoxy-4-hy- CrQg (HaS0y4) 62% 20
droxy-6-bromobenzoio
acid
2,6-Dimethoxy-3- 2,6-Dimothoxy-3- CrQOj3; (AcOH) 45%, 20
bromo-5-chloroqui- bromo-4,5-dichloro-
none phenol
2,6-Dimethoxy-3,5-di- | CrOs or FeCls — 287
bromohydroquinone
2,6-Dimethoxy-3,5- 2,6-Dimethoxy-3,4,5- Cr0O3 (AcOH) 309%, 16 (y.), 295
dibromoquinone tribromoplicnol
1,2,4,6-Tetramethoxy- HNOj — 276
3,5-dibromobenzene
3,5-Dimethoxytoluqui- | 2,3,4,6-Tetramethoxy- { HNO; (AcOH) or| — 206
none toluene CrQ; (AcOH,
H3804)
5,6-Dimethoxytolu- 5,6-Dimethoxy-m- KaCraO7 (HaS04) 309% (cr.) 274

quinone

toluidine

* References 280-323 arc listed on p. p. 350,
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TABLE III*—Continued

HYDROXYQUINONES AND DERIVATIVES

Quinone Substance Oxidized Oxidizing Agent Yield Referencest
2,5-Di-p-phenctyl- Condensation product | FeCl3 — 113
quinone of quinone and phene-
tole
2,5-Diphenoxyquinone | 2,5-Diphenoxyhydro- CrO; (AcOH) — 297
quinone
2-(a,a-Diphenylethyl)- | 2-(a,a-Diphenylethyl)- | HNOs (AcOH) — 266
5-methoxyquinone 1,4,5-trimethoxyben-
zene
2-(a,8-Diphenyliso- 2-(a,8-Diphenyliso- HNO3 (AcOH) — 268
propyl)-5-methoxy- propyl)-1,4,5-trimeth-
quinone oxybenzcne
2,5-Di-p-toloxyquinone | 2,5-Di-p-toloxyhydro- CrO3; (dil. AoOH) — 133
quinone
2,4-Diethoxyaniline KoCraO7 (HaS04) Neaily quant. 208
Ethoxyquinone 2-Iithoxy-4-hydroxy- NayCraO7 (H2S04) — 299
aniline
Phenyl-(2,4-dimethoxy- | CrO; (AcOH) — 261
2-Ethoxy-6-methoxy- g—ilcliz]};oxyphen yh)-ear-
quinone 3-Methoxy-5-ethoxy- CrOg (AcOH) 209 (cr.) 261
phenol
5-Iithoxy-6-methoxy- 5-Mcthoxy-6-othoxy-m- | NagCreO7 (HaSOQ4) 2909%, (er.) 251
toluquinone toluidine
2-Ethoxy-6-propyl- 1,2,4-T1iethoxy-6- HNO; (25%) — .31
quinone propylbenzene
5-Iithoxytoluquinone 2,4’-Dimethyl-4-amino- | K3Crg07 (HzS04) 489, 300
5-ethoxydiphenyl-
amine
3-Tithoxy-m-xyloqui- 2,4’,6-Trime{hyl-4- KyCre07 (HeSO4) — 301
none amino-5-ethoxy-di-
phenylamine
2-Hydroxy-5-methoxy- | 2-Hydroxy-6-methoxy- | Air (pH 8) 959%, 252
quinone hydroquinone
2-Hydroxy-6-methoxy- | 2,4-Dihydroxy-6-meth- | FeCls 40% 271
auinone oxyaniline
3-Hydroxy-5-mecthoxy- | FeCls Nearly quant. | 249 (y.), 250,
toluhydroquinone 296
3-Hydroxy-5-meth- 3-Hydroxy-4-amino-5- [ FeCls — 302
oxytoluquinone methoxy-o-cresol
2-Hydroxy-3-amino- FeCls — 274
4,6-dimethoxytolueno
3-Hydroxy-6-methoxy- { 3-Hydroxy-8-methoxy- | Air (pH 8) 92%, (0.) 252
toluquinone {oluhydroquinone
5-Hydioxy-3-methoxy- | 5-Hydroxy-3-methoxy- | FeCls 479, 249
toluquinone toluhydroquinone
6-Hydroxy-5-methoxy- | 4-Amino-5-hydroxy-6- | FeCls — 312
toluquinone methoxy-m-cresol
3-Hydroxy-5-mcthoxy- | 3-Hydroxy-4-ainino-5- | FeCl3 80%, 303
m-xyloquinone methoxy-vic.-m-xylol
Hydroxymethylquinone | Gentizylalcohol Pb(OAc)4 70% 303a
Hydroxyquinone Hydroxyhydroquinone | Az20 60% 39, 59 (y.)

* See p. 315 for explanation of system and abbreviations in tables.
1 References 280-323 are listed on p. 350.
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TABLE I11—Continued
HYDROXYQUINONES AND DERIVATIVES
Quinone Substance Oxidized Oxidizing Agent Yield References*
[ | 3-Hydroxycarvacrol HNOj3 or HyOq — 285
3-Hydroxy-6-amino- HNOs — 285
carvacrol
4,6-Diaminothymol FeClg — 4
3-Hydroxythymoqui- ] 2,6-Diamino-3-ethoxy- | FeCls — 30
none p-cymene
Menthone, 2,3-dihydro- | SeOy 2-8%, 304
menthone or menthol
2,8-Diamino-3-chloro-p- | NagCrgO7 (Hg804) Poor 30
L| cymene
3-Hydroxy-6-chloro- 2,6-Diamino-3-chloro- | NagCrzO7 (HaS804) Very poor 30
thymoquinone p-cymene
6-Hydroxythymoqui- 4,6-Diaminocarvacrol FeClg — 31
none
3-Hydroxy-6-chloro- 3-Hydroxy-6-chloro- HNOQs (sp. gr. 1.4) — 66
toluquinone toluhydroquinone
5-Hydroxytoluquinone | 5-Hydroxytoluhydro- FeCl3 209%, 248, 309a
quinone (y.)
8-Hydroxy-3,8-dichloro-| 5-Hydroxy-3,6-dichloro- | HNOs (sp. gr. 1.4) Poor 32
toluquinone toluhydroquinone
8-Hydroxy-3-chloro- 4,8-Dihydroxy-3-chloro- | I52Cra07 (HS04) — 277
toluquinone o-toluidine
8-Hydroxy-5-ohloro- 4,6-Dihydroxy-o-tolui- | KoCraO7 (HsSO0ys) - 6% 277
toluquinone dine hydrochloride
8-Hydroxy-3,5-dichloro-{ 2,4,6-Trichloro-5-meth- | Alkaline potassium i — 305
toluquinone ylresorcinol ferrocyanide
Hydroxytriphenylqui- | IEthyl triphenylgentisate| Air in alkaline mec- | 129 238a
none dium
2,4-Diaminomesitylene | KoCraO7 (H2S04) 5% 29
3-Hydroxy-m-xyloqui- or FeCls
none 3,5-Dimethyl-A%cyclo- | SeOy (AcOH) — 308
hexenone
2-Methoxy-8-amylqui- | 1-Amyl-3,5-dimecthoxy- | NasCreO7 (AcOH) — 262, 263
none benzene
[|1-Amyl-2-bromo-8,5- | NaaCraO7 (AcOH) | 30% (0.) 262
dimethoxybenzene
2-Methoxy-6-amyl-5- 1/,4’,3-Tribromo-3’- NagCra07 (AcOH) 239, 310
bromoquinone methyl-2-amyl-1,4,5'-
trimethoxydiphenyl
L| ether
2-Methoxy-6-(3,4,5-tri- | 2,6-Dimethoxy-3,4,5- Cr0O3 (509, AcOH) 50% 16
chloro-2,6-dimethoxy-| trichlorophenol
phenoxy)-3,5-di-
chloroquinone
2-Methoxy-6-(3,4,5-tri- | 2,6-Dimethoxy-3,4,5- CrOs (509, AcOH) | 40% 16
bromo-2,6-dimeth- tribromophenol PbOy; (AcOH) 807, 18
oxyphenoxy)-3,5-di- NaNO; (AcOH) 25%, 16
bromoquinone PbOg (benzene) 70%, 16
2-Methoxy-6-dodecyl- | 1.3-Dimethoxy-5-dodec-| CrO3; 459, 264
quinone ylbenzene
2-Methoxy-6-hendecyl- | 1,3-Dimethoxy-5-hen- Cr0;3 — 264
quinone decylbenzene

* References 280-323 are listed on p. 350.
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TABLE III*—Continued

HYDROXYQUINONES AND DERIVATIVES

Quinone Substance Oxidized Oxidizing Agent Yield Referencest
2-Methoxy-8-heptyl- 1,3-Dimcthoxy-5- NagCrq07 (AcOH) — 262, 263
quinone heptylbenzene or CrO3 (AcOH)
2-Propyl-4,5-dimeth- HNOy (HsS04) or| — 314
2-Methoxy-5-propyl- oxyaniline chromic acid
quinone 1,4,5-Trimethoxy-2- Chromyl chloride — 815
propylbenzene HNO3 — 313
1,3-Dimethoxy-5- NagCre07 (AcOH) — 262
2-Methoxy-8-propyl- propylbenzene
quinone 1,3,8-Trimcthoxy-5- HNO3 (25%) — 311
propylbenzene
2-Methoxy-8-propyl-5- | 1,3-Dimethoxy-4-bromo-| NasCryO7 (AcOH) 30% (o.) 262
bromoquinonc 5-propylbenzeno
o-Methoxyaniline NagCraO7 (H2804) 20% 275, 2768 (y.)
Mecthoxyquinone 2,4-Dimethoxyaniline NazCraO7 (HyS804) — 307
Methoxyhydroquinone | PbOy (benzcne) 50-57% 279 (y.), 308
Methoxytrichiloro- 2,4-Dimethoxy-3,5,6- HNOgy (sp. gr. 1.4) — 309
quinone trichlorophenol
2-Methoxy-3,6-di- 1,2,4-Trimethoxy-3,6- HNOg3 (sp. gr. 1.4) 849, 267
bromoquinono dibromobenzene
. Methoxyhydroquinone | Brg 909, 18
Methoxytribromo- 2,4,6-Tribronio-3- €103 (AcOH) 479, 18
quinone
methioxyphenol
2-Mcthoxy-8-tetradec- | 1,3-Dimethoxy-5-tetra- | NayCrgO7 (AcOH) — 265
ylquinone deeylbenzene
3-Methoxytoluquinone | 2-Methoxy-m-toluidine | NasCraOy (H2SOy4) 14.5% 249 (y.), 260
2-Methyl-4,5-dimoth- FoClg — 296, 316
5-Methoxytoluqui- oxyaniline
none 2,4,5-Trimethoxy- CrQj3 (AcOI, — 296
toluone HyS04)
5-Methoxy-3,6-di- 2,4,5-Trimethoxy-3,6- | HINOj (sp. gr. 1.4) | — 296
bromotoluquinone dibromotoluene
[ 2,3-Dimothoxytolucne | IINOs (AcOH) — 260
6-Methoxytoluhydio- FcClg — 260
quinone
4,5-Dimethoxy-m- NayCryO7 (HpS04) | 109% 260
toluidine and PbO,
4,5-Dimethoxy-m-c1esol | NagCraO7 (HpSO4) 50%, 260
and PbO3
8-Methoxytoluqui- 4-Amino-5-mcthoxy- KoCre07 (HyS0y) 65% (cr.) 278 (y.), 317
none m-cresol
2,4,5'-Trimethoxy-3/,6- | NasCrz07 (AcOH) | 269 317
dimethyldiphenyl
ether
2,4,5’-Trimethoxy-6- NagCra07 (AcOH) 36% 310
amyl-3’-methyldi-
phenyl cther
L| 3,5-Dimothoxytoluene NaaCryO7 (AcOH) 60%, 317
3,5-Dimethoxy-2- NazCrz07 (AcOH) 75%, 262
bromotoluene
6-Methoxy-3-bromo- 1) 7 4 Trimethoxy-576- | NasCraO7 (AcOH) |  7.5% 262

toluquinone

dimethyl-4’,5,6-tri-
bromodiphenyl ether

* See p. 315 for explanation of system and abbreviations in tables.
+ References 280~323 are listed on p. 350.



SYNTHESIS OF' BENZOQUINONLS BY OXIDATION 349
TABLE III—Continued
HYDROXYQUINONES AND DERIVATIVES
Quinone Substance Oxidized Oxidizing Agent Yield References*
2-Methoxy-6-tridecyl- | 1,3-Dimethoxy-5-tri- Na2Crq07 (AcOH) — 265
quinone decylbenzene
2,3’,4-Trimethoxy- NagCreO7 (AcOH) 35% 262
. 2/,3,5’,6-tetramethyl-
Mﬁi;};zxy-p—xyloqm- diphenyl ether
2,5-Dimethyl-3-meth- | NagCroOy (Ha804) | — 262
oxy-4-aminophenol
M 1 R ¢,
Nitrauilic acid (2,5- Hydroquinone diacetate | HNO3z (HgS0y) 75-80% 269
dihydroxy-3,6-di- (a8 salt)
nitroquin m;) HNO; (H804) 45% 270
0quino Quinone HNO; 72-78% 268
2-(2,4,6-Trichloro- Trichlorophenol CrOg (AcOH) 1.5% 15
phenoxy)-6-chloro- PbOy (AcOH) — 15
quinone PbOj (benzeue) 35% 15
2-Propoxy-6-propyl- 1,2,4-Tripropoxy-6- HNO3z (25%) — 311
quinone propylbenzene
Tetrahydroxyquinone Inositol HNO3 29-33% 318
a-Tocopherol FeClg, AgNOQz, or| — 319-321
gold chloride
a-Tocopherylquinone a-Tocopherylhydro- Ago0 31% (o.) 257 (contains

2.3,5-Trimcthyl-6-(2'-
hiydroxybutyl)-qui-
none

2,3,5-Trimethyl-6-(3'-
hydroxybutyl)-qui-
none

2,3,5-Trimethyl-6-(3’-
hydroxy-3’-methyl-
butyl)-quinone

2,3,5-Trimcethyl-6-(2’-
hydroxy-3’-mcthyl-
butyl)-quinone

2,3,5-Trimethyl-6-(3’-
hydroxy-3’-methyl-
nonadecyl)-quinone

2,3,5-Trimethyl-6-(2’-
hydroxy-2’-methyl-
propyl)-quinone

2,3,5-Trimethyl-6-
(2’-bydroxypropyl)-
quinone

quinone

5-Hydroxy-2-cthyl-
4,8,7-trimethylcou-
maran

6-Hydroxy-2,5,7,8-
tetrametliylchroman

6-Hydroxy-2,2,5,7,8-
pentamethylchroman

2-Isopropyl-5-hydroxy-
4,6,7-trimethylcou-
maran

2,5.86-Trimethyl-4-n1eth-
oxy-3-(3’-hydroxy-3'-
methylnonadecyl)-
phenol

5-Hydroxy-2,2,4,8,7-
pentamethylcoumaran

5-Hydroxy-2,4,6,7-tetra-
methylcoumaran

5-Aino-2.4,6,7-tetra-
methylcoumaran

Ceric sulfate

Ceric sulfate
FeCly

AgNO; (EtOII)
AgOAc (MeOH)
AgNOj; or FeCl3
Ceric sulfate

AuClg
FeCl3

AgOAc

AuClg

Ceric sulfate
AgOAc
AuClz

FeCl3

49 /o (hydr.)

64%
80%
60%
>80%
489

40% (hydr.)

809
70%

48,

409,

50%

carlier
refs.), 322
256

256
253 (y.), 319
253
254
253
256

323
323

255

256

319
83

* References 280-323 are listed on p. 350.
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AMINOQUINONES AND DERIVATIVES

Relatively few aminoquinones have been prepared, and most of these
have been obtained only as the acetyl derivatives. The amino group is
susceptible of both oxidation and hydrolysis (refer to section on side
reactions) if aqueous oxidizing agents are used. An exception is 5-
amino-6-chlorotoluquinone,® which can be prepared by the action of

0
OH I
Cl CH; reci, Cl CH3
0wl |
H,N 20 H,N
NH. |
0]

aqueous ferric chloride on 2-amino-5-hydroxy-6-chloro-p-toluidine.
Several oxidizing agents have been employed, but very few yields have
been reported. It is interesting that aniline may be oxidized with
ferric chloride to give a mixture of aniline black and 2,5-dianilinoquinone
from which the quinone may be separated in 169, yield.?*

82 Willstitter and Majima, Ber., 48, 2590 (1910),
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TABLE IV *

AMINOQUINONES AND DERIVATIVES

Quinone Substance Oxidized Oxidizing Agent Yield I:si:_
2-Acetamino-6-bromoquinone | 2,4-Diacetamino-8-bromo- HNO3 — 325
phenol
2,4-Diacctamino-5,6-di- HNOg — 325
2-Acctamino-5,6-dibromo- bromophenol
quinone 2-Acetamino-5-nitrohydro-~ Bry — 325
quinonc
2-Acetamino-3,5,6-tribromo- | 2,4-Diacetaminophenol Bry -— 325
quinone
2-Acetamino-3.6-dihydroxy- | 2-Acctamino-5-nitrohydro- | Funming HNO; — 328
5-nitroquinone quinonc
5-Amino-8-chlorotoluquinone | 2-Anino-5-hydroxy-6-chloio-| FeCly — 32
p-toluidine
5-(3-Amino-5-bromomesityl)- | 5-(3-Amino-5-bromomesityl)-| Qubione 70% 164
3,6-dibromotoluquinone 3,6-dib1 omotoluhydioqui-
none
2-Anilinoquinone 2-Anilinohydroquinone ¥uCly — 324
2,5-Diacetamino-3,6-dihy- 2,3,5,6-Totraacctoxy-1,4-di- | Big — 325
droxyquinone acetaminobenzene Air (OH) -— 329
2,5-Diacetaminoquinone 2,5-Diacetaminophenol NuyCryOr (AcOH) | — 327
2,5-Diacotainino-3-chloro- 2,5-Diacctanino-3-chloroly- | FoClg — 24
quinone droquinone
2,5-Diacetamino-3,6-dichloro-| 2,5-Diacetamino-3,6-di- FeCl 80% (o0.) 328
quinone clhilorohydroquinone
2,6-Diacetaminophenol HNO;3 — 325
. . . 2,4,6-Trincetaminophenol HNO3 72% (er.) 325
2,6-Dincotaminoquinone 2,8-Dincotaininohydroqui- FeCly — 325
1none
2,6-Diacetnmino-3,5-dibro- 2,8-Diacetaminchydroqui- Big — 325
moquinone nono
2,5-Dianilinoquinone Aniline FeCly (H3804) 16% 324

* See p. 315 for explanation

of system and abbicviatiions in tables.

MISCELLANEOUS QUINONES

The substances listed in this section include quinones substituted with
nearly all the common functional groups and some rather uncommon
groups. The oxidizing agents which have been found applicable include
silver oxide, ferric chloride, air, chromic acid-sulfuric acid, and nitric
acid. Substituted hydroquinones have been successfully oxidized with

3% Heller, Dietrich, Hemmer, Kitzel, Rottsahl, and Zambalos, J. prakt. Chem., [2] 129,

232 (1931).

86 Heller and Hemmer, J. prakt. Chem., [2] 129, 209 (1931).
3 Kehrmann and Betsch, Ber., 30, 2099 (1897).
33 Fieser and Martin, J. Am. Chem. Soc., 87, 1847 (1935).

39 Nietzki and Schmidt,

Ber., 21, 1852 (1888).
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silver oxide to give such varied types as d-camphor-10-sulfonylqui-
none % (30-809, yield), 2,5-dibenzoylquinone 33 (709, crude yield), and
carbomethoxyquinone 32 (609, yield). Carbomethoxyquinone is so
sensitive that it can be prepared with no other oxidizing agent.

Only two benzoquinones with a free carboxyl group attached directly
to the quinone nucleus have been obtained. Durylic acid quinone,? 333
results in quantitative yield from oxidation of 2,4,5-trimethyl-3,6-di-
aminobenzoic acid with ferric chloride. Triphenylquinonecarboxylic
acid % ig obtained by oxidation of the corresponding hydroquinone
with ferric chloride. The instability of such acids is probably due in

0
NH, |
H;C CO.H FeCly H;C CO.H
_—>
H;C CH;, H,C CH;
NH,
0

part to the 8-keto acid grouping.33¢ Attempted preparations of quinene
acids and esters have been published.? 332

A variety of dialkylaminoquinonedisulfonates has been prepared by
oxidizing a mixture of hydroquinone, the appropriate amine, and sulfur
dioxide with air in the presence of cupric hydroxide.33*33¢ No yields
are reported.

)
0H |
Air CHHN" \80;0H .CH;NH,
CHNH, + 80; ——
+ CHNHz + 802 0> car,NHL - 1H00.8L _INHCH;
OH

Dimethylammonium 2,5-dimethylamino-
quinone-3,6-disulfonate

Chromic acid-sulfuric acid mixture has been useful for preparing a
number of rather sensitive quinones. Oxidation of benzoylhydroquinone
gives benzoylquinone in 779, yield,** and dibenzoylhydroquinone gives

30 Hunter and Kvalnes, J. Am. Chem. Soc., 64, 2880 (1932).
31 Pummerer and Buchta, Ber., 69, 1021 (1936).

332 Brunner, Monatsh., 34, 913 (1913).

33 Smith and Denyes, J. Am. Chem. Soc., 56, 475 (1934).
3¢ Loewy, Ber., 19, 2387 (1886).

34 Garreau, Compt. rend., 202, 1186 (1936).

35 Garreau, Compt. rend., 203, 1073 (1936).

3% Garreau, Compt. rend., 204, 692 (1937).

37 Garreau, Compt. rend., 204, 1570 (1937).

8 Garreau, Ann. chim., 10, 485 (1938).

M Bogert and Howells, J. Am. Chem. Soc., 62, 844 (1930).
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2,6-dibenzoylquinone (originally reported as the 2,5-isomer) #3139 in
609, vield. Quinone acids prepared by use of chromic acid-sulfuric acid
include guinonesulfonic acid 32 (909, yield from the hydroquinone),
quinonylacetic acid *2 (656-709, from the hydroquinone), v-quinonyl-
butyric acid #* [839, overall yield from #v-(o-hydroxyphenyl)-butyric
acid}, and e-quinonylcaproic acid ** (839, yield from the aminophenol).
The last two preparations illustrate the wide applicability of the cou-
pling procedure for the synthesis of p-aminophenols. Although qui-
nonylacetic acid is unstable in warm water, the oxidation in aqueous
medium is successfully carried out at 0°. Methylmercaptoquinone 38
has been prepared by oxidation of the aminophenol with chromic acid-
sulfuric acid, and several alkylmercaptoquinones have been prepared by
oxidizing the corresponding hydroquinones with ferric chloride.e
Although many of the miscellaneous quinones have been prepared by
oxidation with nitric acid or nitric oxides, the only yields reported are
in the oxidation of tetracarbethoxy-p-phenylenediamine to tetracar-
bethoxyquinone * (50-659,) and in the oxidation and nitration of 2-
meconyl-1,4,5-trimethoxybenzene 2 (839, crude).

CH3O P 0 CH30
CH30©C>O OCH,  HNOsGspgrled) CH3
CH— TR
OCH; NOz OCH;
OCH;

o HNO3, AcOH

CH;0

CH30©

OCH;

Experimental Procedures

Carbomethoxyquinone.® To a solution of 5 g. of methyl gentisate
in 50 ml. of dry benzene are added 5 g. of anhydrous potassium carbonate
and 15 g. of silver oxide (prepared as for the oxidation of 4-methyl-

30 Dischendorfer and Verdino, Monatsh., 66, 255 (1935).

341 Schultz and Stible, J. prakt. Chem. [2] 69, 334 (1904).

32 Seyewetz and Poizat, Bull. soc. chim. France [4] 13, 49 (1913).
33 Mérner, Z. physiol. Chem., 78, 306 (1912),

34 Fieser, Gates, and Kilmer, J. Am. Chem. Soc., 62, 2966 (1940).
35 Zincke and Miiller, Ber., 46, 1780 (1913).
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catechol, p. 314). The mixture is warmed to 40-50°, shaken for five
minutes, allowed to stand an additional five minutes, then filtered. The
precipitate of silver is extracted with 30 ml. of warm benzene, and the
total benzene solution is dried in the dark for three hours with anhydrous
potassium carbonate. The benzene is then removed in vacuum at 40°
and the residue dried in vacuum in the dark at room temperature. The
resultant yellow-brown crystal mass is treated with boiling carbon
disulfide, and the quinone solution is decanted from a viscous brown
residue. Crystallization is allowed to continue for several hours in the
dark at 0°. The yellow-red crystals of carbomethoxyquinone are col-
lected, washed with a little cold carbon disulfide, and dried in vacuum
in the dark. The yield is 3 g. (609;), m.p. 563.5-54°. The melting point
is not raised by recrystallization. This quinone is very sensitive to
moisture. '

Y-Quinonylbutyric Acid.3# For preparation of a diazonium reagent,
a mixture of 3.14 g. of sulfanilic acid dihydrate, 0.79 g. of anhydrous
sodium carbonate, and 15 ml. of water is heated and stirred until the
sulfanilic acid has dissolved. This solution is cooled in an ice bath to
15° (sodium sulfanilate begins to crystallize at this temperature) and
treated with a solution of 1.11 g. of sodium nitrite in 3 ml. of water.
The resulting solution is poured at once into a mixture of 3.2 ml. of
concentrated hydrochloric acid (sp. gr. 1.18) and 18 g. of ice contained
in a 50-ml. beaker. The solution, from which p-benzenediazonium
sulfonate separates on stirring, is allowed to stand in an ice bath for
about fifteen minutes before use.

A solution of 2.6 g. of crude v-(o-hydroxyphenyl)-butyric acid *** in
15 ml. of water containing 3 g. of sodium hydroxide is treated at 0°
with the diazonium reagent prepared as above. After fifty minutes the
solution is warmed to 70° and treated with 6.9 g. of sodium hydrosulfite.
The resulting pale-yellow solution is saturated with salt and cooled to
5°. The grayish precipitate which separates is collected and washed with
brine containing hydrosulfite, then dissolved in 30 ml. of 2569, sulfuric
acid. A little gummy material is removed by filtration, and the filtrate
is treated at 5° with 8 ml. of 4 N sodium dichromate solution. After
the dark-purple solution has stood at 5° for eleven hours it is diluted
with an equal volume of water and extracted five times with ether. The
combined extracts are washed twice with saturated brine, concentrated
on the steam bath to a volume of 250 ml., and then evaporated in vacuum
to half that volume. After Norit treatment the ether is removed in
vacuum, and 1.6 g. (57%) of a bright-yellow powder, m.p. 99-100°,
separates. The substance crystallizes from ether-petroleum ether as
yellow plates; the melting point of the pure substance is 104.9-105.3°.
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TABLE V *

MISCELLANEOUS QUINONES

Quinone Substance Oxidized Oxidizing Agent Yield Refer-
encest
2-Acetyl-3,5-6-trimethoxy- | 2-Flydroxy-3,4,6-trimneth- CrOz (AcOH) — 346
quinone oxyacetophenone
Benzoylquinone Benzoylhydroquinone NagCr207 (AcOH, 77% 339
H3804)
Benzylmercaptoquinone Benzyhnercaptohydroqui- | FeCl3 — 346a
none
53-Benzylmercaptotoluqui- | 5-Benzylinercaptotolu- FeClg - 346a
none hydroquinone
2,8-b7s-(2,5-Dihydro- 2,4,8-tr{s-(2,5-Diliydro-2,5- | INQj (sp. gr. 1.48) | — 347
2,5-diketo-1-pyrryl)- diketopyrryl)-phenol
quinone
2,8-b7s-(2,5-Diketo-1- 2,4,8-tr1s-(2,5-Dikoto- IINQO;g (sp. gr. 1.43) | — 348
pyrrolidyl)-quinoue 1-pyrrolidyl)-phenol
2,5-bis-(2,4-Dimethyl- 2,5-bis-(2,4-Dimethyl- Benzoyl peroxide — 349
1-pyrryl)-3,6-dibromo- 1-pyrryl)-3,6-dibromo-
quinone hydroquinone
2,5-bis-(0o- and p-Nitro- 2,5-bs-(o- and p-Nitro- FeClg — 350
phenylmercaptlo)-qui- phenylmiercapto)-hiydro-
none quinono
Butylammonium 2,5-di- Hydroquinone, butylamine, | Air, Cu(OH)y — 337
butylaminoquinone-3- and SOz
sulfonate
n-Bulylinercapioquinone n-Butylmercaptohydro- FeCl3 — 346a
quinone .
d-Camphor-10-sulfonyl- d-Camplior-10-sulfonyl- Ags0) or PbOy 30-80%% 330
quinone hydroquinone Pb(OAc)4 — 51
d-Camphor-10-sulfonyl- ¢-Cainplior-10-sulfonyl- AgyO or PbOy — 330
p-xyloquinone p-xylohydroquinone
Carbethoxyquinone Iithyl gentisate AgoO 80% (er.) | 332
Carbethoxytriphenylqui- 1ithyl triphenylgentisato CrQ; (AcOI) 50%, 238a
none
Carbomethoxyquinone Metlyl gentisate Ag0O 80%, 332
5-Carbomethoxytoluqui- Methyl 4-methylgentisnte | AgaO 80% 350a
none
6-Carbomethoxytoluqui- Methyl 3-mothylgentisate | AgeQ 844, 350a
none
Diammonium 2,5-diamino- | lIydroquinone, ammonia, | Air, Cu(QOH), — 334
quinonc-3,6-disulfonate and 802
Diamylammonium 2,5- Hydroquinone, amylamine, | Air, Cu(OH), — 338
diamylaminoquinone-3,6-| and SOg2
disulfonate
2,5-Dibcenzoylquinone 2,5-Dibenzoylhydroquinonc | AgsO 709% (cr.) | 331
2,6-Dibenzoylhydroquinone | NagCraO7 (AcOH, 60%, 339
. . H,804)
2,6-Dibenzoylquinone 2,6-Dibenzoyl-4-amino- K4S,03 Trace 340
phenol
Dibutylammonium 2,5-di- | Hydroquinone, butylamine, | Air, Cu(OH), — 337

butylaminoquinone-3,6-
disulfonate

and SOy

*Seep 315 for explanation of system and abbreviations in tables.
t References 346-355 are listed on p. 359.



SYNTHESIS OF BENZOQUINONES BY OXIDATION 357
TABLE V-—Continued
MISCELLANEOUS QUINONES
. 1 . ) Refer-
Quinone Substance Oxidized Oxidizing Agent Yield %
ences
2,5-Dicarbethoxy-3,6-di- 2,5-Dicarbethoxytetrahy- | HNOgy 30% 351
hydroxyquinone droquinone
2-(8,8-Dicarbomethoxy- 3-Carbomethoxy-3,4-di- FeClz (MeOH) 89%, 164b
ethyl)-3-bromo-5,6-di- hydro-5-bromo-6-hy-
mcthylbenzoquinone droxy-7,8-dimethylcou-
marin
2,3-Dicyanoquinone 2,3-Dicyanohydroquinone | Oxides from HNO3 | — 352
2,3-Dicyano-5-chloroqui- 2,3-Dicyano-5-chlorohydro- | Oxides from HNO3 | — 352
1one quinone
2,3-Dicyano-5,6-dichloro- | 2,3-Dicyano-5,6-dichloro- Oxides from HNO; | — 352
quinone hydroquinone
2,3-Dicyano-5,6-dibromo- | 2,3-Dicyano-5,6-dibromo- | Oxides from HNQO3 | — 352
quinone hydroquinone
Dicyclohexylammonium Hydroquinone, cyclohexyl- | Air, Cu(OH)q2 — 336
2,5-dicyclohexylamino- amine, and 80y
quinone-3,6-disulfonate
Diisoamylammonium 2,5- | Hydroquinone, isoamyl- Air, Cu(OH)» — 338
diisoamylaminoquinone- | amine, and SOy
3,6-disulfonate
Diisobutiylammonium 2,5- | Hydroquinone, isobutyl- Air, Cu(OH)» — 338
diisobutylaminoquinone- | amine, and SOg
3,6-disul{onate
Dimethylammonium 2,5- Hydroquinone, methyl- Air, Cu(OH)» — 335
dimethylaminoquinone- amine, and SOz
3,6-disulfonate
2-(Diphenylbenzoyl- 2-(Diphenylbenzoyl- HNOj (AcOH) — 266
methyl)-5-methoxyqui- methyl)-1,4,5-trimethoxy-
none benzene
2,3-, 2,5-, and 2,6-Diphthal-| 2,3-, 2,5-, and 2,6-Diphthal- | HNOg (sp. gr. 1.4) — 353
imidoquinone imidohydroquinone
Durylic acid quinone 2,4,5-Trimethyl-3,6-diam- | FeClg 100% (cr.) 95 (y.)
inobenzoic acid 333 (y.)
Lthylmercaptoquinone Lthylmercaptohydro- FeClg 62%, (0.) | 346a
quinone
Ethyl 8-pseudocumogqui- 3,4-Dihydro-5,7,8-tri- AgNO3 (EtOH) Good 253
nonylpropionate methyl-6-hydroxycou-
marin
Isobutylmercaptoquinone | Isobutylmercaptohydio- FeClz — 346a
quinone
2-Meconyl-5-methoxyqui- | 2-Meconyl-1,4,5-trimeth- HNO; (AcOH) — 266
none oxybenzene
2-(4’-Nitromeconyl)-5- 2-Meconyl-1,4,5-trimeth- HNO; (sp. gr. 1.4) 83% (or.) | 266
methoxyquinone oxybenzenc
2-Methylmercapto- 2-Methylmercapto- FeCl3 — 346a
5-phenylquinone 5-phenylhydroquinone
2-Methylmercapto-4- NagCra07 (Ha804) — 345
2-Methylmercapto- hydroxyaniline
quinone Methylmercaptohydro- FeCl3 71% (o0.) | 346a
quinone

* Refercnces 346-355 are listed on p. 359.
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TABLE V*—Continued

MISCELLANEOUS QUINONES

Quinone Substance Oxidized Oxidizing Agent Yield 1:::22:
2-Methylmercapto-3,5-di- | 2-Melhylmercapto-3,5-di- | FeClg — 346a
chloroquinone chlorohydroquinone
5-Methylmercaptotolu- 5-Methylmercaptotolu- FeCl3 — 346a
quinone liydroquinone
2-Phenylazoxyquinone 2-Phenylazoxyhydroqui- PbOy (AcOH) — 354
none
2-(o-Nitrophenylmer- 2-(o-Nitrophenylmer- FeClg — 350
capto)-quinone capto)-hydroquinone
Phthalicanhydiide quinone | 3,6-Dihydroxyphthalic Oxides from HNO3 | — 352
anhydride
2-Phthalidyl-5-methoxy- 2-Phthalidyl-1,4,5-trimetli- | INQO3 (AcOH) — 266
quinone oxybenzene
Phthalimidoquinone 3,6-Diliydroxyphthalimide | Oxides from HNO3 | — 352
Potassium S-2-(5-phenyl- | Potassium 8-2-(5-phenyl- CrO; — 346a
quinonyl)-thiosulfate hydroquinonyl)-thio-
sulfate
Potassium S-2-quinonyl- Potasgsium S-2-hydro- CrOsg — 346a
thiosulfate quinonylthiosulfate
n-Propylmercaptoquinone | n-Propylmeroaptohydro- FeCl3 80% (0.) { 346a
quinone
B-Pseudocumoquinonyl- 8-(2,4,5-Trimeothyl-3,6-di- | FeCls 56% 101
propionic acid aminophenyl)-propionic
acid
Barium lhiydroquinone sul- | PbOg (H2804) Poor 341
. lfoni id fonate
Quinonesulfonic aci Hydroquinonesulfonic acid | NagCrsO7 (H2S04) 909, (as | 342
Na salt)
Quinone tetrathioglycolio | Hydroquinone tetrathio- HNOs (dil.) - | 60% 353a
acid glyoolio aoid
Quinonylacetic acid Homogentisic acid NazCra07 (Ha804) 85-70%, 343
y-Quinonylbutyric acid 2-Hydroxy-5-amino-y- NagCraO7 (HeS04) 57% (c.) | 344
phenylbutyric acid
eQuinonyleaproio acid 2-Hydroxy-5-anino-e- NagCraO7 (HaS04) 83%, 344
phenylcaproic acid
2,5-Quinonyldiacetic acid | 2,5-Hydroquinonyldiacetic | KoCraO7 (HaS04) 85% 354a
acid
Tetracarbethoxyquinone Tetracarbothoxy-p-phenyl- | HNO;3 (conc.) 50-55%, g5
enodiamine
2,3,5-Trimethyl-6-(3’-keto- | 2,3,5-Trimcthyl-6-(3’-keto- | — — 255
butyl)-quinone butyl)-p-phenylencdi-
amine
2,3,5-Trimethylquinonc- 2,3,5~-Trimethylhydroqui- | FeClg — 355
a-thioacetic acid none-a-thioacetic acid
Triphenylquinonecar- Triphenylgentisic acid FeCl3 55% 238a

boxylic acid

* See p. 315 for explanation of system and abbreviations in tables.
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PREPARATIVE METHODS DEPENDING INDIRECTLY UPON OXIDATION

Halogenation of some quinones apparently proceeds by addition to
the double bond and elimination of halogen acid.™3% Halogenation of
other quinones, however, involves a dihalohydroquinone as an inter-
mediate. Halogenation of this latter group of quinones therefore serves
as an indirect route to halogenated quinones since the halohydroquinones
can be oxidized to the corresponding quinones. 3,5-Dibromo-2,6-di-
methoxyhydroquinone is obtained by addition of one mole of bromine
to 2,6-dimethoxyquinone.?®” The hydroquinone can be oxidized to the
quinone by chromic acid, ferric chloride, or a second mole of bromine.
In the preparation of dibromo-o-xyloquinone by bromination of o-xylo-
quinone, the dibromohydroquinone is an intermediate.%5

Treatment of quinone with a primary aleohol of low molecular weight
in the presence of zinc chloride gives the 2,5-dialkoxyquinone and hydro-

O

| OH oH
H Quinone
C,H,0H _Quinons
+ CoHOH — OC,H;
I | 0C,H; Ol
0 0
0
| OH
QOCsz * ©
| OH
0

%6 Nef, Am. Chem. J., 12, 463 (1890).
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quinone.®® It seems established 35%35% that this reaction involves the
1,4-addition of the alcohol, rearrangement to the hydroquinone, and
oxidation by a second molecule of quinone. A repetition of this process
gives one mole of 2,5-dialkoxyquinone and two moles of hydroqu none
from two moles of alcohol and three moles of quinone.

By similar condensations a variety of monosubstituted or 2,5-disub-
stituted quinones has been prepared. Thiols condense with quinones
on mixing the reactants in ethanol to give mono- or di-substituted qui-
nones in yields of 21-92.59%,.%5% Esters of amino acids *% react similarly
to give disubstitution products (61-649, yield). Indoles give a conden-

0
|

3 + 2H,NCH,C05C,H; E“‘““(‘)"
0
0
| OH
NHCH,C0,C,Hs
| + 2
H;C0,CCH,HN
| OH

sation involving the beta carbon atom; nearly quantitative yields of
monosubstitution products result.*® The condensation of ethyl cyano-

Ethauol
Hsc 80 min,, ]00

acetate, cyanoacetamide, or malononitrile with quinone in ammoniacal
ethanol gives the 2,5-disubstituted hydroquinone, %!

The most widely used condensation of this type is that with amines.
An extensive study of condensations with aromatic amines has been
made; 3% and, with ethanol as solvent, nearly quantitative yields of
disubstitution products are claimed. The condensation of methylamine

OH

OH

37 Knoevenagel and Biickel, Ber., 34, 3993 (1901).
33 Suida and Suida, Ann., 416, 113 (1918).

39 Fischer and Schrader, Ber., 43, 525 (1910).

30 Mphlau and Redlich, Ber., 44, 3605 (1911).

%1 Wood and Cox, Org. Syntheses, 26, 24 (1946).
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with a variety of quinones 77.116:25% 265 hag been studied (yields 34—-909 252).
Methoxyl groups may be replaced by methylamino groups.?5

(0]
I OH
Ethanol NHCH3
2CH;NHy, ———> 2
+ 2CHNH: CH:;HNQ + @
| ox
(6]

(63%)

0
|

90

I
0

o
I

|
O CI‘I;; Ethanol
2 2CH;NH >
QOCHz + 2CH:NH,
I

0
0
I OH
NHCH, OCH;
+ + CH;OH
CHHN OCHj OCH;
| OH
0
69%)

Since oxidation is only an incidental part of the reactions discussed
in this section, experimental procedures and a table of compounds are
not included. '
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INTRODUCTION

ervice

In the synthesis of complex molecules, particularly in connection with
natural products, it is occasionally desirable to prepare an aldehyde
when the readily available starting material is the corresponding acid.
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For accomplishing this transformation, RCO,H — RCHO, the Rosen-
mund reduction ! is probably the most useful method for application to
a large number of aldehydes of varied types.

The Rosenmund reduction consists in the selective hydrogenation
of an acid chloride in the presence of a suitable catalyst, usually
supported palladium, to the corresponding aldehyde. The reduction

RCOCI + H, —2223%, RCHO -+ HCI

is carried out by bubbling hydrogen through a hot sclution of the acid
chloride in which the catalyst is suspended.

SCOPE AND LIMITATIONS OF THE REACTION

The success of the method is dependent upon the resistance of the
aldehyde to reduction under the conditions which permit its formation
from the acid chloride. Since the reduction is effected by hydrogen in
the presence of a catalyst, the aldehyde so formed may be reduced
further to the corresponding alcohol and hydrocarbon.

Catalyst

RCHO + H; — RCH:0H

Catalyst

RCH,OH -+ H;, — RCH; + H,0

The reduction of the aldehyde can be prevented by the use of an
appropriate catalyst ‘‘poison’ or ‘‘regulator’’ which inactivates the
catalyst towards reduction of aldehyde but not of acid chloride. The
addition of a regulator was the result of an early observation of Rosen-
mund and Zetzsche.? These authors obtained nearly quantitative yields
of benzaldehyde in their first experiments on the reduction of benzoyl
chloride but later experienced difficulty in repeating the preparation.
It has been supposed that the success of the early experiments was due
to the presence of impurities, either in the solvents or in the acid chloride,
which acted as the poison. Consequently much attention has been paid
to the development of such regulators.?1® They usually contain sulfur

1 Rosenmund, Ber., 51, 585 (1918).

? Rosenmund and Zetzsche, Ber., 54, 425 (1921).

3 Rosenmund, Zetzsche, and Heise, Ber., 54, 638 (1921).

4 Rosenmund, Zetzsche, and Heise, Ber., 64, 2038 (1921).

5 Abel, Ber, 54, 1407 (1921).

8 Rosenmund and Zetzsche, Ber., 54, 2885 (1921).

7 Abel, Ber., 55, 322 (1922).

3 Rosenmund and Zetzsche, Ber., 55, 2774 (1922).

¢ Weygand and Meusel, Ber., 76, 503 (1943).
19 Weygand and Me isel, Ber., 76, 498 (1943).
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(“‘quinoline-S,’”’ thioquinanthrene, phenylisothiocyanate, thiourea). In
many reductions, however, it is not necessary to use a regulator, and
in some the use of the poison appears to be definitely disadvantageous.
Moreover, it has been reported ! that the decisive factor in the acid
chloride reduction is the temperature; if it is kept near the lowest point
at which hydrogen chloride is evolved, the aldehydes are obtained in
optimal yields.

If further reduction of the aldehyde to aleohol and hydrocarbon does
take place, both the alcohol and the water react with the acid chloride,
yielding the ester and the acid anhydride, respectively. The formation

RCOC! + RCH;0H — RCO,CH:R + HCI
RCOCI + H,0 — RCO,H -+ HCI
RCOC! + RCO;H — (RCO),0 + HCI

of the acid anhydride is said to be an important side reaction in the
reduction of certain heterocyclic acid chlorides when traces of oxygen
and water are present in the hydrogen used.’ Other reductions which
may occur as side reactions involve the formation of the ether,
RCH,0CH;R; and the cleavage of the ester, RCO,CH,R, to the acid,
RCO,H, and the hydrocarbon, RCHj3.%* These appear to be of no
practical significance, however.

Some acid chlorides undergo reductive removal of the —COC! group
according to the following scheme:

RCOC1] + H; — RH -+ CO 4 HC]

This cleavage occurs as a side reaction in the reduction of many hetero-
cyclic acid chlorides and has been observed in the preparation of alde-
hydes from p-anisoyl,? 3,4,5-trimethoxybenzoyl,}* and 2-naphthoyl chlo-
ride.* Triphenylacetyl chloride is converted quantitatively to tri-
phenylmethane.!®

The Rosenmund method appears to be generally applicable to the
preparation of aliphatic and aromatic monoaldehydes when the corre-
sponding acid chlorides are available. There have been fewer occasions
to use it in the aliphatic series than in the aromatic and heterocyclic
groups; however, the preparation of chaulmoogryl aldehyde ' from the

1 Boehm, Schumann, and Hansen, Arch. Pharm., 271, 490 (1933).
2 Rojahn and Fahr, Ann., 434, 252 (1923).

13 Spiath, Monatsh., 40, 129 (1919).

14 Hershberg and Cason, Org. Syntheses, 21, 84 (1941).

1 Daniloff and Venus-Danilova, Ber., 59, 377 (1926).

16 Wagner-Jauregg and Voigt, Ber., T1, 1973 (1938).
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acid in almost quantitative yield, and the preparation of several tri-
terpene aldehydes,'™ indicate its value in the conversion of naturally
occurring acids to aldehydes.

The chlorides of dibasic acids do not ordinarily give good yields of
dialdehydes. For example, succinyl chloride is converted largely to
butyrolactone,?® and o-phthalyl chloride yields phthalide.?? From the
reduction of adipy! chloride the corresponding aldehyde-acid and cyclo-
pentenecarboxylic acid have been isolated.?’ Apparently, part of the
difficulty in preparing higher aliphatic dialdehydes lies in the ease with
which the products polymerize during attempted purification. 2526 28 29
Dialdehydes are obtained from m- and p-phthalyl chloride in yields of
about 809,,%%% but the preparation of 1,8-naphthalaldehyde from naph-
thalic acid dichloride fails completely.2

It is not yet possible to generalize concerning the extent to which
reducible groups other than —COC! may interfere with the Rosenmund
reduction. In the presence of a regulator, p-nitrobenzoyl chloride  and
o-chlorobenzoyl chloride? can be converted to the aldehydes without
reduction of the nitro group or removal of the nuclear chlorine atom.
Certain acid chlorides containing chlorine atoms attached to a pyridine
ring give the chloro aldehydes 32 in the absence of a regulator. Cin-
namoyl! chloride can be reduced to cinnamic aldehyde by operating at
slightly reduced pressures in the presence of a regulator, but the yield
is only fair (50-60%).3%

The yield of aldehyde in the Rosenmund reduction varies greatly.
While some acid chlorides give none or very little of the aldehyde,
most acid chlorides give over 509, and yields over 809, are not un-
common.

The method has been used with small quantities ' of acid chloride as

¥ Ruzicka and Schellenberg, Helv. Chim. Acta, 20, 1553 (1937).

13 Ruzicka and Marxer, Helv. Chim. Acta, 22, 195 (1939).

1 Ruzicka and Wirz, Helv. Chim. Acta, 22, 948 (1939).

% Ruzicka and Wirz, Helv. Chim. Acta, 23, 132 (1940).

2 Ruzicka and Marxer, Helv, Chim. Acta, 23, 144 (1940).

22 Ruzicka and Hiusermann, Helv. Chim. Acta, 25, 439 (1942).

#e Ruzicka, Rey, Spillmann, and Baumgartner, Helv. Chim. Acta, 26, 1638 (1943).

2 Ruzicka and Marxer, Helv. Chim. Acta, 25, 1561 (1942).

¢ Ruzicka, Rey, Spillmann, and Baumgartner, Helv. Chim. Acta, 26, 1659 (1943).

% Froschl, Maier, and Heuberger, Monatsh., 59, 256 (1932).

% Rosenmund, Zetzsche, and Fliitsch, Ber., 54, 2838 (1921).

% Zetzsche, Flitsch, Enderlin, and Loosli, Helo. Chim. Acta, 9, 182 (1926).

2 Wagser, Helv. Chim. Acta, 8, 117 (1925)

? Rosenmund, Zetzsche, and Enderlin, Ber., 55, 609 (1922).

3 Davies and Leeper, J. Chem. Soc., 1927, 1124.

31 Graf and Weinberg, J. prakt. Chem., [2] 134, 177 (1932).

32 Graf and Lészlé, J. prakt. Chem., [2] 138, 231 (1933).
3 Rosenmund, Zetzsche, and Weiler, Ber,, 56, 1481 (1923).
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well as on the usual preparative scale.'#3* No variation in the yield with
the quantity of reactants has been reported.

A few acid chlorides have been converted to aldehydes by vapor-
phase catalytic reduction. Excellent yields of benzaldehyde and iso-
valeraldehyde have been obtained 35 by passing the acid chlorides and
hydrogen at atmospheric pressure over palladinized asbestos at about
200°. Phenylacetyl chloride, however, gave phenylethyl alcohol and
ethylbenzene, and succinyl chloride gave butyrolactone. Aromatic and
higher aliphatic chlorides have been reduced %% to aldehydes by operat-
ing at reduced pressures with nickel, nickel chloride, and platinum as
catalysts. These methods appear to present no definite advantage.

EXPERIMENTAL CONDITIONS AND REAGENTS

Preparation of the Acid Chloride. The acid chloride may be prepared
by any one of the usual methods,38-57 but it should be purified by distilla-
tion or crystallization immediately before use. The thionyl chloride
method is to be preferred to those using phosphorus halides. Though
traces of thionyl chloride do not affect the Rosenmund reduction appre-
ciably, phosphorus compounds are more serious poisons, and even traces
may retard or prevent the reduction.5s 5

3¢ Barnes, Org. Syntheses, 21, 110 (1941).

% T'roschl and Danoff, J. prakt. Chem., [2] 144, 217 (1936).

3 Grignard and Mingasson, Compt. rend., 185, 1173 (1927).

37 Escourrou, Bull. soc. chim. France, (5), 6, 1173 (1939).

8 Clark and Bell, Trans. Roy. Soc. Can., [3] 27, 97 (1933).

3 Meyer, Monalsh., 22, 4156 (1901).

4 Silberrad, J. Soc. Chem. Ind., 45, 36, 55 (1926).

4 McMaster and Ahmann, J. Am. Chem. Soc., 50, 145 (1928).
4 Spiith and Spitzer, Ber., 59, 1477 (1926).

4 Meyer and Graf, Ber., 61, 2202 (1928).

4 Fuson and Walker, Org. Syntheses, Coll. Vol. 2, 169,

4 Helferich and Schacfer, Org. Syntheses, Coll. Vol. 1, 147, 2nd ed.
49 Martin and Ficser, Org. Syntheses, Coll. Vol. 2, 569.

47 Fieser and Poters, J. Am. Chem. Soc., 54, 4373 (1932).

4 Carré and Libermann, Compt. rend., 199, 1422 (1934).

4 Kissling, Ger. pat., 701,953 [C. A., 36, 99 (1942)].

% Kyrides, J. .Am. Chem. Soc., §9, 206 (1937).

51 Kyrides, Org. Syntheses, 20, 51 (1940).

8 Ruggli and Maeder, Helv. Chim. Acta, 26, 1476 (1943).

8 Carré and Libermann, Compt. rend., 201, 147 (1935).

% Webb and Corwin, J. Am. Chem. Soc., 66, 1456 (1944).

% Boon, J. Chem. Soc., 1945, 601.

% Wood, Jackson, Baldwin, and Longenecker, J. Am. Chem. Soc., 66, 287 (1944).
8 Adams and Ulich, J. Am. Chem. Soc., 42, 599 (1920).

% Zetzsche and Arnd, Helv, Chim. Acta, 8, 591 (1925).

% Zetzsche and Arnd, Helv. Chim. Acta, 9, 173 (1926).
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The Hydrogen. Commercial electrolytic hydrogen directly from the
cylinder is most satisfactory. When it is necessary to remove traces of
oxygen, as in the preparation of heterocyclic aldehydes, the hydrogen is
passed over a hot copper spiral 12388 and dried. Drying has been
accomplished by passing the hydrogen over Dehydrite © or Drierite.}

The Solvent. The solvents which have been used most frequently
are xylene and toluene. To a lesser extent benzene, tetralin, and decalin
have been employed. The use of other hydrocarbons and of ethers has
been reported.»%* Although aromatic hydrocarbons of commercial
grade have often been used for the Rosenmund reduction, it is preferable
to use highly purified solvents (with a known amount of regulator where
necessary) so that the preparation of a given aldehyde is reproducible.

The purification of the solvent has been generally accomplished by
distillation over sodium. Impurities containing sulfur can be destroyed
by distillation of the solvent from Raney nickel catalyst.s ¢

The solvent in the Rosenmund reduction is used in amounts of three
to six times the weight of the acid chloride.

The Catalyst. As catalyst, palladium on barium sulfate is commonly
used, ordinarily with a palladium content of 5%, occasionally of 2-3%.
Generally, 1 part of the catalyst is used for 5-10 parts of acid chloride.
Other carriers, as kieselguhr,>® charcoal, 258 and calcium carbonate,?®
have been reported. Other metals, such as osmium,? platinum,® 3
and nickel, 3376667 have been used.

The Regulator. The poison most commonly used is the crude prepa-
ration of thioquinanthrene, called ‘“‘quinoline-sulfur’’ or ‘‘quinoline-S.’’ 2
Whenever the necessity of a regulator is indicated, it is advisable, for
the sake of reproducibility, to use freshly prepared ‘‘quinoline-S’’ 1033
or pure thioquinanthrene 23 (for preparation and structure, see Edinger
and asgociates %72 or other pure sulfur-containing compounds.?2 Of the
latter thiourea has been recommended. The amount of regulator re-
ported varies widely. About 10 mg. of ‘“‘quinoline-S’’ per gram of
catalyst will usually be found satisfactory.*

% Rojahn and Trieloff, Ann., 445, 296 (1925).

81 Rojahn and Seitz, Ann., 437, 297 (1924).

82 Mosettig and van de Kamp, J. Am. Chem. Soc., 55, 2995 (1933).

88 Zetzsche, Enderlin, Flutsch, and Menzi, Helv. Chim. Acta, 9, 177 (1926).

8 Mozingo, Wolf, Harris, and Folkers, J. Am. Chem. Soc., 65, 1013 (1943).

% Adkins, Reactions of Hydrogen, University of Wisconsin Press, p. 28, 1937.

86 Schliewienski, Z. angew. Chem., 35, 483 (1922).

% Rosenmund, Z. angew. Chem., 35, 483 (1922).

s Bdinger, Ber., 33, 3769 (1900).

8 Edinger and Lubberger, J. prakt. Chem., [2] 54, 340 (1896).

" Edinger, J. prakt. Chem., [2] 56, 273 (1897).

I Edinger and Ekeley, Ber., 35, 96 (1902).
72 Edinger and Ekeley, J. prakt. Chem., [2] 66, 209 (1902).
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General Precautions. The apparatus employed in the reduction must
be carefully dried. Catalyst and solvent too must be free from water.
When one of the lower-boiling hydrocarbon solvents is used, it is con-
venient to exclude moisture completely by placing the solvent, catalyst,
and regulator in the reduction apparatus and distilling part of the
solvent. The reflux condenser jacket is left empty, and, while a slow
stream of hydrogen is passed through the stirred catalyst suspension,
the solvent is heated to boiling and some solvent allowed to distil
through the condenser. This fraction of solvent, which may be con-
densed by an auxiliary condenser, carries with it any water present.
Heating is then interrupted, the circulation of water through the con-
denser is started carefully, and the acid chloride is added.

The apparatus used in the Rosenmund reduction should be as nearly
all glass as possible. A Kyrides stirrer seal 7 made with Neoprene tubing
is convenient. When mercury-sealed stirrers are used, mercury must
not be allowed to splash into the reaction mixture. A Hershberg stirrer
made with tantalum wire ' is preferable to a glass stirrer, as it is much
less likely to break during the rapid stirring which is necessary.

EXPERIMENTAL PROCEDURES

Excellent directions for the Rosenmund reduction under the usual
conditions are those of Hershberg and Cason for p-naphthaldehyde,
published in Organic Syntheses;* these are complete, detailed, and in-
volve the use of the poison. Directions are given also for the prepara-
tion of an aldehyde (2,4,6-trimethylbenzaldehyde) without the use of
the poison.3*

Preparation of the Regulator (Quinoline-Sulfur ). Six grams of
freshly distilled quinoline and 1 g. of sulfur are heated under reflux for
five hours. After cooling, the mixture is diluted to 70 ml. with xylene
to permit convenient measurement of an aliquot containing the desired
amount of the regulator. This solution, which contains 0.1 g. of the
regulator per milliliter, inay be diluted to larger volumes if small quan-
tities of the regulator are desired.

Preparation of Palladium-Barium Sulfate.’" s A suspension of 1.7
g. of dry palladium chloride in 100 ml. of water containing 1 ml. of con-
centrated hydrochloric acid is heated on a steam bath or is allowed to
stand (several days) until a clear, dark red solution is obtained. A

78 Wayne and Adkins, Org. Syntheses, 21, 39 (1941).

™ Schmidt, Ber., 52, 409 (1919).

% Mozingo, Harris, Wolf, Hoffhine, Easton, and Folkers, J. Am. Chem. Soc., 67, 2092

(1945).
¢ Mozingo, Org. Syntheses, 26, 77 (1946.)
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solution of 15 g. of anhydrous sodium sulfate in 200 ml. of water is added
in the course of five minutes to a mechanically stirred solution of 21 g.
of barium chloride dihydrate in 200 ml. of water at 70°. The precipitate
is washed by decantation with hot water until the washings do not give
a precipitate with aqueous silver nitrate. The barium sulfate is then
suspended in 300 ml. of water containing 1 ml. of 409, aqueous formal-
dehyde. The suspension is heated to 80°, and the solution of palladium
chloride is added. The well-stirred mixture is neutralized to litmus by
the addition of 1 N sodium hydroxide solution over a period of fifteen
to thirty minutes. Heating and stirring are continued for twenty
minutes after a weakly alkaline reaction has been observed. The gray
precipitate is allowed to settle and is then washed by decantation until
the washings are chloride free. The precipitate is filtered by gentle
suction and is dried in a desiccator over calcium chloride. The dry
catalyst contains 5% of palladium.

Preparation of 1-Acenaphthaldehyde.”® In a 200-ml. round-bottomed
flask equipped with a reflux condenser, a sealed stirrer, and a gas inlet
tube reaching to the bottom of the flask are placed 75 ml. of xylene,
0.35 g. of 29, palladium-barium sulfate catalyst, and 0.075 g. of quino-
line-sulfur. A slow stream of hydrogen is passed through the stirred
mixture while the temperature is raised to reflux and any water is co-
distilled. The condenser water is turned on, and 7.5 g. of 1-acenaphthoyl
chloride is added to the hot mixture. The mixture is rapidly stirred at
reflux temperature (bath at about 160°) while hydrogen is passed
through the mixture. The exit gases are passed through a Drierite tube
and bubbled through water. The hydrogen chloride is titrated from
time to time. After about five and one-half hours no more hydrogen
chloride is formed; about 889, of the theoretical amount is evolved.
After cooling, the catalyst is removed by centrifuging and the solvent
is distilled under reduced pressure. The residue is distilled to give about
5 g. of crude aldehyde, b.p. 1560-165°/2 mm. The aldehyde is dissolved
in ether-benzene and shaken overnight with 75 ml. of saturated sodium
bisulfite solution, and the bisulfite addition product is separated by
centrifuging and decomposed with sodium carbonate solution to give
4.5 g. (729,) of 1-acenaphthaldehyde, m.p. 93-99°. The product may
be recrystallized from ether-petroleum ether to give faintly yellow needles
melting at 99.5-100.5°.

Preparation of 3-Phenanthraldehyde.? One hundred grams of freshly
distilled 3-phenanthroyl chloride is dissolved with warming in 200 ml
of decalin (distilled over sodium) in an apparatus (Fig. 1) of 400-ml.
capacity. Fight grams of 59, palladium-barium sulfate catalyst is

% Fieser and Hershberg, J. Am. Chem. Soc., 62, 49 (1940).
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added. The reaction vessel is placed in an oil bath, and a rapid stream
of hydrogen is passed into the solution. A faint development of hydro-
gen chloride commences at 70°; the rate of evolution increases with rise
in temperature and reaches a maximum at 180°, at which temperature
the reduction is carried out. The hydrogen chloride formation drops off

quite suddenly after five to ten hours, and at the
C point where it becomes faint the reaction is inter-
rupted.

After the reaction mixture has cooled to room tem-
perature, the decalin solution is decanted from the
catalyst, diluted with 600 ml. of ether, and shaken
with an equal volume of saturated sodium bisulfite
solution for twelve hours. The voluminous precipi-
tate of bisulfite compound is filtered and is washed
thoroughly with ether. The bisulfite compound is
decomposed by boiling with excess dilute aqueous
sodium carbonate, and the aldehyde is extracted with
ether. The ether solution is dried, and the ether is
evaporated. The aldehyde crystallizes immediately.
It contains traces of decalin, which are washed out
with petroleum ether. It ig distilled at reduced pres-
U sure (oil pump). The average yield is 909%,. The

aldehyde can be recrystallized from benzene by the
Fa. 1 addition of petroleum ether to give a product that
melts at 79.5-80°.

2- and 9-Phenanthraldehydes. These are prepared in the same man-
ner as the 3-aldehyde except that 4 parts of decalin are employed in
the reduction of 1 part of acid chloride. The yield of the 2-isomer, m.p.
59-59.5°, recrystallized from benzene-petroleum ether, is 709,. The
yield of the 9-isomer, m.p. 100.5-101°, recrystallized from ethanol, is

909,

TABLES OF ACID CHLORIDES REDUCED BY THE ROSENMUND
METHOD

In the following tables are summarized the compounds whose reduc-
tion by the Rosenmund method is reported in the literature to Novem-
ber, 1947. Acid chlorides in which the functional group is attached to
an aliphatic or hydroaromatic residue are listed in Table I; aromatic
and heterocyclic acid chlorides are listed in Tables IT and III, respec-
tively.



ROSENMUND REDUCTION 371
TABLE I
AvL1PHATIC, HYDROAROMATIC, AND ALIPHATIC-AROMATIC ALDEHYDES
Tempera- Yield of Refer-
Acid Chloride Solvent o Catalyst Regulator Aldehyde,
ture, °C ence*
%
Butyryl chloride Lther — Pd-BaS04 (5%) { None 50 1
TIsovaleryl chloride (In gas phase) | 190-200 | Pd-asbestos None Quantitative| 35
a-Ethyhisovaleryl chloride Xylene 130-140 | Pd-BaSO4 None 7 7
Stearoy! chloride Xylene 150 Pd-BaS0, (5%) | None 17-21% 1,78
Undccylenoy! chloride Xylene — Pd-BaS04 Thiourea — 79
B-Carbomethoxypropiony! Xylene 110 Pd-BaS04 (5%) | Quinoline-S 65 14
chloride
v-Carbomethoxybutyryl Xylene 140-150 | Pd-BaS04 (5%) | Qumoline-S 52 80
chloride
rac.-Pilopic acid chloride Benzene Room tem- | Pd-BaS04 (6%,) | None 73 81(a)
perature
rac.-Isopilopic acid chloride Xylone Reflux Pd-BaS0, None 75 81(b)
d,l-Homoisopilopic acidchloride| Xylene Reflux Pd-BaS04 None — 81(c)
Sebacic cthyl ester chloride Xylene — Pd-BaS04 (5%) | None 70-80 82
"Hydnochaulic acid” chloride 4| Xylene 160 Pd-BaS0, None 94.5 16
Acetyloleanolyl chloride Xylene — Pd-BaS04 (6%) | Quinoline-S 64 17
Acetyldesoxoglycyrrhetinyl Xylene 155 Pd-BaS0s (5%) | Quinoline-S 79 18
chloride
Acetyl-8-boswollinyl chlorido | Toluene — Pd-BaS04 (6%) | None — 19
Acctlyl-a-boswellinyl chloride | Toluene — Pd-BaS04 (5%) | None — 20
Diacctylhederagenin chloride | Xylene 150 Pd-BaS04 (5%) | Quinoline-S — 21
Acctylepielemenolic acid chlo- | Tolucno 80 Pd-BaS04 (5%) | Nono 59 22, 22¢
ride
Acetylquinovayl dichloride Benzene 85 Pt None —e 23
Novay! chloride Xylene — Pd-BaSOy None — 23
Acctylpyroquinovayl chloride | Xylene 150 Pd-BaSO4 None — 23
Elemenoyl chloride Tolucne 90-100 | Pd-BaSO4 None — 24
1soelemenoyl chloride Tolucne — Pd-BaSO4 None 58 24
Diacetylechinocystic acid chlo- | Xylene 85 Pd-BaS04 (5%) | None — 82a
ride
O-Methylpodocarpic acid chlo- | Xylene — Pd-BaS04 (10%) | None 80/
ride
0O-Methyl-7-isopropyl podo- | Xylene — Pd-BaS04 (10%) { None 88
carpic acid chloride
Dehydroabietic acid chloride | Xylene — Pd-BaS0, (10%) | None 38¢ 83
6-Methoxydehydroabietic acid | Xylene — Pd-BaS04 (10%) | None 56 83
chloride
rac.~a-7-Methyl bisdehydrodo- | Xylene 125 Pd-charcoal None — 83a
isynolic acid chloride (10%)
rac.-B3-7-Methyl bisdehydrodo- | Xylene 125 Pd-charcoal None — 83a
isynolic acid chloride (10%)
(+)7-Methyl doisynolic acid | Xylene 100120 | Pd-charcoal None — 8a
chloride 10%)
A% 14.2,13-Dimethyl-2-carbo~ | Toluene 100~120 | Pd-charcoal None — 83b
methoxy-78-acetoxydodeca- 10%)
hydrophenanthryl-1-acetyl
chloride
2,13-Dimethyl-2-carbometh- Toluene 110~120 | Pd-charcoal None — 83b
oxy-Ta-acetoxyperhydro- 10%)

phenanthryl-1-acetyl
chloride

* References 77-84 are listed on p. 376.
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TABLE I—Continued

Av1PHATIC, HYDROAROMATIC, AND ALIPHATIC-AROMATIC ALDEHYDES

Tempera~ Yield of Refer-
Acid Chloride Solvent o Catalyst Regulator Aldehyde,
ture, °C ence*
%o
Phenylacetyl chloride Tolucne 125 Pd-BaS04 Thioquin- 80 2
anthrenc

Triphenylacetyl chloride Benzene, — Pd-BaS04 None ok 15

toluene,

xylene
B-o-Methoxyphenylpropionyl | Xylene — Pd None — 84

chloride
Phonoxyacetyl chloride Xyleae 150 Pd-BaS04 Quinoline-3 72¢ 33
Cinnamoyl chloride Xyleno 122/560 { 1’d-BaS04 Thioquin- 50-60 ¢ 33
mm, anthrene,
quinoline-S
o-Chlorocinnamoyl chloride Xylene 125/560 | Pd-BaSO4 Quinoline-S 61-92 ¢ 33
mm.

Oxalyl chloride Benzene 40-50 Pd-BaSO0y (6%) |-- 0* 25
Malony! chloride Benzenc 90 Pd-BaS04 (5%) | — 0 25
Sueciny! chloride Benzene, — Pd-BaS04 (6%) | Quinoline-S 0% 25

toluone,

tetralin
Adipy! chloride Toluzenc -— Os-charcoal None 0! 25

Pa-BaS04 (6%)
Suberyl chlorido Xylene 165 Pd-kicselguhr Quinoline-S 76 ™ 26, 25
25%)

Sebacyl chloride Xylone — Pd-CaCO3 (2%) | Nonc —n 28, 29
Tetraacetyl-d-ribonyl chloride | Xylenc — Pd-Bal0y4 6%) | — — 84a

* References 77-84 are listed on p. 376.
% Yield oalculated from bisulfite compound.
Yield from steario acid calculated on the basis of the purest semithiocarbazone obtained.

¢During the Rosenmund reduction both partial reduction and extensive migration of the double
bond takes place. Addition of bromine to undecylenoyl chloride removes the possibility of rearrange-
ment and allows reduction of the acyl chloride group to the aldehyde. By treating the resulting di-
bromoundecylenyl aldehyde diethyl acetal with cthanolic potlagsium hydroxide, undecyne-10-al-1
d1ethy1 acetal hag becn obtained.

4 The authors did not employ the chloride of a Lhomogencous chaulmoogric acid but a mixture of
chlorides obtained from a mixture of cliaulinoogric acid and hydnocarpic acid which they named
hydnochaulic acid. During the reaction, migration of the alicyclic double bond took place. The use
of ”quinoline-S" reduced the yicld somewhat.

¢ In the Rosenmund reduction of this dichloride only onc acyl chloride group is converted to the
aldehyde group. Carbon monoxide and hydrogen chloride are eliminated with the formation of a new
olefinio bond.

/ Calculated from the employed acid.

8 Calculated from isolated semicarbazone.

f' Triphenylmethane is formed quantitatively.

* Only gaseous products were formed; carbon monoxide was absorbed in ammoniacal cuprous chlo-
ride solution.

? Benzylmalonyl chloiide, methylbenzylmalonyl chloride, and diethylmalonyl chloride gave also
only amorphous products.?”

Main product, butyrolactone; by-products, 8-formylpropionic acid and succinic anhydride.

! From the reaction products were isolated 5 formylvalerlc acid and cyclopentenecarboxylic acid.

™ Caleulated from isolated dioxime.®

% The dialdehyde was obtained first in monomeric form and converted into the bisulfite compound,
from which the dioxime was prepared. In an attempted vacuum distillation of the aldehyde, spon-
taneous polymerization occurred.?® Rosenmund, Zetzsche, and Enderlin ? reported an 80% yield
(calculated on bisulfite compound) using xylene, Pd-kieselgubr (2.5%,), and quinoline-sulfur.
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TABLE II
AROMATIC ALDEHYDES
Temper- Yield of
Acid Chloride Solvent ature, Catalyst Regulator | Aldehyde, | Refcrence*
o0y 9,
Benzoyl chloride 80-100 1,2,9,35
p-Carbomethoxyoxybenzoy! 1sopropy! — 1’d-BaS0y4 (5%,) None — 1
chloride benzene
Anisoyl chloride — — — — 81 33
m-Methoxybenzoyl chloride Xylene — Pd-BaS04 (5%) Quinolne-S 67 85
Chlorocarbonyl-(C14)- Xylenc 140-150 | Pd-BaSOs (5%) Quinoline-3 73¢9 85u
p-methoxybenzoy! chloride
3,4-Dimethylbenzoyl chloride | — — — — 33 86
2-Methyl-5-methoxybenzoyl Xylene — Pd-Baf04 (5%) Noie 13 87
chloride
3,56-Dimethoxybenzoy! chloride | Xylenc — Pd-BaS04 (5%) Quinoline-8 73 85
3,5-Diacctoxybenzoyl chloride | Xylene 160 Pd-BaS04 (4%) None - 88
3-Mcthoxy—-4-acetoxybenzoyl | Xylene — Pd-Ba804 Quinoline-§ —° 33
chloride
2,5-Dicarbomethoxyoxy-3- Toluene 110 Pd-BaS04 (5%) Quinolinc-S —d 88a
ethylbenzoyl chloride
2,5-Dicarbomethoxyoxy-4- Toluene 110 1d-BaS04 (5%) — —d 88a
cthylbenzoy! chloride
2,5-Diacetoxy-3-hexylbenzoyl | Tolucne 110 Pd-BaS04 (5%) Quinoline-8 —d 88a
chloride
2,5-Diacetoxy-4-hexylbenzoyl | Toluenc 110 Pa-BaS04 (5%) Quinoline-S —d 88a
chloride
2 4,6-Trimethylbenzoyl chloride| Xylene — 1’d-BaS04 None 70-80 34
3,4,5-Tricarbomethoxyoxy- Xylene 100 Pd-BaS04 None 80 11, 89
benzoy! chloride
3,5-Dimethoxy-4-carbethoxy- | Toluene 120-125 | Pd-BaS04 (5% None 49¢ 90
oxybenzoy! chloride
3.4-Dimethoxy-5-carbometh- | Toluene 110 1’d-BaS04 Nonc — 91
oxyoxybenzoyl chloride
3,4-Dimethoxy-5-carbothoxy- | Tolucne -— Pd-BaS0y4 (2%) Quicoline-S| 36-50 92
oxybenzoy! chloride
4-Methoxy-3,5-dicarbometh- | Toluenc 110 d-BaS04 None — 93, 94
oxyoxybenzoy! chloride
3,4,5-Triacctoxybenzoyl Xylene — | Pd-BaS04 Quinoline-S|  70-~90 95, 89
chloride
3,4,5-Trimethoxybenzoyl Xylenc — Pd-BaS04 (3%) None 80 96, 13, 97, 98,
chloride ¢ 99, 100, 101,
101a
3.4,5-Triethoxybenzoy! chloride| Xylene 150 Pd-Ba804 (5%) None — 99
2-Ethoxy-3,4-dimethoxyben- | Toluene — Pd-BaS04 None 72 102
zoyl chloride
o-Chlorobenzoy! chloride Toluene — Pd-kicselgubr (2%) | Quinoline-S 70 2
m-Fluorobenzoyl chloride Xylene/ — Pd-BaS04 None 80 103
3,5-Difluoro-4-methoxyben- Xylene — Pd-BaS04 (5%) Quinoline-3 — 104
zoyl chloride
p-Nitrobenzoyl chloride Xylene 150 Pd-kieselguhr (2%,) { Quinoline-S 91 2
B8-Naphthoyl chloride Xylene 150 Pd-BaS04 (2%) Quinoline-§ 84 14,76
3-Methoxy-1-naphthoyl Xylene — Pd-BaS04 None — 105
chloride
5-Methoxy-1-naphthoyl Xylene 170 Pd-BaS0, None 3040 106, 105
chloride

* References 85~118 are listed on pp. 376-377.
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TABLE II—Continued

AROMATIC ALDEHYDES

Temper- Yield of
Acid Chloride Solvent ature, Catalyst Regulator | Aldehyde, | Reference*
oQ %
1-Acetoxy-3-naphthoylchlorido | Xylene 150 Pd-BaS04 6%) Quinoline-8 70 14, 107
4-Chloro-1-naphthoyl chloride { Xylene 160 Pd-BaS04 (5%) Quinoline-3 73 107a
8-Chloro-1-naphthoyl chloride | Xylene 150 Pd-BaS04 (5%) Quinoline-3 3¢ 107a
5-Bromo-1-naphthoyl chloride | Xylene — Pd-BaS04 None — 105
1,2,3,4-Tetrahydro-6-naph- Cymene — Pd-BaS04 & — 65~70 108
thoyl chloride
1,2,3,4-Tetrahydro-6-acetoxy-7-| Xylene — Pd-BaS04 None —t 110
naphthoyl chloride
1-Acenaphthoy! chlorido Xylene 150-160 | Pd-BaS04 (2%) Quinoline-8 72 76
2-Phenanthroyl chloride Decalin 180~185 | Pd-BaS0y4 (5%) Nono 70 62
3-Phenanthroyl chloride Deealin 180-185 | Pd-BaS0y4 (5%) None 90 62
9-Phenanthroyl chlorido Deealin 180-185 | Pd-BaSQ, (5%) None 90 62
9,10-Dihydro-2-phenanthroyl | Deealin 180185 | Pd-BaS04 (6%) None 70 m
chloride
2-Methoxy-9,10-dihydro-7- Decalin 180-185 | Pd-BaS0, 6%) None 67¢ 11
phenanthroyl chloride
2-Anthraquinonecarbonyl Xylene 150-160 | Pd-BaS04 (6%) Nono® 57 112
chloride
1,8-Diacetoxy-3-anthraqui- Xylene 150~160 | Pd-BaSO04 (6%) None — 12
nonecarbony! chloride
1-A cetoxy-8-anthraquinone- Xylene 130-140 | Pd-BaS04 (5%) None —k 113
carbony! ohloride
1-Acetoxy-3-anthraquinone- Xylene 140-150 | Pd-BaS04 (6%) None — 113
carbony! chloride
p-Phthaly! chloride Xyleno 150 Pd-kieselguhr (2.6%) | Quinolino-S 81 26, 25, 58
m-Phthalyl chloride Xylene 150 Pd-kicselguhr (2.6%) | Quinoline-8 83 26
o-Phthalyl chloride ¢ Tetralin 150 Pd-kieselgubr (2.5%) | Quinoline-S | 5-6™ 27, 26
1,8-Naphthalyl chlorido — - |= — or 30

* References 85~118 are listod on pp. 376-377.

@ Yield calculated on the acid employed.

b The corresponding dihydroxyaldehyde was isolated in a yiold of 81%.

° Yield of vanillin 82%,.

4 Isolated as the dihydroxy compound,

° Reduotion was carried out with 100 g. of acid ohlorido.

! Commercial xylene.

2 The same batch of catalyst was used five times. It was then reactivated by heating in a casserole
for one hour over a strong flame. On the other hand, Pd-BaSQ4 has been heated to 600° for twenty
minutes in order to deactivate it partially (hydrogenation of acetylenic to olefinic bond).1%?

’_‘ The corresponding hydroxyaldehyde was isolated in a yield of about 40%.

* When “quinoline-3” was employed, the yield was poor.

? The corresponding dihydroxyaldehyde was isolated in a yield of 50%.

% The corresponding hydroxyaldehyde was isolated in a yield of 50%.

! For the preparation and structure of phthalyl chloride, succinyl chloride, and related compounds,
see the papers of Ott,11% Kirpal, Galuschka, and Lassak,11® Martin and Partington,'® Ott, Langenohl,
and Zerweck,V7 Kyrides,’ and French and Kircher118

™ The aldehyde was isolated as phthalazine derivative; by-products, phthalide and biphthalyl; main
product, resinous mass.

% The reaction product consisted of & complex mixture from which only naphthalic acid anhydride
could beziaolated. The reaction was carried out under the conditions given by Rosenmund and
Zetzsche,
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TABLE III
HETEROCYCLIC ALDEHYDES
Temper- Yield of Refer-
Acid Chloride Solvent | ature, Catalyst Regulator Aldehyde, .
o % ence
3-Furoic- Xylene — Pd-BaS04 None 55 119
4-Carbomethoxy-2-furoic- Xylene 125 Pd-BaS0y4 None 99 120
2-Carbethoxy-5-furoic- Xylene — Pd-BaS04 None ' — 121
2,5-Dimethyl-4-carbethoxy-3-furoic- | Xylene — Pd-BaSO04 None ,/ — 121
1-Phenyl-3-methyl-5-chloropyrazole- | Xylene | 150-160 | Pd-BaSO4 (5%) | None { 63 2 12
4-carboxylic- "
1-Phenyl-3-chloro-5-methylpyrazole- | Xylene | 150-160 | Pd-BaSQ4 (5%) | Quinoline-S ' 65 ab 12
4-carboxylic-
1-Phenyl-3,5-dimethylpyrazole-4- Xylene 150 Pd-BaS04 (5%) | None 96 ¢ i2
carboxylic-
1,3-Diphenyl-5-methylpyrazole-4- Xylene | 150-160 | Pd-Ba804 (5%) |— 57¢ 12
carboxylic-
1-Phenyl-5-methylpyrazole-4-car- Xylene — Pd-BaS04(5%) Quinoline-§ 18 de 12
boxylio-
1-Phenyl-5-methylpyrazole-3-car- Xylene — Pd-BaS04 (5%) | Quinoline-8/ 60-70 61
boxylic-
1-Phenylpyrazole-5-carboxylic- Xyleno — Pd-BaS04 (5%) | None —.8 61
1-Phenyl-3-methylpyrazole-5-car- Xylene — Pd-BaS04 (5%) | None 18%.4 61
boxylic-
1-Phenyl-4-bromo-5-methylpyrazole-| Xylene — Pd-BaS04(5%) None 37° 61
3-carboxylic-
1,3,5-Trimethylpyrazole4-carbox- | Xylene | 125-130 | Pd-BaS04 (5%) | None Traces %+ 122
ylic-
1,5-Dimethylpyrazolc-3-carboxylic- | Xylene — Pd-BaS04 (6%) | None ca. 75 ¢ 122
1,3-Dimothylpyrazole-5-carboxylic- | Xylene | 120-125 | Pd-BaS04 (65%) | None 57 ok 122
1,4-Dimethylpyrazole-3-carboxylic- | Xylene 135 Pd-BaS04 (6%) | None 68t 122
1-Phenyl-5-methyl-1,2,3-triazole-4- | Xylcne — Pd-BaS0,4(5%) None 50-80 ™ 80
carboxylic-
1,5-Diphonyl-1,2,3-triazole4-car- Xylene — | Pd-BaSO4 (6%) | None 70¢ 80
boxylic-
4,6-Dichloropyridine-2-carboxylic- | Xylene | 150-160 | Pd-BaSO4 None ca, 50 *" 31
5,6-Dichloropyridine-3-carboxylic- | Xylene | 160~170 | Pd-BaSO4 None 85 #0 31
2,8-Dichloropyridine-4-carboxylic- | Xylene | 160-170 | Pd-BaSO4 None ca. 80 %™ | 31,123,
124
4,5,6-Trichloropyridine-2-carbox- Xylene | 170-180 | Pd-BaS04 (6%) | None —2 32
ylie-?
Thiophenc-2-carboxylic~ Toluenc — | Pd-BaSOs " None 20 125, 126
Coumarin-3-carboxylic- Xylene 100 Pd-BaS04 (5%) | None 70~75 * 11
Coumarin-3-acrylic- Xylene 100 Pd-BaS0, (2.5%) | None 25-30 11
7-Acetoxycoumarin-3-carboxylic- Xylene 120 Pd-BaS04 (5%) | None 75 11
7-(Carbethoxyoxy)-coumarin-3-car- | Xylene | 100-110 | Pd-BaS04 (5%) | None 80-80 11
boxylic-

* Refcrences 119-126 are listed on p. 377.
¢ The hydrogen was passed over a red-hot copper spiral.

b Yield calculated from bisulfite

compound.

¢ If hydrogen was not passed over a copper spiral (and quinoline-S was employed), the acid anhydride

was obtained as the main product.

9 The hydrogen was not passed over copper; main product, acid anhydride.
¢ Yield calculated from phenylhydrazone.
f Reduction time in the presence of the regulator twice that in its absence.
€ A considerable amount of 1-phenylpyrazole was formed in the reduction.
% A considerable amount of 1-phenyl-3-methylpyrazole was formed.
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* Main product formed in the reduction, 1-phenyl-4-bromo-5-methylpyrazole; by-product, 1-phenyl-
3-hydroxymethyl-4-bromo-5-methylpyrazole.

7 Main product, the anhydride: by-produot, 1,3,4,5-tetramethylpyrazole.

% By-product, 1,3,5-trimethylpyrazole.

! By-product, 1,4-dimethylpyrazole.

™ By-products, 1-phenyl-5-methyl-1,2,3-triazole and 1-phenyl-4,5-dimethyl-1,2,3-triazole.

% Yicld calculated from acid employed.

¢ Yield of crude product calculated from acid employed.

? The reductions of the chlorides of 5-chloropyridine-3-oarboxylic acid and 5-bromopyridine-3-
carboxylic acid yiclded only very small amounts of aldehydes. The reductions of the following acid
chlorides were entirely without success: 4-chloropyridine-2-carboxylic acid, 2,6-dibromopyridinc-4-
carboxylic acid, 2-chloroquinoline-4-carboxylic acid, pyridine-3-carboxylic acid, pyridine-2,5-dicar-
boxylic acid, pyridine-2,6-dicarboxylic acid, and uinoline-2-carboxylic acid (see Refs. 31, 123, 32).

¢ By-product, 2,3,4-trichloropyridine.

T An "unreducod Pd-BaS04” was employed.

2 When the reduction was carried out at 175-180°, the yicld of aldehyde was 25% (counarin being
formed in a yield of 609%) irrcspective of whetlier purificd or tcchuical xylene was employed.
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INTRODUCTION

The oxygen atom of the carbonyl group in aldehydes and ketones can
be replaced by hydrogen by heating the semicarbazone, the hydrazone,
or the azine in the presence of an alkaline catalyst—a reaction known
as the Wolff-Kishner reduction. Two slightly different variations of the
method were discovered independently by Kishner! in 1911 and by
Wolff 2 in 1912. Kishner found that by dropping a hydrazone slowly
upon hot potassium hydroxide, with which some platinized porous plate
had been mixed, the corresponding hydrocarbon was formed. Wolff
accomplished the same result by heating a semicarbazone or hydrazone
in a sealed tube to about 180° in the presence of sodium ethoxide. The
reduction is illustrated by the following equations. Though the Kishner

R/ R
>c=—_o RLLLN >C=NNH2 + L0
R R

NaOCyHj
or KOH

R’ R’
R R

method has the obvious advantage of avoiding the necessity of a sealed
tube, the Wolff method has been modified to obviate both this necessity
and that of isolating the intermediate carbonyl derivative.

The first step in the Wolff reduction of a semicarbazone has been
shown to be the conversion of the semicarbazone to the hydrazone.?
Wolff pictured this reaction as a hydrolysis.* That hydrazone formation

R R
>C=NNHCONH2 + H:0 — >C=NNHZ -+ NH; - CO.
R’ R’

is the first step in the reduction of a semicarbazone is proved by the
isolation of the hydrazone from the semicarbazone if the temperature
employed is not sufficiently high to produce reduction. There seems to
be no appreciable difference in the yield of hydrocarbon from the two
derivatives.

* Because of this conception of the mechanism of semicarbazone decomposition, Wolff
suggested the use of 96-98%, ethanol in the preparation of sodium ethoxide for the reduc-
tion of semicarbazones, For the reduction of hydrazones he used 1009, ethanol. How-
ever, Eisenlohr and Polenske 3 have found that the reduction of trans-B-decalone semi-
carbazone proceeds smoothly in the presence of rigorously dry ethanol. An investigation
into the mechanism of this step is certainly in order,

i Kishner, J. Russ. Phys. Chem. Soc., 43, 582 (1911) [C. A., 6, 347 (1912)].

2 Wolff, Ann., 394, 86 (1912).

3 Eisenlohr and Polenske, Ber., 57, 1639 (1924).
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The mechanism of the Wolff-Kishner reduction nas been studied by
Balandin and Vaskevich.?®* A detailed investigation of the kinetics of
the decomposition of cyclohexanone hydrazone indicated that two steps
are involved, and the isomeric azo compound is suggested as the short-
lived intermediate.

CH,CH, CH.CH. CH.CH,
N\ VAN VAN
CH. C=NNH; — CH, C—N=NH — CH, CH: + N,

v N N N
CH,CH, CH.CH: H CH.CH,

Although one can employ the azine for the Wolff-Kishner reduction
it is only rarely desirable to do so. Generally the azine is so insoluble
that it is brought to react only with great difficulty. When the azine is
used it must be treated with alkali in the presence of excess hydrazine
hydrate, since it must be first converted to the hydrazone before reduc-
tion occurs.

R’ R’ R’
>C=N——N=C< + H,NNH; — 2 >C==NNH2
R R R

SCOPE AND LIMITATIONS

Although the Clemmensen reduction is the most common method for
reducing aldehydes and ketones to the corresponding hydrocarbons,*
the Wollf-Kishner method is a valuable complementary tool. For in-
stance, the Clemmensen method cannot be used to reduce pyrrole
derivatives since pyrroles are sensilive to acids. The same applies to
the furan field. The Wolff-Kishner method generally succeeds with
compounds of high molecular weight where the Clemmensen technique
fails, presumably because of the insolubility of the carbonyl compound.

Side Reactions and Abnormal Reductions

There are two principal side reactions that may take place when a
compound is submitted to the Wolff-Kishner reduction; both are largely
preventable by proper precautions. First there is the possibility of
azine formation by the reaction of one molecule of hydrazone with one

R’ R’ R’ /R’
>C=O -+ >C=NNH2 = >C=N——N=C\ -+ H:0
R R R R

3s Balandin and Vaskevich, J. Gen. Chem. U.S.8.R., 6, 1878 (1936) [C.A., 31, 4575 (1937)].
¢ Martin, Organic Reactions, 1, 155, John Wiley & Sons, 1942,
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molecule of the carbonyl compound. Since the ketone can be formed
only by hydrolysis of the hydrazone, its formation can be suppressed
by the rigid exclusion of water. It was to avoid azine formation that
Wolff used sodium ethoxide prepared from absolute ethanol.

The other side reaction is the formation of the secondary alcohol from
the ketone, or of the primary alcohol from the aldehyde. This seems to
be brought about entirely by hydrolysis of the carbonyl derivative to
the free carbony! compound followed by sodium alkoxide reduction to
the carbinol. Aleohol formation may be repressed either by the exclusion
of water or by the addition of hydrazine, since water is necessary for
hydrolysis and the presence of hydrazine shifts the equilibrium in favor
of the hydrazone. Apparently the complete absence of water is more
important in some cases than in others. Eisenlohr and Polenske 3 ob-
tained a large amount of decalol and only a small amount of decalin
when they reduced the semicarbazone of frans-g-decalone with sodium
and 99.99, ethanol; when 1009, ethanol was used the fraction of decalol
formed fell to one-fourth of the total product. Dutcher and Winter-
steiner 5 have shown that in the steroid field the often-observed forma-
tion of alcohols in Wolff-Kishner reductions can be suppressed by em-
ploying excess hydrazine hydrate. Cholestanone semicarbazone with
sodium ethoxide at 180° gave only 3(a)- and 3(8)-cholestanol; when
hydrazine hydrate was added to the reaction mixture cholestane was
formed in 759, yield. The same authors also showed that the semi-
carbazone, the hydrazone, and the azine of cholestanone were all con-
verted principally to the carbinol in the absence of hydrazine hydrate.

Aside from the reactions normally expected to take place in the pres-
ence of alkali, such as hydrolysis of esters, cleavage of ethers, and de-
hydration, several abnormal reactions may occur. Complete removal of
an acyl group has been observed; for example, the reduction of 2,4-
diethyl-3,5-dipropionylpyrrole gives 2,4-diethyl-3-propylpyrrole.t A
rather remarkable deacylation was found by Hess and Fink.” Both
forms of the hydrazone of cuskhygrin were isolated, and both were
submitted to Wolff-Kishner reduction under the same conditions. The
a-hydrazone gave the normal product; the 8-hydrazone was converted
to desacetylcuskhygrin. Removal of an acyl group followed by alkyla-
tion by the sodium alkoxide may occur, as in the formation of 2-methyl-
pyrrole from 2-acetylpyrrole when sodium methoxide is used as the
reduction catalyst.® Direct reduction of 1-acetylanthracene with

5 Dutcher and Wintersteiner, J. Am. Chem. Soc., 61, 1992 (1939).
8 Fischer, Siedel, and d’Ennequin, 4nn., 500, 137 (1933).

7 Hess and Fink, Ber., 53, 781 (1920).

3 Knorr and Hess, Ber., 45, 2631 (1912).
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NaOCsz
[ ]———CH———[ ] T J—CH—[ ]
CH3

C 3 CHz CH3

NH,

| Hs
"
CH;

a-Cuskhygrin hydrazone

N5002H5
P U—CHQ.._[ ]
N N
CH; CH

C=N
| m,
CH;

B-Cuskhygrin hydrazone

hydrazine hydrate and sodium ethoxide at 180° for eight hours gives
2-ethylanthracene, whereas reduction of the semicarbazone under the
same conditions for only four hours gives the expected 1-ethylanthra-
cene.?

Thielepape »! has found that the Wolff-Kishner reduction of 2-
pyridone hydrazone and 2-lepidone hydrazone yields pyridine and lep-
idine respectively. Presumably the normal products, dihydropyridine
and dihydrolepidine, undergo air oxidation to the aromatic products.

Occasionally the intermediate carbonyl derivative will undergo some
internal condensation before it has an opportunity to undergo normal
reduction. When 5-methyl-3-carbethoxy-2-acetylpyrrole is submitted
to direct reduction there is obtained a pyridazine formed by loss of
ethyl alcohol from the intermediate hydrazone ester.)? There is the

OH
C\
’ | |COzCzH5 HgNNHg-Hzo> | |/ \1?
H CL COCH;  NeOGH: ~ H,© J
3 N 3 3 N \ /N
H H C
CH;

9 Waldmann and Marmorstein, Ber., 70, 106 (1937).
10 Thielepape, Ber., 55, 136 (1922).

11 Thielepape and Spreckelsen, Ber., 55, 2929 (1922).
2 Fischer, Beyer, and Zaucker, Ann., 486, 55 (1931).
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danger of triazine formation from the monosemicarbazones of a-di-
ketones,!® but this can be avoided by employing instead the mono-
hydrazones.}*

a,B-Unsaturated carbonyl compounds require special consideration.
These compounds usually react with hydrazine hydrate to form the
pyrazoline instead of the normal hydrazone. The pyrazoline on treat-
ment with hot alkali is converted to a cyclopropane derivative.'® Py-

0
/ H,;NNH;-H;0 KOH
CeHsCH=CH—C—CH; —————— CGHE——CH——CHZ——(IJ——CHz —
I I
NH———N
CH,

7\
CsH,CH——CHCH, + N,

razoline formation seems to be a necessary step in this synthesis of
cyclopropanes. Citral hydrazone when reduced by Kishner’s method
gives the normal hydrocarbon, 1,7-dimethyl-2 6-octadiene. When the
hydrazone is distilled it is converted to the pyrazoline, which under
the conditions of the Kishner reduction yields 1-methyl-1-isohexenyl-
cyclopropane.l®* Merejkowsky ¥ has found that carvenone, carvone,
and cyclopentenone-3 react normally mstead of forming cyclopropanes,
from which it is concluded that cyclopropane formation does not take
place if the process requires the formation of one ring within another.

Variations in the Wolff-Kishner Method

In considering variations of the Wolff-Kishner method it should be
borne in mind that the minimal conditions for reduction vary greatly
with the type of compound to be reduced.

Temperature. In general, heating at 180° for six to eight hours is
adequate to achieve complete reduction. The hydrazones of furan
derivatives,'®19 of substituted benzaldehydes,? and of substituted
acetophenones # undergo rapid reduction at 90-100°, but camphor

13 Bergstrom and Haslewood, J. Chem. Soc., 1939, 540.

14 Ishidate, Kawahata, and Nakazawa, Ber., 74, 1707 (1941).

15 Kishner, J. Russ. Phys. Chem. Soc., 44, 849 (1912) [C. 4., 6, 2915 (1912)].

16 Kishner, J. Russ. Phys. Chem. Soc., 60, 1 (1918) [C. 4., 18, 1485 (1924)].

17 Merejkowsky, Bull. soc. chim. France, (4) 37, 1174 (1925).

13 Reichstein and Zschokke, Helv. Chim. Acta, 18, 249 (1932).

19 Zelinsky and Shuikin, Compt. rend. acad. sci. U.R.S.S., 1933, 60 [C. 4., 28, 2002
(1934)].

% Lock and Stach, Ber., 76, 1252 (1943).

24 Lock and Stach, Ber., 77, 293 (1944).
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hydrazone 2 must be heated to 190-200° before reduction will occur.
When the semicarbazone of 3-hydroxy-6-ketocholanic acid was heated
for five hours at 185° satisfactory reduction took place, whereas no
crystalline compound could be isolated after only two hours of heating. 2
On the other hand heating the semicarbazone of 7-keto-12-hydroxy-
cholanic acid for more than two hours lowers the yield of product.?
Ruzicka found that the semicarbazone of cyclopentadecanone was in
part still undecomposed after being heated for eight hours at 190°.2¢

Catalyst. It seems to be taken for granted that an alkaline catalyst
is necessary to promote the Wolff-Kishner reduction, but it is not at
all clear in just which reactions a catalyst is essential. Curtius and Thun
early found that distillation of benzil monohydrazone gave an almost
quantitative yield of desoxybenzoin.?® Staudinger and Kupfer found
that heating fluorenone at 200° with hydrazine hydrate gives {luorene,
and that similar treatment of Michler’s ketone, benzophenone, and
benzaldehyde gives good yields of the corresponding hydrocarbons.?
Pyrene-3-aldehyde can be reduced by the Staudinger-Kupfer method
in 909, yield.?” The fluorenones as a group do not seem to require a
catalyst,?® and Borsche has been able to reduce a- and g-benzoylnaph-
thalene by heating the ketones for twenty-four hours at 230° with
hydrazine hydrate.?

The commonly used catalysts are sodium methoxide and ethoxide in
the Wolfl variation, and sodium and potassium hydroxides in the Kish-
ner method. Kishner did not begin to use platinized porous plate
habitually with his alkaline catalyst until he had found that the reduc-
tion of menthone hydrazone would not proceed when cither potassium
hydroxide or platinized plate was present alone but only when they
were present together.® However, Wolff was able to obtain smooth
reduction of menthone hydrazone with sodium ethoxide at 170°.2 The
Kishner method has frequently been used with good results without
any platinum to supplement the alkali.?-323% Palladium-barium sulfate
has been used with the alkali in the Kishner method.3

22 Wieland and Dane, Z. physiol. Chem., 213, 41 (1932).

2 'Wieland and Dane, Z. physiol. Chem., 210, 268 (1932).

% Ruzicka, Brugger, Pfeiffer, Schinz, and Stoll, Helv. Chim. Acta, 9, 499 (1926).

% Curtius and Thun, J. prakt. Chem., [2], 44, 161 (1891),

2 Staudinger and Kupfer, Ber., 44, 2197 (1911).

% Vollmann, Becker, Corell, Streeck, and Langbein, Ann., 531, 1 (1937).

% Borsche and Sinn, Ann., 532, 146 (1937).

% Borsche, ofmann, and Kithn, Ann., 654, 23 (1943).

% Kishner, J. Russ. Phys. Chem. Soc., 44, 1754 (1912) [C. 4., 7, 1171 (1913)].

3 Cook and Linstead, J. Chem. Soc., 1934, 946.

3 Barrett and Linstead, J. Chem. Soc., 1935, 436.

33 Asahina and Nogami, Ber., 68, 1500 (1935).
% Linstead and Meade, J. Chem. Soc., 1934, 935.
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Sodium dissolved in amy! alcohol has been used as a reduction catalyst
to help prevent excessive pressure from developing in the bomb tube
during the reduction.®

Reduction at Atmospheric Pressure. Although the Kishner reduction
has always been carried out at atmospheric pressure, it was not until
1935 that a Wolff reduction was carried out in an open flask with the
aid of a high-boiling solvent. Ruzicka and Goldberg 3¢ found that re-
duction proceeded when the semicarbazone was heated in benzyl alcohol
to which some sodium had been added. This method has been extended
by Soffer and co-workers,* 3 who bring about direct reduction of the
ketone or aldehyde by refluxing the carbonyl compound, hydrazine
hydrate, and sodium in any of several high-boiling solvents such as
octyl aleohol, triethanolamine, and the ethylene glycols. Whitmore and
co-workers 3 worked out essentially the same procedure but felt it
desirable to prepare the crude hydrazone before adding the alkaline
catalyst. Soffer employed excess metallic sodium (12 moles), excess
high-boiling solvent, and 1009, hydrazine hydrate to offset the tem-
perature-lowering effect of the water formed in the first step. Huang-
Minlon % introduced the following simple expedient: after hydrazone
formation is complete (one hour), water and excess hydrazine are re-
moved by distillation until a temperature favorable for the decompo-
sition reaction is attained (190-200°). When this is done, no excess of
solvent is required, sodium hydroxide or potassium hydroxide (2-3
moles) can be used in place of metallic sodium, cheap aqueous hydra-
zine 18 adequate, and the reaction time is reduced from fifty to one hun-
dred hours to three to five hours. The simple procedure is applicable
to large-scale reductions, and the yields are excellent.

Comparison with Other Methods

As has been pointed out the Clemmensen method has certain in-
escapable drawbacks that render it of little practical value for certain
types of compounds. In general, compounds of high molecular weight
show great resistance to Clemmensen reduction. Neither 8-keto-17-
octadecenoic nor 8-keto-16-octadecenoic acid can be reduced by Clem-
mensen’s method whereas reduction proceeds satisfactorily by the Wolff-

% Ruzicka and Meldahl, Helv. Chim. Acta, 23, 364 (1940).

% Ruzicka and Goldberg, Helv. Chim. Acta, 18, 668 (1935).

¥ Soffer, Soffer, and Sherk, J. Am. Chem. Soc., 67, 1435 (1945).

38 Sherk, Augur, and Soffer, J. Am. Chem. Soc., 67, 2239 (1945).

3 Herr, Whitmore, and Schiessler, J. Am. Chem. Soc., 67, 2061 (1945),
4 Huang-Minlon, J. Am. Chem. Soc., 68, 2487 (1946).
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Kishner method.? Similarly Marker found that the former method
failed to reduce all five of a series of steroid ketones while the latter
method succeeded.2 It is well known that the Clemmensen method
often unavoidably gives carbinols and unsaturated compounds. Though
such by-products are occagionally found in Wolff-Kishner reductions,
the reasons for their formation are known and precautions may be
taken to prevent such side reactions. In the reduction of a series of
alkyl phenyl ketones the Clemmensen method was found to be useless
because of the unsaturated compounds and polymers formed; 4 here
the Wolff-Kishner method made possible the preparation of pure hydro-
carbons.

Table I illustrates the different results obtained when both Clemmen-
sen and Wollf-Kishner reductions were applied to the same compounds.
The list is not all-inclusive, and, because of improvements in the tech-
niques of both reduction methods, many of the reported yields are
doubtless subject to improvement.

A third method, catalytic hydrogenation, is available for the reduction
of the carbonyl group to a methylene group. This method is quite
limited in its application and suffers from the defect that points of un-
saturation elsewhere in the molecule may be reduced simultaneously. 4
The carbonyl group must be conjugated with an aromatic system to be
reduced catalytically.® This method has been used in the pyrrole field
in place of the Wolff-Kishner reduction. By the use of copper-chromium
oxide and nickel catalysts, carbethoxyacylpyrroles can be reduced to
carbethoxyalkylpyrroles whereas the carbethoxyl group is invariably
lost during Wolff-Kishner reduction.?>*®* By controlling the conditions
2,4-dimethyl-3,56-diacetylpyrrole can be catalytically reduced to either
2,4-dimethyl-3-ethyl-5-acetylpyrrole or to 2,4-dimethyl-3,5-diethyl-
pyrrole.”

Hydrogenation with palladium-charcoal catalyst at normal tempera-
ture and pressure has been found to be an effective means for the com-
plete reduction of the conjugated carbonyl group.* . 4-52

4 Kapp and Knoll, J. Am. Chem. Soc., 68, 2062 (1943).

2 Marker et al., J. Am. Chem. Soc., 65, 1199 (1943).

4 Schmidt, Hopp, and Schoeller, Ber., 72, 1893 (1939).

4 Foster and Robertson, J. Chem. Soc., 1939, 921.

4% Spath and Schliger, Ber., 73, 1 (1940).

46 Zelinsky, Packendorff, and Leder-Packendorff, Ber., 66, 872 (1933).

4 Signaigo and Adkins, J. Am. Chem. Soc., 58, 709 (1936).

48 Fischer and Héfelmann, Ann., 533, 216 (1938).

4 Zelinsky, Packendorff, and Leder-Packendorff, Ber., 67, 300 (1934).

% Hartung and Crossley, J. Am. Chem. Soc., 56, 158 (1934).

51 Miller, Hartung, Rock, and Crossley, J. Am. Chem. Soc., 60, 7 (1938).
8 Ju, Shen, and Wood, J. Inst. Petroleum, 26, 514 (1940) [C. A., 35, 1386 (1941)].
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TABLE 1
COMPARISON OF WOLFF-KISHNER AND CLEMMENSEN REeDUCTIONS
Compound Wolfi-Kishner Yield Clemmensen Product vied | Refer-
Product ences*
B-(3-Methoxybenzoyl)-propionic acid | Normal 645% | Normal 429, 52a
2-Acetylanthracene Normal — Normal — 9
B8-(3-Acenaphthoyl)-propionic acid Normal 819, | Normal 50%, 52a
B-(p-Phenoxybenzoyl)-propionic acid Normal 95%, | Normal 54%, 52a
2-Acetyldibydroretene Normal Poor | Normal %% 53
a-Benzoylecoumarin Normal — Polymer — 54
B8-(2-Chrysenoyl)-propionic acid Normal — Normal — 55
2,3-Diethyl-1,4-dianisyl-1-butanone Normal 44%, | Normal 2% 56
a-(3,4-Dimethoxybenzoyl)-g-(3’,4'-di- | None 0% | None % 57
methoxybenzyl)-butyrophenone
3,5-Dimcthoxyvalerophenone Normal 85% | Normal Poor 33
8,7-Dimcthoxy-1-veratrylnaphthalene- | Normal Small | None 0% 58
3-aldehyde
a-Diphenyltruxone Normal -— a-Diphenyltruxadiol — 59
TEstrone Normal 36% | Normal — 60
Isobilianic acid Normal — Normal Varies 61
a-Isostrophanthic acid Normal Poor | Carbinol — 62
24-Ketocholesterol Normal — Tar — 63
4-Kctodecahydrogquinoline Normal 33%, | Normal — 64
4-Keto-5,5-dimethyldi-(1,2)-pyrrolidine | Normal 85% | Carbinol — 65
8-Ketoisolithobilianic acid Normal — None 0% 66
1-Keto-8-methyloctahydropyridocoline | Normal (A cpd) 74%, | Normal (B cpd) — 64
8-Keto-17-octadecenoic acid Normal 85% | None 0% 41
2-Ketooctahydropyrrocoline Normal 20% | Normal and carbinol — 87
Ketopinic acid Normal 62% | Normal 50% 68
2-Kotoquinuchdine Normal 25%, | Normal — 69
23-Ketosarsasapogenin Normal 30% | Tetrahydrosarsasapogenn | — 70
3-Ketolctrahydro-1,2-cyolopentenophe- | Normal — Hexahydrocyclopenteno- — 71
nanthrene phenanthrene
Lupenone a-Lupene 28%, | B-Lupene Small 72
Manogenin Normal — None 0% 42
6-Methoxy-A1%-2-octalone Normal 54%, | Normal — 73
2-Methyl-3-acetylpyridine Normal 63% | Normal 18%, 74
2-Methyl-5-acetylthiophene Normal 40% | Normal 10% 75
2-Methyleyclohexanone Normal — Normal and unsat'd cpds, | — 76
2-Methyl-1-sovaleroylfuran Normal — None % k4
Perisuccinoylacenaphthene Normal — None % 78
Pregnanol-20(a)-one-3 acetate Pregnanediol-3(a), 86% | Pregnanol-20(a) — 79
20(ax)
d-Verbanone Normal — o-Menthane — 80

* References 52a~-80 are listed on p. 388.
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A recently developed process for accomplishing the desired reduction is
the reductive removal of the two —SR groups in thioacetals by means
of Raney nickel.¥ This method is practicable for small-scale work only.
It has been shown to be very useful in the steroid field.% 23

EXPERIMENTAL PROCEDURES

Wolff Reduction of a Hydrazone

Reduction of Camphor.? Ten grams of well-dried camphor hydrazone
is heated in a sealed tube with 0.8 g. of sodium in 10 ml. of absolute
ethanol for eighteen hours at 190°. Crude crystalline camphane sepa-
rates on the addition of 750 ml. of water to the reaction mixture. The
camphane is separated from the small amount of azine present by steam
distillation. The steam-distilled camphane melts at 156—157° and boils
at 161°/757 mm. The yield is 7 g. (84%).

31 Wolfram and Karabinos, J. Am. Chem. Soc., 66, 909 (1944).

32 Bernstein and Dorfman, J. Am. Chem. Soc., 68, 1152 (1946).
3 Hauptmann, J. Am. Chem. Soc., 69, 562 (1947).
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Reduction of 1-Keto-8-methyloctahydropyridocoline.® One-half gram
of 1-keto-8-methyloctahydropyridocoline is refluxed eighteen hours with
3 ml. of hydrazine hydrate. The hydrazone is isolated by ether extrac-
tion and heated for eighteen hours at 170° in a sealed tube with a sodium
ethoxide solution prepared by the addition of 0.4 g. of sodium to 2 ml.
of ethanol. Water is added to the reaction mixture; the solution is
acidified with concentrated hydrochloric acid, taken to dryness, and the
residue made basic with saturated potassium carbonate solution. After
extraction with ether the product is distilled. There is thus obtained
0.34 g. (749,) of 8-methyloctahydropyridocoline-A as a colorless oil, b.p.
47-48°/1 mm,

The Direct Wolff Reduction

Reduction of 2,4-Dimethyl-3-acetyl-6-carbethoxypyrrole. Detailed
directions for the reduction of 2,4-dimethyl-3-acetyl-56-carbethoxypyrrole
to 24-dimethyl-3-ethylpyrrole (kryptopyrrole) in 50-589%, yield are
given in Organic Syntheses.®

Kishner Reduction of a Hydrazone

Reduction of Ethyl Cyclobutyl Ketone.®® The hydrazone is prepared
by heating 18 g. of the ketone and 18 g. of 909, hydrazine hydrate in
50 ml. of absolute ethanol for three hours at 110-130° in an oil bath.
By the end of this time the ethanol has distilled, and the residue is dried
over solid potassium hydroxide. The hydrazone is poured off the potas-
stum hydroxide and dropped slowly from a separatory funnel onto a
mixture of 2 g. of potassium hydroxide and two small pieces of platinized
porous plate heated to 120-140° in a Claisen flask. The platinized plate
is prepared by igniting pieces of plate that have been immersed in
chloroplatinic acid solution. The product that distils from the Claisen
flask is treated with dilute acetic acid, and the hydrocarbon layer that
separates is washed with water. After having been dried over potassium
hydroxide, the product is twice distilled from sodium. There is obtained
7 g. (449,) of n-propyleyclobutane boiling at 99-100°/736 mm.

Reduction of 4-Methylacetophenone.?? The hydrazone is prepared
by vigorously refluxing for one hour a mixture of 4-methylacetophenone
and twice its weight of 8597 hydrazine hydrate. The cooled solution is
extracted with ether; the ether solution is dried over potassium hydroxide
and distilled in vacuum. There is obtained an 889, yield of the hydra-

8 Fischer, Org. Syntheses, 21, 67 (1941).
8 Zelinsky and Kasansky, Ber., 60, 1101 (1927).



390 ORGANIC REACTIONS

zone of boiling point 166-168°/16 mm. It solidifies in the receiver and
melts at 34° after crystallization from petroleum ether.

Five grams of the hydrazone is mixed with 2 g. of powdered potassium
hydroxide in a flask equipped with a reflux condenser, the top of which
is connected with a gas buret. The flask is gently heated to 90-100°,
and this temperature maintained until most of the calculated amount
of nitrogen has been evolved. The flagk is then heated to 150°, cooled,
the contents treated with water and extracted with ether. The ether
extract is distilled to give 3.25 g. (80%) of 4-ethyltoluene, b.p. 157-160°.

Kishner Reduction of a Semicarbazone

Reduction of cis-B-Bicyclodctanone.® TFive grams of pure cis-g-bi-
clodctanone is converted into the semicarbazone, which is thoroughly
washed, roughly dried, and heated with a free flame in a distilling flask
with 7.5 g. of potassium hydroxide. The mass fuses, and ammonia is
given off. At 200-210° a second reaction sets in, nitrogen being evolved,
and oily droplets of hydrocarbon begin to distil. There is no charring,
the residue being colorless. The distillate is shaken with sodium bisulfite
solution, taken up in ether, dried with calcium chloride, and evaporated.
The yield of crude cis-bicyclodetane is 4.0 g. (90%), 2.8 g. of which boils
sharply at 137-138°.

Wolff-Kishner Reduction without an Alkaline Catalyst

Reduction of 2,3-Benzo-l-azafluorenone.®® Seven-tenths of a gram
of 2,3-benzo-1-azafluorenone and 1 ml. of hydrazine hydrate are heated
n a sealed tube for sixteen hours at 180°. The crude crystalline product
is almost colorless. On distillation in vacuum the product goes over as a
violet fluorescent oil (b.p. 240°/25 mm.) which quickly solidifies. Crys-
tallization from methanol gives colorless prisms, m.p. 140°. The yield
is 0.563 g. (80%,).

Reduction of Pyrene-3-aldehyde.? Twenty grams of pyrene-3-alde-
hyde and 100 g. of hydrazine hydrate are heated at 200° in a 1-l. iron
autoclave for eight hours. About 100 atmospheres pressure is developed.
The clear solid product is washed, dried, and distilled in vacuum. There
is obtained 17 g. (919,) of almost pure 3-methylpyrene melting at 70-71°.

8 Borsche and Noll, 4nn., 532, 127 (1937).
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Direct Wolff-Kishner Reduction at Atmospheric Pressure

Reduction of 5-Keto-8-methylnonanoic Acid.¥ A mixture prepared
from a solution of 113 g. of sodium in 1750 ml. of diethylene glycol, 168 g.
of 5-keto-8-methylnonanoic acid, and 125 ml. of 859, hydrazine hydrate
is refluxed for forty-eight hours. An additional 75 ml. of the hydrazine
solution is then added and heating is continued for forty-eight hours.
The product is isolated by acidification and extraction with benzene and
ether. Distillation at reduced pressure gives 143 g. (929) of isodecanoic
acid, b.p. 93-95/0.3 mm., nf 1.4318.

An average yield of 859, was obtained in several repetitions of the
reduction carried out in monoethylene glycol without the second addi-
tion of hydrazine hydrate.

Reduction of B-(p-Phenoxybenzoyl)-propionic Acid.® A mixture of
500 g. (1.85 moles) of the keto acid, 350 g. of potassium hydroxide, and
250 ml. of 8569, hydrazine hydrate in 2500 ml. of triethylene (or di-
ethylene) glycol is refluxed for one and one-half hours, the water formed
is removed by a take-off condenser, and the temperature of the solution
is allowed to rise to 195°, when refluxing is continued for four hours more.
The cooled solution is diluted with 2.5 1. of water and poured slowly into
1.5 1. of 6 N hydrochloric acid, and the light cream-colored solid is
dried. The average yield of material of m.p. 64-66° is 451 g. (95%,).
The pure product melts at 71-72°.

TABLE OF COMPOUNDS REDUCED BY THE WOLFF-KISHNER
METHOD

In Table II are listed all those compounds cited in Chemical Abstracts
through 1947 that have been reduced by the Wolff-Kishner method.
They are arranged in the order of increasing number of carbon atoms
in the molecule. The key to the abbreviations used under the ‘“Method”
column is as follows:

K = the normal Kishner method from the hydrazone.

K8 = the Kishner method from the semicarbazone.

KP = the Kishner method from the pyrazoline.

‘W8S = the Wolff method from the semicarbazone.

‘WH = the Wolff method from the hydrazone.

WA = the Wolff method from the azine.

‘WD = direct Wolff reduction of the carbonyl eompound.
? = no clue given as to the variation used.

It will be observed that the figures for the yield of product are followed by the letter
‘A” or "B.” “76A" indicates a yield of 76% from the original carbonyl compound;
“42B" indicates a yield of 429, from the carbonyl derivative used. The notation (cr.)
means that the yield given is for crude product.
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TABLE II
ComMrouNDS REDUCED BY THE WoLFF-KisHNER METHOD
Cy and Cjp
Formula Compound Product Method Yield {Refercnce*
C3HcON2 3-Methylpyrazolone n-Butyric acid 1 WH 41B 86a
CyHgO Cyclopentenone Normal KP Small 17
CsH30 Acetyleyclopropane Normal K — 87
Acetyleyclopropane Normal K 75B 88
Acetyleyclopropane Normal K — 89
Acotyleyclopropane Normal WD 60A 39
Cyclobutylaldchyde Normal K — 87
Cyclobutylaldchyde Normal K — 89
CsH10, Turfural Normal X — 90
Turfural Normal WII — 2
Furfural Normal K 698 9
Yurfural Normal Wil T6A 19
3-Yurfursl Normal WH 724 92
CpH 1002 Pontan-2-one-5-ol Normal X — 093
CsHg03 Levulinic acid Normal WH 85-90B 2
CsH;ON a-Pyridone Pyridine | 75A 1
CsII;ON 2-F'ormylpyrrolo Normal WD - 94
Cq
GyH;00 Cyclohcxanone Normal and cyclohexanol X — 1
Cyclohexanone Normal Wil 63A 39
Cyclohcxanone Normal WD 80A 40
Meaityl oxide 1,1,2-Trimethyleyclopropano XP — 95
Allylacctone Normal K — 93
Methyl cyclobutyl ketone Normal X — 93
Cyll10 Methyl n-butyl kotonc Normal Wil 83B 2
Methy! tert-butyl ketono Normal K — 96
CgH409 Quinone § - — 97a
CgHgOq 4-Methyl-3-furaldchyde Normal WH 29B 97
CoHoO3 5-Hydroxymethylfurfural Normal WD || 95A 18
CoH404 a-Turoylformic acid Normal WH 1004 98
CslI7ON 3-Mcthyl-6-formylpyrrolo Normal WD — 99
2-Methylpyrrole WAT — 8
2-Acetylpyrrole Normal WD 50-60A 12
Normal WA, WS Small 100
Cy
CyH,0 Benzaldchyde Normal WD || 100 26
Benzaldehyde Normal K 79B 20
Cy7H,30 2-Mecthyl-3-hexen-5-one 1-Methyl-2-isopropyleyclo- KP — 100a

propane

* Refercnces 86a—413 are listed on pp. 416-422.

1 There was also formed 399, of 2,3-dimethylpyrazolone.

i This reaction was carried out by boiling the pyridone hydrazone in alkaline solution with copper
sulfate or ferric chloride as catalyst.

§ The monosemicarbazone and monoaminoguanidine derivative gave phenol on boiling with potas-

sium hydroxide.

|| No alkaline catalyst was used.

€ Catalyst used was sodium methoxide.

The di-derivatives gave phenylhydrazine under the same conditions.
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TABLE II—Continued
Compounps REpUucED BY THE WoLrF-KisaNEr METHOD
Formula Compound Product Method Yield [Reference*
C7Hp0 Ethyl cyclobutyl ketone Normal X 458 85
2,2-Dimethyleyclopentanone | Normal X — 93
2-Methyleyclohexanone Normal WS — 76
3-Mcthyleyclohexanone Normal K — 1
4-Methyleyclohexanone Normal WS — 76
C7H,140 n-Heptaldehyde Normal WH 54A 39
Diisopropy! ketone Normal WH 354 39
CyHO2 o-Hydroxybenzaldehyde Normal K 86B 20
CyHg02 2,4-Dimethyl-3-furaldehyde Normal WH 53B 101
a-Propionylfuran Normal X 448 102
Cy7HgO4 Methyl 5-formyl-2-furoate 5-Methyl-2-furoio acid WH — 103
5-Methyl-2-furoylformic actd | Normal WD 63A 18
C/H;ON B-Acetylpyridine Normal WS 48B 104
o-Aminobonzaldchyde Normal K 66B 20
CyHyON 4-Mcthyl-3-acetylpyrrole Normal WD 70A 105
CyH; ON 2-Ketoquinuelidine Normal wH 25A 69
CyH; ;0N 1-Methyl-3-acctylpiperidinie Normal WD — 106
C7Hz03N p-Nitrobenzaldchyde Normal WH Small 2
p-Nitrobenzaldchyde None K 0 20
CyH30CI o-Chlorobenzaldehyde Normal K 82B 20
C7H4OGly 2,6-Dichlorobenzaldchyde Normal K 80B 20
C7H308 2-Mcthyl-5-acetylthiophene Normal KS 40B 75
Cs
Cgll0 Acctophenone Normal WH 80B 2
Acctophenone Normal WD 40-50A 43
Acetophcnone Normal X 91B 21
Csll100 TFndomethylenetctrahydro- Normal K 72A 107
bouzaldchyde
CgH120 ¢is~a-(0.3.3) Bicyclodctanono | Normal X8 90A. 31
cis-8-(0.3.3) Bicyclooctanone | Normal WS 60B 34
¢i3-8-(0.3.3) Bicyclodetanone Normal XS 478 32
trans-8-(0.3.3) Bicyclodctanono | Normal § WS — 32
Bicyclo-(2.2.2)octanone Normal WS -— 108
Bicyclo-(1.2.3)octanonc-2 Normal WS — 109
TEindomethylenchexahydro- Normal K — 107
benzaldehyde
2-Isopropylidenecyclopenta- 8,6-Dimcthyl-(3.1.0)bicyclo- Kr — 110
none hexane
C3Hi140 5-Methylhepten-4-one-3 1-Methyl-1,2-dicthyleyclo- KP — 95
propane
2-Methylhepten-2-one-6 Normal X — 93
CycloGetanone Normal X 58B m
Cyclodetanone Normal K — 112
CsH,60 Octanone-2 Normal WD 754 37
Octanone-2 Normal WH 66A 39
2,3,3-Trimethyl-4-pentanone | Normal wi 62A 39
C3H30, Anisaldehyde Normal WS 66B 2
Turfurylideneacetone 1-(a-Furyl)2-methylcyclo- KP — 113

propane

* References 86a—413 are listed on pp. 4]6—422.
% As by-product there was formed a compound whose analysis is close to that of the ethylated

ketone.
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TABLE II—Continued
CompounDps REpUCED BY THE WoLFP-KIisaNER METHOD
TFormuls, Compound Product Method VYield |Reference*
CsHs0q o-Hydroxyacetophenone Normal K 71B 21
p-Hydroxyacetophenono Normal K 91B 21
CgH 1002 Trimethylfurfural Normal WH Small 101
a-Methyl-a’-acetylfuran Normal X — 102
Bicyclo-(2.2.2)octan-2,6-dione | Normal ws 57B 114
C3H3Os Vanillin Normal WS, W | 67B, 88A 2
C3Hi204 2,5-Dimethyl-2,5-dihydroxy- | CgHigNg K — 115
1,4-cyclohexadione
CsHON p-Aminoacctophenone Normal WH — 2
2-Methyl-3-acctylpyridino Normal K 63A 74
4-Mcthyl-3-acetylpyridine Normal K 84A 118
CsH110N 2,4-Dimcthyl-3-acctylpyrrolo | 2,4-Dimethyl-5-ethylpyrrole w — 8
2,4-Dimethyl-3-acctylpyrrole | Normal WD 23A 117
2,3-Dimothyl-4-ncetylpyrrole | Normal wIo — 118
2,4 5-Trimethyl-3-formylpyr- | Normal WS 63B 119
role
2,3,4-Trimethyl-5-formylpyr- | Normal WD 924 120
role
3-Mothyl-4-cthyl-2-formylpyr- | Normal WD 100A 121
role
3-Mcthyl-4-ethyl-2-formyliyr- { Normal WD 90A 122
role
3-Methyl-4-ethyl-6-formylpyr- | Normal WD — 99
role
2-Butyrylpyrrole Normal WD 70A 123
CsH130N 2-Ketooclahydropyrrocoline Normal WH 20A 87
CsH, 50N Pellgticrine Normal WH — 124
2-(1-Butanonc-2)pyrrolidino Normal WH — 125
C3H70C1 p-Chloroacctophenone Normal K 90B 21
C3H3ON3 2,4-Dimethyl-3-cyano-5- Normal WD — 126
formylpyrrole
C3H30sN2 Oxime anhydrido of 2-mcthyl- | Azine of 5-methyl-2-acctyl-3-| WD — 12
5-acctylpyrrole4-carhioxylic pyrrolo earboxylic acid
acid
CsllOsN 4-Mcthyl-3-acctylpyrrole-2- 3-Ithyl-4-methylpyrrole WD Little 105
carboxylic acid
2-Methyl-5-acetylpyrrole-4- A npyridazine WD — 12
carboxylic acid
2,4-Dimethyl-3-oxalylpyrrolo | 2,3,4-Trimethylpyrrole WD 70A 108
Cgll 1508 2-Ethyl-5-acctylthiophene Normal § WH — 127
Cy
CoH30 Cinnamaldehyde Phenyleyclopropane KP — 128
CoH; 0 p-Tolyl methyl ketone Normal WD — 129
Propiophenone Normal WD 40-50A 43
Propiophenonc Normal WD 79A 37

* References 86a—413 are listed on pp. 416-422.

1+ There was also formed some 2,4,5-trimethylpyrrole.
i The main product was CsHoON3;.
§ There was also formed some 2,5,2’,5’,-tetraethyl-3,3’-bithienyl.
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TABLE II—Continued
CompounDs REDUCED BY THE WoLFF-KisuNER METHOD
Formula Compound Product Method Yield |Reference*
CgH,00 Propiophenonc Normal WD 82A 40
p-Mcthylacetophcnone Normal WD 83A 130
p-Methylacctophenone Normal K 80B 21
CoH,50 Endoethylenetctrahydrobenz- | Normal K 46A 131
aldehyde
CyH140 Camphophorone 2,6,6-Trimethylbicyclo- KP — 15
(3.1.0)hexane
Camphenilone Normal X — 132
Camphenilone Normal WH — 133
Camphenilone Normal X 70B 134
a-lsocamphenilone Normal K — 135
Phorone a,a-Dimethyl-8-(2,2-di- KP — 136
methyl)eyclopropylethylene
Sprrol4,4]nonan-1-one Normal X 69B 137
Santenone Normal WH — 133
Nopinone Normal WH 46B 138
a-Fenchocamphorone Normal WH — 133
B-Fenchocamphorone Normal WH — 133
CoH;60 Dihydrocamphorphorone Normal X — 139
CyH130 2,6-Dimethylheptanonc-4 Normal WD 70A 37
CoH1302 B-(5-Mcthyl-2-furyl)butyral- | Normal K 72A 140
dehyde
Coll1403 Camphononic acid Normal WS 83B 141
CgH ;10N 3-Amino-4-methylaccto- Normal WD 75A 130,
phenone
CoH;,ON 2,6-Dimethyl-3-acetylpyridine | Normal X 35-40A 74
CoH;30N 2,4,5-Trimethyl-3-acetyl- Normal WA — 142
pyrrole
2,4,5-Trimethyl-3-acetyl- 2,3,5-Trimethylpyrrole WD Mainly 117
pyrrole
2,3,4-Trimethyl-5-acctylpyrrole| Normal WD 50A 120
2,4-Dimethyl-3-ethyl-5-formyl- | Normal WS 27A 143
pyrrole
2,4-Dimcthyl-5-ethyl-3-formyl -| Normal WD 70A 144
pyrrole
2-Methyl-4-cthyl-3-acotyl- Normal WD — 145
pyrrole
3-Methyl-4-ethyl-2-acctyl- Normal WD — 99
pyrrole
2-Methyl-5-butyrylpyrrole Normal WD 73A 123
CgH;;0N 2-Keto-3-methyloctahydro- Normal WH 31A 146
pyrrocoline
7-Keto-3-methyloctahydro- Normal WH 9B 147
pyrrocoline
4-Keto-5,5-dimethyldi(1,2)- | Normal WH 65B 65
pyrrolidime
1-Ketodetahydropyridocoline | Normal WH 16A 147
4-Ketotetrahydroquinoline Normal WH 33A 64
1,4-Dimethyl-3-acetyl-1,2,5,6- | Normal WD 314 148
tetrahydropyridine
CgH170N N-Methylisopelletierine Normal WH Almost 149
100B

* Referenoes 86a-413 are Usted on pp. 416-422,
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TABLE II—Continued
ComrounDps REDUCED BY THE WOLFF-KISENER METHOD
TFormula Compound Product Method Yield |Reference*
CoHy7ON dl-Methylconhydrinone Normal WH 50B 125
dl-Mcthylconhydrinone Normal WDt 40A 150
CgH1:0oN 2,4-Dimethyl-3-acetyl-5- The azine WS § — 117
formylpyrrole
CyH;¢0sN Imine of B-(4-mcthyl-5-formyl- | Normal WD Good 151
3-pyrrole)propionic acid
Imine of 8-(4-methyl-5-formyl- | Normal WD 87-73A 152
3-pyrrole)propionic acid
CyHyO3N 3-Nitro-4-cthylbenzaldebyde | Normal WD 64A 130
CpH 103N 2-Mcthyl-5-carbethoxy-3- 2,3-Dimethylpyrrole WD 57A 94
formylpyrrole
3-Methyl-4-carbethoxy-2- 3,3-Dimethylpyrrole WD — 153
formylpyrrole
B8-(3-Mcthyl-2-formyl4-pyrrolo){ Normal WD 98A 152
propionic acid
CyH0N? Myosmine Normal § wH 26A 154
Cro
Ci0H100 Benzalacctone 1-Phenyl-2-methylcyco- Kr — 15
propanc
Benzalacetone 1-Phenyl-2-methyleyclopro- XP 57A 155
pano
CioH120 Butyrophenore Normal WD 40-50A 43
Butyrophenone Normal WD 66A 39
p-Tolyl cthyl ketone Normal WD — 129
Phenyl n-propy! ketone Normal WD 40-50A. 43
Cy0H40 Carvone Normal K — 30
Carvone 13olimonene Kr 16B 17
B-Pericyclocamphenonc Normal WH 90B 156
Tricyclal Norma) WA — 157
Teresantahicaldchyde Normal WS — 158
Cyclopentylidenceyclopeta- | 6,6-Tetramethylene- KP — 159
nonc-2 bicyclo(3.1.0)hexane
4-Mcthylisocyclenonoe-2 Normal WH 60B 160
6-Camphenone Normal ws — 161, 162
Piperitenone (mixture) Normal K| 20A 163, 164
C10H160 Camphor Normal K — 1
Camphor Normal WH 84B 2
Camphor Normal K — 165
Camphor Normal WH — 166
Epicamphor Normal w8 — 166
Thujone Normal K — 1
Thujone Normal WH — 167

* References 86a—413 are listed on pp, 416-422,
1 No alkaline catalyst was used.
i Direct reduction of the ketone with hydrazine hydrate and sodium ethoxide gave a product that
formed two unidentified picrates.
§ Myosmine, 2-(3-pyridyl)-A%-pyrroline, on treatment with hydrazine hydrate was converted to

the hydrazone of 4-keto-4(3-pyridyl)-butylamine which was then reduced normally.

|| The hydrazone was placed in aqueous potassium hydroxide, a little copper sulfate added, and

the solution evaporated to dryness.

The residue was distilled in vacuum to completc the reaction.
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TABLE II—Continued

CompouNDs REDUCED BY THE WOLFF-KISHNER METHOD

TFormula Compound Product Method Yield |Reference*
C10Hy 60 Isothujone Normal and CioHig K - 30
Tenchone Normal . X — 1
TFenchone Normal WH 100B 2
TFenchone Normal K — 168
Isofenchone Normal WH — 133
Dihydrocarvone Normal K — 169
Dihydrocarvone Normal WH 17A 138
Carvenone Normal X — 169
Carvenone Normal XP 80B 17
Citral Normal K — 169, 170
Citral Normal { X — 16
d-Carone Normal K — 171
d-Carone Normal WH 224 138
Pinocamphone Normal K, WH | 50B, 68B 172
Pinocamphone Normal WD — 173
Isopinocamphone Normal WD — 173
B-Mcthyleamphenilone Normal WH — 174,175
B-Methylcamphenilone Normal WH — 176
¢i3-8-Decalone Normal t ws 55B 3
trans-p-Decalone Normal § W8S — 3
trans-B-Decalone Normal || WS 58B 177
Thujamenthone Normal K — 139
1,1-Tctramethylenc-2-cyclo- Normal X — 178
hexanone
2-Cyclopentyleyclopentanone | Normal K — 159
Pulegone Normal WH — 138
1sopulegone Normal WS — 179
Tanacctone Normal WH — 138
d-Verbanone Normal WH — 80
dl-Verbanone Normal ? — 180
C10H130 Citronellal Normal K — 169
Citroncllal Normal WH — 2
Menthone Normal WH 90B 2
Menthone Normal K — 30
C10HgOg 1,2-Naphthoquinone 9 — — 97a
1,4-Naphthoquinone *k — — 97a
C10H1402 Elsholtzia ketone Normal WD — 77
5-Ketocamphor Normal w8 Almost 181
100B
5-Ketocamphor d-Borneol 11 w3 — 181e
6-Ketocamphor Normal WS —_ 182

* References 86a—413 are listed on pp. 416-422,

1+ The undistilled hydrazone gave the normal reaction with potassium hydroxide. On distillation
the hydrazone was converted into the pyrazoline which with potassium hydroxide was converted to
1-methyl-1-isohexenyleyclopropane.

1 Besides the normal product there was formed 30% of B-decalol.

§ With 100% ethanol there was formed a mixture consisting of 3 parts of decalin and 1 part of decalol,
‘With 99.9%, ethanol there was formed almost exclusively decalol.

|| Besides the normal product there was formed 19% of decalol.

€ The mono-2-semicarbazone and mono-2-aminoguanidine derivatives gave a-naphthol on boiling
with potassium hydroxide.

%% The monosemicarbazone and monoguanidine derivative gave a-naphthol on boiling with potas-
sium hydroxide.

11 Since the mono-5-semicarbazone was used the product corresponds to a normal reduction accon:-
panied by sodium alkoxide reduction of the other carbonyl group.
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TABLE II—Continued
CompouNDps REDUCED BY THE WOLFF-KIsENER METHOD
TFormula Compound Product Method Yield |Reference*
Ci10H1602 5-Hydroxycamphor Normal ws — 181
5-Hydroxycamphor Normal ws — 181a
trans-w-Hydroxycamphor Normal WS — 181a
cig-w-Hydroxycamphor Normal W8S — 181a
d-10-Hydroxycamphor Normal WS 95B 183
Ci0Ha002 2,6-Dimethyloctanong-3-0l-2 | 2,6-Dimethyloctene-2 K — 93
C10H140s Ketopinic acid Normal WS Good 184
Ketopinic acid Normal ? 62A 68
TIsoketopinic acid Normal WS — 185
2-Keto-7-r-apocamphanecar- | Normal WS — 186
boxylic acid
Ci0H1603 dl-o-Camphalonio acid Normal WS — 187
o-Carboxypropiophenone 4-Hydroxy-1-ethylphthalazine WD 66A 188
C10H1303 5-Keto-8-methylnonanoic acid | Normal WD 92A 37
CyoHgO4 Coumaroylformio acid Normal WD — 189
CroH1204 3,4,5-Trimethylbenzaldchyde | Normal K T7A 190
3-Ketoisoketopinio acid Isokctopinio acid X — 14
C1oHgON 2-Lepidone Lepidine } X 30B 10
C10H130N 3,5-Diacetyl-2,4-dimethylpyr- | Normal WD — 191
role
C10H170N 1-Keto-2-methyloctahydro- Normal WH 28B 67
pyridocoline
1-Keto-8-mothyloctahydro- Normal WH 74A 64
pyridocoline
C10H,303N 2,5-Dimethyl-4-carbethoxy-3- | 2,3,5-Trimethylpyrrole ws Trace 119
{ormylpyrrole
2.4-Dimethyl-5-carbethoxy-3- | 2,3,4-Trimethylpyrrole WS — 192
formylpyrrole
2,4-Dimethyl-5-carbethoxy-3- | 2,3,4-Trimethylpyrrolo WD 80A 120
fermylpyrrole
2,4-Dimethyl-5-carbethoxy-3- | 2,3,4-Trimethylpyrrole WD 71A 144
formylpyrrole X
2-Ethyl-5-carbethoxy-3- 2-Ethyl-3-methylpyrrole WD — 94
formylpyrrole
3-Methyl-4-carbethoxy-2- 2-Fthyl-3-methylpyrrole WD — 153
acetylpyrrole
2-Methyl-4-carhothoxy-5- A pyridazine WD — 12
acetylpyrrole
C10H12058 8-(3,4-Dimethoxythienoyl)- None ? 0 193
propionic acid
C10H1408 2,6-Dicthyl-3-acetylthiophene | Normal WH 55B 127
Cn
CniH120 Benzalmethyl ethyl ketone 1-Ethyl-2-phenyleyclopropane KpP 57A 155
CnH140 p-Tolyl n-propy! ketone Normal WD — 129
Pheny! n-buty! ketone Normal WD 40-50A 43
* References 86a—413 are listed on pp. 416-422,
% The 3-monohydrazone was used, hence isoketopinic acid is the normal product. When the

‘Wolff method was used the carbonyl group at C3 was reduced normally and that at Cg reduced to the
carbinol, giving trans-w-apoborneolcarboxylic acid.

i The normal product, 1,2-dihydrolepidine, was oxidized by the air to lepidine,
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TABLE I1—Continued
ComrounDps REDUCED BY THE WoLFF-KisaNER METHOD
Formula Compound Product Method Yield |Reference*
C1;H;60 4-Methylisocyclenone Normal WH 59B 194
C1,H150 4-Methylcamphor Normal WH — 175
C11H;602 6-Methoxy-A19-2-octalone Normal WH 54A 73
5-Methyl-2-(3-ketohexyl)furan | Normal WH 28A 194¢
C1;H,502 1,3-Dimethylbicyclo(3.3.1)non-| Normal WH 1 54B 195
anol-5-one-7
C11H1603 2-Keto-1-apocamphane-1- Normal ws 83B 196
acetic add
C11H,204 B8-(3-Methoxybenzoyl)-pro- Normal WD 89A (cr.) 40
pionic acid
C11H1404 2-Hydroxy-3-methoxy-5- “'Little success” ? — 197
(w-hydroxypropyl)benzalde-
hyde
C11H1;0N 3,6,6-Trimethyl-4,5,6,7-tetra- | Normal ? — 198
hydro-4-ketoindole
Ci1H150:N 2-Mcthyl-4-ethyl-3-formyl- 2,3-Dimethyl4-ethylpyrrole WD 50A 99
5-propionylpyrrole
C11H1;03N 2,4-Dimethyl-5-carbethoxy-3- | 2,4-Dimethyl-3-cthylpyrrole t WD 53A 143
acetylpyrrole
2,4-Dimethyl-5-carbethoxy-3- | 2,4-Dimethyl-3-ethylpyrrole WD 61-66A 199
acetylpyrrole
2,4-Dimethyl-5-carbethoxy-3- | 2,4-Dimethyl-3-cthylpyrrole WD 85A 99
acetylpyrrole
24-Dimethyl-5-carbethoxy-3- | 2,4-Dimethyl-3-cthylpyrrole WD 50-58A 84
acetylpyrrole
2,3-Dimethyl-§-carbethoxy-4- | 2,3-Dimethyl-4-cthylpyrrole WD Less than 200
acotylpyrrole 60A
2-Methyl-4-ethyl-5-carbeth- | 2,3-Dimethyl-4-cthylpyrrole WD 77A 201
oxy-3-formylpyrrole
2-Methyl-4-ethyl-5-carbeth- 2,3-Dimethyl-4-ethylpyrrole WD — 202
oxy-3-formylpyrrole
2-Fthyl-4-methyl-5-carbeth- | 2-Ethyl-3,4-dimethylpyrrole WD 544 203
oxy-3-formylpyrrole
Ethyl 2,3 4-trimethylpyrrole- | 2,3,4-Trimethylpyrrole § WD Small 120
5-glyoxylate
Ciz
C12H140 Benzalmethyl isopropyl ketone | 1-1sopropyl-2-phenyleyclo- XP 57A 155
propane
C19H160 Phenyl n-amyl ketone Normal WD 40-50A 43
p-Tolyl n-butyl ketone Normal WD — 129
1,4,5,8-bis-endo-Methylene-g- | Normal wSs — 204
decalone
C12H,50 Cyclohexylidenecyclohexane- | Normal K — 205
2-one
C19HsO2 Acenaphthene quinone Normal ws 50B 206

* References 86a—413 are listed on pp. 416-422,
1 No alkaline catalyst was used.
1 There was also formed considerable 2,4-dimethyl-3-acetylpyrrole azine.
§ On warming the crude acidified product there was formed some 2,3,4,5-tetramethylpyrrole,
presumably by loss of carbon dioxide from 2,3,4-trimethylpyrrole-5-acetic acid.
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TABLE II—Continued
CompouUnDs REDUCED BY THE WOLFF-KIisaNER METHOD
Formula Compound Product Method Yield )Reference*
C12H1603 2-Hydroxy-5-methoxyiso- The azine ws — 207
valerophenone
2-Carbomethoxy-5(or 8)-keto- | Bornylene-2-carboxylic acid WS — 166
bornylene
C12H1503 d-trans-w-Apobornyl acetate- | d-Borneol WS 52B 208
7-aldehyde
d-trans-w-Apoisobornyl acetate-] Isoborneol ws — 208
7-aldehyde
cig-r-Apobornyl acetate-7- d-Borneol W8S 50B 208
aldehyde
5-Acetoxycamphor Epiborneol ws — 181a
Methyl 2-methyl-y-keto-1- 2-Methyl-1-cyclohexenebutyric{ WD 58A 208
cyclohexenebutyrate acid
C12M2203 §-Keto-10-methylundecanoie | Normal WD 80A 37
acid
Ci12H2002N2 Aspergillic acid Normal WD — 210
C12H709N3 Phenylazimidoquinone Phenylazimidophenol t — 211
C1oH3703N 2,4-Diethyl-5-carbethoxy-3- 3-Methyl-2,4-diethylpyrrole WD — 202
formylpyrrole
2-Ethyl-4-methyl-5-carbeth- 4-Methyl-2,3-diethylpyrrole WD — 203
oxy-3-acetylpyrrole
2-Mcthyl-4-ethyl-5-carbeth- 2-Methy!-3,4-diethylpyrrole WD — 145
oxy-3-acotylpyrrole
3-Eithyl-4-mothyl-5-carbeth- 4-Mothyl-2,3-diethylpyrrole WD 58A 212
oxy-2-acetylpyrrolo
2-Mcthyl-4-propyl-6-carbeth- | 2,3-Dimetbyl4-propylpyrrolo WD 70A 213
oxy-3-formylpyrrole
2,4-Dimethyl-5-carbethoxy-3- | 2,4-Dimethyl-3-propylpyrrole WD 40A 213
propionylpyrrole
1,2,4-Trimethyl-5-carbethoxy- | 1,2,4-Trimethyl-3-ctliylpyrrole WD B5A 214
3-acetylpyrrole
2-Butyl-5-carbethoxy-3 (or 4)- | 2-Butyl-3 (or 4)-mothylpyrrole WD 414 123
formylpyrrole
C12H1505N 4-Methyl-3,6-dicarbethoxy- 2 4-Dimethylpyrrole WD Good 215
2-formylpyrrole
Ci3
Cy13H30 Fluorenone Normal WD, WAL) — 26
Ci3H100 Benzophenone Normal WD ¢ 100A 26
Benzophenone Normal K 84B 2
Benzophenone Normal WD 834 40
3-Acenaphthaldchyde Normal WDt 63A 216
Ci3H140 8-Kecto-5,8,7,8-tetrahydro-2,3- | Normal KS 100B (cr.) 217
cyclopentenonaphthalene
Cy3H,;30 Phenyl n-hexyl ketone Normal WD 40-50A 43
p-Tolyl n-amyl ketone Normal WD — 129
Ci3H200 Tonone Normal K — 218
y-Ionone Normal K — 218

* References 86a-413 are listed on pp. 416-422,
1 The monosemicarbazone on long boiling in 3% sodium hydroxide gave phenylazimidophenol,
the enol form of the normal reduction product.
3 No alkaline catalyst was used.
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TABLE II—Continued
Compounps REDUcED BY THE WoLFF-KisaNeEr METHOD
Formula Compound Product Mecthod Yield (Reference*
C13Hg00 4-n-Propyleamphor Normal WH 69B 219
C13H103 4-Acetoxy-2-naphthaldehyde | None WS — 220
C13Hj303 3,5-Dimethoxypheny! n-butyl | Normal K 85A 33
Kketone
CisHi 0N 1-Keto-5,6-benzo-1,2,3,4,7,8- | Normal WH 37A 221
hexahydropyridocoline
Cy3H170N 6-Phenyl-2,2-dimethyl-4-piperi-| Normal WD 93A 222
done
Ci3Hp10N 1-Keto-5,6-benzododccahydro- | Normal WH 40A 221
pyridocoline
Cy3HgOsN 7-Amino-2-hydroxyfluorenone { Normal WD 100A 223
CysH1903N 2-Tithyl-4-methyl-3-propionyl- | 2-Ethyl-3-propyl-4-mcthyl- WD — 224
5-carbethoxypyrrole pyrrole
2,4-Diethyl-5-carbethoxy-3- 2,3,4-Triethylpyrrole WD 30A 225
acetylpyrrole
2,4-Dimethyl-5-carbobutoxy-3- | 2,4-Dimethyl-3-ethylpyrrole WD 48A 99
acctylpyrrole
2,4-Dimcthyl-3-n-butyryl-5- | 2,4-Dimethyl-3-n-butylpyrrolo WD — 228
carbethoxypyrrole
2,4-Dimethyl-3-isobutyryl-5- | 2,4-Dimethyl-3-sobutylpyr- WD 9A 226
carbethoxypyrrole role
C(3HgaON2 Cuskhygrin Normal WH 10B 7
C13H,603N 5 2,4-Dimethyl-5-carbethoxy-3- | 2,4-Dimethyl-3-(y-keto- WD 10A 200
(B-cyanopropionyl)-pyrrole butyric acid)-pyrrole
C13H1904N3Cl | Imide hydrochloride of cthyl | Normal WD — 227
2,4-dimethyl-5-carbethoxy-
pyrrole-3-glyoxylate
C13H30Cly p,p’-Dichlorobenzophenone Normal WH 21B 228
Cis
C14H300 Phenyl n-hepty! ketore Normal WD 40-50A 43
p-Tolyl n-hexyl ketono Normal WD — 129
C14H320 1,1,6,10-Tetramothyl-A%- Normal w8 90B 229
octalone-2
C14H1¢02 Benazil Normal WH t Almost 25
100B
Benzil Normal WH § Little 26
C14H;,ON 1,3-Dimethyl-2-azafluorcnone { Normal WDl 80A 230
Cy14Hg 0N 2,4-Diethyl-3,5-dipropionyl- 2,4-Dicthyl-3-propylpyrrole WD — [
pyrrole
C14Hg1 03N 2-Methyl-4-propyl-3-propi- 2-Methy!-3,4-dipropylpyrrole WD 16A 213

onyl-5-carbethoxypyrrole

* References 864—413 are listed on pp. 416-422.

T Though the a-hydrazone gave a small yield of the normal product, the 8-hydrazone under the
some conditions gave a 33%, yield of desacetylcuskhygrin; that is, di-(N-methyl-a-pyrrolidyl)methane.

1 This reaction was carried out on the monohydrazone in the absence of any alkaline catalyst.
Under the same conditions the dihydrazone gave only a compound CgasHg4Ng, probably the azine
of desoxybenzoin.

§ The monohydrazone heated in vacuum gave a little desoxybenzoin and mostly benzilazine.
No alkaline catalyst was used.

J} No alkaline catalyst was used.
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TABLE I1—Continued
CompounNDs REpUucED BY THE WoLFF-KIisENER METHOD
Cis
TFormula Compound Product Method Yield [Reference*
C15H30 1-Permaphthindenone Normal K 19B 231
CysH100 9-Anthraldehyde Normal wi 38B 232
9-Anthraldchyde Normal K 79B 20
9-Phenanthraldehyde Normal ws — 232a
CisH120 Benzalacetophenone 1,2-Diphenyleyclopropanc Kp — 233
3(2"-Naphthyl)-cyclopenten-2- | Normal ws 49B 234
one-1
CisH140 Dibenzyl ketone Normal wI 82B 2
C15H130 9-Keto-12-methy!-1,2,3,4,9,10, [ Normal WS — 235
11,12-octahydrophenan-
threne
1-Keto-11-methyloctahydro- | Normal WS — 236
phenanthrene
C15Ha20 Gurguncne ketone Normal wSs — 237
Cedrone Normal WS 208 238
a-Cyperone Normal w8 — 239
a-Vetivone Normal WSt 42B 240
B-Velivone Normal WS 1 50B 240
B-Vetivone Normal WS | 44B 241
Ketones from Zingiber root Normal w8 81B 242
p-Tolyl n-heptyl ketone Normal WD — 129
p-Toly! n-heptyl ketone Normal WD, WS | — 130
CisH230 Cyclopentadecanone Normal w8 62B 24
C15H1002 a-Benzoyleoumarone Normal WH — 54
C15H1402 8-Methoxy-1-keto-1,2,3,4- Normal w8 — 242¢
tetrahydrophenanthrenc
C15H2002 2-Keto-4-furyl-10-mcthyl- Normal WS 50B 243
decalin
C15H1403 Di-p-anisy! ketone Normal . WK | — 26
C15HasON 4-Methyl-3-aminophenyl Normal WD — 130
n-heptyl ketone
Cig
Ci16H;20 9-Methyl-10-anthraldehydo Normal WH 74B 216
1-Acetylanthracene Normal § WS 100B 9
2-Acctylanthracene Normal WD Good 9
C1oH3140 2-Methyl-3-phenylindone Normal WH 100B 244
1-Kecto-1,2,3,4-tctrahydro-8,9- | Normal WD Poor 245
accphenanthrene
Ci16H200 4-Phenylcamphor Normal WH 85B 246
9-Phenyl-3-decalone Normal X 70A 246a
CieHp40 p-Tolyl n-octyl ketone Normal WD — 129
Cy6H1202 Perisuccinoylacenaphthene Normal WD — 78

* References 86a—413 are listed on pp. 416-422.

1 The semicarbazone was added to aqueous potassium hydroxide containing a little copper sulfate
and the solution heated slowly in vacuum until both the water and the product had distilled.

I No alkaline catalyst was used.

§ The reaction proceeded normally when the semicarbazone was reduced for four hours at 180°

when the ketone was reduced directly at 180° for eight hours, 2-ethylanthracene was formed.
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TABLE II—Continued
Compounps ReEpuceD BY THE WoLFF-KisaNER METHOD
TFormula, Compound Product Method Yield |Reference*
C16H1409 3-(6"-Methoxy-2’-naphthyl)- | Normal WS 37B 234
cyclopenten-2-one-1
CiH1403 B-(3-Acenaphthoyl)-propionic | Normal WD 994 (cr.) 40
acid
C16H2403 3,5-Dimethoxyphenyl n-heptyl | Normal ? — 247
ketone
C16H3¢03 Mixture of methyl 2-ethyl- Mixture of normally reduced WH — 247a
2-butyl-5-ketonononoate and | acids
methyl 4-ethyl-4-butyl-
5-ketonononoate
C16H1404 B-(p-Phenoxybenzoyl)-pro- Normal WD 95A (cr.) 40
pionic acid
C16HsON 1,2-Benzo-3-azafluorenone Normal WDt — 86
2,3-Benzo-1-azafluorenone Normal WD t 80A 86
3,4-Benzo-2-azafluorenone Normal WD t — 248
C1oH130N 3-Acetyl-2-phenylpyrrocoline | Normal ¢ WD 35A 249
C,6H3ONCI 4-Chloro-1,2-benzo-3-aza- 4-Hydroxy-1,2-benzo-3-aza- WD 85A 28
fluorenone fluorene
Cir
C17H100 Pyrene-3-aldehyde Normal WD 90A 27
Pyrene-3-aldehyde Normal K 84B 20
C17H120 a-Benzoylnaphthalene Normsl WD t 554 29
B-Benzoylnaphthalene Normal WDt 96A 29
C17H140 B-Propionylanthracene Normal WD Good 9
Dibenzalacetone § K — 250
Cy7H;30 3-Keto-1,2,3,9,10,11-hexehy- | Normal ? — 71
dro-1,2-cyclopentenophe-
nanthrene
3-Keto-1,2,3,9,10,11-hexs~ Normal WS — 250a
hydro-1,2-cycloponteno-
phenanthrene
1-Methyl-4-keto-1,2,3,4-tetra- | Normal ? — 251
hydro-7-ethylphenanthrene
Cr7H30 Civetone Normal | WS 65B 252
Ci7H320 Dihydrocivetone Normal WS — 24
Ci17H103 2-Methylaceanthrenequinone | None ? — 253
?-Methylaceanthrenequinono | None ? — 253
Ci17H1202 p-Hydroxyphenyl S-naphthyl | Normal WDt — 29
ketone
C17H1603 3-(2-Naphthyl)cyclopentan- Normal WS 79A 253a
1-one-2-acetic acid
Cy7Hge03 3,5-Dimethoxypheny! n-octyl | Normal ? 85A 254

ketone

* References 86a—413 are listed on pp. 416-422,
t No alkaline catalyst was used.
1 There was also formed 45%, of 2-phenylpyrrocoline.
§ With one mole of hydrazine there was formed the pyrazoline which on warming was converted

to 3.4-diphenyleyclopentene.

‘When the ketone was treated with excess hydrazine there was formed

a dimeric product, converted by the action of potassium hydroxide into 1-phenyl-2-(8-phenylethyl)

oyclopropane.

|| There was also formed 31% of civetol.
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TABLE II—Continued
CompounNDs REpUCED BY THE WOLFF-KISHNER METHOD
Formula Compound Product Method Yield  |Reference*
C17H1604 y-(p-Phenoxybenzoyl)-butyrie | Normal WD 96A (cr.) 40
acid
C17H1:0N 4-MethyL-1,2-benzo-3-aza- Normal WD 1 -— 255
fluorenone
C17H110:N 4-Mcthoxy-1,2-benzo-3-nzn- 4-Hydroxy-1,2-benzo-3-asa- WD 1 94A 28
fluorcnone fluorene
C17H1902N B-(Tetrahydro-4-pyranyl)- Normal WS 808 256
cthyl 4-quinoly! ketone
C17H;30N 2 9-Rubanone Normal K 63A 257
C17H200N2 Michler’s ketone Normal WA -- 26
Michler’s ketone Normal WH 97B 2
Cy7Hg4ONy 3,3',5,6’-Tetramethyl-4,4'- 2.4-Dimcthyl-3-cthylpyrrole WD —- 258
diethylpyrroketono
Cig
C13H140 2-Phenylacctyluaphthalene Normal ws — 259
Cy3H160 2-Keto-1,2,9,10,11,12-hexa- Normal W8 88A 260
hydro-3,4-bonzophonanthrene
C13H130 18-Equilcnone Normal WS 22B (cr.) 261
$8-17-Fquilenone Normal WS 83B (er.) 261
Ci13H200 5-Keto-1,2,3,4-tetramethyl- Normal w8 76B 262
5,8,7,8-tctrahydroanthraccne
C13H220 2-Ketododceahydrochrysenc | Normal ws 35A 263, 264
C13H230 Phenyl n-undecyl ketone Normal ‘WD 40-50A 43
p-Tolyl n~decyl ketone Normal WD — 129
C13H1402 cis-Diketohexahydrochrysone | Normal wi 34A 245
trans-Diketohexalydrochryseno| Normal WH 44A 265
C13H2202 Eatrono Normal WS -— 266
Tstrone Normal WS 358 60
Estrone Normal ? - 267
Estrone Normal w8 738 268
Lumicstrone Normal w8 — 269
C13H2402 0O-Methylpodocarpinal 8-Hydroxypodocarpano WS 518 270
C13H1403 B-(9-Phenanthroyl)propionic | Normal W8 768 271
acid
C13H2003 7-Kctocstrone Normal WS 48B 268
2-Hydroxy-5-benzyloxyisoval- | None WA — 207
crophenone
C13H2903 B-(5 or 8)CGyclohexano-1-spiro- | Normal WS — 272
hydrindoylpropionic acid
Ci15H2603 10-Keto-12-phenyldodecancic | Normal WD 78A 273
acid
C13Hs003 12-Keto-13-(3-cyclopentenc)- | Normal WD 70A 274
tridecylic acid
C13H3203 8-Keto-17-octadecenoic acid | Normal WD 654 (cr.) 41
8-Keto-18-octadecenoic acid | Normal WD — 41
C13H3403 Tthyl 5-keto-3-methyl-3- None ? —_ 275
amyldecanoate
Ci13H2208 Diethyl a-acetyl-8-(p-anisyl)- | None ? — 276

glutaconate

* References 86a—413 are listed on pp. 416-422.
1 No alkaline catalyst was used.
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TABLE II—Continued
Compounps REpuceEp By THE WoLFF-KiseNerR METHOD
Formula Compound Product Method Yield |Reference*
C13H130N 4-Ethyl-1,2-benzo-3-azafluor- | Normal WDt — 255
enone
Ci3Ha1 03N Metathebainone Normal WD 56-63A 277
C1sH1pOsN Hydroxycodeinone None WH — 278
Cig
Ci1pH150 1,2-Benzanthracenc-10-alde- Normal WH 1008 232
hyde
3,4-Benzo-1-phenanthralde- Normal ws 63B (cr.) 262
hyde
3,4-Benzo-2-phenanthralde- Normal w8 — 279
hyde
Chrysene-5-aldehyde Normal WS 17B 280
C19Hy0O Methyl 8-9-fluorenyl-g-methyl-{ Normal ws 498 281
propyl ketone
C19H20 1-Methyl-4-kcto-1,2,3,4-tetra- | Normal ? — 251
hydro-~7-sec-butylphenan-
threne
a-Bisdehydrodoisynolaldehyde | Normal WS — 281a
S-Bisdehydrodoisynolaldehyde | Normal WS — 281a
C19H»40 2-Keto-16-methyldodecahy- Normal WS — 264
drochrysene-a
C19Hps0 Al6-Androstene-3-one Normal WD 534 282
Ci19Hs00 Androstanone Normal WS 100B 283
Ltiocholanone-17 Normal w8 57B 283
A propeimin derivative Normal Wws — 284
C19HogO2 Hquilenin methyl ether Desoxoequilenin WS 61A 285
C19H2402 3-Keto-7-methoxy-2-mecthyl- | Normal WS 3B 264
3,4,9,10,11,12-hexahydrocy-
clopentenophenanthrene
Cy9Ha302 Norcafestancdione Normal WS 79B 286
Norcafestonal Normal W3 Poor 287
Androstane-3,17-dione Normal WS >80B 286
Dehydroandrostcrone Normal WS 984 288
Dehydroandrosterone Normal WS 168 289
C19H3002 Androstan-3(8)-ol-17-one Normal WD 81A 290
C19H1603 B8-3-Phenanthroylisobutyric Normal ws 988 (er.) 291
acid
C1¢H; 50N 4-Isopropyl-1,2-benzo-3-aza- | Normal WDt 81A 28
fluorenone
C19HgON 2,3,5,6-Dibenzoylenepyridine | Normal WDt — 230
C19Hz503N Ketoazodehydroabietic acid Normal WD — 292
Caxo
CaoH140 1-Acetyl-3,4-benzophenan- Normal WS — 279
- threne
2-Acetyl-3.4-benzophenan- Normal w8 — 279
threne

* References 86a—413 are listed on pp. 416-422.
T No alkaline catalyst was used.
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TABLE II—Continued

CompounDps REpucED BY THE WOLFF-KIsENER METHOD

Formula Compound Product Method Yield |Refcrence*
CaoH160 v,v-Diphenyl-a-hydrindone Normal WH, WS | Good 293
CgoHg00 3-Acetylretene Normal WS 50B 294
CooHa20 2-Acetyldihydrorctene Normal WS Poor 53
CyoHg30 Dchydroabietinal Normal WS 70B 270

Dehydroabietinal Normal WS 824 294a
C20H300 Ahictinal Normal WS 81B 295
Caoll 320 Pheny! n-tridecy! kelone Normal WD 40-50A 43
p-Tolyl n-dodecy! ketone Normal WD — 129
CooH400 3-Llicosanone Normal WD 40A 38
CaoH1304 2,11-Diketo-9,18-dimethyl- Normal WH 66A 265
1,2,9,10,11,18-hoxahydro-
chrysenc-a
2,11-Diketo-9, 18-dimethyl- Normal WH 55A 265
1,2,9,10,11,18-hoxahydro-
chrysone-b
CaoHs202 Ketomanoyloxido Normal WS 83B 206
CgoH2204 1,4-Di-p-anisoylbutane Normal K 82A 56
Mecthyl bisdehydromarriano- | Bisdehydrodoisynolic acid 1 WD 50A 297
late aldehydo 7-methyl ether
CooHge04 Methyl marrianolato aldchyde | Doisynolic acid 7-methy] other WD 50A 297
7-methyl ether
Mcthyl lumimarrianolate alde- | Lumidoisynolic acid ws — 297
hyde 7-methyl cther
CaoH 3004 Diketocassanio aoid Normal WH 82A 298
CaoH3005 3(a),12-Dihydroxy-11-koto- 3(e),11,12-Trihydroxyetiocho- WD — 298¢
etiocholanio acid lanic acid
CgoH1:0N 1,2(1,2)-Naphtho-3-azafluore- | Normal WDt 100A 28
none
CaoHgsO3N 6-(4-Benzyloxy-3-mothoxy- None WD 0 222
phenyl)-2,2-dimethyl-4-pi1-
peridone
Ca1
Co1H120 1,2,6,7-Dibenzofluoronone Normal WD 90A 299
1.2,7,8-Dibenzofluorenone Normal WDt — 300
2,3,5,6-Dibenzofluorenone Normal and some of the WD — 300a
difluorene
2,3,8,7-Dibenzofluoronone Normal WD i — 300
2,3,6,7-Dibenzofluorcnone Normal § WD 39A 299
3.4,5,6-Dibenzofluorenone Normal WDt — 300
3,4-Benzopyrene-5-aldehyde Normal WH 70B 301
Cg1H160 2-Phenylacetylfluorene Normal WD, WS | — 299
1-Propionyl-3,4-benzophenan- | Normal ws — 279
threne
2-Propionyl-3,4-benzophenan- | Normal ws — 279

threne

* References 86a—413 are listed on pp. 416-422.
T The crude product was treated with hydrochloric acid to remove the methoxyl group.
1 No alkaline catalyst was used.
§ Some of the azine and some 2,2',3,3,6,6',7,7'-tetrabenzo-9,9’-bifluorenyl were also formed.
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TABLE I1I—Continued

ComproUunDs REDUCED BY THE WOLFF-KISENER METHOD

407

Formula Compound Product Method Yield |Reference*
Ca1H340 Allopregnan-3-one Normal WH 98B 302
17a-Methyl-D-homo-3-andro- | Normal WD — 303
stanone
C91H300, O-Methyl-7-isopropylpodocar- | Ferruginol t ws — 270
pinal
6-Methoxydehydroabietinal Ferruginol 1 w8 — 270
Methylhinokione Normal (not isolated) ? — 304
C21H3202 172-Methyl-D-homoandrostan-| Normal WH 30B 35
3,17-dione
17a-Methyl-D-etiochola-3,17- | Normal WD 100A 305
drone
Diketodiginane Normal WD 45A 306
Co1H3409 Pregnan-3(a)-ol-20-one Normal WS 85B 307
Cg1H3003 Dehydroandrosterone acetate { Unknown compound WS 898 (cr.) 308
Dehydroisoandrosterone — 1 w8 — 308
acetate
Dihydrodehydrodesoxodigini- | Normal WD 84A 306
genin
Cy1H3203 Dihydrodesoxodiginigenin None WS — 306
Methyl 3-ketoctioallocholanate| litioallocholanic acid § WD 48A 309
Co1H3403 3(8),17a-Dihydroxy-17a- Ca1H3z40 WD — 303
methyl-D-homo-17-andro-
stanone
C21H3e03 Pregnanol-20(a)-on-3 acctate | Pregnancdiol-3(a),20(a) WS 858 79
Co1Hy304 Half methyl cster of bisde- Normal || WD — 309a
hydromarrianolic half alde-
hyde methyl ether
Ca1Hgs04 Diginigenin Desoxodiginigenin WS 24B 308
Ca1H3304 Methy! 3-keto-12(e)-hydroxy- | 12(c)-Hydroxyctiocholanic WD — 309b
etiocholanato acid
CaH3205 Methyl 3(a),7(a)-dihydroxy- | 3(a),7(a)-Dihydroxyctiocho- WD — 3095
12-ketoetiocholanio acid lanic acid
Cy;H150N 3-Benzoyl-2-phenylpyrrocoline | Normal ** WD 26A 249
Cay
Cqo2H;60 6’-Keto-4',5-dimethylene-1’,2’,-| None 7 — 312
3’,4'-tetrahydro-3,4-benzo-
pyrene
CgoHgo0 Di-o-tolylphenylmethane-o- Normal WD 83A 313
carboxaldehyde
Cgo2Hy20 -Keto-1’,2",3’ 4"-tetrahydro- | Normal WS 71B 314

3,4-benzoretene

* References 86a—413 are listed on pp. 416-422,
T This is the normal product in which the methoxyl group has undergonc cleavage.
1 A mixture of etiocholan-3(a)-o0l, A-androsten-3(8)-ol, and androstan-3(8)-ol was formed.
§ There was also formed a small amount of a second acid, probably the 17-iso acid.
|| After methylation of the crude product.
9 Aside from the normal product (one carbonyl group reduced) there was formed dihydroxyketo-
diginene, C21H 3303, and a compound Cg1H3402 (not isolated) presumably formed by the reduction
of two carbonyl groups and the reductive cleavage of an ether link.
Wk 2-Phenylpyrrocoline was also formed to the extent of 49%,.,



408 ORGANIC REACTIONS
TABLE II—Conlinued
Compounps ReEDUCED BY THE WoLFF-KISsENER METHOD
Formula Compound Product Method Yield |Reference*
CayH 0 16-Isopropylidene-A3%-gndro- | Normal WD -— 310
stadien-17-one
CayH,60 Pheny! #-pentadecyl ketone Normal WD 40-50A 43
p-Tolyl n-tetradecyl ketono Normal WD - 129
Cagll320, 16-Isopropylidene-A’-andro- | Unknown compound WD — 310
sten-3-ol-17-one
CayHi604 B-(2-Chryscnoyl) propionic acid | Normal w8 — 55
CagoHag03 2,3-Diethyl-1,4-di-p-ammyl-1- | Normal WD 44A 56
butanonc
CysH3403 Methyl 3-ketonllopregnane-21- | Normal t WH 578 311
carboxylate
D-Homoandrostan-3(8)- 3(8)-Hydroxy-D-homoandro- Wb 504 290
acctoxy-17a-one stanc
Callsn05 A%14.2 13 Dimethyl-2-carho- | Normal hydroxy acid WD 79A 314a
methoxy-7(8)-acetoxy-
dodecahydrophenanthryl-
I-acclaldehyde
Ca2H3405 2,13-Dimethyl-2-carbometh- | Normal hydroxy acid WD [ 3140
oxy-7(a)-acctoxyperlydro-
phenanthryl-1-noctaldchyde
ClagH9407 a-(3,4-Dimcthoxybenzoyl)8- | Nono ? -- 57
(3’,4'-dimothoxyhenzyl)-
butyrolactone
CysHa909 A monoketo acid from cholic | Normal ws 28A 315
acid
CyyH 30N 4-Phenyl-1,2-honzo-3-nzu- Normal WDt — 255
fluorcnone
CaoH, ;0N 2-Phenyl-4-benzoylquinoline Normal WD 28
Cas
CasH3403 Acctatc of a D-homo steroid | Cg1HsoO WD - 316
CgalH3404 3(B)-Acetoxy-17a(a)-hydroxy- | 3(8)-Hydroxy-17a-mcthyl- WD 98A 305
17a-mothyl-17-D-homoctio- 17-D-homoetiocholene
oholanone
A steroid diketo monoacetate | CoH3gO w8 17B 317
Ca3H 3504 3-Hydroxy-12-ketonorcholanio | Normal W8S 4B 318
scid
CasH3405 3(a),12(8)-Diacetoxycholan- | 3(a)-12(8)-Dihydroxycholane WD 82A (cr.) 319
17-one
CasH3204 Methyl 3(a)-acetoxy-7,12-di- | 3(a)-Hydroxyetiocholanic acid WD 80A 309
Eketoctiocholanate
Methyl 7(a)-acetoxy-3,12-di- | 7(a)-Hydroxyetiocholanic acid WD — 309
ketoctiocholanate
CasH3406 Methyl 3-acetoxy-11-hydroxy~ | 3(a),11(a)-Dihydroxyetiocho- W8 — 298¢

12-ketoetiocholanate

lanic acid and 3(a).11,12-tri-
hydroxyetiocholanic acid

* References 86a—413 are listed on pp. 416-422.

+ Not isolated as such; methylation gave 57% of methyl ester.

was formed.

1 No alkaline catalyst was used.

Also, 15% of the 3(8)-OH ester
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TABLE II—Continued
ComrounDs REpucep BY THE WoLFr-KiseNER METHOD
Formula Compound Product Method Yield |Reference*
Co3H3907 a-lsostrophanthic acid Normal WS Poor 62
Cy3H,70N 4-Isopropyl-1,2(1,2)-naphtho- | Normal WDt 100A 28
3-azafluorenone
Caq
Cy4H3603 12-Keto-a%-cholenic acid Normal ws Good 320
Cy4H3303 3-Ketocholanic acid Normal ] WS 8B 5
CaqH3604 3,7-Diketocholanic acid 3-Hydroxycholanic acid w8 — 321
3,12-Diketocholanic acid Normal § w8 31B 5
11,12-Diketocholanic acid A trigzine ws — 13
3(a)-Hydroxy-12-keto-a%11- | Normal WS — 322
cholenic actd
' 3(a)-Hydroxy-12-keto-A%1- | Normal ? — 323
cholenic acid
3(a)-Hydroxy-12-keto-A%!1- | Normal ws 70B (er) | 324
cholenic acid
Cg4H3304 3-Hydroxy-6-ketocholanic acid | Normal | ws — 22
3(8)-Hydroxy-6-ketoallocho- | Normal WS 30B 325
lanic acid .
6(8)-Hydroxy-3-kctocholanic | Normal Wh 95A 326
acid
12-Hydroxy-7-ketocholanic Normal WS 71-83B 23
acid (cr.)
3(a)-Hydroxy-12-kctocholanic | Normal WS 28B (cr.) 327
acid
3(a)-Hydroxy-12-ketocholanic | Normal WS 47A 13
acid
3(a)-Hydroxy-12-ketocholanic | T w8 — 5
acid
3(a)-Hydroxy-12-ketocholanic | Normal Wb — 328
acid
11-Hydroxy-12-ketocholanic | 11,12-Dihydroxycholanic acid WD 70A 329
acid
Co4H3405 3,7,12-Triketocholanic acid Normal W8 — 61
3,7,12-Triketocholanic acid Normal ** WS 22B 5
Cg4H3405 3-Hydroxy-7,12-diketocholanic | Normal WS 20B 61
acid
3-Hydroxy-7,12-diketocholanic | Normal w8 288 36
actd
3-Hydroxy-7,12-dikctocholanic | Normal WS — 13

acid

* References 864~413 are listed on pp. 416-422,
T No alkaline catalyst was used.
1 In addition to the small amount of normal product there was formed 3(a)- and 3(8)-hydroxy-
cholanic acid in 73% total yield.
§ There were also formed 3(a)- and 3(8)-hydroxycholanic acid (total yield, 38%) and 3(a)- and
3(8)-hydroxy-12-ketocholanic acid (total yield, 9%).
|| There was also formed 3-hydroxyallocholanic acid.
€ There were formed 3(a)- and 3(8)-hydroxycholanic acid (total yicld, 70%) and 3(a)- and 3(8)-
hydroxy-12-ketocholanic acid (total yield, 10%).
% There were also formed 38% of 8(a)-hydroxycholanic acid and a small amount of the 8-isomer.
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TABLE II—Continued
CompounDps REDUCED BY THE WoOLFF-KISENER METHOD
Formula Compound Product Method Yield Refercnce*
Ca4Hj3605 3(a)-Hydroxy-7,12-dikctocho- | Normal WD — 328
lanic acid
Co4H3305 3,7-Dihydroxy-12-ketocho- Normal WS 91B (cr.) 330
lanic acid
3(c},11-Dihydroxy-12-keto- 3(a)-Hydroxy-9-cholento acid WD 134 331
cholanic acid
3(a),11-Dihydroxy-12-keto- 3(a),11,12-Trihydroxycholanic WD 28A 329
cholanic acid acid
3(a),11(a)-Dillydroxy-12-keto- | Normal t WIL 33B 332
cholanic acid
3(a),11(8)-Dihydroxy-12-keto- | 3(a),11{a)-Dihydroxycholanic WH 20-30B 333
cholanic acid aad t
3(a),12(a)-Dihydroxy-11-+keto- | 3(a)-Hydroxy-all-cholenio Wi — 334
cholanic acid acid ¥
3(a),12(8)-Dihydroxy-11-kcto- | 3(a)-Hydroxy-Al-cholenio wo 271B 334
cholanic acid aeid T
3(a),12(8)-Dihydroxy-11-keto- | 3(a)-Hydroxy-All-cholenio WD — 335
cholanic acid acid §
7,12-Dihydroxy-3-ketocholanio | Normal WD — 336
acid
Co4Hs007 Lobariol None WH — 337
CoqH3607 Hyodesoxybilianio acid Normal WH — 338
Desoxybilianio acid Normal wSs 208 61
Desoxybilianic acid Normal || W3 60B 315
B-Desoxybilianic acid Normal WS 40A 315
CasH3403 Bilianic acid Normal w8 7B 61
Isobilianic acid Normel WS — 61
025 and Cza
CasHz303 Methyl 12-keto-9-cholenato A®-Cholenic and A'l-cholenic WD — 338a
acids
CoasH3g04 Methyl 3(8)-hydroxy-12-keto- | Normal — — 323
9-cholenate
Co5H330s 3(8),17(a)-Diacetoxyallo-20- | 3(8)-Hydroxy-17a-methyl-D- WD 100A (cr.) 303
pregnanone homo-17-androstene
CasH4005 Mecthyl 3-keio-7(a),12(a)- 7(a),12(a)-Diliydroxycholanic K — 338)
dihydroxycholanate acid
CasHs007 Methy! 3(a),12(a)-diacctoxy- | 3(c),12(a)-Dihydroxyetiocho- WD — 3095
7-ketoetiocholanate lanie acid
Methyl 3(a),8-diacctoxy- 3(a),8-Dihydroxyetiocholanic WD — 3096
7-ketoetiocholanate acd

* References 86a—413 are listed on pp. 416-422,
1 Not isolated as such.

f Isolated as the methyl ester.

trihydroxycholanic acids.
§ There were also formed the two trihydroxycholanic acids mentioned before as well as some
3(@),11(8),12(B8) -trihydroxycholanic acid.
|| The product consisted of both lithobilianic and azllolithobilianic acids.

There were also formed 3(a),11(a),12(a)- and 3(a),11(a),12(8)-
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TABLE I1—Continued

ComrounDps REDUCED BY THE WOLFF-KISENER METHOD

Formula Compound Product Method Yield |Reference*
Co5H 007 Methyl 3(a),12(8)-dihydroxy- | 1 WD — 335
11-ketocholanate
CyH;60 9,9-Biphenylenophenanthrone | Normal WH i — 339
CosH440 A ketone from Diels’ acid Normal WS — 340
A pyroketone from coprostanol | Normal WS — 341
1-Phenyleicosanone-3 Normal WD $ 37
1-Phenyleicosanone-3 Normal WD 65A " 38
1-Phenyleicosanone-3 Normal WD 67A 342
CagHgo0 1-Cyclopentyl-4-heneicosanone | Normal WD 79A 342
CoeHp20 9-Hexacosanone Normal WD 51A 342
CoeHi602 Tetrabenzocyclodecan-1,6- Tetrabenzonaphthalene WH I — 339
dione
CagH3402 1,14-Diphenyltetra~ Normal WD I 37
decadione-3,12
CagH4203 Acetylnorlithocholyl methyl Norlithocholyl methyl carbinol WS — 343
ketone
CaH4005 3-Acetoxy-12-ketocholanic acid | Normal WS — 36
Ethyl 12-hydroxy-3,7-diketo- | 12-Hydroxycholanic acid WD — 336
cholanate
C26H3306 3,12-Diketo-7-acetoxycholanic | 7-Hydroxycholanic acid LE — 344
acid
Cy6HON 2,3-Benzo-4-azafluorenone Normal WD Smoothly 28
CaeH160N2 4-(2’-Aminopheny!)1,2,1",2~ | Normal WD | — 248
naphtho-3-azafluorenone
Coy
Ca7H430 3-Keto-4,6-cholestadiene Inscparable mixture WS — 345
7-Keto-3,5-cholestadiene Normal w8 Small 348
Cyo7H 440 Cholestenone Normal ** ws 79B 340
Cholcstenone Normal t1 WS 40B 5
Cholestenone Normal WA 84B 5
A2-Cholesten-6-one Normal WD 04A (cr)| 348
A5-Cholesten—4-one Normal {1 ? — 347
CarH 460 Cholestanone §8 w8 — 5

* References 86a—413 are listed on pp. 416-422,

+ There were isolated 3(a)-hydroxy-Al-cholenio acid and thrce 3,11,12-trihydroxycholanic acids.

1 No alkaline catalyst was used.

§ The yield was 32%, 78%, and 83% in triethanolamine, diethylene glycol, and octyl alecohol
respectively.

|| The yield was 5%, 47%, and 60%, in {iriethanolamine, diethylene glycol, and iriethylene glycol
respectively.

4 Not isolated as such,

*% There were also formed some cholesterol and 3nme 8-cholestanol.

4t There were also formed lesser amounts of a-coprostanol, 8-cholestanol, cholesterol, and allo-
cholesterol.

1} Not isolated as such.

§§ By the Wolff reduction of the semicarbazone at 180° with either sodium ethoxide or sodium
benzylate as catalyst there were formed only a- and S-cholestanols. At 200° the semicarbazone,
hydrazone or azine yielded 75%, of cholestanols and 15%, of cholestane. The semicarbazone on treat-
ment with sodium ethoxide and hydrazine hydrate gave 75% of cholestane; the azine under the same
conditions gave 98%, of cholestane.
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TABLE II—Continued
CompouNDs REDUCED BY THE WoLFF-KISENER METHOD
Formula Compound Product Method Yield |Reference*
Ca7H 460 Coprostanone a-Coprostanol Wi 6413 5
1-Cholestanone Normal WD -- 349
2-Cholegtanone Normal WD — 349
Cy7H4302 3,8-Dikcto-4-cholestene Normal WS — 350
4,7-Diketo-5-cholestene Normal ws — 345
Co7114402 6-Iydroxy-4-keto-3-cholestene | Cholestandiol-3,6 1 wSs — 350
Cholestan-3,3-dione 3(8)-Cholestanol WS — 351
24-Ketocholcaterol Normal WD — 63
Co7H4609 Epicoprostanol-3-one-24 TEuicoprostanolone pmacol WH, WS | — 343
Co7H3403 3,5-Dchydro-7-ketodesoxy- Normal WD — 351a
tigogenin
Cy7Hg303 Sarsasapogenone Normal { WS 10B 352
7-Kctodcsoxytigogenin Normal WD — 35la
CarHag04 Chlorogenone Tigogenin (Co7H4403) WS — 351
CorH 4904 23-Kotosarsasapogenin Normal WS 39B 70
Hecogenin Normal ? — 42
Turcogenin Normal ? — 42
Ca7H4¢0s Kammogenin Normal ? — 42
Kammogenin Normal WD — 35la
Mecthyl 3(a)-acetoxy-13-keto-9-| Normal § WD 23A 323
cholenate
Co7Ha205 Manogonin Normal ? — 42
Methyl 3-keto-12-acctoxy- Normal K 80A 354
cholanate
Mecthy! 3-keto-12(a)-ncetoxy- | 12(a)-Hydroxycholamio acid WD 784 355
cholanate
Mexogenin Normal ? — 42
Mexogenin Normal WD 62A 351a
Co7H4405 Acid from oholestan-3,6-dione | Normal WS — 66
Ca7H4006 Mecthy! 3(a)-acetoxy-7,12-di- | 3(a)-Hydroxycholanic acid WD 85A 353
ketocholanate
Cgo7H4007 Chlorogenonio acid Normal WD 754 (er.) 356
Digitogenic acid Normal w8 124 357
Ca7Hg30g Methy! 3(a},6,12(a)-triacct- 3(a),6,12(a)-Trihydroxyetio- wD — 309
oxy-7-kotoetiocholanate cholanic acid
Isomcrio methyl 3(a),8,12(a)- | 3(a),8,12(a)-Trihydroxyetio- WD — 3090
triacctoxy-7-ketoctiochola- cholanic acid
nute
Cog and ng
C23Ha304 Ethyl 12-acctoxy-3,7-diketo- | 12-Hydroxycholanic acid || WD — 358
cholanate
CosHag07 3,8-Diacetoxy-12-ketocholanic | Normal WS — 359
acid
CgpH460 Oleanone Normal WD Almost 360
100A

* References 86a—413 are listed on pp. 416-422.
+ There was also formed some CygH430N3, probably a hydroxytriazine,
I The main reaction product was sarsasapogenin, Ca7H 4403.
§ There was also formad some of the All-isomer.

| Not isolated as such.
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TABLE II—Continued
CompounDps REDUCED BY THE WoLFF-KIsENER METHOD
Formula Compound Product Metlod Yield |Reference*
Ca9HyO ¢is-A1218-Oleanenone-16 Normal WD — 360
trans-A1213-Oleanenone-16 Normal WD — 360
Nor-a-amyrenone Normal WD 73A 361
CagHy0, 7-Ketoepicholesteryl acetate Normal ws — 362
CogH4303 2-A cetoxy-3-cholestanone T WH — 349
3(B)-Acetoxy-2-cholestanone | Cholestane WD 83A 349
Ca9H4305 7-Ketodiosgenin acetate Dehydrodesoxytigogenin WS Small 363
Cy9H4405 Hecogenin acetate Tigogenin WD 60A 351a
CapH 4407 Mecthyl 7-keto-3,12-diacetoxy- | 3,12-Dihydroxycholanic acid WS 77B 364
cholanate
Methyl 3(a),7(a)-diacetoxy- | 3(a),7(a)-Dihydroxycholanic WD 100A (cr) 365
12-ketocholanate acid
Methy! 3(a),11(8)-diacetoxy- |} WH — 366
12-ketocholanate
Methyl 3(a),12(8)-diacetoxy- | § WH - 335
11-ketocholanate
Methyl 3-keto-7(a),12(8)- 7(@),12(8)-Dihydroxycholanic WD — 353
diacetoxycholanate acid
CogH 4503 3-Add succinate of methy! I WD — 367
3(a)-hydroxy-11,12-diketo-
cholanate
Cazo
CsoHy430 Agnostadicnone Normal WS — 388
a-Amyrone Normal w8 60B 369
B-Amyrone Normal W8 80B 370
Lupenone Normal WH 28B 72
Lupenal Normal WD 134 371
y-Lanostenone Normal w8 — 372
2-Desoxyheterobetulinalde- Normal WD 90A 367a
hyde
C3oll50G Cryptostenone Normal ws 76B 373
Cryptostenone Normal WS — 378
Artostenone Normal WS Small 374
l,upanone Normal WH 30B 2
A-Amyranonc Normal WD 884 375
Dihydrolanostenone Normal WS — 372
Elemenal Normal WD 60A 377
TPricdelin Normal WD — 378
Isoclemenal Normal WH 59A 377
C3oHg20 Dihydroartostenone Normal WS 548 374
C30H2002 a-Diphenyltruxone Normal WD Smoothly 59
v-Diphenyltruxone Normal § WD — 59

* References 86a—413 are listed on pp. 416-422.
1+ From the reaction mixture there were isolated two azines, cholestane, 4-cholestanol, 1-cholestanol,
and some 2-cholestanol (?).
1 There was formed a mixture of 3(a)-hydroxy-All-cholenic acid and 3(a),11 (a)-dihydroxycholanic

acid,

§ There was isolated 3(a)-hydroxy-All-cholenic acid and three 3,11,12-trihydroxycholanic acids.

|| There was formed a mixture of 3(a),11-dihydroxycholanic acid and 3(a)-hydroxy-All-cholenic
acid, not isolated as such.

9 The principal product was a~liphenyltruxane,
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TABLE II—Continued
ComprouNDs REDpUCED BY THE WoOLFF-KIisENER METHOD
Formula Compound Product Method Yield |Reference*
CsoHa602 Betulonaldehyde Normal WH 95A 379
Heterobetulinaldehyde Normal WD 75A 367a
C30H 4309 Allobetulinone Normal WH 87B 380
Manilaonol Normal WD 86A 381
C30H4403 Novaldehyde Normal WS 100B (cr.) 382
Elemadienonic acid Normal WH — 377
C30H4403 A keto methy! ester from CosHag WD Almost 383
betulin 100A
a-Elemonic acid Normal WH — 384
B-Elemonic acid Normal WH — 385
Diketodihydrolanostenone None WS — 372
C30H 4404 A%13.2 Hydroxy-x-keto-28- | None ? — 386
oleanolic acid
An oleanolic acid derivative None — 0 387
C30ll4605 Quillaic acid Normal WD 100A 360
Ca
C31Hs603 Acetylnorquinovadienolal t ws — 382
Methyl oleanolate Normal ws — 388
Cs1H4303 Methy! 168-ketodleanolate trans-A1213-Oleancne WD Almost 360
100A
Methyl betulonate Normal WD — 379
Methyl B-clemonate Degoxoelemonic acid w8 27A 385
Acetylnorquinovenolal Norquinovenol W8 — 382
Acctylnorechinocystenolone Norechinocystenol A WD — 389
Cs1H430, Mothyl A1213.2.kcto-19- Normal w8 71A (er.) | 390
hydroxy-28-oleanolate
C31H4305 Methyl quillaate Desoxyquillaio acid WS 68B 391
Cs1HyoO07 Manogenin diacetate Gitogenin WD 80A 351a
7-Ketogitogenin diacetate Gitogenin WD 57A 351a
Caa
CiaHp003 Acetyloleanolaldchyde S-Amyrin § WS 40B 392
Acotylursolaldehyde a-Amyrin w8 — 393
Acetyldesoxoglycyrrhetinalde- | 8-Amyrin § wSs 27B 394
hyde
Acetyl-a-boswellic aldehyde B-Amyrin || WH 13B 395, 396
Acotyl-8-boswellic aldehyde a-Amyrin W8 90B 397
Acetylbetulinaldehyde Desoxybetulin (lupeol) ws 31B 398
Lupenaly! acetate Lupeol WH 20A 371

* References 86a—413 are listed on pp. 416-422,
1 Three products were formed: two norquinovadienols (C29H4s0) and a norquinovadiendiol

(Ca9H46032).

} There was also formed 25% of erythrodiol.
§ There was also formed some hydroxy-g-amyrin.
|| There was also formed 73% of an isomer, epi-S-amyrin.
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TABLE II—Continued
ComMpoUuNDS REDUCED BY THE WoLrr-KISENER METHOD
Formula Compound Product Method Yield |Reference*
C32H;903 B-Amyranonol acetate B-Amyranol WD 1004 (er.) 375
2-Acetoxy-7-keto~-amyrane | None ? 0 399
Acetyldihydro-g-elemolalde- | C30H20 WS 73B 385
hyde
C3aHy604 A B-amyrin derivative The pyridazine ? 1004 400
C39Hg004 Methy! hederagonate Normal { WS — 388
Cs3aH4405 Methyl 3-benzoxy-12-keto- 3-Hydroxycholanic acid wSs 65B 401
cholanate
C39H 4305 Acetylgypsogenin Oleanolic acid WS 41B 402
Dimethyl quinovenondicar- Quinovenic acid WS — 382
boxylate
C32Hy506 Methy! 3-benzoxy-7,12-diketo- | 3-Hydroxycholanic acid WS 63B 401
cholanate
C3HagO3N 2 Derivative of S-amyradienonal | C30Hs4ONg WD — 403
acetate
C39H3906N 4 2-Desethyl-4-acetylrhodo- Normal WD — 404
porphyrin
Cs3-Car
C3sHy00s Methyl A1213.2.gcetoxy-19- | None ? — 390
keto-28-oleanenate
Methy! acetylketoechino- CogH430 WD — 389
cystate
C33H360:N4 Desoxophylloerythrin None WD — 405
C33H3403N Phylloerythrin Normal WD, WS | 454, — 405
Pyrropheophorbide (a) Normal § WD — 406
Pyrropheophorbide (b) Normal WD 28A 407
Cs3H3g06N4 Rhodin ! monomethyl ester § WD — 408
An isomer of rhodin [ methyl | § WD — 408
ester
C34H5205 Diacetylhederaldehyde Hederadiol || ws 34B 409
Diacetylechmocystaldehyde CsoH50029 WD 56A (cr.) 410
C34H007 Diacetylquillaic acid lactone | Desoxyquillaic acid lactone WD 70A 411
C34H3603N 4 Pyrropheophorbide (b) methyl | Normal ** WD — 412
ester
C34H3303N, Mesopyrropheophorbide (a) Normal WD — 412
methy! ester
C34H3605N4 Oxorhodoporphyrin dimethyl | Rhodoporphyrin WD — 404
ester
C3¢H3608N 4 Isopheoporphyrin (ag) methyl | Desoxophylloerythrin WD — 413
ester
C3sH3307N4 Purpurine-7 trimethyl ester Mesorhodochlorine dimethy! WD Poor 406
ester
Ca7H35303N Betulinone phenylearbamate | 2-Desoxybetulin WD 46A 380

* References 86a—413 arc listed on pp. 416-422.

+ There was also formed some C32H 5302,

I There was also formed some C33H3302Na.

§ There were formed pyrroporphyrin and rhodoporphyrin.
|| There was also formed 67% of nor-g-amyrin.

& A little of the carbinol C30H5003 was also formed.

%% There was also formed some C3sH400aN4.
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application of the reaction, 260-262
experimental procedures, 267-268
mechanism of the reaction, 258—260
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Aldehydes, preparation by Rosenmund
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Alder rules, 10
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Friedel-Crafts reaction, Vol. 111
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Allyl compounds in Diels-Alder reaction,
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Amines, oxidation to quinones, 317-318
preparation by reductive alkylation,
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a-Aminobenzylphenylearbinols, oxida-
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preparation by reduection of benzoin
oximes, 285-286
a-Aminobenzyl phenyl ketones, conver-
sion to benzoins, 286
preparation by oxidation of carbinols,

286
Aminophenols, oxidation to quinones,
318-321
preparation by coupling procedure,
318-319, 325

Aminoquinones, 351-352

Aniline black, 351

Anthracene-C40O3 adduct, 84

Anthracene derivatives in Diels-Alder
reaction, 29

Anthraquinones, preparation via Diels-
Alder reaction, 69

Arndt-Eistert reaction, Vol. I
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381
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Benzils, reduction to benzoins, 291-293
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Wolff-Kishner reduction, 390

Benzoin, preparation by reduction of
benzoic acid, 294

Benzoin condensation, 272-282
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Benzoin condensation, experimental con-
ditions, 279-280
mechanism, 273-274
reversion, 277-278
table, 281
scope and limitations, 275-277
Benzoin oximes, preparation, 2856
reduction to e-aminobenzylphenylcar-
binols, 285-286
Benzoins, 269-304; sce also Benzoin con-
densation
from «-aminobenzyl phenyl ketones,
286
from aromatic acids and their deriva-
tives, 293-295
from arylglyoxals, 286-289
from benzils, 291-293
from desoxybenzoins, 295-296
from mandelamides, 289-291
miscellaneous syntheses, 206-299
symmetrical, 275-276
tables, 281, 299-303
unsymmetrical, 276-286
determination of structurc, 278-279
interconversion of isomers, 282-286
isomerization, 282
Benzoquinones, 305-361
condensation with aromatic hydrocar-
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polymerization, 311-312
rearrangement of halogen derivatives,
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aminoquinones, 351-352
hydroxyquinones, 338-349
mechanism of the oxidation, 307-
308
miscellaneous quinones, 352-358
o-quinones, 313-317
p-quinones, 317-336
side reactions, 308-312
synthesis depending indirectly on oxi-
dation, 359-361
tables, 316, 327-336, 344-349, 352,
356-358
Benzoylmandelonitriles,
benzoins, 296-297
Benzoylquinone, 353
Benzylamine, preparation by reductive
alkylation, 199

conversion to
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Benzylaniline, preparation by reductive
alkylation, 200

Biaryls, unsymmetrical,
Vol. IT

cis-Bicyclooctane, preparation by Wolff-
Kishner reduction, 390

Biphenyl derivatives, preparation by
Diels-Alder reaction, 15-16, 67

4-Bromobenzoin, 289

Bucherer reaction, Vol. I

N-n-Butylaniline, preparation by reduc-
tive alkylation, 201

Butylidenepropylamine, preparation by
reductive alkylation, 200

Butyroin, 267

preparation,

Camphane, preparation by Wolff-Kish-
ner reduction, 388

Cannizzaro reaction, Vol. IT

Carbomethoxyquinone, 354-355

Cathechols, preparation, 314

2-Chloro-3,4-dimethoxybenzoin, 280

Chloromethylation of aromatic com-
pounds, Vol. I

Chromans, oxidation to quinoncs, 339-340

Citraconic anhydride, Diels-Alder reac-
tion with cyclopentadiene, 42

Claisen rearrangement, Vol, 1T

Clemmensen reduction, Vol. I

comparison with Wolff-Kishner redue-

tion, 385-387

Coumalin, use in Diels-Alder reaction, 37

Coumarans, oxidation 1o quinones, 339-
340

Coupling procedure for preparing p-
aminophenols, 318-319

Curtius reaction, Vol. 111

Cyeclic acyloins, preparation from esters
of aliphatie dibasic acids, 262-263

Cyclic ketones, preparation by intra-
molecular acylation, Vol. 17

Cyclopentadienones, use in Diels-Alder
reaction, 25

Dchydro-norbornyl acetate, preparation
by Diels-Alder reaction, 92
Desoxybenzoins, conversion to benzoins,

295-296
2,5-Dialkoxyquinones, preparation, 359—
360
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Dialkylaminoquinonedisulfonates, 353
Diamines, oxidation to quinones, 318-
321
2,5-Diaminoquinones, 360-361
o-Diaroylbenzenes, preparation by Diels-
Alder reaction, 73
Dibenzoylquinone, 354
Dibenzylamine, preparation by reductive
alkylation, 199
3,5-Dibromotoluquinone, 326
N,N-Di-n-butylaniline, preparation by
reductive alkylation, 202
Diels-Alder reaction, 1-173
catalysis in, 9, 38, 87-88
mechanism, 8
reversibility, 9, 28
side reactions, 12-14, 8688
stereochemical selectivity, 10-12, 62
structural selectivity, 63-64
substitution-addition reaction, 38, 87
with acetylenic dienophiles, 60-173
acids and acid derivatives, 79-86
aldehydes, 79
experimental conditions, 89-90
scope and limitations, 64-88
tables, 93, 153-169
with ethylenic dienophiles, 60-173
allyl compounds, 77-79
a,B-unsaturated acids and acid de-
rivatives, 67-72
«,B-unsaturated aldehydes, 65-67
«,B-unsaturated ketones, 72-75
a,B-unsaturated nitriles, 75
a,8-unsaturated nitro compounds, 75
«,p-unsaturated sulfones, 75
experimental conditions, 89-90
scope and limitations, 64-88
tables, 93-152, 170-171
vinyl compounds, 77-79
with ketene acetal, 17
with maleic anhydride, 1-59
acyclic compounds, 15-22
alicyclic compounds, 22-27
aromatic-acylic systems, 32-35
aromatic-alicyclic systems, 32-35
aromatic compounds, 28-35
experimental conditions, 4041
heterocyeclic compounds, 35-39
scope and limitations, 14-39
tables, 44-56
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Diels-Alder reaction, with substituted
maleic anhydrides, 17, 22
Diene analysis, 39
Diene number, 39
Dienes, 6, 64-65
dimerization of, 7
polymerization of, 12-14, 17, 71, 86-87
Diene synthesis, see Diels-Alder reaction
Dienophiles, 24, 14-15, 61, 65
dimerization of, 22
polymerization of, 87
table, 4
Diethyl 3,6-diphenyl-A!4-dihydrophthal-
ate, preparation by Diels-Alder
reaction, 92
9,10-Dihydro-1,2- benzanthracene -9,10-
endo-a,B-succinic anhydride, prep-
aration by Diels-Alder reaction,
42
A% Dihydrothiophene dioxide, Diels-Al-
der reaction with cyclopentadiene,
91
Diketones, as by-product in preparation
of acyloins, 260
use in reduective alkylation, 181, 184~
185
use in synthesis of acyloins, 266
use in synthesis of benzoins, 291-293
6,7- Dimethoxy-3-methyl-1,2,3,4- tetra-
hydronaphthalene-1,2-dicarboxyl-
ic anhydride, preparation by Diels-
Alder reaction, 42
2,6-Dimethoxyquinone, 343
4'-Dimethylaminobenzoin, 290
Dimethyl 9,10-dihydroanthracene-9,10-
endo-a,f-maleate, preparation by
Diels-Alder reaction, 92
2,4-Dimethyl-3-ethylpyrrole, preparation
by Wolff-Kishner reduction, 389
N,N-Dimethylmesidine, preparation by
reductive alkylation, 201
3,4-Diphenyl-6-methylphthalic anhy-
dride, preparation by Diels-Alder
reaction, 42
2,5-Diphenylquinone, 326
Diphenyltriketone, rearrangement to
benzoin, 298
Double-bond rule, 10
Duroquinone, 320-321
Durylic acid quinone, 353
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Elbs reaction, Vol. I

Enediols, 271, 291-293, 295

3,6-Endoxo-1,2,3,6-tetrahydrophthalic
anhydride, preparation by Diels-
Alder reaction, 43

Ethano bridges, loss on pyrolysis, 83, 85

4-Ethyltoluene, 389-390

Fluorine compounds, aliphatic, prepara-
tion, Vol. I1

Fries reaction, Vol. T

Fulvenes, use in Diels-Alder reaction, 24

Fumaryl chloride, use in Diels-Alder re-

action, 17 ’
Furans, use in Diels-Alder reaction, 35—
36, 87

Glyoxals, use in synthesis of acyloins,
266
use in synthesis of benzoins, 286289

N-n-Heptylaniline, preparation by re-
duclive alkylation, 200
Hofmann reaction, Vol. 111
Huang-Minlon variant of Wolff-Kishner
reduction, 385, 391
Hydrofluorenones, preparation via Diels-
Alder reaction, 66
Hydrophenanthrenes, preparation via
Diels-Alder reaction, 70
Hydrophenanthridines, preparation via
Diels-Alder reaction, 68, 76
Hydropyrones, preparation via Diels-
Alder reaction, 68
Hydroquinones, oxidation to quinones,
321-323
a-Hydroxyaldehydes, rearrangement to
benzoins, 297-298
2-Hydroxy-5-methoxyquinone, 342-343
Hydroxyquinones, 338-349

Isobenzofurans, preparation by Diels-
Alder reaction, 73
use in Diels-Alder reaction, 36, 71
Isodecanoic acid, preparation by Wolff-
Kishner reduction, 391
Isomerization of unsymmetrical benzoins,
282

Jacobsen reaction, Vol. I

INDEX

Ketenes and ketene dimers, preparation,
Vol. I11

Kryptopyrrole, preparation by Wolff-
Kishner reduction, 389

Lauroin, 267
Levopimarie acid, use in Diels-Alder re-
action, 26

Maleic anhydride, use in Diels-Alder re-
action, 1-59
Diels-Alder reaction with 1,2-benz-
anthracene, 42
Diels- Alder reaction with butadicne, 41
Diels-Alder reaction with 1,2-diphenyl-
1,3-pentadiene, 42
Diels-Alder reaction with isoeugenol
methyl ether, 42
Diels-Alder reaction with 9-methyl-
anthracene, 42
Diels-Alder reaction with 1-phenyl-1,3-
butadiene, 41
Maleic value, 39
Mandelonitriles, conversion to benzoins,
299
Mannich reaction, Vol. I
Mesitoin, 294-295
endo-2,5- Methano-A3- tetrahydrobenzal-
hyde, preparation by Diels-Alder
reaction, 90
4-Methoxybenzoin, 280
1-Methylanthraquinone, conversion to
the benzoin, 298
Methyl 5-bromo-7,8-dimethoxy-3,4-di-
hydro-1-naphthoate, Diels-Alder
reaction with butadiene, 91
9-Methyl-9,11-dihydroanthracene-9,10-
endo-a,B-suceinic anhydride, prep-
aration by Diels-Alder reaction,
42
4-Methyl-6- (2,6-dimethoxy - 4-n -amyl-
phenyl)-A%-tetrahydrobenzoic
acid, preparation by Diels-Alder
reaction, 90
1-Methyl-3,6-endomethylene-1,2,3,6-tet-
rahydrophthalic anhydride, prepa-
ration by Diels-Alder reaction, 42
8-Methyloctahydropyridocoline, prepa-
ration by Wolff-Kishner reduc-
tion, 389
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3-Methylpyrene, preparation by Wolff-
Kishner reduction, 390

2-Methylquinoline, conversion to quin-
aldoin, 298

Nickel carbonyl, use in synthesis of
acyloins, 264
use in synthesis of benzoins, 299
Nitranilic acid, 341

2-(2-Octylamino)-ethanol, preparation by
reductive alkylation, 199

Palladium on barium sulfate, 367, 368-
369

Periodic acid oxidation, Vol. IT

Perkin reaction and related reactions,
Vol. I

Perylene, use in Diels-Alder reaction, 30

Phellandrene, use in Diels-Alder reaction,

26
2-Phenanthraldehyde, preparation by
Rosenmund reduction, 370
3-Phenanthraldehyde, preparation by
Rosenmund reduction, 369
9-Phenanthraldehyde, preparation by

Rosenmund reduction, 370
Phenanthrene derivatives, preparation
by Diels-Alder reaction, 70
Phenols, oxidation to quinones, 317-318,
323

v-(p-Phenoxyphenyl)bulyric acid, prepa-
ration by Wolff-Kishner redue-
tion, 391

Phenylglyoxal, 288

Phenylisothiocyanate, as regulator in
Rosenmund reduction, 364

3-Phenyl-¢is-1,2,3,6-tetrahydrophthalic
anhydride, preparation by Diels-
Alder reaction, 41

Poison for catalyst in Rosenmund redue-
tion, 363-364, 367

Polyenes, conjugated, in Diels-Alder re-
action, 18-20

Propylbutylamine, preparation by redue-
tive alkylation, 201

n-Propyleyclobutane, preparation by
Wolff-Kishner reduction, 389

1-Propyl-2,5-methano-6-nitro-A3-tetra-
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hydrobenzene, preparation by
Diels-Alder reaction, 91

Pseudocumoquinone, see Trimethylqui-
none

Pyrazolines, 383

Pyrroles, use in Diels-Alder reaction, 38,
88

Quaterphenyl derivatives, preparation
via Diels-Alder reaction, 15-16
Quinoline-S, see Quinoline-sulfur
Quinoline-sulfur, 364, 367, 368
Quinonesulfonic acid, 354
~v-Quinonylbutyrie acid, 365
eQuinonyleaproic acid, 354

Reductive alkylation, 174-255
experimental conditions, 196-199
formation of heterocyclic compounds,

178
preparation of primary amines, 178
180
preparation of secondary amines, 180—
192
preparation of tertiary amines, 192-196
scope and utility, 178-196
tables, 202-253
Reformatsky reaction, Vol. I
Regulator for Rosenmund reduction,
363-364, 367, 368

Replacement of aromatic primary amino

groups by hydrogen, Vol. IT

Resolution of aleohols, Vol. IT

Reverse benzoin condensation, 277-278,

281
experimental procedure, 282

Rosenmund reduction, 362-377
catalyst, 367
experimental conditions, 368
reagents, 366-367
regulators, 367
scope and limitations, 363-366
tables, 370-376

Schiff’s bases as intermediates in reduc-
tive alkylation, 181-182, 189-192

Schmidt reaction, Vol. 11T

Silver oxide, 314

Styrenes in Diels-Alder reaction, 33

Sulfonation of aromatic hydrocarbons
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and their halogen derivatives, Vol.
III

Sulfur dioxide, catalyst for Diels-Alder
substitution-addition reaction, 38,
87

Terpenes in Diels-Alder reaction, 23-
24

Terphenyl derivatives, preparation by
Diels-Alder reaction, 15-16

Tetracarbethoxyquinone, 354

Tetracyclone, 25

cis-1,2,3,6-Tetrahydrophthalic anhy-
dride, 15, 41

Thiele-Winter reaction, 338—-339, 342-343

Thioacetals, reduction with Raney nickel,
388

Thiocyanogen, addition and substitution
reactions, Vol. 11T

Thiophenes in Dicls-Alder reaction, 36—
37

Thioquinanthrene, 364, 367

Thiourca as regulator in Rosenmund re-
duction, 364

a-Tocopherylquinone, 340

Toluoin, 293

4-0-Toluquinone, 314

2,4,6-Trimethylbenzoin, 289

Trimethylquinone, 317-318, 320, 3256

INDEX

a,8-Unsaturated acids in Diels-Alder re-
action, 67-72

«,B-Unsaturated aldehydes
Alder reaction, 65-67

«,8-Unsaturated ketones in Diels-Alder
reaction, 72-75

«,B-Unsaturated lactones in Diels-Alder
reaction, 72

«,B8-Unsaturated nitriles in Diels-Alder
reaction, 75

«,8-Unsaturated nitro compounds in
Diels-Alder reaction, 75-76

«,B-Unsaturated sulfones in Diels-Alder

reaction, 75

in Diels-

Vinyl compounds in Diels-Alder reaction,
77-79

Willgerodt reaction, Vol. 111
Wolff-Kishner reduction, 378—422
at almospherie pressure, 385
catalysts, 384
comparison with other methods, 385—
388
experimental conditions, 383-385
mechanism, 379-380
scope and limitations, 380-385
side reactions, 380383
tables, 387, 391415



