Organic Reactions

VOLUME V

EDITORIAL BOARD
Rocer Apawms, Editor-in-Chicf

WERNER E. BacuMany Louis F. FIEsEr
A. H. Bratr Joun R. Jornson

Harorp R. SnypER

ASSOCIATE EDITORS

ErnsT BERLINER Barney J. MAGERLEIN
HermMaN ALEXANDER Bruson Mavurice L. Moore
Lewis W. Burz MeLviv S. NEWMAN
Nataan N. Crounse Norman RaBjoHN
Aprien S. DuBors ArraUr RoEe

Tuomas L. Jacoss Axton W, Ryrina

PauLr E. SpoErrI

JOHN WILEY & SONS, INC.

New YoRrk Loxpon



Coryricur, 1949
BY
RoceEr Apams

All Rights Reserved

T'his book or any part thereof must not
be reproduced in any form without
the written perintssion of the publisher.

FOURTH PRINTING, MARCH, 1960

PRINTED IN THE UNITED STATES OF AMERICA



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 ten 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 influcneces, effects of structure, and the
sclection of experimental techniques. Each 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 synthescs in which not all of the intermediates
hnve been isolated, some instances may well have been missed. Never-
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theless, the investigator will be able to use the tables and their accom-
panymng bibliographies in place of most or all of the literature search so
often required.

Because of the systematic arrangement of the material i 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 ten 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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INTRODUCTION

Many advances have been made in recent years in the methods for
the synthesis of acetylenes, and many of these compounds are now rather
readily available in the pure state.

Acetylene was first prepared by Davy! who treated potassium
acetylide with water; propyne, the first substituted acetylene, was ob-
tained in 1861 by the action of sodium ethoxide on bromopropene ? or
of ethanolic potassium hydroxide on propylene dibromide.®? At the
present time alkynes are usually synthesized by the alkylation of sodium
acetylide or substituted metallic acetylides, often in liquid ammonia,

1 Davy, Ann., 23, 144 (1837).

2 Sawitsch, Compt. rend., 52, 399 (1861); Ann., 119, 185 (1861).
3 Morkownikoff, Bull. soc. chim. France, 14, 90 (1861); Ann., 118, 332 (1861).
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and l-alkynes are also obtained in good yield by dehydrohalogenation
of suitable halides with sodium amide or in certain cases by ethanolic
alkali.

The present discussion will be limited to methods for the creation of a
carbon-carbon triple bond and to the alkylation of metallic acetylides.
No attempt will be made to deal with the multitude of processes in
which sodium or other metallic derivatives of acetylenes or acetylene-
magnesium bromide react with carbonyl compounds with the formation
of products containing triple bonds. Neither will the closely related
base-catalyzed condensations of acetylene or monosubstituted acetylenes
with ketones to produce carbinols, the formation of diacetylenes by
oxidation of metallic acetylides, or the replacement of the acetylenic
hydrogen by halogen by the action of hypohalite be discussed.

THE SYNTHESIS OF ACETYLENES BY DEHYDROHALOGENATION

Dehydrohalogenation produces acetylenic compounds from dichlo-
rides or dibromides of olefins, chloro- or bromo-olefing, and the mono- or
di-chloro compounds prepared from aldehydes or ketones. Potassium
hydroxide and sodium amide are employed most commonly to effect the
reaction, although sodium hydroxide, alkali metal alkoxides, alkaline-
earth carbonates or hydroxides, and amines have found occasional use.
Alcoholic potassium hydroxide is now seldom employed in the aliphatic
series because of the tendency of the triple bond to migrate away from
the end of the chain under its influence, but aromatic acetylenes are
still prepared conveniently by its use, often in higher yield than with
sodium amide. Sodium amide causes the rearrangement of the triple
bond to the 1-position because the insoluble sodium alkynide is formed;
excellent yields of 1-alkynes are realized using this reagent. Aliphatic
a,B-acetylenic acids can seldom be prepared by dehydrohalogenation
because alkoxy acids, ketones, or polymers are the principal products.
Mild conditions must be employed with arylpropiolic acids to avoeid
deecarboxylation.

Potassium Hydroxide

Alcoholic, usually ethanolic, potassium hydroxide has been the most
widely used reagent for the synthesis of acetylenes, but no critical study
of optimum conditions for the reaction has been made. Bromides react
more readily than chlorides, and the formation of a bromoethylene from
n dibromide occurs more easily than the preparation of an acetylene
from the bromoethylene, so that it is sometimes advantageous with
#onsitive dibromides to remove the first molecule of hydrogen bromide
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in the cold with dilute ethanolic alkali or other bases. With aliphatic
compounds it is sometimes necessary to use sealed tubes or autoclaves
and temperatures near 170°, but extended refluxing is usually sufficient
with aryl chloro- or bromo-ethylenes. The reaction is more rapid at
high concentrations of alkali, and excess alkali is usually employed.
Ethanolic potassium hydroxide saturated at room temperature is about
4 N (around 209,), but solutions of more than twice this strength can
be prepared by saturation at the boiling point. Some workers * specify
equal weights of ethanol and alkali, and recent directions® for tolan
call for 90 g. of potassium hydroxide in 150 ml. of ethanol, but in
most reports the concentration is not given. Powdered potassium
hydroxide moistened with ethanol is satisfactory for the prepara-
tion of tert-butylacetylene from the halides derived from pinacolone.®
With some compounds high concentrations give decreased yields, as
llustrated by the dehydrohalogenation of the acetal of 2,3-dibromo-
propanal 1o propargyl acetal’ Ordinary 959, ethanol is often
satisfactory although absolute ethanol is sometimes specified. Water
is always present since it is a product of the reaction and since com-
mercially available potassium hydroxide contains about 869, alkali
nlong with some potassium carbonate and considerable water. The
renrlion time varies widely. Thus, 1-bromo-1-furylethylene gives a
masimmm yield (259%) of furylacetylene on heating for three minutes
nl 100° with a slight excess of 189, ethanolic potassium hydroxide,® but
stilhene dibromide gives tolan in good yield and free from bromo com-
pand only after twenty-four hours’ refluxing with a 409, solution.®
Other solvents have been used. The yield of acetylenedicarboxylic
acid from a,g-dibromosuccinic acid is higher with methanolic than with
cthanolic polassium hydroxide.? A methanol solution saturated at room
temperature is about 6 N. It darkens less rapidly than an ethanol solu-
tion but has a lower boiling point. Butyl alcohol was used by Tapley
and Giesey 1 as the solvent in the dehydrohalogenation of propylene
dibromide, and many workers have adopted this procedure for propyne.
It has been used occasionally for other acetylenes.’¢ Drethylene glycol

2 Johnson and McEwen, J. Am. Chem. Soc., 48, 469 (1926).

5 Smith and Falkof, Org. Syntheses, 22, 50 (1942).

6 (a) Ivitsky, Bull. soc. chim. France, [4] 35, 357 (1924); (b) Gray and Marvel, J. Am.
Chem. Soc., 47, 2796 (1925).

7 Grard, Ann. chim., [10] 13, 336 (1930).

8 Moureu, Dufraisse, and Johnson, Ann. chim., [10] 7, 14 (1927).

9 Abbott, Arnold, and Thompson, Org. Syntheses, 18, 3 (1938); Coll. Vol. 2, 10
(1943).

1 (g) Tapley and Giesey, J. Am. Pharm. Assoc., 15, 115 (1926); (b) Heisig and Davis,
J. Am. Chem. Soc., 57, 339 (1935); (¢) Cleveland and Murray, J. Chem. Phys., 11, 450
(1943).
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has been employed in the synthesis of propyne,” but no record of the
preparation of other acetylenes in this solvent has been found. Ethylene
glycol has been used as the solvent in the synthesis of methyl propargyl
ether.? A 59, solution of potassium hydroxide in Cellosolve (the
monoethyl ether of ethylene glycol) is very effective for the dehydro-
chlorination of polyvinyl chloride,”® and such a solution is superior to
ethanolic alkali for converting 1-bromo-1-methylcyclobutane to methyl-
cyclobutene.* Potassium hydroxide in pyridine has been used to prepare
B-naphthylphenylacetylene from the corresponding chloroethylene,” for
neither methanolic nor molten alkali is effective. Aqueous alkali is
sometimes preferable to ethanolic for debydrohalogenation of halo-
genated acids,”® as in the preparation of phenylacetylenephosphonic
acid,®e 4,4’-dinitrotolan-2,2'-disulfonic acid,¢ 5-bromo-2-furylpropiolic
acid,®® and several substituted phenylpropiolic acids.1é%16e

Dehydrohalogenation by distillation at partially reduced pressure
from solid potasstum hydroxzide was first used by Krafft and Reuter 7
to prepare higher l-alkynes from dibromides or bromoethylenes. Rapid
distillation at low pressures gave mainly bromoélefins. It was claimed
that no rearrangement occurred, although no ecritical study was made.
The method has been applied successfully to the preparation of the
sensitive acetylenic ethers from alkoxy- or aryloxy-bromoethylenes.'s
However, 1,2,3-tribromopropane gives 2,3-dibromopropene but almost
no propargyl bromide ¥ by distillation from solid sodium hydroxide or
potassium hydroxide at atmospheric pressure.

Molten potassium hydroxide is a reagent which has found fairly wide
application.”” Phenylacetylene is most simply prepared by dropping
w-bromostyrene onto the molten alkali at 200-220°.® Pure potassium
hydroxide melts at 360°,% but the monohydrate melts at 143°,%2 and the

1 (g) Yost, Osborne, and Garner, J. Am. Chem. Soc., 63, 3492 (1941); (b) Skei, Ph.D,
Thesis, University of California at Los Angeles, 1942, p. 121.

12 Heilbron, Jones, and Lacey, J. Chem. Soc., 1946, 27.

18 Marvel, Sample, and Roy, J. Am. Chem. Soc., 61, 3241 (1939).

1 Shand, Schomaker, and Fischer, J. Am. Chem. Soc., €6, 636 (1944).

15 Ruggli and Reinert, Helv. Chim. Acta, 9, 67 (1926).

16 (g) Bergmaann and Bondi, Ber., 66, 278 (1933); (0) Linstead and Noble, .J. Chem. Soc.,
1937, 933; (¢) Ruggli and Peyer, Helv. Chim. Acta, 9, 929 (1926); (d) Gilman, Hewlett, and
Wright, J. Am. Chem. Soc., 53, 4192 (1931); (¢) Schofield and Simpson, J. Chem. Soc.,
1945, 512.

7 Krafft and Reuter, Ber., 25, 2243 (1892).

8 (g) Slimmer, Ber., 36, 289 (1903); (b) Jacobs, Cramer, and Weiss, J. Am. Chem. Soc.,
82, 1849 (1940); (¢) Jacobs, Cramer, and Hanson, 4bid., 64, 223 (1942).

M ].ospiean and Bourguel, Org. Syntheses, Coll. Vol. 1, 209, 2nd ed., 1941; Lespieau,
Jun. chim. phys., [7] 11, 232 (1897); Bull. soc. chim. France, [4] 29, 528 (1921).

® 1losslor, Org. Syntheses, Coll. Vol. 1, 438, 2nd ed., 1941,

A von Novesy, 7. phystk, Cham., 78, 667 (1910).
# Pickering, of. Chem. Soc., 68, 800 (1803).
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ordinary reagent grade usually contains enough water to melt at about
200°. For many reactions it is simpler to use a mixture of 2 parts of
potassium hydroxide and 1 part of sodium hydroxide, which melts below
200°.22 The eutectic of these alkalies lies close to 509, by weight and
melts at 187°2 but the presence of water lowers the melting tempera-
ture. Glass vessels are not attacked appreciably by solid potassium
hydroxide, but molten alkali is very corrosive and glass flasks (especially
Pyrex) can be used safely no more than three or four times. If a Wood’s
metal bath is used for heating, the run can be completed even if the flask
is eaten through below the bath level, but an oil bath is very rapidly
saponified and usually foams over when the flask breaks. It is said
that the use of steel or copper flasks reduces the yield slightly,? but a
709, yield of phenylacetylene is reported using a copper vessel and a
stream of dry air to remove the phenylacetylene vapors.®¢ Copper
flasks have been used successfully in other reactions.?

A mineral-oil suspension of powdered potassium hydroxide has been
used to give a high yleld of alkynes (partially rearranged.) * The
method has not been applied to the synthesis of arylacetylenes.

Sodium Amide

Meunier and Desparmet were the first to use sodium amide to produce
a triple bond; they dropped ethylene dibromide onto the powdered
reagent and obtained acetylene.?® Later, they studied the dehydro-
halogenation of higher homologs of ethylene dibromide. These results
were submitted to the French Chemical Society in a sealed commmunica-
tion. After Bourguel ¥ independently made the same discovery,
Meunier and Desparmet published the details of their work.” Bourguel
has supplied carefully tested directions for the synthesis by this pro-
cedure of a variety of 1-alkynes.?252

The following types of halogen compounds are suitable starting
materials: RCHXCH,X, RCH,CHX,;, RCX,CH;, RCX=CH,, and
RCH==CHX. The halide is added dropwise to an excess of finely
pulverized sodium amide in an inert solvent at 110-160°. Ammonis is
given off vigorously at first, and the reaction is complete when this

2 (@) Rupe and Rinderknecht, Ann., 442, 61 (1925); (b) Hurd and Cohen, J. Am. Chem.
Soe., 53, 1068 (1931).

% (g) Guest, J. Am. Chem. Soc., 50, 1744 (1928); (b) Bachman and Hill, ¢bid., 56, 2730
(1934); (¢) Hall and Bachman, Ind. Eng. Chem., 28, 57 (1936).

% Meunier and Desparmet, Bull. soc. chtm. France, [4] 1, 342 (1907).

2% Bourguel, Comgpt. rend., 176, 751 (1923).

% Meunier and Desparmet, Bull. soc. chim. France, [4] 35, 481 (1924).

% Bourguel, Ann. chim., [10] 3, 191, 325 (1925).
» Lespieau and Bourguol, Org. Syntheses, Coll. Vol. 1, 101, 2nd ed., 1041,



SYNTHISIS OF ACETYLENES 7

evolution becomes very slow; the reaction requires about twenty hours
at 110°, three to four hours at 130°, and only fifteen minutes after all
the halide is added at 160°. A temperature of 150-165° is most satis-
factory, and a purified petroleum oil, none of which boils below 250°, is
the most readily available solvent. Different ligroin fractions, the light-
est boiling at 150-180° and the heaviest at 125-140°/14 mm., have been
used,® with no advantages recorded for any particular fraction. Xylene
and toluene have been employed, but the long refluxing is a disadvantage
especially with the latter. Usually the mixture is heated for two hours
after all the halide is added to ensure completion of the reaction. The
acetylene forms a solid complex with excess sodium amide, and volatile
impurities such as olefins may be removed under reduced pressure or by
distillation of part of the solvent when it is not too high boiling. The
acetylene is then liberated with dilute hydrochloric acid or acetic acid.?#
The yields are usually 60-859, as summarized in Table I. Bourguel did
not use a mechanical stirrer, though efficient stirring was employed
when the reaction was carried out in mineral-oil suspensions.

TABLE I
DEHYDROHALOGENATION WITH SODIUM AMIDE %
Acetylene Starting Material Y:;ld
(4]
1-Butyne * Bromobutene mixture 60
1-Pentyne C.HzsCH=CCICHj3 62
C3H,CCl,CHj 45
C3H,CBr—CH, 55
CH;CCl=CHCH3| .
CyH;CC1,CoH; } mixture 30
1-Hexyne CHCBr—=CH, 60
1—Heptyne CGHlschlg 60
C3H;CCl=CHCyH} 15 *
l—Octyne C5H110HBI‘CHBI‘CH3 25
CsH11CBr—CHCHj3 55
CﬁngCBr=CH2 75
Phenylacetylene CeH;CBr=CHy 75
CeH;CHBrCH,Br 40, 60
3-Phenyl-1-propyne CeH;CH,CBr—=CH, 75
3-Cyclohexyl-1-propyne | C¢Hy1CH,CBr=CH, 87

% The yield of disubstituted acetylene, mainly 3-heptyne, was 40%,.

" Leving and Ivanov, J. Gen. Chem. U.S.S.R., T, 1866 (1937) [C.A. 32, 507 (1938)].
M Loving and Kulikov, J. Gen. Chem. U.S.S.R., 10, 1189 (1940) [C.A., 35, 2881 (1941)]
% Baegnel, Bull, soe. chim. France, [4] 41, 1475 (1927).
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The lower yield of 3-cyclohexylpropyne obtained with mineral oil as
a mediumn 2 as compared with a petroleum fraction boiling at 180-220° 28
may be accounted for by the difficulty of removing the reaction product
from the former medium. Table II gives the yields reported with

mineral oil and certain other solvents.

TABLE 1I
DEHYDROHALOGENATION WITH SODIUM AMIDE
Acetylene Starting Material Y::ld Refer-
70 ence
1-Butyne 2,2-Dichlorobutane 40 * 33
3-Methyl-1-butyne 3-Methyl-2-butanone 6t 34
1- and 2-Bromo-3-methylbutene 25 1 34
1,2-Dibromo-3-methylbutane 28-34 35, 36
1-1leplyne 1-Chloroheptene 60-70; 1 | 4,37
54
Chloro compounds from heplalde-; 50-30 27
hyde
1,4 Dinmalliyl-1-pentyne | 2-Bromo-4,4-dimethyl-1-pentene 37 38
4 Bihyl-3-malhyl-1- 2-Chloro-3-ethyl-3-methyl-1- 45 39
Jranlyna pentene
I-Nonyna Chloro compounds from 2-nonanone { 50-80 27
[<Dneyna 2-Bromo-1-decene 68 4,29
I-Undoeyno Chloro compounds from 2-unde- 50-80 27
canone
1-Hexadecyno 1,2-Dibromohexadecane 65 40
Cyclopentylacetylene Cyclopentyl methyl ketone 9% 41
Cyclohexylacetylene Cyeclohexanol (5 steps) 6§ 41
3-Cyclohexyl-1-propyne | 2-Bromo-3-cyclohexyl-1-propene 66 29
4-Cyclohexyl-1-butyne | 4-Cyclohexyl-1,2-dibromobutane 65 || 30
3-Cyclopentyl-1-propyne | 3-Cyclopentyl-2-bromo-1-propene 65 41
3-(cis-B-Decalyl)~1- 3-(cis-B-Decalyl)-1,2-dibromo- 77| 31
propyne propane
3-(trans-p-Decalyl)-1- 3-(trans-g-Decalyl)-1,2-dibromo- 86 || 31
propyne propane
p-Tolylacetylene a-Chloro-p-methylstyrene 30 42
2,4-Dimethylphenyl a-Chloro-2,4-dimethylstyrene 75 43
acetylene
Mesitylacetylene a-Chloro-2,4,6-trimethylstyrene 71 43
4-Phenyl-1-butyne 2-Bromo-4-phenyl-1-butene 63 4, 29
1,2-Dibromo-4-phenylbutane 55 44, 444
Tolan a-Chlorostilbene 34 45

§ The medium was decalin,
|| The medium was kerosanc,

* Allowing for 259, recovery of chlorobutene.
+ The medium was not stated.
I Contained 30% of disubstituted acetylenes.
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REFERENCES TO TABLE II

3 Stoll and Rouvé, Helv. Chim. Acta, 21, 1542 (1938).

3 Grédy, Bull. soc. chim. France, [5] 2, 1951 (1935).

% Dedusenko, Trudy Akad. Nauk S.8.8.R., Azerbaidzhan Filial, 1940, No. 3, 87; Khim.
Referat. Zhur., 4, No. 1, 48 (1941) [C.A., 37, 1697 (1943)].

3 Dedusenko, Trudy Khim. Inst. Azerbaidzhan. Filiala Akad. Nauk, 4, No. 1, 15 (1940);
Khim. Referat. Zhur., 4, No. 9, 53 (1941) [C.4. 38, 1466 (1944)].

7 Guest, J. Am. Chem. Soc., 47, 860 (1925).

8 Ozanne and Marvel, J. Am. Chem. Soc., 52, 5267 (1930).

% Davis and Marvel, J. Am. Chem. Soc., 53, 3840 (1931).

© Mulliken, Wakeman, and Gerry, J. Am. Chem. Sec., 57, 1605 (1935).

1 Grédy, Ann. chim., [11] 4, 5 (1935)

2 Willemart, Bull. soc. chim. France, [4] 45, 644 (1929).

4 Vaughn and Nieuwland, J. Am. Chem. Soc., 56, 1207 (1934).

“ Levina and Panov, J. Gen. Chem. U.S.S.R., 11, 533 (1941) [C.A., 35, 6936 (1941)].

4 Pajllard and Wieland, Helv. Chim, Acta, 21, 1356 (1938).

It has been suggested 2 that the solid complex obtained in dehydro-
halogenations with sodium amide contains some product different from
the simple sodium acetylide, for it cannot be carbonated or methylated
in high yield and the aminonis liberated during its formation is less than
required by the following equation.

RCBr=CH,; |- 2NaNII, — RC=CNg - NaBr -}- 2NH;

However, 2-pentynoic acid was obtained in 469, yield by treating 1,2-
dibromobutane with sodium amide in kerosene at 145°, diluting the
reaction mixture with ether, and passing in carbon dioxide with cooling.*
When the starting material was the chlorinated mixture obtained from
2-pentanone and phosphorus pentachloride, the yield of acid dropped
to 2-39%.

Of special importance for the success of the synthesis is the gqualify
of the sodium amide. On exposure to the air, the reagent acquires a
protective coating of sodium hydroxide. The dehydrohalogenation is
then brought about by the sodium hydroxide and is accompanied by
rearrangement of the triple bond. Such coated sodium amide is in-
capable of converting a monosubstituted acetylene into its sodium
derivative even at 100°, whereas with a pure reagent this reaction occurs
rapidly in ether at 30° although the quantity of ammonia evolved
indicates no more than 85909, conversion. Bourguel 2 used sodium
amide of good commercial grade in his experiments and took great
care to grind and store it out of confact with moisture. Accurate
directions have appeared for the preparation of sodium amide from

4 Tavorgkil and Mokhnach, Bull. Far East. Branch Acad. Ser. U.S.S.R., 9, 3 (1934)
1¢.A., 29, 3081 (1935)]; /. Gen. Chem. U.S.S.R., 5, 1668 (1935) [C.A., 30, 3404 (1936)].
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molten sodium and anhydrous ammonia.” A rapid and convenient
method for obtalning the reagent in liquid amumonia has been de-
scribed ¢ (p. 48). By adding this solution to mineral oil at room
temperature and heating to drive off the ammonia, a reactive, finely
divided suspension is obtained. The sodium oxide which is present
appears to have no deleterious effect. A yellow color due to peroxide
formation often develops in old sodium amide which has been exposed
to air. This material is dangerously explosive and should be discarded
at once.¥

Sodium amide in mineral oil has been reported # to be superior to
ethanolic potassium hydroxide for the synthesis of mesityl- and 24-
dimethylphenyl-acetylene, but it reacts too vigorously with halogen-
substituted a-chlorostyrenes, and ethanolic alkali is better.%% For p-
tolylacetylene the yields reported using potassium hydroxide ¥5 are
better than those with sodium amide, and the same is true for tolan 5%
and even for isopropylacetylene.®

The sodium amide method has been recommended for the synthesis
of 3-aryl-1-propynes; ® the yields were said to approach 759. In view
of the ease of rearrangement of these compounds to l-aryl-1-propynes,
(see p. 17), great care is necessary in the final hydrolysis of the reaction
mixture.

Liquid ammonia offers a satisfactory medium for dehydrohalogena-
tions,®* although there is some indication that with dibromides olefin
formation is an important side reaction. The method is not often used
since ammonia is somewhat less convenient to handle than other solvents.
Table III gives some of the results.

4 Dennis and Browne, Inorganic Syntheses, I, 74 (1939); J. Am. Chem. Soc., 26, 587,
597 (1904) ; Borgstrom and Fernelius, Chem. Revs., 12, 52 (1933) ; Bergstrom, Org. Syntheses,
20, 86 (1940).

8 (a) Vaughn, Vogt, and Nicuwland, J. Am. Chem. Soc., 56, 2120 (1934); (b) Greenlee
and Henne, Inorganic Syntheses, 2, 128 (1946).

4 Dufraisse and Dequesnes, Bull. soc. chim. France, [4] 49, 1880 (1931).

% Smith and Hoehn, .J. Am. Chem. Soc., 63, 1175 (1941).

51 Robin, A#nn. chim., [10] 16, 421 (1931).
52 Bert, Dorier, and Lamy, Compt. rend., 181, 555 (1925).
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TABLE III *

11

AcTloN oF Sopiom AMipe oN Havogen Compounps IN LIiQuip AMMmonia

Yield
%o
Halogen Compound Product
Overall Accounted
for 1

1-Iodo-1-hexyne 1-Hexyne 31 34
1,2-Dibromo-1-heptene 1-Heptyne 55
2-Bromo-1-octyne 1-Octyne 73 90
1,2-Dibromodecane 1-Decyne 54 78
2-Bromo-1-pentadecene 1-Pentadecyne 5 10
a~Chlorostyrene Phenylacetylene 57
B-Bromostyrene Phenylacetylene 75 83
Styrene dibromide Phenylacetylene 54| 52, 64
p-Methyl-a-chlorostyrene p-Tolylacetylene 49 64
Stilbene dibromide Stilbene 86

* This table is taken from Vaughn, Vogt, and Nieuwland, ref. 48a, except as indicated.
1 The figures in this column are the yields after allowing for recovered starting material.

Other Alkaline Reagents

Other alkaline reagents are sometimes used for dehydrohalogenation,
but these have usually been less satisfactory for preparing acetylenes
although they often have advantages for preparing olefins. Sodium
hydrozide is relatively insoluble in ethanol, but aqueous or dilute etha-

nolic solutions have been used.% & & 8,5,57

Sodium ethoxide was used

in the original propyne synthesis; 2 it has been employed occasionally in
the synthesis of substituted tolans (p. 40) or other arylacetylenes 5.5
but rarely for alkynes.86L%2 An unusually interesting example of the

5 Ryden, Glavis, and Marvel, J. Am. Chem. Soc., 59, 1014 (1937).

5 Campbell and O’Connor, J. Am. Chem. Soc., 61, 2897 (1939).
5% Ruggli, Caspar, and Hegediis, Helv. Chem. Acta, 20, 250 (1937).
% Bashford, Emeléus, and Briscoe, J. Chem. Soc., 1938, 1358.

5 Hatch and Moore, J. Am. Chem. Soc., 66, 285 (1944); Hatch and Evans, Brit. pat.

582,764 [C.A., 42, 583 (1948)].

% Adams and Theobald, J. Am. Chem. Soc., 65, 2208, 2383 (1943).

% Adams and Ludington, J. Am. Chem. Soc., 67, 794 (1945).
8 Wisliconus and Hblz, Ann., 250, 230 (1889).

% [Loovenich, Loson, and Dierichs, Ber., 60, 950 (1927).
92 Baelunmau, J. Am. Chem, Soc.. BT, 1088 (1935).
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use of sodium ethoxide or hydroxide is the preparation of diacetylene
from 1,4-dichloro-2-butyne.%2

Ketene acetals have been prepared ® by dehydrohalogenation of
haloacetals with potassium tert-butoxide in tert-butyl alcohol, which does
not add to the reactive double bond, but no report of the use of this
reagent for acetylene synthesis has appeared.®* The use of sodium
anilide, potassium benzylale,”® and sodium ethylmercaptide % can be
mentioned, but only the first showed synthetic promise. The preparation
of 1-nitro-1-butyne and 1-nitro-1-pentyne by treatment of the correspond-
ing 1-bromo-1-nitrodlefing with methylamine and diethylamine respec-
tively has been reported.” Dibromosuccinic acid gives acetylene-
dicarboxylic acid when treated with aqueous solutions of pyridine or
quinoline,® but, in general, amines are not basic enough to remove
hydrogen halide from a haloethylene.®%® 1,2-Dibromo-3-cyclohexyl-
propane gives 3-cyclohexyl-1-propyne in 279, yield when treated with
ethanolic potassium hydroxide but gives cyclohexylallene in unspecified
yield when distilled with quinoline. Aqueous potassium carbonate has
been used occasionally  and alkaline-earth carbonaies or hydroxides
have been employed to prepare acetylenedicarboxylic or halogenated
phenylpropiolic acids.”? Bromomaleic and bromofumaric acids yield
propiolic acid merely by heating with waler at 140°.7¢ Tt has been
shown that sodium in Kquid ammonia removes halogen quantitatively

82a Synthetic Fiber Developments in Germany, Toxtile Research Institute, New York,
1946, p. 540.

% Beyerstedt and McElvain, J. Am. Chem. Soc., 88, 529 (1936).

8 () Potassium tferl-buloxide was less satisfactory than distillation from powdcred
potagsium hydroxide for 1the dehydrohalogenation of bromophenoxyethylene to phenoxy-
acetylene, although a low yield was obtained. Unpublished work, Jacobs and Whitcher.
(b) Addition of tert-butyl aleohol to a triple bond may be involved in the formation of
B-tert-butoxyecrotonic acid by the action of potassium tert-butoxide on a-bromocrotonic
acid. Owen, J. Chem. Soc., 1945, 385.

% Bodroux, Compt. rend., 208, 1022 (1939).

8 Risseghem, Bull. soc. chim. Belg., 47, 261 (1938).

7 Loevenich, Koch, and Pucknat, Ber., 63, 636 (1930).

% Dubreuil, Bull. soc. chim. France, [3] 31, 914 (1904); Compt. rend., 137, 1063 (1903).

% Levina and Trakhtenberg, J. Gen. Chem. U.S.S.R., 6, 764 (1936) [C.A., 30, 6338
(1936)].

" (@) Orekhoff and Tiffeneau, Bull. soc. chim. France, [4] 87, 1410 (1925); (b) Carlier
and Einhorn, Ber., 23, 2894 (1890), reported that treatment of 8-(2-quinolyl)acrylic acid
dibromide with aqueous alkaline carbonate gave 2-guinolylacetylene; (¢) Alberts and
Bachman, J. Am. Chem. Soc., 57, 1284 (1935), were unable to duplicate the result reported
in (b).

" (@) Jackson and Hill, Ber., 11, 1671 (1878); Hill, Am. Chem. J., 3, 98 (1881); (b) Wal-
lach, Ann., 208, 83 (1880); (¢) Lossen, Ann., 272, 127 (1893); (d) Lossen and Mendthal,
Ann., 348, 308 (1906).
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from many types of organic halides, but acetylenes are seldom the prin-
cipal products and some olefin is always present.6%7

Phenylacetylene has been prepared by vapor-phase dehydrohalogena-
tion over soda lime at high pressures,”® and 1,1-dichloro- and 1,2-
dibromo-heptane give low yields of 1-heptyne by this method.2® b7
The alkyne polymerizes rapidly at 300° and is cracked at 400°; below
300°, no rearrangement of the triple bond occurs.?*® The dichloride is
decomposed almost completely by passage over aluminum silicate at
470°." Dichloroacetylene is best prepared by passing trichloroethylene
over a mizture of polassium hydroxide and calcium oxide at 130°.757677

Side Reactions

The Rearrangement of the Triple Bond. From a synthetic standpoint
the greatlost disadvantage of ethanolic potassium hydroxide as a dehy-
drohalogenating agent is its tendency to promote the shift of the iriple
bond away from the end of a chain. This rearrangement was dis-
covered by Favorskii,” who found that ethyl- and n-propyl-acetylenecs
give disubstituted acetylenes, isopropylacetylene gives unsymmetrical
dimethylallene, and tert-butylacetylene gives no rearrangement even at
200° although much polymerization occurs. The experiments were
usually carried out in a sealed tube with excess concentrated ethanolic
alkali at 170°. The rate of the reaction increases with the concentration
of the reagent and with the temperature, and no rearrangement was
detected below 130-140° with 1-pentyne and l-bulyne. The tempera-
ture at which the rearrangement becomes negligible must vary with
different compounds, and, since only very concentrated solutions of
ethanolic potassium hydroxide have to be heated to 130-140° to effect
refluxing, the extent of rcarrangement in a practical synthesis is variable.
No critical study has been made, and the preparation of monosubstituted
acetylenes of reasonable but of unestablished purity by this method is

7 (@) Chablay, Ann. chim., [9] 1, 469 (1914); (b) Kirrmann, Compt. rend., 181, 671
(1925); (¢) Vaughn and Nieuwland, Ind. Eng. Chem., Anal. Ed., 3, 274 (1931); (d) Dean
and Berchet, J. Am. Chem, Soc., 52, 2823 (1930); Vaughn, 2bid., 56, 2064 (1934).

7 (a) Morgan, J. Chem. Soc., 29, 162 (1876); (b) Peraloner, Gazz. chim. ital., 22, II, 65
(1892).

74 Hill and Tyson, J. Am. Chem. Soc., 50, 172 (1928).

% Ott, Ottmeyer, and Packendorff, Ber., 63, 1941 (1930).

% Ott and Packendorff, Ber., 64, 1324 (1931).

77 Ott, Ber., 75, 1517 (1942).

% (a) Favorskil, J. Russ. Phys. Chem. Soc., 19, 414 (1887) (Chem. Zentr., 1887, 1539);
J. prakt. Chem., [2] 837, 382 (1888); (b) Favorskii, 7bid., [2] 37, 531 (1888); 44, 208 (1891).
Thig discovery was announced before the Russian Society in 1886. See Bull. soc. chim.
France, [2] 48, 247 (1886).
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reported occasionally; for example, 10-undecyne-1-al diethyl acetal ™
and 4-pentynoic acid.®® The synthesis of disubstituted acetylenes, the
purity of which was undetermined, has been reported many times, as
illustrated by 4-methyl-2-pentyne ¢ and 2-methyl-4-hexyne.”? Itha-
nolic sodium hydroxide and sodium ethoxide effect the shift, but solid
potassium hydroxide does not at the temperatures used. Allene or
methylacetylene gives mainly ethyl isopropenyl ether, and dipropargyl
is changed in low yield to dimethyldiacetylene. Favorskil believed that
the rearrangement goes to completion since his products gave no pre-
cipitate with ammoniacal silver or cuprous solutions; however, later
workers obtained indications, with the more sensitive ethanolic silver
nilrate, of incomplete conversion.'»% Higher 1-alkynes rearrange mainly
to 2-alkynes. %81 Tt is reported # that samples of 2-octyne prepared
by rearrangement of 1-octyne and by the methylation of sodium amyl-
acetylide have identical physical properties and Raman spectra.

At 380° 1-heptyne rearranges in the vapor state over soda lime to a
disubstituted acetylene to a considerable extent, but the change is slight
at 250°.%47  QOver pumice at 350° less rearrangement but much decom-
position occurs.

The reverse change of a disubstituted acetylene or allene into a mono-
substituted acetylene by heating in a sealed tube with sodium at 100°
has been effected.’? The product, the sodium alkynide, was an almost
dry powder which could be carbonated to the acetylenic acid or decom-
posed with water to the alkyne. Higher temperatures than 100° are
generally found necessary for this reaction ™% and some olefin is
produced by hydrogenation.®® Sodium amide brings about the same
change. % The conditions for the rearrangement are not greatly
different from those employed with sodium, but sodium amide is prefer-
able because the triple bond is not reduced. The reaction is usually
carried out with a suspension of the reagent in an inert solvent, and
temperatures as low as 110° have been used, although the best results
are obtained at 150-160°.

" (g) English and Velick, J. Am. Chem. Soc., 67, 1413 (1945); (b) Schjdnberg, Ber., T1,
569 (1938); (¢) Ipatieff, J. Russ. Phys. Chem. Soc., 27, 387 (1895); J. prakt. Chem., [2]
53, 145 (1896); (d) Petrov, Verentsova and Kolgleeva, J. Gen Chem. U.8.8.R., 11, 1096
(1941) [C.A., 37, 3732 (1943)].

% (@) Béhal, Bull. soc. chim. France, [2] 49, 581 (1888); (b) Wislicenus and Schmidt,
Ann., 313, 210 (1900).

8l Krafft, Ber., 29, 2232 (1896).

8 Favorskil, J. Russ. Phys. Chem. Soc., 19, 553 (1887) (Chem. Zenir., 1888 , 242);
prakt. Chem., [2] 87, 417 (1888); J. Russ. Phys. Chem. Soc., 50, 43 (1918) [C.A 18, 2498
(1924)].

8 Bghal, Bull. soc. chim. France, [2] 50, 629 (1888).
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When sodium amide is used for dehydrohalogenation a complete
rearrangement of disubstituted to monosubstituted acetylenes does not
always occur, but Bourguel ® effected a clean separation of these prod-
ucts by working in a ligroin fraction which boiled higher than the acet-
ylenes but low enough for partial removal by distillation. When the
dehydrohalogenation was over, as indicated by cessation of ammonia
evolution, the disubstituted acetylenes were removed with some of the
solvent under reduced pressure before the sodium derivative of the mono-
substituted acetylene was decomposed. Table IV indicates the yields

TABLE IV
REARRANGEMENT OF ACETYLENES BY SopIrom Amipm *
Yield %,
Mono-
: . Recovered substi-
Starting Amt,| NaNHj | Temp. { Time . tuted | Subtract-
Material g 2. °C. hr. Solvent Startu.lg Acety- ng No Allow-
Material
lene | Recovered} amce for
g. Starting | Recovery
Material
2-Octyne 12 6 150 1Y4 | Pseudocumene Very little 9.5 80
2-Nonyne 18 160 2 Petroleum (b.p. | 2.5g (14%) | 13.0 84 72
180-220°)
3-Heptyne 10 170 4 Pseudocumene | 4.0g. (40%) | 3to4 | 50to 65 | 30 to 40
3-Octyne 22 170 9 Petroleum 9.5¢.(43%) | 10.0 80 45
1-Phenyl-1- 9 110 2 Toluene 6.01 67
propyne
1-Cyclohexyl-2- | 215 80 160 31 | Petroleum (b.p.| 8.0g.(4%) | 165.0 80 77
butyne 220-250°)
5-Cyclohexyl-2- | 107 39 160 214 | Petroleum (b.p. | 15.0g. (14%)| 81.0 88 76
pentyne 125-140°/
15 mm.)
6-Cyclobexyl-2- 48 160 2v4 | Petroleum (b.p.| 9.0g (19%)| 34.0 87 71
hexyne 125-140°/
15 mm.)

* Heating was discontinued when the evolution of ammonia became very slow. This usually occurred
after 759% to 809, of the theoretioal amount had been evolved. A dlight excess of sodium amide was
used (1.2 moles per mole of disubstituted acetylene) suspended in 300-400 ml. of solvent.

T No careful attempt was made to separate mono- from di-substituted acetylenes, although all the
product was believed to be 1-alkyne.

I The first three-hour heating left 40 g. of disubstituted produect, which, after reheating with fresh
sodium amide, left only 8 g. of unchanged starting material,

and conditions In these experiments. It was observed that the rates of
rearrangement vary with different compounds, but 3-alkynes always
change more slowly than 2-alkynes. By essentially the same procedure,
the allenes 1,2-pentadiene, 1,2-heptadiene, and 5-methyl-1,2-hexadiene
give cxcellent yiclds of 1-pentyne, 1-heptyne, and 5-methyl-1-hexyne.
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respectively.® The reaction is practically complete within two hours at
bath temperatures of 140°.

A heptyne mixture containing 809, disubstituted compounds may be
rearranged #¢ by heating for twelve hours at 160° in a mineral-oil sus-
pension of sodium amide with vigorous stirring, and an acetylene frac-
tion (in ungpecified yield) containing 649, of l-heptyne is isolated.®
This result is not inconsistent with those of Bourguel.®? 6-Dodecyne
and 5-decyne have been similarly rearranged at 210°.% This is the only
recorded example of the shifting of a triple bond by five positions. In
general, temperatures above 170° are undesirable because the sodium
amide particles tend to clump together and the rearrangement is much
slower. Sodium amide melts at 210°.4

Because of this rearrangement it is possible to use compounds with
halogens three and four carbons from the end of the chain for the syn-
thesis of monosubstituted acetylenes, but the yields are generally less
satisfactory as Table I shows.

Successive methylation of a sodium acetylide by dimethyl sulfate and
rearrangement of the methylalkylacetylene to a new monosubstituted
acetylene is a satisfactory method of synthesizing relatively inaccessible
higher acetylenes. Using this method Bourguel was able to prepare
200 g. of 6-cyclohexyl-1-hexyne from 500 g. of 3-cyclohexyl-1-propyne
by three repelitions of the cycle.

Since 3-nonyne is not rearranged by standing for sixteen hours at
—34°in a liguid ammonia solution eontaining sodium amide,® it was
suggested that easily rearranged disubstituted acetylenes might be
synthesized by dehydrohalogenations in this medium, but no experi-
mental work has been reported. Because 3-alkynes are less readily
rearranged than 2-alkynes it would be interesting to observe the behavior
of 2-nonyne or a similar compound in such g solution.

The rearrangement of the triple bond has been compared with a
corresponding shift of the double bond.#¢ Olefins have been studied
mainly in the vapor phase or in acids,¥ and there is no evidence that
1-alkenes tend to rearrange to 2-alkenes in the presence of alkaline re-
agents under conditions comparable to those of the acetylene isomeriza-
tion. However, at 420°, 1-butene is converted to 2-butene to the

8 Bouis, Ann. chim., [10] 9, 402 (1928).

8 Analysis by the method of Hill and Tyson, ref. 74.

8 Vaughn, J. Am. Chem. Soc., 55, 3453 (1933).

87 The isomerization of olefins and acetylenes has been reviewed by Egloff, Hulla, and
Komarewsky, Isomerization of Pure Hydrocarbons, American Cheinical Society Mono-
graph, Reinhold Publishing Corp., New York, 1942, especially Chapters 2 and 3. A brief
account is given by Egloff, The Reactions of Aliphatic Hydrocarbons, Chapter I of Organic
Chemistry, Gilman, 2nd ed., John Wiley & Sons, New York, 1943.
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extent of 929 by passage over lime.® It is well known that alka-
line reagents cause a rearrangement of allyl benzenes to propenyl-
benzenes.® Similarly benzylacetylene cannot be prepared using solid
or ethanolic potassium hydroxide,®® and even the reaction of benzyl
chloride and sodium acetylide yields methylphenylacetylene.® The
rates of interconversion by ethanolic sodium ethoxide and the positions
of equilibrium in a series of substituted 1,3-diphenylpropenes have
been determined, and the mechanism of the reaction has been discussed.?
In the acetylene series, 1l-p-bromophenyl-3-phenyl-1- or 2-propynes
(BI'CGH4CECCH206H5, BI'CGH4CH2CJL—==CCGH5) were found to be iso-
lable compounds which were not isomerized by hot 159, potassium
hydroxide solution or by the Grignard reagent.®

The interconversion of &,8- and 8,y-olefinic acids has been studied,™ %
but the corresponding rearrangements of acetylenic acids have not been
reported.

The conversion of 1,4-dichloro-2-butyne to diacetylene ¢ has already
been mentioned (p. 12); this is presumably the result of 1,4-dehydro-
halogenation rather than rearrangement.

CICH,C=CCHy(Cl — CHy==C==C=CHCl — HC=C—C=CH

Removal of Adjacent Halogen Atoms. When the starting material
for acetylene synthesis is a 1,2-dihalogen compound the alkaline reagent
sometimes removes the halogen atoms to form an olefin. This reaction
is relatively common with the dihalides of stilbenes #¢™«% or g-aryl-
acrylic acids ¢ % and has been observed more often with tertiary amines
than with ethanolic potassium hydroxide, although a-iodo-g-chloro-
butyric acid gives crotonic acid with ethanolic potassium hydroxide
and a-iodocrotonic acid with pyridine.”” B-(2-Quinolyl)- and B-(4-

8 I.G. Farbenind. A.-G., U. 8. pat. 1,014,674 [C.A., 27, 4252 (1933)]; Ger. pat. 583,790
[C.A., 28, 1058 (1934)].

8 Tiffeneau, Compt. rend., 139, 481 (1904); Agejewa, J Russ. Phys. Chem. Soc., 37,
662 (1905) (Chem. Zenir., 1905, 11, 1017); Klages, Ber., 39, 2587 (1906); and many others.

% Lespieau, Bull. soc. chim. France, [4] 29, 528 (1921).

9 Zeberg, J. Gen. Chem. U.8.8.R., 5, 1016 (1935) [C.A., 30, 1023 (1936)].

% Ingold and Piggott, J. Chem. Soc., 121, 2381 (1922); Ingold and Shoppee, ibid., 1929,
447; Shoppee, 1bid., 1930, 968; 1931, 1225. A review of this work and of a number of
related investigations can be found in Baker, Tautomerism, George Routledge and Sons,
Ltd., London, 1934; D. Van Nostrand Co., New York, 1934, p. 80.

9 Johnson, Jacobs, and Schwartz, J. Am. Chem. Soc., 60, 1885 (1938).

% Linstead, J. Chem. Soc., 1930, 1603; Linstead and Noble, 1bid., 1934, 610, 614.

% (@) Zincke and Fries, Ann., 325, 44 (1902); (b) Zincke and Wagner, Ann., 338, 236
(1905); (c) Pfeiffer, Ber., 45, 1810 (1912); (d) Pfeiffer and Kramer, Ber., 46, 3655 (1913);
(e) Reinhardt, Ber., 46, 3598 (1913); () Harrison, J. Chem. Sec., 1926, 1232.

% (a) Pfoiffer and Langenberg, Ber., 43, 3039 (1910); (b) Perkin and Bellenot, J. Chem.
Soc., 49, 440 (1886).

7 Ingold nud Swilly, J. Chem, Soc., 1981, 2742,
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pyridyl)-acrylic acids are obtained from their dibromides not only by
the action of common bases but even by boiling with water or ethanol.”¢
Cyeclic compounds such as 1,2-dibromocyclohexane which cannot yield
an acetylene lose halogen to give cyclic olefins as one of several reactions
with quinoline.®

The removal of adjacent halogens to form olefins is an Important side
reaction when dibromides are treated with sodium amide.”® In Bour-
guel’s technique the olefin is readily separated from the 1-alkyne, but the
vields of the acetylene are often low and it is preferable to remove the
first molecule of hydrogen bromide with ethanolic potassium hy-
droxide. Bromoélefins are not converted to olefins by sodium amide.
Polymerization always accompanies the dehalogenation; 1,2-dibromo-
propane gives very little methylacetylene, some propylene, and mainly
polymer even though sodium amide free from sodium is used.

Addition of Alcohols. Acetylenes in which the triple bond is activated
by conjugation with such groups as phenyl or carboxyl add primary
aleohols readily in the presence of sodium alkoxides.® Addition is also
observed with propargyl acetal 1 and ethers of acetylenic glycols.’®!
With phenylacetylene this reaction gives alkyl styryl ethers in high
yield,®=¢ and the direction of addition is the reverse of that observed
with reagents in the presence of acid. Alcohols add 1,4 to vinylacetylene
in the presence of sodium alkoxides, and the products rearrange to
1-alkoxy-2-butynes.'? Secondary alecohols add slowly, and tertiary alco-
hols even more slowly. Rearrangement is the principal reaction observed
when 1-alkynes are treated with ethanolic alkali,’®%¢ although Moureu
isolated from 1-heptyne a little high-boiling material which may have
been formed by addition of ethanol. Allene or methylacetylene gives
mainly ethyl isopropenyl ether.78®

Small amounts of vinyl ethers have been reported occasionally in the
synthesis of arylacetylenes by the reaction of ethanolic potassium
hydroxide, and this reagent has been used instead of sodium ethoxide
to promote the addition of ethanol.®%¢ It appears that the presence
of some water decreases the ease of addition and that vinyl ether forma-
tion is not ordinarily an important side reaction during dehydrohalogena-
tion to produce arylacetylenes, although it might be expected to inter-
fere with the use of sodium ethoxide (p. 11).

9% Harries and Splawa~-Neyman, Ber., 42, 693 (1909); Harries, Ber., 45, 809 (1912);
Willstitter and Hatt, Ber., 45, 1464 (1912).

9 (a) Nef, Ann., 308, 264 (1899); (b) Moureu, Compt. rend., 137, 259 (1903); (¢) Moureu,
Buyll. soc. chim. France, [3] 81, 493, 526 (1904); (d) Moureu and Lazennec, Compt. rend.,
142, 338 (1906); Bull. soc. chim. France, [3] 35, 526, 531 (1906).

10 Clajsen, Ber., 36, 3664 (1903).

19 Gauthier, Ann. chim., [8] 16, 289 (1909).
12 Tacobson, Dykstra, wud Carothers, J. Am. Chem. Soc., 56, 1169 (1934),
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Limitations in the Synthesis of Acetylenic Acids. Although substi-
tuted cinnamic acid dibromides or their esters are readily converted to
phenylpropiolic acids,®® the reaction is usually accompanied by some
decarboxylation. To minimize this side reaction the temperature is
kept as low as possible, especially during acidification of the alkaline
reaction mixture. The decarboxylation occurs readily and has been used
for the synthesis of a number of substituted phenylacetylenes.'s*
a-Alkyleinnamic acid dibromides yield 1-phenyl-1-alkynes directly and
in good yield when freated with ethanolic potassium hydroxide.

Aliphatic acids with a triple bond adjacent to the carboxyl group
cannot be prepared from the dibromides of the corresponding olefinic
acids or from the a-haloblefinic acids. The action of alcoholic alkali on
e-bromocrotonic or «,S8-dibromobutyric acid gives «- and p-alkoxy-
crotonic acids in proportions depending upon the alcohol.#%1% The
attempted synthesis of 2-pentynoic acid from 2-pentenoic acid dibromide
failed,”® and propiolic acid has not been obtained from «,8-dihalo-
propionic or e-haloacrylic acid although e-ethoxyacrylic acid, pyruvic
acid, glyceric acid, and polymers have been reported.’” The conversion
of a-bromoacrylic acid to acetylene and carbon dioxide by dehydro-
halogenation and decarboxylation has been noted.107t 108

Certain S-halo-a,f-unsaturated acids will yield acetylenic acids, for
tetrolic acid is usually prepared from ethyl acetoacetate by the action
of phosphorus pentachloride followed by potassium hydroxide; 1 but
the yield is often low, and such by-products as acetone, ethoxycrotonic
acid, and polymers are produced. The literature contains conflicting
reports on the conversion of 3-bromo-2-pentenoic acid to 2-pentynoic
acid.®™>  Most «,B-acetylenic carboxylic acids are now prepared by
carbonation of metallic derivatives of 1-alkynes so that decarboxylation
of these acids has no synthetic value. However, the decarboxylation has
been reported to take place with excellent yields,

103 For phenylpropiolic acid see Abbott, Org. Syntheses, 12, 60 (1932); Coll. Vol. 2, 515
(1943); Reimer, J. Am. Chem. Soc., 64, 2510 (1942).

104 (g) Otto, J. Am. Chem. Soc., 56, 1393 (1934); (b) Fulton and Robinson, J. Chem. Soc.,
1933, 1463; (¢) Weltzien, Micheel, and Fless, Ann., 433, 247 (1923); (d) Wollring, Ber.,
47, 111 (1914); (¢) Gattermann, Ann., 347, 347 (1906); (f) Straus, Ann., 342, 190 (1905);
(&) Reychler, Bull. soc. chim. France, [3] 17, 513 (1897); (h) Miller, Ann., 212, 122 (1882);
Ber., 20, 1212 (1887); (¢) Baeyer, Ber., 13, 2254 (1880); (5) Glaser, Ann., 154, 137 (1870).

15 Bogert and Davidson, J. Am. Chem. Soc., 54, 334 (1932).

16 Pfister, Robinson, and Tishler, J. Am. Chem. Soc., 67, 2269 (1945).

1% (@) Otto, Ber., 28, 1108 (1890); Otto and Beckurts, Ber., 18, 239 (1885); (b) Lossenu
and Kowski, Ann., 342, 124 (1905); (c) Wagner and Tollens, Ann., 171, 340 (1874).

18 Mauiliner and Suida, Monatsh., 2, 98 (1881).

109 800 table, p. 23.

W Mowreu and Audrs, Ann. chim., [8] 1, 116 (notc) (1914).
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Acetylenedicarboxylic acid ° resembles phenylpropiolic acid in that it
is prepared from «,8-dibromosuccinic acid without difficulty and its acid
potassium salt is readily decarboxylated to propiolic acid.™

Other Side Reactions. Polymerization is encountered in the synthesis
of a number of acetylenic compounds, and autoxidation may occur,112 18
although wusually it is not important. The formation of polymeric
material under the influence of ethanolic potassium hydroxide, sodium
ethoxide, and similar reagents may perhaps be the result of polymeriza-
tion of vinyl ethers formed by addition of alcohol to the triple bond.

Preparation of the Halogen Compounds for Dehydrohalogenation to
Acetylenes

Four general methods have been employed for synthesis of halogen
compounds useful for preparing acetylenes: (1) olefins to olefin di-
bromides, (2) cinnamic acids to w-bromostyrenes, (3) ketones with
phosphorus pentachloride to dihalides, (4) 2-bromoallyl bromide or 3-
chloroallyl chloride with Grignard reagents to halogenated olefins. The
first method requires no comment. The second has been reviewed in
a previous chapter in Organic Reactions.* The third and fourth will
be discussed below.

Phosphorus Pentachloride and Carbonyl Compounds. The reaction
of phosphorus pentachloride with carbonyl compounds ** has been
widely used to prepare chlorides for acetylene synthesis. The products
of the reaction include monochloroethylenes as well as the expected di-
chlorides; hydrogen chloride is always produced. Iavorskil ' has re-

RCOCH,R' + PCls — RCCIgCI’IgR/ -+ POCl;
RCOCH;R' 4 PCls — RCCl=CHR/' + HC] + POCI;

viewed the work prior to 1913 and bas carefully studied the reaction with
aliphatic ketones. Maximum yields of chlorides suitable for acetylene
synthesis are obtained by adding the ketone dropwise to a slight excess

1 (g) Bandrowski, Ber., 13, 2340 (1880); (b) Baeyer, Ber., 18, 674, 2269 (1885); (¢)
Perkin and Simonsgen, J. Chem. Soc., 91, 816 (1907); (d) Ingold, J. Chem. Soc., 127, 1199
(1925); (e) for an alternative preparation see Straus and Voss, Ber., 59, 1681 (1926);
Straus, Heyn, and Schwemer, Ber., 63, 1086 (1930).

12 Young, Vogt, and Nieuwland, (a) J. Am. Chem. Soc., 56, 1822 (1934); (b) ibid., 58,
55 (1936); (¢) J. Chem. Soc., 1935, 115,

13 Campbell and Eby, J. Am. Chem. Soc., 63, 216 (1941).

14 The Perkin Reaction, Johnson, Org. Reactions, 1, 210265 (1942).

5 Friedel, Comgpt. rend., 67, 1192 (1868); Ann. chim., [4] 16, 310 (1869).

16 Rayvorskil, J. prakt. Chem., [2] 88, 641 (1913); J. Russ. Phys. Chem. Soc., 44, 1339
(1912) [C.A. 7, 984 (1913)].
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of phosphorus pentachloride in an all-glass apparatus at 0° so that the
evolution of hydrogen chloride is not vigorous. The reaction occurs
only at higher temperatures with diisopropyl ketone or pentamethyl-
acetone, and under these conditions a-chloroketones are formed as the
result of a chlorination reaction. Pinacolone is converted to a mixture
of chlorodlefin and dichloride which is readily transformed into tert-
butylacetylene.t» The yield of chloro compounds has been reported
as essentially quantitative, and the yield of tert-butylacetylene as 65%,.
Other workers have not always obtained such good results,*%® although
over 909, yields of chloro compounds have been obtained.’’ By use of
finely powdered phosphorus pentachloride, maintenance of the tempera-
ture at 0-5°, and stirring, the yield of mono- and di-chlorides is 919,
from which an 809, yield of the acetylene is obtained.!”® The reaction of
pinacolone with phosphorus pentachloride has been extensively stud-
ied."7<  The only product isolated from ethyl teri-butyl ketone and
phosphorus pentachloride at 70° is 2-chloro-4,4-dimethyl-3-pentanone,
(CH;)3CCOCHCICH . "8

Phosphorus pentabromide produces from all types of ketones mainly
a-bromoketones and cannot be used to prepare bromides suitable for
acetylene synthesis.® This may be the result of the action of halogen
formed by dissociation of the phosphorus pentabromide. However, the
ketones are more readily brominated by phosphorus pentabromide than
by bromine, so that, if the free halogen is the reagent, a phosphorus halide
must be a catalyst for the reaction.

Even at 0° the products of the reaetion of phosphorus pentachloride
with aliphatic ketones include small amounts of dichloro compounds of
the type RCHCICHCIR’ and of acetylenes as well as the expected
dichloro compounds RCH,CClo:R’ and monochloroélefins.*® The
chloroethylenes from methyl ketones are largely 2-chloro-2-alkenes,
RCH==CCICH;."® However, butanone was said to give a mixture of
chlorobutenes containing an appreciable amount of 2-chloro-1-butene.'?

The action of phosphorus pentachloride on arylacetones, ArCH,COCHS,
gives a mixture of chlorodlefins, ArCH=CCICHj3 and ArCH,;CCl=CH,.
If either of these pure chloroélefins is allowed to stand, it slowly changes
to an equilibrium mixture of the two.'® An aromatic aliphatic ketone

W7 (g) de Graef, Bull. soc. chim. Belg., 34, 427 (1925); (b) Bartlett and Rosen, J. Am.
Chem. Soc., 64, 543 (1942); (¢) Delacre, Bull. soc. chim. France, [3] 35, 343 (1906); Acad.
roy. Belg., Classe sci., Mém., [2] 1, 1 (1904-1906); (d) Risseghem, Bull. soc. chim. Belg.,
31, 62 (1922).

18 Vagssliev, Bull. soc. chim. France, [4] 43, 563 (1928).

19 Bourguel, Bull. soc. chim. France, [4] 35, 1629 (1924).

120 Charpeulier, Bull. soc. chim. France, [5] 1, 1407 (1934).

121 Zalki and Iskandor, J. Chem. Soc., 1948, 68,
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such as acetophenone yields mainly chloroethylene and polymer, but a
little 1,1-dichloroethylbenzene can be isolated. Phosphorus {richloride
dibromide 22 gives a mixture of products including phenacyl bromide
and phenacyl dibromide. A 549 yield of chlorostyrene is obtained 12
using petroleum ether as a solvent and mixing the phosphorus penta-
chloride with coarsely broken glass. The autoxidizability of the product
is reported. Phosphorus oxychloride or a mixture of this with phos-
phorus trichloride has been used as a solvent in the reaction of aceto-
bromomesitylene or acetoisodurene with phosphorus pentachloride.® 5
w-Chloroketones and phosphoric esters are reported as by-products.

In general the reaction of aromatic methyl ketones with phosphorus
pentachloride is a satisfactory method of preparing intermediates for
acetylene syntiheses, since the starling materials are readily available
by the Friedel and Crafts or other reactions, and there is no possibility
of rearrangement of ihe triple bond in the final step. The reaction is
usually carried out at about 70°. Aliphatic acetylenes are obtainable
in this way in low yicld only, except for a few compounds like tert-
butylacetylene. Cyclohexylacetylene is readily obtainable by this
method, but the yicld of cyclopentylacetylene appears to be low. Table
V gives some of the more recent results obtained. The preparation of
p-tolylacetylene by this method is described in {the section on laboratory
procedures (p. 50).

Reaction of Grignard Reagents with Halogen-Substituted Allyl
Halides. The reaction of 2,3-dibromopropene with Grignard reagents
was first used by Lespieau ® to prepare halogen compounds for acetylenc
syntheses. The reaction has been carefully studied,® and detailed direc-
tions for the synthesis of 3-cyclohexyl-2-bromopropene have been

122 Taylor, J. Chem. Soc., 1937, 304.
128 Dufraisse and Viel, Bull. soc. chim. France, [4] 87, 874 (1925).
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TABLE V
YiLps 1N THE REACTION OF PHOSPHORUS PENTACHLORIDE WiTH CARBONYL
Compounps AND CONVERSION OF THE PRODUCTS TO ACETYLENES
: Yield of
%fﬁd of | Acetylenc | Overall Refer
Acetylene oro from Chloro | Yield cler=
¥ Compound G o ence
, ompound %
%o
Phenylacetylene Quantitative 3743 37-43 99a
yield of
crude product
p-Tolylacetylene 68 48 33 50
75 57 43 51
2,4-Dimethylphenylacetylene 82 75 * 61 43
Mesitylacelylene 78 71 * 55 43, 58
2,3,4,6-Tetramethylphenyl-
acetylene 73 1 65 47 58
p-Chlorophenylacetylene 60 36 22 43
p-Bromophenylacetylene 70 53 37 49
3-Bromo-2,4,6-trimethylphenyl-
acetylene 63 57 36 58
B-Naphthylacetylene 35 51
2,4-Dimethyl-3-chloro-6-meth-
oxyphenylacetylene 60 60 36 59
3-Ethynyl-2-methylnaphthalene 45 124
Tolan 80 34 27 45
Phenyl-g-naphthylacetylene 75-93 T 58 44-54 15
B-Pyridylacetylene 50 42 21 70¢
Cyclopentylacetylene 9 * 41
Cyclohexylacetylene 70-80 46 32-37 125
tert-Butylacetylene 45-100 59-80 27-73 117
3-Ethyl-3-methyl-1-pentyne 65 45 * 29 39
1-Heptyne 70 60 * 24 28, 74
4-Methyl-2-pentyne 26 79¢
5-Methyl-2-hexyne 61 79d
2,6-Dimethyl-3-heptyne 52 38 20 79d
Tetrolic acid 52 16 15.5 § 126
1-(p-Methoxyphenyl)-1-propyne 24 || 75 18 127

# The sodium amide method was used for dehydrohalogenation.

1 Crude product.

1 Hill and Tyson, ref. 74, prepared 1,1-dichloiolbeptane in 70% yicld but used it for vapor-phase

dehydrohalogenation,

Bourguel, ref. 28, obtamed 60%, yields of the acetylene using a rather pme

chloro compound, and an overall yield of 24%, in runs in which the chloro product was not punfied

carefully.

§ The overall yield was obtained in a larger run.
|| 2-Chloro-1-(p-anisyl)-1-propene from p-anisylacetone.
Lo 1-ohloro-1-(p-anisyl)-1-propene in 449, yield, but this chloride was not dehydrohalogenated.

14 Karrer, Eppreclit, and Konig, Helv. Chim. Acta, 23, 272 (1940).

1% Sweet and Marvel, J. Am. Chem. Soc., 54, 1184 (1932).

126 Toist, Ann., 345, 100 (1906).

% [Tobdny and 8hort, J. Chem. Soc., 1948, 609,

p-Methoxypropiophenone was converted
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described. 2128 If the Grignard solution is added to the dibromopropenc,

CeHuMgBI‘ —|— BI‘CHgCBFCI‘Ig — CeHuCHzCBFCHg —|— MgBrg

vields of 45659, are usually obtained, but addition of the bromo com-
pound to the organometallic derivative leads to the formation of complex
substances and greatly reduces the yield of the desired product. Allene
is one of the principal by-products. The presence also of a saturated
bromo compound is attributed to the addition of the Grignard reagent
to the double bond of RCH,CBr==CH,,* though some doubt about the
saturated character of the by-product has recently been raised.!#
Syntheses with 1,3-dihalopropencs are complicated by the possibility
of an allylic rearrangement which may lead to a mixture of produets.
The reaction of such allyl compounds with aliphatic Grignard reagents

BrCH,CH=CHBr = CHy==CHCHBr,

is very complicated,™ but necarly quantitative yields of 3-aryl-1-chloro-
1-propenes have been reported 5%t from arylmagnesium halides.
a-Naphthylmagnesium bromide and 1,3-dibromopropene in toluene at
100° Ble give a 509, yield of product. The addition of 1,3~ and 2,3-
dibromo- and 1,3-dichloro-propencs to aryl Grignard rcagenis at low
temperatures in ether resulls in lower yields than those reported above. !
The abnormal reaction of 1,2,3-lribromopropenc with phenylmagnesium
bromide will be discussed (p. 44). When the five-carbon homolog of
bromoallyl bromide (mainly Coll;CH=CBrCII:Br) is first converted
to 3-bromo-3-hexene and then to 3-hexyne some 1-alkyne, presum-
ably 3-methyl-1-pentyne, is obtained owing to an allylic rearrange-
ment.

CHjg
CH;MgBr
CoHyCH=—CBrCH,;Br = CsHzCHBrCBr—=CH, > CoHz;CHCBr=CH,
KOH
CH3
02H5£HCE-CH

128 Lespieau and Bourguel, Org. Syntheses, Coll. Vol. 1, 186, 2nd ed., 1941.

129 Private communication, Young and Linden, University of California, Los Angeles.

10 Kirrmann, Bull. soc. chim. France, [4] 47, 834 (1930); Kirrmann and Grard, Compt.
rend., 190, 876 (1930); Kirrmann, Pacaud, and Dosque, Bull. soc. chim. France, [5] 1, 360
(1934); Kirrmann and Renn, Compt. rend., 202, 1934 (1936).

131 () Bert, Bull. soc. chim. France, [4] 37, 879 (1925); (b) Compt. rend., 180, 1504 (1925);
(¢) Bert and Dorier, Bull. soc. chim. France, [4] 37, 1600 (1925); (d) tbid., [4] 39, 1610 (1926).

132 Braun and Kuhn, Ber., 58, 2168 (1925).

133 Lespieau and Wiemann, Bull. soc. chim. France, [4] 45, 627 (1929).
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The halogen-substituted allyl halides such as 1,3-dichloropropene are
readily prepared ¥ by well-known methods.

1-ALKYNES FROM METALLIC DERIVATIVES OF ACETYLENE

The alkylation of sodium acetylide in liquid ammonia by alkyl halides
was first reported by Lebeau and Picon.’#3% TIn this work alkyl iodides

RX 4 NaC=CH — RC=CH + NaX

were employed, but other alkyl halides have been used and the bromides
usually give the best yields. Alkyl sulfates ¥7-1% and esters of p-toluenc-
sulfonic acid ®¥® have also been tried; dimethyl and diethyl sulfates are
recommended for the synthesis of propyne and 1-butyne.X%4 The
reaction islimited to theintroduction of primary alkylgroups, RCH;CHo,-,
which are not branched on the second carbon. In the hands of an expe-
rienced operator yields of 70-909, are usually obtained. The method
has been extensively investigated and improved.4%1%:14 Some results
obtained by ils use are given in Table VI.

13 IIill and Fischer, J. Am. Chem. Soc., 44, 2582 (1922); Bert and Dorier, Bull. soc. chim.
France, [4] 39, 1573 (1926).

185 T,ebeau and Picon, Compt. rend., 166, 1077 (1913).

1 Picon, Compt. rerd., (a) 158, 1134, 1346 (1914); () 168, 894 (1919); (c) 169, 32 (1019).

W Meinert and ITurd, J. Am. Chem. Soc., 52, 4540 (1930).

18 Flurd and Meinert, J. Am. Chem. Soc., 53, 289 (1931).

1 Kranzfelder and Sowa, J. Am. Chem. Soc., 59, 1490 (1937).

10 Campbell and Fby, J. Am. Chem. Soc., 63, 2683 (1941).

M1 8ee Table VI, note f, p. 26.

2 Vaughn, Fennion, Vogl, and Nicuwland, J. Org. Chem., 3, 1 (1937).

) Nieuwland and Vogl, The Chemistry of Acetylene, Chapters II and III, Reinhold
Publishing Corp., New York, 1945.

4 (g) Greenlee, Dissertation, Ohio State University, 1942; (b)) Henne and Greenlee,
J. Am. Chem. Soc., 65, 2020 (1943); 67, 484 (1945).
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TABLLE VI

1-ALKYNES FROM Sop1UM ACETYLIDE AND ALKYL Bromipes 14

Yield + | Reaction | Moles 1} pp e
1-Alkyne 9, time of HO=CNa,
° hr. Bromide
1-Propyne 84 7 5 4.25 4
1-Butyne 89 1 3 I 1
1-Pentyne 85 5 17.1 20
1-Hexyne 89 61z 4.5 5
1-Heptyne 56 4 2 to 3 | Slight excess
73 6 210 3 |[Slight excess
83 13 2 to 3 | Slight cxcess
5-Methyl-1-hexyne 68 § 6 4.5
1-Octyne 72 22 14 20

* Based on alkyl bromido, which was the limiting factor except as noted.

T A slight excess of methyl biomide was usod. The yield based on sodium was 89%.

1 Diethyl sulfate was used instead of ethyl bromide. The reaction was vigorous so that addition
was slow. The yield given is of crude material. Some difliculties wele encountered in purification,
and some material was lost, The yicld of pnre produot was 65%, but it sliould be possible to improve
this.

§ Insufficient reaction time. The yield was 47% on isoamyl bromide taken, and the recovery of
bromide was 31%. The fieezing-point curve was poor, probably owing to isomers resulling fromn
impure isoamyl bromide.

The Preparation of Sodium Acetylide and Other Metallic Acetylides

Sodium acetylide is prepared commonly by passing acetylene into a
solution of sodium in liquid ammonia at the boiling point. The reaction
is slow because the mechanical difficulty of dissolving a gas in a boiling
solution is increased by the vigorous exothermic reaction and consequent
dilution of the acetylene by solvent vapors and ethylene.!# This diffi-
culty has been surmounted most successfully by using a metallic reflux
condenser of adequate capacity cooled with Dry Ice.®%14¢ The acety-
lene that does not react when first passed through the solution is dis-
solved and returned to the flask by the condensing ammonia. Excellent
directions for this method of preparation have been published. s If a
suitable condenser is not available, it is probably simplest to introduce a
large piece of sodium gradually into a saturated solution of acetylene
in liquid ammonia with vigorous stirring as described by Hennion."¢

45 Greenlec and Henne, Inorganic Syntheses, 2, 75 (1946). See also reference 143,

Chapter 2, for a discussion of the synthesis of sodium acetylide.
16 Hennion, Proc. Indiana Acad. Sct., 47, 116 (1938) [C.A., 32, 9039 (1938)].
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The addition of a solution of sodium in liquid ammonia to a saturated
solution of acetylene in liquid ammonia has been successful, %14 but it is
hazardous since the sodium solution cannot be handled in an ordinary
separatory funnel. Small amounts of sodium acetylide have been pre-
pared ¥ by passing acetylene into the sodium solution cooled in Dry
Ice. The preparation has also been carried out in an autoclave at room
temperature, but there is danger of violent explosions, especially if a
trace of air is present. 214 Any of these procedures for preparing sodium
acetylide from metallic sodium has two disadvantages: the upper walls
of the flask are quickly covered by metallic sodium which is difficult to
wash down, and one-third of the acetylene is wasted as ethylene.

3HC=CH + 2Ng — 2NaC==CH - H,C==CH,

A preferable method employing sodium amide in place of sodium was
discovered by Picon ¥ and developed by others.#8%144145 Tn practice the
method is less troublesome and somewhat more adaptable. The sodium
acetylide prepared in this way contains small amounts of iron and other
mpurities, but these do not appear to interfere with its use in synthesis.
In fact the impurities may be beneficial, since it is reported that the
acetylide obtained in this way is considerably more reactive than that
obtained using sodium.® The details of the procedure are given on
p. 48.

A reactive form of sodium acetylide has been prepared from acetylene
and a suspension of sodium naphthalene in dimethyl ether. The sodium
derivatives of other aromatic hydrocarbons can be substituted for
sodium naphthalene, and the dimethyl ether can be replaced by ethers
of ethylene glycol or of various polyhydroxyl compounds.

The acetylides of other alkali and alkaline-earth metals have been
prepared but offer no advantages for the synthesis of l-alkynes.
Patents have been issued for the synthesis of mono- and di-substituted
acetylenes from calcium carbide and organic halogen or hydroxyl com-
pounds, mostly at high temperatures.49 4 ¢

47 Picon, Compt. rend., 173, 155 (1921); Bull. soc. chim. France, [4] 29, 709 (1921).

18 Hejlbron, Jones, and Weedon, J. Chem. Soc., 1945, 81,

48 Soott, Hansley, and Walker, J. Am. Chem. Soc., 58, 2442 (1936); U. S. pats. 2,171,867
and 2,171,868 [C.A4., 34, 115, 116 (1940)].

49 A review of these is given in reference 143, pp. 40-48, 78-79. References dealing
especially with their use in alkyne synthesis include: (a¢) Vaughn and Danehy, Proc.
Indiana Acad. Sci., 44, 144 (1934) [C.A., 30, 429 (1936)]; (b)) Campbell and Campbell,
Proc. Indiana Acad. Sci., 50, 123 (1940) [C.A., 35, 5457 (1941)]; (¢) Soc. pour I'ind. chim.
A Bale, Brit. pat. 298,090 [C.4., 23, 2722 (1929)]; (d) Dutt, Fr. pat. 677,338 [C. 4., 24, 2956
(1930)]; (e) Corson, Brit. pat. 279,095 [C.A., 22, 2755 (1928)]; Fr. pat. 642,170 [C.A., 23,
1135 (1929)].
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The Alkylation of Sodium Acetylide

The alkylation of sodium acetylide by alkyl halides is limited to the
introduction of primary alkyl groups, RCH;CHs-. Secondary and ter-
tiary halides and primary halides with branching on the second carbon,
R,CHCH,-, give only traces of l-alkyne; the principal product is the
alkene formed by dehydrohalogenation.’®%® The reactivity of the alkyl
halides with sodium acetylide increases with the atomic weight of the
halogen and decreases with increasing size of the alkyl group. Methyl
chloride gives propyne in 549 yield in sixteen hours, all the halide being
used, but n-butyl chloride yields only 309, of 1-hexyne after twenty-five
hours.¢  Aryl halides cannot be employed; they either fail to react
(chlorobenzene) or undergo ammonolysis only (o-chloronitrobenzene).4?
Products other than 1-alkynes are obtained with vinyl chloride,
1-bromo-1-butyne,"** and chloromethyl ether.* Yields of 60-75%, of
ethers of 3-butyn-1-ol have been obtained from a number of ethers of
ethylene bromohydrin ROCH,;CI,Br.1%1 Hthylene bromohydrin gives
mainly acetaldehyde.!®

Allylhalidesreact with sodiumacetylide* %2 to give a mixture of uniden-
tified compounds containing eight and eleven carbon atoms. This anom-
alous result is atiributed to metalation of the methylene group of 1-penten-

CHy=CHCHBr+NaC=CH — CHy=CHCH,C=CH 4 NaBr
CHy=CHCHyC=CH +NaC=CH — CHy=CHCHNaC=CH-J}HC=CH
CHy—=CHCHNaC=CH +CHy—=CHCHBr — CHy=CHCHC=CH}NaBr
H,CH=CH:

4-yne. The eleven-carbon compound CHy=CHC(CH,CH==CH,),
l

=CH
would be formed from CHy,=CH—CHCH,CH=CH, by further reac-

l
C=CH

tion with sodium acetylide and allyl bromide. Analogous products were
obtained from methallyl chloride.l*

Alkyl bromides, especially if pure, give the best results, since they
are more reactive than chlorides yet produce smaller amounts of
amines than the iodides. The synthesis has been carried out in an
autoclave at higher pressures and temperatures,'86e 14214 hut, except with

180 Picon, Compt. rend., 168, 825 (1919).

151 M cCusker and Kroeger, J. Am. Chem. Soc., 59, 213 (1937).
12 Lespieau and Journaud, Bull. soc. chim. France, [4] 49, 423 (1931).
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chlorides, the best results are obtained at atmospheric pressure at the
boiling point of liquid ammonia.

The chlorides and even the bromides are not readily separated from
the alkynes, and efficient fractionating columns must be used in purify-
ing the products. A column of 25-plate efficiency gives 1-heptyne and
l-octyne of high purity. % No satisfactory chemical method of
removing the halogen compound has been discovered.'214 A large
excess of sodium acetylide is ineffective in reducing the amount of the
impurity, but with very efficient stirring less halide is found in the
product.

The yields are lowered by entrainment and vaporization of the alkyne
during the addition of water to the liquid ammonia solution at the end of
the reaction unless adequate precautions are taken, such as the use of
an efficient Dry Ice-cooled condenser 8% (p. 48). The removal of
the ammonia before hydrolysis is not advisable, for the hot concentrated
sodium hydroxide produced on addition of water may then rearrange
the 1-alkyne. Thus, in the reaction of butyl bromide and sodium
acetylide, removal of ammonia followed by addition of water gave a
product boiling at 71-72° containing only 799, of 1-hexyne.'®

Organic solvents do not improve the yield in the synthesis and are
often detrimental, although small amounts of ether may increase the
rate of reaction slightly. The yields are not altered by substitution of
cadmium, aluminum, or iron containers for the usual glass flask; stirrers
of Monel metal, nickel, Nichrome, brass, and glass have been used.

The application of the liquid ammonia method {0 dihalides has been
successful 14415 1 6-FHeptadiyne and 1,8-nonadiyne are obtained without
difficulty {from trimethylene and pentamethylene bromides in 40-439,
and 849, yields, respectively.’* The crude yield of the former is 70-7497,
but 139 of low-boiling material, possibly 2-penten-4-yne, is present, and
the product is difficult to purify on account of polymerization. 1-Bromo-
3-chloropropane gives a 579, yield of 5-chloro-1-pentyne.* Compounds
having halogens on adjacent carbon atoms usually undergo dehydro-
halogenation,“%414 gnd methylene chloride gives unidentified mate-
rial 4

Alkyl sulfates may be used in the alkylation instead of halides 137138
and are superior for the synthesis of propyne and 1-butyne % Tt
should be remembered that only one of the alkyl groups in an alkyl

18 The physical constants of the pure alkynes are given in references 140 and 144. They
nro also given in Selected Values of Properties of Hydrocarbons, American Petroleum
Institute Research Project 44, National Bureau of Standards, Washington, D. C.

8 300 {he privale communication fromm Hurd cited by Vaughn, Hennion, Vogt, and

Niouwlwd, J. Org. Chem., 2, 11 (1937).
1 ] .enpionu and Journaud, Compt. rend., 188, 1410 (1929).
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sulfate reacts. It is noteworthy that diisopropyl sulfate gives 20-509
yields of isopropylacetylene.’®®

The methyl, propyl, and butyl esters of p-toluenesulfonic acid will
alkylate sodium acetylide in liquid ammonia in 37-479% yields, but solid
esters such as the amyl cannot be used.®® No alkylation is obtained
with tributyl phosphate, amyl acetate, or butyl acetate.

Sodium acetylide, prepared from acetylene and sodium naphthalene in
a suitable ether solvent, furnishes propiolic acid in 699, yield on car-
bonation and is reported to undergo alkylation with alkyl halides.ss

Side Reactions in the Alkylation of Sodium Acetylide

The by-products in this alkylation reaction are as follows: olefins,
amines, ethers, alcohols, disubstituted acetylenes, and acetylene.

Olefins. As mentioned above, secondary and tertiary alkyl halides,
and primary alkyl halides branched on the second carbon, give mainly
dehydrohalogenation to olefins in the alkylation reaction. When care-
fully purified primary bromides, RCH,CHyBr, are uscd this olefin
formation is unimportant.’* The alkenes may arise in part as a result of
the action of the alkyl halides with sodium amide, sodium hydroxide,
or sodium alkoxides present in low concentration, but sodium acctylide
is a strong base and might be expected to cause some dehydrohalogena-
tion. Since the olefins have two fewer carbons than the desired acet-
ylenes the separation is not difficult.

Amines. The reaction of ethyl bromide or 10d1de with liquid ammonia
to produce a mixture of ethyl amines 1 has been found “>1# to repre-
sent a general reaction of alkyl halides and 1o occur in 1-alkyne syntheses.
Todides react most readily and chlorides least. The amines obtained
a8 by-produects in the acetylene preparation consist of about equal parts
of primary and secondary with variable amounts of tertiary. At atmos-
pheric pressure and 34° this side reaction is unimportant with bromides,
but at high preséures and temperatures it is significant. Alkyl sulfates
give higher yields of amines as by-products.

Ethers and Alcohols. The presence of moisture may result in the
formation of ethers and alcohols by the following reaction.

C.H RX NaCyH RX
> NaOH > ROH RONa — ROR

Na
H,0

The Williamson synthesis of ethers has been shown to proceed smoothly
in liquid ammonia.’¥ Alcohols may also be present as impurities in the

15 Picon, Bull. soc. chim. France, [4] 35, 979 (1924).
157 Vaughn, Vogt, and Nieuwland, J. 4dm. Chem. Soc., 5T, 510 (1935).
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alkyl halides and lead to ether formation.* Ithers were isolated in
19 to 59, yields by fractionation of the residues from the distillation of
l-alkynes,>"3 and alcohols were ordinarily present in amounts less
than 19%. Pure bromides give no significant quantities of ethers although
commercial bromides sometimes give several per cent.

Disubstituted Acetylenes. A small amount of disubstituted acetylene
usually can be isolated from the reaction of sodium acetylide with an
alkyl halide in liquid ammonia. When butyl and amyl bromides are
used, 2-39% and occasionally up to 309, of dialkylacetylenes may be
formed. 1%  Much less of these by-products has been reported by
others,"** and it has been suggested they arise from the presence of sodium
carbide. The presence of sodium carbide in metallic acetylides prepared
in liquid ammonia is disputed.’®1® Certain results 414 guggest that
an equilibrium exists between sodium acetylide and sodium carbide.

2NaC=CH < NaC=CNa - HC==CH

Such an equilibrium is well established for the Grignard reagent from
acetylene (p. 32).

Acetylene. Some acetylene usually is produced in the final stages of
this synthesis,'® but it is readily removed if the product is properly
fractionated.

Other Impurities. The following have been listed 1> a5 possible
by-products: rearranged hydrocarbons resulting from the action of
strong bases such as sodium acetylide, dimethylethynylcarbinol from
incomplete removal of acetone from the acetylene, peroxides produced
by the action of air or sodium peroxide, and polymers. A small amount
of polymerization usually occurs when the higher-boiling alkynes are
distilled. These side reactions are ordinarily unimportant, although the
rapidity with which the physical constants of acetylenes are changed by
peroxide formation on exposure to air has been stressed.l1%115.153

Acetylene Mono- and Di-magnesium Bromide

Acetylenemagnesium bromide and acetylenedimagnesium bromide
have been used in the synthesis of many acetylenic compounds. A
mixture of these which behaves mainly as the dimagnesium derivative
was first prepared by Ilozitsch ' and is easily obtained at ordinary

18 Moissan, Compt. rend., 127, 911 (1898).

19 See reference 142, p. 17, and 143, pp. 41, 44.

180 Heisig and Hurd, J. Am. Chem. Soc., 55, 3485 (1933).

1 The extensivo work of Tozitsch is noteworthy: J. Russ. Phys. Chem. Soc., 34, 242
(1002) ; 85, 431, 1269 (1903); 38, 252, 656 (1906) ; Bull. soc. chim. France, [3] 30, 210 (1903);
(3] 82, 5562 (1004); [3] 84, 181 (1905); [4] 4, 981, 1203 (1908).
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pressures; 2 itg reactions with many carbonyl compounds have becn
studied. The proportion of monomagnesium derivative in the mixture
is influenced by the amount of acetylene, but even when excess acet-
ylene is present some glycol is produced in the reaction with an alde-
hyde.’-18 By using excess acetylene under pressure with efficient
stirring it is possible to obtain a solution which behaves mainly as the
monomagnesium derivative.'641% The preparation of such a reagent
using a shaking machine has been described.’®® The reaction between
acetylene and ethylmagnesium bromide is allowed to proceed at ordinary
pressure and temperature until ethane is no longer evolved (seven to eight
hours), and the reaction is completed by several hours’ stirring and reflux-
ing under acetylene pressure of half an atmosphere. On carbonation this
solution gives a 629, yield of propiolic acid and a 109, yield of acetylene-
dicarboxylic acid.’® The reaction has been improved so that an 879
yield of propiolic acid can be obtained.1

The composition of the Grignard solution prepared at atmospheric
pressure has been investigated. It is not safe to estimate the propor-
tions of mono- and di-magnesium derivatives present from the amounts
of mono- and di-substituted acetylenes obtained in alkylation or addition
reactions because the following reactions can also account for disub-
stituted compounds.

RX -+ HC=CMgBr — RC=CH + MgXBr
RC=CH - HO=CMgBr — RC=CMgBr + HC=CH
RC=CMgBr + RX — RC=CR + MgXBr

The alkylation of the Grignard reagent of acetylene has not been
studied extensively, although it appears to give rather satisfactory
yields of 1-alkynes under the special conditions already mentioned. 6416
Benzyl bromide gives a 709, yield of 3-phenylpropyne, 8%, of 1,4-di-

162 Wieland and Kloss, Ann., 470, 201 (1929), have described the preparation and use of
such a solution.

163 Oddo, Atr. accad. naz. Lincet, [5] 18, I, 187 (1904) (Chem. Zentr., 1904, II, 943);
Gazz. chim. ital., 34, 11, 429 (1904); 38, I, 625 (1908).

184 Grignaid, Lapayre, and Tchéoufaki, Compt. rend., 187, 517 (1928).

165 Tehéoufaki, Contribs. Inst. Chem. Natl. Acad. Peiping, 1, 127 (1934) [C.A., 29, 2513
(1935)].

166 Dane, Hogs, Bindseil, and Schmitt, Ann., 532, 39 (1937).

17 Zal'kind and Rosenfeld, Ber., 57, 1690 (1924); Kleinfeller and Lohmann, Ber., T1,
2608 (1938). The latter workers used a kinetic method and concluded that, contrary to
common belief, the monomagnesium derivative is formed first. The following reactions
account for their results.

Csz + CszMgBr = HCECMgBr + Csz
=

2HC=CMgBr BrMgC=CMgBr + C;H:
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phenyl-2-butyne, and 129 of acetylene, while butyl bromide produces
729, of 1-hexyne. The solution obtained when only 1 mole of acetylene
has been absorbed in 1 mole of ethyl- or phenyl-magnesium bromide
produces 399, of 1-hexyne and 309, of 5-decyne by reaction with butyl
bromide and only 209, of 3-hexyne with ethyl bromide. The reactions
with butyl bromide are carried out at 80-90°. When the acetylenic
Grignard reagent is prepared by the procedure of Iozitsch ! and allowed
to react with primary alkyl halides, the products include saturated
hydrocarbons and olefing as well as disubstituted acetylenes which are
produced in low yields only.*® Butyl bromide gives C,Ho, C4Hg, a
polymer of the latter, and a little 5-decyne. Isoamyl bromide behaves
similarly, but no 9-octadecyne is isolated when n-octyl bromide is used.
No 1l-alkynes were reported. Wieland and Kloss %2 obtained only di-
substituted acetylenes under comparable conditions from benzohydryl
chloride and triphenylmethyl chloride.

The reaction of allyl bromide with the monobromomagnesium reagent
was reported to give allylacetylene in 75%, yield,®* but this result could
not be duplicated.’®® The reaction of allyl bromide with alkylacetylenic
Grignard reagents occurs only in the presence of catalysts such as cuprous
or cupric salts (p. 34).7° These catalysts have not been tried with the
Grignard reagent from acetylene.

THE SYNTHESIS OF DISUBSTITUTED ACETYLENES

The synthesis of pure disubstituled acetylenes with two aliphatic
groups attached to the triple bond cannot be accomplished by the usual
dehydrohalogenating agents since these reagents cause a rearrangement
of the acetylenic linkage. Such compounds are best prepared from
metallic derivatives of acetylenes and alkyl halides in liquid ammonia
or alkyl sulfates in ether or other solvents.

Alkylation in Organic Solvents. Nef ™ reported the methylation of
phenylacetylene by heating it with methyl iodide and potassium hy-
droxide, and Morgan ?¢ obtained 1-phenyl-l1-butyne by ethylating
sodium phenylacetylide with ethyl iodide. Both reactions were carried
out in sealed tubes at about 140°, and low yields resulted. Except in
liquid ammonia, the sodium derivatives of acetylenes are remarkably
inert toward alkyl halides, and vigorous, deep-seated decomposition

18 Malinovskii and Fedoseev, Trudy Gor'kov Gosudarst. Pedagog. Inst., 1940, No. 5, 43:
Whim. Referat. Zhur., 4, No. 2, 40 (1941) [C.A., 37, 3046 (1943)].

10 Grignard and Lapayre, Compt. rend., 192, 250 (1931).

™ Dinehy, Killinn, and Nicuwlaud, J. Am. Chem. Soc., 58, 611 (1936).

1T Nef, Ann., 810, 333 (1900).
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occurs at temperatures sufficiently high to bring about a reaction.!?
Silver, cuprous, and mercuric acetylides are also inert toward alkyl
halides.

Acetylenic Grignard reagents are less reactive than alkyl- or aryl-
bromomagnesium compounds as measured by their tendency to add to
benzonitrile,’™ and the reaction of these reagents with saturated ali-
phatic halides is without synthetic value, although very low yields of
dialkylethynes from alkynylmagnesium bromides and tertiary alkyl
halides have been reported.’™ The yield of 3,3-dimethyl-4-nonyne from
hexynylmagnesium bromide and tert-amyl bromide was only 3%,. With
more reactive halides the synthetic results are better. Phenylethynyl-
magnesium bromide reacts with triphenylmethyl chloride,'®? benzohydryl
bromide,? and e-furfuryl chloride 15 to give satisfactory yields of the
expected disubstituted acetylenes. Its reaction with allyl bromide to
form 1-phenyl-4-penten-1-yne, CeH;C=CCH,CH=CHj;, in 709, yield
has been described 11 but could be duplicated ™ only in the presence
of catalysts such as cuprous or cupric halides or cuprous cyanide.
Alkynylmagnesium bromides falled to react with allyl bromide on
standing with frequent stirring for twenty-three days or by refluxing
for two to twelve hours in benzene or di-n-amyl ether without catalysts.
Cuprous chloride and bromide are the best catalysts, giving high yields
of the enyne RC=CCH,CH==CH, with n-amyl-, n-butyl-, phenyl-, and
vinyl-ethynylmagnesium bromides. 1-Octen-4-yne is readily formed
from allyl chloride and pentynylmagnesium bromide in the presence of
cuprous salts.** It has been suggested that the difference in the results
of the earlier and later investigators might have been due to impurities
in the magnesium in the initial experiments. These catalysts are not
effective in promoting a reaction between acetylenic Grignard reagents
and alkyl halides of normal reactivity.™® However, methylene iodide
and phenylethynylmagnesium bromide were reported to give an 89,
yield of 1,5-diphenyl-1,4-pentadiyne,'” CsHsC=CCH,C=CC;Hj;, but
methylene bromide failed to react.” Likewise, chloromethyl ethers
and chloromethyl esters were unreactive 7 either with acetylenic
Grignard reagents or with the sodium derivatives.

In the preparation of Grignard reagents from monosubstituted acet-
vlenes, ethylmagnesium bromide appears to be superior to methyl-
magnesium iodide; the use of 3 moles of ether for each mole of metallic

172 Johngon, Schwartz, and Jacobs, J. Am. Chem. Soc., 60, 1882 (1938).

73 Gilman, St. John, St. John, and Lichtenwalter, Rec. frav. chim., 55, 577 (1936).

14 Campbell and Eby, J. Am. Chem. Soc., 62, 1798 (1940).

1% Gilman, Van Ess, and Burtner, J. Am. Chem. Soc., 55, 3461 (1933).

6 Grignard and Lapayre, Bull. soc. chtm. France, [4] 43, 141 (1928).
177 Hennion and Bell, J. Am. Chem. Soc., 65, 1847 (1943).
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derivative has been recommended.”™ Phenylmagnesium bromide is also
satisfactory, but since no gas is evolved the course of the reaction is less
easily followed.

1,4-Diynes have been prepared by the reaction of substituted pro-
pargyl bromides and sodium alkynides at 140°."° Although the corre-

RC=CNa + BrCH,C=CR’ — RC=CCHC=CR’ 4+ NaX

sponding acetylenic Grignard reagents fail to react on boiling for six
hours in toluene, the use of catalysts ™ might make this reaction suc-
cessful. The yields are only 15-209, even though the bromo compounds
react to the extent of 80-909,. By-products include polymers and tri-
and tetra-acetylenes, for the central methylene group is sufficiently
acidic to form sodium derivatives (RC=CCHNaC=CR’) that may
react with part of the bromide. Attempts to prepare aryl-aliphatic or
diaryl-1,4-diacetylenes failed, and only polymers resulted.’® The satu-
rated Grignard reagents, on the other hand, were reported to give at
ordinary temperatures almost quantitative yields of disubstituted
acetylenes with propargyl bromides of the type RC=CCH,Br; the
synthesis of 4-decyne from 1-bromo-2-octyne and ethylmagnesium
bromide was cited as an example.””® The yield of benzylphenylacetylene
by this procedure was only 279%,.% The method has been used to prepare
4-octyne from ethylmagnesium bromide and 1,4-dibromo-2-butyne.'®= It
has also been applied to tertiary propargyl chlorides RC=CC(R'R")C],
which react with concentrated Grignard solutions at 60-80° to give the
disubstituted acetylenes in 60-749, yields.”* Although some care was
taken to establish the carbon skeletons of these acetylenes, similar
reactants have more recently been reported to give allenes in fair
yields.”®?® An allylic rearrangement of the halogen of the propargyl

(CH;)2:CCIC==CCH; + RMgX — (CHs;):C==C=CRCH;
halide may also complicate the synthesis at earlier stages.'8
R:CXC=CR = R.C=C==CRX

1,5-Diacetylenes may be prepared by coupling two molecules of sub-
stituted propargyl bromide using magnesium or sodium, magnesium
giving 50609, yields.’®! If excess sodium is used some reduction occurs

178 Tohao Yin Lai, Bull. soc. chem. France, [4] 63, 682 (1933).

17 Tohao Yin Lai, Bull. soc. chim. France, [4] 53, 1533, 1537 (1933).

1802 Johnson, J. Chem. Soc., 1946, 1009.

18b Zakhareva, J. Gen. Chem. U.S.S.R., 17, 1277 (1947) [C.A., 42, 3722 (1948)].

180¢ Johngon, The Chemistry of the Acetylenic Compounds, Vol. I, The Acetylenic Alcohols,
Edward Arnold and Co., 1946, p. 63.

181 Pohao Yin Lai, Bull. soc. chim. France, [4] 53, 1543 (1933).



36 ORGANIC REACTIONS

to a y-enyne. Sodium amide polymerizes these diynes, presumably by
first rearranging them to S-diynes.

The alkylation of alkyl or aryl acetylenes by alkyl sulfates or sul-
fonates in ether or high-boiling inert solvents is an excellent synthetic
method for preparing disubstituted acetylenes. Gilman and Beaber 182
appear to have been the first to apply this reaction when they prepared
4-chloro-1-phenyl-1-butyne, (CeHs;C=CCH,CH,Cl), by interaction of
phenylethynylmagnesium bromide and S-chloroethyl p-toluenesulfonate.
A number of monosubstituted acetylenes have been methylated in about
809, vyield by treating the sodium derivatives with excess dimethyl
sulfate.® These yields are based on the unrecovered alkyne. Various
esters of aromatic sulfonic acids react readily with sodium alkynides or
acetylenic Grignard reagents %1718 in ether, tetralin, or mineral oil. It
is often advantageous to substitute dibutyl ether or toluene for diethyl
ether as the solvent. The bromomagnesium alkynide has the disad-
vantage that {wo moles of the sulfonic ester are necessary. The

RC=CMgBr + 2p-CH;C:HSOsR’ —
RC=CR’ + R'Br -} (p-CH;C¢H,S03):Mg

reaction of phenylethynylsodium with benzyl or B-chloroethyl p-
toluenesulfonate fails to give benzylphenylacetylene or B-chloroethyl-
phenylacetylene, although these compounds are readily prepared using
phenylethynylmagnesium bromides. %1%

The very sensitive phenoxyethynylmagnesium bromide gives satis-
factory yields of 1-phenoxyhexyne with butyl p-toluenesulfonate, but
the yield of 1-phenoxybutyne with ethyl p-toluenesulfonate is low.18®
Disubstituted acetylenes have been prepared in good yield by the reac-
tion of acetylenic Grignard reagents with alkyl sulfates in ether.®
Table VII summarizes the synthetic data on disubstituted acetylenes
prepared by these methods.

Alkylations in Liquid Ammonia. The first alkylation of the sodium
derivative of a monosubstituted acetylene in liquid ammonia was carried
out by Heisig,0%% who treated propynylsodium with methyl iodide or
dimethyl sulfate. Alkyl sulfates, sulfonates, and bromides were used
for alkylation of vinylethynylsodium in liquid ammonia.’¥ The yields
were moderate except with heptyl bromide, Wwhich gave 809, of 1-heptyl-
2-vinylacetylene. Propyl-, butyl-, amyl-, and phenyl-ethynylsodium

182 Gilman and Beaber, J. Am. Chem. Soc., 45, 839 (1923). .

18 Truchet, Ann. chim., [10] 16, 309 (1931).

8¢ Thorn, Hennion, and Nieuwland, J. Am. Chem. Soc., 58, 796 (1936).

1853 Heisig, J. Am. Chem. Soc., 53, 3245 (1931).
18 Jacobson and Carothers, J. Am. Chem, Soc., 53, 1622 (1933).
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TABLE VII
DisuBst1ruTED AcETYLENES PrEPARED BY VARIOUS METHODS
Acetylene Solvent * Yl?,/ld t Method { | Reference
(4
4-Methyl-2-pentync Ether 28 1 36
2-Heptyne Ether S 1 184
2-Methyl-3-hexyne Ither 39 1 35, 36
4,4-Dimcthyl-2-pentyne Ether 55 2 117¢
2-Octyne Lther 81 2 28
3-Octyne Ether 70 1 184
Lther S 1 184
2-Nonyne { Ether 79 2 28
Tetralin 33 4 183
3-Nonyne Iher S 1 184
Tetralin 50 4 183
3-Decyne Vaseline oil 47 4 183
4-Decyne Tetralin 4 183
5-Undecyne Vascline oil 70 4 183
3-Dodecyne Dibutyl ether 63 4 172
6-Dodecyne Benzene 23 4 183
1-Chloro-4-tridccyne Dibutyl ether 65 4 172
1-Hexen-3-yne Ether S 1 184
5,8-Tridecadiyne Ether 13 1 177
1-Cyclohexyl-2-butyne Ether 83 2 28
5-Cyclohexyl-2-pentyne Ether 85 2 28
6-Cyclohexyl-2-hexyne Ether 80 2 28
1-Phenyl-1-propyne Tetralin 44 4 183
1-Phenyl-1-butyne Benzene 56 4 183
Dibutyl ether 77 4 172
1-Phenyl-4-chloro-1-butyne Ether 45-75 3 182, 172
1-Phenyl-1-pentyne Vaseline oil 65 4 183
1-Phenyl-5-chloro-1-pentyne Dibutyl cther 75 4 172
1-Phenyl-1-hexyne Vaseline oil 57 4 183
Toluene 65-70 4 172
1,3-Diphenylpropyne Ether 72 3 93
1-p-Bromophenyl-3-phenyl-1-
propyne Ether 26 3 93
3-p-Bromophenyl-1-phenyl-1-
propyne Ether 50 3 93
1-Phenoxy-1-butyne Ether 15 3 18b
1-Phenoxy-1-hexyne Ether 52 3 18p

* The sodium derivatives were usually prepared in elther and the higher-boiling solvent was added
for the last part of the reaction only. The acetylide can be prepared in toluene and probably in other
solvents if the temperature is maintained at 35-40° but at higher temperatures the derivative is

gelatinous and difficult to stir.

T 8 indicates that the yield was reported as satisfactory.
+ Methods: (1) Grignard reagent and sulfate; (2) sodium alkynide and sulfate; (3) Giignaid reagent
and sulfonate; (4) sodium alkynide and sulfonate.
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were alkylated with a variety of alkyl halides and sulfates s Bro-
mides were reported to be the most effective alkylating agents, followed
by iodides, sulfates, and chlorides in that order. The molecular weight
of the alkyl group did not appear to influence the yield in the narrow
range studied. The yields using bromides were between 429, and 589,
and the reaction could be carried out at atmospheric pressure or in an
autoclave.

The preparation of a l-alkyne from -an alkyl halide and sodium
acetylide, its conversion to an alkynylsodium with sodium amide, and
the reaction of this derivative with alkyl halide to give a disubstituted
acetylene can be conducted successively in one liquid ammonia
solution to yield dialkylethynes in excellent yields and with saving of
time.” The success of this method was attributed to the greater
solubility of sodium acetylide relative to sodium amide and to the greater
reactivity of l-alkynes towards sodium amide. For symmetrical acet-
vlenes it is sufficient to mix sodium acetylide, sodium amide, and alkyl
halide in the molar ratio 1:1:2 with vigorous stirring. The following
reactions take place.

HC=CNa + RX — RC=CH + NaX
RC=CH 4+ NaNH; — RC==CNa  NH;
RC=CNa + RX — RC==CR + NaX

Bromides are the most satisfactory alkylating agents at atmospheric
pressure, and chlorides give only low yields. Chlorides are more effective
in an autoclave, but without stirring the yields remain lower than from
bromides at ordinary pressures.

Unsymmetrical acetylenes can also be produced without the isolation
of the intermediate 1-alkynes by adding an alkyl bromide to sodium
acetylide in liquid ammonia, treating the solution after some time with
a liquid ammonia suspension of sodium amide, and finally adding the
second alkyl halide.

These methods are limited to alkyl halides of moderate molec-
ular weight.’® With n-octyl bromide the yield of 9-octadecyne,
CH3(CH,),C=C(CH,);CHj, is only 159, although 759, of 1-decyne,
CH;3(CH,),C==CH, is also produced. The yield of 9-octadecyne in-
creases to 27%, at 8 atmospheres and only 159 of 1-decyne is isolated.
Decyl bromide gives only decylamine and 1-dodecyne at atmospheric
or higher pressures.

The introduction of a heavier alkyl radical first has been sug-

18 Bried and Hennion, J. Am. Chem. Soc., 59, 1310 (1937).
18 Bried and Hennion, J. Am. Chem. Soc., 60, 1717 (1938).
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gested,’ 0 and several new disubstituted acetylenes have been prepared
in this way.

The use of two liquid ammonia condensers ' mounted one above the
other has been proposed.®™ A metal condenser cooled with Dry Ice #?
is more effective and enables one to avoid the troublesome transfer of
the sodium amide in liquid ammonia by passing into such a suspension
just half enough acetylene to convert it to sodium acetylide. The result-
ing mixture is probably disodium acetylide ammonolyzed to an unknown
extent. A simplified two-step process for preparing disubstituted

NaC=CNa + NH; & NaC=CH - NaNH,

acetylenes in which the intermediate 1-alkyne is dried but not purified
after hydrolysis, and is converted to the alkynide by addition to sodium
amide in liquid ammonia, has been devised.'*

Table VIII summarizes the more recent results on the synthesis of
disubstituted acetylenes by these methods.

Sodium amide is superior to metallic sodium for the formation of
sodium alkynides in liquid ammonia as it is for the formation of sodium
acetylide (p. 27). The reduction of higher acetylenes to olefins by the
metal ¥ has been observed. The report that the hydrogenation %14
18 less extensive than with acetylene has not been confirmed in other
laboratories. 1% Some reduction also occurs when sodium is used to
form acetylides in inert solvents such as ether,' but this side reaction
is less important here than in liquid ammonia. The use of sodium amide
in inert solvents has been recommended because the reaction is more
rapid and there is no danger of hydrogenation.® Furthermore, it is
difficult to accomplish a complete removal of the metallic sodium because
of the tendency of some of the derivatives to form a protective coating
on the metal. The quality of the sodium amide is an important con-
sideration (p. 9).

Sodium derivatives have been prepared in liquid ammonia, this solvent
being replaced with benzene, toluene, or ether before alkylating;
bhis procedure appears to offer no special advantages.

Acetylenic Grignard reagents can be alkylated in low yield in liquid
ammonia solution 192

18 Vaughn and Pozzi, J. Chem. Educ., 8, 2433 (1931).

10 Tebeau and Picon, Compt. rend., 157, 137, 223 (1913). It was reported that phenyl-
nectylone gave ethylbenzene.

1 (@) Lagermark and Eltekov, J. Russ. Phys. Chem. Soc., 11, 125 (1879); Ber., 12, 854
(1879); (b) Favorskii, J. Russ. Phys. Chem. Soc., 19, 553 (1887) [Chem. Zenir., 19, 242
(1888)]; (¢) Moureu and Delange, Bull. soc. chim. France, [3] 25, 302 (1901); (d) Fuson

nnd Meek, J. Org, Chem., 10, 551 (1945).
4 Tennion and Wolf, Proc. Indiana Acad. Set., 48, 98 (1939) [C.A., 33, 6794 (1939)].
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TABLE VIII

DIsUBSTITUTED AcETYLENES PrREPARED IN L1QUiD AMMON1A

Disubstituted| Yield * Reference Disubstituted Yield * | Refer-
Acetylenc % Acetylenc % ence
2-Butyne 36 10b, 185, 144 || 7-Methyl-3-octyne 35 54
2-Pentyne t 59 144 5-Decyne 69 140, 187
2-Hexyne — 140 8-Methyl-4-nonyne 35 54
3-Hexyne 75 144, 140, 187 || 5-Undecyne 60 54
2-Octyne § 58 144, 140 6-Dodecyne 30 187
3-Octyne || 64 144, 140, 187 || 7-Tetradecyne 38 188
4-Octyne 60-66 |54, 144, 140, 187 i 9-Octladecyne 1527 188
4-Octyne | 81 144, 54 1-Phenylpropyne 11 50 54
3-Nonyne ** 35 54 2,7-Nonadiyne 11 76 144

# Based on alkyl bromides. When two different halides were used the yield was based on the lieavier,
which was introduced first. The one-step process was used cxcept as noted.

T T'wo-step process using dimethyl sulfate first and transferring the propyne and ammonia as a gas
to the second flagk coniaining sodium amide in liquid ammonia.

I This is the only experimment employing the new technique of metering into a sodium amide suspen-
sion just half as many moles of acetylene. Bried and Ilennion, ref. 187, obtained only 479, by the
standard one-step method., Using dicthiyl sulfate the yield was 379 but the product was unusually
pure (ref. 144).

§ Two-step process. Yicld based on 1-heptyne and allowing twelve liours. Recovery of 1-heptiyne
was 20%. A longer reaction time was recommended. Using 1-propyne and amyl bromide the yield
was 56% and the 2-octyne was very difficult to separate from the bromide.

|| In the simplified {wo-step process a yield of 67%, was obtained and 16%, of 1-hexyne was isolated
(ref. 144).

9 Two-step process.

** The two-step process gave a 549, yield (vef, 142).

11 Based on phenylacetylene. Dimecthyl sulfate was used. A yield of 43% was reported using
methyl iodide (ref. 142),

11 Based on 1,6-heptadiyne; 3% was recovered and 5% of 1,6-ootadiyne was isolated.

THE SYNTHESIS OF DIARYLACETYLENES (TOLANS)

Tolan and substituted tolans appear to be very readily formed, and
various special methods have been found for their preparation. The
standard synthesis from stilbene dibromide and ethanolic potassium
hydroxide has been modified many times between the first report in
1868 9% gnd the modern version of 1942.5 Tolan has been synthesized in
75%, yield by a neat but expensive method which involves the oxidation
of benzil dihydrazone with yellow mercuric oxide.®® There appears to
be no possibility of the formation of stilbene in this preparation, which

13 Limpricht and Schwanert, Ann., 145, 330 (1868).

1% Curtius and Thun, J. prakt. Chem., [2] 44, 171 (1891) ; Schlenk, Bergmann, and Rodloff
Ann., 463, 76 (1928).
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is an advantage when high purity is paramount since stilbene and tolan
form a solid solution not readily separable.®® Di-p-tolylacetylene 1%
and o-naphthylphenylacetylene ¥ were prepared by the same method
in very high yields.1

The preparation of diphenylacetylenes by the dehydrohalogenation
and rearrangement of unsymmetrical diarylhaloethylenes or ethanes
was first reported in 1894.2% The yield of tolan from diphenylchloro-

18

0-
AryC=CHCI + NaOC,H; g ArC==CAr + NaCl + C,H;0H

20

ethylene was only 99, the principal product being 2,2-diphenylvinyl
ethyl ether. The yields of di-p-tolylacetylene and of di-p-anisylacetylene
from the corresponding chlorides were 85%, and 559, respectively. A
disadvantage of the method is the necessity of using a sealed tube for
the reaction. The starting materials are prepared in good yields by
condensing dichloroacetal with benzene, toluene, or anisole and removing
hydrogen chloride from the resulting 1,1-diaryl-2,2-dichloroethane by
ethanolic potassium hydroxide. Potassium amyloxide was used to
prepare 3,4,3',4/-tetramethoxytolan from 1,1-bis-(3,4-dimethoxyphenyl)-
2-chloroethylene.1%

When potassium amide in liquid ammonia was substituted for the
ethanolic sodium ethoxide in this reaction,® the scope and usefulness
were greatly broadened. Yields of 85909, of the purified diphenyl-

(CeH)oC=CHX 4+ KNH, — C¢H;C=CCslls 4+ KX 4 NH;

acetylenes are obtained when the aryl groups are phenyl, o-, m~, or
p-tolyl, o-, m~, or p-methoxyphenyl, 3,4-dimethylphenyl, and xenyl; but
with p-ethyl, propyl, or butyl substituents on the ring an oily impurity
is formed and the yields are reduced to 50~709,. No significant variation
in yield is observed with bromo or chloro compounds as starting mate-
rials or with 1,1-diaryl-2,2-dihaloethanes, although the dichloroethanes
do appear to give slightly poorer results. The position of attachment
of the benzene ring is not changed during the migration, and the struc-
tures of several of the tolans were proved by synthesizing them from the
corresponding stilbene dibromides with ethanolic potassium hydroxide
and by reducing them to known dibenzyls. Sodium amide is as effective

1% Pascal and Normand, Bull. soc. chim. France, [4] 13, 151 (1913).

16 Curtius and Kastner, J. prakt. Chem., [2] 83, 225 (1911).

197 A synthesis by Jenny mentioned by Ruggli and Reinert, ref. 15.

18 (g) Fritsch, Ann., 279, 319 (1894); (b) Buttenberg, Ann., 279, 324 (1894); (c) Wiechell,
Ann., 279, 337 (1894).

1% Tritgch, Ann., 329, 37 (1903).

W Goleman and Maxwell, J. Am. Chem. Soc., 56, 132 (1934); Coleman, Holst, and
Munxwoll, 1bid., 58, 2310 (1936).
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as potassium amide in this synthesis 2° and, since it is more readily
prepared, would seem to be the reagent of choice. 1,1-Diphenyl-2,2-
dichloroethane gives tolan in 809 yield with sodium amide.? This
method is probably the best available for the synthesis of tolan deriva-
tives since diarylbromoethenes are easily prepared from the unsym-
metrical diarylethenes which are available from diarylmethylearbinols.

Tolan derivatives may be prepared in unspecified yield by treating
unsymmetrical diaryldichloro- or diarylbromochloro-ethenes with so-
dium in benzene.?! Under the same conditions diaryltrichloroethanes
give 959, yields of the substituted stilbenes and only 29, of tolans.
The action of ethanolic sodium ethoxide on unsymmetrical diphenyl- or
ditolyl-dichloroethene yields mainly diarylacetic acids, but, with
di-p-anisyl- or di-p-phenetyl-dichloroethenes, 809, yields of the tolans
are obtained and about 209 of unchanged dihaloethene is recovered.??

An unusual synthesis of 0,0’- or p,p’-dinitrotolan occurs when o- or
p-nitrobenzal chloride is treated with ethanolic sodium ethoxide.%:203
With the ortho compound 2 considerable heat is generated and the yields
are 36-399,. The reaction is believed to go through the corresponding
tolan dihalide, which has been isolated from p-nitrobenzal chloride.%e
m-Nitrobenzal chloride 2 gives only an acetal in this reaction. A similar
reaction for the formation of o- or p-stilbenes from nitrobenzyl halides
is well known and has been reported for benzyl chloride itself.2*
2-Dibromomethylanthraquinone gives a 979, yield of 2,2-dianthra-
quinonylacetylene dibromide merely by heating to 230-240°,2% and this
loses bromine to form the acetylene in 899, yield when refluxed with
diethylaniline. The same acetylene is obtained by refluxing 2-tribromo-
methylanthraquinone with copper bronze in nitrobenzene.?¢

The union of halogenated carbons to form a triple bond occurs readily
in the production of 1,1,4,4-tetraphenyl-2-butyne or similar substituted
compounds from 1,1-diaryl-2,2,2-trihaloethanes.®” The reaction, which
is seldom clean-cut, is accomplished electrolytically in hot ethanolic hy-

2Ar,CHCCl; — Ar,CHC=CCHAr,

drochloric acid at a lead cathode. Catalytic reduction and reduction by

20l Harris and Frankforter, J. Am. Chem. Soc., 48, 3144 (1926).

22 Fritsch and Feldmann, Ann., 306, 72 (1899).

28 Kliegl and Flaas, Ber., 44, 1209 (1911).

24 Tgchitschibabin, J. Russ. Phys. Chem. Soc., 34, 130 (1902) (Chem. Zenir., 1902, 1,
1301).

% Ullmann and Klingenberg, Ber., 46, 712 (1913).

26 Bckert, Monatsh., 35, 289 (1914).

27 Brand et al., (a) Z. Elekirochem., 16, 669 (1910); (b) Ber., 46, 2035, 2042 (1913);
(¢) Ber., 54, 1987, 2007, 2017 (1921); (d) Ber., 57, 846 (1924): (&) Ber., T2, 1029, 1036
(1939); (f) J. prakt. Chem., 115, 335, 351 (1927); (g) ibid., 127, 219, 240 (1930).
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metal combinations appear to give tetraaryl-2,2,3,3-tetrahalobutanes or
2,3-dihalo-2-butenes, and the latter usually are converted to the tetra-
aryl-2-butynes by reaction with zine and acetic acid. 1,1-Di-p-tolyl-

Al‘zCHCClg b Al‘zCHCClgCClgCHAl‘2 or Al‘zCHCCl=CClCHA1‘2

2,2,2-tribromoethane is converted into tetratolyl-2-butyne in one step
with zinc and acetic acid.

Somewhat similar reactions appear to occur when benzotrichloride or
a, substituted benzotrichloride is heated with copper powder in benzene.
The yields of 1,2-diaryltetrachloroethanes are low. o-Chlorobenzotri-
chloride gives both stereoisomeric dichloroethylenes.?®2*® Heating the
0,0’-dichlorotolan dichlorides with zine dust at 200° gives an 809 yield of
0,0'-dichlorotolan.  Di-(p-chlorophenyl)-tetrachloroethane gives the
corresponding tolan when refluxed with zinc dust in acetic acid.

OTHER METHODS OF PREPARING ACETYLENES

The removal of adjacent halogens from 1,2-dihaloethylenes by metals
has been used to prepare acetylenic compounds, but the method is not of
great synthetic value. Dibromofumaric acid loses bromine more readily
than dibromomaleic acid when treated with zinc in moist ether at 60-70°
to give acetylenedicarboxylic acid in good yield.*® A number of «,8-
dichlorostyrenes, prepared from w-chloroacetophenones by treatment
with phosphorus pentachloride, react with sodium in ether to form the
sodium derivatives of the corresponding acetylenes; with water these
give the acetylenes in yields reported to be “good.” 1t

CsHsCOCHgCl i CsHsCCl=CHCI o d CGH50£CNa

Sodium phenoxyacetylide ¥ and cycloSetyne #2 are obtained in the
same way from 1,2-dibromo-1-phenoxyethylene or tribromophenoxy-
ethylene and 1,2-dibromocyclodctene. Zinc dust in acetone effects the
removal of bromine from tolan dibromide and diphenyldiacetylene tetra-
bromide.# The yield of diphenyldiacetylene is 859,. It is clear that
whenever an acetylene dibromide is the starting material the method
cannot be of synthetic value unless some source for the dibromide other

2% Kenner and Witham, J, Chem. Soc., 97, 1960 (1910).

2 Fox, Ber., 26, 653 (1893).

0 Michael, J. prakt. Chem., [2] 46, 209 (1892); [2] 52, 344 (1895).

M (g) Kunckell and Gotsch, Ber., 33, 2654 (1900); (b)) Kunckell and Koritzky, Ber., 33,
3261 (1900); (¢) Kunckell and Eras, Ber., 33, 3264 (1900); 36, 915 (1903); (d) Kunckell,
I5ris, Mtiller, and Hildebrandt, Ber. deut. pharm. Ges., 23, 188 (1913) (Chem. Zentr., 1913,
1, 1768). The constants of mesitylacetylene have been corrected, ref. 43.

%13 Domnin, J. Gen. Chem. U.S.S.R., 8, 851 (1938) [C.A., 33, 1282 (1939)].



44 ORGANIC REACTIONS

than the acetylene can be found. Dibromoethylenes have been prepared
from RCH,CBr=CH, (obtained by a Grignard reagent and 2,3-di-
bromopropene) by adding bromine and removing hydrogen bromide
with ethanolic sodium ethoxide.® The product is treated with zinc
and ethanol to form the acetylene, but the yields are low. A similar
method gave only 89, of 3-hexyne.® The most serious difficulty lies
in the substitution which occurs during the addition of bromine to the
bromoethylene. It may be possible that some olefin is formed along
with the acetylene during the removal of the halogens, since s-dibromo-
bis(p-tolylmercapto)ethylene is converted to s-bis(p-tolylmercapto)eth-
ylene by zine and acetic acid.#?

p-CHgC GH4SCBI‘=CBI‘SC ﬁI‘I 4CH3—I) b p—CH 3C GI‘I4SC I‘I=C I‘ISC GH 4CI‘I =P

A novel method of preparing 3-phenyl-1-propyne by adding phenyl-
magnesium bromide to 1,2,3-tribromopropene has been described.* The
reaction 18 not the result of the action of unchanged magnesium but
requires excess Grignard reagent, and biphenyl is produced. By adding

4CsHsMgBr 4 BrCH.CBr=CHBr —
CeHsCI‘IgCECMgBI‘ —|— CGI‘IsceI‘Ia —|— CeHe —|— 3Mg]3r2

the tribromopropene to the Grignard reaction the yicld is increased
from 409 to 529.

Lithium phenylacetylide is produced almost quantitatively from
w-chloro- or w-bromo-styrene by phenyllithium or butyllithium.?t The
reaction does not appear to be a simple dehydrohalogenation.?4e

Acetylenes have been obtained by the pyrolysis of bis-quaternary
ammonium hydroxides.?® From butane-1,2-bis-trimethylammonium
hydroxide a 449, yield of ethylacetylene and a 569 yield of methylallene
result, while from the 2,3-compound 42479, of 1,3-butadiene and 58—
539, of a mixture of methylallene and dimethylacetylene are obtained.

The formation of benzoylmesitylacetylene by the reaction of phenyl-
magnesium bromide and 2,4,6-trimethyl-g-methoxycinnamonitrile 26
may also be mentioned.

2,4,6-(CH3)3C¢H,C(OCH3)=CHCN - CsH;MgBr —

2,4,6-(CIL3)sCeHoC==CCOCsH;

23 Fromm and Siebert, Ber., 58, 1014 (1922).

A4 (g) Wittig and Harborth, Ber., 77, 315 (1944); (b) Wittig and Witt, Ber., T4, 1474
(1941); (¢) Gilman, Langham, and Moore, J. Am. Chem. Soc., 62, 2327 (1940); (d) Gilman
and Haubein, 2bid., 67, 1420 (1945).

25 Hurd and Drake, J. Am. Chem. Soc., 61, 1943 (1939).

26 Fuson, Ullyot, and Hickson, J. Am. Chem. Soc., 61, 410 (1939).
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THE DETECTION, DETERMINATION, AND PURIFICATION OF
MONOSUBSTITUTED ACETYLENES

The detection of monosubstituted acetylenes and their separation
from mixtures with disubstituted acetylenes or other hydrocarbous is
customarily accomplished by means of metallic derivatives. Ammoni-
acal silver nitrate or cuprous chloride solutions are often used to form
silver or cuprous acetylides, although early investigators 27 showed that
mixtures containing small amounts of monosubstituted acetylenes give
no precipitate with these reagents. It requires 209, of 1-octyne with the
silver reagent and 109, of 1-heptyne with the cuprous solution to give a
positive acetylene test. A 59, solution of silver nitrate in 959 ethanol
gives an instantaneous precipitate of a white, crystalline compound
RC=CAg;NO;3 when treated with even traces of 1-alkynes,?” so that
they can be separated almost quantitatively from mixtures by its use.'”-8
From 3.5 g. of 1-hexadecyne in 10 ml. of ethanol and a solution of 5.35 g.
of silver nitrate in 5 ml. of water and 45 ml. of ethanol, 7.4 g. of a silver
derivative results, a yield of 94.3%,. The reagent has been adapted to
the quantitative determination of monosubstituted acetylenes in a gas
mixture.®® A simple volumetric procedure involving the titration of the
free nitric acid produced in the reaction is used.

RC==CH -} 2AgNO; — RC=CAg,NO; -+ HNO;

A procedure for determining 1-heptyne by this method has been
described,” but no data are given on the accuracy of the method.
Results 29, low for 1-heptyne and 2.89 low for 1-hexyne were obtained
using compounds carefully purified through their silver derivatives.?®
The procedure has been used by many workers and is the standard
industrial method for the analysis of monosubstituted acetylenes. A
gravimetric method is unsatisfactory because the silver complex adsorbs
silver ions and decomposes above 100°, making thorough drying diffi-
cult; ™ the results are 2-39, higher than by the volumetric procedure.
Acidie, basic, and sulfur impurities must be removed from the mixture
in the volumetric procedure. The ethanolic silver solution should not
be heated since this produces violently explosive silver fulminate.

Phenylacetylene has been determined 22 by precipitation of the cu-
prous derivative from ethanolic solution with ammoniacal cuprous
chloride.22t14/  After vigorous shaking the precipitate is filtered and

27 Bghal, Ann. chim., [6] 15, 408 (1888).

28 Chavastelon, Compt. rend., 125, 245 (1897).

29 Hurd and Christ, J. Org. Chem., 1, 141 (1936).

20 Hein and Meyer, Z. anal. Chem., T2, 30 (1927).
21 Noyvay Nogy Ilosva, Ber., 32, 2697 (1899).
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washed with water, ethanol, and ether, is dried, and is either weighed or
dissolved in ferric sulfate-sulfuric acid solution and titrated with per-
manganate. With known weights of pure phenylacetylene the results

2CsH5011 —I— Feg(SO4)3 —I— HzSO4 b 2FeSO4 ‘l‘ 2CUSO4 —I— 2CSH6

of the two procedures are in agreement and are 0.389, and 0.90%, high.
No determinations on hydrocarbon mixtures of known phenylacetylene
content were given. The precipitation of the cuprous derivative of
1-heptyne with aqueous ammoniacal cuprous chloride is slow, and with
concentrated ammonia solutions incomplete,

Silver acetylides are rather soluble in concentrated silver nitrate
solution because of the formation of a complex between the silver
acetylide and silver ion 2 (Table IX). Dilution of the solution caused a

TABLE IX
SOLUBILITY OF ACETYLENES IN 509, AQUEOUS SILVER NITRATE
Acetylene Volume

%o
1-Butyne 15
1-Pentyne 10
1-Heplyne 6
Phenylacetylene 8
Dialkylacctylencs 0

silver derivative to precipitate. Raman spectra studies indicate that
the triple bond is involved in the complex formation, and the suggestion
has been made that the complexes may be similar to those formed by
olefins.??® It is odd that dialkylacetylenes do not form such coordination
compounds. Very probably the somewhat erratic results observed in
the determination of acetylenes as their metallic derivatives arise from
the variable solubility of the complexes in the solution.

A method has been published for the determination of acetylenes based
on their reaction with methanol in the presence of mercuric oxide-boron
trifluoride catalyst, to produce ketals which are subsequently hydrolyzed
to ketones, 2

In neutral or acidic solution mercuric salts give addition products of

22 Taufen, Murray, and Cleveland, J. Am. Chem. Soc., 63, 3500 (1941).

28 Winstein and Lueas, J. Am. Chem. Soc., 60, 836 (1938); Keller, Chem. Revs., 28, 229

(1941).
232 Wagner, Goldstein, and Peters, Ind, Eng. Chem., Anal. Ed., 19, 103 (1947).
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varying composition with monosubstituted acetylenes, but in alkaline
solution mercuric derivatives analogous to cuprous or silver alkynides
are formed. These mercuric acetylides are prepared easily in yields of
85-959, ¢ by adding a solution of the acetylene in ethanol to excess
alkaline mercuric iodide ®¥¢ or cyanide.??* The derivatives are useful
for the identification of monosubstituted acetylenes because they are
easily purified and have characteristic melting points.

The purification of monosubstituted acetylenes through their cuprous,
silver, or mercuric derivatives has been widely used. It is common
practice to decompose the first two of these with dilute hydrochlorie
acid, although this reagent with the cuprous or silver derivative of 1-
heptyne leads to a product containing traces of halogen.?® Diacetylene
has been recovered from its copper derivative by treatment with potas-
sium cyanide,’™? and chloro- or bromo-acetylene is obtained similarly
from its mercurie derivative.?* Furylacetylene hasbeen purified through
its copper salt by refluxing with aqueous sodium cyanide with 909,
recovery; phenylacetylene was purified similarly with an 859, recovery.?
Pure 1-hexyne is obtained with only 279, loss by refluxing the recrys-
tallized silver nitrate complex with sodium cyanide solution.’2® When
ammonium thiocyanate is used to decompose the complex, the yield is
only 409, but the losses are said to be largely mechanical.®® The
formation of an acetylenic Grignard reagent is not sufficiently complete
to make this derivative of value for purification.??

The synthesis of 1-alkynes using sodium amide 2 assures freedom from
disubstituted acetylenes if conducted properly, and in some instances
an acetylenic mixture obtained by dehydrohalogenation with potassium
hydroxide has been converted to 1-alkyne by treatment with sodium
amide In a similar fashion.?#

In general the purification of monosubstituted acetylenes through their
metallic derivatives is a satisfactory process entailing moderate losses.
It appears to be the best method of separating these compounds from
disubstituted acetylenes. Since some of these metallic derivatives, nota~
bly those of acetylene and diacetylene, are very explosive when dry, even
moderate quantities should be kept moist with the solvent at all times.

Disubstituted acetylenes are occasionally purified by removal of
monosubstituted isomers as metallic derivatives. Thus 1-butyne was
removed from 2-butyne by passing the gaseous mixture through 509
aqueous ethanolamine containing cuprous chloride.!t«

2% Hofmann and Kirmreuther, Ber., 41, 314 (1908); 42, 4232 (1909).

2 Moureu, Ann. chim., [8] T, 541 (1906) note; see Straus and Kuhnel, Ber., 65, 154
(1932).

226 ITurd, Moinort, and Spence, J. Am. Chem. Soc., 52, 1138 (1930).
37 Levina and Potapova, J. Gen. Chem. U.S.S.R., T, 353 (1937) [C.A4., 31, 4652 (1937)].
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EXPERIMENTAL PROCEDURES

Carefully tested directions for the synthesis of the following acetylenic
compounds have appeared in Organic Syntheses.

Acetylenedicarboxylic acid from e,8-dibromosuccinic acid with
methanolic potassium hydroxide.®

3-Cyclohexylpropyne from 3-cyclohexyl-2-bromopropene with sodium
amide.?

Phenylacetylene from «-bromostyrene with molten potassium hy-
droxide.?0

Phenylpropargyl aldehyde from cinnamic aldehyde.?

Phenylpropiolic acid from ethyl cinnamate dibromide with ethanolic
potassium hydroxide.

Tolan from stilbene dibromide.?

Stearolic acid from methy! oleate dibromide with potassium hydroxide
in amyl alcohol.22%#

1-Hexyne from Sodium Acetylide and n-Butyl Bromide in Liquid
Ammonia 29

The apparatus consists of a 5-1. three-necked flask equipped with a
mercury-sealed stirrer and an efficient Dry Ice-cooled condenser. The
stirrer may be a well-balanced glass loop or a wire stirrer.2® The con-
denser %% consists of a several-turn vertical coil of 1:7 gradient made
of block tin tubing not less than 14 in. in internal diameter, fitting snugly
inside a double-walled jacket made of & tin can inserted inside a slightly
larger can and separated from it by a layer of asbestos. The top of the
annular space is sealed with plaster of Paris, and the coil is soldered in
at top and bottom. (To arrest corrosion the condenser is cleaned and
dried after each run.) Glass condensers, although considerably less
efficient, may be used in small runs. Two liquid-ammonia condensers 8
mounted one above the other have also been used.

About 2 1. of commercial anhydrous liquid ammonia is placed in the
5-1. flask, and 1.5 g. of powdered, hydrated ferric nitrate (0.3 g. for each

28 Allen and Edens, Org. Syntheses, 25, 92 (1945).

28a Adkins and Burks, Org. Syntheses, 27, 76 (1947).

29 These directions are a condensation of those found in the Ph.D. Thesis of Greenlee,
Ohio State University, 1942 (see ref. 144). The preparations of sodium amide and of
sodium acetylide given in Inorganic Syntheses, 2, 128, 75 (1946), specify more concentrated
solutions which probably work equally well in the final step.

%0 Hershberg, Ind. Eng. Chem., Anal. Ed., 8, 313 (1936); Org. Syntheses, 17, 31 (1937);
Coll. Vol. 2, 117 (1943).
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gram atom of sodium) is added. After vigorous stirring for several
minutes, 2 g. of sodium is added; a vigorous reaction occurs, and the
solution becomes black from the colloidal particles of iron. When the
reaction subsides the blue color of sodium is visible around the edges of
the mixture and hydrogen is slowly evolved. To improve visibility
the frost on the outside of the flask may be removed with ethanol. A
brisk stream of dry air is bubbled through the solution for fifteen to
twenty seconds. This converts some of the sodium to sodium peroxide
which activates the catalyst. The evolution of hydrogen is more rapid
for a short time but soon ceases, and 114 g. of sodium (a total of 116 g.
or 5 gram atoms plus 1 g.) is added in 15- to 23-g. quantities, enough
time being allowed between additions for complete conversion to sodium
amide (disappearance of the blue color). The stirrer is operated slowly
during this procedure, and at the end it is run at high speed for a few
minutes to wash down sodium spattered on the upper walls of the flask.
The sodium amide can be seen around the walls of the flask as tiny
colorless crystals like grains of sand; the liquid is still dark from the iron
catalyst. A rapid stream of tank acetylene which has been passed
through concentrated sulfuric acid and then through a tower of soda
lime and anhydrous caleium chloride is introduced at a point below the
stirrer, which is run at moderate speed. The reaction mixture imme-
diately becomes milky and clears up shortly before the theoretical
amount of acetylene has been added, when it turns dark again. No
gases are evolved during the addition of acetylene.

The acetylene addition tube is replaced by a dropping funnel, and 617
g. (4.5 moles) of n-butyl bromide is added rather rapidly. The solvent
refluxes somewhat more vigorously for about two hours, and the solution
is stirred rapidly for a total of six and one-half hours. Water is then
added at moderate rate from the dropping funnel until the flask is nearly
full; some acetylene is evolved during the process. Two layers are
formed, and the lower (aqueous ammonia) is siphoned off and discarded.
The upper layer is shaken with water, ice-cold 1:1 hydrochloric acid
(which removes finely divided iron), and dilute sodium carbonate solu-
tion, and is dried over calcium chloride. The crude product (350 g.,
959, yield) is fractionated through a column having about six theoretical
plates, and the fraction that boils at 70.5-71°/750 mm. (uncor.) is
collected; this weighs 320 g. (879, yield). Refractionation of fore-run
and residue gives an additional 10 g. of material with the same boiling
point and refractive index (total yield 899). Pure 1-hexyne has the
following constants: b.p. 71.4°/760 mm., m.p. —132.09°, d2° 0.7156,
n¥ 1.3990.
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p-Tolylacetylene 5

(a) Preparation of 1-p-Tolyl-1-chloroethylene. To 189 g. (0.9 mole)
of phosphorus pentachloride in & 250-ml. Claisen flask fitted with a
dropping funnel and drying tube and cooled in a bath of ice and salt,
110 g. (0.82 molc) of p-tolyl methyl ketone is added during one hour.
The reaction mixture is left in the cooling bath for an hour and at room
temperature for twelve hours. Phosphorus oxychloride is removed
under reduced pressure, and the residue is distilled through a small
column. The product is an oil, b.p. 81-83°/10 mm., yield 85 g. (68%).

At 70° a 759, yield is obtained. The use of pure phosphorus penta-
chloride and rapid distillation are important.®

(b) Conversion of 1-p-Tolyl-1-chloroethylene to p-Tolylacetylene. A
mixture of 85 g. (0.56 molc) of 1-p-tolyl-1-chloroethylene, prepared as
above, and 50 g. (0.78 mole) 2 of potassium hydroxide in 100 ml. of
absolute ethanol is refluxed for twenty-four hours. The mixture is
poured into a liter of ice water, the oil separated, and the aqueous layer
cxtracted with cther. The oil and ether are combined and dried over
potassium hydroxide; the ether is removed, and the residue is distilled
under reduced pressure; b.p. 79-82°/31-33 mm.; yield 31 g. (48%).

p-Bromophenylacetylene 4

(a) Preparation of 1-(4-Bromophenyl)-1-chloroethylene and 1-(4-
Bromophenyl)-1,1-dichloroethane. A mixture of 95 g. (0.48 mole) of
p-bromoacetophenone and 107 g. (0.51 mole) of phosphorus pentachlo-
ride in a 500-ml. round-bottomed flask provided with a reflux condenser
is heated to 70° in an oil bath. Rapid evolution of hydrogen chloride
begins when the p-bromoacetophenone melts, and the reaction is over
in about ten minutes. The clear yellow liquid is distilled under reduced
pressure. After the phosphorus oxychloride has been removed (b.p.
45-50°/18 mm.), 19 g. (189%) of the monochloroethylene derivative,
b.p. 118-122°/18 mm., and 62.5 g. (629,) of the dichloroethane, b.p.
126-127°/18 mmy., are obtained. These fractions need not be separated
for the next reaction.

(b) Conversion of the Chloroethylene and Dichloroethane to the
Acetylene. A mixture of 82 g. (0.34 mole) of chloro compounds obtained
above and 400 g. of ethanolic potassium hydroxide (259, by titration,
1.8 moles) in a 1-l. round-bottomed flask provided with a reflux con-
denser is refluxed for three hours in an oil bath and poured into a liter

21 The potassium hydroxide contains about 139, of water and other impurities.
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of ice water. The oil is separated, and the aqueous portion is extracted
with ether. The oil and ether are combined and dried over potassium
hydroxide or potassium carbonate. The ether is removed, and the
product is distilled under reduced pressure from a Claisen flask having a
wide side arm, b.p. 88-90°/16 mm. The p-bromophenylacetylene
crystallizes in the receiver and is recrystallized from ethanol. The yield
i8 32.5 g. (539%) of colorless crystals, m.p. 64-65°. There is no advantage
in dropwise addition of the chloro compound to the ethanolic potassium
hydroxide.

1-Phenyl-1-hexyne 172

To 11.5 g. (0.5 gram atom) of sodium wire in 200 ml. of toluene in a
1-1. three-necked round-bottomed flask, equipped with a reflux con-
denser, mercury-sealed stirrer, and dropping funnel, is added slowly with
stirring 51 g. (0.5 mole) of phenylacetylene.?® The flask is kept at 35-40°,
since above this temperature the sodium derivative forms a gelatinous
mass. To the suspension of the acetylide is added with stirring during
two hours 114 g. (0.5 mole) of n-butyl p-toluenesulfonate %2 while the
temperature is maintained at 70°. After three hours at 80° the reaction
mixture is cooled and treated with water; ether is added if an emulsion
forms, and the ether-toluene solution is washed and dried over solid
potassium hydroxide or polassium carbonate. The product is distilled
under reduced pressure, and, after a small fore-run of phenylacetylene,
51-55 g. (65-709,) of 1-phenyl-1-hexyne is obtained, b.p. 109-110°/12
mm. On redistillation the compound boils at 94-95°/4 mm.; d3° 0.9024
and 72 1.5347.

The sodium derivative of phenylacetylene may also be prepared with
sodium amide. The reagent is finely powdered under mineral oil and
transferred to the flask as a suspension. Anhydrous cther is then added,
and the oil is removed by several washings with ether. An alternative
method is to prepare the sodium amide in liquid ammonia and displace
this solvent with ether.” An excess of sodium amide and of butyl
p-toluenesulfonate results in a 579, yield of 1-phenyl-1-hexyne.'®

Dibutyl ether may be used instead of toluene in the preparation, or
the sodium derivative may be prepared in ether with sodium and the
cther replaced by a higher-boiling solvent. Mineral oil may be added
1 the last part of the reaction.

3 1Roos, Gilman, and Beaber, Org. Syntheses, Coll. Vol. 1, 145, 2nd ed., 1941.
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The Purification of 1-Hexyne 12

To a solution of 41 g. (0.5 mole) of 1-hexyne in 160 ml. of 959, ethanol
is added slowly and with stirring a solution of 170 g. (1 mole) of silver
nitrate in 250 ml. of water. The white precipitate of C,;HgC=CAgsNO3
is filtered, washed with water, and recrystallized from 1.8 1. of 959
ethanol. The crystals are washed thoroughly with water and refluxed
for three hours with a solution of 115 g. of sodium cyanide in 250 ml. of
water. The regenerated l-hexyne is dried over calcium chloride and
distilled; b.p. 70.5~70.7° cor./747 mam., yield 30 g. (73%,).

TABULAR SURVEY OF ACETYLENES SYNTHESIZED BY THE METHODS
DESCRIBED IN THIS CHAPTER -

Only those acetylenes are included that have been prepared by meth-
ods covered in this review and that have been reported in Chemical
Abstracts through 1947. If other methods are of synthetic value for
one of these compounds, they are included, but the references may not
be complete. An attempt has been made to include mainly references
dealing with synthesis, and with the more common acetylenes only
recent references or those of definite synthetic value are listed. Where
information is available, yields have been calculated allowing for re-
covered starting material. The methods of synthesis are indicated as
follows.

1. Dehydrohalogenation with ethanolic potassium hydroxide or other
alkaline reagents except alkali amides.

2. Dehydrohalogenation with sodium amide or potassium amide.

3. Alkylation of metallic derivatives of acetylenes in ether or other
inert solvents.

4. Alkylation in liquid ammonia.

5. Other methods discussed in this review.

6. Methods not discussed in this review.

A question mark (?) indicates some uncertainty in the structure or
synthesis. A star (*) indicates that the yield was of crude material.
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Formula Compound Method Y:;,ld References *
(4]
Gy
C2Bry Dibromoacetylene 1 15 233, 234
6 — 235
6 28 236
CoCly Dichloroacetylene 1 65 75, 76, 77, 237
6 — 235, 238
C.HBr Bromoacetylene 1 Good, 45 |224, 239, 240, 241,
99a, 242, 243,
244, 2, 56
CoHCl1 Chloroacetylene 1 Good | 224, 56, 245, 246,
247
G — 71b
C.HI Todoacetylene 6 — 248
Coly Diiodoacetylene 1 25 249
G 86—93 250, 251, 252, 253,
254, 255, 256,
257, 1115
6 54-63 258, 259
Cs
C4HBrOy Bromopropiolic acid 1 — 71a
' 6 74 235
G3lICI0, Chloropropiolic acid 1 — 71b
6 19 235
Cyl1IO, Todopropiolic acid 1 80 99a
6 — 260, 1115
3y Bre 1,3-Dibromo-1-propyne 1 — 261
(a1 1500 Propiolic acid 6 70-87  |111,262, 263, 264,
164, 165 148¢
Cyl [5Br 1-Bromo-1-propyne 1 25 61
6 — 10¢
CulT3Br 3-Bromo-1-propyne 6 65 265, 266, 267, 268
Cylly Propyne 1 67-85 10, 226, 160, 11%,
65, 269, 270
4 84 135, 137, 139, 142,
143, 144, 185,
271, 272, 273

N p. 82 for explanation of symbols and methods in this table.
* Ralaronoon 233-410 aro listod on pp. 72-78.
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Formula Compound Method Y(Zld References *
CsH40 2-Propyn-1-ol 1 6669 57, 266, 268, 274,
275, 368
6 — 276
6 10 277
CsH40 Methoxyacetylenc 1 — 278
Cstl;N 3-Amino-1-propyne 1 Poor 276
Cy
CH, 1,3-Butadiyne 1 8090 180a, 279
6 Poor 111y, 280, 281,
270
CiHoO4 Acctylenedicarboxylic 1 73-88 9,111q, b, 68, 71¢,
acid d, 210, 262, 282,
283, 284, 285,
286, 287
G Poor, 34 {161, 164, 2144
CHO2 2-Butynoic acid 1 16-87 126, 288, 289, 290,
291, 202, 293,
210, 294, 295,
296, 297, 298,
299
5 — 298, 299
6 — 161, 300
CH;BrO 1-Bromo-3-methoxy-1- 1 — 261, 301
propyne
C4HzNO, 1-Nitro-1-butyne 1 — 67
CyHg 1-Butyne 1 34 4
2 60 32, 33
4 65-78 144a, 142, 143,
136a, 302, 138,
139, 149a, ¢, d,
273
2-Butyne 1 65 80b, 78, 269, 60,
41, 11q
4 81* 271,303, 304, 10b,
185
CHO 3-Butyn-2-ol 1 — 305, 306
6 57 307, 308, 309

See p. 52 for explanation of symbols and methods in this table.
* References 233-519 are listed on pp. 72-78.
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Formula Compound Method Y:;ld Refercnces *
(4]
CHO 3-Butyn-1-o0l 1 — 305, 310
6 65 311, 277
3-Mcthoxy-1-propyne 1 80 12, 274, 312, 313
2 61 26, 28
Ethoxyacctylene 1 50-55 18¢, 278, 314
CHgO, 2-Butyne-1,4-diol 5 — 316, 399
6 — 305,161, 315, 317,
180a
Cs
CsH4O4 2-Pentyne-1,5-dioic acid 1 — 318
CsHg 1-Penten-3-yne 4 38 186
6 59-73 319
1-Penten-4-yne (?) 3 70-75 | 164,169, 170, 144,
152
CsHgOo 2-Pentynoic acid 6 4549 79b, 320, 288, 46,
78, 321, 322
3-Pentynoie acid 1 10-15 79
4-Pentynoic acid 1 40 790, 323, 111¢
CsH;Cl 5-Chloro-1-pentyne 4 57 144
CeHNO, 1-Nitro-1-pentyne (?) 1 — 67
CyzHg 1-Pentyne 1 55 24c, 78, 84, 90,
324
2 3062 28
4 90 144, 142, 143,
136a, 304, 86,
139
2-Pentyne 1 35 325, 78, 324, 326,
327
3 40 32, 41
4 59 144
3-Methyl-1-butyne 1 18-60 125, 327, 328, 78,
329, 330, 35, 36
2 25-34 34, 35, 36
4 29-50 139
11,0 1-Pentyn-3-0l 1 — 305
6 50 331, 309
4-Pentyn-1-ol 1 Poor 332
n-Propoxyacetylenc 1 75 314
3-Ii{hoxy-1-propyne 1 88 * 1333, 334, 335, 312

Hemy 1, B2 for oxplamntion of symbols and methods in this table.

* Rtalm ancos 233-510 aro llsied on pp. 72-78,
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Formula, Compound Method Yi;Id References *
(4]
CsH50 3-Ethoxy-1-propyne (7) 2 81 26, 28
1-Methoxy-2-bulyne 3 15 28
6 61 102, 336
4-Methoxy-1-buiyne 1 — 305, 337
: 4 60-75 151
CI1g0, Propynal dimcthylacctal 1 — 338
CslL;0BrN Ethynyltrimethylammo-
nium bromide 1 — 339, 340
Cse
CelIsBrO 5-Bromo-2-cthynylfuran 1 — 341
5 32 16d
CellsO 2-Furylacetylene 1 25 8, 342
CeHg 1,5-1lexadien-3-yne 6 — 343, 344
1,4-1Texadiyne 1 — 344
1,5-Ilexadiyne 1 — 344,274, 345, 346,
347, 348, 349,
350, 305, 78, 316
2,4-Fexadiyne 1 — 316, 78
6 42 271, 344
CeHsO4 Propargylmalonic acid 1 — 111e
Cgll;Br 1-(or 2-)-Bromo-1-hexen- 1 — 305, 344, 346
5-yne
CeHg 1-Hexen-3-yne 3 Satis- 184
factory
4 24-31 186
1-Hexen-5-yne 1 — 351
CelkIsO 1-Hexyn-5-one 1 Poor 323
CeH502 2-Methyl-4-pentynoie acid 1 — 323, 111¢
CellBrO 2-Bromoethyl 3-butynyl 4 — 151
cther
Cellyg 1-Hexyne 1 75 24¢, 352, 78
2 60 |28, 43q,
3 72 164, 165
4 90 144, 142, 143, 135,
219, 86, 149q,
54,139,140,112b
2-Hexyne 1 — 78, 352, 353
3 — |28, 41

See p. 52 for explanation of symbols and methods in this table.

* References 233-519 are listed on pp. 72-78.
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Formula Compound Method Yi;ld References *
(4]
2-Hexyne (Continued) 4 — 140
3-Hexyne 1 Poor 66, 133
3 20 165
4 75 144, 187, 140
5 8 66
4-Methyl-1-pentyne 1 50 354
5 — 90
4-Mecthyl-2-pentyne 1 — 79¢
3 36 34, 36
3,3-Dimethyl-1-butyne 1 27-73 117,6,116,78,10¢,
355, 356
CeH100 3-Hexyn-1-0l 1 71 357, 358
6 28 33, 357
n-Butoxyacetylene 1 34-56 18¢, 314
4-Itthoxy-1-butyne 4 60-75 151
5-Mecthoxy-1-pentyne 4 70 332
CH14O2 2-Butynal dimethyl acetal 1 70-80 359, 360
1,4-Dimethoxy-2-butyne 3 63 101, 305
Cr
(41I3BrO; 5-Bromo-2-{urylpropiolic 1 69 * | 16d
acid
CALN 3-Pyridylacclylene 1 42 70c¢
Crllg 1,6-Heptadicn-3-yne 3 Good 170
1,6-Heptadiyne 4 4043 144, 155
(511504 Methylpropargylmalonic 1 — 111¢
acid
Oyl 5-Methyl-3-hexen~-1-yue 1 33 361
Cyclopentylacetylene 2 9 41
Cycloheptyne (7) ] — 362, 363
Cyl T30 2-Ethoxy-1-penten-4-yne 1 — 364
M
Cyllyg 1-Heptyne 1 0-88* |24q, b, 37, 65, 74,
80a, 328, 329,
352, 365, 366,
191¢, 367, 369,
370
2 60 28, 4, 27, 37, 48a
4 83 144, 142, 143,
136¢, 219, 54,
1494, b, 139,
140
5 Good 110, 225

Bews 12, B Tor expluadian of symbols und mmelliods in this table.

* Relaranacs 501 51D nro listod on pp. 72- 78,
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Formula Compound Method Y;ld References *
(4]
C;Hye 2-Heplyne 1 — 217, 296, 371
3 Satis- | 184, 41
factory
4 38 142, 143
3-Heptyne 1 — 217, 372
2 40 28
5-Methyl-1-hexyne 1 42 373, 84
4 68-70 144, 136
5-Mecthyl-2-hexyne 1 — 79d
2-Mecthyl-3-hexyne 3 39 35, 36
4,4-Dimcthyl-1-peniyne 1 — 82
2 37 38
4,4-Dimethyl-2-pentyne 1 — 82, 374
3 55 117a
CrH;50. Propynal dicthyl acctal 1 35 7, 100, 338, 375
Cy
CgH,Cly 2,6~Dichlorophenylacety- 1 — 376
lene
CsH;:Br Bromoethynylbenzene 1 Satis- | 99a, 377
{actory
6 88 235, 378, 379, 380
4-Bromophenylacetylene 1 53 49, 43, 381
CgH;Cl Chlorocthynylbenzene 1 — 99q
6 67,70 |183, 382
2-Chlorophenylacctylene 5 66 16a
4-Chlorophenylacetylenc 1 75 43, 381
CgH;I Jodoethynylbenzene 5 — 383, 73b
6 92 384, 385, 183, 99aq,
377, 386, 251,
387
CgHsNO, 2-Nitrophenylacetylene 5 Good 104z, 388, 16e
3-Nitrophenylacetylene 1 — 389
5 — 390, 104d
4-Nitrophenylacetylene 5 Quant. {391, 1044, 392,
381
CgHjp Phenylacetylens 1 67 20, 23, 105, 45,
99a, 377, 393,
394

See p. 52 for explanation of symbols and methods in this tahle.

* References 233-519 are listed on vp. 72-78.
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Formula Compound Method Yll;ld References *
(G
Phenylacetylene (Con- 2 83 183, 28, 26, 65,
tinued) 48a, 54
5 82 214, 72
CsHeClOsP 2-Chlorophenylethynyl- 1 68* |16a
phosphonic acid
CsHeO Phenoxyacetylene 1 60-80 18
2-Hydroxyphenylacety- 6 55 39%4a
lenc
CsHAO3P Phenylethynylphosphonie 1 — 16a
acid
CgHgO2 1,6-Hepladiyne-4-car- 1 — 323, 395
boxylic acid
CgHyy 3-Ethynyl-1,5-hexadicne 3 — 164
Q)
3-Ethynyl-1,5-hexadicne 4 85-93 * | 144, 152
1,7-Octadiyne 1 — 396
1-Iithynyl-1-cyclohexene 2 — 397, 398
CgH;40 bes(3-Butynyl) cther 4 60-75 151
CgH 1602 2,6-Octadiyne-1,8-diol 5 — 316, 399, 400
CgH;004 Iithyl acetylencdicarboxy- 1 13 401, 283
late
5 Poor 210
6 Good | 402, 1115
CgH1;C1 Chlorocthynyleyclohex- 6 48 382
ane
CgHjo 1-Octlen-3-yne 4 — 186
1-Octen-4-yne 3 32 144 (170)
6-Methyl-3-hepten-1-yne 1 — 361
1-Cyclopentylpropyne 3 50 41
3-Cyclopentylpropyne 2 65 41
Cyclohexylacetylene 1 46 125, 403, 404, 227
2 61 |41
Cyclodetyno 5 32 212
ClgHyy 1-Octyne 1 — 80a, 296, 329, 405
2 75 28, 86, 48a
4 72 144, 142, 143, 406,
140
2-Octyne 1 e 83, 217, 296, 366
3 81 28, 41
4 84 144, 142, 143, 140

Sue p. 52 for explanation of symbols and methods in this table.

* References 233-519 are listed on pp. 72-78.
| "This is the overall yield from cyclohexanol and is not to be compared with the 469 yield of method
1 whilch is far the last step only.
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Formula Compound Method Y:;ld References *
(4]
CgHyy 3-Octyne 2 23 28
3 70 184
4 67 144, 187, 142,143,
192, 140
4-Octyne 4 60-81 |144, 187, 54, 142,
143, 406, 140
5 58 180qa
3-Ethyl-3-methyl-1- 2 45 39
pentyne
CsgH 1,0 Bulyl 3-butynyl cther 4 60-75 151
Isoamyl propargyl cther 1 — 333
1-Methoxy-2-heptyne 3 42 177
Cgl1409 3-Butynyl-2-cthoxyethyl 4 60-75 151
cther
1,4-Diethoxy-2-buiyne 3 45 101
2,5-Dimethoxy-3-hexync 3 21 101
2-Butynal dicthyl acetal 1 — 359, 360
CoHCloOs 2,6-Dichlorophenyl- 1 — 376
propiolic acid
CoHNoOg 2,4—Dinitrophenyl— 1 24 407
propiolic acid
CoHBrO, 4-Bromophenylpropiolic 1 80 408, 409
acid
CgH;ClO, 2-Chlorophenylpropiolic 1 68 16a
acid
CoHsN 2-Ethynylbenzonitrile 5 25 160
CyH;NO, 2-Nitrophinylpropiolic 1 79 407, 104h, 2, 410,
acid 16e
3-Nitrophenylpropiolic 1 — 390, 389, 1044
acid
4-Nitrophenylpropiolic 1 — 96b, 391, 1044
acid
6 411
CoHgN2O4 1-(2,4-Dinitrophenyl)-1- 1 — 121
propyne
CgHO Phenylpropynal 6 70-81 228,100, 338, 412,

413, 414, 415

See p. 52 for explanation of symbols and methods in this table.

* References 233-519 are listed on pp. 72-78.
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Formula, Compound Method Y:%ld References *
CoHeOo 3,4-Methylenedioxy- 1 60 377, 416
phenylacetylene
Phenylpropiolic acid 1 76-80 103, 417, 383, 418,
1044, 419, 420,
294, 421
6 Good 1045, 422, 99q,
423, 214c
CoH7BrO 2- (or 3-) Bromo-4-mcth- 5 — 424
oxyphenylacetylene
4-Bromophenyl propargyl 1 50 425
ether
CoH;Cl 1-Chloroethynyl-4- 1 — 211a
methylbenzene
6 52 382
CoHCIO 1-Chlorocthynyl-4-meth- 1 — 211¢
oxybenzene
6 52 382
CgH7NO, 1-(4-Nitrophenyl)-1- 1 — 121
propyne
CgH7NO3 2-Nitro-5-methoxyphenyl- 5 48 16e
acetylene
CoHy p-Tolylacetylene 1 48-57 50, 51, 4
2 64 48a, 42, 72¢
5 — 211a, d, 381, 104¢
1-Phenyl-1-propyne 1 70 * 1105, 426, 427, 428,
90, 429, 91
3 50-77 183, 41, 54, 16a,
171
5 35 214¢
3-Phenyl-1-propyne 2 75 28, 131d, 26
3 70 164, 165
5 52 |4, 90, 429
CyTIsO Phenyl propargyl ether 1 53 425, 430, 431
2-Methoxyphenyl- 2 Poor 431a
acetylene 5 67 16a
4-Methoxyphenyl- 5 62 16q, 104c, g, 211,
acetylene 377
CplTyN Phenylpropargylamine 1 45 432
2 — 433
CylTe 1,8-Nonadiyne 4 84 144, 155
2,7-Nonadiyne 4 76 144
1-Ethynyl-5-methyl- 2 — 397, 398
cyclohexene
,Hﬂll 1 52 for expbumlion of symbols and methods in this table,

* Laforenaos 233810 nia listed on pp. 72-78,
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Yield
Formula, Compound Method 9 References *
Collyn 1-Propynyl-1-cyclohexcne 3 — 397, 398
CoHy4 1-Nonen-4-yne 3 8 170
1-Cyclopentyl-2-butyne 3 65 41
1-Ethynyl-3-methyleyclo- 2 — 397, 398
hexane
1-Cyclohexyl-1-propyne 3 24 41
3-Cyclohexyl-1-propyne 1 66 434, 90, 69
2 66-87 29, 28, 41
Coll1402 Butylpropargyl acclate 3 16 177
CoH 15 1-Nonyne 1 — 435
2 84 28, 27, 183
4 46 86, 142, 143
2-Nonyne 3 80 28, 183, 41, 184
3-Nonyne 3 60 183, 184
4 54 | 142, 143, 48q, 54
4-Nonync 4 45 142, 143
7-Mcthyl-3-octyne 4 35 54
2,6-Dimethyl-3-heplyne 1 38 79d
Coll;c0) 1-Ethoxy-2-heplyne 3 27-35 177, 436
Cro
CioH;NOs 2-Nilx 0-4, 5-met hylenedi- ] 76 * | 16e
oxyphenylpropiolic acid
C1olI7NO; 3-Nitro-4-methoxyphenyl- 1 — 437
propiolic acid
2-Nitro-5-methoxyphenyl- 1 70-78 * | 16e
propiolic acid
C1oHgBrO x,2-Dibromo-2-methoxy-1- 1 — 438
(1-propynyl)benzene
CroHgO2 3,4-Methylenedioxy-1- 1 — 439
(1-propynylybenzenc
m-~Tolylpropiolic acid 1 — 1044
p-Tolylpiopiolic acid 1 — 104e
CiollgO3 2-Mcthoxyphenyl- 1 51 16a, 440, 440a
propiolic acid
3-Mcthoxyphenyl- 1 06 441
propiolic acid
4-Methoxyphenyl- 1 — 16a, 104g, 104c,
propiolie acid 442

See p. 52 for explunation of symbols and methods in this table.

* References 233- 519 are listed on pp. 72-78
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Formula Compound Mecthod Y:;Id References *
(4]
C1oHeBrO 2~-Bromo-2-methoxy-1- 1 — 438
(1-propynylybenzene
C1ol1sCl 1-Phenyl-4-chloro-1- 3 46 172
butyne
1-Chloroethynyl-4-etlyl- 1 — 2116
benzene
1-Chloroethynyl-2,5- ] — 211a
dimethylbenzene
C10HyCIO 1-Chloroethynyl-2-meth- 1 — 211d
oxy-5-methylbenzenc
C1oHgN3 1-Phenyl-4-triazo-1- 3 — 443
butyne
CroHyo 1-Phenyl-1-butyne 1 70 105
3 77 172, 183, 73, 44
4-Phenyl-1-bulyne 1 — 373
2 63 4, 29, 52, 44, 444
3-(2-Methylphenyl)-1- 2 75 52
propyne
3-(4-Methylphenyl)-1- 2 75 52
propyne
4-Ethylphenylacetylenc 5 — 211b, d
2,4-Dimethylphenyl- 2 75 43, 445, 86
acetylenc
CroH100 2-lithoxyphenylaccetylene 1 — 446
1-(4-Methoxyphenyl)-1- 1 75 127, 447
propyne
2-Methoxy-5-methyl- 5 — 211d
phenylacetylene
3-Methoxy-1-phenyl-1- 3 — 336
propyne
2-Hydroxy-4-phenyl-3- 1 — 89
butyne
6 70 448, 449, 415
CioH1602 3,4-Dimethoxyphenyl- 5 41 104h
acetylene
('1oHuN Methylphenylprop- 1 50 450, 265
argylamine
( ']().[TM 1 ,9-Decadiyne 4 44 451
1-Propynyl-5-methyl- 3 — 397, 398
cyclohexene

Hao p. 52 for explanation of aymbols and methods in this table.
* Raferonces 233-519 a1e histed on pp. 72-78.
| The p1oduet is unstnblo and loses niti1ogen.

Ii was isolated as o dibromide,
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Formula Compound Method lf;ld References *
(4
C1oH1402 1,8-Dimethoxy-2,6- 3 — 305, 316
octadiyne
CyoHys 1-Decen-4~yne 3 Good |170
1-Cyclohexyl-2-butyne 3 78 28, 41
4-Cyclohexyl-1-butyne 2 80 28, 30
1-(3-Methyleyelohexyl)-1- 3 — 397, 398
propyne
3-(3-Methylcyclohexyl)-1- 2 — 397, 398
propyne
CyoH16Cl0O2 | 1,6-Dichloro-2,5-dicth- 3 — 452
oxy-3-hexyne
C10H1602 Butylpropargyl propionate 3 21 177
Amylpropargyl acctalce 3 10 177
CIOHIS 1 -Decyne 1 — 435
2 68 4, 29, 86, 48
4 53 142,143,188, 136¢
3-Decyne 3 47 183
4-Decyne 3 Good 179, 183
4 42 142, 143
5-Decyne 3 30 164, 168
4 59 187, 142, 143, 54,
192, 140
8-Methyl-4-nonyne 4 35 54
2,2,5,5-Tetramethyl-3- 6 55 356
hexyne
C10H;50 Butylpropargyl propyl 3 34 177, 436
ether
C10H 1502 1,4-Di- n-propoxy-2-butyne: 3 16 101
2,5-Diethoxy-3-hexyne 3 14 101
Cu
CulI;N 2-Quinolylacetylenc (7) 1 — 70b, ¢
Ciilly 5-Phenyl-1-penten-4-yne 3 70 176, 170
C11H1003 2-Iithoxyphenylpropiolic 1 50 453, 446
acid
C11H1904 2,3-Dimethoxyphenyl- 1 — 454
propiolic acid
3,4-Dimcthoxyphenyl- 1 — 104b
propiolic acid

See p. 52 for explanation of symbols and methods in this table.

* References 233-519 are listed on pp. 72-78.
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Formula Compound Method Y};Id References *
(4]
Cy1H;4Br 3-Bromo-2,4,6-trimethyl- 1 57 58
phenylacetylene
CiH;;Cl 1-Chloroethynyl-2,4,6~tri- 1 — 211b
methylbenzene
1-Chloroethynyl-4-iso- 1 — 2116
propylbenzene
5-Chloro-1-phenyl-1- 3 75 172
pentyne
C11HyClO 3-Chloro-6-methoxy-2,4- 1 60 59
dimethylphenylacetylene
C11H1ClO3 3-Chloro-6-methoxy-2,4- 6 55 59
dimethylphenylpropiolic
acid
CpHae 2,4,6-Trimethylphenyl- 2 71 43, 86, 58, 191d
acetylene
2,4,6-Trimethylpbenyl- 5 — 211b, 43
acetylenc (?)
4-Isopropylphenyl- 5 — 211b
acetylene
3-(2,4-Dimethylphenyl)-1- 2 75 52
propyne
3-(2,5-Dimethylphenyly-1- 2 75 52
propyne
1-Phenyl-1-pentyne ] 70* 1105
3 G5 183
C1H;20 1-Phenyl-1-pentyn-3-ol 1 — 89
6 — 415
CnH;sN Eihylphenylpropargyl- 1 30 265
amine
Benzylmethylpropargyl- 1 — 450
amine
4-Kthynyl-4-vinyl-1,6- 4 Poor 152
heptadiene (?)
(11 H 1409 2,10-Undecadiyn-1-oie¢ G 24 451
acid
("1 Hyg 1,10-Undecadiyne 1 Good 455
( ;1 1_[‘113 1 -Undecen-3-yne 4 80 186
5-Cyclohexyl-1-pentyne 2 88 28
5-Cyclohexyl-2-pentyne 3 85 28
1-(3-Methyleyclohexyl)-1- 3 — 397, 398

butyne

Hao p. 52 for explanation of symbols and methods in this table.

W Rtalm aanoes 233-510 nio listed on pp. 72-78.
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Formula Compound Method Yiyeald References *
CuHyg 1-(3-Methylcyclohexyl)-2- 3 — 397, 398
buiyne
4-(3-Methylcyclohexyl)-1- 5 — 397, 398
butyne
C11H;180, 9-Undecynoic acid 1 Quant. | 456, 81, 457
10-Undecynoic acid 1 49-77 458, 81, 451
Cqy1Hy 1-Undecyne 1 Poor 328, 459, 460, 435
2 50-80 27
4 51 142, 143, 86
2-Undecyne 1 — 460, 461, 462
5-Undecyne 3 70 183
4 60 54
3,3-Dimethyl-4-nonyne 3 3 174
6 73 174
Ciz
C1oHeOy Benzene-1,3-dipropynoice 1 50-55 463
acid
C1oH7BrO4 Benzene-1-bromoacrylic-3 - 1 — 463
propiolic acid
Cells a-Naphthylacetylene 1 — 464
B-Naphthylacetylene 1 35 51, 465
Cy2H11BrO. 3-Bromo-2,4,6-trimethyl- 1 75 58
phenylpropiolic acid
CroHy2 4-Phenyl-1-hexen-5-yne 5 34 466
C1oHy3BrO 1-Phenyl-3-ethoxy-4- 3 60 466a
bromo-1-butyne
Cy2H;13C1 1-Chloroethynyl-5-iso- 1 — 2116
propyl-2-methylbenzenc
CroHyg 2,3,4,6-Tetramethyl- 1 65 58
phenylacetylenc
2-Methyl-5-isopropyl- 5 — 211b, d
phenylacetylene
3-(4-Isopropylphenyl)-1- 2 75 52
propyne
1-Phenyl-1-hexyne ] 70 105
3 65-70 172, 183
CrH1:0 Phenylpropargyl propyl 3 — 336

ether

See p. 52 for explanation of symbols and methods in this table.

* References 233- 519 are listed on pp. 72-78.
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Formula Compound Method Y:;ld Refercnces *
(4]
CrpH140 1-Phenyl-3-ethoxy-1- 3 50 466a
butyne
C1oH1404 2,10-Dodecadiyne-1,12- 6 18 451
dioic acid
C1oH 1804 2-Dodecyne-1,12-dioic acid 6 61 451
Cy2Hgo 6-Cyclohexyl-1-hexyne 2 87 28
6-Cyclohexyl-2-hexyne 3 80 28
CioHyo 1-Dodecyne 1 24 467, 17
2 34 86
4 57 188
2-Dodecyne 1 — 17, 468
3-Dodecyne 3 63 172
6-Dodecyne 3 23 183
4 58 142, 143, 187
2,9-Dimethyl-5-decyne 3 Poor 168
Ci12Ha202 1,4-Diisobutoxy-2-butyne 3 18 101
Cus
C13HsOo a-Naphthylpropiolic acid 1 85 469, 470
6 — 465
CsHyo 2-Fthynyl-3-methyl- 1 45 124
naphthalene
3-(1-Naphthyl)-1-propyne 2 50 131c
ClngoO 3—(2—Fury1—1 —phenyl) -1- 3 35 175
propyne
CisHie 3-(5-Isopropyl-2-methyl- 2 75 52
phenyl)-1-propyne
1-Phenyl-1-heptyne 1 70 105
Cy3H;602 Phenylpropynal diethyl 1 80-86 |228, 338, 412
acetal
6 68 414
Ci3Hgg 5,8-Tridecadiyne 3 13 177
3-(trans-2-Decalyl)- 2 86 31
propyne
3-(cts-2-Decalyl)propyne 2 77 31
CygHasCl 1-Chloro-4-tridecyne 3 65 172
Cu
CHsBrs 4,4'-Dibromodiphenyl- 1 74 483
acetylene

Ree p. 52 for explanation of symbols and methods in this table.

W Referonoes 233-519 atre listed on pp. 72-78,
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Formula Compound Method Y:;,ald References *
C1sHgCla 2,2’-Dichlorodiphenyl- 1 — 471
acetylene
5 80 209
4,4’-Dichlorodiphenyl- 5 — 208
acelylenc
C1sHgN2O4 2,4-Dinitrodiphenyl- 1 94 * | 95¢, d, 407
acclylene
2,2’-Dinitrodiphenyl- 1 78 472, 473
acctylene
5 36-39 203, 474, 475
3,4’-Dinitrodiphenyl- ] 70 05f
acelylene
4,4’-Dinitrodiphenyl- 1 90-95 95d, e, 476, 477
acetylene
5 — 95e
C14agNoO4Sy | bis(2-Nilrophenylthio)- 1 — 478
acelylene
C14HsN2O1S2 | 4,4’-Dinitrodiphimyl- 1 66 16¢
acetylence-2,2'-disulfonie
acid
C1sHgNO» 2-Nitrodiphenylacetlylene 1 G3-73 55, 407
CisHyo Diphenylacetylene 1 6669 5, 479, 480, 477,
481, 482
2 90-95 200, 54, 45
5 75 194
C14H;903 4-Methoxy-1-naphthyl- 1 — 484
propiolic acid
Crallyy (2-Cyclohexen-1-yl)- 3 — 398
phenylacelylene
C1H1sCLOs | 8,5,8/,5'-Telrachloro-4,4’- 1 — 95a, b
dihydroxydiphenyl-
acctylene
C14H1602 n-Buiylpropargyl benzoaic 3 10 177
C411,ClL 1-Chlorocihynyl-2,4,6- 1 — 211d
tricthylbenzene
CrHig 2,4,6-Tricthylphenyl- 5 — 211d
acetylene
CiaHg (2-Cyclohexeu-1-yl)eyclo- 3 — 398
hexylacetylene
C14H200 Di-(n-butylpropargyl) 3 21 177
ether
CHsgsCl 1-Chloro-1-tetradecyne 6 40 382

See p. 52 for explanation of symbols and methods in this table.

# References 233-519 are listed on pp. 72-78.
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Formula Compound Method Yi;ld References *
(4]
Ci4Hogs 1-Tetradecyne 1 — 17
2-Tetradecyne 1 — 17, 468
7-Tetradecyne 4 38 188
C 141'12602 1 ,4—Diisoamyloxy—2— 3 14 101
butyne
Cy
C1sHyBrO 4-Bromobenzoylphenyl- 1 40 485
acetylene
Cy5C10 2-Chlorophenylbenzoyl- 1 90 485
acetylene
CrsHi100 Benzoylphenylacetylene 1 30 485
6 78 23b, 994, 373, 393,
485a, b
Ci5H100, 4-Biphenylpropiolic acid 1 — 486, 487
CisH1Br 1-(4-Bromophenyl)-3- 3 26 93
phenyl-1-propyne
3-(4-Bromophenyl)-1- 3 50 93
phenyl-1-propyne
CisHie 1,3-Diphenylpropyne 3 70 03, 488
Cy15H120 4-Methoxydiphenyl- 1 — 489
acetylene
CisHao 1-(2-Cyclohexen-1-y1)-3- 3 Good 398
cyclohexylpropyne
CisHoy 6,9-Pentadecadiyne 3 15 179
CisHag Cyclopentadecyne 1 — 490
Cy5Hog 1-Pentadecyne 2 Poor 53
C15Has00 10-Undecyn-1-al dicthyl 1 24-25 79%
acetal
Gy
Gigllye 1,4-Diphenyl-1-butlen-3- 5 — 1041
yne
(1111202 p-Methoxyphenylbenzoyl- 1 30 485
acetylene
6 33 377, 490a

oo p. 52 for explanation of symbols and methods in this table.

# Roforenoes 233-519 are listed on pp. 72-78.
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ORGANIC REACTIONS

Formuls, Compound Method Y};ld References *
(4]
CisH1202 p-Methoxybenzoylphenyl- 1 50 485
acetylene
6 60 490q, b, ¢
CyHyy 1,4-Diphenyl-2-buiync 3 8 164
2,2’-Dimethyldiphenyl- 2 90-95 200
acetylene
3,3’-Dimethyldiphenyl- 2 89 200
acetylene
4,4’-Dimethyldiphenyl. 1 — 491
acctylene
2 86-95 200
5 Quant. |[196, 198
Cy6H1402 2,2’-Dimcthoxy diphenyl- 2 — 200
acetylene
3,3’-Dimethoxydiphenyl- 2 — 200
acetylene
4,4’-Dimethoxydiphenyl- 1 80 201, 198¢, 492
acetylene
2 90-95 200
Ci16H1482 brs(p~-Tolylmercapto)- 1 — 213
acetylene
bis(Benzylmercapto)- 1 — 478
acetylenc
CieHas 1,15-Hexadccadiyne 1 — 455
6,9-Hexadecadiyne 3 15 179
C16H250, 7-Hexadecynoic acid 1 — 493
CisHso 1-Hexadecyne 1 — 17, 81, 494
2 65 40
2-Hexadecyne 1 — 17, 468, 495
Cu
CrrHye 1,5-Diphenyl-1,4-penta~ 3 10 176
diyne
C17H 120, 2,5-Diphenyl-2-pentcn-4- 1 — 496
ynoic acid
Ci17H3409 3-(8-Nonynyl)veratrole 4 51 497
Cy7Hog 7,10-Heptadecadiyne 3 18 179
CyrHg Cycloheptadecyne 1 — 490
Cis
CisH1e B-Naphthylphenyl- 1 58 15

acetylenc

See p. 52 for explanation of symbols and methods in this table.

* References 233- 519 aie listed on pp. 72-78.
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F Yield
ormula Compound Method % References *
B-Naphthylphenyl- 5 — 197
acetylene (Continued)
CisHig 4,4’-Diethyldiphenyl- 2 73 200
acetylene
3,4,3",4'-Tetramethyl- 2 90-65 * | 200
diphenyldiacetylene
C1sH150, 4,4’—Diethoxydiphenyl— 1 — 198¢
N acetylene
C18H1504 3,4,3’,4'-Tetramethoxy- 1 45-50 199
diphenylacetylene
013H3202 5—Octadecynoic acid 1 —_ 498
6-Octadecynoic acid 1 — 498, 499, 500, 501,
502, 503, 504,
505
7-Octadecynoic acid 1 — 498
8-Octadecynoic acid 1 — 503
9-Octadecynoic acid 1 33-42 {506, 507, 508, 509,
228a
10-Octadecynoic acid 1 — 503
C1sH35903 12-Hydroxy-9-octade- 1 — 510, 511, 512, 513
cynoice acid
CisHsy 1-Octadecyne 1 — 17
4 — 136¢
2-Octadecync 1 — 17, 468
9-Octadecync 4 15 188
C1—Cao
CyoH3s 1-Nonadecyne 2 73 514
CooHao 4,4’-Di-n-propyldiphenyl- 2 55 200
acclylene
Dimesitylacetylene 1 — 515
CaoH 3602 11-Eicosynoic acid 1 — 493
CaHg 1,3,3-Triphenyl-1-propyne 3 80 162
CooHiy Di-1-naphthylacetylene 5 — 196
CooHog 4,4'-Di-n-butyldiphenyl- 2 55 200
acetylene
CpaH4oO2 13-Docosynoic acid 1 75-90 516, 517, 518, 508
COgsBlyg 5,5,5~Triphenyl-1-penten- 3 71 519
3-yne
CoyIT3600 3«(8-Pentadecynyl)vera- 4 85 497
trol

Kea 3. 52 for explanation of symbols and methods in this table.

# Refvrances 2330519 ara listed on pp, 72-78.
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Formula Compound Method Y;ld References *
(4]

CosHyy 10,13-Tricosadiyne 3 Poor 179

Cogld;g 4,4’-Diphenyldiphenyl- 2 91 * 200
acclylene

Caorllg 1,3,3,3-Tetraphonyl-1- 3 60-70 162
propyne

CogllgBry 1,1,4,4-T'etra-p-hromo- 5 Poor 207
phenyl-2-butyne

0231113014 1 ,1,4,4—T01 ]'a.-p-CthI‘O— 5 13 207
phenyl-2-buiyne

Coglls 1,1,4,4-Tetraphenyl-2- 3 40-50 162
butyne

5 — 207

CoH 1404 Di-2-anthraguinonyl- 1 89 205

acelylene
5 — 206

Cgoldag 1-Thenyl-3,3,3-tri-p- 3 80 162
tolyl-1-propyne

Ci2Hgo 1,1,4,4-Tctra-p-lolyl-2- 5 — 207
bulyne

CgoH 3004 1,1,4,4-Tuira~p-mecithoxy- 5 — 207
phenyl-2-buiyne

C36l13504 1,1,4,4-Tetra-p-cthoxy- b 3bH 207
phenyl-2-butyne

CyoHs 1,1,1,4,4,4-Ilexaphenyl-2- 3 20-25 162
bulyne

Sice p. 52 for explination of sybols and metheds in this tablo,
* References 233-519 a1e listed on pp. 72-78,
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NATURE OF THE REACTION

A variety of organic and inorganic compounds possessing labile
hydrogen atoms add readily 1o acrylonitrile with the formation of mole-
ciiles containing a cyanoethyl grouping (—CIH;CHCN). This reaction
is commonly known as ‘‘cyanocthylation” and resembles closely a
Michael type of addition.

RH + Cll==CHCN — RCH,CH,CN

Typical compounds containing reactive hydrogen atoms which have
been added to acrylonitrile are as follows:

I. Compounds having one or more —NH— groups such as ammonia,
primary and secondary amines, hydrazine, hydroxylamine, mides,
lactams, and amides.

II. Compounds having one or more —OH, —SH, or —AsH— groups
such as water, alcohols, phenols, oximes, hydrogen sulfide, mercaptans,
and arsines.
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III. Certain acidic compounds, other than carboxylic acids, such as
hydrogen cyanide, hydrogen chloride, hydrogen bromide, hypochlorous
acid, and sodium bisulfite.

IV. Compounds possessing the grouping HCX; in which X is chlorine
or bromine.

V. Sulfones having a —CH,— group between the —SO;— group
and an olefinic linkage or an aromatic ring.

VI. Nitro compounds having a —CH-—, —CH,—, or CH3;— group
contiguous to the —NO; group.

VII. Ketones or aldehydes having a —CH—, —CHy—, or CHz;—
group contiguous to the carbonyl group.

VIII. Compounds such as malonic esters, malonamide, cyanoacet-
amide, ete., in which a —CH— or —CIH,— group is situated between
—CO3R, —CN, or —CONH— groups.

IX. Compounds such as benzyl cyanide or allyl cyanide in which a
—CH;— group is situated between a cyano group and an aryl nucleus
or an ethylenic linkage.

X. Compounds in which a —CH— or —CHy— group is situated
between two ethylenic carbon atoms of a carbocyecle or of a heterocycle,
such as cyclopentadiene, indene, fluorene, and 2-phenylindole.

The cyanoethylation reaction, except with certain amines, usually
requires the presence of an alkaline catalyst. Typical catalysts which
are useful for the purpose are the oxides, hydroxides, alkoxides, hydrides,
cyanides, and amides of the alkali metals sodium and potassium, as well
as the alkali metals themselves. The strongly basic quaternary ammo-
nium hydroxides, in particular benzyltrimethylammonium hydroxide
(Triton B), are particularly effective because of their solubility in organic
media. Only small amounts of catalyst are required; usually from 1%,
to 59, of catalyst based on the weight of the acrylonitrile is sufficient.
The eyanoethylation of certain amines requires an acidic catalyst.

Many of the reactions are strongly exothermic and require cooling
Lo prevent excessive polymerization of the acrylonitrile. Inert solvents
siich as benzene, dioxane, pyridine, or acetonitrile are often useful to
dlissolve solid reactants or to moderate the reaction. teri-Butyl alcohol,
although reactive with acrylonitrile at temperatures above 60°, is rela-
Lively inert at or near room temperature and is often useful as a solvent
Hince it dissolves appreciable amounts of potassium hydroxide (up to
nbont 49, at 25°) to give an effective catalyst solution.

In order to prevent sudden reactions which may get out of control, it
in dlvisable to dissolve or disperse the catalyst in the hydrogen donor,
with or without the use of an auxiliary solvent, and to add the acrylo-
nibrile gradually with mechanical stirring while controlling the tempera-
bure ol the reaetion.
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SCOPE AND LIMITATIONS

It is most convenicnt to discuss the scope and limitations of the cyano-
ethylation reaction in terms of the different classes of compounds which
add to acrylonitrile. This is done in the subsections which follow.

Cyanoethylation of Ammonia and Amines (Tables I-IV)

Ammonia and most amines add to acrylonitrile without the aid of a
catalyst.l In general, amines add more readily than any other class of
compounds, but the ease of addition varies considerably. With those
amines which react slowly an acidic or basic catalyst is desirable, and
with some amines & catalyst is essential. Primary amines may react
with one or two moles of acrylonitrile. Low temperatures favor the
addition of one molecule of amine with formation of a secondary amine,
an alkyleyanoethylamine; higher temperatures result in the addition of
the initial secondary amine to a second molecule of acrylonitrile with
formation of a tertiary amine, an alkyldicyanoethylamine, especially if
excess of acrylonitrile is present. Since secondary amines can yield

RNH; -+ CHy=CHCN — RNHCH,CH,CN
RNHCH,;CH,CN + CHy=CHCN — RN(CH,CHyCN),

only a single product with acrylonitrile the temperature at which the
reaction takes place may be varied over a wide range.

Ammonia yields a mixture of mono-, di-, and tri-cyanoethylation
products, >3 though the last is formed much less readily than the other

two.
H.NCH,CH,CN

/!

NH; + CH==CHCN N HN(CH,CH,CN),
N(CH,CH;CN)3

The yield of the three cyanoethylamines depends upon the proportions
of the reactants and the temperature. When five moles of anhydrous
liquid ammonia is heated with four moles of acrylonitrile in an autoclave
at 90° for thirty minutes, f-aminopropionitrile is obtained in only
12.59, yield, whereas the disubstituted amine, bis(2-cyanoethyl)amine,
is obtained in about 759 yield.! If the molar ratio of liquid ammonia

1 Hoffmann and Jacobi, U. 8. pat. 1,992,615 [C.A., 29, 2548 (1935)].

? Whitmore, Mosher, Adams, Taylor, Chapin, Weisel, and Yanko, J. Am. Chem. Soc.,

66, 725 (1944).
3 Wiedemann and Montgomery, J. Am. Chem. Soc., 67, 1994 (1945).
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to acrylonitrile is 8:1, a 229, yield of B-aminopropionitrile and a 649,
yield of the secondary amine can be obtained 2 by reaction at 40°. If
one mole of acrylonitrile is gradually added to one mole of concentrated
aqueous ammonia at a temperature between 30° and 35°, and the mixture
is allowed to stand for three hours, brs(2-cyanoethyl)amine can be ob-
tained in 859 yield by distilling the product in vacuum. On the other
hand, rapid addition of acrylonitrile below the surface of an excess of
aqueous ammonia preheated to 110° followed by a short reaction period
and rapid cooling gives S-aminopropionitrile in more than 609, yield.*

An extensive study of the reaction of aqueous ammonia with acrylo-
nitrile ® has shown, as would be predicted on theoretical grounds, that
increasing the ratio of aqueous ammonia to acrylonitrile favors formation
of the primary amine. When the molar ratio of aqueous ammonia to
acrylonitrile is 20:1 and cooling is employed, a 399 yield of the primary
amine and a 399, yield of the secondary amine can be secured.®* By
operating without cooling and under pressure the exothermic reaction
carries the temperature to 71° and, under these conditions, a molar
ratio of 7.5 moles of aqueous ammonia to one mole of acrylonitrile yields
38.3% of the primary amine and 53.29, of the secondary amine.

At higher temperatures hydrolysis and disproportionation of the
various aminopropionitriles occur. At 150° aqueous ammonia and
acrylonitrile yield 359, of 8-aminopropionic acid after eight hours.t It
has also been pointed out by Kirk 7 that 8-aminopropionic acid is formed
npon heating bis(2-cyanoethyl)amine with aqueous ammonia at 200°
in an autoclave; and Kiing & has shown that S-aminopropionitrile is
lormed by pyrolysis of bis(2-cyanoethyl)amine or tris(2-cyanoethyl)-
amine.

Methylamine adds o acrylonitrile in the cold to give a 789 yield of
B-methylaminopropionitrile; ® even in the presence of methanol, which
itself adds to acrylonitrile when alkaline catalysts are used, the amine
tulds readily. Upon heating methylamine and acrylonitrile in a sealed
tube at 80° for six hours, the di-cyanoethylation product is formed.’

Iithylamine with an equimolar quantity of acrylonitrile below 30°
pives a 909, yield of B-ethylaminopropionitrile.? When heated with
oxcess acrylonitrile, a 609, yield of bis(2-cyanoethyl)ethylamine ? is
nhtained. Similarly, n-propylamine and isopropylamine give, respec-

¢ }ord, Bue, and Greiner, J. Am. Chem. Soc., 69, 845 (1947).

¥ Bue, Ford, and Wise, J. Am. Chem. Soc., 67, 92 (1945).

1 (!arlson and Hotchkiss, U. S. pat. 2,335,997 [C.A., 88, 2072 (1944)]; U. S. pat
Wol77,401 [C.A., 39, 4333 (1945)].

! rk, U. S. pat. 2,334,163 [C.A., 38, 2667 (1944)].

W IKtng, U. S. pal. 2,401,429 [C.A., 40, 5447 (1946)].

' Cook and Roed, J. Chem. Soc., 1945, 399.
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tively, 929, and 959, yields of n-propylaminopropionitrile* and iso-
propylaminopropionitrile; * n-butylamine, sec-butylamine, and tert-
butylamine give 989, 839, and 569, yields, respectively, of the mono-
cyanoethylated derivatives.”® In general, small amounts of the di-cyano-
ethylated compounds are obtained as by-products.

Piperidine is a very reactive secondary amine and adds to acrylonitrile
with evolution of heat.2? Morpholine is only slightly less reactive.?
Diethylamine, however, adds more slowly than morpholine, although
no difficulty is encountered in obtaining a nearly quantitative yield of
product merely by heating the reactants together.? Di-n-propylamine
gives a 909 yield of the cyanocthylation product, but diisopropylamine
gives only a 129, yield; di-n-butylamine gives a 969, yield, and diiso-
butylamine a 519, yield.

The rate of addition of dialkylamines decreases progressively with the
size of the alkyl groups.? For example, an equimolar mixture of acrylo-
nitrile and di-n-amylamine when warmed to 50° and allowed to stand
overnight gives a 609, yield of g-di-n-anmylaminopropionitrile,”® whereas
di-n-octylamine does not react with excess of acrylonitrile at 50° and
requires a temperature of 100° to give an 809, yield of g-di-n-octyl-
aminopropionitrile after one hundred hours.* A branched-chain octyl-
amine reacts more slowly than the straight-chain isomer; bis(2-ethyl-
hexyl)amine and excess of acrylonitrile under the conditions just speci-
fied give a 659, yield of 8-bis(2-ethylhexyl)aminopropionitrile,** and a
77% yield after three hundred and sixty hours at 100°2 These results
indicate that the rate of addition is primarily dependent upon the size
and complexity of the amine.? The basicity of the amine is probably
not an important factor since the ionization constants of diethylamine,
piperidine, and morpholine are, respectively, 1.2 X 1073, 1.6 X 1073,
and 2.4 X 1079, and all three react quite rapidly.”

The reversibility of cyanoethylation reactions, mentioned in the dis-
cussion of the reaction of ammonia and acrylonitrile, is again illustrated
by the gradual decomposition of the higher g-dialkylaminopropionitriles
to dialkylamine and acrylonitrile or its polymer when heated near their
boiling points. Cyanoethyldiethanolamine upon distillation yields di-
ethanolamine and a polymer of acrylonitrile.? Similarly, cyanoethyl-
cyclohexylamine gives 209, of cyclohexylamine.! It has also been
observed that when equimolar amounts of secondary amine and acrylo-

19 Tarbell, Shakespear, Claus, and Bunnett, J. Am. Chem. Soc., 68, 1217 (1946).

11 Pearson, Jones, and Cope, J. Am. Chem. Soc., 68, 1227 (1946).

12 Terentev and Terenteva, J. Gen. Chem. U.S.S.R., 12, 415 (1942) [C.A., 37, 3095
(1943)].

13 Holecomb and Hamilton, J. Am. Chem. Soc., 64, 1309 (1942).
1 Burckhalter, Jones, Holcomb, and Sweet, J. Am. Chem. Soc., 65, 2014 (1943).
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nitrile react some of the unreacted starting materials are always re-
covered; the yield is never so high as when an excess of one of the
reactants is used.?

The cyanoethylation reaction has been extended to many more com-
plex primary and especially secondary amines. Thus, benzylamine gives
CeHsCH,;NHCH,CH,CN; ¥ y-diethylaminopropylamine gives a 799
yield of (CoHj5)sNCHo,CH,CH,NHCH,CH,CN and a 99, yield of
(CoHj5) :NCH,CH,CH,N (CH,CH,CN),; S-morpholinoethylamine gives
OCHNCH,;CH,NHCH,CH,CN in 81.59, yield.? Hydrazine hydrate
and acrylonitrile in equimolar quantities react in the cold to form
NH,NHCH,CH,CN in 909 yield,! and hydroxylamine gives an almost
quantitative yield of HONHCH,;CH,CN.1 At 95° such mixed secondary
amines as methyl-n-propylamine, ethylisopropylamine, cyclopentyl-
ethylamine, sec-butyl-n-propylamine, n-butyl-sec-butylamine, and ben-
zylmethylamine ¥ add readily to acrylonitrile. The cyclic bases pyrroli-
dine, 2-methylpiperidine, 3-methylpiperidine, 4-methylpiperidine, and
2,6-dimethylpiperidine are other examples of amines which add readily.”
The cyclic imine, 2,2-dimethylethyleneimine, when refluxed for thirty
hours with acrylonitrile gives 1-(2-cyanoethyl)-2,2-dimethylethylene-
imine in 669, yield.’® Such alkanolamines as ethanolamine, diethanol-
amine, propanolamine, and N-methyl-N-ethanolamine * are preferen-
Ually cyanoethylated on the basic nifrogen atom rather than on the
hydroxyl group.®

Heterocyclic bases containing two imino groups, such as piperazine,
hydrogenated pyrimidines, and hydrogenated perimidines, react with
two molecules of acrylonitrile, 22

NH NCH,CH,CN
7\ AN
CH, CH, CH, CH,
| |+ 2CH;~=CHCN — | [
CH, CH. CH, CH,
AN AN

NH NCH,CH,CN

Certain amines, especially those in the aromatic and heterocyeclic series,
react only very slowly with acrylonitrile in the absence of a catalyst.
Mecthylaniline and 1,2,3,4-tetrahydroquinoline do not react appreciably

® King and McMillan, J. Am. Chem. Soc., 68, 1468 (1946).

W Corse, Bryant, and Shonle, J. Am. Chem. Soc., 68, 1906 (1946).

' Gorse, Bryant, and Shonle, J. Am. Chem. Soc., 68, 1912 (1946).

% Turbell and Fukushima, J. Am. Chem. Soc., 68, 2501 (1946),

" 1loffimann and Jacobi, U. 8. pat. 2,017,537 [C.A., 29, 8003 (1935)].

¥ 1.G. Parbenind. A.-G., Brit. pat. 457,621 [C.A., 31, 3068 (1937)].

¥ Bohr, Kirby, MacDonald, and ‘Todd, J. Am. Chem. Soc., 68, 1297 (1946).
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with acrylonitrile when heated in a sealed tube at 200°2 but in the
presence of glacial acetic acid (about 59, of the weight of the amine)
they react at 120-140° to give good yields of the cyanoethylated deriva-
tives. Cyanoethylation of n-butyleresidine, 2-methylindoline, 1,2,3,4,-
10,11-hexahydrocarbazole,? and p-anisidine ® is accelerated by acetic
acid as catalyst. Bases appear to be ineffective as catalysts with this
group of substances.?

Other acidic catalysts that have been proposed for the cyanoethylation
of otherwise unreactive amines are oxalic acid, formic acid, chloroacetic
acid, sulfuric acid, and salts of nickel, zine, cobalt, copper, or other
metals capable of forming ammoniates; the ammonia or amine salts of
strong mineral acids arc also successful catalysts.l%?2 Copper salts, in
particular eopper chloride, sulfate, oleate, borate, or acetate, appear to
inhibit the polymerization of acrylonitrile at clevated temperatures and
to result in an improvement of yields.?

Alkaline catalysts have been very widely employed. Heterocyclic
bases such as pyrrole, carbazole, indole, dihydroacridine, decahydro-
quinoline, perimidine, and thiodiphenylamine are cyanoethylated
smoothly in the presence of small amounts of sodium ethoxide.? The
same catalyst is effective in the cyanoethylation of benzimidazole at
room temperature in pyridine as a solvent.? «-Methylindole and o-
phenylindole react with acrylonitrile when heated in the presence of
sodium methoxide and copper borate to yield mono- and di-cyano-
ethylated products.?® The second cyanoethyl group is introduced as a
result of addition involving the active hydrogen in the 3-position.

(J\'—J @CHzCHzCN
N R N R

| |
CH,CH.CN CH.CH.CN

Aqueous potassium hydroxide is a catalyst for cyanoethylation of
8-(3~aminopropylamino)-6-methoxyquinoline at room temperature.2

CH,0 o~ CH.0 X
O '/
N
NH(CH,);NH, NH(CH,),NHCH,CH,CN

2 I.G. Farbenind. A.-G., Brit. pat. 466,316 [C.A., 31, 7887 (1937)].

2 Elderfield, Gensler, Bembry, Kremer, Brody, Hageman, and Head, J. Am. Chem. Soc.,
68, 1262 (1046).

2 Kissinger, Von, and Carmack, J. Am. Chem. Soc., 68, 1563 (1946).
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Triton B as a catalyst 2 permits cyanoethylation of carbazole even
at ice-bath temperature;? heterocyclic bases, such as isatin,® pyrrole,
2-phenylindole, 2-phenyl-3-indolecarboxaldehyde, 3-indolecarboxalde-
hyde, and 2-methyl-3-indolecarboxaldehyde, are readily cyanoethylated
on the nitrogen atom at moderate temperatures with this catalyst.?
Triton B has proved useful as a catalyst in cyanoethylation of 2,3-
dimethylpiperidine,” 2,4-dimethylpiperidine,”” methylisopropylamine,
n-butylmethylamine, sec-butylmethylamine, isobutylmethylamine,
methyl-2-pentylamine, methyl-3-pentylamine, cyclopentylmethylamine,
2,3-dimethylbutylamine, 2,4-dimethylpentylamine, 4-methylheptyla-
mine, ethylisobutylamine, isopropyl-n-propylamine, isobutyl-n-propyl-
amine, and cyclopentyl-n-butylamine 1

Cyanoethylation of Amides, Imides, and Lactams (Table V)

The cyanoethylation of amides, imides, and lactams has been described
by Wegler.2® The addition of compounds of these classes to acrylonitrile
takes place readily and can be considered very general. Amides may
react with one or two moles of acrylonitrile. N-Alkyl acid amides, with
an occasional exception, yield the expected products, as do imides and
lactams. Aromatic and aliphatic sulfonamides have not been extensively
studied, but some of them add to acrylonitrile in the same way as acid
amides. Alkaline catalysts are employed.

The addition of formamide to acrylonitrile occurs readily in the
presence of alkaline catalysts such as sodium or sodium hydroxide, At
moderale temperatures and with an excess of formamide the reaction
readily yields B-formylaminopropionitrile. At temperatures of 85° or
bigher, and particularly with an excess of acrylonitrile, di-cyanoethyla-
tion predominates to yield g-formyliminodipropionitrile.

HCONH; + Cllg=CHCN — HCONHCH;CH;CN — HCON(CH;CH.CN),

Formamide also can react with more than two moles of acrylonitrile; %
a substance with five to six moles of combined acrylonitrile has been
reported but the structure is not known. N-Methylformamide is not
cyanoethylated even in the presence of alkali catalysis although the
corresponding N-n-propyl-, N-n-butyl-, N-n-hexyl-, cyclohexyl-, and
N-phenylformamides add easily to acrylonitrile.® It has been suggested

% Bruson, J. Am. Chem. Soc., 64, 2457 (1942).

2% DiCarlo and Lindwall, J. Am. Chem. Soc., 67, 199 (1945).

2 Blume and Lindwall, J. Org. Chem., 10, 255 (1945).

# Wogler, Gor. pat. 734,725 [C.4., 38, 3671 (1944)].

20 Wogler, Ger. pat. 735,771 [C.A., 38, 3092 (1944)]
% Wogler, Roport to L.G. Farbenind. A.~G., April 21, 1941 (captw cd enemy documents).
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that methylformamide is sufficiently acidic to neutralize the alkaline
catalysts and render them ineffective.®® N-Butylformamide will react
with as many as four moles of acrylonitrile to give a product of unknown
structure.

Acetamide in excess gives good yields of S-acetaminopropionitrile.®
It shows less tendency than formamide to react with two moles of acrylo-
nitrile. In contrast to methylformamide, the cyanoethylation of N-
methylacetamide proceeds satisfactorily. Similarly, N-methylpropion-
amide in the presence of 0.59, by weight of sodium hydroxide is smoothly
cyanoethylated at 70-80° to yield CH3;CH,CON(CH;3)CH,CH,CN.%
Benzamide and acetanilide react with one mole of acrylonitrile at 90—
100° in a little dioxane and in the presence of 19 of sodium hydroxide
as a catalyst.® Under similar conditions, N,N’-bis-methyladipamide
yields the di-cyanoethylation product NCCH,CH,N(CH;)CO(CH,),-
CON(CH;)CH,CH,CN. Crotonamide # yields the di-cyanoethylation
product CH3zCH=CHCON(CH,CH,;CN),, instead of the product
CHy=CHC(CH,CH,CN),;CONH, previously reported.?

The cyanoethylation of most imides and lactams proceeds at 90-95°
in the presence of 129 of sodium hydroxide as a catalyst ¥ to yield
the corresponding N-(2-cyanoethyl) derivatives. Galat 3 obtained a
quantitative yield of N-(2-cyanoethyl)phthalimide by refluxing phthal-
imide and acrylonitrile for ten minutes in the presence of a small amount
of Triton B. Succinimide and phthalimide in & little dioxane at 95°
with 1-29, of sodium hydroxide as a catalyst react to form the corre-
sponding N-(2-cyanoethyl)imides.*® a-Pyrrolidone,® w-caprolactam,®
and 2-pyridone % may be cyanoethylated in the presence of alkaline
catalysts such as sodium hydroxide or potassium carbazole.

Certain sulfonamides can be cyanoethylated in the same way. Ben-
zenesulfonamide and acrylonitrile, regardless of the relative amounts of
reactants, form primarily the di-cyanoethylation product, C¢HzSOyN-
(CH;CH,CN)y.  p-Acetaminobenzenesulfon-N-methylamide is readily
cyanoethylated on the sulfonamide group. p-Acetaminobenzenesulfon-

CH;CONHCH,S0.NHCH; — CH3;CONHC¢HS0,N(CH;3)CH,CH,CN

N,N-dimethylamide, CH;CONHC;HS0,N(CHjy)s, could not be cyano-
ethylated on the NH— group, even though acetanilide can be cyano-
ethylated. The influence of the sulfonamide group on a p-amino group
is shown also by the failure of the amino group in p-aminobenzenesulfon-

3L I.G. Farbenind. A.-G., Fr. pat. 877,120 (1942).

32 Bruson, unpublished work.

33 Bruson and Riener, J. Am. Chem. Soc., 65, 18 (1943).

3% Galat, J. Am. Chem. Soc., 67, 1414 (1945).
% Adams nnd Jones, J. Am. Chem. Soc., 69, LS04 (1047),
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N,N-dimethylamide to cyanoethylate. Saccharin also resists cyano-
ethylation.

Some aliphatic sulfonamides have been studied; propanesulfon-N-
methylamide yields CH;CH,CHoS0,N (CH;) (CH,CH2CN) almost quan-
titatively, whereas propanesulfonamide is reported not to add to acrylo-
nitrile. Benzyl sulfonamide reacts with acrylonitrile in the presence of
Triton B to yield N,N-brs(2-cyanoethyl)benzylsulfonamide, CeHzCI,-
S0,N(CHy;CH,CN)s, and not a product with cyanoethyl groups on the
methylene carbon atom as was first suggested.” The cyanoethylation
of aliphatic sulfonamides has been patented by McQueen.®

Cyanoethylation of Water and Alcohols (Tables VI-VIII and XIII)

Water reacts with acrylonitrile 324 in the presence of alkaline
catalysts to give B,8’-dicyanoethyl ether, NCCH,CH,OCH,;CH,;CN.
Ethylene cyanohydrin is probably an intermediate in this reaction.

Practically all primary and secondary aleohols react with acrylonitrile
in the presence of alkaline catalysts to form cyanoethyl ethers. The

ROH +- CHy=CHCN --» ROCH,CH.CN

reactions take place at or below room temperature with the lower
aliphatic aleohols, particularly when the more active basic catalysts
such as sodium, sodium methoxide, sodium or potassium hydroxide, or
Triton B are used. Usually 0.5%, to 5%, of catalyst based on the weight
of aleohol is adequate. The presence of other functional groups such as
dialkylamino, halogen, olefinic, ether, or cyano does not interfere with
the reaction. Glycols and polyalcohols are readily poly-cyanoethylated.
Tertiary alcohols, on the other hand, react with difficulty or not at all.
It has been demonstrated, however, that ethynyl tertiary aleohols react
readily, the acetylene linkage apparently activating the addition reac-
tion. Only the esters of hydroxy acids have resisted cyanoethylation;
attempts to add ethyl glycolate, ethyl lactate, and ethyl ricinoleate to
acrylonitrile have failed.

Most of the simple aliphatic alcohols can be cyanoethylated at 35-60°
in the presence of 0.5-19, of sodium or sodium hydroxide. Examples
are methanol,? ethanol,®-4 2-propanol,? allyl alcohol,2 n-amyl aleohol, 4

% Bruson and Riener, J. Am. Chem, Soc., 70, 215 (1948).

¥ Bruson and Riener, J. Am. Chem. Soc., 65, 23 (1943).

¥ McQueen, U. 8. pat. 2,424,664 (1947).

% Bruson, U. S. pat. 2,382,036 [C.4., 40, 347 (1946)].

9 Blopff and Rapp, Ger. pat. 731,708 [C.A., 38, 555 (1944)].

i American Cyanamid Co., Brit. pat. 544,421 [C.A., 36, 6548 (1942)].
2 Koolsch, J. Am. Chem. Soc., 65, 437 (1943).
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2-ethylhexanol,? dodecanol, and octadecanol.? n-Butyl alecohol and
acrylonitrile react rapidly at 40° with 0.49, of sodium as a catalyst.®®
Triton B #%% hag been used effectively for cyanoethylation of these
simple alcohols as well as of more complex ones. Tertiary amines have
also been reported as satisfactory catalysts.#

Various methods for cyanoethylating aliphatic alcohols have been
evaluated by MacGregor and Pugh.® As a general procedure for all
aliphatic alcohols, including the long-chained alcohols, it is recommended
that acrylonitrile be added to a solution of 0.059, of sodium in the
alcohol at room temperature and that the reaction be completed at 80°.
For alcohols with not more than five carbon atoms, two other procedures
are reported as satisfactory: (1) equimolar quantities of acrylonitrile
and alcohol are shaken at room temperature with a 29, aqueous sodium
hydroxide solution as catalyst; (2) an equimolecular quantity of acrylo-
nitrile is gradually added with cooling and stirring to a solution of 0.59,
of potassium hydroxide in the alcohol. After the exothermic reaction is
over, the reaction mixture is heated at 80° on a steam bath until refluxing
ceases. Yields of 80-909, result.

The cyanoethylation of alcohols is an equilibrium reaction. The posi-
tion of the equilibrium is more favorable to the addition product with
primary than with secondary alcohols. Thus, 2-propanol gives a lower
vield (69%) of cyanoethylation product than methanol, ethanol, or
1-butanol, which give 899, 789, and 869, yields, respectively.
Caution must be observed in the isolation of the g-alkoxypropionitriles
by distillation, particularly those derived from secondary alcohols or
from primary alcohols with more than seven carbon atoms. The alkaline
catalyst must be destroyed by acidification or neutralization since the
products are readily dissociated by heat in the presence of alkalies into
the origmal aleohol and a polymer of acrylonitrile.*®

Tertiary alcohols have not been extensively studied. tert-Butyl
alcohol does not react with acrylonitrile at 30—40° and can, therefore,
be used as a solvent for many cyanoethylation reactions which take
place at low temperatures. At 80°, however, it reacts with acrylonitrile
in the presence of 29, by weight of sodium hydroxide to form g-(tert-
butoxy)propionitrile.# An acetylenic linkage attached to the tertiary
aleohol carbon activates the addition. Thus, ethynyl dimethyl carbinol
in the presence of sodium methoxide adds readily to acrylonitrile at 20°

 1.G. Farbenind. A.-G., Fr. pat. 796,001 [C.4., 30, 5590 (1936)].

#“ Utermohlen, J. Am. Chem. Soc., 67, 1505 (1945),

4 Bruson, U. S. pat. 2,280,791 [C.A., 36, 5589 (1942)].

% Bruson, U. S. pat. 2,280,792 [C.A., 36, 5589 (1942)].

4 Clifford and Lichty, Can. pat. 415,525 [C.A., 88, 979 (1944)].
48 MacGregor and Pugh, J, Chem. Soc., 1946, 535.
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to yield the expected ether.®® Acetylenic hydrogen atoms of acetylene,
CHs CH;
HCEC([JOH + CHs=CHCN — HCEC([JOCHchch
CH; ([3H3

alkylacetylenes, or phenylacetylene do not react with acrylonitrile under
the usual cyanoethylating conditions.

A wide variety of alcohols of the arylaliphatic,” alicyclic,4% and
heterocyclic series 4 are readily cyanoethylated. For illustration may
be mentioned benzyl alcohol,* cyclohexanol,®® 3,4-dimethylcyclohex-
anol,* and menthol.#

Primary and secondary, but not tertiary, hydroxyl groups in glycols
and polyhydric aleohols are cyanoethylated.®:4-%2 Glycol is di-cyano-
ethylated in more than 809, yield; trimethylene, pentamethylene, and
decamethylene glycols 35 also react readily. 1,4-Pentanediol gives an
839, yield of di-cyanoethylation product.®® Glycerol gives a tri-cyano-
ethyl derivative #% in 749, yield, and pentaerythritol, mannitol, and
sorbitol are reported to be completely cyanoethylated.®® A tertiary

([JHzOCHzCHzCN
(fHOCHzCHzCN
CH,OCH,CH,CN

aleohol group if present in a glycol resists cyanoethylation.® In iso-
butylene glycol and 2-methyl-2,4-pentanediol, only the primary or
secondary hydroxyl reacts. Polyvinyl aleohol %% yields products of
varying degrees of cyanoethylation.

OH | ([)H
(CH3);CCH,OCH,CH,CN  (CHjy)sCCH,CH(CH)OCH;CH,CN

Many alcohols with ether linkages present react easily. Diethylene
glycol,¥ triethylene glycol, tetraethylene glycol,® and the higher poly-
othylene glycols are readily cyanoethylated on one or both hydroxyl

4 Bruson, U. 8. pat. 2,280,790 [C.A., 36, 5588 (1942)].

% Bruson, U. S. pat. 2,401,607 [C.A., 40, 5450 (1946)].

81 Treppenhauer, Kénig, and Schroter, Ger. pat. 734,475 [C.A., 38, 2966 (1944)].
5 Carpenter, U. S. pat. 2,404,164 [C.A., 40, 7232 (1946)].

¥ Christian, Brown, and Hixon, J. Am. Chem. Soc., 69, 1961 (1947).

% 1.G. Farbenind. A.-G., Fr. pat. 830,863 [C.A., 33, 1838 (1939)].

% Houtz, U. 8. pat. 2,341,653 [C.A., 38, 4347 (1944)].
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groups.® The mono-methyl, -ethyl, -n-butyl, -allyl, -phenyl, and sub-
stituted phenyl ethers of ethylene glycol react normally; * furfuryl alco-
hol,% tetrahydrofurfuryl alecohol, and glyceryl a-ethers ® also add to
acrylonitrile. Thiodiethylene glycol and acrylonitrile give a good yield
of bis(2-cyanoethoxyethyl) sulfide.®»% Sugars,* starch,® and cellu-
Jose 55460 may be considered in this general class of compounds and
have been found to react to give products of various solubilities and other
physical properties. When cellulose is refluxed with an excess of acrylo-
nitrile in the presence of 297, aqueous sodium hydroxide, a clear solution
is obtained from which dilute ethanol precipitates a white flaky product
containing three cyanoethyl groups per glucose unit.®® The cyanoethyla-
tion of cellulose xanthate and of viscose leads to interesting fibers.s

Unsaturated alcohols which have been added to acrylonitrile are
numerous. Sodium, sodium hydroxide, and sodium methoxide have
normally been used as catalysts. The reaction products from allyl,® %
methallyl,® furfuryl,® oleyl, and cinnamyl alcohols,® geraniol,*
linalo6l,® citronellol,”® and unsaturated ether alcohols ® have been de-
scribed.

The hydroxyl group in cyanohydrins reacts normally with acrylo-
nitrile. Formaldehyde c¢yanohydrin and acrylonitrile when heated with
tributylamine as a catalyst give B-(eyanomethoxy)propionitrile,
NCCH,0CHy;CHCN; lactonitrile gives a corresponding derivative,
CH3;CH(CN)OCH,CH.CN.®2 Ethylene cyanohydrin with sodium,
sodium hydroxide,* 348661 or godium cyanide 2 as catalyst gives
bis-2-cyanoethyl ether, NCCH;CH;OCH,CH,CN. The same product
can be obtained by the reaction between two moles of acrylonitrile and
one mole of water.’ 4.5

The halogenated alcohols ethylene chlorohydrin % and 8-chloroethoxy-
ethanol # add to acrylonitrile in the presence of a small amount of con-
centrated aqueous sodium hydroxide to give CICH,CH,OCH,CH,CN
and CICH,CH,OCH,CH,OCH,;CH,CN, respectively. The «-fluoro-
alcohols, F(CH,),OH, have also been cyanoethylated with acrylo-
nitrile.%

% Schwoegler, U. S. pat. 2,403,686 [C.A., 40, 6409 (1946)].

5 Hurd and Gershbein, J. Am. Chem. Soc., 69, 2328 (1947).

% Bock and Houk, U. S. pat., 2,316,128 [C.4., 37, 5812 (1943)].

® Bock and Houk, U. S. pats. 2,332,048 and 2,332,049 [C.4., 38, 1640 (1044)]; U. S.
pat. 2,349,797 [C.A., 39, 1201 (1945)].

 Houtz, U. S. pat. 2,375,847 [C.A., 89, 4486 (1945)].

8 Hollihan and Moss, J. Ind. Eng. Chem., 39, 929 (1947).

62 Hansley, U. S. pat. 2,333,782 [C.4., 38, 2340 (1944)].

8 Treppenhauer, Kénig, and Bock, Ger. pat. 734,221 [C.A., 38, 1246 (1944)].

8¢ Konig, Bock, and Treppenhauer, Ger. pat. 738,399 [C.A., 38, 3090 (1944)].

% Hopff, Ger. pat. 743,224 [C.A., 39, 2766 (1945)].
8 Saunders, Nature, 160, 179 (1947).
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Tertiary amino alcohols react readily with acrylonitrile when sodium
methoxide, sodium hydroxide, or Triton B ¢ is used as catalyst. Di-
ethylaminoethanol 2 gives (CoH;)oNCH,CH;OCH,CH,CN in 799
yield; 1-diethylamino-4-pentanol * gives (C.H;);NCH,CH,CH,CH-
(CH;3;)OCH,CH,CN in 669, yield; and g-morpholinoethanol gives a
43%, yield of OCH{NCH,CH,0OCH,CH,CN. Three cyanoethyl radi-
cals are introduced into triethanolamine to give tris(2-cyanoethoxyethyl)-
amine, N(CHyCH,OCH,;CH,CN),.%

Cyanoethylation of Formaldehyde (Methylene Glycol) (Table X)

Formaldehyde or paraformaldehyde reacts in aqueous solution with
acrylonitrile in the presence of alkaline catalysts in the form of the
hydrate, HOCH,0I, and cyanoethylation of this intermediate is re-
ported to take place with the formation of the hemiformal of ethylene
cyanohydrin or the formal of ethylene cyanohydrin,® depending upon
the proportion of reagents.

HOCH,0H + CH==CHCN — HOCH,O0CH,CH,CN
HOCH,0H + 2CHy=CHCN — NCCH,CH,0CH,OCH,CH,CN

Only the latter compound has been isolated.

If the reaction between formaldehyde and acrylonitrile is carried out
in the presence of an alcohol, the mixed formal of the alcohol and
ethylene cyanohydrin results even though the alcohol used is a rela-
tively unreactive tertiary alcohol.®® The reactions go smoothly at

(CH3)sCOH + CH,0 - CH=CHCN — (CHj;);COCH,O0CH,CH,CN

35—45° in the presence of aqueous sodium hydroxide or Triton B as
catalyst. Similar mixed formals are obtained from formaldehyde and
acrylonitrile with such alcohols as methanol, allyl aleohol, benzyl alco-
hol, and 2-octanol.®

Cyanoethylation of Phenols (Table IX)

The reaction of acrylonitrile with the hydroxyl groups of phenols
takes place at temperatures in the range of about 120-140°, particularly
in the presence of alkaline catalysls such as the alkali metals and alk-
oxides or tertiary organic bases such as pyridine, quinoline, or dimethyl-
sniline.”® When acrylonitrile is gradually added at 130-140° to phenol

% Bruson, U. S. pat. 2,326,721 [C.A., 38, 606 (1044)].
® Walker, U. S. pat. 2,352,671 [C.4., 39, 223 (1945)].
" Bruson, U. 8. pat. 2,435,869 (1948).

M Ulor, Gor. pat. 670,357 [C.A., 33, 2007 (1939)].
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containing 19, by weight of sodium and heating is continued under a
reflux condenser for four to six hours at this temperature, a good yield
of g-phenoxypropionitrile is obtained.™

Ce¢HsOH + CHs~CHCN — CsH;OCH,CH,CN

In the same manner m-~chlorophenol, S-naphthol, various cresols,
xylenols, hydroxyanthraquinones, hydroxybiphenyls, hydroxyquino-
lines, and partially hydrogenated polynuclear phenols such as 5,6,7,8-
tetrahydro-1(or 2)-hydroxynaphthalene react with acrylonitrile to
vield the corresponding cyanoethyl ethers” However, the cyano-
ethylation of B-naphthol in the presence of an equimolecular amount of
sodium hydroxide suspended in benzene yields 2-hydroxy-1-(2-cyano-
ethyl)naphthalene in excellent yield.”

Polyhydric phenols such as pyrocatechol and hydroquinone can like~
wise be cyanoethylated in the presence of 19, by weight of sodium at
120~140° to yield the mono-cyanoethyl ether or the di-cyanoethyl ether,
depending upon the proportions of acrylonitrile used.”

Acrylonitrile is reported to condense with resorcinol in the presence
of hydrogen chloride and zine chloride to yield the lactone of 8-(2,4-
dihydroxyphenyl)propionic acid which furnishes 2,4-dihydroxyphenyl-
propionic acid on hydrolysis.™

0
HO, OH HO, \co 1{0@0}1
+ CHy=CHCN —» .
© ? \. CH; - CH;CHCO,H

CH,

The cyanoethylation of resorcinol in the presence of Triton B gives a
409, yield of 1,3-bis(8-cyanoethoxy)benzene.® Upon refluxing salicyl-
aldehyde with a large excess of acrylonitrile with Triton B as a catalyst,
a small yield of 2-(8-cyanoethoxy)benzaldehyde is obtained together
with 3-cyano-4-chromanol and 3-cyano-1,2-benzopyran.” In a similar

0 0
OCH,CH;CN 7 N\, 7 \cm,
CHO CHON CON

/ ANV

cHOH ch

manner, phenol and m-methoxyphenol give 67.59, and 769, yields

respectively of B-phenoxypropionitrile and m-methoxyphenoxypropio-

nitrile.”® IHalogenated phenols such as o- and p-chlorophenol add only
7 Hardman, U. S. pat. 2,421,837 [C.A., 41, 5901 (1947)].

72 Langley and Adams, J. Am. Chem. Soc., 44, 2326 (1922).
7 Bachman and Levine, J. Am. Chem. Soc., 70, 599 (1948),
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slowly to acrylonitrile, whereas p-nitrophenol and methyl salicylate
apparently do not add at all.”® The cyanoethylation of 6-bromo-2-
naphthol gives a 109, yield of the corresponding cyanoethyl ether,’
whereas 2-naphthol gives a 799, yield of p-(2-naphthoxy)propionitrile
when the reaction is carried out in the presence of Triton B.™

Cyanoethylation of Oximes (Table IX)

The hydroxyl group of aldoximes and ketoximes adds to acrylonitrile
in the presence of alkaline catalysts #™ to form oximino ethers in 60-
909, ylelds. The reactions take place at or near room temperature and
are exothermic so that cooling and the use of an inert solvent such as
dioxane are advisable.

A solution of acetone oxime, cyclohexanone oxime, or furfuraldehyde
oxime in dioxane containing a small amount of sodium methoxide reacts
smoothly at 25—-35° with acrylonitrile to yield the corresponding cyano-
ethyl ether. Liquid oximes, such as a-ethyl-8-propylacrolein oxime,

(CHs)sC=NOH + CH=CHCN — (CH3)sC=NOCH,CH,CN

methyl n-hexyl ketoxime, and a-ethylhexaldoxime, do not require a
solvent. Insoluble oximes such as dimethylglyoxime can be suspended
in water containing a small amount of sodium hydroxide and cyano-
ethylated by gradually adding acrylonitrile.

CH;C=NOH CH;C=NOCH,CH,CN
[ + 2CH,~CHCN —
CH;C=NOH CH;C=NOCH,CH,CN

Acetophenone oxime in benzene containing a small amount of Triton B
adds acrylonitrile at 40-50° to give the corresponding cyanoethyl ether.

Benzoin oxime can be cyanoethylated on both the oximino group and
the alcoholic hydroxyl group to yield the mixed ether.’”

CeHsC=NOCHCH,CN
CeH;CHOCHCH,CN

Cyanoethylation of Hydrogen Sulfide, Mercaptans, and Thiophenols
(Table IX)

Acrylonitrile reacts with hydrogen sulfide to yield bis-2-cyanoethyl
silfide ™ when heated in butanol at 80° in an autoclave. The reaction
 Bachman and Levine, J. Am. Chem. Soc., 69, 2343 (1047).

” Bruson and Riener, U. 8. pat. 2,352,516 [C.A., 38, 5506 (1944)].
™ Koysner, U. 8. pat. 2,163,176 [C.A., 33, 7319 (1939)].
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requires no catalyst but is accelerated by alkalies such as sodium hy-
droxide or Triton B. At atmospheric pressure and at 25° to 75° acrylo-

2CHs~—=CHCN + H,;S — NCCH,CH,SCH;CH,CN

nitrile does not react with hydrogen sulfide in the absence of an alkaline
catalyst, but a trace of sodium methoxide or Triton B brings about an
exothermic reaction and gives an 86-939, yield of bis-2-cyanoethyl
sulfide.” The same product is formed when an aqueous solution of
sodium sulfide or sodium hydrogen sulfide reacts with acrylonitrile at
room temperature.’?

Aliphatic mercaptans, dimercaptans, and thiophenols add readily to
acrylonitrile in the presence of alkaline catalysts. Methyl, ethyl,
propyl, isopropyl, butyl, tert-butyl, isobutyl, carbethoxymethyl, benzyl,
and dodecyl mercaptans, thiophenol, and o-, m~-, and p-thiocresol are
reported to react in the presence of strong bases.5® Piperidine has
been uscd as a catalyst for the rcactions involving ethyl mercaptan,
benzyl mercaptan, S-mercaptoethanol, and cthylene dithiol.® Sodium
methoxide is also effective and was employed in the addition of octyl,
nonyl, and lauryl mercaptans to acrylonitrile.®?

RSH + CH=~=CHCN — RSCH,CH,CN

Other, more complex mercaptans which have been studied are 2-
mercaptobenzothiazole,® 8 2-mercaptothiazoline, 2-mercapto-4-methyl-
thiazole, and 2-mercaptobenzoxazole.” Hurd and Gershbein ¥ have
shown that benzyl, hydroxyethyl, and phenyl mercaptans add to acrylo-
nitrile in the absence of alkalies to give excellent yields of cyanoethyla-
tion products. The sulthydryl group in hydroxyethyl mercaptan reacts
first. Alkali is required for cyanoethylation of the hydroxyl group.
According to one report thiourea and thiocarbanilide add in the mer-
captol form to acrylonitrile; ® according to another report, however,
thiourea and acrylonitrile do not react at 100° in the presence of
alkali.®

The sodium salts of dialkyldithiocarbamic acids, such as dimethyl-
and dibutyl-dithiocarbamic acid and piperidinodithiocarbamic acid, in
aqueous solution add to acrylonitrile to yield the corresponding cyanc-

7 Gershbein and Hurd, J. Am. Chem. Soc., 69, 242 (1947).

8 Bruson, unpublished work.

7 Hollihan and Moss, J. Ind. Eng. Chem., 39, 223 (1947).

8 Harman, U. 8. pat. 2,413,917 [C.A., 41, 2446 (1947)].

8 Gribbins, Miller, and O’Leary, U. 8. pat. 2,397,960 [C.A., 40, 3542 (1946)].
8 Rapoport, Smith, and Newman, J. Am. Chem. Soc., 69, 694 (1947).

8 Clifford and Lichty, U, S. pat. 2,407,138 [(\.A., 41, 488 (1947)].
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ethylated derivatives.® 2-Diethylaminoethanethiol adds readily to
S S

I |
R:NCSH -+ CHe==CHCN — R,NCSCH.CH.CN
acrylonitrile without the use of a catalyst.®

(CoHg)o NCH,CHSH — (CoHg)o NCHCH,SCH,CH,CN

Cyanoethylation of Arsines (Table XIII)

Mann and Cookson % have reported that phenylarsine reacts with
acrylonitrile to give phenyl-bis-(2-cyanoethyl)arsine.

CeHsAsH, + 2CHy—=CHCN — CgHAs(CH,CH,CN),

The reaction is very vigorous with alkaline catalysts such as traces of
potassium hydroxide or sodium methoxide.® Analogous reactions have
been described with p-aminophenylarsine and with diphenylarsine to
give HoNCgHAs(CH;CH,CN), and (CgHj)AsCH,CHLCN, respec-
tively .8

Cyanoethylation of Inorganic Acids and Hydrogen Cyanide (Table XIIT)

Hydrogen chloride, hydrogen bromide, hydrogen cyanide, hypochlo-
rous acid, and sulfurous acid as sodium bisulfite have been added to
acrylonitrile. Many of the carboxylic acids such as formie, acetic, and
benzoic have failed to add either in the presence or absence of alkaline
catalysts.

When hydrogen chloride or hydrogen bromide is passed into acrylo-
nitrile with cooling, the corresponding B-chloropropionitrile or S-bromo-
propionitrile is formed.5:8

Hydrogen cyanide, however, adds to acrylonitrile only when an alka-
line catalyst is present.® In the presence of a small amount of potassium
cyanide, acrylonitrile and hydrogen cyanide combine at atmospheric
pressure to yield succinonitrile.® If a large amount of water and sodium
cyanide react with acrylonitrile at 80°, the product is largely succin-

8 Clinton, Suter, Laskowski, Jackman, and Huber, J. Am. Chem. Soc., 67, 597 (1945).

8 Mann and Cookson, Nature, 167, 846 (1946).

8 Cookson and Mann, J. Chem. Soc., 1947, 618.

& Moureu and Brown, Bull. soc. chim. France, (4) 27, 903 (1920).

® Stewart and Clark, J. Am. Chem. Soc., 69, 713 (1947).

8 GQerman Synthetic Fiber Developments, p. 661, Textile Research Institute, New York,
1946.

% Kurtz, Ger. pai. 707,852 [C.A., 37, 2747 (1943)].
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imide.®* The addition of hydrogen cyanide in the presence of alkalics
to acrylonitrile has been patented by Carpenter.®

Hypochlorous acid does not undergo cyanoethylation. When acrylo-
nitrile is dissolved in water and treated at 0-30° with chlorine or hypo-
chlorous acid, a-chloro-g-hydroxypropionitrile is formed. An excess of
calcium carbonate may be added to neutralize any free hydrochloric
acid formed.%”

HOCI + CH=CHCN — HOCH,CHCICN

Alkali bisulfites in aqueous solution readily add to the «,8-double
bond of acrylonitrile to yield alkali metal salts of S-sulfopropionitrile.®

CHs=CHCN + NaHS803; — NCCH,;CH:50;Na

Cyanoethylation of Haloforms (Table XIIT)

Chloroform % and bromoform % add to acrylonitrile in the presence
of Triton B or potassium hydroxide to give y-trichlorobutyronitrile
(119, yield) and y-tribromobutyronitrile, respectively. Iodoform does

CHCl; + CHy=CHCN — CI3CCH,CHCN

not add to acrylonitrile under the same conditions.

Cyanoethylation of Sulfones (Table XIII)

Mixed aromatic aliphatic sulfones in which the aliphatic earbon atom
joined to the sulfur atom is attached to a multiple linkage add to acrylo-
nitrile in the presence of alkaline catalysts.’® Such sulfones are illus-
trated by CiHzSO,CH,CeH;, CeHsS0;CH;CH==CH,, and Cgl15S0,-
CH,CO3C3Hs. Two molecules of acrylonitrile react.”

([JHzCHzCN (fI‘IzCHzCN CH,CH.CN
|
CeHsSOzCCﬁI‘I5 CeI‘IsSOzCCI’I=CI‘Iz CeHsSOzCCOzCsz
CH,CH,CN CH,CH,CN CH,CH,CN

% Wolz, Ger. pat. 741,156 [C.4., 40, 1173 (1946)].

9 Carpenter, U. S. pat. 2,434,606 [C.A., 42, 2615 (1948)].

9% Tuerck and Lichtenstein, Brit. pat. 566,006 [C.A., 40, 5772 (1946)].

% Carpeuter, U. S. pat. 2,312,878 [C.A4., 37, 5199 (1943)].

% Bruson, Niederhauser, Riener, and Hester, J. .Am. Chem. Soc., 67, 601 (1945).
% Niederhauser and Bruson, U. 8. pat. 2,379,097 [C.A., 39, 4618 (1945)].

9 Bruson, U. S. pat. 2,435,552 (1948)].
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Cyanoethylation of Aliphatic Nitro Compounds (Table XI)

Acrylonitrile reacts with aliphatic nitro compounds having a methinyl,
methylene, or methyl group contiguous to the nitro group. The usual
alkaline catalysts, potassium hydroxide, sodium ethoxide, or Triton B,
are required, 9%, 99100

Nitromethane and acrylonitrile in equimolar quantities with sodium
hydroxide as a catalyst react to give primarily the mono-cyanoethylation
product, O;NCH,CH;CH,CN."  With excess acrylonitrile the crystal-
line tris(2-cyanoethyl)nitromethane, O,NC(CH,CH,CN)j, is the chief
product, and is accompanied by varying amounts of mono- and di-cyano-
ethylation derivatives.’ 1%

Nitroethane yields a mixture of mono- and di-cyanoethylation prod-
ucts, y-nitrovaleronitrile, CH;CH(NQ,)CH;CH;CN, and v-nitro-y-
methylpimelonitrile, CH;C(NO,) (CHo,CHoCN)o. 104102 Similarly, 1-
nitropropane reacts to give a mixture of ColzCH(NO;)CH;CH:CN
and CoH;C(NO,) (CH,CH,CN)s,.

2-Nitropropane,®= 192 nitrocyclohexane,®%® and 9-nitroanthrone,*®?
molecules in which only mono-cyanoethylation is possible, give the
expected products, y-methyl-y-nitrovaleronitrile, l-nitro-1-(8-cyano-
ethyl)eyclohexane, and 9-nitro-9-cyanoethylanthrone, respectively.

CH.
e \2 ~NO; E
CH, C
(CH;).C(NO,)CH;CH,CN H CHzCHzCN
N &

C
CHz ON” CH,CH,CN

Cyanoethylation of Ketones (Table X)

Acrylonitrile reacts with ketones possessing methinyl, methylene, and
methyl groups contiguous to the carbonyl group to introduce one, two,
three, or more cyanoethyl groups.’® The mode of operation and the
catalysts are the same as those described for the cyanoethylation of
alcohols or amines: the oxides, hydroxides, alkoxides, amides, or hy-
drides of the alkali metals, the alkali metals themselves, or especially

% .G Farbenind. A.-G., Fr. pat. 882,027 (1943).

% Wulff, Hopff, and Wiest, U. 8. pat. appln. Ser. No. 404,150 (1943).

10 Buckley and Lowe, Brit. pat. 584,086 [C.A., 41, 3478 (1947)].

19 Buckley and Lowe, Brit. pat. 586,099,

12 Bruson, U. S. pat. 2,361,259 [C.A., 39, 2079 (1945)].
163 Bruson and Riener, J. Am. Chem. Soc., 64, 2850 (1942).
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Triton B; advantageously in the presence of inert solvents or diluents
to control the reaction.

RCOCH3; — RCOC(CH,CHCN)s

Acetone and acrylonitrile in equimolecular proportions give a small
yield of mono-cyanoethylation product, CH3z;COCH,CH,CH,CN. %4
With three moles of acrylonitrile in the presence of sodium hydroxide
or Triton B as catalyst, the crystalline tri-cyanoethylation derivative,
CH;COC(CH,CH,CN)3, is obtained in 75-809, yield,"¥315 and upon
further cyanoethylation a crystalline tetra addition product can be
isolated, NCCH,CH,CH,COC(CH,CH,CN)s;.

The unsymmetrical aliphatic methyl ketones, such as methyl ethyl
ketone,’ methyl n-propyl ketone, methyl isobutyl ketone, methyl
n-amyl ketone, and methyl n-hexyl ketone, react with acrylonitrile in
the presence of alkaline catalysts to cyanoethylate the methylene in
preference to the methyl group.®*%7 The mono-cyanoethylation prod-
uct, CH;COCH (R)CH,CII,CN, is not readily obtained in good yield
since it is cyanoethylated further; with two moles of acrylonitrile the
chief product is CH3zCOC(R)(CH,CH,CN),. Iixcess of acrylonitrile
gives a trisubstitution product, NCCH,CII,CH,;COC(R) (CH,CH,CN),,
in which the methyl group has reacted; higher cyanoethylation deriva-
tives from further reaction of the methyl group have been deseribed.!s
Methyl isobutyl ketone reacts less readily than methyl n-amyl ketone.

Other aliphatic ketones have been studied. Diethyl ketone and excess
acrylonitrile give chiefly a tri-cyanoethylation product,® CH,C-
(CH3;CH,CN),COCH(CH.CH,CN)CIH;. Diisopropyl ketone reacts
sluggishly, probably owing to steric hindrance, but the mono- and
the di-substitution products, (CHj3)yC(CH,CH,CN)COCH(CII3); and
(CH;)C(CH,CH,CN)COC(CH,CH,CN) (CHj)s, have been isolated.?”
Diisobutyl ketone does not react appreciably with acrylonitrile. Di-
benzyl ketone and acrylonitrile combine to give a resinous mixture from
which the tribasic acid, C¢HsC(CH,CH,CO:H),;COCH(CH,CH,-
CO,H)CgH;, has been isolated after alkaline hydrolysis.'® Phenyl-
acetone yields the di-cyanoethylated product, ~v-acetyl-y-phenyl-
pimelonitrile, CsHzC(CH,;CH,CN),COCIHj, in 869, yield.1®

Alicyclic ketones react like their aliphatic analogs but more readily.
Cyclopentanone ¢ and cyclohexanone % and its 4-substituted deriva-
tives 1 react with four moles of acrylonitrile to give products with all

104 Shannon, U. 8. pat. 2,381,371 [C.A., 40, 350 (1946)].

1% Bruson, U. S. pat. 2,311,183 [C.4. 37, 4500 (1943)].

16 Wiest and Glaser, U. S. pat. 2,403,570 [C.A., 40, 6498 (1946)].

17 Bruson, U. S. pat. 2,386,736 [C.A,, 40, 7234 (1946)].
1® Bruson, U. S. pat. 2,287,510 [C.A., 37, 140 (1943)].
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the hydrogens on the two carbon atoms adjacent to the carbonyl group
replaced. The mono- and di-cyanoethylated products have been
isolated, but poly-cyanoethylation takes place very readily and even
with limited amounts of acrylonitrile the tetra addition product is
formed. 2-Methyleyclohexanone is tri-cyanoethylated while o-tetra-
lone ¥ and 2,2,5,5-tetramethyltetrahydrofuran-3-one are di-cyano-
ethylated.
CHg
CHy—CH, Cﬁz CH,

(NCCI‘IzCI’Iz)zé é(CI’IzCI’IgCN)z (NCCIIgCI‘Iz)zé\ /é(CHzCHgCN)z

CO cO
CH,

\CI—Ig

é(onoﬂzom2
NCH:CH,C N

4
"o OHe

0]
O———C(CHz),

C
©/ \gngﬂHzCN)z (CH3)2é}\ /é(CchHch)z
2
N cﬁz co

Aromatic aliphatic ketones react very readily. The methyl ketones,
exemplified by acetophenone and its homologs, p-methyl, p-methoxy-,
p-chloro-, p-bromo-, and p-phenyl-acetophenone, give crystalline tri-
cyanoethylation products, ArCOC(CHy;CH.CN);, in good yields."®
The addition products with one and two molecules of acrylonitrile are
not described. 2-Naphthyl methyl ketone reacts similarly.’® Even
acetomesitylene, which frequently enters into reaction in its enol form,
gives a 309, yield of the tri-cyanoethylation product.1%

Propiophenone and desoxybenzoin represent molecules with only
two hydrogens on the carbon attached to the carbonyl group and thus
di-cyanoethylation derivatives result, y-benzoyl-y-methylpimelonitrile,
CsH;COC(CH;3)(CH,CH,CN),, and CyHzCOC(CeHj) (CHo,CHoCN)s.

Heterocyclic alkyl ketones are equally reactive. 2-Thienyl methyl
ketone and 2-furyl methyl ketone yield crystalline tri-cyanoethylation
products,®% and 2-thienyl ethyl ketone and 2-furyl ethyl ketone yield
di-cyanoethylation products.®

[[ g jl COC(CH.CH,CN), [[ S ]l COC(CH,CH.CN),CH,
0)

)
0 Brugon, U. 8. pat. 2,394,962 [C.A4., 40, 2848 (1946)].
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The methylene group in B-keto esters and their derivatives reacts
with acrylonitrile in the presence of alkaline catalysts.10310%10%110  Thyg
methyl or ethyl acetoacetate and the anilide, o-chloroanilide, and 2,5~
dichloroanilide ¥ give di-cyanoethylation products, CH;COC(CHg-
CH,CN)3CO.R and CH;COC(CH;CH,CN),CONHAr.

Several 1,3-diketones which have been studied have failed to react
with acrylonitrile; among these are 1,3-cyclohexanedione and methylene-
bis-dihydroresorcinol.®* The explanation offered is that the high degree
of acidity effectively neutralizes the catalyst. It is essential that the
reaction mixture be alkaline to moist litmus for the reaction to occur.®
A similar explanation is given for the non-reactivity with acrylonitrile
of 1-phenyl-3-methylpyrazolone, which exists primarily in the enol
form.®

CH=COH
NCeI

On the other hand, certain 1,3-diketones in which one carbonyl group
is part of an alicyeclic ring react readily with acrylonitrile in the presence
of aqueous potassium hydroxide or Triton B to introduce a cyanoethyl
group between the two carbonyl groups.® 2-Acetyleyclopentanone,
2-acetylcyclohexanone, and 2-acetylcycloheptanone all react similarly.
Boese has described the cyanoethylation of certain 2,4-diketones, notably
acetylacetone, benzoylacetone, 3-benzylpentane-2,4-dione and 3-ethyl-
pentane-2,4-dione. 11,112

CH, ’ CH,
/. /.
cf, cH, cf, CH,
| | + CH~CHCN — | | CH,CH,CN
CH, CHCOCH, CH, c<
/S \. / “COCH;
co co

Mesityl oxide, an «,f-unsaturated ketone, reacts with two moles of
acrylonitrile in the presence of Triton B to give a 739, yield of a crystal-
line di- and a 109, yield of a liquid mono-cyanoethylation product. The
latter upon further treatment with acrylonitrile is converted to the
former. The structures of both products have been established,® the
mono- as a derivative of the «,8-unsaturated form and the di- as a
derivative of the 8,y-desmotrope. The mono-cyanoethylation product

10 Wiest and Glaser, U. S. pat. 2,396,626 [C.A4., 40, 3771 (1946)].

11 Boese, U. S. pat. 2,438,961 (1948).
12 Boese, U. S. pat. 2,438,804 (1948).
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may result from an initial reaction with the desmotropic form followed

(CH3),C=CHCOCH; &5 CHy==CCH,COCH3

CH;
CH,CH,CN
(CH3):C=CCOCH; CHy=C——-CCOCH;
CH,CH,CN (IJHg éHzCHzCN

by rearrangement to the «,8-unsaturated ketone.

The B,y-unsaturated ketone, 2-cyclohexenyleyclohexanone, adds to
acrylonitrile to yield a crystalline mono-cyanoethylation product in
which the hydrogen of the methinyl group has reacted. Further cyano-
ethylation then occurs on the methylene group adjacent to the carbonyl.®

CH, CH,
RN 7\
CH,; CH, CH, CH,
| | ,CH,CH,CN | | CH,CH,CN
CH, C< (NCCH,CH,)C C
/

WO TN
Co Co

Acrylonitrile reacts with polyketones to cyanoethylate the methylene
groups adjacent to the carbonyl groups. Polymeric ketones obtained
from carbon monoxide and olefins, the polymers of methyl vinyl ketone
and of methyl isopropenyl ketone, and copolymers of alkyl vinyl ketones
with olefins and diolefins have been used in this reaction.s

Cyanoethylation of Aldehydes (Table X)

Acrylonitrile reacts in the presence of alkaline catalysts with those
aldehydes in which the a-carbon atom has one or more hydrogen atoms.

Formaldehyde reacts as methylene glycol with acrylonitrile and yields
derivatives which were discussed under alcohols (p. 93).

Acetaldehyde aldolizes and resinifies readily in the presence of alkalies
and therefore yields a mixture of cyanoethylation products.™ With
concentrated aqueous sodium hydroxide or with sodium cyanide as
catalyst, a mixture of y-cyanobutyraldehyde and y-formylpimelonitrile

13 Mortenson, U. S. pat. 2,396,963 [C.A., 40, 3937 (1946)].
14 Bruson and Riener, U. 8. pat. 2,353,687 [C.A., 38, 6432 (1944)].
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is produced in combined yield of 40-509, with the first catalyst and

389, with the second catalyst.15 11
CI‘I2CH20N

CH;CHO + CH~CHCN — NCCH.CH,CH,CHO - (IJHCHO
CH,CH,CN

Propionaldehyde and acrylonitrile give a-methyl-y-cyanobutyralde-
hyde and y-methyl-y-formylpimelonitrile in 5% and 259, yields, re-
spectively .15 116

Dialkylacetaldehydes, such as isobutyraldehyde, diethylacetaldehyde,
and 2-ethylhexanal, are more stable to alkaline reagents and undergo
cyanoethylation readily. Isobutyraldehyde and acrylonitrile with
saturated aqueous sodium hydroxide as catalyst at 65-80° give a 35-409,
yield of a,a-dimethyl-y-cyano-n-butyraldehyde, (CH3),C(CH;CH,CN)-
CHO.M6 It is reported that the same product is obtained by use of 209,
aqueous potassium cyanide as catalyst at a temperature of 80-90°17
In the other dialkylacetaldehydes in which cach of the alkyl groups has
at least two carbons, the yields of cyanoethylation products with 509
aqueous potassium hydroxide as catalyst arc about 809.118

R;CHCHO — R,C(CH,CH,CN)CHO

a-Ethyl-g-propylacrolein and acrylonitrile in equimolar quantities in
the presence of concentrated aqueous or methanolic potassium hydroxide
react, even though an a-hydrogen is lacking in the aldehyde, to give a
509, yield of product. Apparently a hydrogen atom and the double
bond undergo a shift which permits the introduction of a cyanoethyl
group in the rearranged product.™

Csz Csz
CH30H20H20H=JJ—CI-IO + CHy=CHCN — CH3CHyCH=CHCCHO
HoCHoCN

The behavior of acrylonitrile with benzaldehyde in the presence of al-
kaline catalysts has not been explained. Two products are formed: one
a liquid, b.p. 225-230°/5 mm., consisting of one molecule of benzalde-
hyde and two of acrylonitrile; and the other a colorless solid, m.p. 73°,
b.p. 27G°/3 mom. 1M

15 &, I. du Pont de Nemours & Co., Brit. pat. 576,427 (1946).
118 Walker, U. S. pat. 2,409,086 [C.A., 41, 1235 (1947)].

7 1.G. Farbenind. A.-G., Fr. pat. 886,846 (1943).

18 Bruson and Riener, J. Am. Chem. Soc., 66, 56 (1944).
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Cyanoethylation of Derivatives of Malonic and Cyanoacetic Acids
(Table XI)

Acrylonitrile and the esters or amides of malonic acid react at 30-50°
in the presence of alkaline catalysts, in particular sodium, sodium ethox-
ide, potassium hydroxide, or Triton B, to form mono- or di-cyanoethyla-
tion products.” Monoalkylated malonic esters are mono-cyanoethylated
under the same conditions.?% 110

(’302R ?OzR CONH,
CHCH,CH,CN C(CH,CH,CN), C(CH,CH.CN),
CO:R COqR CONH,

From equimolar quantitics of acrylonitrile and ethyl malonate with
sodium ethoxide as a catalyst, a 40-459, yield of a mono-cyanoethyla-~
tion product results, NCCH,CHyCH(CO,CoHg)o.® This same prod-
uct 1s obtained in small amounts when sodium is used as catalyst, but
the di-cyanoethylated malonic ester, y,y-dicarbethoxypimelonitrile, is
formed chiefly.1® An 82.59, yield of this latter compound results from
the condensation of two moles of acrylonitrile and one mole of malonic
ester in the presence of Triton B; malonamide reacts equally well to
give an analogous product.®”

Of the monoalkylated diethyl malonates, ethyl, n-butyl, benzyl,? and
cyclopentyl 10 have been studied, and they react smoothly with one
mole of acrylonitrile, sodium alkoxide or Triton B being used as catalyst.
All the products have the formula RC(CH,CHCN) (CO2R)s.

Ethyl cyanoacetate and two moles of acrylonitrile give with Triton B
essentially a quantitative yield of y-carbethoxy-y-cyanopimelonitrile,
CoH50,CC(CN)(CHy;CH3CN)2.37  Sodium, sodium hydroxide, and
cyclohexylamine have also been used as catalysts in this reaction.'
Cyanoacetamide and acrylonitrile with Triton B give a 709, yield of
NCC(CONH;) (CHCH,CN),.57

Cyanoethylation of Arylacetonitriles (Table XII)

Benzyl cyanide and substituted benzyl cyanides, ArCH,CN, react
vigorously with acrylonitrile if traces of strong bases are present. It
is usually difficult to isolate the mono-cyanoethylation products in good
vield, but the di-cyanoethylation products are obtained in excellent yields.

19 Lochte, Thomas, and Truitt, J. Am. Chem. Soc., 66, 551 (1944).
120 Koelscly, J. Am. Chem. Soc., 65, 2458 (1943).
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The reaction resembles that which takes place with certain aryl sulfones
and related compounds described in the section on sulfones (p. 98).

Benzyl cyanide and acrylonitrile in equimolar proportions with sodium
cthoxide as a catalyst give a 20-33% yield of a-phenylglutaronitrile,
CeHsCH(CH,CH,CN)CN.2 A solution of benzyl cyanide in tert-butyl
alcohol with a little potassium hydroxide as a catalyst rapidly takes up
two moles of acrylonitrile to form y-cyano-y-phenylpimelonitrile in 949
yield.# 21 With sodium as a catalyst, a 78.59, yield is reported.®

p-Nitrobenzyl cyanide in dioxane solution with Triton B catalyst
gives a2 919, yield of y-cyano-y-(p-nitrobenzyl)pimelonitrile.¥ p-Chloro-
benzyl cyanide, p-isopropylbenzyl cyanide, and «-naphthylacetonitrile
have also been di-cyanoethylated in good yield.!??

Cyanoethylation of a,B-Unsaturated Nitriles (Table XII)

Crotononitrilereacts with acrylonitrilein the presence of basic catalysts,
in particular Triton B, to give two products, a-ethylidene glutaronitrile
and y-cyano-y-vinylpimelonitrile.?»1%# The same products are obtained
from allyl cyanide and acrylonitrile with Triton B. a-Ethylidene-
glutaronitrile is converted to y-cyano-y-vinylpimelonitrile by means of
acrylonitrile and catalyst. The exact mechanism for the formation of
these two products is not clear though the presumption is that allyl
cyanide, which is desmotropic with crotononitrile, is probably the form
which reacts with the acrylonitrile. The sequence of reactions may be
formulated in the following way.
CH,CH=—CHCN = CH,—=CHCH,CN 2N,

[ CHgCHgCNZI CH,CH.CN

CHy;=CHCN

| |
CH=CHCHCN > CHy=CHCCN

CH,CH,CN
CH,CH.CN

|
CH,CH=CCN

The «,8-unsaturated nitrile represents the stable form after mono-
cyanoethylation; the S8,y-unsaturated nitrile is the only possible form
for the di-cyanoethylated derivatives.®® The reaction resembles that
of mesityl oxide described in the ketone section (p. 102).

121 Hester and Bruson, U. S. pat. 2,305,529 [C.A., 37, 3206 (1943)].

122 Rubin and Wishinsky, J. Am. Chem. Soc., 68, 828 (1946),
12 Bruson, U. 8. pat. 2,352,515 [C.A., 38, 5622 (1044)].
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B-Methylerotononitrile, (CH;);C=CHCN, and methallyl cyanide,
CH,=C(CH;)CH,CN, react in a similar manner to yield (CH;),C=C-
(CH,CH,CN)CN and CHy=C(CH;3)C(CH,CH,CN),CN.3 Another
example of a similar rearrangement is that which takes place upon
reaction of cyclohexylideneacetonitrile and acrylonitrile to give a,a-di-
(2-cyanoethyl)cyclohexenylacetonitrile 1%

CH.CH, CH,CH, CH;CH,ON
7 VAN
CH, C=CHCN — CH, C—CON
N L N7 |
CH,CH, CH;CH  CH,CH,CN

Cyanoethylation of Cyclic Dienes (Table XIII)

Cyclopentadiene reacts with acrylonitrile in the absence of a catalyst
to form a 1,4-adduct of the Diels-Alder type.* In the presence of Triton

CH=CH CH—CH—CH,
[ SCH; + CH=~CHCN — [
CH=CH CH,

|
CH—CH—CHCON

B, however, the Diels-Alder addition is completely repressed and all six
hydrogen atoms in cyclopentadiene react to give a crystalline hexa-
cyanoethylation derivative, accompanied by a mixture of lower poly-
cyanoethylation products.’

NCH;CH,CC——CCH,CH,CN
NCH,CH,CC CCH,CH,CN
N/

C
RN
NCCH,CH, CH,CH,CN

The fulvenes behave in a similar manner.”?* No Diels-Alder reaction
occurs in the presence of Triton B when dimethylfulvene and acrylo-
nitrile react. Only cyanoethylation products are formed.

Acrylonitrile and w,w-dimethylbenzofulvene with Triton B yield a
crystalline mono-cyanoethylation product whose structure is uncertain.

‘ CH,CH.CN ‘
7w (]
CH,CH,CN

o C
YN s
CH, o, H.C” “CH,

124 Brugon, J. Am. Chem. Soc., 64, 2457 (1042).
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Indene with acrylonitrile and Triton B as catalyst yields primarily a
crystalline iris(2-cyanoethyl)indene even when equimolar quantities of
reactants are employed. A small amount of di-cyanocethylation product
may be isolated. With three mole equivalents of acrylonitrile the yield
of primary product is over 909,.2% Fluorene and anthrone with acrylo-

@E—j @jj ©:—JCH20H20N

NCCHzCHz CHzCHzCN NCCHzCHz CHzCHzCN

nitrile and Triton B give exclusively di-cyanoethylation products in
75-809, yields.2428 The reactions of indene, fluorene, and anthrone

L

~
NCCH,0H,  CH,CH,CN NCCH;CHz “CH,CH.ON

with acrylonitrile take place at room temperature with evolution of
heat. In order to prevent excessive polymerization of the acrylonitrile
and to allow cyanoethylation to go to completion, the use of inert
solvents such as Zert-butyl alcohol or dioxane, which dissolve the solid
methylene compounds and moderate the reaclion, is helpful.

EXTENSION OF THE REACTION TO HIGHER HOMOLOGS OF ACRYLO-
NITRILE

Substituted acrylonitriles such as e-methylacrylonitrile and crotono-
nitrile react less readily than acrylonitrile with the various classes of
compounds considered in the preceding scetion of this chapter. It has
not been possible to add aldehydes or ketones to a-methylacrylonitrile,
although strongly basic amines such as piperidine do add toit.32 Alcohols
add to a-methylacrylonitrile, but the yields of alkoxy nitriles resulting
are much lower than in the comparable reactions with acrylonitrile.??
Crotononitrile is much more reactive than a-methylacrylonitrile. Alco-
hols,’*® amines, and nitroparaffins 3 add readily to crotononitrile, and
fluorene can be added to it.**¥

B-Vinylacrylonitrile reacts readily with nitroparaffins, malonic ester,
and highly enolized ketones such as acetoacetic ester under conditions
similar to those used for cyanoethylation to yield addition products

1% Bruson, U. 8. pat. 2,280,058 [C.4., 36, 5188 (1942)].

126 Bruylants, Bull. soc. chim. Belg., 31, 225 (1922 [C.A., 17, 1427 (1923)].
7 Bruson, U. S. pat. 2,301,518 [C.A., 37, 2101 (1943)].
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containing the —CH;CH=CHCH,CN group in place of one or more of
the reactive hydrogen atoms.?8

EXPERIMENTAL CONDITIONS AND PROCEDURES

Acrylonitrile boils at 78° and is soluble in water to the extent of
about 7.83%, at 20°. Its vapor is toxic, and it should therefore be
handled with due caution, preferably in a well-ventilated room or in a
hood. Many cyanoethylation reactions are slow in starting and become
strongly exothermic rather suddenly. It is advisable therefore to pro-
vide a cooling bath of ice water and to add the acrylonitrile dropwise
with stirring to the other component advantageously in the presence
of an inert solvent. Most cyanoethylation products are soluble in
ethylene dichloride, and this solvent can be used to extract them from
the reaction mixture or from any polyacrylonitrile that may be formed.

Ethylamine and Acrylonitrile; Preparation of B-Ethylaminopropio-
nitrile and bis(2-Cyanoethyl)ethylamine.? One hundred and six grams
(2 moles) of acrylonitrile is added to 200 g. (3 moles) of a 709, aqueous
solution of ethylamine over a period of two hours while the temperature
is kept below 30°. The reaction mixture is stirred at room temperature
for five hours and finally heated on the steam bath for one hour. After
the reaction mixture has stood overnight, the water is removed by
adding 50 g. of anhydrous potassium carbonate and separating the
aqueous layer. Distillation at 92-95°/30 mm. gives 177 g. (909%) of
p-ethylaminopropionitrile.

When 130 g. (2 moles) of 709, ethylamine solution is added to 250 g.
(4.7 moles) of acrylonitrile and the warm mixture heated on the steam
bath for two hours and worked up as indicated above, 180.5 g. (609%)
of bis(2-cyanoethyl)ethylamine, b.p. 202-205°/30 mm., is obtained.

Carbazole and Acrylonitrile; Preparation of 9-(B-Cyanoethyl)carba-
zole.? An intimate mixture of 167 g. (1.0 mole) of carbazole and 250 ml.
(3.8 moles) of acrylonitrile is cooled in an ice bath, and 2 ml. of a 409
solution of benzyltrimethylammonium hydroxide (Triton B) is added
to the well-stirred mixture. Upon addition of the catalyst a vigorous
reaction ensues; the mixture warms up, and the pasty mass partially
solidifies. The mixture is heated on the steam bath for one hour, and
upon cooling a mass of crystals separates from the solution. These are
removed by filtration and combined with a second crop of crystals ob-
tained by concentrating the mother liquors. The yield is 188 g. (85.49,);
m.p. 155.5°,

128 Charlish, Davies, and Rose, J. Chem. Soc., 1948, 227, 232,
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p-Anisidine and Acrylonitrile; Preparation of B-(p-Anisidino)propio-
nitrile.? Equimolecular quantities of p-anisidine and acrylonitrile are
refluxed with acetic acid (25 ml. per mole) for twelve hours. The mixture
is dissolved in ether, washed successively with water and 5%, bicarbonate
solution, dried, and distilled. The yield of material boiling at 247°/0.7
mm. is 709,.

Butanol and Acrylonitrile; Preparation of B-n-Butoxypropionitrile.”
A mixture of 148 g. (2.0 moles) of n-butanol and 2 g. of 409, benzyltri-
methylammonium hydroxide (Triton B) is stirred under a reflux con-
denser while 106 g. (2 moles) of acrylonitrile is added at a rate such
that the temperature does not exceed 45°. The mixture is stirred an
hour after all the acrylonitrile has been added, made acidic with acetie
acid, and fractionated in vacuum through a jacketed Vigreux column.
The product boils at 98°/20 mm.; yield, 219 g. (869,).

Ethylene Cyanohydrin and Acrylonitrile; Preparation of bis-2~
Cyanoethyl Ether.% To a stirred mixture of 710 g. (10 moles) of ethylene
cyanohydrin and 25 g. of 209, aqueous potassium hydroxide, 530 g.
(10 moles) of acrylonitrile is added dropwise during the course of two
and three-quarters hours while the reaction temperature is maintained
at 40°. The mixture is stirred for eighteen hours at room temperature.
It is then neutralized with dilute hydrochloric acid and evaporated to
dryness in vacuum (30 mm.) on a steam bath. The residual oil, which
weighs 1197 g., is distilled in vacuum to give 1126 g. (919;) of the
product as a colorless liquid boiling at 155-165°/3 mm.

Formaldehyde, fert-Butyl Alcohol, and Acrylonitrile; Preparation of
fert-Butyl 2-Cyanoethyl Formal.®® To a rapidly stirred suspension of
30 g. (1.0 mole) of paraformaldehyde, 100 g. of tert-butyl aleohol, and
5 g. of 309, methanolic potassium hydroxide, 53 g. (1.0 mole) of acrylo-
nitrile is added dropwise during thirty minutes. The temperature rises
spontaneously from 25° to about 45°, and the paraformaldehyde goes
into solution. The mixture is stirred and heated for an hour and a half
at 35-40° to complete the reaction. It is then filtered to remove a small
amount of undissolved paraformaldehyde, and the filtrate is washed
several times with water until it is no longer alkaline to litmus. The
washed oil is then distilled in vacuum to yield 63 g. (409%) of the formal,
(CH;)3COCHo0OCHoCH,CN, which boils at 100-102°/10 mm.

B-Naphthol and Acrylonitrile; Preparation of 1-(2-Cyanoethyl)-2-
hydroxynaphthalene.”™ A mixture of 55 ml. of benzene, 29 g. (0.2 mole)
of B-naphthol, 9 g. of sodium hydroxide pellets, and 12 g. (0.22 mole) of
acrylonitrile is heated on a steam bath under a reflux condenser for two
hours. Then 100 ml. of cold water is added and the mixture stirred
until all the alkali has dissolved. The aqueous layer is separated and
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acidified with acetic acid to yield 37 g. (939,) of product which, after
recrystallization from ethanol, melts at 142°.

Sodium Sulfide and Acrylonitrile; Preparation of bis-2-Cyanoethyl
Sulfide.”® To a stirred solution of 480 g. (2.0 moles) of sodium sulfide
nonahydrate and 400 g. of water, 212 g. (4.0 moles) of acrylonitrile is
added dropwise while cooling to 12-20°. After the addition, which
requires about one and one-quarter hours, the mixture is stirred at room
temperature for four hours. The product usually crystallizes, especially
if seeded and cooled. If it does not crystallize, the oil is taken up in
benzene, washed with water, and dried in vacuum at 95°. The 247 g.
of residual oil upon distillation in vacuum yields 240 g. (86%) of product
boiling at 160-170°/0.5-1 mm. which crystallizes on cooling.

Hydrogen Cyanide and Acrylonitrile; Preparation of Succinonitrile.®
A mixture of 300 g. (5.7 moles) of acrylonitrile and 3 g. of potassium
cyanide is stirred under a good reflux condenser with 50 g. (1.9 moles)
of liquid hydrogen cyanide. After the mixture has been warmed to
35° for a short time the reaction becomes exothermic and is held at
55-60° by cooling. When the reaction slows down, 105 g. (3.9 moles)
of hydrogen cyanide is added dropwise. The reaction is completed by
warming for two hours at 60-70°. The product is distilled directly in
vacuum to give 424 g. (939) of succinonitrile, b.p. 158-160°/20 mm.

Benzyl Phenyl Sulfone and Acrylonmitrile; Preparation of 3-(3-
Phenyl-1,5-dicyano)amyl Phenyl Sulfone.% To a stirred solution of 5.8 g.
(0.025 mole) of benzyl phenyl sulfone, C¢HzCH,SO,C¢Hjs, 40 g. of
acetonitrile, and 0.5 g. of Triton B at 32-38°, there is added 2.7 g. (0.05
mole) of acrylonitrile. The mixture is then stirred for eighteen hours
at room temperature and neutralized with dilute hydrochloric acid.
The produet is washed with water and dried in vacuum at 95°. The 5 g.
of residual oil crystallizes when mixed with ethanol and, after two
recrystallizations from ethanol, forms colorless crystals, m.p. 180°
(yield 559%).

Acetone and Acrylonitrile; Preparation of 1,1,1-fris(2-Cyanoethyl)-
acetone.l® To a stirred solution of 29 g. (0.5 mole) of acetone, 30 g. of
tert-butyl aleohol, and 2.5 g. of 309 ethanolic potassium hydroxide solu-
tion cooled to 0-5° a solution of 80 g. (1.5 moles) of acrylonitrile and
37 g. of tert-butyl aleohol is added dropwise during the course of one
and a half hours while the reaction temperature is maintained at 0-5°.
The mixture is then stirred for two hours at 5°, and the crystalline prod-
uct is filtered with suction. The yield is 84 g. (79.59%,), and the product
melts at 154° after crystallization from hot water.

Methyl Acetoacetate and Acrylonitrile; Preparation of Methyl a,a-
Di(2-cyanoethyl)acetoacetate.!® To a solution of 58 g. (0.5 mole) of
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methyl acetoacetate, 100 g. of dioxane, and 7 g. of Triton B there is
gradually added 53 g. (1.0 mole) of acrylonitrile at 30-40°. After stirring
for one to three hours the crystalline product is filtered. The yield is
55 g. (509,), and the product melts at 154° after crystallization from
acetone.

2-Ethylbutyraldehyde and Acrylonitrile; Preparation of 2-(2-Cyano-
ethyl)-2-ethylbutyraldehyde.”* To g stirred solution of 700 g. (7 moles)
of freshly distilled 2-ethylbutyraldehyde and 20 g. of 509, aqueous
potassium hydroxide solution, 408 g. (7.7 moles) of acrylonitrile is added
dropwise during two hours at 55-58°. The mixture is stirred for ninety
minutes longer, until the exothermic reaction has ceased, and finally is
heated for one hour at 55° to complete the reaction. The product is
acidified to congo red with dilute hydrochloric acid, washed twice with
water, and dried under reduced pressure at 90°; the 1018 g. of residual
oil is distilled in vacuum in a current of nitrogen. The product distils
at 115-125°/4-6 mm. as a colorless oil. The yield is 821 g. (76.69).

Ethyl Malonate and Acrylonitrile; Preparation of vy,y-Dicarbethoxy-
pimelonitrile.¥” To a stirred solution of 80 g. (0.5 mole) of ethyl malo-
nate, 100 g. of dioxane, and 10 g. of Triton B, 53 g. (1 mole) of acrylo-
nitrile is added dropwise during forty minutes while the reaction mixture
is being cooled to 30-35°. The mixture is stirred for two hours at room
temperature; then it is neutralized with dilute hydrochloric acid and
poured into 1 1. of ice water. The product separates as an oil which
rapidly solidifies to a white crystalline mass. The yield is 110 g. (82.79%,),
and the melting point is 62° afier crystallization [rom ethanol.

Benzyl Cyanide and Acrylonitrile; Preparation of y-Cyano-y-phenyl-
pimelonitrile.¥” A solution of 10.6 g. (0.2 mole) of acrylonitrile in 10 g.
of tert-butyl alecohol is added dropwise to a stirred solution of 11.7 g.
(0.1 mole) of benzyl eyanide, 25 g. of tert-butyl aleohol, and 1 g. of 309,
of methanolic potassium hydroxide solution at 10-25°. The mixture is
stirred for two hours at 10-25°, then neutralized with dilute hydrochloric
acid and diluted with 25 ml. of ethanol to aid filtration of the crystalline
product. The yield is 21 g. (949,). The melting point is 70° after
crystallization from ethanol.

Fluorene and Acrylonitrile; Preparation of bis-9,9-(2-Cyanoethyl)-
fluorene.** During one hour, 111.3 g. (2.1 moles) of acrylonitrile is
added dropwise to a rapidly stirred solution of 166 g. (1.0 mole) of
fluorene, 500 g. of dioxane, and 5 g. of Triton B, while the reaction
temperature is maintained at 30-40° by ocecasional cooling with ice
water. The solution is then stirred for three to six hours at room temper-
ature to complete the reaction. At the end of this time, the dark brown
solution is neutralized with dilute hydrochloric acid, and, without
interruption of the stirring, 800 ml of water is added to precipitate the
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product in granular form. The filtered and air-dried product weighs
250 g. Upon recrystallization from 500 ml. of ethanol, the product
separates as faintly yellow crystals, m.p. 118-119°. The yield is 201 g.
(749,). One more recrystallization from ethanol, using Norit, gives
the pure compound as white needles, m.p. 121°,

TABLES OF CYANOETHYLATION REACTIONS

The following tables include the examples of cyanoethylation reactions
described in the literature covered by Chemical Abstracts through 1947.
A few articles that appeared in 1948 have been included. Attention is
called to the fact that patents sometimes contain reports of cyanoethyl-
ation reactions but do not give the properties of the products. Products
whose physical properties have not been reported are not included in
the tables.

TABL} I

CYANOETHYLATION 0¥ ANMMONIA

Ratio of Moles Yields of Products
of Aminonia Temp. Time Refer-
.l:(;llell(i:rﬁi ¢ . HoNCHCON | 1IN(CHCN)z | N(CHCNyy | T
% % %
20 * 30-33 24 39 39 — 5
15 * 30-33 24 36 40 — 5
10 * 30-33 24 35.6 53 — 5
7.5% 30-33 24 32.6 54.5 — 5
5* 30-33 24 23 58.6 —_ 5
2% 30-33 24 9 67.6 —_ 5
1%* 30-33 3 — 85 — 32
0.55 % 30-33 24 0 87.2 — 5
0.5 % 30-33 24 0 85 — 5
0.53 * 30 —_ 1.7 88.5 6.0 3
0.56 * 30 —_ 5.8 83.5 1.0 3
5.9 % 30 — 23.9 H58.0 3.3 3
7.5¢ 30-33 24 30 57 -- Bl
57 30-33 24 19 — —_ ]
7.5% 30-33 24 26 66 — H
1.25 § 90 0.5 12.5 75 — 1
83§ 40 — 22 64 — 2
7.5 — 24 38.3 53.2 — 5
5 — 24 34.4 58.5 — 5
4 — 24 35.5 57.8 — 5
3 — 24 33.2 61 — 5
2 — 24 24.6 68.6 — 5
3-10 * 110 2-5 min. 60-80 18 — 4

* 28-30%, aqueous NHj.
T 22% aqueous NIH3.
146% nqueous NI3.
§ Lignid NBLy in senled tubo.

|| 28 314 nquaons N1(g mmder pressure and ne cooling.



TABLE II

CYANOETHYLATION OF PRIMARY AMINES

Ratio of Moles

of Amine to | Temp. | Time Product Yield | Refer-
Moles of °C. Hr. % ence
Acrylonitrile
Hydrazine * 1 Cooling | — H,NNHCH,CH,CN 90 1
Hydroxylamine hydrochloride § 0.7 30 2 HONHCH.CHCN 100 1
Methylamine 1.2 Cooling | 24 CH3NHCH,CHyCN 78 9
Methylamine 1 1.1 80 | 6 |CHZN(CHCH:CN): — 9
Methylamine * 1.5 - <30 24 CH3NHCHCH,CN 71 10
Ethylamine § 1.5 Cooling | 5| | CoH;NHCH,CH,CN 90.4 2
Ethylamine § 0.42 Boiling | 2 CoH; N(CHCH2CN)2 60 2
Ethylamine * 1.5 <30 24 CyH;NHCH,CH.CN 84 10
n-Propylamine 1.5 <30 | 5] |n-CsH;NHCH,CH,CN 92 10
Isopropylamine 1.5 <30 {24 150-CsHyNHCH,CH,CN 95 11
n-Butylamine 1 10-30 1 n-C HyNHCH,CH,CN 100 1
n-Butylamine 1.5 <30 5[ [n-CiHoNHCH;CHCN 98 10
sec-Butylamine 1.5 <30 5] |sec-CsHNHCHCH.CN 83 10
teri-Butylamine 1.5 <30 5] |tert-C,HNHCHCHoCN 56 10
n-Amylamine 1 50 | — n-CgHy NHCH,CH.CN 88 14
Cyclohexylanﬁne 1 Reflux 1 CeHuNHCHzCHzCN 80 1
Cyeclohexylamine 1.5 <30 | 5] |CeHNHCH,CH,ON 92 10
Benzylamine 1 — | — CeH;CH:NHCH,CH,CN 73 15
p-Anisidine 1 Reflux | 12 CH;0CHNHCH,CH,CN 70 23

41!
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Ethanolamine — —
Ethanolamine 1 Cooling
v-Diethylaminopropylamine 1 50
v-Diethylaminopropylamine
Morpholincethylamine — —
Morpholinopropylamine — —
8-(3-Aminopropylamino)-6-methoxy- 1 25
quinoline
1-Naphthylamine 0.5 160

16

HOCH;CHN(CH2CHoCN),
HOCH,CH,NHCH.CH.CN
(CoH;5):NCH;CH,CH, NHCH2CHCN
(CoH;)sNCHyCH,CHoN(CH;CHCN)o
OCHgNCH,CH:NHCH;CHyCN
OCHsNCH,CH,CH,NHCH2CHCN
8-[3-(2’-Cyanoethylamino)-propylaminol-6-
methoxyquinoline
N-(8-Cyanoethyl)-1-naphthylamine

100
79.4

81.5
76

ﬁl\’)l\’)l\’)l\’)gl\’)

* In aqueous solution.

1 In methanol.

1 In sealed tube.

§ A 70% agueous solution.

|| With later heating on the steam bath.

9 In glacial acetic acid as catalyst.

#* Allowed to stand forty-eight hours at room temperature after heating.

NOILVIAHILHONVAD
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TABLE III

CYANOETHYLATION OF SECONDARY AMINES

Amine Tezgp. TIl{l; I.C Product, Y:;;d Reference
Diethyl- 50 24 ¥ (CoH;)eNCH,CHCN 97 2
Diethyl- Reflux 81 (CoHz5)eNCH,CH.CN 74 2
Diethyl— Reflux 0.51 (CoH;5)eNCH;CH,CN a3 2
Diethanol- 60 — (HOCHCH,)e NCH,CH,CN 100 19
Diethanol- 30 8 (HOCH2CH,)s N CH,CHCN 94 2
N-Ethyl-ethanol- 50 24 (CoH;)(HOCH,CH) NCH,CH.CN 72 14
Methyl-n-propyl- 95 24 (CHg)(n-C3Hy7) NCHoCH,CN 93 16
Methylisopropyl- § 95 24 (CHs)(is0-C3H7) NCHyCHoCN 76 16
Methylisobutyl- § 95 24 (CH3)(is0-C4Hg) NCH2CH,CN 78 16
Methyl-n-butyl- § 95 24 (CH3)(n~-C4Hg)NCHCH CN 83 16
Methyl-sec-butyl- § 95 21 (CH3)(sec-C4Hg) NCHCH,CN 87 16
Ethylisopropyl- 95 2% (CoHj5)(zs0-CsH7) NCHoCHCN 31 16
Isopropyl-n-propyl- § 95 24 (n-CsHy) (4s0-C3H7) NCH;CHCN 80 16
Di-n-propyl- 50 24 * (n-C3Hy)e NCH.CH2CN 88 2,14
Diisopropyl- 50 24 % (iso-C3Hy)e NCH2CH,CN 12 14
Methyl-2-pentyl- § 95 24 (CH3)(CsH,) NCH,CH;CN 89 16
Methyl-3-pentyl- § 95 24 (CH3)(Cs;H;pNCHCH,CN 81 16
Ethyl-isobutyl- § 95 24 (CoH5)(¢s0-CHg) NCH;CH.CN 56 16
Methyl-2-(3-methylbutyl)- § 95 24 (CH3)(C;H1)NCHCHCN 66 16
Methyl-4-(2-methylpentyl)-§ 95 24 (CH3)(CeH13) NCHoCH.CN 92 16
n-Butyl-n-propyl- § 95 24 (C4Hg)(C3H)NCH,CH,CN 61 16

w1
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sec-Butyl-n-propyl-
Isobutyl-n-propyl- §
4-Heptyl-methyl- §
Di-n-butyl-

Diisobutyl-
n-Butyl-sec-butyl-
Di-n-amyl-
Di-n-hexyl-
Di-n-octyl-
Di-2-ethylhexyl-
Di-2-ethylhexyl-
Di-(y-diethylaminopropyl)-
~y-Diethylaminopropyl-
Benzyl-methyl-
Cyclopentyl-methyl- §
Cyclohexyl-methyl- §
Cyclopentyl-ethyl-
Cyclopentyl-n-butyl- §
N-Methylaniline T
N-Methylaniline **

95
95
95
75
50
50
50
95
50
50
100
100
100 ||
50
95
95
95
95
180
Reflux

24
24
24

24 *
24 *
24 *
24
24
24 *
100 *
100 *

24 *
24 %

o
~

24
24
24

4
12

(sec-CyHg)(CsH7) NCHoCH,CN
(iso—C4H9) (C3H7) NCHgCHzCN
(C7H15)(CHg)NCHCH,CN
(n-C4Hg)eNCHCHCN
(n-C4Hg)sNCHyCH,CN
(n-C4Hg)oNCH,CH,CN
(Z'SO-C4H9)2X CHzCHzCN
(n-CiHg)(sec-C4H) NCHoCHoCN
(’IL-C5H11) 2N CHzCHzCN
(n—CGng)gNCchHch
(n-CgH;7)9eNCHCHoCN
(CsHi7)eNCHyCH,CN
(CsHy7)oNCH,CH,CN
[(CoH5)sNCHyCHCHolo NCHoCHoCN
(CoH3)eNCHCH,CH;NHCH,CHCN
CeH,CHN(CH3)CH,CH,CN
(CsHg)(CH3) NCHCH:CN
(CeH3)(CH) NCH,CH,CN
(CsHoH(CoHy)NCH,CHCN
(CsHog)(n-C1Hg) NCHoCHCN
06H5.LT(CH3) CHzCHzCN
CeH;N(CH3)CH;CH,CN

34
49
65
64
91
96

51

90
85
80
65
77
78

79.4

93
96
61
48
68
25
Good

16
16
16

14
16
2,13

14
14

15
16
16
16
16

22

* Allowed to stand forty-eight hours at room temperature afterlheating.

1 Distilled immediately after heating.

I Allowed to stand in refrigerator twenty-four hours after refluxing.

§ With benzyltrimethyl ammonium hydroxide catalyst (Triton B).

|| With trace of Cu bronze.
9 Hydrated copper sulfate catalyst.
*¥ In glacial acetic acid as catalyst.
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TABLE IV

CYANOETHYLATION OF SECONDARY HETEROCYCLIC AMINES

Amine Tigp. THH?. ¢ Product Yzld Reference
2,2-Dimethylethyleneimine Reflux 34 (CHjz)C NCH,CH,CN 66 18
CH,
Morpholine 50 24 * N-(8-Cyanoethyl)morpholine 95 2,13
Piperazine — 20 bis-N,N’~(8-Cyanoethyl)piperazine — 20, 21
Pyrrole Reflux 5 N-(p-Cyanoethyl)pyrrole 44 20
Pyrrole 40 § 1 N<(g-Cyanoethyl) pyrrole 80 || 27
Pyrrole — — N-(8-Cyanoethyl) pyrrole 86 17
Pyrrolidine — — N-(B-Cyanoethyl)pyrrolidine 81 17
Piperidine 8-20 16 N-(8-Cyanoethyl)piperidine 92 2, 20
2-Methylpiperidine — — N-(8-Cyanoethyl)-2-methylpiperidine 99 17
3-Methylpiperidine — — N-(8-Cyanocethyl)-3-methylpiperidine 97 17
4-Methylpiperidine — — N-(8-Cyanocethyl)-4-methylpiperidine 87 17
2,3-Dimethylpiperidine § — — N-(8-Cyanoethyl)-2,3-dimethylpiperidine 99 17
2,4-Dimethylpiperidine § — — N-(8-Cyanoethyl)-2,4-dimethylpiperidine 68 17
2,6-Dimethylpiperidine § — — N-(g-Cyanoethyl)-2,6-dimethylpiperidine 82 17
Morpholinoethylamine — — B-(Morpholinoethylamino)propionitrile 81.5 2
Morpholinopropylamine — — B-(Morpholinopropylamino)propionitrile 76 2
Perimidine t Reflux 1.5 N-(8-Cyanoethyl)perimidine — 20
Isatin § 30 48| N-(8-Cyanoethyl)isatin 50 26
Indole t 120-30 7 5 1-(8-Cyanoethyl)indole 77 20
2-Methylindole 130 T 12-13 | 1(B-Cyanoethyl)-2-methylindole 74 20

81T
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2,3-Dimethylindole 1
5-Methoxy-2,3-dimethylindole

2-Phenylindole
2-Phenylindole }
2-Methylindoline **
Benzimidazole 1
Indole-3-aldehyde
2-Methylindole-3-aldehyde 1
2-Phenylindole-3-aldehyde
Tetrahydroquinoline **
Decahydroquinoline t
Carbazole

Carbazole §
1,2,3,4,10,11-Hexahydrocarbazole **

108-125
200
75

0-100
130

24 § &k
1-2

15
21t

12

1-(8-Cyanoethyl)-2,3-dimethylindole
1-(8-Cyanoethyl)-2,3-dimethyl-
5-methoxyindole
1-(8-Cyanoethyl)-2-phenylindole
1-(-Cyanoethyl)-2-phenylindole
N-(8-Cyanoethyl)-2-methylindoline
1-(8-Cyanoethyl)benzimidazole
1<(p-Cyanoethyl)indole-3-aldehyde
1-(8-Cyanoethyl)-2-methylindole-3-aldehyde
1-(8-Cyanoethyl)-2-phenylindole-3-aldehyde
N-(8-Cyanoethyl}tetrahydroquinoline
N-(8-Cyanoethyl)decahydroquinoline
N-(8-Cyanoethyl)carbazole
N-(8-Cyanoethyl)carbazole
N-(8-Cyanoethyl)hexahydrocarbazole

82

100
100
93
70

90
75.5
60
75
85.4
Good

20
20

27
20
22

27
27
27
2, 92
20

22

* Allowed to stand forty-eight hours at room temperature after heating.

T With sodium ethoxide catalyst.

1 In dioxane.

§ With Triton B catalyst.

|| In ethanol.

9 In sealed tube,

*% 1n glacial acetic acid as catalyst.
7T In pyridine,
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CYANOETHYLATION OF AMIDES,

TABLE V

Ivmoes, LacTaMs, AND SULFONAMIDES

Compound Catalyst Product Y};nld lzfgé

Formamide Na HCONHCH,CH,CN — | 28,30

Formamide NaOQH HCON(CH,CH,CN)2 — 28, 29
Acetamide NaOH | CH;CONHCH,CH,CN — 30
Acetamide Triton B | CH;CON(CH,CH;CN)2 72 38
N-n-Propylformamide NaOQH HCON(C3H;) CHCH,CN — 30
N-n-Butylformamide NaOH | HCON(C4Ho)CHyCH,CN — 30
\T n—Hexylformanﬁde NaOH HCON(CgH,3)CH,CH;CN — 30
Cyclohexylformamide NaOH HCON(CgHy1) CH,CH;CN — 30
Phenylformamide NaOH | HCON(CgH;)CHyCH,CN — 30

N -Methylacetamide NaOH | CH;COXN(CH;)CH,CH.CN — 1 30,31

N-Methylpropionamide NaOH | CH;CHyCON(CH;5)CHoCHoCN — [ 30,31
Benzamide NaOH | CeH;CONHCH,CH,CN — 31
Acetanilide NaOH | CH;CON(CeH5)CH,CH,CN — 31

Crotonamide Triton B | CH;CH=CHCON(CHyCH.CN)2 — 32, 33
N,N’-Dimethyladipamide NaOH | NCCH,CHy(CHg5) NCO(CHy)4CON(CH3)CH,CH,CN — 31
Suceinimide NaOH N-(8-Cyanoethyl)succinimide — 30
Phthalimide Triton B | N-(8-Cyanoethyl)phthalimide 100 34
a-Pyrrolidone NaOH N-(8-Cyanoethyl)pyrrolidone — 31

w-Caprolactam NaOH N-(8-Cyanoethyl)caprolactam — 30, 31
2—Pyr1done NaOH | N-(8-Cyanoethyl)pyridone 95 35
Propanesulfomethylamide NaOH CH3;CH,CH,SO,N(CH3) CHyCH,CN 95 30
Butanesulfonamide Triton B | CH3CH,CH,CH,SONHCH,CH,CN 51 38
Butanesulfonamide Triton B | CH;CH,CH,CHoSO.N(CHoCHRCN), 55 38

Benzylsulfonamide Triton B | CeH;CHoSO,N(CHCH2CN)e 90 36, 37
Benzenesulfonamide NaOH CsHzSO,N(CH,CHyCN)o — 30
NaOH CI%CO\THCGH,;SOgN(CHg)CHgCHgCN — 30

p-Acetylaminobenzenesulfonyl-N-methylamide

C21
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TABLE VI

CYANOETHYLATION 0F MONOHYDRIC AND POLYHYDRIC ALCOHOLS

Aleohol Catalyst Tiagp. TIIIT © Product Y}%ld I?i?:
Methanol Triton B or CH;ONza — — CH30CH,CH,CXN 89 44
Aethanol CH3ONa 30-35 1.5 “ — 41
Methanol 29, NaOH solution — — ¢ 90 48
Ethanol 2%, NaOH solution — CoH;OCH,CH,CN 90 48
Ethanol NaOH 35-70 0.25 “ — 41
Ethanol NaOCH; or Triton B — “ 78 44
Ethanol NaOCH; 30-35 — ¢ 89 42
2-Propanol NaOH 60-80 1 280-CsHAOCH,CH,CN — 41
2-Propanol NaQOCHj or Triton B — — “ 69 44
2-Propanol KOH — — ¢ 85 48
1-Butanol KOH — — n-C4HeOCH,CHCN 88 48
1-Butanol Triton B 2545 2 “ 86 44
1-Butanol Na, 40 — “ — 43
1-Butanol Na 30-35 | 12 “ 82 41
tert-Butyl alcohol NaOQH 80 — tert-C4HgOCH,CH.CN — 41
1-Pentanol Na — — n-CsH1;OCHCH,CN 92 48
1-Pentanol Na 3540 16 “ 86 41
2-Fthyl-1-hexanol Na 30-35 — CsH;OCH,CH,CN — 41
2-Ethyl-1-hexanol Na — — “ 88 48
2-Ethyl-1-hexanol NaOQCH; 75 1 “ 77 44
1-Octanol Na — — n-CgH;7O0CH,CH.CN 80 48
1-Decanol Nag — — n-ClnglOCchHgCN 37 48
1-Dodecanol NaOCqoHjy 50 15 n-C12HosOCH2CH.CN — 41
1-Octadecanol NaQCH; 50-55 1 n-C1sH370CH,CH,CN — 41
Benzyl alcohol NaOCH; 75 — CeH;CH;OCHCH,CN 94 44
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TABLE VI—Coriinued

CYANOETHYLATION OF MONOHYDRIC AND POLYHYDRIC ALCOHOLS

Temp. | Time Yield | Refer-
Aleohol Catalyst oC. Hr. Product 7, ence
Cyclohexanol — — = CeH1;OCH,CH,.CN — 43
3,5-Dimethyleyclohexanol NaQCH; 75 — (CHg)eCeHeOCHoCH,CN 51 44
Ethylene glycol Na 40-50 | 3 NCCHCHyOCH,OCH2CH,CN — 41, 52
Ethylene glycol NaOCH; 2530 | 6 « 83 | 37,50
Propylene glycol NaOCH; 25-30 6 NCCH OCH,CH(CH3)OCH,CN 78 37, 50
Trimethylene glycol NaOCHj3 25-30 6.5 NCC:H4O(CHy)sOCH,CN 87 37, 50
2,3-Butylene glycol NaOCH; 20-25 6 NCCH,OCH(CH3)CH(CH3)OCH,CN 67 37, 50
1,3-Butylene glycol NaQCHj 25 7 NCCoH OCH,CH,CH(CHg)OCH,CN 68 37, 50
Pentamethylene glycol NaOQCH;3 25 6 NCCH4O(CHy)5s0C.H,CN 80 37, 50
Decamethylene glycol NaOCH; 25 6 NCCoH4O(CHg) 100C,HCN 80 37, 50
1,12-Dihydroxyoctadecane NaOCH; 4043 5.5 | CHy(CHy)sCH(CHy)10CH20C,H,CXN — 50
CoH,CN
(CH3):C(OH)CH,OH NaOCH; 25 5.5 | (CH3)yC(OH)CH;OCHCH,CN 71 50
(CH3),C(OH)CH,CHOHCH; NaOCH; 25 5.5 | (CH;):C(OH)CH:CH(CH3)OCH,CN 58 50
1,2-Cyclohexanediol NaOQCH; 25 7 CHy—CHOCHL.CN 60 50
Cﬁz CHOCH,CN
CH,—CH,
Glycerol NaOCH; 25 6 CHOCH,CN 7L 37, 50
HOCH,CN
Hy0CH,CN

Pentaerythritol Aqueous NaOH 40-50 | 7 C(CH;OCH,CH,CN), — 50
Mannitol Aqueous NaOH 40-50 5 Hexa-(B-cyanoethoxy)hexane — 50

2ol
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CYANOETHYLATION OF UNSATURATED ALCOHOLS AND ETHER ALCOHOLS

TABLE VII

Alcohol Catalyst Tiagp. THI? © Product Y:;ald Reference
Allyl — NaOH 45-60 3.5 | CHy=CHCHOCH;CH,;CN — 41
Allyl — NagO 15-25 7 “ — 49
Methallyl — NagO 15-25 7 CHy—=C(CH3)CHsOCHCH,CN 70 49
Vinyl dimethyl carbinol NaOCHj; 10-20 6 CHy=CHC(CH3):OCHCH:CN — 49
Ethynyl dimethyl carbinol NaOCH;3 17-25 7 HC=CC(CHj;):OCH.CH.CN 72 49
Geraniol NazO 25 7 Cy1oH170CH,CH,CN 60 49
Linalodl NagO 2528 7 C10H7OCHCHCN — 49
Citronellol NaOCH;3 25 7 C1oH;0CHCH,CN 77 49
Cinnamyl — NaOCHj 25 6.5 | CgHsCH=—CHCH;OCH;CH,CN 73 49
Oleyl — NayO 20-25 7 C13H3;0CH,CH,CN 45 49
Furfuryl — NaxO 20-30 8 B-(Furfuryloxy)propionitrile 67 49
CH- CH Na 25 0.5 ﬁH—ﬁH 40 56
&H @JCHgOCHgCHgOH CH CCHyOCH/ OCH,CH;CN
\O/ o
CH=—=CHCHOCH,CHOH NaOCH;3 18-20 2 CHy—=CHCHOCHOCH,CN 80 56
CH;=CHCH;OCH,;CHOHCH; | Na 15-25 1 CHy—CHCHOCH,CH(CH3)OC,H,CN 80 56
Tetrahydrofurfuryl — NaOCH; 75 — CH;—CH, 80 44
éHz (IJHCHgOCHgCHgCN
N
O
Tetrahydrofurfuryl — NagO 15-25 6 “ 4.5 46
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TABLE VII—Continued

CyYANOETHYLATION OF UNSATURATED ALcoHOLS AND ETHER ALCoOHOLS

Aleohol Catalyst T?g.p. Tge.a Product Y:;ald Reference
CH;OCH;CHOH NaOCoHjs 25 5 CH;0CH,;CH;OCH,CH;CN 74 46
CH3OCH 2CH;OH NaOCH; 75 — CH;OCH,CH;OCH,;CH,CN 87 44
CH;0CH,CH,0H NagsO 25 8 CoH;OCH,CH,OCH,CH,CN 75 46
n-C4HOCHCH,OH Triton B 30-45 1 n-CiHgOCH,CH;OCH,CH,CN 78 46
Ce¢H;OCH.CH,OH NaOCH; 25 18 CeH:OCH,CH,;OCH,CH,CN 75 46
C¢H;CH;OCH,CH,OH Triton B 25-30 4 CeH;CH,OCHCHOCH,CH,CN 76 46
p-tert-Amylphenoxyethanol Triton B 25 18 p-tert-CsH 13 CeHsOCoHOC,HL,CN 67 46
p-tert-Octylphenoxyethanol NaOCHj3 25-30 24 p-tert-CgH17CeH O CoH,OCHLCN 89 46
CH;0CH/OCH,CH,OH NaOCH; 25 7 CH3;0C,H,O0C.H,OCH,;CH,CN 63 46
n-CHyOCH OCH,CH,OH Nz2OCH, 25 8 n-CiHyOCHOC,HOCH,CH,CN 70 46
Glyceryl 1,3-dimethyl ether NaOCHj 25-35 6 (CH30CH)oCHOC,H,CN 80 46
Diethylene glycol 509 NaOH  |10-20 5 | NCCHLOCH0CHOCHCN 91 37, 50
HOCHCH,SCH,CH,OH NaOQC:Hj; 25 7 NCCoH,OCHSCHOCH,.CN 92 37, 50
Triethylene glycol NaOC,Hj 25 16 NCGC,H4(OCoHg)s0CH,CN 7 37, 50
Glyceryl a-methyl ether NaOCH; 25-30 6.5 | CH;OCH,CHOCH,CN 61 E0
H,0C.H,CN

Glyceryl a-butyl ether NaOCH;g 25-30 6.5 | CHOCH,CHOCH,CN 43 49
CH;0C,H,CN

Dipropylene glycol NaQOCH;3 25 17 bis(B-Cyanoethoxy)-2,2’-dipropyl ether 73 50

et
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TABLE VIII

CyaNoETHYLATION OF AvrcoHoLs ContamniNg Havocen, NirriLg, or OrrER FuncTional Groups

Aleohol Catalyst ngp. THIT © Product ¥ :;ald Reference
CICH,CH,OH 409, NaOH 40 10 CICH;CH;OCH;CH,CN — 65
FCH,CH,OH — — — FCH,CH,;OCH,CH,;CN — 66
CICH,CHyOCH,CH:0H NaQH 20-35 2 CICHCH,0C,H,OCHCH,CN 70 46
p-Chlorophenoxyethanol Triton B 2540 2 CIC¢HOCHL OCH,CH,CN 72 46
NCCH,CH;OH Na 40-45 3 NCCH;CHOCH:CH,CN — 41
NCCH;CHOH 209, KOH 25-40 18 NCCH;CH;OCH;CH,CN 01 37
NCCHCH;OH KCN 80 0.2 NCCH;CH,OCHCH,CN 75 62
NCCH0H (C4Hg)sN 80-90 0.75 | NCCH:OCH,CH:CN — 62
CH3;CHOHCN NaOH 90 0.5 CH3CH(CN)YOCHCH2CN — 62
(CoH5)eNCH,CH,0OH N20CH; 25 24 (CoH35)e NCH,CH,OCH,CH,CN 67 67
(CoH5)eNCH,CH,OH NaOCH3g 25 24 (Co5)eNCHoCHOCHCH,CN 80 2
(CoH;5)eNCHCH,CHOH NaOCHg 25 24 (CoH5)eNCH;CH,CHOCH,CN 75.4 2
(02H5)2NCHzCI’IzCHzCHOHCHg NaOCHg 25 24 (02H5)2L 7'(CHrz)?,CH:(CH::;\)OCzI‘L;CN' 66 2
N-(8-Hydroxyethyl)morpholine NaOCH; 25 18 CH,CH, 43 67

O/ \NCH2CH200H20H20N
CHgCég
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TABLE VIII—Continued

CyANOETHYLATION OF ALcoHoLs ConTaming HavogeEn, NiTrmz, or OTHER FuncTioNaL GroUPS

Temp. Time Yield
Aleohol Catalyst oC. Hr. Product 9 Reference
N-(8-Hydroxyethyl)di-2-ethyl-
hexylamine NaOCH; 55 1 (CsH 17)eNCHCHoOCH,CHoCN 47 67
CeH CeHs
>NCH20H20H NaOCH; 2% | 18 >NCH20H200H20H20N 66.5 67
CoHj CoHy
CH;,
NCH,;CHOHCH;OH NaOH aqueous 45 4 (CH3)eNCH,;CHOCH/CN 37 67
CH;, OCH,CH,CN
CH;z
NCHy;CHOHCHOH NaOCH;3 25 21 (CHz3)esNCH,CHOCH,CN 37 67
C 3 CH2002H4CN
Triethanolamine NaOCHj3 2040 16 N(CH;CHyOCHCH,CN)3 97 67
Triisopropanolamine KOC.H; 25 18 N[CH,CH(CH3)OCH;CH,CN13 — 67

931
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CyaNOETHYLATION oF PHENoOLS, OxmMES, HYDROGEN SULFIDE, MERCAPTANS, AND THIOPHENOLS

TABLE IX

Compound Catalyst T?cnj.P- THu?.e Product Y 197eold Ree;f(?:

Phenol N a 130—40 4—6 CGH5OCH20H20N —_— 70
Phenol Triton B Reflux 20 CsH;0CH,CH,CN 67.5 73
m-Chlorophenol Na 120-30 3 B-(3-Chlorophenoxy)propionitrile — 70
m-Methoxyphenol Triton B Reflux 20 B-(8-Methoxyphenoxy)propionitrile 76.5 73
Pyrocatechol Na 13040 3 B-(2-Hydroxyphenoxy)propionitrile — 70
Resorcinol Triton B Reflux 20 1,3-Di-(g-cyanoethoxy)benzene 40 73
Hydroquinone Na 120-30 5 1,4-Di-(8-cyanoethoxy)benzene — 70
Salicylaldehyde Triton B Reflux 30 2-(8-Cyanoethoxy)benzaldehyde 1.3 73
Salicylaldehyde Triton B Reflux 30 3-Cyano-1,2-benzopyran 1.3 73
Salicylaldehyde Triton B Reflux 30 3-Cyano-4-chromanol 2 73
B-Naphthol Na Reflux 3 B-(2-Naphthoxy)propionitrile — 70
B-Naphthol NaOH (excess) 90 2 2-Hydroxy-1-(2-cyanoethyl)naphthalene 94 71
B-Naphthol Triton B Reflux 18 B-(2-Naphthoxy)propionitrile 79.2 74
6-Bromo-2-naphthol Triton B Reflux 20 3-(6’-Bromo-2’-naphthoxy)propionitrile 10 73
Acetone oxime NaQOCHjg 25-50 12 (CHg)eC=NOCHCH,CN 61 37
Methyl ethyl ketoxime NaOCH; 25 18

C=NOCH;CH;CN 71 37

CoHp

Methyl n-hexyl ketoxime NaOCH; 25-30 20 CHN

C=NOCHCH.CN 82 75

CGH13/
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CyanoETHYLATION OF PEENOLS, OXiMes, HYyprROGEN SULFIDE, MERCAPTANS, AND THIOPHENOLS

TABLE IX—Continued

Temp. | Time Yield Refer-
Compound Catalyst °C Hr. Product % ence
Acetophenone oxime Triton B 40-50 2 CeH 5
—NOCH,;CH,CN
CHjy 92 37
CHg—CEz
Cyclohexanone oxime NaOCH;3 25 24 ng /C=NOCH20H20N — 75
CHy,—CH,
Dimethylglyoxime NaOH 25 24 CH3;C=NOCH;CH,CN 60 37
CHgé:XOCHgCHgCN
CoH;
a-Ethyl-g-propylacrolein oxime NaOCH; 25 18 CH;3;CH;CHo,CH=CCH=NOC,H,CN 80 75
CoHj
a-Ethylhexaldoxime Triton B 25 4 CI’Lg(CHz)géHCH=NOCzH40N — 75
T
Furfuraldoxime (syn) NaOCH; 25 2 CH  CCH=NOCH,CH,CN 45 37
N
O
Benzoin oxime Triton B 25 24 CeHsC=NOCH,CH,CN 96 37

CsH;CHOCH,CH,CN

K21
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Hydrogen sulfide
Hydrogen sulfide

Methyl mercaptan

Ethyl mercaptan

Ethyl mercaptan (Na salt)
Ethyl mercaptan

n-Propyl mercaptan (N salt)
Isopropylmercaptan
n-Butylmercaptan (Na salt)
n-Butylmercaptan
Isobutylmercaptan
tert-Butylmercaptan
Carbethoxymethylinercaptan
Benzylmercaptan
Benzylmercaptan
Octylmercaptan
Nonylmercaptan
Laurylmercaptan
Laurylmercaptan
Thiophenol

Thiophenol

Thiophenol

o-Thiocresol

m-Thiocresol

p-Thiocresol

p-Thiocresol

2-Naphthiol

Triton B or
NaOCHj
N&OCHg

Piperidine
N aOCHg

NaOCH;
NaOCH;
N aOCH:_:,
NaOCHj;
None
NaOCHj
NaOCHj3
N aOCI‘I:_:,
NaOCkH3
NaOH
NaOH
Triton B
None
NaOCHg
Triton B
Triton B
NaQH
Triton B

80
65-70

<35
<35
<35
<35
<35
<35
<55

<35
<35
<35
<35
<35
40-50
40-50
40-50
2542
31-43
<35
<35
<35
<35
<35
3042
65

10

-t
SN OO

[y

[I—-ll-ll-ll—ll—l[
(o o2 e e NN -t

16
16
16

16
16

NCCH,CHSCH2CHoCN
NCCHyCH,SCH.CHoCN

CHSCH.CH,CN
C.H;SCH,CH,CN
CoH;SCHyCH,CN
C.HsSCH,CH,CN

n- CgH7SCH20H20 N
180-CsH;SCH,CH,CN
n-C4HySCH,CHCN
n-C4HySCHyCH,CN
’iSO—C4HQSCH20H20 N
ieT‘i-C4HgSCH20H20N
CoH50,CCH,SCH,CH,CN
CsHs;CHSCH,CHoCN
CeH;CHoSCHyCHoCN
CsH7SCHCH,CN
CgH19SCH,CHoCN
C1oHosSCHoCHCN
CioHosSCH,CHCN
CsHs;SCHyCH,CN
CeH;SCHyCH,CN
CeH;SCH,CHy,CN
0-CH3CgH4SCHyCH.CN
m-CHgCefL;SCHzCHzCN
p—CHgCeH4SC HzCHzC N
p-CHgCﬁH4SCH20H20 N
C1oHSCH,CH,CN

Good
86-93

91

85

80

78

95
80-90
96

85

95
85-89
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CYANOETHYLATION oF PHENoLS, Oxives, HyprocEN Sunrms, MERCAPTANS, AND THIOPHENOLS

TABLE IX—Contirued

Temp. [ Time Yield | Refer-
Compound Catalyst | Product % | ence
B-Naphthiol NaOH 3143 16 C1oH7SCH,CHCN — 80
2-Mercaptoethanol None 25 16 HOCHCH,SCH,CH,CN 91 57
2-Mercaptoethanol Triton B 25 16 NCCHCHOCHsSCH,CH,CN 93.6 57
2-Mereaptoethanol NaOH in 25 16 NCCH;CH20CHSCH;CH,CN 98.3 57
Ethanol
Ethylene dithiol Piperidine — — NCCH,CH,SCoH:SCH,CH,CN — 81
Ethylene dithiol Piperidine — — HSCH,CH,SCH,CHCN 26 81
Diethylaminoethanethiol None — — (CoH;)sNCH2CHSCH,CH,CN 92 84
Sodiuin dimethyl dithiocarbamate | — <30 3 (CH3)sNCSSCH.CH.CN — 80
Sodiuin di-n-butyldithiocarbamatel — <30 — (CyHg)eNCSSCH.CHoCN 82.5 80
Sodiuin piperidinodithiocarbamate{ — <40 3 CsH1)NCSSCH,CHoCN 61 80
2-Mercaptobenzothiazole (Na salt) | — 25 2 2-(3-Cyanoethylmercapto)benzothiazole — 80
2-Mercaptobenzothiazole NaOH Reflux 0.5 | 2-(8-Cyanoethylmercapto)benzothiazole 63 83
2-Mercaptobenzothiazole Triton B <35 16 2-(8-Cyanoethylmercapto)benzothiazole 87 57
2-Mercaptothiazoline (Na salt) — <30 2 2-(8-Cyanoethylmercapto)thiazoline 70 80
2-Mercapto-4-methyl thiazole — <30 2 2-(8-Cyanoethylinercapto)-4~-methylthiazole — 80
(Na salt)
2-Mercaptobenzoxazole Triton B <35 16 2-(8-Cyanoethylinercapto)benzoxazole 88 57
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TABLE X

CYANOETHYLATION OF ALDEHYDES AND KETONES

Compound Catalyst ngp. ’I;ﬁl_e Product Y}%ld Reif:
Formaldehyde NaOH Reflux 8 NCCHCH,OCH;OCH,CH,CN 30 68
Acetaldehyde NaOH | Reflux 1 j/ggfﬁ;‘fggﬂgfﬁge 40-50 | 116

. CH;CH(CHO)CH,CH,CN 4.9 116
Propionaldehyde NaOH Reflux CH,C(CHO)(CH,CH,CN), 251 116
Isobutyraldehyde NaOH 65-80 2 (CHj3)eC(CHO)CH,CHCN 3540 116
Isobutyraldehyde NaCN 80-90 — (CH3)oC(CHO)CH;CHCN 50 114, 117
2-Ethylbutyraldehyde KOH 55-60 1 (CoH5)eC(CHO)CH,CH,CN 76.6 | 114, 118
2-Ethylhexzaldehyde KOH 55-60 1 (CoHz) (n-CHg) C(CHO)CH,CH,.CN 79 114, 118
a-Ethyl-g-propylacrolein KOH 45-55 1 CH;CH,CH=CHC(C:H;)(CHO)CH,CH,CN 49 118
Acetone KOH 0-5 2 CH;3;COC(CH;CHoCN)3 77 103, 105
Acetone NaOH Reflux 57 CH3;COCH,CHCH,CN 8.5 104
CH;COC(CH,CH:CN)3 Triton B 40 2 NCCH:CH:CH2COC(CHyCH2CN); — 103
Methyl ethyl ketone KOH 5-10 2 CH3;COC(CH3)(CH2CH2CN)s 89 103
Methyl ethyl ketone Na 3040 — CH3;COC(CH3)(CH,CH2CN)2 50 106
CH;;COC(CH3)(CHCHCN)2 Triton B 25-40 48 (NCCHCHz):CHCOC(CH3)(CH,CH,CN), — 103
Methyl n-propyl ketone Triton B 15 1 | CH,COC(CoHz)(CH,CHLCN), 43 103
Methyl n-propyl ketone Triton B 15 1 | NCCH,CH,CH2COC(Caty) (CHCHCN), — 103
Methyl isobutyl ketone KOH 5-10 2 CH3zCOC(CH,CH2CN)CH(CHjs)o 20 103
Methyl n-amyl ketone KOH 5-10 2 CH3;COC(CHoCHCN)oCsHy 50 103
Methyl n-hexyl ketone KOH 5-10 2 | CH;COC(CH,CHCN)CsHyy 50 103
Diethyl ketone Triton B 30 24 2,4,4-tris(8-Cyanoethyl)-3-pentanone — 103
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TABLE X—Continued

CYANOETHYLATION OF ALDEHYDES AND KETONES

Compound Catalyst Tﬁg_p ) THH?_ © Product Y}%}d lzifg
Diisopropyl ketone Triton B 25 2 (CH3)2CHCOC(CH3):CH,CH,CN 40 107
NCCHCH,(CH3)sCCOC(CHz3)oCH,CHCN — 107
Acetonylacetone Triton B 25 20 CH3;COC(CH,CH,CN)2 11 107
CH,COC(CHCH;CN)2
Mesityl oxide Triton B 5-10 2 (CH3)2C=C(CHCH,CN)COCHj; 10-15 33
CHy—C(CH3)C(CHCHCN)2COCHj3 73.5
Phorone Triton B 25 20 Mono-cyanoethyl derivative 24 107
Di-cyanoethyl derivative 10 —
Methyl benzyl ketone Triton B 20-25 1 CH3;COC(CgH;5)(CH2CH2CN)2 86 103
Desoxybenzoin Triton B 45 3 CsH;COC(CeH;5)(CHCH5CN)g 95 103
2-Acetyleyclopentanone Triton B 30 24 2-(8-Cyanoethyl)-2-acetyleyclopentanone 67 32
2-Propionylcyclopentanone Triton B 30 24 2-(8-Cyanoethyl)-2-propionyleyclopentanone 85 32
2-Butyryleyclopentanone Triton B 39 24 2-(8-Cyanoethyl)-2-butyrylecyclopentanone 83 32
2-Acetyleyclohexanone Triton B 30 24 2-(8-Cyanocethyl)-2-acetyleyclohexanone 67.4 32
2-Propionylcyclohexanone KOH 30 24 2-(8-Cyanoethyl)-2-propionylcyclohexanone 71 32
Acetophenone Triton B 25-40 2-4 | CgHsCOC(CH,CH2CN)3 57 103
Propiophenone Triton B 25-30 5 CsH;COC(CHCH,CN)CHj3 95 103
p-Methylacetophenone Triton B 25-30 24 | p-CH3CsH COC(CH.CH,CN)3 90 103
p-Chloroacetophenone Triton B 25-30 24 p-ClCH COC(CHCHCN)3 80 103
p-Bromoacetophenone Triton B 25-30 2-4 | p-BrGeH,COC(CH.CHoCN)3 85 103
p-Methoxyacetophenone Triton B 25-30 24 | p-CH30C:H,COC(CH,CH,CN); 80 103
Acetomesitylene Triton B 25-30 24 |2,4,6-(CHs)CsH,COC(CHCHCN)s 30 103
p-Acetylbiphenyl Triton B 25-30 24 | CH;CsH COC(CH,CHyCN)3 90 103
2-Acetylnaphthalene Triton B 25-30 2-4 | CyoH7COC(CH,CH2CN)s 90 103

z8l
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Cyclopentanone
Cyclohexanone
Cyclohexanone
Cyclohexanone
Cyclohexanone
4-Methylceyclohexanone

4-tert-Amyleyclohexanone
4-tert-Octyleyclohexanone
4-Cyclohexyleycloheganone

a-Tetralone

2-Methyleyclohexanone

2-Cyclohexenyleyclohexanone

2-(8-Cyanoethyl)-2-cyclohexenyl-
cyclohexanone

2,2,5,5-Tetramethyltetrahydro-
furan-3-one

2-Acetylfuran

2-Propionylfuran

2-Butyrylfuran

2-Acetylthiophene

2-Propionylthiophene

Methyl acetoacetate

Methyl acetoacetate

Ethyl acetoacetate

Acetoacetanilide
Acetoacet-o-chloroanilide
Acetoacet-2,4-dichloroanilide

Triton B
Na
Triton B
Triton B
KOH
KOH

KOH
KOH
KOH

Triton B
Triton B
Triton B
Triton B

Triton B

Triton B
Triton B
Triton B
Triton B
Triton B
N: aOCHg
Triton B
Na

Na
Na
Na

35-40

35—40
35—40
3540
3540

3540
3540
3540

30
30
30
30

30
30
30
30
30

3040
60

45-50
40-50
40-45

2,2,5,5-Tetra(8-cyanoethyl)cyclopentanone
2,2,6,6-Tetra(8-cyanoethyl)cyclohexanone
2-(8-Cyanoethyl)cyclohexanone
Di(8-cyanoethyl)cyclohexanone
2,2,6,6-Tetra(8-cyanoethyl)cyclohexanone
2,2,6,6-Tetra(-cyanoethyl)-4-methyleyclo-
hexanone
2,2,6,6-Tetra(s-cyanoethyl)-4-tert-amyleyclo-
hexanone
2,2,6,6-Tetra(s-cyanoethyl)-4-teri-octyleyclo-
hexanone
2,2,6,6-Tetra(8-cyanocethyl)-4-cyclohexyleyclo-
hexanone
2,2-Di(B-cyanoethyl)-1-tetralone
2,2,6-Tri(8-cyanoethyl)-6-methyleyclohexanone
2-(3-Cyanoethyl)-2-cyclohexenyleyclohexanone
2,6,6-Tri(8-cyanoethyl)-2-cyclohexenyleyclo-
hexanone
4,4-Di(B-cyanoethyl)-2,2,5 5-tetramethyltetra~
hydrofuran-3-one
Tri(8-cyanoethyl)-2-acetylfuran
v-Furoyl-y-methylpimelonitrile
vy-Furoyl-y-ethylpimelonitrile
1,1,1-Tri(8-cyanoethyl)methyl 2-thienyl ketone
v-Methyl-y-thenoylpimelonitrile
CH;3;COCH(CH,CHyCN)CO,CHjs
CH3COC(CH,CHoCN)9CO.CH
CH;3;COCH(CH,CHoCN)YCO.CoHs
CH3COC(CH2CHoCN)oCOCH;
CH;3COC(CHCHCN),CONHCsH ;5
CH;COC(CH,CH,CN),CONHCH,Cl
CH;3;COC(CH,CH2CN):CONHCsH;Cly

97
10

88
80

80
80
80

103
106
103
103
103
103

103
103
103

103
103
36
36

103

36
36
36
36
36
107
103
110
110
107
107
107
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TABLE XI

CYANOETEYLATION OF N1TRO CoMPOUNDS AND DERIVATIVES OF MALONIC AND CYANOACETIC AcCIDS

Compound Catalyst Tﬁgp. THH? © Product Yield Reference
. . %
Nitromethane KyCO3 40 2 O:NC(CHCH2CN)3 52 99
Nitromethane Triton B 30 18 O NC(CH;CHCN); 45 37, 102
Nitroethane KoCO3 40 1 O NC(CH)(CH2CH,CN), 67 99
Nitroethane Triton B 20-25 2 CH ;CH(NO2)CH.CHCN — 102
1-Nitropropane Triton B 40-45 2 CH;3;CH,CH(NO2)CH,CHoCN 20 102
2-Nitropropane Triton B 30 18 (CH3)sC(NO2)CHCH,CN 90 102
2-Nitropropane NaQH — — (CH3)9sC(NO2)CHCH,CN — 100
Nitroeyclohexane NaOH — — 1-Nitro-1-(8-cyanoethyl)cyclohexane — 100, 102
a~Methoxy-g-nitropropylbenzene NaQH — — CeH;CH—CH(NOy)CH,CHCN — 100
OCH3;CH;
9-Nitroanthrone Triton B 30 48 9-Nitro-9-(8-cyanoethyl)anthrone 77 102
Ethyl malonate Na 3040 12 (CoH50:C)eCHCH,CH,CN 42 110
Ethyl malonate Na 3040 12 (CoH;0:C)2C(CHCH,CN)o 10 110
Ethyl malonate Triton B 30 2 (CoH;50:C)2C(CH:CH,CX) 2 82.5 37
Ethyl malonate NaOC.H; 65 4 (CoH50:C)2CHCH,CH,CN 40-45 120
Ethyl cyanoacetate Na 40 2 CoH;0,CC(CN)(CH,CHCN), — 110
Ethyl cyanoacetate Triton B 30 1 CoH50.CC(CN)(CH,CH2CN)2 97 37
Cyanoacetamide Triton B 30 1 HoNOCC(CN)(CH2CHCN)2 74 37
Malonamide Triton B 35-40 1 (HoNOC):C(CH.CH2CN)2 13 37
Ethyl ethylmalonate Triton B 30 5 (CotHz0:C)C(CeH;5)CH,CHL,CN 79 37
Ethyl n-butylmalonate Triton B 30 6 (CoH50:C)eC(CaHg)CHoCHyCN 60 37
Ethyl cyclopentylmalonate NaOCoH; 50 2 (CaH350,C)C(CsHg) CH,CHo,CN 60 119
Ethyl benzylmalonate Triton B 30 3 (CeH;02C)2C(CHCgH5)CHoCHCN 78 37

el
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CYANOETHYLATION

TABLE XII

135

CYANOETHYLATION OF ARYLACETONITRILES AND UNSATURATED NITRILES

Yield | Refer-
Compound Catalyst Product o, ence
Benzyl cyanide NaOCyHj | CeH;CH(CN)CHCHCN 20-33 42
Benzyl cyanide KOH CeH;C(CN) (CH,CH,CN) 2 94 37, 121
Benzyl eyanide Na CsHsC(CN) (CH,CH2CN) o 78.5 110
p-Nit1obenzyl eyanide Triton B | OaNCsll4C(CN) (CHCH2CN) g 91 37
p-Chlorobenzyl cyanide KOH CICsH 4C(CN) (CHCH2CN) 2 80 122
p-Isopropylbenzyl cyanide KOH (CH ) oCHCH 4C(CN) (CHCH2CN) o — 122
«a-Naphthylacetonitrile KOH C10H7C(CN) (CH,CH,CN)2 55 122
Cholononitrile Triton B | a-Fthylidencglutaronitrile 15 33, 123
Crotononitiile Triton B | y-Cyano-y-vinylpirnelonitrile 20 33, 123
Allyl cyanide Triton B | a-Ethylideneglutaronitrile 11 33, 123
Allyl eyanide Triton B | v-Cyano-y-vinylpimelonitrile 33 33, 123
B-Methylerotononitiile Triton B | a-Isopropylideneglutaronitiile — 33, 123
B-Methylerotononitrile Triton B | y-Cyano-vy-isopropenylpimelonitrile — 33, 123
Cyolohexylideneacetonitrile Triton B | a,@-Di(2-oyanoethyl)oyclohexenyl- 38 33, 123
acetonitrile
TABLEE XIII
MiscELLANEOTUS CYANOETHYLATIONS
Compound Catalyst Product Yield | Refer-
% ence
Cyclopentadiene Triton B | 1,1,2,3,4,5-Hexa(8-cyanoethyl) cyco- 20-30 | 124, 125
pentadiene
Indene Triton B | Tri(8-cyanoethyl)indene 35 124, 125
Fluorene Triton B | 9,9-Di(8-cyanoethyl)fAuorenc 74 124, 125
Anthrone Triton B } 9,9-Di(8-cyanoethyl)anthrone 88 124, 125
2-Nitrofiuorene Triton B | 9,9-Di(8-cyanoethyl)-2-nitrofiuorene 70 124,
w,w-Dimethylbenzofulvene | Triton B | 8-Cyanoetliyl dimethylbenzofulvene 25 124
Chloroform Triton B | Cl;CCH2CHCN 11 95
Bromoform Triton B | BrsCCH,CH,CN — 95
Benzyl phenyl sulfone Triton B | CgHS02C(CeH 5) (CEL,CH,CN) o 60 36
p-Methylphenyl allyl
sulfone Triton B | CH3CsH480:CH(CH=CH2)CH:CH,CN — 97
p-Methylphenyl allyl
sulfone Triton B | CH3C6sH 4809C(CH=CHj) (CH;CH3CN) — o7
Ethyl p-methylphenyl-
sulfonylacetate KXOH CH3CsH4302C(C0O2CH ) (CH2CHCN) o — 97
‘Water NaOH NCCH;CH;OCH;CH,CN 45 39, 40
Hydrogen cyanide Ca(OH), | NCCH2CHCN 79 92
Phenylarsine KOH CsHAs(CH2CHCN), — 85
p-Aminophenylarsine KOH HyNCsH 4As (CH2CHCN)2 — 85
Diphenylarsine KOH (CH5)2AsCHCH:CN — 86
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INTRODUCTION

In addition to the dienophiles already discussed in Chapters 1 and 2
of Volume IV of Organic Reactions, quinones and other cyclenones react
by 1,4-addition with conjugated dienes. A typical example is the
reaction of butadiene with p-benzoquinone yielding the diketohexa-
hydronaphthalene I.%2

CH. (0] (“)
CH
+ - |
CcH
N | |
CI, 0] o)

By means of reactions of this type it is possible to prepare eycloblefinic
ketones containing two or more fused rings. The reactions are especially
useful for the preparation of fused-ring ketones containing cyclopentane
rings fused to cyclohexane rings; for example, 1,4-naphthoquinone and
1,1’-bicyclopentenyl yield the pentacyclic product I1.3

The diene synthesis with quinones and other cyclenones may be
extended to provide a route to the preparation of fused-ring aromatic

II

! Hopff and Rautenstrauch, U. S. pat. 2,262,002 [C.A4., 36, 1046 (1942)].
*1.G. Farbenind. A.-G., Swiss pat. 143,258 (Chem. Zentr., 1931, I, 2937).
4 Burnetd wnd Lawronce, J. Chem. Soc., 1935, 1104.
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systems. The primary adducts are usually hydroaromatic systems
which may be converted to aromatic compounds by dehydrogenation
accompanied by enolization. Aromatization may often be effected
directly by carrying out the reactions at higher temperatures in an
appropriate solvent such as nitrobenzene.

It is also possible to prepare fused-ring ketones containing angular
substituents. The di- adduct IIT from butadiene and 2,5-dimethyl-1,4-
benzoquinone contains two angular methyl groups.* The mono- adducts

CH,
O
iHa
I

from dienes and disubstituted p-benzoquinones with dissimilar sub-
stituents in the 2,5- or 2,6-positions present a special problem since they
may each give rise to the two angular substituted products shown in

the following general equations. It is impossible to predict the course

0
CH B

—

bt Q
SCH,

O

0

BQA

Sepyes
-y - oy

of additions of this typc as the directing influences are imperfectly
understood (see pp. 145-148).

Diene syntheses of the type described in this chapter may lead to
the synthesis of compounds of steroidal structure. The reaction between
6-methoxy-1-vinyl-3,4-dihydronaphthalene and 1-methyleyclopentene-

_CH,

4 Adler, Arkiv Kemi Mineral. Geol., 11B, 49 (1935) [C.A., 29, 4004 (1935)].
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4 5-dione furnishes a product which is believed to be IV or IVA.*¢ The

H;
O
g -
e e
CH;0 CH:O
v
or

CH,
VA

structure of the product is said to differ from that of the naturally occur-
ring steroids only in the steric arrangements at ring junctions C8-C9
and C13—-C14. However, the existence of a steroidal skecleton has not
been proved and no choice between IV or IVA has been given so that
this method offers promise rather than present utility.

The stereochemical configuration of Dicls-Alder addition products
has been discussed in Chapters 1 and 2 of Volume IV, This problem
becomes exceedingly complex with products of the type discussed in
this chapter, and it is virtually impossible to predict the stereochemical
configurations of the adducts with any certainty. Even in the simpler
situation described above in which several structural isomers may be
obtained, the directing influences are imperfectly understood.”

Mouch of the experimental work connected with cyclenone additions
is found only in the patent literature, and interested readers will find
it necessary to consult the original patents for details.

SCOPE AND LIMITATIONS

The cyclenones which have been successfully employed in the Diels-
Alder reaction include p-benzoquinone (Table I), mono-, di-, and tri-
substituted p-benzoquinones (Tables II and III), o-quinones (Table IV),
1,4-naphthoquinone (Table V), substituted 1,4-naphthoquinones includ-
ing 5,6,11,12-naphthacenediquinone (Table VI), mono- and di-keto de-
rivatives of cyclopentene and cyclohexene (Table VII), and coumarin

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

0 Dane and Schmitt, Ann., 537, 246 (1939).
7 Orchin and Butz, J. Org. Chem., 8, 509 (1943).
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(Table VII). The reactions of these cyclenones will be discussed in
the order in which the cyclenones have just been mentioned. Under
each cyclenone the various dienes will be considered in order of increasing
complexity.

Diels-Alder additions to cyclenones have been run in a variety of
solvents or in the absence of a solvent. Most of the reactions take place
at atmospheric pressure; a few are carried out in bomb tubes. With
many of the p-benzoquinones two moles of the diene can be added to
one mole of the quinone. Generally, the addition of a second mole of
diene requires higher temperatures and longer reaction times. When
oxidizing solvents, such as nitrobenzene, are employed the adducts are
frequently dehydrogenated

Diene Additions to p-Benzoquinone (Table I)

TFour types of dienes add to p-benzoquinone: simple open-chain dienes,
such as butadiene and 2,3-dimethylbutadiene; monocyclic dienes, such
as cyclopentadiene and l-vinylcyclohexene; dicyclic dienes, such as
1,1"-bicyclopentenyl; and fused-ring dienes, such as 4-vinyl-1,2-dihydro-
naphthalene and anthracene.

Butadiene reacts with p-benzoquinone in equimolar proportions to
vield 1,4-diketo-1,4,4a,5,8,8a-hexahydronaphthalene (I).1%%% Two
moles of butadiene add to one mole of p-benzoquinone to give the
diketodecahydroanthracene (V)8 2,3-Dimethylbutadiene and p-benzo-

CH; O
7 [

?
CH
-+ (80-100%)
CH

N I
CH, 0

CH
£ OO0
CH

CH, 0]

<

8 Alder and Stein, Ann., 501, 247 (1933).
% Alder and Stein, Angew. Chem., 50, 510 (1937).
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quinone react similarly to yield the mono- adduct (VI) nearly quanti-
tatively ! and the di- adduct (VII) in 609, yield.® When the formation
of the di- adduct is attempted in nitrobenzene at 150°, dehydrogenation
to the corresponding 9,10-anthraquinone takes place.! Two moles of

0
[

H;C | ch CH3

HC CH3
I
0

VI

1-phenylbutadiene and one mole of p-benzoquinone react to form a
mixture of the mono- (VIII) and di- adduects (IX); *? the structure of
the di- adduct is very probably that given. At high temperature in
nitrobenzene dehydrogenation takes place and X is formed in 399,
yield.®
O
CeI‘Is (,II5 CGHE

QQ m@@

VIII X

Equimolar quantities of cyclopentadiene and p-benzoquinone react
in various solvents to form the expected adduct XI.4%  Af the melting

©+@__>

point (157°) the adduct decomposes into the starting materials. In
boiling acetic anhydride a similar decomposition occurs, but several
other products are formed from the interaction of the starting materials,

0

X1

10 Morgan and Coulson, J. Chem. Soc., 1931, 2329.

1 1.G. Farbenind. A.~G., Fr. pat. (addition) 39,333 [C.4., 26, 2202 (1932)].
12 Weizmann, Bergmann, and Haskelberg, J. Chem. Soc., 1939, 391.

13 Bergmann, Haskelberg, and Bergmann, J. Org. Chem., T, 303 (1942),

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

15 Wassermanu, J. Chem. Soc., 1935, 1511.
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the adduct (XI), and acetic anhydride.’® Two moles of cyclopentadiene
when added to one mole of p-benzoquinone yield XII quantitatively.s
From a reaction mixture containing three moles of 1,3-cyclohexadiene
for each mole of p-benzoquinone, the adduet XIII may be obtained.%16
This produect, unlike XI, yields the quinol diacetate (XIV) with acetic
anhydride.’® When a fivefold excess of 1,3-cyclohexadiene and a much
longer reaction time are employed, the di-adduct XV is the product.®

OCOCH,
OO G0 *O G5
OCOCH, 0
XI11 XIII Xy

X1y

The adduct XI, from cyclopentadiene and p-benzoquinone, reacts with
1,3-cyclohexadiene to yield XVI.8 When a 509, excess of 1-vinyleyclo-

0

XVI

hexene adds to p-benzoquinone the adduct XVII results; at higher tem-
perature, with a 1009, excess of the diene, a 109 yield of the 1,2,5,6-
dibenzhydroanthraquinone XVIII is obtained.”

S

XVIL XVIII

The reaction of 1,1’-bicyclopentenyl or 1,1’-bicyclohexenyl with
p-benzoquinone results in the formation of the tetracyclic products
XIX 3 and XX 183 from one mole of diene, and the heptacyclic products,
XXI 2 gnd XXII,%%2 from two moles of diene.

16 Diels, Alder, and Stein, Ber., 62, 2337 (1929).

17 Cook and Lawrence, J. Chem. Soc., 1938, 58,

18 Bergmann, Eschinazi, and Neeman, J. Org. Chem., 8, 183 (1943).

19 Weizmann, Bergmann, and Berlin, J. Am. Chem. Soc., 60, 1331 (1938).
20 Backer, Strating, and Huisman, Rec. trav. chim., 68, 761 (1939).
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X
XX
0 0
|
0]
XXI X1

Cyclodetatetraene may be added to p-benzoquinone to obtain either
the mono- (XXIII) or di-adduct (XXIV).2 4-Vinyl-1,2-dihydronaph-

XXIY

thalene adds to p-benzoquinone, yielding what is probably the
diketohydrochrysene XXV.2  7-Methoxy-4-vinyl-1,2-dihydronaph-
thalene and p-benzoquinone yield what is probably the methoxy analog
XXVI1.2 The corresponding 4-ethynyl compound yields only an impure
product.®?® The product from 4a-methyl-4-vinyl-1,2,4a,5,8 8a-hexahydro-
naphthalene and p-benzoquinone is a diketohydrochrysene (XXVII) in
which the positions of the carbon-carbon double bonds have not been

O

I
Sl

O

XXVIL

CH:O

2 Reppe, in Synthetic Fiber Developments in Germany, pp. 647, 650, 651, Textile Rescarch
lustitute, Inc., New York, 1946.

% Dano, Hoss, Bindseil, and Schmitt, Ann., 532, 42 (1937).

% Dane, Héss, Eder, Schmitt, and Schén, Ann., 536, 183 (1938).
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established.* Equimolar quantities of anthracene and p-benzoquinone
furnish XXVIII in 939 yield.®

secRisRNe e

XXVIII

Diene Additions to Methyl-p-benzoquinone and Substituted Methyl-
p-benzoquinones (Table II)

In carrying out Diels-Alder additions with methyl-p-benzogquinone or
with substituted methyl-p-benzoquinones, use is made of solvents of the
type employed with p-benzoquinone. Only simple dienes have becn
utilized, and, in general, greater excesses ol the various dienes are used.
In most reactions, temperatures below 100° are sufficient.

Excess butadiene and methyl-p-benzoquinone react to form the
diketotetrahydronaphthalene XXIX 2627 1 3-Pentadiene and the same
quinone furnish equal amounts of the structurally isomeric diketotetra~
hydronaphthalenes XXX and XXXI.2 At temperatures below 100°,

CH, 0 0
cé I I
CH; CH;
| + - C (84%)
CH
AN | : |
CH, 0 0
XXIX
o
CH (1? ClI, (“) “
CH CH; CH; CH,
I ad |
CH
N [ l l
CH, 0 CH; O
(22%) (22%)
XXX XXXI

% Gaddis and Butz, J. Am. Chem. Soc., 69, 1165 (1947).

% Clar, Ber., 64, 1676 (1931).

2 Fieser and Chang, J. Am. Chem. Soc., 64, 2048 (1942).

% Chuang and Han, Ber., 68, 876 (1935).

2 Tishler, Fieser, and Wendler, J. Am. Chem. Soc., 62, 2870 (1940).
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excess 2,3-dimethylbutadiene and methyl-p-benzoquinone form XXXIT,
but at 150-170° the partially aromatized product XXXIIT is obtained
by a hydrogen shift.?

(“) OH
H;C | CHj HC CH,
H:C H:C
I
0 OH
XXXII XXXIII

Butadiene,® 2,3-dimethylbutadiene,® and 1,3,5-hexatriene * add in a
1:1 ratio to 2,5-dimethyl-1,4-benzoquinone to give the expected prod-
ucts, which are distillable oils; the comparable product from 1,3-cyclo-
hexadiene is a solid.” 2-Methoxy-5-methyl-1,4-benzoquinone gives a
759, yield of the angular methyl derivative XXXIV with butadiene,”
while the same diene and 2-acetoxy-5-methyl-1,4-benzoquinone give
the angular acetoxy compound XXXV and the angular methyl product
XXXVI (isolated as XXXVII by hydrolysis).3% 2-Carbomethoxy- and

Hy OCOCH; H, CH;
O
OCI; CH, OCOCH, OH
O O O O

XXXIV XXXV XXXVL XXXVII

3-carbomethoxy-5-methyl-1,4-benzoquinone give only the angular
carbomethoxy products XXXVIIT and XXXIX and none of the angular
methyl isomers.®® The reaction between 1,3-cyclohexadiene and 2-
acetoxy-5-methyl-1,4-benzoquinone gives three products: an angular
acetate XL, a sterecisomeric angular acetate (69)), and a trace of what
is probably the angular methyl derivative XTL1.%

CO.CH; 0.CH, COCH, CH;,
CH,
CH; CH, o
O O O
XXXIX

(55%)
XL 1T

% Bergmann and Bergmann, J. Org. Chem., 3, 125 (1938).

¥ Fieser and Seligman, Ber., 68, 1747 (1935).

% 1., Butz, unpublished results.

3 Butz and Butz, J. Org. Chem., 8, 497 (1943).

3 Butz and Butz, J. Org. Chem., T, 199 (1942).

% Nudenberg, Gaddis, and Butz, J. Org. Chem., 8, 500 (1943).

XXXVIIT
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2-Hydroxy-3,5-dimethyl-1,4-benzoquinone and butadiene give the
angular methyl compound XLIT in 1009, yield.* This quinone and 7-
methoxy-4-vinyl-1,2-dihydronaphthalene yield a single product which
is probably one of the angular methyl derivatives XLIIT or XLIITA .5

H,

OH
CH,

CH.
0 o,

XTI XLIIX XLIIIA

Tetramethyl-p-benzoquinone and 1,3,5-hexatriene react at tempera-
tures above 150°. The reaction is not of the Diels-Alder type; instead
the quinone is reduced to the hydroquinone.

Diene Additions to Substituted p-Benzoquinones Other than Methyl-p-
benzoquinones (Table IIT)

Diene additions to these more complexly substituted p-benzoquinones
are generally carried out in aromatic solvents such as benzene and xylene.
The temperatures required are about the same as with the methyl-p-
benzoquinones.

Excess 2,3-dimethylbutadiene (5.5 moles) reacts with 1 mole of pheny}-
p-benzoquinone to yield a single product XLIV in 829, yield.?® 1,1’-Bi-
cyclohexenyl and phenyl-p-benzoquinone in the absence of a solvent
give what is considered to be the expected adduct XLV, while in nitro-
benzene the quinone XLVI is formed.* 2,5-Diphenyl-1,4-benzoquinone

H,C CoH; 11;Cs H,C,
H,C
LIV LY

XLVI

reacts with butadiene, 2,3-dimethylbutadiene, and 1-phenylbutadiene
to yield what are apparently the angular adducts XLVII, XLVIII,
and XLIX in 779, 79%, and 899, yields, respectively.’

3 1. Butz and Gaddis, unpublished results.
36 Allen, Bell, Clark, and Jones, J, Am. Chem. Soc., 66, 1617 (1944),
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sHﬁ sHs (;I{s
O
H;C
CeHj H;C CeH; CeH;
s R
XLVIL XLVIIT XLIX

w-Carboxypropyl- and w-carboxyamyl-p-benzoquinone react with
butadiene to form the expeciled products L and 1.1.¥ The most striking
feature of these reactions is the large diene:quinone ratio employed;
30:1 with the carboxypropyl- and 10:1 with the carboxyamyl-quinone.

CH, 0
4 l |

CH
+ - |
CH (CH,),CO.H (CH,)CO.H
|

H, 0
T n=23(8%)
LI n = 5(75%)
Chloro-p-benzoquinone reacts with 2,3-dimethylbutadiene *® and with
2-chlorobutadienc,® yielding the expected products LII and LIII.
2,3-Dichloro-1,4-benzoquinone reacts similarly with butadiene and with
2,3-dimethylbutadiene, yielding LIV and LV.% Diene additions to

i i i

H;C, Cl Cl ch

H;C [ | Cl | Cl | Cl [Cl
! | ;

LII LIIT LIV

tetrachloro-p-benzoquinone are accompanied by the loss of a molecule
of chlorine and lead to dichloro adducts. Tetrachloro-p-benzoquinone
and cyclopentadiene give a 1:1 adduct of unknown structure; 4% with
anthracene LVI is obtained.® 10-Methylene-9-anthrone and tetra-

0 O
Cl1 Cl Cl1
+ —
e - OO0k
0 0O

7 Tiesor, Gates, and Kilmer, J. Am. Chem. Soc., 62, 2966 (1940).
#®1.G. Farbenind. A.~G., Fr. pat. 677,296 [C.A., 24, 3118 (1930)].
¥ Wagsermann, 1°r. pat. 838,454 [C.4., 33, 7818 (1939)].
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chloro-p-benzoquinone in xylene give the dichloro compound LVII. In
nitrobenzene two moles of diene add, and the adduct LVIII or LVIIIA
is halogen free.® 5,8-Dihydro-1,4-naphthoquinone and 5,6,7,8-tetra-

hydro-1,4-naphthoquinone react with butadiene in the expected manncr,
yielding LIX and LX.3%4

CH, O O
7 | [
CIL
CIIL ~ ~
N | |
CH, O 0
R LIxX
CH, 0 O
v [[
CIH
CH -
AN [
CH, O 0
LX

Diene Additions to o-Quinones (Table IV)

Relatively few o-quinores have been utilized in Diels-Alder additions.
In all the reactions for which data are available, the ratio of diene to
quinone employed has been quite large (2.5:1 to 34:1). Most of these
reactions were carried outl in ethanol or in chloroform.

o-Benzoquinone and cyclopentadiene give a 1:1 adduct of unknown
constitution while tetramethyl-o-benzoquinone and cyclopentadiene
react to form the endomethylene adduct LXI in 639, yield.#? 2,3-Di-
methylbutadiene and 3,7-dimetlyl-1,2-naphthoquinone yield the angular
methyl derivative LXII.4 4

% Clar, Ber., 69, 1686 (1936),

4 1.G. Farbenind. A.-G., Brit. patl. 327,128 [C.4., 24, 5045 (1930)].

2 8mith and Hac, J. Am. Chem. Soc., 58, 229 (1936).

4 Fieser and Seligman, J. Am. Chem. Soc., 56, 2600 (1934).
4 Fieser and Dunn, J. Am. Chem. Soc., 59, 1021 (1937).
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CH;,
0O
0)
CH,
CH;
CH, CH.
LXI LXII

Several chloro- and bromo-1,2-naphthoquinones participate in Diels-
Alder additions. With the exception of LXIII, the product from 2,3-
dimethylbutadiene and 3,4-dichloro-1,2-naphthoquinone,® all the ad-
ducts are unstable. The adduct LXIV from 2,3-dimethylbutadiene and
3-chloro-1,2-naphthoquinone decomposes in a few hours when kept in a
vacuum. When warmed with ethanolic sodium acetate it yields 2,3-
dimethyl-9,10-phenanthraquinone (LXYV) quantitatively.® The adduct

O _ | ‘
HC H,C
0 ’ 0 ’ 0
‘1o 0
LXYVY

H:C
H,C

ClO

LXIIL LXIV

LXVI cannot be isolated from the reaction of 4-chloro-1,2-naphtho-
quinone and 2,3-dimethylbutadiene, but the reaction mixture yields
2,3-dimethyl-9,10-phenanthraquinone (LXV) on standing in air.®
6-Bromo-1,2-naphthoquinone and 2,3-dimethylbutadiene yield the
nearly pure adduct LXVII which undergoes dehydrogenation on recrys-
tallization to yield LXVIIL.%

LXVYIX LXVIIL

1,2-Phenanthraquinone with 2,3-dimethylbutadiene ylelds the tetra-
cyclic product LXIX, which is also obtained from the same diene and

% Fieger and Dunn, J. Am. Chem. Soc., 59, 1016 (1937).
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3-bromo-1,2-phenanthraquinone.®® 2-Bromo-3,4-phenanthraquinone
and 2,3-dimethylbutadiene yield an oil which on oxidation with chromic
acid gives the quinone LXX in 909 yield.®

CH;

LT 99
O Hac
H,C
0 : 0
0 0

LXIX IXX

Diene Additions to 1,4-Naphthoquinone (Table V)

A large variety of dienes add to 1,4-naphthoquinone. The addition
is limited to the double bond in the 2,3-position, and as a result only
1:1 adduects have been reported.

Butadiene adds to 1,4-naphthoquinone to yicld the diketohydro-
anthracene (LXXI).!%4.4 23 Dimethylbutadiene in ethanol or in the
absence of a solvent gives the expected product LXXII; in nitrobenzene
the 9,10-anthraquinonc is obtained.* 1-Chlorobutadiene does not
reacl with 1,4-naphthoquinone,® but 2-chlorobutadiene yields LXXIII
although considerable amounts of starting materials are recovered.’
2-Bromobutadiene and 1,4-naphthoquinone react in similar fashion.5

LXXI LXXI1I LXXIIT

The 3-chloro- derivatives of pentadiene, 1,3-hexadiene, 1,3-octadiene,
and 1,3-hendecadiene yield 9,10-anthraquinones after aeration of the
adducts.’? 2,3-Dimethoxybutadiene and 1,4-naphthoquinone react, and

16 Fieser and Dunn, J. Am. Chem. Soc., 59, 1024 (1937).

4 1.G. Farbenind. A.-G., Swiss pat. 143,259 (Chem. Zenir., 1931, I, 2937).

8 Diels and Alder, Ann., 460, 110 (1928).

49 Coffman and Carothers, J. Am. Chem. Soc., 58, 2043 (1933) ; Berchet and Carothers,
ibid., 65, 2004 (1933).

% Carothers, Williams, Collins, and Kirby, J. Am. Chem. Soc., 53, 4206 (1931).

% Carothers, Collins, and Kirby, J. Am. Chem. Soc., 55, 788 (1933),

52 Jacobson and Carothers, J. Am. Chem. Soc., 55, 1626 (1933).
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the adduct, which has not been isolated, yields 2,3-dimethoxy-9,10-
anthraquinone when treated with sodium hypochlorite.’
Cyclopentadiene and 1,3-cyclohexadiene add to 1,4-naphthoquimone
giving LXXIV % and LXXV.*¥ The endomethylene adduct LXXIV is
unstable and gives 1,4-naphthohydroquinone diacetate with acetic
anhydride. Air and ethanolic alkali dehydrogenate the endoethylene
adduct LXXYV to LXXVI, which decomposes to ethylene and anthra-
quinonc at 150°% «-Chlorovinyleyclohexene and 1,4-naphthoquinone

0
I ]
90¢ .
\
)
O
LXXIV LXXV LXXVI

yield LXXVII, which can be partially dehydrogenated to yield
LXXVIII*

0] 0]

LXXVII LXXVIII

1,1"-Bicyclopentenyl and 1,1'-bicyelohexenyl react with 1,4-naphtho-
quinone yielding the pentacyclic products IT 3 and LXXIX.® Cyclo-

LXXIX

octatetraene and 7,8-dichlorobicyclo-[0.4.2]-oc¢ta-2,4-dienc react with
1,4-naphthoquinone yielding the complex adducts LXXX and LXXXI.#
10-Methylene-9-anthrone and 1,4-naphthoquinone give LXXXITI 4%

5 Johnson, Jobling, and Bodamer, J. Am. Chem. Soc., 63, 131 (1941).
5 Carothers and Coffman, J. Am. Chem. Soc., 54, 4071 (1932).
% T,G. Farbenind. A.~G., Ger. pat. 591,496 [C.4., 28, 2366 (1934)].



152 ORGANIC REACTIONS

LXXX LXXXI LXXXII

Tetraphenylcyclopentadicnone (eyclone) and 3,4-(1,8-naphihylenc)-2,5-
diphenyleyclopentadienone do not react with 1,4-naphthoquinone.®

Diene Additions to Substituted 1,4-Naphthoquinones (Table VI)

Many substituted 1,4-naphthoquinones have been employed in Diels-
Alder additions. Temperatures necessary for reaction are usually above
100°, and in all reactions solvents are employed.

2,6-Dimethyl-1,4-naphthoquinone and 2,3-dimethylbuladicne give a
solid adduct LXXXIIT; the rcaction between 2,3-dimethyl-1,4-naphtho-
quinone and the same diene proceeds more slowly and yields an impure
liquid.®  2-Chloro-1,4-naphthoquinone and butadiene give a 9,10~
diketo-1,4-dihydroanthracene; with 2-methylbutadiene a 9,10-anthra-
quinone is the product.¥ 23-Dimethylbutadiene reacts with 2,3-di-
chloro-1,4-naphthoquinone and with 2,3-dichloro-5-nitro-1,4-naphtho-
quinone yielding LXXXIV and LXXXV %

H, NO, 1
Iijff@cn, 10113
H,CN CH, CH,
0 Cl
LXXXIIT LXXXIV LXXXYV

That 2-hydroxy-1,4-naphthoquinone reacts with 2,3-dimethylbuta-
diene is shown by the isolation of 2,3-dimethylanthraquinone after
suitable treatment of the recaction product.® 5,8-Dihydroxy-1,4-naph-
thoquinone reacts with butadicne and 2,3-dimethylbutadicne yiclding
LXXXVI and LXXXVIL% 58-Diacetoxy-, 5,6,8-trihydroxy-, and

OH O OH O
[[ |
' 'CHe.
CH;
[ [
OH O OH O
LXXXVI LXXXVII

5 Arbuzov, Abramov, and Devyatov, J. Gen. Chem. U.S.8.R., 9, 1559 (1939) [C.A., 34,
2839 (1040)].
57 1.G.. Farbenind. A.-G., Brit. pat. 320,375 [C.4., 24, 2757 (1930)].
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5,6,8-triacetoxy-1,4-naphthoquinone react with the simpler dienes giving
the expected products (Table VI, p. 186). 5,6,11,12-Naphthacenedi-
quinone reacts with butadiene and with 2,3-dimethylbutadiene to yield
the complex adducts LXXXVIII and LXXXIX 5%

0] 0]

L

0] 0]

LXXXVIIL

-

Diene Additions to Cyclenones Other than Quinones (Table VII)

Many conjugated cyelenones have been used in Diels-Alder additions
to yicld a variety of fused-ring ketones or diketones. Generally the
cyclenones require temperatures above 100° and longer periods of heating
than the quinones.

Cyclopenten-3-one and butadiene react slowly yielding the bicyelic
adduet XC in addition to some resinous material.® 1-Methyleyclo-

penten-5-one and 2,3-dimethylbutadicne give the angular methyl product
XCI in 529, yield.® This cyclenonc also reacts with 1-vinyleyclo-
hexene giving a 75%, yield ol an angular methyl derivative formulated
as XCII or XCIIA.® 40-Mcthyl-4-vinyl-1,2,4a,5,8,8¢a-hexahydronaph-

H,
HC
O 0
o CH,
XCI XCII

XCIIA

thalene and 1-methyleyclopenten-5-one give a product whose structure
has not been established but whose elementary composition corresponds
% Tieser and Dunn, J. Am. Chem. Soc., 58, 1054 (1936).

® Dane and lider, Ann., 539, 207 (1939).
0 Bockemibilloy, U. S. pnb. 2,179,809 [C. 4., 34, 1823 (1940)].
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to that of XCIII or XCIITA.8 1-Methylcyclopentene-4,5-dione and

H,
H H.C
0
CH,

XCIIT XOIIIA

butadiene yield the angular methyl product XCIV,% while this cyclenone
and 6-methoxy-1-vinyl-3,4-dihydronaphthalene give a 15,16~ or a 16,17-
diketosteroid which has been formulated as IV.%¢ The structure of this
product is uncertain (see p. 139). 4,4-Dibromocyclopentene-3,5-dione

CH,
O
Ha,
(L)
CH,0O
v

XCIv

and butadiene give XCV in unspecificd yield, while the same dione and
6-methoxy-1-vinyl-3,4-dihydronaphthalene give a 16,16-dibromo-15,17-
diketosteroid XCVI.%

Br
Br
0O
XCcvy

Butadiene and 2,3-dimethylbutadiene react with cyclohexen-3-one
giving the octalones XCVII and XCVIII in 11 and 209 yields.$8 Com-
bination of this cyclenone with 1-methyl-2-vinylcyclohexene followed

VI

8l Gaddis and Butz, J. Am. Chem. Soc., 69, 1203 (1947).

62 Dane, Schmitt, and Rautenstrauch, Ann., 532, 29 (1937); Dane, U. S. pat. 2,230,233
[C.A., 35, 3037 (1941)].

8 Bartlett and Woods, J. Am. Chem. Soc., 62, 2933 (1940).
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by treatment with 2,4-dinitrophenylhydrazine yields what may be the
2,4-dinitrophenylhydrazone of XCIX or XCIXA.* Cyclohexadiene

O
XQVII XCVIIL XCIX X0IXA

fails to react with cyclohexen-3-one.% Butadiene and 1,3,5-hexatriene
do not react with l-methylcyclohexen-3-one.®® However, butadiene
and 1-methylcyclohexen-6-one react to form C.%

CH,

[¢]

The 1:1 adducts obtained from p-benzoquinone and a variety of
dienes (discussed on pages 140-143) can add a second mole of diene. A
typical example is the diketotetrahydronaphthalene (from p-benzo-
quinone and butadiene) which reacts with butadiene,® 2,3-dimethyl-
butadiene,®®* cyclopentadiene,® and 1,3-cyclohexadiene 8 to yield the
expected adducts. The 1:1 adduct from p-benzoquinone and eyclo-

0 H,C 0]
| N |
CH
| + I |
CH
| V4
O H.C O
pentadiene (XI) reacts with cyclopentadiene and 1,3-cyclohexadiene
giving XII #® and XIV.2 The 1:1 adduct (XIX) from p-benzoquinone

0 0 0
0 0
X1 XII XV

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

8 Whitmore and Pedlow, J. Am. Chem. Soc., 63, 758 (1941).
% Robinson and Walker, J. Chem. Soc., 1935, 1530.

% Nudenberg and Butz, J. Am. Chem. Soc., 65, 1436 (1943).
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and 1,1-bicyclopentenyl reacts with 1,1’-bicyclopentenyl and 1,1’-
bicyclohexenyl to give the heptacycic products XXI %2 gnd CI3

Similarly XX, from p-benzoguinone and 1,1-bicyclohexenyl, gives
XXII on reaction with this diene.®

0] O
0] 0]
X3 XXT0

Tetrachlorocyclopentadienone and 3,4-diphenylcyclopentadienonc
dimerize to products of unknown structure; 1,4-dimethyl-2,3-diphenyl-
cyclopentadienone dimerizes by a Diels-Alder addition to give CIL.®

CII,
Q C.H,
9 HngCHa — HCs CH;
H5Ca C(}I_Is I_:[gCﬁ CI‘Is
CH; O
CH,

CI1I

Coumarin and 2,3-dimethylbutadiene react to forma CIIL.®
CH,

W
C

AN PN
L, + @ —
o © Lu,

8 Allen and Spanagel, J. Am. Chem. Soc., 55, 3773 (1933).
69 Allen and Van Allan, J. Am. Chem. Soc., 64, 1260 (1942).
© Adams, McPhee, Carlin, and Wicks, J. Am. Chem. Soc., 65, 356 (1943).
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OTHER METHODS FOR THE SYNTHESIS OF FUSED-RING KETONES

In a review of the synthesis of alicyclic compounds,™ Linstead divided
the methods into seven groups: (1) reduction of an aromatic compound;
(2) cyclization of a diolefin (preformed, or potential as in cyclodehydra-
tion of an olefin aleohol); (3) cyclization of an aromatic olefin; (4) the
Diels-Alder synthesis; (5) cyclodehydration of a diketone or a keto
ester; (6) formation of a cyclic ketone from a monocarboxylic acid or
derivative thereof; and (7) formation of a cyclic ketone from a dicar-
boxylic acid. More recent reviews are concerned with the formation of
cyclic ketones by intramolecular acylation,” by ester condensation,™
and by the Mannich reaction.” All these methods can be used for the
synthesis of fused-ring ketones; some of them yield the ketones directly.

Valuable modifications, extensions, and applications of the methods
have been reported by Bachmann,” Linstead,” Robinson,” Johnson,”
and Wilds.” An intramolecular cyclization method, novel in its employ-
ment of 1,5-dien-3-ynes, has been discovered and developed by Marvel.®

Except for quinones, other methods are not available for the prepara-
tion of the diketones and polyketones which have been obtained by
cyclenone-diene addition. But only a few monoketones have been
prepared by ecyclenone-diene addition, and cyclane-1,3-diones have
usually been prepared by cyclization of esters® and reduction of
phenols.®

EXPERIMENTAL CONDITIONS AND PROCEDURES

The details of experimental conditions are recorded for many of the
reactions in Tables I-VII. Numerous variations of the conditions have
been employed, but few studies of the effect of changes in conditions
upon yield in particular reactions have been made. Standard condi-
tions, which will give good yields from many pairs of reactants, consist

71 Linstead, Ann. Repts. Chem. Soc. London, 33, 312 (1936).

72 Johnson, Org. Reactions, 2, 114 (1944).

73 Hauser and Hudson, Org. Reactions, 1, 266 (1942).

7 Blicke, Org. Reactions, 1, 303 (1942).

7 Bachmann and co-workers, J. Am. Chem. Soc., 66, 553 (1944), and earlier papers.

% Linstead and co-workers, J. Am. Chem. Soc., 64, 1985 (1942), and earlier papers.

7 Robinson and co-workers, J. Chem. Soc., 1944, 303, and earlier papers.

78 Johnson and co-workers, J. Am. Chem. Soc., 66, 218 (1944), and earlier papers.

79 Wilds and co-workers, J. Am. Chem. Soc., 66, 1688 (1944), and earlier papers.

8 Marvel and co-workers, J. Org. Chem., 7, 88 (1942), and earlier papers; Linstead and
Doering, J. Am. Chem. Soc., 64, 1996 (1942).

& Chuang, Ma, and Tien, Ber., 68, 1946 (1935) ; Chuang and Tien, Ber., 69, 25 (1936);
Linstoad and Millidge, J. Chem. Soc., 1936, 478,

8 Hoffmann-L.a Roche and Co., Ger. pats. 606,857 [C.A., 29, 3692 (1935)] and 614,195
[C.4., 29, 5095 (1935)]; Thicle and Jaeger, Ber., 34, 2841 (1901).
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of temperatures between 90° and 110°, a reaction time of twenty-four
hours, and, as the solvent, benzene, ethanol, or excess diene.

The addition of 5,6,8-triacetoxy-1,4-naphthoquinone to 2,3-dimethyl-
butadiene in ethanol precisely exemplifies the conditions taken as
standard. Naphthoquinones with fewer substituents in the benzenoid
ring react completely within much shorter periods.® The most reactive
of the series (Table VI), the 5-hydroxy derivative, gave 959, of adduct
in twenty minutes.

Some quinone additions require longer periods at 100°. 2,5-Dimethyl-
1,4-benzoquinone in ethanol gave a higher yield after seventy-two hours
than after twenty-seven. The yield was still higher at seventy-two
hours in benzene. Such a difference in favor of benzene as against
ethanol has not been observed in any other reaction.

The standard conditions are adequate for the addition of some qui-
nones with a methyl group at the reacting double bond. An example is
2-methyl-8-hydroxy-1,4-naphthoquinone. With the wvariation of di-
oxane as solvent, 2-hydroxy-3,5-dimethyl-1,4-benzoquinone reacts under
these conditions.

For the preparation of 2-cyclene-1,4-diones without substituents at
carbons 2 or 3, a lower temperature must be used and an excess of diene
avolded. A temperature of 35-40° in organic solvents or in aqueous
emulsion is suitable (Table I). At higher temperatures the cyclenedione
reacts with another mole of diene. Thus the diketodiethanohydro-
anthracene XV, p. 142, is obtained in theoretical yield by refluxing
p-benzoquinone and cyclohexadiene (80-85°) for twenty-four hours.

Monoketones definitely require a higher temperature. Methyleyclo-
penten-5-one and vinyleyclohexene at 170° for sixteen hours give only
529, of the adduct; at 205° for twenty-four hours the yield is 759,. An
excess of the ketone (Table VII) may be essential.

The conditions taken as standard are probably as vigorous as can be
tolerated in the preparation of 2-cyclene-1,4-diones which lack an angular
substituent at carbon 5 or the other angular carbon atom. Otherwise,
rearrangement to a 1,4-hydroquinone will take place.

A longer period (fifty hours) was used for additions to methylcyclopen-
tene-4,5-dione in dioxane (Table VII). The group —COCR=CHCO—,
where R is methyl, w-carboxypropyl, or w-carboxyamyl in cyclohex-
enediones which are not quinones, does not react with butadiene in
benzene at 70° within six hours. In the preparation of some diketo-
hexahydronaphthalenes containing this group (Tables IT and IIT) it is
standard practice to heat in the presence of an excess of diene. The
—COC(C¢Hj5)=CHCO— group in these cyclohexenediones does not
react in one hour at 100° when the compound is dissolved in 2,3-di-
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methylbutadiene, but this group in 2,5-diphenyl-1,4-benzoquinone does
react with 2,3-dimethylbutadiene in boiling ethanol (six days, 799).

The selection of solvent is important with certain unstable quinones.
It is sometimes necessary to keep all the quinone dissolved during the
reaction to prevent decomposition of suspended particles which initiates
decomposition throughout the mixture. For this reason ethanol may
be preferred to benzene. The addition of a few drops of acetic acid to
the ethanol has been found advisable.” However, additions of 3- and
4-halo-1,2-naphthoquinones cannot be carried out successfully in
ethanol.

There is evidence that p-benzoquinone and cyclopentadiene react more
rapidly in certain solvents than in others (fast in benzene or ethanol,
slow in carbon bisulfide, carbon tetrachloride, or n-hexane) (Table I).
This reaction proceeds five times as fast, for a given activation energy,
in nitrobenzene as it does in benzene.®® No application of such informa-
tion to preparative work seems yet to have been made.

No careful study of the relative reactivities of various dienes is avail-
able. Some of the data suggest that 1-substituted and 1,4-disubstituted
butadienes react more slowly than others. For the addition of tolu-
quinone to pentadiene forty hours was allowed, as compared with six
for the addition of butadiene (Table I1I).

Preparations from unstable dienes can be carried out to advantage in
aqueous dispersion. Effective withdrawal of heat of reaction is attained
in the presence of the water. Polymerization inhibitors, such as copper
and its salts, phenols, or amines, may also be added.

Occasionally the determination of ultraviolet absorption spectra may
be useful in distinguishing a hydroquinone from a cyclenedione. Curves
for typical hydroquinones # and cyclenedioncs ¥ are available for com-
parison. The spectra may be valuable in detecting products of side re-
action as well as rearrangement products. Although 1,6-addition of a
1,3-diene to a p-quinone to give a 1,4-hydroquinone monoether does not
appear to be an interfering reaction in most quinone-diene syntheses,
highly hindered quinones might react in this way.® Diisopropenyl-
acetylene reacts with 1 mole of tetrachloro-p-benzoquinone to give a
crystalline compound whose ultraviolet absorption is almost identical
with that of tetrachlorohydroquinone.®” The structure of the adduct
from cyclopentadiene and tetrachloro-p-benzoquinone has never been
demonstrated.®

8 Hinshelwood, J. Chem. Soc., 1938, 236,

8 Schjanberg, Svensk Kem. Tid., 52, 185 (1940) [C.A., 34, 7742 (1940)].
8 Bagtron, Davis, and Butz, J. Org. Chem., 8, 515 (1943).

8 Criocgeo, Ber., 69, 2758 (1936).

8 Buts, Gnddis, nnd Bulz, J. Am. Chem. Soc., 69, 924 (1947).
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Addition of a Diene to p-Benzoquinone; Preparation of 6-Chloro-1,4-
diketo-1,4,44,5,8,8a-hexahydronaphthalene.! To an emulsion of 112.5
parts of 2-chlorobutadiene in 500 parts of water containing 10 parts of
an emulsifier made from 40 moles of ethylene oxide and 1 mole of castor
oil is added 137.5 parts of p-benzoquinone. The mixture is stirred in
the dark at 40° for twelve hours, cooled to 4°, and filtered. The adduct,
which melts at 95° and is obtained in a 959 yield, is extraordinarily
sensitive to light.

Addition of a Diene to a Substituted p-Benzoquinone; Preparation of
5,7,8-Triketo-6,10-dimethyl-2-octalin (XLII, p. 146),%32 Half a gram of
2-hydroxy-3,5-dimethyl-1,4-benzoquinone, 4 ml. of butadiene, and 4
ml. of dioxane are heated at 110° for twenty hours in a sealed tube. The
original yellowish red color changes to a bright yellow. After evapora-
tion of the dioxane In vacuum, the residue crystallizes completely.
Recrystallization from ether-petroleum cther gives a theoretical yield
of colorless trione, m.p. 120°. Purification by high-vacuum sublima-
tion at 110° is also possible. Similarly prepared triones which are not
s0 easily purified can be oblained from th