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PREFACE

Tre student of Organic Chemistry will probably
be impressed at an early stage with the importance
of metallic sodium and its compounds in gynthetic
work, and will subsequently mark the value of such
substances as acetoacetic-, malonic-, and cyanacetic-
ester and their sodium compounds,

He will notice the use of aluminium chloride in
the preparation of various aromatic compounds, will
hear the story of the discovery of the zinc alkyls,
and will possibly be attracted by tlose intoresting
bodies, the organo-metals.

Various metals and motallic derivatives have been
utilised in the development of Organic (jhemistry,
and during recent years, much attention has becn
given to the use of maguosium in the Grignard
reaction and to the valne of the curbides in the
fixation of atmospheric nitrogen, while the rednetion
and synthesis of organic compounds in the presonce
of reduced nickel and other metals has, by dovelop-
ment, led to the discovory of numorous catalytic
changes in the presence of certain motallic oxides.



vi PREFACE

In this volume an attempt has been made to
present an account of the uses to which the metals
and cevtain of their compounds have been put, and
the work i3 based upon a comrse of lectures, on this
subject, recently given by the author to the advanced
students of Finsbury Technical College.

Each chapter is supplemented by an appendix of
practical work exemplifying the methods mentioned
in the text.

Most of the preparations have been carried out in
the College laboratories, and in connection with jthis
part of the work the author desires to acknowledge
the valuable assistance of two advanced students,
Messrs. T. McLachlan and B. Mendoza. He is also
indebted to Mr. F. W. Streatfeild, I.I.C., Senior
Demonstrator, for help during the reading of the
proofs.

A.J. H,

LonpoN;
February, 1914
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THE SYNTHETIC USE OF METALS
IN ORGANIC CHEMISTRY

CHAPTER- I
SODIUM AND POTASSIUM

Arwmost the first metal to be used for ovgauic
gynthesis, sodium continues to lold a foremost pos-
tiv.. among all the metals utilised as synthetic agents
in organic chiemistry.  Although potassium was the
first used, being applied by Frankland and Kolbe
in 1848 to the preparation of Lydrocarbons by heat-
ing the metal with alkyl nitriles, yet sodinm has
always received a far wider application. Twenty-
three parts by weight of sodium suffico to bring
about a chemical change which would require tho
uge of thirty-nine parts of potassium, and this fact,
together witlh the lower price of sodinm, gives tha
metal an economic advantage.

Another reason for the priority of this metal is that
in many cases the more electro-positive and moro

chemically active potassium proves to be too violent
1
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in its action, and renders the control of the reaction
difficult.

After the investigation of Frankland and Kolbe
mentioned above, Frankland in the following year
heated metallic zinc with alkyl iodides, and besides
preparing paraffin hydrocarbons in this way, he
also discovered the zinc alkyls, the first of the
organo-metallic compounds.’

In 1850, Williamson prepared certain ethers by
the interaction of alkyl iodides and sodium ethoxide,
a method of preparation which rendered evident the
constitution of these bodies :

CoH,I + CyH,ONa = Nal + C,H;.0.C.H;.

In 1855, Wurtz emphasised the importance of
sodiom for preparing the paraffin hydrocarbons, and
prepared di-isobutyl, by the action of the metal
upon igobutyl iodide?:

2(CH,),CH.CH,I + 2Na = (CH,);CH.CH,.CH,.CH(CH,), + 2Nal.

A few years later, Fittig applied this reaction to
the synthesis of aromatic hydrocarbons by condensing
aryl and alkyl radicles. The following reactions
will indicate the usefulness of this method® :

CHBr + CH;Br + 2Na = CgH,CH,+2NaBr,

Brombenzene, Methyl Methyl benzene
bromide. (toluene).

CHBr, + 2CH]I + 4Na = CH,(CH;,), +2Nal + 2NaBr
Dibrom-benzene. Ethyl iodide.  Diethyl-benzene.

In these changes the alkyl groups take up the
positions occupied by the halogens in the benzene
nucleus.

After 1850, various compounds were prepared by
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the agency of sedimin and potassinm, and tho follow-
ing are oxmmples of some of the bost known reactions
of this class :
Phenol and other formation :
CIT,ONn + QIND  we G000, + Nal

Sodinm phonato. Anisulo
(mothyl phonyl otbaer).

Tho samo cxchange 1is offectod by nsing an alkyl
sulphato or am alkyl Lhydrogen snlphato -
GHOK + CILTS0, CAL,. 0L, + KIS0,
Ethyl hydrogon
sulphnto,
20,J,OK + (CH,),80, ~ 20.I1,.0.CH, + K80,
Mothyl sulphate. Etbyl mothyl othar,
Tho following are characteristic roactions of
alkyl potassiam suiphatos:
Whon hoated atene they yield oloftnos
CILKSO, ~ Wl + KIS0,
When boiled with water ghoy yiold aleohols:
CILKSO, + L0 + L0 1+ KIIHO,.
When troatod with KI, KON, K,N, KNH, thoy
vield alkyl iodides, nityiles, thio-cthers wud mer-
captans rospoctively :

RKSO, + KT = RI + K80,
RKSO, ¢ KON+ RON 1 K.S0,

2RKSO, + Ky =+ RSI 4+ 2K HO,
RKSO, + KSIL »  RSIL 4 K80,

Whon hoatod with tho alkali salts of organie acids,
osters are obinined :

RKSO, + OH000K + CILUOOR 4+ K.N0,
RS0, + CH,COONn -  Cl,000R + KNuHO,.
Sodium bouzonta.
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Acid anhydrides are produced by distilling a
mixture of the acid chloride with an alkali salt of
the acid : .

CH,COCl + CH COONa = (CH,C0),0 + NaCl

Acetyl cliloride. Acetic anhydride.
CgH,COCl + CH,COOK = (C;H;CO),0 + KCl
Benzoyl chloride. Benzoic anlydride.

Numerous hydrocarbons can be prepared by the
action of sodium upon halogen snbstitution products.
In addition to those already mentioned, wn-
saturated hydrocarbons can be synthesised in this

way :
2CH,: CH.CH,I + 2Na = CH,:CH.CH,.CH,.CH: CH, + 2Nal
Allyl iodide. Diallyl.
9CH,:CHBr + 2Na = CH.:CHCH:CH, + 2NaBr
Vinyl bromide. Divinyl.

Sodium hag played an important rdle in the pre-
paration of many polymethylene hydrocarbons and
their derivatives.

The first member of this serics of hydrocarbouns
was prepared by Freund (1882), by allowing sodmm
to act upon trimethylene bromidc*:

/C'HQBr

CH, N o 8 B
+ a = K) + 2NaDr.
\CH,Br \oH,

The same method was nsed in 1888, for preparing
methyl tetra-methylene from 1 : 4-dibrompentane®:
CH,.CH. CH,
CH,.CHBr.CH,.CH, CH,Br + 2Na = | L+ #NeBs,
CH,.CH,

and again in 1894 for preparing hexamethylene from
the corresponding dibromide :
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CH,.CH,.CH;Br CH,.CH,.CH,

| +2Na = | | 4+ 2NabBr.

CH,.CH,.CH,Br CH,.CH,.CH,
Cyclohexane.

Many polymethylene carboxylic acids can be pre-
pared by the aid of di-sodium malonate :

CIHL,Br CO0C.II; CIIN /COO(J._.II[, + 2NuBr
a.C . y

| + Nay, =
CH,Br \COOC,H, CH”” \.COO0C,IL,

Trimetlylene dicarhoxylic vstor,

The cendensation prodnct whon hydrolysed gives
the corresponding acid and the latter on hoatling,
passes to a monocarboxyl componud :

HN G O00H - Hert TN coon « co,
CH,” \COOH éH/

Similar compounds are formod by nsing trimothy-
lenc dibromide and pentamothylone dibromide.®

Numeorous acids may bo preparod by thoe action of
carbon dioxide upon aromatic halogon componnds, in
the presence of sodiumr.

This method was first nsed by Kokulé i 1866 for
preparing benzoic and toluic acids from brombonzeno
and bromtoluene :

CHBr + CO; + 2Na = C,H,COONn + NaBr
CH, Cll,
CGH4< +CO, + 2N = C.,II4<C + NaBr.
B: OO0Nn

"
Magnesinm 18 now nsed instead of sodiwm for this
type of reaction (see later).
Wnartz, by the aid of chloroformic estor, propared
the corresponding estors of these acids:

CeHBr + 2Na + C1COO0CIL; = CylI,.COOC,I, + NuCl + Nalir,
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Uses or Acero-aceric Esrer,

This useful reagent was discovered by Geuther in
1863, who prepared it by the action of sodium upon
ethyl acetate.

About the same time Frankland and Duppa, using
the same reaction, discovered that the hydrogen
atoms of the methylene group are replaceable by
sodium and various organic radicles.

Geuther represented the substance as CHy C(OH)
: CH.COOC,H,, that is @-hydroxycrotonic ester, but
Frankland and Duppa preferred the keto formula
CH,.CO.CH,.COOC,H,, and represented it as aceto-
acetic ester.’

The formation of the substance may be represented
thus :

CH,.COOC,H; + CH,.C00C;H; = CH,.CO.CH,, COOC;H, + C,H,01L8

Wislicenus had by 1877, investigated the substance
and shown that other substances contained methy-
lene groups, the hydrogen of which could be replaced
by sodium.”

A few years later, Conrad showed that an alcoholic
golution of sodium ethoxide would suffice, in place of
metallic sodinm or the dry ethoxide, for this type of
reaction ; he applied his method in particular to the
preparation of alkyl malonic esters.’

Not only does condensation take place between two
molecules of an ester such ag acetic ester, but also be-
tween an ester and a ketonc. Acetyl acctone can be
prepared, for example, from acetic oster and acetone :
OH,.CO0C,H; + CH;.CO.CHy = CH;.CO.CH,.CO.CH; + C,H,0M.

Propiomc and butyric esters undergo the same
type of condensation :
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2CH,;.CH,.COOC,H; = CH,CH;.CO.CH.COOC,H; + C;H;0H
|
CH,
Propio-propionic oster.
2C;H;.CH,.COOC,l; = C,H;.CH,CO.CH.COOC.H; + C,H;0I

Bntyrobu%y;ic ester,

In both cases the carboxyl group of one molecule
of the cster attaches itself to the a-carbon atom of
the other. The yields in both casos are lower than
that obtained with acetic ester, which is about 25
per cent. of that calculated.

Isobutyric and isovaleric esters were found by
Hantzsch!! to follow a different course.

The compound which might be expected when
using isobntyric ester could not be isolated, and was
apparently rcduced by the sodium preseut to eth-
oxycaprylic oster, whilo simultaneously some of it
becamo hydrolysed to hydroxycaprylic acid thus:

8{31[:>CI+1.00002H5 >

(CH,),CIL.C(OM) (OC,Hy).C(CH,),.COOC,H,
Not isolated.
Partly reduced to (CIL,)sCH.CH.(OC,H;).C(CH,)..CO0CH;
Ethoxycaprylic oster.
Partly hydrolysed to (CH,),CH.CH(OH).C(CIL,),.COOH
Hydroxycaprylic acid.

Similar changes occurred when using isovaleric
cster and are represented by the following cquations :
2(CIL,),CH.CH, CO0C,1T; -

(CH,),CH.CH, C(OH) (OC,H;).CH.C;H,.COOR
Not isolated.
(Cf1,),CH.CH,.CH(OC,H;).CILCH,;.COOCH; Etboxycapric ester.
(CHy),CH.CH,.CH(OH).CH.C,H,.COOH 1Iydroxyecaprie acid.
Acetoacetic estor was tho first of those compounds
to be studied, which contain the grouping—CO—
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CH,—CO—, the hydrogen of the methylene group
(CH,) being replaceable, entirely or iu part, by
sodinm, Around its constitution and principal re-
actions much controversy was destined to take place,
and even now the lagt word has not been heard con-
cerning this important and intevesting substance.

Geuther, endeavouring to show that a second
hydrogen atom of acetic acid could be replaced by
sodium, caused the metal to act upon acetic ester.
Hydrogen was evolved, sodinm ethoxide was formed,
and a solid sodium componnd wasg igolated, having the
composition CgH,O;Na, which on acidifying yielded
an oil capable of forming salts with bases. Geuther
also proved that by the action of alkyl iodides the
sodium was replaced by alkyl, and this fact was con-
firmed shortly after by Frankland and Duppa.

Wislicenus next showed that the product nnder
discussion was acetoacetic ester and that two liydvogen
atoms were replaceable by sodium in two slages.
He represented the reactions in the following manner,
adopting the formula of Frankland :

(i) CH,CO.CHNa.COOGH; + C,H,I =
CH,.CO.CH(C,H;).CO0C,H; + Nal
(ii) CH,.C0.0Na(CH,).COOC,H, + CH,I =
CH,.C0.C(C3H;),.COOC,H, + Nal

Geuther ascribed the enolic or hydroxylic formula
CH,;.C(OH): CH.COOC,H; to the substance, main-
taining that it explained better its chemical nature.!?

Claisen was the first to propose an important ex-
planation of its mode of formation, and offered a viow
which is still regarded with favour.® This view is,
that the condensation of acetic ester, and other con-
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densations of this type, take place through tho

formation and subsequent decomposition of an inter-

mediate addition compound, in the formation of which

sodinm ethylate plays an important rile. Tho stagoes

of the reaction may therefore be representod thns:
ONa

CH,.CO0C,H; + C,II,0Na = Clf;.C—0C,l1; (Intermadiate com-
No C.H, pound).

ONa
ClL;.C—-0C,H, + ClI,.CO0C,II; ==

0C,1I,
CH,.C(ONa): CH.COOC,H, + 2C,II;0ll.
Sodium dorivative.

The sodium derivative is decomposed by woak acids
yielding acetoacetic ester, for which recason tho
derivalive is frequently represemted with sodinm
linked to carbon diectly and the liberation of tho
ester is thon represented thms:

CH,.C0.CHNa.COOCH; + IICl = CII,.CO.CLL.CO0GML, + NnCl

The abovo intermediate conipound has not beon
isolated, bnt by the interaction of bouscic mothyl-
cster and sodium benzylate an analogons compoand
has been produced and separated.

ONa
CgH;.COOCH, + CyH.CILONa = CyH,.C =001,
OCH,C, 1L,

Other compounds containing a mothylenc group,
the bydrogen of which is replacoable by sodiwin and
by alkyl groups, are:

Acetyl acelone CIL,C0.CH,.CO¢ 1,
Malonie estor  C,ILOOC.CH..COOC L,
Acetono dicarboxylic ester  Cy11,000€.C11,.CO.CLILCOOC,II,
Cyanacetic estor ~ NC.CH,.COOC,H,
Benzyl cyanide NC.CLL,.Cally
Deoxybenzoin CBH;,.CI{»@O%II,.
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A few applications illustrating the value of these
sodinm derivatives may now be ontlined.

The sodium derivative of acetoacetic ester, pre-
pared by treating the ester with an alcoholic solution
of sodium ethylate, is convorted into an alkyl sub-
stituted ester by boiling with any alkyl iodide :

CH,.CO.CH,.COOC.H; - CHCO.CHNa.COOC.H; —»
CH,.CO.CHR.COOC,H,

A sccond radicle R* may be caused to replace the
second hydrogen of the methylene group, by repeat-
ing the treatment with sodium ethylate and an alkyl
iodide R'I.

CH,.CO.CHR.COOC,H; - CH, CO.CNaR.COOC,H; —
CH,.CO.CR'R.COOC,II;

These substituted esters, like aceto-acetic ester
itself, can be hydrolysed in two different ways and
thus yield a variety of ketones and acids of the
acetic serics.™

Boiling with dilute acid or dilute alkali brings
about ketonic hydrolysis chiefly :

R

CHf,.CO.é.COOC,H5 + H,0 = CH,.CO.CHRR' + CO, + C,H;0H,
Kotone

1
while boiling with strong alkali favours acid hydro-
lysis :
R

|

CHs.CO.(f.COOC._.Hé + 2H,0 =CII;COOH + CIIRE.’%OOII + C,H,0.
ci

Rt

Malonic ester in particular can be used for pre-
paring higher acids of the acetic series by first
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replacing one or both of the methylene hydrogens
by an alkyl group :
COOC,H; COOC, I, COOC,H
/ - R/ w or Rl/ e
\00002115 \COO0C,H; \.COOC,H;

On hydrolysis these substituted malonic esters
give the corresponding acids and the latter on being
heated to 200° lose carbon dioxide :

_/CO0H _/COOH
HR: - R.CH, COOH ; CRRY
\CO0H \¢

The monosodium derivative of aceto-acetic ester
on treatment with iodine undergoes condensation to
a dibasic ester (diaceto-succinic ester).
CH,,.C0.CHNa.COOG;H, CH,,.C0.CH.COOC,H,

+ I = | + 2Nal
CH,.00.CHNa.COOC,H, CH,.CO.CH.COOC,H,

The mono-sodium compound of malonic ester
gives a tetra-carboxylic cster when similarly treated
(ethane tetra-carboxylic ester):

2CHNa, <COOC’H5 + 1= ?H(COOCﬂH“)ﬁ 2Nal
0G.H, CH(COOC,HS),

Acetyl aceto-acetic ester is prepared by the action
of acetyl chloride upon the compound CHyCO.CH
Na.COOC,H,;, and on hydrolysis gives acetic and
aceto-acetic acids :

CH,.CO.CH.COOC H;

— RR!CH.COOH

+ 2H20 =
OCH,,
CH,.COOH + CH;.CO.CH..COOH + C,H,0H

In a similay manner, by nsing a-monochloracctone,
tho y-dlketoue acetonyl acetone, i3 obtained aftex
hydrolysis®®:
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CH,.00.CHNa.COOC,H; + CICH, CO.CH, =
CH,.CO.CH.COOG,H, + NaCl

CH,.COCH,

Heating with water al 160° is sufficient to hydvo-
lyse the substitution compound and elaninate carbon
dioxide :

CII,.CO.CH.COOC,Il; CII.CO.CII.COOH
11,.CO.CL1, - (IJH._..CO.CII,,Q
CII, CO.CLY, (11, CO.CIL, + (O,

Acetonyl acetono alfords a means of passing to
furfnrane, thiophoene, aud pyrrol devivatives. Heated
with dehydrating agents such as zinc chlorido or
phosphorus pentoxide, it yields dimothyl fnrfurane,
a chango which is sometimes explained by the
following steps:

e,
coeocm, MK L are o
| - o > L|>O‘ 1+ 11,0
CH,COCH, . CII - ¢ .Gl

Cl,

Heated with phosphorus pentasulphide it yiolds
the corresponding thiophene compound, while tho
action of alcoholic ammonia solution foims a pyrrol

compound :
CH,
CH:C<OH CH : C\_.CLL,
| B sms= | S 4210
L CIL: ¢ 7 .G,
’ CH, dimethyl-thiophene
‘ CH,
cu;c<0u G+ G LI,
] o ML = | :)NH + 210,0.
- O ¢ CH,

CH, dimothyl-pyrrol
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The bhehaviour of sodium ethyl aceto-acetate to-
wards chloracetic ester and chloroformic ester respec-
tively, indicates that the compound exhibits dynamic
isomertsm  because in the first reaction it behaves
a8 thongh sodium were directly wnited to carbon, and
in the second reaction as though the sodium were
united to oxygen :

CH,.00.CHNu, COOC,IT; + C10H,.COOC,H; =CH,,.CO.CH.C00C;H,

H,.COO0C;H,
Aceto-guccinic ester
% 0CO0C;H,

NCH.C00CH,

B-carbethoxy-crotonic ester

From acetyl-acetone a series of (3- or 1:8-di-

ketones can be obtained by treating tlie mowo-sodium
componnd with alkyl iodides :

CH,.CO.CHN2.C0.CH; + CH,I =
CH,,.C0.CH(C,H,).CO.CH, + Nal

CII,.CONa, : CH.COOG,H; + CICOOC;H, = CH,.C

Treatment of the sodinm derivative with 1odine
gives tetra-acetyl ethane :
CH,.CO.CHNa.CO.CH, CH,;.CO.CH.CO.CH,

+ L= éH + 2Nal
CIL,.CO.CHNa.CO.CH; CH,.CO.CH.CO.CH,

Aceto-acetic ester is technically valuable in the
preparation of antipyrine. The ester is first allowed
to react with pheuyl-hydrazine, aud the ring com-
pound formed is then converted into antipyrin by
methyl iodide and sodium :

CIT,.C0.CH,.COOCH, + CH, NILNH,
= CH, .CH, COOC,H,

\g[ + Hgo. '
N.NH.GH,
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The hydrazone then loses C,H,OH and forms
1-pheuyl-3-methyl pyrazolon :
CH,.C : CH.CO
NH—N.CH,

which then passes to 1:2:8-phenyl dimethyl-pyra-
zolon.

From benzyleyanide and deoxybenzoin alkyl
derivatives can be formed by tho action of sodium
and alkyl halides:

C,H;.CH,.CN — C;H,;.CHR.CN
CoH;.CH,.COCH;; - C;II;. CHR.COCH,

The preparation of dimethyl succinic ester will
illugtrate the use of cyanacetic ester.'

The sodium compound is condensed with a-brom-
propionic ester to form cyano-methyl snccinic ester :

ON CH, ON CH,

|
CHNa + Br.CkI = (IJH———éFI + NaBr
(I:ooc,,H5 éOOC:_,H,, cloo\,nﬁ éoocgﬂ5
This substance 18 then treated with NaOEt and
CH,I and the prodnct hydrolysed with loss of carbon
dioxide -

ON CH, CN CIL,
| éH ] |
(lea + CHJI = C.CH,——CH + Nal
1
COOG,IT, éooc,zH5 cLoochs COOC,IT,
Hydrolysis COOH <l:m -0, CH, ?Hs
-
 CHy— CH - éH — CH
|
1:0002115 COOC,H, éooczﬂ5 éooc:,rat5

The synthesis of &-keto-hexahydrobenzoic acid
further illustrates the use of cyanacetic ester.”
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The di-sodium derivative is condensed with 3-iodo-
propionic ester to form vy-cyanopentane-aye-tricar-
boxylic ester:

C,H;000.C(CN)Na, + 2CH,LCH, COOGH,

/CH,.CH,.COOC,H,
= C.H,000.¢(CN) + 2Nal
\CH,.CH,.COOC;H,

Hydrolysis of this cyano-ester gives pentane-aye-
tricarboxylic acid, which on digestion with acetic
anhydride and subsequent distillation yields 3-keto-
hexahydro-benzoic acid :

CH,.CH,.COOH CH,.CH,
HO0C.CH ~ HOOC.CH 00 + €O, + H,0.
\CH,.CH,.CO0H \CH, CH,

Further examples of the synthesis of cyclic com-
pounds are:

The formation of butane tetra-carboxylic ester
from ethylene dibromide and mono-gsodium-malonic
ester :

CH,Bx CH(Na.)(COOC,Hé), ?Hg.cH(COOCgHa)g NaB
= + 2NaBr
‘H,Bx C'H(sz) (COOC;H;); CH,.CH(COOC:H,),

When the sodium derivative of butane tetra-
carboxylic ester is acted upon by bromine, the result-
ing prodnct is tetramethylene-1 : 2-tetracarboxylic
egter =

CH, CNa(COOC,H;), CH,.C(COOCSH,),
b’H + Bry = | + 2NaBr.
.CNa(COOG;H;), CH,.C(COOG,H,),

The use of trimethylene bromide with sodium
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malonic ester will make the following reactions
possible :
_ OBy CH(COOGHy), CH,.C(COOC,H,),
CH, - CH,
\ CH,.CH(COOGSH, ), "\ CH,.C(C00C,H,),
Pentamethylene-tetracarboxylic ester
Using methylene iodide instead of bromine, a
cyclohexane-tetracarboxylic ester results :
 CH; CNn(COOCSH),
CH, + CH,L; =
\ CH,.CNa(COOC,H;),
CH, C(COOGH,),
CH, CH, + 2Nal
\CH,.({CO0C,H,),
Succino-succinic ester is formed by the condensa-
tion of succinic ester in the presence of sodimm :1%
C4H;00C.CH, CH, COOGH; |
C,H,00C. CHg C‘H, COOG,H,
,H,00C. e Nco + 204TT,011

oG CILCOOCH,
Nen,”

and this on oxidation is converted into 2 : 5-dihy dvoxy-
terephthalic ester :
C—C00G,IT,

N
HC COH

I
HO.C bu
\#
G- —CO00GH,

Succino-succinic ester can also be prepared by the
action of sodium upon a-bromaceto-acetic ester.l?
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co
CH,.CO.CHBr.COOC,H; / N\
R N chl: CIH.COOG,H,
C,I,00C.CHB.CO.CH, C,H,00C.HC CH,

co

When hydrolysed with sodium hydroxide the ester
passes to the corresponding acid, and this is decom-
posed when heated to 200° into p-diketohexamethy-
lene and carbon dioxide :

/CO\ /CO\
HC  CH.COOH HC OH
é -> l l + COQ
HOOC.H CH, H,C CH,
Cco Cco

The latter substance was used by DBaeyer in
preparing dihydro-, tetrahydro-, and hexahydro-
benzene.?

Succino-snccinic ester was also nsed by Bueyer
for synthesigsing the terpene hydrocarbon p-men-
thadiene. 2!

Suceino-succinic ester, like phloroglucin, exhibits
dynamic isomerism (tautomerism), behaving under
some conditions as a keto-body, and under other
conditions as a hydroxylic, or phenolic body having
this structure -

c.oxa

AN\
ngcl' c;.cooc.)ub
GIL,00CC  CH,
A4
dod

A further example of ester and ketone condensa-
)
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tion is afforded by the synthesis of acetyl-pyroracemic
ester, from acetone and oxalic ester:

COOGH,
CH,,.C0.CH; + $ooch6 = CH,.C0.CH,.C0.C00C;H; + CyH,0H
5

By using mesityl oxide and oxalic ester the con-
densation product is mesityl-oxide-oxalic ester :

CH COOCgHs
"G+ CHL.CO.CH, + doo
CHy 0CH,
e
C : CH.CO.CH,.CO0.CO0C:H; + C,H;OH
CH;

A case of internal condensation similar to that of
gsuccinic ester, is the formation of keto-pentamethy-
lene carboxylic ester from 1 : 4-butane dicarboxylic
ester :

CH,— CH,;CO0C;H;  CH,—CH.COOG,H,
= | Co + G,H,0H
»~CH,COOC,H, CH;—

Sometimes condensation products are formed by

the elimination of water. For example-:

C;H;.CHO + CH;COOC,H; = CH;.CH : CH.COOC,H; + H,0
Benzaldehyde Acet:ilc\:I ester Cinnamic ester

. ON
C;H,CHO + CH, = CH,CH : c<‘3 + Hy0
\C00C,H, 00C,H,

Cyanacetic ester Benzylidene cyanacetio ester
Sodium hag been widely used in the synthesis of
various organo-metals and organo-metalloids, by
causing the halides of the elements to react with
organic halogen compounds. The following are ex-
amples of this type of reaction :*
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SnCl, + 4CeH;Br + 8Na = 8n(CgHj), + 4NaBr + 4NaCl
SiCl, + 4CH;Br + 8Na = Si(CyH;), + 4NaBr + 4NaClL
Sometimes the sodium alloy of the metal is utilised,
as in the preparation of tin, lead, and wmercury com-
pounds, by means of tin-sodium, lead-sodium, and
sodium amalgam respectively *
Pb + 4Na + 4CH,I = Pb(CsH,), + 4Nal
Sn + 4Na + 4CH;Br = Sn(CgH,), + 4NaBr
It is advisable to accelerate these reactions by
means of a small quantity of acetic ester.

Soprvx ETHYLATE.

The value of this sodium derivative was first
extensively illustrated by Claisen.*

It may be used for condensing esters and ketones,
and esters by themselves as well as with aldehydes,
in much the same manner as sodium itself.

Benzoic ester and acetone yield benzoyl-acetone.
CsH;.COOC,H; + CH,.CO.CH; = C¢H;.CO.CH,.CO.CH; + C,H,O0H

Succinic ester and acetone yield teraconic ester.
CHs\ CH,;.COOCH; (CH,;),C:C.COOC,H,;
+ = +
CHy” CH,.COO0C,H, CH,.COOC,H,
Benzoic ester with acetic ester yields benzoyl-acetic
ester, while with acetophenone it gives dibenzoyl-
methane :

C¢H;.COOC,H, + CH,;.COOC,H; = C;H,.CO.CH,.COOC;H; + C;H,0H
CeH;.COOC,H, + CH,.CO.CeH, = C4H,.CO.CH,.C0.CH, + C,H,0H.

H,0

By condensing formic ester with other monocar-
boxylic esters, aldehyde esters result, while by using
oxalic ester, ketonic dibasic esters are formed :
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HCOOC,H; + CH;,CO0CH; = HCO.CH,.COOC,H; + C,H;0H
Formyl acetic ester.
COOC,H;,; CH,;CO0CH; CO.CH,.COOC,H;

+ =
COOGH, CH,000GI;  CO.CH,C00C,IL,
Diacetyl dicarboxylic ester,
Tormyl acetono may be prepared by using formic
ester and acetone:
HCOOG,H; + CH,.CO.CH; = HCO.CIL.CO.CH, + CH;OII

+ 2C,H,0H

This substance can be farther condensed by acetic
acid to triacetyl-benzene :

CH
CHO -\
CH,0.0 CH,CO.CH, CH0.¢ C.COCH,
- II | + 3H,0
0{10 CHO HC\ /Q'H
CH,.CO.CH, (ll
COCH,

Similaxly acetophenone and formic ester yield
formyl-acetophenone, which may be condensed
further to tribenzoyl benzone.

Ring condcusations with oxalic estor are : Diketo-
cyclopentane dicarboxylic ester from oxahc and
glutaric esters :*

COOG,II, CH,—COOC,H,  (O—CH—COOCH;
+ U, - CII, + 2G.H,OH.
i - e

COOCY;  (II,—COO0CH;  CO—CH—CO0G,I,

By using (3G-dimethyl glutaric ester, Kommpa
obtained diketo-apocamploric ester which was used
for the synthesis of camphoric acid :*

CO0C,MI;, CH,COOCH; CO—CH.COOC.II;

C(CH), = }(0113)2 + 20,1,0H
COOCH; CH.COOCH, CO—CH.COOC,H,
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A methyl group was introdnced into the latter
compound by the aid of sodinm and methyl iodide,
and the resultant compound reduced and then
hydrolysed to dihydroxy-camphoric acid :

CH, CH,
CO— (%—COOC;H,, C'HOH—([J —coon

é(CH;l)g -> lH (l:(CHJ)Q

CO—éH—COOCgH[, OH—&H—COOH

On boiling the last product with phosphorus and
hydrogen iodide, the result was dehydrocamphoric
acid, which was then combined with hydrogen brom-
ide to form (3-brom-camphoric acid. The last named
substance was reduced by zinc dust and acetic acid
to racemic camphoric acid :

CH, CH, CH,
| |
CH— é—COOH CH,— C—COOH CH_.—(I'?—GOOII
” %(CH:;):’ g é(CHs)e g l C(GH,)y

CH—CH—COOH CHBr—CH—COOH CH,—CII—COOII

Sometimes the oxalic ester only mmdergoes half-
condensation as in the formation of oxalyl acetic
ester:

C00C,H; C0.CIL,.COO0C, T,

l + CH,.COOC,H,; = + GQILOIL
COOC,H; COOC,H,

By means of sodium ethylate or sodimn, Claisen

prepared hydroxymethylene camphor by condensing

camphor with amyl formate :*
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CTL, + HCOOG,H,, ¢: CHOH
/ l /
CeH,s = G, + C41I,,01L.
AN N
co GO
This substance is strongly acid, forming salts and
esters, in which the hiydroxyl hydrogen is replaced by
metals and by organic radicles respectively. The
reaction led to the discovery of many other hydroxy-
methylene bodies possessing similar properties.
Claisen also obtained uitroso-ketones by the use
of amyl nitrite in tho presence of sodium ethylate :
CJH,.CO.CHy + C;H,.0.NO = C,lI,.CO.CH: NOH + C,H,,0H
An example of this class of condensation with
elimiation of water is the formation of a-phenyl-
cinnamic nitrile, from benzaldehyde and benzyl
nitrile :

o, CoH CII : C.C,TI,
CH.CIIO + | = [ + ILO.
CH,.CN ON

SOnAMIDE A8 A SYNTHETIC AGENT.

This substance was utilised by Claisen in 1905, for
alkylating ketones and for proparing 1 :3-diketones.
Its action seems to bo quieter and more regular than
that of sodium or sodium ethylate.?®

One or two ethyl groups may be introduced into
acetophenone by using ethyl iodide with sodamide :

CoH,.CO.CH; + CH,I = CgH,.CO.CH, G, + HI
C;H;.CO.CH; + 2CHI = CH.CO.CH(C:H;); + 2HIL

By using benzyl chloride the benzyl group can be
introduced : ,

CoH,.CO.CH, + CgH;CH,C1 = CgH,,CO.CH,.(CH,CH;) + HOL
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1: 8-Diketones are prepared by condensing ketones
with esters.

Acetyl acetone from acetic ester and acetone :
CH,.CO0C.H, + CH,CO0.CH, = CH,.CO.CH,.CO.CH, + C;H,0H.

Benzoyl acetone from acetic ester and aceto-
phenone:
CH,.CO0C,H; + CH,.C0.C;H; = CH;.CO.CH,.CO.C;H; + C,H;OH.

The powdered sodamide is added gradually to the
mixed substances, cooled in ice, and after standing
for some time, the mixture is treated with ice-cold
water and the product precipitated by acidifying
with acetic acid.

Hydroxymethylene ketones are formed by using
formic ester :

CH,.CO.CH; + HCOOR = CH;.CO.CH : CHOH + ROH,

Sodamide hag been technically applied in at least
two instances, namely, the production of cyanide by
Cagtner’s process and also the production of indigo.

In the preparation of cyanide, the sodamide is
mixed with carbon and the mixture subjected to a dull
red heat, when the following reaction takes place -

NaNH; + C = NaCN + H,

Indigo can be synthesised according to the
German Patent 158,089, by heating sodamide with
tho diethyl ester, or the diamido-derivative, of
phenyl-glycocoll-carbonic acid, in benzeue solution :

NH.CH, . COOH
a1l

CH NH>CH H0 + CO
- + o + e
COOH ‘ 4<co T :

Indoxyl

The indoxyl formed is converted into indigo by
exposure to air,
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Metallic sodium has recently received important
application as a polymerising agent in the transfor-
mation of isoprene into artificial rubber.?’

The steps in this important synthesis, starting
from starch, are as follows :

The starch is fermented to fusel oil and acetone,
and from tho former hquid, isoamyl alcohol is
separated.

By treatment with hydrogen chloride, isoamyl
alcohol 18 converted to the monochloride, and the
vapour of this when acted upon by chlorie gas
leads to the formation of three isoamyl dichlovides :

(CH,),CH.CH,.CHL0H + HCl = (OITy),(H.CH..CHCl + H,0

1 (CHy),CH.CHCLCH,CL + IICI
(CH,),CH.CIL, CH,CI + Clg—\/—->(C}Ia)QCCl.CH2.CI{301 + QL

> "N CH.CH,.CH,C1 + HCl
CH,CL

These isoamyl dichlorides, when lLeated with lime,
logse hydrogen chloride and pass to isoprene (methyl
divinyl) -

CII,
C.CH : CH,
CH2> ?

Isoprene on standing for some timo with metallic

sodium becomes converted into synthetic rubber,

Soprom HYDROXIDE.

This sodium derivative is generally utilised in
aqueous solution for condensation work, the concen-
tration often being 10 per cent.

Schmidt*™® was the first to use the reagent, in 10
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per cent. aqneous solution, for condensing together
furfurol and acetaldeliyde :
CH : CH.CHO

.ol H:C

: C CH :

! éo + CH,CHO = éH éo + 11,0
Cl: cH : C

Furfurol acrolein.

Claisen, in the following year, used 10 per cent.
aqueous sodium hydroxide to condensc furfurol
with acetone and thus obtained mono-furfurylidene
acetone :*

CJI,0.CHO + CH;.CO.CH; = GH,0.CI{ : CH.CO.C1L; + H,0.

Using benzaldehyde and acetone, ho obtamed
mono- and di-benzylidene acetoue.

Fnrther examples of condensation of this class are
the formation of indigo from o-nitrobenzaldehyde
and acetone, and the formation of quinoline from
n-ammobenzaldehyde and acetaldehyde-

CII0 CHOH.CIL,.CO.CTI,
CUH4<NO + CH,CO.CH, = C(,H4<NO

o-nitrophenyl-lactic acid ketone.

This product is then decomposed by the excess of
sodinm hydroxide :

CHOH.CH..CO.CIi;
2C(|I'I) =
NO,

c¢H4<§;>c . C <:r(1){> CH, + 2H,0 + 2CH,C00TI :

Baryta or ammonium hydroxide may also be used
for this reaction.®

Quinoline and quinoline derivatives are obtained
by using o-amino-benzaldehyde :*
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Cl{ ;H
/ 4 \
/k COH CH.H HC (Gt
+ EH = | Il 1+ 2,0

HC\ C NH, HC /C\

D RN P

Cﬁ CH N
o-amino-benzaldeliyde. quinoline.

By substituting aceto-acetic ester for acetalde-
hyde, a quinoline derivative is obtained :

CH CH CH
// \ N /
HC C.COH CH,.COOC,II, HC C COOQ,II;
|l + | = | | 1 +2H,0
Hg\ C.NIL, CO.CIL, {1c C J.CH,
N 'Eﬁ X

a-methyl.quinoline-B-carboxylic oster.

Fischer made use of 1 per cent. sodium hydroxide
gsolution to polymerise a mixture of glyceric aldehyde
and hydvoxy-acetone, in the formation of a-acrose.
After allowing the mixture to stand for four or five
days the transformation was complete :*

CH,0H (iJHgoH CH,0H CH,OIL
éHOH + CO = éHOH Cco

dmo (ID'HQOH baow — dwom

(Glycerose). a-acroge (inactive fructoso).

By the same method, glycollic aldehyde has been
polymerised to erythrose :

CH,O0H CHO CHOH CHO

éHO ¥ $H30H= éHOH - éHOH

Cinnamic aldehyde can be formed from benzal-
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dehyde """ld acetaldehyde, and the product can be
again c0*'“NSed with acetaldehyde or acetone :
e MO+ CEL CHO = CJH,.CH : CH.CHO + H0

(§1<~I{5.CH:CH.CH0 + CH,CHO =
3. CH ; CH.CH : CH.CHO + H.0
Cinnamy) acrolein.

}.’«»EL-CH:CH.CHO + CH,.C0.CH, =
ol CIT ; CH.CH : CH.CO.CH, + H,0
Cinnamyl-vinyl-methyl ketone.

If twe?> Mmolocular quantities of cinnamic aldehyde
be usod, ¥Hm i1 the last case di-chmamyl-vinyl ketone
results.

Anothr @ case of quinoline formation is the con-
densatio ¥t ol Toenzoyl acetone and aniline, resulting in
y-pheny 1-(minaldine :

S comm AL
Y. .CeH, Z N
ud <l o G CH
- + CH, = } 1 + 21,0
IC <Ny | H C.CH,

2 Cco.cn a
\“” 3 N\

It wiv4 shown by V. Meyer, that solid sodium
hydroxiclo is  botter than sodium ethylate for con-
densing byl nitrile with methyl iodide :%°

CoHyp (‘T T4UN 4 CHLI + NaOH = CH;.CHCN + Nal + H,0.
H,

Quinesnos can be prepared by condensing 1:2-
diketonss by ngqueous sodium hydroxide.30

In thes st place an unsaturated 1 : 2 : 5-triketone
is formexl which by further condensation passes to a
quinoner,  [diacetyl gives first dimethyl-quinogen and
then p~xyloguinone:
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co
CH,.Co.co.cIr, CH,.C.CO.CH,, CH;,.C/EII
CH,.C0.C0.CH; ~ (QH.CO.CO.CH;, ” H(HJ (!L..GH;,
co

Acetyl-propionyl condenses in this way, forming
duroguninone :
Co

('H,.C0.00,CH,.CH, CH;..C/\C.CH_,
- I

(H,CH,CO.CO.CH,  CMC O,
R

+ 2IL,0.

The reaction may be expressed in a geueral way

thus :

Cco

X.CH,.CO0.C0.Y X.C.CO.CO.Y XC/\CY

- | - | ]
Y.CO.C0.CH,X  Y.C.00.CH,X YC CX

bt

A further example of condensation by sodimmn
hydroxide is afforded by ionone, used as a substitnte
for essence of violets, which is formed from citral
and acetone.’7

Pseudo-ionone is the first product, and this is then
converted to a mixture of a- and (3-ionone by boiling
with dilute sulphuric acid :

(CH,);C: CH.CH,.CH,.C(CH,) : CHL.CHO + CH,.CO.CH, =
(CHy)sC : CH.CH,,.CH,.C(CH,) : CH.CH : CH.CO.CH; + I,0.

The next stage iz explained by the following
scheme :
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CH{ /CH.J CH; CH;
¢ -OH
V4 2H,0 /
HC CH CH:CH.CO.CH; ———- H,C CH,.CH : CH.CO.CH,
é | | CH; )
/c .CH, H,C c<
OH
0 l
B |
B
l o
& M
CH;;\/CH;; CH) CH;;
¢ e
AN

2\
H,C EH.CH: CH.CO.CH; H,C C CH:CH.CO.CH
| 1

3

H,C .CH, H,C C CH,
N\ NS
CH CH,
n-ionone B-ionone.

Poragsivm Corrounps.

Potassion itself is rarely used in synthetic work,
but the cyanide, acid sunlphate, and hydroxide are
often mado use of.

A commercial process in which potassium may be
rogarded as a synthetic agent is Beilby’s process for
preparing cyanide, by heating a mixture of potas-
sinm carbonate and carbon in ammonia.

Potassamnide is probably an intermediate compound,
and the mothod corresponds to Castner’s cyanide
process

K,C0, + 2NH, + 2¢ = 2KNH, w%_,
2KNH; + 2C = 2KCN + 28 - ¢~
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While the action of carbon monoxide upon heated
potassium results in the formation of the carbonyl,
moist carbon dioxide reacts with the metal to form
carbonate and formate :

6K + 600 = K4(CO), -
2K + Hy0 + 2C0, = KHCO; + H.COOK
4K + H,0 + 3C0, = K,CO,; + 2H.COOK

Porassiom Cyawipe iIs especially useful for con-
densing aromatic aldehydes (benzoin condensation).

Benzoin is formed from benzaldehyde :

2CH;.CHO = CgH;.CHOH.CO.C;H;

Acetophenone condenses with benzoin in the

presence of alcoholic cyanide, giving desylaceto-

phenone :
C¢H;.CHOH C¢H;.CH.CH,.CO.C4H;
| + CH,.CO.CH; = . + H,0.
CO.CoH; CO.C,H;

Mandelo-nitrile and benzyl cyanide condense in
the presence of aqueous potassium cyanide, giving
di-phenyl-succinic nitrile :

CH,CHOH  CH,CH;  CeH,CH—CH.CH;
+ | = | | + H,0
CN CN CN CN

It has been suggested that cyanhydrin formation

is an intermediate stage in this class of condensation,

and benzoin formation is represented by the following

scheme :%

C;H;.CHO + KON -» C,H;.CHOK

N
CsHs-?HOK + CgH;.CHO — CyH; COK—CHOH.CH;
CN CN

KCN is then eliminated—
CGHB.CO.CHOH'CGH5 + KCN.
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Acip Porassiom SurpHATE may be msed for the
following condensations,

The leuco-base of malachite green from benzal-
dehyde and dimethyl-aniline :

C.H, N(CH,) CoH,N(CH,)
GHLCHO + " © " _cmeor” Y v w0
CoH; N (CHs), \CeH, N(CHz)s

The resultant tetra-methyl-diamino-triphenyl meth-
ane ig then oxidised to the carbinol, which is converted
to malachite green by hydrogen chloride:

/CsH N(CH;), CsH, N(CH),
+ =C,H;. +
\CgH . N(CH;), N\ CHN(CH,),Cl

Aromatic aldehydes condense with phenols, e. g.
benzaldehyde and naphthol give hydroxy-dinaphthyl-
phenyl methane :

CoH,.CHO + 2C,H; OH = CgHy. CH(C,HOH), + H,0.

Pyruvic acid is formed by the removal of the
elements of water from either tartaric or glyceric
acids :

CoH;.C(OH)

CHOH.COOH
| = CH,CO0.COOH + CO, + H,0
CHOH.COOH
CH,0H
?‘HOH = CH,C0.CO0H + H,0.
COOH

By a similar elimination of water, glycerin yields
acrolein and terpineol passes to dipentene:
CH,0H.CHOH.CH,0H = CH,: CH.CHO + 2H,0

OH
ZCH—CH:\ 1 /CH,

"UN\CH,—CH,”  \CH,

CH—CH, CHL
CH, ¢ "Nepe”

\CH,—CHy”  \CH,
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Porassivm Hyproxips can often be used for the
same syntheses ag sodium hydroxide, as for example,
in condensing diketones with mono-ketones: Phen-
anthraquinone condenses with either acetoacetic ester
or acetone :*

CH,CO CO.CH, C.H,.CO
|+ | = | COCH, + H,0
CH.CO CH,.CO00C,H; CH,C
00C,Hj;

Phenanthroxylene acetoacetic ester.
CH,CO CH;CO.CH; CH,C(OH).CH,.CO.CH;

CeH,.CO ¥ CH;CO.CH;  CgH,C(OH).CH,.CO.CH;
Diacetone-phenanthraquinone.
Potassium hydroxide, when heated in aqueous
solution with aromatic aldehydes, converts these m
part to acids and in part to alcohols :
2C:H;.CHO + KOH = C;H,;.COOK + C;H;.CH,0H

Certain aliphatic aldehydes undergo a gimilar
change. Isobutyric aldehyde, for example, is con-
verted to isobutyric acid and di-isopropyl glycol :
3(CH),CH.CHO + KOH = (CH,),CH.COOK + (CH,),CH.CHOH

(CH,),CH.CHOH

This 18 a method for obtaining di-secondary glycols
from certain aldehydes by means of alcoholic potas-
sium hydroxide solution1

Potasgium nitrate may be used for the preparation
of acid anhydrides from acid chlorides, by distilling
the latter after mixing with the alkaline nitrate.*

Potassium and sodium disulphate bring about con-
densation with elimmation of water. The following
examples illustrate the use of this method : ®

Triphenyl benzene from acetophenone, beuzal
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aniline from benzaldehyde and aniline, benzal malonic
acid from bonzaldehyde and malonic acid, benzal
acotophenone from benzaldehyde and acetophenone.
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CHAPTER II
COPPER AND SILVER

Boru these metals bring about condensation by
the removal of halogens, for which they havo con-
siderable affinity, and so function in this respect as
sodium, but the rcactions are not so vigorous,

The formation of butane from ethyl bromide and
of ethylene from methylene iodide are examples of
this condensation :

2CH;Br + Cu = CuBr; + C,H;.C.H;
2CH,IL, + 4Cu = 2Cu,], + CH,

Copper or silver can be used to condense (3-iodo-
propionic acid to adipic acid, and also for condensing
a-brom-propionic ester to dimethyl succinic ester :!

CH..CH,.COOH
2CH,I.CH, COOI + 2Ag = | + 2Agl
CH,.CH,.COOH
CH,.CH.COOR
2CIH;.CHBr.COOR + 2Ag = | + 2AgBr.
CH,.CH.COOR

Other examples in which finely divided silvor is
used, are, the preparation of suberic ester from
y-brom-butyric ester, and di-isopropyl succinic oster
from a-brom-igovaleric ester :*
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CH,.CH,.CH,.COOR
2CH,Br.CH,.CH,.COOR + 2Ag = | + 2AgBr.

CH,.CH,.CH,.COOR

(CH,),CH.CH.COOR
2(CH;),CH.CIIBr.COOR + 2Ag = | + 2AgDr.

(CH,),CH.CELCOOR

Copper has been used to facilitate the removal of
hydrogen chloride and potassium chloxide in the
following condensations.?

Anthranilic acid from o-chlorbenzoic acid and
ammonia :

c NH
CﬁH4< + NH, = CGH4< :
COOH COOH

phenyl anthranilic acid is obtained if aniline be used
in place of ammonia :

) NHLC,H;
CoH, + CH,NH, = COH.,<C + HCL
COOH 00H

Further exaniples of the same class are :

Cl OCHg
00H4< + CyH,0H = CGH4< + HOL
COOH COOH
o-chlor-benzoic acid phenol phenyl-salicylic acid.

a $0,.C4H,
CGH< + CgH,.80,K = CGH4< + ECl
COOK COOK

o-chlor-benzoic  potassium phenyl-sulphi-benzoic

acid phenyl sulphinate acid.
X
4
HC CQ HOZ 2N
mod dooon )" T 1|
TN N/ "Hso\/\ v
H COOH
1-chlor4.methoxy - methoxy-phenyl-
benzoic acid salicylic acid.

CeH;OK + CgH;Br = C¢H;.0.C;H; + KBr
Diphenyl ether.
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Copper is sometimes used to effect condensation by
combining with sulphur. The two following syn-
theses of methane illustrate this roaction :

CS, + 2H,S + 8Cu = CII, + 4Cu,S
CS, + 2H,0 + 6Cu = CH; + 2Cu,S + 2Ca0.

Carbazole is formed when thio-diphenylanine i3
mixed with copper powdor and the mixture distilled
in carbon dioxide :

¢H CHL
s >NH +Cu= [ ’>NH + CuS.
NCeH; CoH,

In a similar way B-dinaphthyl carbazolo is formed
from thio-B-dinaphthylamine :*
S CyyH,—CyuI
C,OH(,<NH>CNHB sou= T o,

The action of potassium ferricyanide upon copper
acetylene derivatives is interesting. Diacotylouo-
dicarboxylic acid is obtained from the copper deriva-
tive of propiolic acid by troatment with forricyanido :°

c:c.coonx C:C.Co0I
<

>4
C: C.CO0H :C.CO0II

If tho acid sodium salt of this be digested with
water, carbon dioxide is liborated and the sodinm
salt of diacetylene-monocarboxylic acid iy formed :

C:C.CO0H c:CI
| = | + CO,.
C:C.COONa C:C.COONa

The copper derivative of this compound cau alse
be condeused in the presemce of ferricyanide, nud
tetr-acetylene-dicarboxylic acid rosnlts:

/Ci C.Cc:c.coonn C:C.C:C.Co01L

[T -1
NCIOLCICLO0IT (L (LCOOII
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In using this method, the copper derivative (1 mol.)
ig added to a solution of potassinm ferricyanide (1 mol.)
containing potasgium hydroxide (1 mol.), and tho
mixture is allowed to stand some honrs.®

By the same process it is possible to prepare
diphenyl-diacetylene from the coppor devivative of
phenyl-acetylene :

GH;C: CCuC: CCH, » CH,.C: CC: C.GH,

Diphenyl-diacetylene is the parent Lydrocarbon
of indigo blue, and the dye itself can be prepared by
means of this reaction, starting with o-nitro-phenyl-
propiolic acid. By loss of carbon dioxide the acid
becomes o-nitro-phenyl-acetylene, the copper deriva-
tive of which passes to di-ortho-nitrophenyl-diacety-

lexe :
C : c.cood : CIT
CGH4< - CH, =
NO,
C: CCuclC: C cc: ¢
C.H, C,IT 1T T
6 )<NO._. NO, o1y = Cg < >C'«.T 3

The last substance ig changed to the isomoric
di-isatogen by alkalis and this becomes indigo when
reduced :

c,,m(c >c c< 0>c(.n4 > CJL NH /c C<NI >cru4

o o—-

The nse of copper salts and of copper itself for
the replacement of the diazo-group of aromatic
compounds, by chlorine, bromine, cyanogen, otc., is
important.

Halogen substitution products of benzeue werc
first prepared by the aid of copper salts in 1884,
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when Sandmeycr discovered the reaction which is
still naned after him :’
CHeN:N.Cl - CH Ol + N,.

Gattermann,® in 1890, showed that the same reac-
tion could be carried out, using copper powder
instead of the salts of that metal, and the method
was applied in substituting by, -Cl, -Br, -CN, -NO,
and -CNS groups.

The yields by this method were superior to those
obtained by the Sandmeyer method, probably because
the copper powder was added to the diazonium
gsolntion in the cold, whereas Sandmeyer recoin-
mended adding the diazoninm solution to a hot
golution of the copper salt.

Later, Erdman, also Armstrong and Wyune (1892—
93) nsed cold solutions of the copper salts and found
the yiolds by Sandmeyer’s method very much
improved.’

Ihrdman also showed that there was a definite
optimum temperatnre at which, by Sandmeyer’s
method, the maximum yield of halogen compound
was formod, the optimum temperaturc referring to
the temperature of tho copper salt solution when
the diazonium salt was added.

Heller (1910) statos that by increasing sufficiently
the amount of hydrochloric acid used, quantitative
yields of chlor-compounds are possible by Sand-
meyer’s method.”

Somotimes condensation takos place in the presence
of cuprous chloride, simultaneously with halogenation
by Sandmoycr’s method. When, for example, o-
nitranilino is diazotised and treated with cnprous
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chloride a considerable quantity of Dinitro-diphenyl
results as well as o-chlor-nitro-benzenc.

Heated metallic copper acts as a catalyst in tho
oxidation of primary alcohols to aldehydes by air o
oxygen, but it has also been shown by Sabatior, that
moderately heated copper in a fincly divided state
effects the dehydrogenation of primary and sccondary
alcohols, yielding aldehydes and ketones respectively.

Powdered silver was found by Gomberg to yield
results when sodium failed, in preparing the peculiar
and interesting substance called by him triphenyl-
methyl. Both triphenyl brom-methane and triphenyl
chlor-methane were used to effect the following
change :

2(CeH)C.Br + 2Ag = (CoHs)iC.C(CoHy)y + 28gBr.

The hexaphenyl ethane obtained was far moro re-
active than was to be expected, and on account of
its properties Gomberg named it triphonyl methyl.
Since then much work and discussion bave centred
around this substance, which is now geuorally re-
garded as being hexaphenyl-ethaue.

Various constitutional formules have been sng-
gested and the molecular structure of the hydro-
carbon ig still in dispute, but opinion appears to give
preference to a formula which ascribes a quanonoid
structure to one or two of the phenyl rings.!?

Silver cyanide seems capable of acting in the
same way as molecular silver. For example, it
brings about the condensation of iodo-acetoacctic
ester forming diaceto-succinic ester :'®
CH,.00.CHI.COOC,H; CH,.CO.CH.COOC,H,,

- |
CH,.CO.CHI.COOC,H, CH,.C0.CH.CO0C,11,
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Silver hydroxide is used in exhaustive methylation,
a process often utilised in order to obtain an un-
saturated cyclic hydrocarbon from an amine by
treating it with methyl iodide and silver hydroxide ;
the trimethyl-ammonium hydroxide obtained is then
decomposed by distillation.

Cyclo-butylamine, for example, is converted to
cyclo-butyl-ammoninm hydroxide, and this on distill-
ing i3 decomposed into cyclo-butylene, trimethylamine
and water .14

CH, CH
a 1 Z\CH.N(CH.J),,OH -

CH CHNH, - C
2\CH2/ : -\QH':/
CH
cg,  CH + N(CH, + HO.
\CHg/

Silvor oxide suspended in water receives limted
application as a hydrolysing agent, and in alkaline
solution it is used as an oxidising agent, cspecially
for converting aldehydes into acids.!'*
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CHAPTER III
MAGNESIUM. CALCIUM. BARIUM

TaE great value of magnesium as a gynthetic ro-
agent was “indicated in 1900, when Grignard showed
how various hydrocarbons and alcohols could be
prepared from the compounds obtained by allowing
the metal to react with alkyl halides in the presenco
of dry ether! In the previons ycar Barbior had
shown that by the interaction of methyl heptenoue,
magnesium, and methyl iodide in ether, and subse-
quent decompogition of the resulting product by
dilute acid, a tertiavy alcohol was obtained, dimethyl
heptenol :*

(CH,),C: CH.CH,.CH,.CO.CH,— (CH,),C : CH.CH,CH,.C(OII)(CIT,),

The metal has to a great oxtent replaced zinec,
which was used in 1849 by Frankland in tho prepara-
tion of paraffin hydrocarbons and the zinc alkyls,
and subsequently by Wagner for preparing secondary
alcohol from aldehydes, by Saytzeff in preparing
tertiary alcohols from ketones, and by Butlerow in
the preparation of both ketones and tertiary alcohols
from acid chlorides.

The advantage of magnesinm over zinc depends
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upon the fact that the organo-magnesium componnds
are nol spontancously inflammable; it is not essential
that they should be isolated duving syntheses, while
they are more readily prepared than the corresponding
zinc compounds, and they are more reactive, and
therefore capable of much wider application.

In practice, the metal in the form of ribbon o
borings is added gradually to a solution of well dried
alkyl or aryl halide in dry ether; a brisk reaction
usually takes place, owing to the formation of the
magnesium compound of type R.Mg.X (X=Cl,Br,I).

When all the magnesium has becn added and a
clear solution obtained, the organic compound to be
used in the synthesis (ketone, ester, etc.) is added
gradnally, and the mixture cooled in ice to modify
the reaction if necessary.

When the vigorous reaction has subsided, it may
be completed by heating on the water-bath for half
an hour, or it may bo allowed to stand over-might.
The next stago 18 to add ico-cold dilute acid to the
reaction mixture gradually, to decompose the complox
intermodiate compound formed, and tho end-product
is thon isolated by suitable means. If magnesbmn
ribbon is used, it must be first well cloancd with
emery-paper, while borings must be washed first
with alcohol and theu with cther to remove all oil,
and then thoroughly dyied.

All the reageuts used must be woll dried, and the
rcaction should be conducted under a reflux condensor
fitted with a top tubo contaiming calcium chloride to
prevent access of mwoistnra, and some soda-lime to
keep out carbon dioxide. The ether used shonld he
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pnrified by treatinent with powdered potagsimm per-
manganate, followed by treatment with solid potash
to remove aldehyde, alcohol, and most of the
wabter. The ether is then allowed to stand over
calcinm chloride for two days, and finally over sodinn
wire for abont a week. Traces of moistnre are very
harmful, and the prescuce of moistuve is indicated by
a turbidity which appears when the magnesinm is
first added.

When the magnesinm alkyl compound does uot
form readily, 7. e. in using avyl halides, a crystal of
iodine is often added to start the reaction. Other
solvents than ether have been nsed, 4. e. anisole, phenyl
amyl ether, and dimethyl-anilino. The solvent appa-
reutly combines with the compound MgRX forming
intermediate prodncts Ro0.MgRX and R,N.MgRX,
and acts a8 a catalyst, since it has beon found that the
reactions proceced in benzene or xylenc provided a
small amonnt of ether or dimothyl-aniliue be added.

The coustitntion of these componnds is represented,
according to the snggestion of Bacyer and Villiger,?
by an oxoninm formula with the halogen divcetly
attached to quadrivaleut oxygen, a suggestion snp-
ported by Blaigse. The dmmthyl-mnlnm componud Is
similarly represented :

CII,
CH, Mg N Muk
> < CH,—N<
oI,
e/

Althongh the formation of the compound MgRX
is the normal conrse, there is a tendency for the
wagnesinm to formn a hydrocarbon by the rewmaval of
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Lalogen from two molcenles of RX, which is more
marked as the moleenlar magnitude of R increases.
When working with brom-benzene and benzyl chloride
a considerable quautity of diphenyl and dibenzyl
result, but this may be aydided by adopting Barbierv’s
original method of omitting the first stage (prepara-
tion of MgRX) and wmixing all the reagents at once.
This fact was cmphasized by Kipping recently, and tho
method has also been used with allyl bromide and
iodide syntheses with snccess, althongh tho allyl
halides do not form a compound of the type MgRX
in the presence of ether.!

The following syntheses werc carried ont by means
of zine, prior to 1900, and are now more convenicntly
accomplished by the aid of magnesiom :

Pararrin IYDROCARBONS,

MgR, + 2H,0 = 2RI + Mg(OII),
RMgX + II,0 = RIT + MgX(OII)

RMgX + RNH, = RR + MgXNH,
Mgi, + 2RCX = 2R,C + MgX,

SECONDARY ALCOHOLS FROM ALDEHYDES.

OMgX , nar
RCOO + R'MgX —» RC-R'  —0o R/>cuou+1\1gx01.

N1

If formaldehyde be used, a primary aleohol resnlis :*

0.Mg.X +TICL

1L.C1I0 + R.Mg.X — II.C—R —— R.CILOII + MgXCl.
I -
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Terriary Avconors rFiom Keronss.
OMgX | j11
R.COR + K'MgX - RC—R —— > R,B/COLl + MyXCl.
\r’

KRuerones avp Trwriany ALconors rrom Acib
Curonripss.
OMyX
R.CO(1 + R'Mg.X - L.C—Cl - LB.COL' + MygXCL
AN

With a socoud molecule of MgR'X the following
change takes place :

OMeX  mgrx  OMeX 1
R.C—Cl -3 R.C.—~IR’/ — R'yRCOIT+ MyXClL
\R' \r
Terrary Arcomons rron ldsTuRs.
OMaeX it OMaX
' ' N Mo N / A MogRh'X B
R.COOR' + R"Mg.X - “ op/ 85 neler
\R“ \R//
OMgX | 11c1
R.C—R" ——= RR",COIl + MgXCL
g
With formic cstor a secondary alcohol is obtained :
OMgX OMgX
H.COOR + R'Mg.X - II.C—OR -» H.C—R’ - R,CIOIL
\R‘ \R/

A dicarboxylic ester like oxalic ester may have only
one carboxyl group acted upon at a time :
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OMgX OMgX
COOR Lon s B,00N
| + DM X - - N
COOR ° } AN } R’ COOR
COOR CooL
Dialkyl glycollic
ostor.

Since 1900 various syntheses have been added, of
which the following arc typical cxamples :

Turriary Arcomors veoMm Carponyl ClULoRIDE.
COCl, + 3BMgX = R,00Mg.X + 2MgX(l
R,COMgX + IIC1 = R,C.OH + MuXClL
ALpeuyprs rFroM Formic anp OrTuo-rormic [Esvens.

OMgX \ mey
1IL.COOR + ' Mg X — II.C—OR ~——-»R'CIIO+ROH + MgXCl
g’
OL , parex  OR
11.C—OIY — II.C—OR
Nor 1

.0
— R.CHO + 2ROl

Krrones yrom CyanoGen, Nirrines, AND Auipks.*

#NMgX +MgRX  NMgX
N:C.C:N + RMz.X » N, C.e - k7
Cyanogon R \li,
NMyX + ILO + IICl ’
R.C<P ———— R.COIL + NI, + MgXcL
A\

NMgX + ILO + IIC1
RCN + L'MgX — R.C< —_—
Nitrile 1t
R.CO.R + NH, + MgXCL

OMgX

,0 5
1a.c< + 2R'MgX - R.C—I¥ + I

NI, N .
Amide NILMgX
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OMgX
R.O-R’
\NHMgX

+ 21IC1 = R.CO.R' + NII; + 2MgXCl

DiAZO-AMINO COMPOUNDS FROM .AZOIMEDES.
N
R.N< | + RMgX - R.N(MgX)N:N.R
N
ENQMgX)N:NF + H,0 - RNHN:NK' + Mg(OIX.

ANILIDFS FROM ARYL CARBIMIDES.
OMgX
CH;N:CO - CH,.N: C - C,H, NH.COL.
R
HyproxyraMINE DERIVATIVES FROM AMYL NITRITE.
C;H,.0.NO + 2MgRX = R,NOMgX + MpOC;H,X
R.NOMgX + HCl = R,NOH + MgXCL

Bsters of the type R.COOR arc obtained by the
action of MgRX upon esters of weta-carbonic acid :

OMgX ,0
CO(OLt). + RMgX — (EtO)._.C< - Bt0.¢{
R \R

Triphenyl methyl chloride in benzene somtion re-
acts with an ether solution of RMgCl thns:7
(CH):C.C1 + RMgCl = (CyH;),C.R + MgCl,
Hydrocarbons are formed by tho action of methyl
sulphate upon RMgX :
(CHy),80; + EMgX = R.CII; + CHy(MgX)SO,.
Unsaturated hiydrocarbons may be obtained from
aromatic aldehydes vid the carbinols, which on distil-

lation sometimes decompose, as phenyl-benzyl-car-
binol does, into stilbene and water :5
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OH
C,H;.CHO + CyH,.CH, MgBr - C£5.0H<C -
H200H5
CGH5CH: CHCaHg,
Sometimes the unsaturated hydrocarbon is formed
directly, as with benzyl chloride and anisic aldehyde :

OCH;;
MgC,HCH,Cl + CGH.,<CHO - C,H,CH : CH.CgH, OCH,,

Benzyl alcohol may be obtained from benzyl
chloxide by the action of oxygen :
CH,CHy MaCl+ O — CyH;OH,.0. MgCl -> C,H; CELOH + Mg(OH)CL

Tertiary alcohols and ketones result from acid

anhydrides :
R.CO R.CO
0 —» 0 -» R.COOH + R.COR + Mg(OH)X.
R.GO R.C-OMgX
\R
I'rom succinic anhydride a ditertiary glycol results:
CH,.CO CH,.CR,0H
] 0 -
CH,.CO CH..CR,0H

Trom phthalic anhydride similarly dimethyl-,
diethyl-, and dipropyl-phthalide are obtained :
CO CR,
CoH; >o + 2RMgX —>CGH;/ \OH - c,m/?o
\coon 0
Camphoric anhydride with benzyl chloride gives
two isomeric campholides:
o C(CH,CeH,), co

CsHH/ 20 > o Do and CSH,.,/?O
6o \o N(CHCH),
A
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a-Diketoucs give ditertiary glycols, as in the case
of benzil to tetraphenyl glycol :
CH, CO C,H;C(OH)R
-
CoH;.CO C.HC(OM)R

If only one carbonyl group be attacked, phenyl

benzoin results :
,H,CO.CROH.C;Hy

Acids are formed by the action of carbon dioxide
upon R.Mg.X:

OMgX + HCl
- R.COOH + MgXCl
0

RMgX + CO; >R,

Many organo-metallic compounds can be preparod
by digesting an ethereal solution of the magnesium_
alkyl or aryl halide with the metallic halogen com- -
pound.

The following compounds have been prepared in thig
way:

8n(C;Hs)s, Sn{Cels)s, Po(CiEL)s PH(CH,),, Mg(C H),
and an optically active silicon compound in which
four different radicles are present, Si(C,Hj) (Cyll,)
(CqH;) (CH,C H,).?

Pivalic (trimethylacetic) acid is formed from tertiary
butyl chloride and magnesium (yield, 30 per cent.) :

+ Mg + CO, MgQl
(CHg)yC.Cl ——— (CH,),CMg.Cl — > (C‘HQ;,C.C(E £

OH
<0H3)30.0<0

Tetramethyl-methylene-glycol {rom succinic cstor:
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_OMgX OMgX
CH,.COOR CH, &R + 2MgRX CH,.C<R
SRMgX | Nor R
+ ox.Mg. "] OMgx — _OMgX
C'H,.COOR CH,.C&R CH,.C£R
OR \r
+2HCI CH,.CR,.0H
N + 2MgXCl
H,.CR,.0H

(A ditertiary glyeol is also obtained from oxalic ester.)

By the same reaction this can be obtained from
acetonyl acetone :

/OMgX
CH,CO.CH,  CHyC{R CH, C(CE)R.OH
CH
- ! OMex = |
CE,COCH,  (H,OCR CH,.C(CH,)R.0H

3

The ketonic group of a-ketonic esters is attacked
in preference to the carboxyl group. From pyruvic
ester ig obtained a-methyl lactic ester:

OMgX
CH,.C0.COOR + MeMgX - CH,, —lc\:[oon -
e

CH,.C(Me) (OH).COOR

v-Ketonic esters, such as levulinic ester, behave

in the same way :
/OH
CH,.CO.CH, OB, COOR — CH, 0< CH, CH, GOOR
R

3-Ketonic esters, such as acetoacetic ester, show a
somewhat different behaviour. The ethyl and menthyl
esters both react with MgRX as if possessed of an
enolic structure, and the magnesium compound formed



52 SYNTHETIC USE OF METALS

18 decomposed by dilute acid, giving the original

acetoacetic ester :10

CH,.C(OH) : CH.COOR + R'MgX =CIf,.C(OMgX) : CILCOOR + R'H

CH,C(OMgX) : CH.COOR + HCl = CH;.00.CH,.COOR + MgXCl

‘When, however, enolisation is retarded by an alkyl

substituent in the methylene group, the reaction fol-

lows the same course as a- and y-ketonic esters :

CH,.CO.CHR.COOR. -» CH,.CR/(OH).CHR.COOR

If the carboxyl group be next attacked by MgR'X,
the following change takes place, resulting in a snb-
stituted trimethylene glycol :

CH,;.CR'.CHR.COOR CH;.CR'.CHR.CR/,
(l)H ~ OH OH

The tendency to form organo-metallic componnds,
seen in the metals of group 1 (alkali metals) reaches
a maximum in the metals of group 2; it diminishes
on pagsing through groups 3, 4 and 5, and none of
the metals in groups 6 and 7 combines with organic
radicles, The property reappears in group 8, which
containg the transitional elements.

Aluminium, thallium, indium and lithium form
complexes with alkyl or aryl halides, which are dec-
composed by water, with the formation of hydro-
carbons,

These compounds are not produced in the presence
of ether, but by heating the halogen derivatives with
the metal 1!

Two important applications of the Grignard reagent
to synthesis in the terpene series may be mentioned.

The formation of dipentene from é-keto-hexahydro-
benzoic acid (see p. 14) by Perkin involved the
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tollowing stages: Tho cstor was troated with mag-
nosinm mothyl bromide, and the addition compound
gave on hydiolysis §-hydroxy-hoxahydro-p -toluic
ostor :

CIIL,.ClI, ClIg.C'LI.,,\ /OII

ROOC.CIL G0 - LOOCCI 8]
e’ Neg oy N,
This oster wns thon comvertod into 8-hrom-hoexa-
hydro-p-toluic sstor by the action of hydrogon hromido,
and from this, by romoval of IIBr with alkali or
pyridino, A®-tetra-hydro-p-toluic ostor was obtained :

CILCIL,. Br ClL,.CLL
/ 2 2\ / &
Ro0C.CIT ¢ - 1o0¢.dI ¢l
Nem,ery” e, Neiotry”

Troatment of this oster with 2MgMoBr gave
terpimeol, which was convertod imto dipentono by
dohydration with acid potassinm galphato :

G CULCL, Gy UCH
¢oIr).¢1 coy > 5 ed C.on,
CLL N\eu,.oty” ClL” Ncm,.cary”

Tho synthosis of A?*gp.menthadiono fromn othyl-
Ad-totrahydro-p-tohate involved the following stages:
CL, o, i,

CII b ‘(l:u
/N
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JE ORI ST P | ORI €1 SR | YRR 1)
- - |
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|
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Carcium anp Barium.

These metals, so alike chemically and physically,
have been closely associated togethcr in the solv-
ing of the problem of atmospheric nitrogen fixa-
tion.

Calcium has received some application i organic
gynthesis similar to that of magnesium; alkyl and
aryl compounds, CaR,, have been preparcd, and it
seems likely that many of the magnesium syntheses,
already mentioned, could be accomplished by the use
of calcium.

The compounds of calcium and barium, instru-
mental in bringing about nitrogen fization, are the
carbides, the preparation of which has been rendercd
possible by the advent of the electric furnace. This
means of attaining very high temperatures came into
general use during the eighties of last century, and
rendered possible the preparation, on a largo scale,
of many new and useful substances.

In 1895, Frank and Caro found that when barium
carbide was heated to redness in air the main product
was barium cyanide, but simultaneously a cortain
amount of barium cyanamide was formed. These
two reactions, therefore, proceeded side by side :

BaCy+ N, = Ba(CN); ; BaC, + N; = BaN.CN +C

These workers subsequently found that when cal-
cium carbide was used the cyanamide was the main
product, while the cyanide became the by-product.

These efforts to prepare a nitrogenous land ferti-
lizer promised success, since the cyanamide decom-
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posed cagily in the presence of water, yiolding am-
monia and lime :

CaN.CN + 3H,0 = CaCO, + NH,

Later work has shown that cyanamide of lime is
not only a valuablo fertilizor product, but that it
can be used for a variety of purposes and trans-
formed into various usefnl products.

Eleven European factories werc making the sub-
stance in 1909, and their yearly output was estimatod
at 166,000 tons, while in the sane year the American
Cyanamide Company erected at Niagara, plant
capable of yielding 20,000 tons per annum. The
substance is sold for agricultural mses nnder the
name of nutrogen lime (Gorman, Kalkstickstoff), and
has been shown to be equal in valne to an equivalent
of calcium nitrate.

Since 1901 it has been found unnecessary to preparc
tho carbide itself in tho first place, and necessary to
excludo oxygen, so that now the process involves the
heating together, in an electric furnace, of limo and
carbon in atmospheric nitrogen, when the following
change takes place :

Ca0 + 2C + Ny = CaN.CN + CO.

The complete decomposition of the cyanamide into
calciuin carbonate and ammonia may be accomplished
in stages by suitably arranging the conditions, so that
the first substance to be formed is cyanamide itself,
whicl is then transformed into urca, and the third
stago imvolves the hydrolysis of nrea into carbon
dioxide and anmonia
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CaN.CN + 2II,0 = Ca(OH), + NH,.CN
NH:CN 4 H,O = CO(NHg)g
CO(NH,), + HyO = CO, + 2NH;,

Under ovdinary soil conditions all the above stages
are realised, but by heating with water nudor pres-
snre, complete decomposition into calcium carbonato
and ammonia takes place.

The chief uses of calcium cyanamide are ag follows :

(1) By decomposition with steam it is used for
preparing ammonia and ammoninm salts.

(2) When fused with sodium carbounate, or chloride,
and carbon it yields sodium cyanide :

CaN.CN + Na,CO; + C = CaCO, + 2NaCN.

Hundreds of tons of cyanido arc mannfactured
annually in this way in Enrope, and in Mcxico it is
made in the mining districts.

(8) It xoceives some application in the caso-harden-
ing of steel.

(4) By the action of dilute acids, dicyanamide is
formed :

2CaN.ON + 41,0 = 2Ca(OH), + (CN.NIL,),

Dicyanamide is used in large ¢quantitios by dyors
and explosive manufacturers. Its presence m gun-
powder tends to lower the tomperature of the gmu-
barrel.

(5) Axtificial urea made from cyanamido is used
in large quantities for certain phairmaceutical pre-
parations :

CaN.ON + SH,0 = Ca(OIL), + CO(NIL),

(6) Large quantitics of guanidine arc made from
cyanamide. ‘T'wo wethods are available for this
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preparation ; eithor tho cyanamide may be trcated
with ammonia, or it may bo rednced with zinc and
bydrochloric acid. In the latter mcthod, mothyla-
mine 1s produced at tho same time by reduction of
the hydrogen cyanide formed :

NH)
ON.NTIL, + NI, = IIN: c<
NH,

NH,
2CN.NIL, + 1T, = IIN: c< + TICN
NH,

HON + 2H, = CH,NII,.

(7) Creatine is preparocd by combining cyanamde
with savcosine (methyl glycine) at 100°C. :

CN.NH, + CIT,.NH.CII, COOH = . SC.N(CH,).CH,.COOH.
7

(8) Anotheramethod [or proparing cyanide depends
npon the heating of dicyanamide with alkaline car-
bonate and carbon. Aunnonia is formed at tho samo
time and is generally absorbed in sulphnric acid.

2(ON.NIL), + 2K,CO, + 4C = 4KCN + 2NH, + IT,+ 600 + N,

A process patented in 1903 by the Ampdre Electro-
Chemical Co. (U.S. patent 719223) for the propara-
tion of barium cyanide and ucetoune is ag follows:

Barium hydroxide and carbonate are heated with
coke in a revolving clectric {fmrnace. Tho barium
carbide formed, rolls down inte a cooler region and
therc comes into comtact with a strecam of atmo-
spheric mitrogen, and the resalting cyanide i8 with-
dvawn :

Bal; + Ny = Ba(UN),
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Tho cyanido is noxt treated with acetic acid to
liberate the hydrogen cyanide, which is then passed
into alkali :

Br(CN), + 2CILCOOH = (CII,C00),Ba + 2HCN

The acotato is then suburitted to distillation, where-
by acotone is formed, and the barium carbonate is
ugod over again :

(CH,COO0),Ba = CH,.C0.CH, + BaCO,

The by-product of the first stage,barium cyanamide,
is goparated from the cyamide and converted into
alkali cyanide by fusion with carbonate :

BaN.CN + Na,CO3 + C = BaCO; + 2NaCN.

The proparation of nitrides from atmospheric
nitrogen making uso of calcinmn or magneginm, has
boon the subject of much investigation and of many
patounts.

Tho nitrides are easily decomposed by the weakest
acids, oven by carbonic acid, liberating ammonja, and
often thoy can bo decomposed by water.

Somo processes depond on the fact that the oxide
of a nitrido-forming metal is reduced to the metallic
condition, when hoated in the electric furnace with
carbon in the requisitc quantity, and if a stream
of nitrogen be then blown through the fused mass,
nitrido is formed.

Magnosium hag, for example, boen utilised in this
way s

2MgO + C = 2Mg + CO,; Mg + 3N, = 2Mg,N,
Mg,N, + 6H,0 = 3Mg(OH); + 2NH;

The French Patent, 350966, depends upon the

prodnction of calcium hydvide which is formed by
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healing the metal in hydrogen ; tho hydride is next
converted into the nitride by a stream of nitrogen,
ammonia being formed at the same time :
Ca + II, = CaH, ; 3CaH, + 2N, = Ca.N, + 2NH,
CayN, + 6H, = 3CaH, + 2NH,

The nitride is then heated in hydrogen to decomn-
poso it in the manmoer indicated abovo; the method
is one, therefore, of contimally fixing atmospheric
nitrogen and converting it into ammonia. In de-
veloping this mothod it has been found that either
calcium or maguesium may be used, or a mixture
of the two metals ; also that it i3 immaterial whether
the hydrogen and nitrogen pass over the metal
separately or together ; and instead of hydrogen it
is possible to use water-gas.

The reaction may, therefore, be regarded as a
synthesis of ammonia from its elemcuts in the
presence of magnesium or calcium.

Another process for the fixation of atinospheric
nitrogen is the subject of an English Patont, 1894,
13315.

A heated air-blast is passed into the bottom of a
vertical furnace containing a mixture of alkaline
carbonate and coal (the caxbonate may be replaced
by or mixed with oxide, hydrate or nitrate), whereby
a cyanide results, which is carried up in the form of u
fame and at a suitable height is decomposed by a
jot of steam, into carbonate and ammonia, the latter
being collected in condensers :

K.CO, + 4C + N, = 2KCN + 3C0
KON + 2ILO = HCONII, + KOII

IICONII, = CO + NII, ,
CO + 0= 00, ; CO, + 2KOI = K,C0, r 11,0,
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The K,CO4 18 allowed to fall down to the bottom
of the furnace and the process is repeated. Tho
entire reaction may be represented by the following
equation :

2KCN + 3H.0 + 0, = K,CO; + 2NH,; + CO,

This process may evidently be used to ywold
ammonia and fornnic acid if the reaction is rogulated
to bring about the following change :1?

KCN + 2H,0 = HCOOK + NH,

Two applications of the calcium and barium salts
of various orgamic acids are common and of great
importance.

Trstly, the calcium and barium salts of organic
acid are frequently used in the preparation of the
acids themselves, by treatmont with mineral acids
such ag sulphuric, hydrochloric or phosphoric. This
method was first utilised by the Swedish chemist,
Scheele (about 1770), who discovered by this means
tartaric, citric, malic and oxalic acids.

Secondly, by the dry distillation of the calcium and
barium salts of organic acids, ketones are formed :

(CH4C00),Ca = CaCO, + CH,;CO.CH,

If the salt of formic acid be mixed in molecular
quantity with the other salt then an aldehyde is
produced :

(HCO00),Ca + (CH,C00),Ca = 2CH;.CHO + 2CaCO,

Certain cyclic ketones have been formed in this
way, and from them, the cyclic hydrocarbons,

For example, the calcium salt of adipic acid yields
on distillation, adipoketone (keto-pentamethylone),
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and this by reduction and subsequent use of hydrogen
iodide gives pentamethylene:

+ HI
CH,.CH,.CO0 CH,CH:  oqnpe CHemCH; — o
| 2@ > ] >co —_ >CHOH
CH, CH,.CO CH,.CH, CH,—CH,

CH,.CH, roduce CH,.CH,
- ] >CH H>CH
CH,.CH, cm

In a similar manner hexamethylene can be pre-
parcd from pimelic acid, and heptamethylene from
suberic acid :

CH,.CH, €00 CH,.CH, C'Hq CH,
H/
CH, 20«. Ny >co > C >CH,
\CH,.CH,.CO \¢H,CH, \CH, CH,
CH,.CH,.CH,.C00 CH,.CH,.CH,
0>C‘,zu - | >CO -
CI1,.CH,CTIL, CO CH,.CH, CH,
. CH,.CH,
CH,
CH,.CH,.

By means of thisreaction Haller obtained camphor
from camphoric acid.’

The complete process was ag follows ; camphoric
anhydride from camphoric acid was reduced with
godium amalgam to campholide, and this combined
with potassium cyanide gave homocamphoric nitrile.
The nitrile was hydrolysed, and the calcium salt of
the resulting homocamphoric acid, on heating, gave
canmphor :
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—1I1,0 redueed + RCN
COOII co C1r,
c;u,,< - QI ,< No C‘,I-I,,< 0
cooII co” co
Lydrolyse
o <CH2.(‘.N g IGO0 CH,
() - CH, - CIIL,,
c “"Ncoon LN

The hydroxides of magnesinin, calciun and barium,
havo played an important part in the synthesis of
sngars.

In 1861, Bntlorow digested an-aqueons solution of
calcium hydroxide with trioxymethylene (a polymer
of formaldchyde) and obtained a sweot yellowish
syvap.'

Tn 1886, Loow propared a syrup which he termed
formoso, by shaking a 4 per cent. solntion of {ormal-
dchyde with milk of lime and then filtering.
Alter standing for five or six days, the solntion was
ovaporated and a syrup obtained.’

A few years lator (1889) hec used magnesinm
hydyoxide, and by tho same method obtained a sweet
symp which was fermentable and which ho termed
mothose.’®

The above threo syraps all appear to have con-
tained a-acrosc, which Emil Fischer isolated in a pmve
stato in 1887, by tho aclion of baryta water upon
acrolein bromide, when a mixtare of «- and [3-acrose
was obtained.V

2C,I1,0Br, + 2Ba(OIl), == C,I,,0, + 2BaDr,

Tischer subscquontly obtained a-acrose alonc, by
tho polymerisiug inflnonce of one per cent. sodinin
hydroxide upon glycerose, an oxidation product of
glycerol 18
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CIL,OI CHOI CILOH  CHOI
| |
CIIOH + ?:o - ?HOII <l:o

H

CHO CH,OH C(IIOH —CHOITI
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CHAPTER IV
ZINC AND MERCURY

Tne nsc of zine for preparing ketones and tertiary
alcolols from acid chlorides, has received wider
application since Michael showed how it might be
nsed i a simlar mamer to magmnesium, withont
isolating spontaneously imflammnable organo-zine com-
pounds. It has been uvsed largely by Blaise and his
co-workers in synthesising ketounes aud cyclo-acetals ;
it is less roactive thian maguesiuw, and is, therefore,
complomentary to that motal in synthetic work.

The zine organo-halide is prepaved for use by
heating together the zinc-copper conple, the alkyl or
aryl halide, cthyl acetate, and tolene for about an
honr, the reaction being started if mecessary with a
arystal of iodine. All the roagonts nmst be well
dried, and the colourless viscous hemid which vesnlts
i utilised by adding to it the acid chloride dissolved
in toluene, and when the required amount, has been
added the intermediate zinc complex is decomposed
by the addition of dilnte sulphuric acid.!

Blaise synthesised eof3-unsaturated ketones, and
ketone-alcohols as follows: A [(-hydroxy-aliphatic
ester is prepared by coundensing a ketone with an
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a-halogen substitnted ester by means ol zinc (Refor-
matsky’s reaction) :
R.CHBr
| + (CH;)C0 - (CH,),C(OH).CITR.COOR
COOR
The [B-hydroxy-aliphatic acid is then acetylated
and converted to the acid chloride by thionyl chloride,
after which the acid chloride reacts with ZuRX, to
produce an acetoxy-ketone which is hydrolysed to an

a3-unsaturated ketone :
+ ZnR"X
HO.CHR.CHR'.COOH -» AcO.CIR.CIIL'.COCIT ——
—  AcO.CHR.CHR'.COR” — RCH:CR.COR”

If however, there is no hydrogen atom in the
a-position, a saturated lscto-alcohol resalts:
AcO0.CH,CR.COR” - HO.CIL.CR,COR”
B-hydroxy-aa-dimethyl propionyl chloride, for
example, changes in this manner.”
The semi-acid chlovides of smceinic and glutarie
acids yield keto-acids by treatment with ZnR1:
CH,.COOR CIH,.COOR CIL,.COOLL

| - | |
CIH,.COC1 ¢I1.COR CI1,.COR
Diketones are obtained from the acid chloxides of
adipic acid and higher acids of the scries :

, CoC1 : ol
CH, > (CLLy)
)'<0001 N\COR,

This change is not applicable to snceime wud
glutaric acids.®

Componnds of the type R.CO.0.CLIR.COCI give
cyclo-acetals, probably by the following clhange :

0—(0
ZnI0.CR,.0.CHR.COCl - 1\'._.0< >cnn
P
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These cyclo-acetals may be hydrolysed, forming
hydroxy-acid and aldehyde :*

U T—
O—

The use of zinc in those syntheses which are now
generally carried ont by the aid of magnesinm, has
alveady been mentioned, p. 45.

A fmther application of zinc is seen in a reaction
first carried out by Reformatsky m1 1887, in which
halogen substituted esters are condensed with ketones
or with ketonic esters. An example is afforded by
the prodnction of B-hydroxy-isovaleric ester from
acetone and iodo-acetic ester; a zinc addition com-
ponnd is probably formed, and on the addition of
dilnte acids is decomposed. This veaction is there-
fore represented in the following manner:

CH, I CHp. ,0Znl
™00 + cn;.< - 1>c<
CH, COOCH,  CHY \CH,.COOC.H,

CHJ\ 0Znl CH;;\
/c< + HC = C<CH + Zalcl,
CH,”  \CH,.COOC.H, CO0C,H,

Citric ester has been synthesised in this way from
brom-acetic ester and oxalyl-acetic ester:®
é + éH - | |
00CH, »COOC,H, COOCH, COOCH, COOC,H,
Another example is camphoronic acid (aaf3-tri-
methyl-tricarballylic acid), an oxidation prodnct of
camphoric acid, wlhich can be synthesised from
a-brom-isobutyric ester and acetoacetic ester.’
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(CH;);\C.BI' COCHJ
+ ->
COOC,H, CH,.COOU,LL,
(CH).C COH, — ('IJH2
COOCH; OH COOC,H;

The hydroxyl gronp of this hydroxy-irhnethyl
glutaric ester is replaced by chlorine, this again by
cyanogen, aud the nitrile gives the required acid on
hydrolysis, dl-camphoronic acid :

(CH,),C C¢.CH, — CH,
00GH, o éoocgr5
(CH,),C —— C.CI, — CII,
CO0H  CoOoII (l'OOH

Magnesinm has been nsed in place of zine for this
type of synthesis.’

Zinc is frequmently nsed for bringiug abount con-
densation Dby the elimination of halogen or of
hydrogen halide.

Tor, the preparation of hydrocarbons it may re-
place sodium in the Wurlz-Fittig reaction :

2GH,L + Zn = Znl, + CH,.

In reactions where hydrogen hahde is climinated,
zine plays a somewhat similar 20l to that of aln-
minium or alunininm chloride in the Friedel-Crafts
reaction (Chapter V).

Naphthyl-phenyl-ketone is obtained from naphtha-
lenc and benzoyl chloride, in the presence of zme o7
Cullg + GILCOU = 5 0.0, + 110,

Phenyl-tolyl-metliane  from bougyl chloride and
tolnenc 1s another cxwmnple :

CeH CILC + CIL.CIL, = C,.CLLLCIL.CLL, 1 e,
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A recent and interesting use of zinc is found in
the preparation of keten, the simplest of the ketides,
from brom-acetyl bromide.®

After an unsuccessful attempt to remove the
chlorine from chlor-acetyl chloride, it was found
possible to remove the bromine from brom-acctyl
bromide by treatment with zinc turnings, in ethereal
solution. TFor this purpose the brom-acetyl bromide
(50 gms.) was dissolved in ether (250 gms.) or in acetic
ester (200 c.cm.), and the mixture was then dropped
on to zine turnings, in a distillation flask. A vigorous
reaction took place and the product was allowed to
distil over, in a current of hydrogen gas.

The keten was isolated by passing the wmixed
vapours throngh a vessol immersed in lignid air and
wag found to be a gas at ordinary temperatures,
which liquefied when cooled to — 56° and solidified
at — 151°:

CH,Br.COBr + Zn = CH,:CO + ZnBr,.

Methyl and ethyl keten can be prepared by tho
same method nsing a-brom-propionyl bronude and
a-brom-butyryl bromide respoctively, but the yields
are smaller than with keten itself :

CH, CHBr.COBr + Zn = CIL.CIL: CO + Znlir,
C,II;. CHBr.COBr + “n = C.H,.CH:CO + /nBr,.

Carbon snboxide (C40,) may be regarded as keten
in which the two hydrogens of the methylene group
have been replaced by the carbonyl group :

H,C:CO CO:C:CO
Keten Carbon suboxide.

This snbstance was prepared in 1906, by heating

malonic acid with phosphorus pentoxide at 300° under
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reduced pressmre (12 mn.). Carbon suboxide is a
colourless gas at ordinary temporatures, its boiling
point is + 7° and the melting point of the solid is
— 108° It is to be regarded as malonic anhydride,
since it i8 formed by the removal of two molecules
of water from malonic acid and because it recomnbines
with water, forming malonic acid :°

COOII 40

H2< = ¢ + 2H,0.
COOII co

This oxide of carbon can also be prepared by the
action of zinc tmimings npon di-brom-malonyl bromide:

COBr ,CO
0}31-2< + 27 = C{  + 27uBr,
COBr ~Co

Zinc is a valuable reducing agent in acid, alkaline,
or neutral solntion, and in the dvy state it is used to
remove oxygen from phenols and other oxygen-
containing bodies. By mixiug alizarin with zinc dust,
and heating the mixture, Graebe and Liebermann in
1886, reduced the dyc-substance to its parent hydro-
carbon, anthraceune.

In effecting the rednction of oxygen compounds
by this method, zine dnst is mixed with the smbstance
to be reduced, and the mixtnre is then heated in a
combustion tube. The reduction is often facilitated
by passing a stream ol hydrogen or cavbon dioxide
throngh tho heated mixture:

CH;0H + Zn = CH, + ZnO; CH.OI + Zn = C,H + ZnO0.

By this method succinimide can be converted to
pyrrol, and homo-phthalimide to isoquinoline :
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CH,C0 CH :CII
NIT | 2%n | NNH 4+ 2700
e, cd CHL: ol
O O Xen
NNIE + 2= O, |+ 27n0.
CHL.CO o Y

Homophthalimide itself is produced by redmcing
phthalic anliydride and then hydrolising the cyano-
addition prodnct; the ammonimm salt of the acid
formed 1is then heated :

/co <11 S—— CHON
1Y >o - c'.,n.< >o —5 am -
od 0 COOK

CH,.COOTT
c.,u|<
00

(T, COONTII,  CHLCO
o II\ - NI + NII, + 211,0.
COONII, CI1,.C0

7Zinc CHTORTDE.

This snbstanee is nsed to effeet condensation by
the ebinination of water, ammonia, or hydrogen
chloride.

It was nsed by Groves in 1874, to prepave ethyl
chloride by the interaction of cthyl alcohol and
hydrogen chloride :'0

CHOII + HCl = CIICL + ILO.

Illnstrative of the power of zinc chloride to elinri-
nate the elements of water, iz the fact that many of
the higher primary alcohols when heated with this
reagent, become converted into olefine hydrocarbons.
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Homolognes of the phenols can be prepared by
heating a wmixtnre of the phenol with a primary
alcohol and zinc chloride at 200°; thns, from phenal
and isobntyl alcohol is obtained isobutyl-phenol, while
from cresol the analogons isobutyl-cvesol reslts ;!

CH,OI + (CIT,),CHLOHLOM — (CHL),C.CHLOI + 1,0,

CH, CH
o\,

|+ (CHy), Cchjon H

'\\/ \\/C(CH|)1

Alkyl ethers of the phenols are formed sinml-
taneously.

The prodnction of phthaleins by zinc chloride is
exemplified by the condensation of phthalic anhydride
and dimethyl-aniline :

G, .N(CTTy),

Co CIT,— + H,0.
oﬁlr4< >o + 20,0, N(CH,), = | | NC.F,N(CIT,),
o Co—0

The lenco-base of malachite green is formed by
condensing benzaldehyde with dimethyl-aniline i the
presence of zine chloride :

1T, N(ClLy),
GII,.CHO + 2CH,N(CH,), = cﬂnﬁ.cn< + TLO.
C,IT,N(CIT,),

Acid chlorides condenso with acid anydrides,
hydrogeu chloride being elhmnated in tho prosenco
of zinc chloride :'?

GH,. 0001  C4H,.CO G,11,.C0.0,1L,CO

+ ?o = 0 + ZHC
G, COC1  GH,C0 C,H,.C0.CLIT,C0

Acridine and its homolognes are formed by heating
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the acidyl derivatives of diphenylammine with zne
chloride :13

N N
I 1 \e I, - q,n,< >c,,H, + 11,0,
CII0 CH

The method of Groves for preparing alkyl chlorides
has been improved by Dehn and Davis, who recom-
mend the use of phosphorns trichloride instead of
hydrogen chloride.

The veaction iz represented by the following
equation ;'

PCL, + ZnCl, + 3G,ILOII = 3C,H,C1 + 2HCl + ZnHPO,,

While the maximnm yield by Groves’ method, using
hydrogen chloride, was 28 per cent., they obtained by
the abovo modification a yield of 90 per cent. of
propyl chloride, and with isobntyl aund isoamyl
chlorides tho yields were 60 and 70 per cent. respec-
tively.

Many coundensations are brought about with the
climination of ammonia, by ziuc chloride.

Naphthylamine and methyl alcohol yield naphthyl-
methyl-cthor:

CWll; NI, + CILOM = C,I1.0.CH, + NII,

Phenyl-hydrasones of aldehydes and ketones lose
ammonia and form indol derivalives.!s

Acetunc phenyl-hydrazone gives a-methyl-indole,
while tho hydrazone of propaldehyde gives (3-methyl-
indole :

¢l £ '/ ! = / C CH; +
S NILN : 7. NH.
Loy C\C‘[ (‘ '\ / 3 3

G NIIN: CIT.CIT,CII, = ¢, II\ \CH + NH,
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Zinc chloride may bo used to assist the iuntrodme-
tion of acetyl groups by mecans of acclic anhydride.'®

A satmrated alcoholic solntion of the chloride may
sometimes be used iustcad of the solid itself.  Ifor
example, by warming o-amino-cinnamic oster in an
alcoholic solution satnrated with the chlovide, water
is eliminated and a-ethoxy-quinoline results :'7

CH™
_/CH: CH.COOG,H, S om
CH, = GH, [ + ILO.
\NH, \ o .00,1,

Metallic zinc may be nsed as au oxidising catalyst.
When the vaponmy of alcohol, mixed with aix, i
passed throngh a tnbe containing heated zine, a yicld
of aldchyde amonnting to 80 per ccut. may be
obtained.

Mgrcury ann Murcury Comrounns.

The use of merenry wnd its componnds is confined
to the snbstitution of halogens and to oxidation,

The almminiuni-merenry couple (prepared by im-
mersing alnminium foil in mercuric chlorido somtion)
ig a halogen carrie. of some value, and is used o fncili-
tate substitution in the aromatic series of componnds,
by chlorine and bromine.

Tor this pnrpose the hydrocarbon or the body it
which it is desired to introdnec bromine 1s placod in
a flask and a fow picces of the conple wdded ; the
broniine is then added slowly and the snbstitntion is
accompanied by a vigorons reaction.’®

Mercuric oxide is utilised when iodino is to be
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introduced ; the casily vedneible oxide fovimg merenyic
indide witl the hboated hydrogen iodide which it
is essentinl to rewove from the sphere of action,

The following are cxamples of this method :

Plhenol is couverted to iodo- and di-iodo-phenal I
adding gradually, iodine and mercmric oxide to an
aleoholic solution of phenol and agitating :»

2CH,0H + IIg0 + 2L, = 2C,I0,(OI)I + Hgl, + 1,0

20, H,OH 4+ 2Ig0 + &I, = 2CgH,(OW)L, + 2Hgl, + 2H.0.

Todo-dnrene is obtained by adding iodine and
mercmic oxide to dmreme dissolved im petroleum
ather, and allowing the mixtmre to stand some tinse,*

Ag an oxidant, meronry wmay be nsed i the
presence of sulplmric acid.  One of the most impor-
tant examples of this is the oxidation of naphthalene
to phthalic acid, used on the large scale i the first
stage of tho process for preparing indigo from the
hydrocarbon.

The phthalic acid is next couverted into anthranitic
acid, and this is condensed with chloracetic acid ;
the stages ave indicated by the following formulie :

CONIT,

Cyll, - CH, <C - CH <C,o > ¢ H<
COOH

NII, NH.CH,.CO0H
- e > CH;
71 \COOH

co co
H Ne el VH.
> G "<NH/ € Ry ™

The plenyl-glycine-carbonic acid is fused with
caustic soda and the aqneons extract from the fosed
mass oxidised by air,
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The nse of mercwric oxide as a nold oxidant is
shown in the following examples.

Salts of phenyl-hydrazine are oxidisell to the
correspouding diazo-conipounds :

(CH, NTLNTL), H,80, + 20, — ((,H; N: N), SO, + 4110,

Di-ethyl-hydraziue is oxidised to tetra-ethyl-tetra-
zoue ¢

2(CH) N.NH, + O, = (CII5), NN : N.N(C,IL,), + 2L0.

This action differs from that of Fehling’s solntion,
which in the first case gives heusenc and i the
second case diethylamine :

20,1, NHLNTL, + 0, — 20T, + 2N, + 2I1,0

Do}

A(CAL)N.NTL, + 0, = 4(C,II),NIT + 2N, + 2H,0.

The addition of the clements of water to varions
Jeetylenes takes place in the presence of merenric
bromide and other merenry salts.

Acetylene is converted to acctaldehyde, allylene
to acetone, aud valeryleue also to a ketone:

.1, + 1,0 = CI,CII0; CH,C ; CH + 11,0 = CH,('0.CIT,

Bipnioararny,
! Bull. Soe. Chim., 1911 (iv), 9 (i-xxv).
= Cempt. rend,, 1407, 445, 73.
4 Compt. rend., 1909, 148, 484.
4 Compt. rend., 1912, 154, 596.
5 Trans., 1897, 71, 457.
¢ Bou.,, 1902, 35, 2140 ; J. prakt, Chem,, 1908 (ii), 78, 97.
7 Ann., 1888, 247, 1807.
8 Bev., 1908, 41, 594, 906.
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CHAPTER V

ALUMINIUM. TIN. LEAD. ANTIMONY.
VANADIUM

The use of aluminium chloxide for bringing abont
condensation by the elimination of hydrogen chloride
wasg first made known by IFriedel and Crafts in 1877,
~ho applied it to the preparation of benzene hydro-
carbons by the treatment of Dbenzene with alkyl
chlorides, in the presence of anhydrous aluminium
chloride :

CH, + CHCl = ClL;.CH, + IIC
C;IL; + CoH;Br == CgH;.C,H; + HBr.

Its use has been greatly extended, and aromatic
ketones may be prepared by using acid chlorides and
beuzene hydrocarbons. TFor example, benzene with
acetyl chloride gives acetophenone, while benzenc
with carbonyl chloride gives benzophenone :

C.H, + CH,COCI = C4H;.CO.CII, + HCl
2C,H; + COC, == C.IT,.CO.CH; + 2HOL

Alhmyinium chloride condensations aro effocted by
mixing tho reagents in a snitable solvent (carbon
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bisulphide, petrolemm ether, etc.) and gradually
adding powdered, dry,and {reshly prepared alaniiniom
chloride. If desired the procedmre may ho altered
by placing the whole amount of alumininm chloride
in the solvent and then adding the reacting snbstances
gradually.

The reaction, which is vigorons, is comploted by
heating the mixture on the water-bath, and thon
pouring the contents into cold walcr proviens to
extracting the eund-prodmct with benzenc, cther or
other smitable solvent.

Acids cau be prepared by using carbonyl chloride
or carbamic chloride ; 1 the formior casc am acid
chloride is obtained in the first instance, and in the
latter cagse an amide :!

C.H, + COCL, == C,H,.COC1 + 111
C;H; + CICONH, = C,H,.CO.NH, + HCL

Aldehydes of phenols and of phenol-ethers can be
obtained by passing gaseous hydrogen chleride and
hydrogen cyanide into the phenolic snbstance, mixed
with aluminiom chloride :*

OCH,
C,H,O.CH, + CICH: NH = (}0H,< + LCL
CH :N11

The intermediate imino-compound is acidificd aud

distilled with steam :

OCH, OCIL
CGH4<C + HO = 00H,<C ‘r NI,
H:NH 110

Aldehydes can be formed by acting npron aromatic
hydroc;wbous with a gagseons mixinre of carbon
wmonoxide and hydrogen chloride 3
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CIL,.CIT, + CICOII = C,H l\C + HCL

The following are exawmples of internal condensa-
tion bronght abont by AlCI, :*
Phenyl propionyl chloride —» hydrindone :

c1,” \cn. > CH CH, + HCL
cou/ < >
Pheunyl valeryl chloride - pheno-keto-heptamethy-
lene :
CII,—CH, CH,—CH,
B, Sel, » GHS . OCH, + HOL
" cocl—cHy” "N co—cH,

Similarly phenyl-butyryl chloride passes to a-keto-
totrahydro-naphtlalenc.

Sometimes direct combination of two molecnles
Tresulls withont any elimination taking place, as for
example, in the union of phthalic anhydride and
benzene to form o-benzoyl bensoic acid :°

Co
COC,H;
et Do + oty = cHL
N \cooH

Ancther example is the formation of benzanilide
from phonyl carbimide and benzene:
G, + C,H,N: (O = C,H, NH.CO.C,H;.

j3-Dikotoues (1 : 3-diketones) may be obtained
fromn acid chlorides, aud here again, an intermediato
wldition compound appears to be formed and then
decomposed by treatment with water,  The forma-
tion ol acelyl acctone from acetyl chlovide will serve
o 1llastrate this typo of synthesis :
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CH,CO
SCH,COCI + AICL = >CH.CCL3.O.AICI=, + 2HOL
CH,CO

X B0
(’
CH,CO.
H.COOII + 1IC1 + AIC)
CHC
—
\\\)

CH,CO.CH,.COCIL, + CO,.

Benzene is converted into beunzene sulphinic acid
by snlphur dioxide, in the presonce of anhydvous
alnminium chloride, while oxygen will bring abont
the formation of phenol :9

CJL, + S0, = GJII,.80,1
2CI1, + 0, = 2C,i;01l.

When snbstancos centaining hydroxyl groups are
nsced with alpmininm chloride, it is necosary to proteet
theso groups from attack by tho wetallic chloride and
this is accomplished by estorilying them. TFor ex-
awple di-benzoyl-guinol is propared by the action of
benzsoyl chloride wpen gninol dibenzoate and snbse-
quent hydrolysis of the prodnct:

C,I1,(0.CO.CIL), + 2CIL.COCI = (C,1,L0).C,I, (o CO.CH,)y
+ o

(GILCONC,T(0.COAIL), + 2ILO — (C(,IICO).C.,II (OL1),

+ 2C,1T,.COOLL

The frmetion of aluminimn chlorido in these various
condensations appears to be catalylic.”

Sometimog relatively snall ¢nantitics of tho
chlonide are sullicient to complete the veactions and
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at other times larger gqnantitics arc necessary ; com-
plex compounds are generally formed and thns the
chloride is removed from the sphere of action.
Anhydrous ferric chloride, which brings abont tho
same kind of condensation, doos not cxhibit tho snne
tendeucy to form complex intermediate compounds
and therefore acts as a catalyst.

The following are examples of the complex inter-
mediate componnds which have been isolated -3

ALCL.CH, 5 AlyCl, G, (CH,)3.6C,IT,5 ALCl, CyIT,.60, L.

Componnds of oxygen-containing bodies have also
been isolated : With ether C,H,,0.AICl, ; with anisole
C,Hg0.AICl; ; with ethyl benzoate CyH,,0,.AlCI,
All of these are crystalline solids.

A study of the reaction between anisole and benzyl
chloride indicates that the change i unimolecunlar and
that the clhloride of aluminiuin acts as a catalyst, sinco
the velocity of reaction i8 proportional to its concon-
tration.?

The formation of aromatic kotoues has been ex-
plained as procceding in the following steps:10

R.COCI + AICl, = R.COCLAICI

R.COCLAICL, + IR = R.COR’AICL + ITC1
R.CO.R’AICL + nll,0 = R.CO.L + AlCLnlLO.

[

Anhydrous zine chlovide as well as forvie chlowido
can often be used instead of ahuniuimin chloride
in these condensations.

It 13 interesting that the revorse veaclion can bo
acconiplished in the case of the alkylation of benzoue.
All the hydrogen atoms of the hydrocarbon can be
replaced by methyl gronps, and converscly hoxa-

methyl-benzene can be converted into benzonc.!
0



82 SYNTHETIC USE OF METALS

The alkyl groups can also be made to pass from
one hydrocarbon to another, tolnene in the presence
of alpminium chloride yielding both benzene and
meta- and para-xylene,

The fact that small quantities of the aluminium-
mercury couple can bring abont similar condensa-
tions, indicates that the chlovide acts as a catalyst;
the formation of diphenyl-methane from benzyl
chloride and benzene is an example of this.1?

Inorganic radicles may be condensed with hydyo-
carbons as in the formation of antimony triphenyl
and dimethyl-amino-phenyl-phosphine-dichloride :'3

SbCl, + 3CH; = Sb(CeH,)s + SHOL
PCl, + GH,.N(CHy), = PCLCH,N(CH,), + HOL

Aluminium trichloride can be used for hydrolysing

the alkyl ethers of phenol and its derivatives ;!¢

CH;.0.CH; + HCl = CJ,.0H + CH,Cl
NO

C°H4<00131

13

NO,
+ HO = cﬁH4< + CH,Cl
OH

Tin aAxD LEAD.

Both metals form compounds with organic radicles,
in which the metals themselves are tetravalent.

These compounds are prepared by treating the
sodium alloy of the metal with the required halogen
compound, and in the case of tin two other methods
are available,namely, the treatment of tin tetrachloride
with sodium in the presence of the halogen organic
compound, and the action of organo-magnesium com-
pounds upon tin tetrachloride.

These reactions may be represented by the follow-
ing equations (X represents Cl, Br or I):
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Sn + 4Na + 4RX = SnR, + 4NaX
SnCl; + 8Na + 4RX = SnR, + 4NaCl + 4NaX
$nCl, + 2MgRX = SnR,Cl, + MgX, + MgCl,.

By the action of iodine upon the tetra-alkyl com-
ponnds one or more alkyl radicles can be replaced :
PbR, + I, = PbR,I + RL

Componnds of the type PbR,I and SnRyI are con-
verted into the corresponding hydroxides by treat-
nment with the hydroxides of silver or sodium :

PbRI + AgOH = PbROH + Agl

The stannonium and plumbonium hydroxides are
strongly basic crystalline substances which form salts
with acids, :

Optically active tin compounds have been prepared
by combining the metal with four different groups
and then resolving the racemic compound prodnced.
The following scheme will indicate the method adopted
by Pope and Peachy in separating active methyl-
ethyl-propyl tin iodide :18

2SD(CH3)3I + Zn(C,Hs,), = 2Sn(CH3)3(C,H5) + ZD.I,
Sn(CHg)g(C,Hs) + I, = Sn(CH,),(C,H)I + CH,I
28n(CHy),(C,Hs) I + Zn(CsH;), = 28n(CHy),(C,Hy)(CoH,) + ZnI,
Sn(CHy),(C,H5)(C;H;) + I, = 8n(CHy)(C,H;)(CH,)L + CHL
(Faint yellow oil, b.p. 270°.)

Resolution was effected by treatment with the
silver salt of d-camphor-sulphonic acid and subsequent
decomposition of the camphor-sulphonate formed, by
means of potagsium iodide:

Sn(CHy) (C,Hs)(C;H)I + CyH,;080,4g =
Sn(CHj)(C,H;) (C3H;)S0;0C Hy + Agl
Sn(CH,)(C,Hs)(CsH,)S0;0CHys + KI = Sn(CHy)(C,H;)(C;H,)T

+ Cy,H;;080,K
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Tin is used as a reducing agent in acid or alkaline
solution, and after reduction the metal may be sepa-
rated from the solution as sulphide by hydrogen
sulphide, or if the reduced compound be a base, caustic
soda may be added in excess and the base then ex-
tracted by some suitable solvent.

When uging stannous chloride and hydrochloric
acid for reduction, the usual proportions are 40 parts
SnCl, and 100 parts HC1 (1-17). This mixture may
be used in alcoholic solution since stannous chloride
is soluble in alcohol .18

Alkaline stannous chloride is largely used in pre-
paring azo-compounds and particularly for trans-
forming diazo-compounds into hydrocarbons 17

CH;N:N.OH + H, = CH; + N, + H,0
The entire reaction may be represented thus :
CgHN:NCl + SnCl, + H,0 = CgH; + N, + Sn0Cl, + IICl
Tin tetrachloride is very efficient in bringing abont
the formation of phthaleins; for this purpose the

chloride is heated with the reacting substances to
about 120°

The formation of phenol-phthalein and of salicyl-
phenol will serve to illustrate this method :18

CH,OH
0 N\
CyH,OH
eh: e >o + 2GH,0H = CyH, ><§ T s mo
o 0

HO.G;H,COOH + CyH;0H = HO.C;H,.CO.C,H,OH + H,0

The separation of organic acids by means of the
lead salt which is subsequently decomposed by
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hydrogen sulphide, is a method much used, and may
be illustrated by reference to formic acid :
(HCO0O0),Pb + H,S = PbS + 2H.COOH

Lead monoxide, like silver oxide, may be used in
the presence of water, for hydvolysis. TFats, for
example, are saponified (hydvolysed) by boiling them
with water containing PbO in suspension ; the result-
ing products are glycerol and a lead soap :

2(CsH;C00);C;H; + 3PHO + 8H,0 = 3(CyHyCOO),Pb +

Palmitin. Lend palmitate.
2C;Hz(OH),
Glycerol.

Lead monoxide is also used as an oxidant, gener-
ally by mixing it with the compound to be oxidised
and heating, or passing the vapour of the compound
over heated lead oxide.

By this method benzil is oxidised to bonzophe-
none, acenaphthene to acenaphthyleue, and o-wmino-
diphenyl-methane is converted into acridine :1?

C;H5.C0.CO.06H; + PbO = GIL;.C0.CH; + CO, + Pb

CH, o
c,.,H6<| +PbO = C,(,H(,<|| + HO + Pb
CH, CH

CH, cIr
00H4< CyHy + 2Ph0 = CHL | >c‘,11t + 2H,0 + 2Pb
NH, N

Lead peroxide is used for oxidising leuco-bodies.
TFor example, leuco-malachite greon (obtained by con-
densing benzaldehyde with dimetliyl-anilino) is con-
vorted to the base of malachito greon by hoating
with PbO,:

cﬁHS.CH<C"H"'N(CH"')’ > 00H5.0(011)<(?“”’N(w”)’
CoH N (CHy), Colf, N(C1Ly),
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The peroxide is utilised on the large scale for this
purpose. [Germ. Patent 50782.]

ANTIMONY.

The chief use of antimony and its chlovides is for
accelerating the chlorination of organic compounds.
Chlorination is also accelerated by the chlorides of
iron, aluminium, molybdenum o1 thallium, and the
metals themselves may be used.

Just ag the trichloride and pentachloride of anti-
mony are suitable, so also are the two chlorides of
molybdenum, MoClg and MoCly, and the two chlorides
of thallium, TICl and T101,.%

Nitrobenzeneis converted intom-chlor-nitrobenzene
by chlorine in the presence of antimony trichloride.®

According to the German Patent 32564, phthalic
anhydride is converted into the tetra-chlor-derivative
by passing chlorine into a mixture of the anhydride
and antimony pentachloride heated to a temperature

of 200°:
CO CO

CsH4< >o + 40, = G, >o + 4HCL
¢o

CO

Antimony trichloride is used to facilitate pyro-cou-
densations such as that of dinaphthyl from naphtha-
lene. Only a small quantity of the product is
obtained by passing naphthalene alone through a
red-hot tube, but the yield is very much improved
by mixing the vapour of antimony trichloride with
the vaporigsed hydrocarbon :

6CoHs + 2SbCl; = 2Sb + 6HOI + 3C,H,.Cpk,



ALUMINIUM, TIN., LEAD, ANTIMONY., VANADIUM 87

The vapour of stannic chloride appears to be still
more efficient in this type of condensation. By its
means a good yield of diphenyl is obtained from
benzene.

VaNapium pENTOXIDE hag received limited applica-
tion as an oxygen carrier. Its presence accelerates
the oxidation of ethyl alcohol to aldehyde and acetic
acid, when effected by air or by oxygen.

The oxidation of cane-sugar to oxalic acid by con-
centrated nitric acid is facilitated by the presence of
a small quantity of vanadium pentoxide.?
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CHAPTER VI
IRON. NICKEL. PLATINUM. PALLADIUM

Trrse metals have all been used as catalysts,
particularly in oxidation and reduction processes, and
in this connection the value of nickel and platinum
is well known,

Certain iron compounds have been used for
reduction. Ferrous sulphate in aqueous solution,
with ammonia, baryta, or sodium hydroxide, may be
uged for reducing, as also may ferrous potassium
oxalate in neutral, alkaline, or weakly acid solutiomn.

The following are examples of the reduction of
nitro-compounds by ferrous sulphate : nitro-phenyl
propiolic acid* and nitro-dichlor-benzaldehyde?®; the
method has been used to reduce several nitro-acids
to the corresponding amino-acids.?

Ferrous potassium oxalate can be utilised in these
. cases with good resnlts.*

The value of iron and of ferric chloride as halogen
carriers is well known. Ferric chloride or ferric
hydroxide may be msed for oxidising purposes, the

oxidant being in each case reduced to tho ferrous
condition,
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The oxidation of ethyl indoxylate to ethyl indox-
anthinate® and of naphthol to dinaphthol® may be
accomplished by ferric chloride -

20,H,0H + 2FeCly = CoHl,(OH). + 2HCI + 2FeCl,

Ferric hydroxide is sometimes msed for oxidising
leuco-bases.”

The oxidising action of hydrogen peroxide in the
presence of ferrous sulphate, was first used by Fenton
and applied by him i the conversion of the poly-
hydric alcohols to the corresponding aldehydes.

In the first instance, the reagent was used to
prepare di-hydroxy-maleic acid from tartaric acid :

CH(OH) COOH . 0 C(OH).COOH

CH(OH) coom 2 (IJ(OH).COOH-’-
Glycerol, erythrite and mannitol can be converted
to the corresponding aldoses by this oxidant : ®
The first indication of the value of reduced nickel
for accelerating the reduction of organic compounds
by hydrogen, was obtained by Sabatier and Senderens
in 1897, when studying the compounds obtained by
passing acetylene or ethylene over heated reduced
nickel. It was subsequently shown that many organic
substances could be reduced in this manner, the chief
factors which determined the success of the reaction
being, the temperature at which the nickel was first
prepared from the oxide by hydrogon, and the
temperature at whicl the mixture of tho substance
and hydrogen was allowed to pass over tho metallic
nickel.
Generally, the catalyst (uickel) is prepared by
heating pumice, impregnated with nickel oxide, in a
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current of dry hydrogen at about 300°. When
reduction is complete the temperature is allowed to
fall to between 160° and 200° and the mixture of
the substance to be reduced, with hydrogen, is passed
throngh the reduced nickel.

The following is o briof snmnary of the results
hitherto obtained by this mwethod, and a collection
of references to the original papers will be found at
the end of tho chapter. It will be seen that
although nickel is the mctal most used and the one
which generally yields the best results, yet other
metals, namely, copper, cobalt, iron and platinum,

"have been utihised.

In 1897 it was found that by passing ethylene
over reduced nickel at about 325° a gaseous mixture
was obtained consisting of 10 vols. of hydrogen, 60
vols. of ethane and 30 vols. of methane. At higher
temperatures the volume of ethane was diminished,
and the wickel was fonnd to be most active when the
nickel oxide was roduced at 800° A mixture of
ethylene and hydrogen at a temperature of 150° gave
a quantitative yicld of ethane.

In 1899 and during subsequent investigations, it
was shown that when acetylene and hydrogen are
passed over reduced wuickel at ordinary temperatures
the gases combine, a rise in temperature takes place
gpontaneously, and ethane is tho chief product, but
the composition of the product depends upon the
temperature, the proportion of acetylene to hydrogen,
and the velocity of the gas cuxrent. Olefines, paraffing
and benzene are found in the product and the liguid
consgtituents increagse with 11se of temperature, while
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a diminution of hydrogen also favours the formation
of liquid hydrocarbons, especially benzene com-
pounds.

Metallic iron, copper and cobalt behave in a
similar way, and the formation of lignid hydrocarbous
snpports the idea that petrolenm may have been
formed naturally, by the gases evolved from the action
of water npon carbides of the alkalis and alkaline
earths, passing throngh layers of leated metals in
the earth’s interior.

The metals copper, iron and cobalt produce the
following changes in mixtures of acetylene and
hydrogen on the one hand, and mixtures of ethylene
and hydrogen on the other hand.

If acetylene be passed over copper at 180-250°,
g wmixture of hydrogen, unchanged acetylene, and
volatile hydrocarbons results; the copper swells up,
owing to a deposit of yellowish highly condensed
hydrocarbon of composition (C,H,), which has been
named cuprene. If the acetylene bo first mixed with
excess of hydrogen and the temperature 200° the
mixture resulting, contains 8 per cent. of olefine
(ethylene) and 18 per cent. of ethane; a more
compact form of copper at 170° causes the olefine
content to increase ninefold while the ethano is
reduced in gnantity. If the mixtnre contains half
its volome of acetylene and the reaction proceeds ab
150° the amount of ethylone in the product iy still
further imcreased and the cthano decreascd.

Reduced iron at ordinary tempceratures doecs not
affect a mixture of acotylene and hydrogen, but
above 180° cthane, ethylene (and higher olofiucs),
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and a small amount of benzene hydrocarbons re-
sult.

Reduced cobalt accelerates the reduction of
acetylene to ethane by hydrogen above 180°, and
some liquid paraffins result at the same time-
Yividently these three metals bring about differerrt
rosalts under similar conditions.

While copper favours ethylene formation, iroxx
and cobalt, when a sufficently high temperature is
reached, favour ethane formation accompanied in one
case by benzene hydrocarbons and in the other case
by liquid paraffins,

Asg regards mixtures of ethylene and hydrogern,
the reaction, C,H, + H, = C,H,, is not induced by
copper below 180° but between 180-300° this is the
main reaction. Moetallic iron hag no effect on the
mixture at ordinary temperatures, and when heated
to 180° the roaction soon ceases owing to the metal
becoming carburiged.

Reduced cobalt induces the reaction, CoH, + Hy
= CyH,, at first and the metal becomes spontaneously
heated, but it soon becomes carburised and inactive.
If heated to 100°~150° the reaction proceeds, yielding:
ethane mixed with unchanged ethylene and hydrogen.
together with traces of higher acetylenes. At 3007
much unchanged ethylene and hydrogen are found

with ethane, together with small amounts of methanc
and liquid hydrocarbons; the cobalt still becomes
carburised and its activity declines.

The reaction between ethylene and hydrogen is
only temporary in the presence of platinum black at
ordinary temperatures, but at 100-120° slow com-
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bination takes place, and at 185° the yield of ethane
ig almost quantitative. Spongy platinum behaves in
a similar manner at 180°,

Acetylene with excess of hydrogen, in the presence
of platinum black at ordinary temperatures gives
only ethane, but if acetylene isin excess then ethylene
is also formed, while at 180° some liquid hydrocarbons
also result. '

The passage of acetylene alowe, over the metals
nickel, platinum, cobalt and iron gives the following
results.

A rapid current of acetylene when passed over
reduced nickel causes intumescence, and this is
apparently due to occluded hydrogen in the metal,
because when displaced by a stream of nitrogen gas
no reaction is observed below 180° At higher
témperatures no intumescence is observed if the
acetylene current be sufficiently slow, and the
products are hydrogen, ethane, ethylene and liquid
hydrocarbons containing benzene with higher olefines,
A rapid stream of gas gives rise to intumescence, and
the issming gas is made up of hydrogen 51'4 per
cent., ethane 36'3 per cent., ethylene 2 per cent.,
benzene and homologues 108 per cent. ; at the same
time a liquid condenses which contains unsaturated
hydrocarbons.

Pinely divided platinum induces no effect with
acetylene at ordinary temperatures, but above 150°
intumescence is observed, and the gas is partly de-
composed into carbon, ethylene, benzene, ethane, and
hydrogen, the last three in small quantity.

Cobalt free from nickel has no action upon acety-
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lene at ordinary temperatures, but above 200° the
gag is ahnost completely decomposed into hydrogen,
ethane and carbon while small qnautities of benzcno
and its homologues are formed.

Ironbehaves similarly but much loss ethane results,
while olefines and benzone accompany the gases.

Ethylene is not affected by finely divided platinum
or copper below 400° but cobalt above 300° partly
decomposes the gas into ethane, methane, liyydrogen
and carbon, no acetylene being formed. Iron above
850° has less action, bnt decomposes some of the gas
into ethane, hydrogen and carbon.

The following are some of the results obtained by
reducing aromatic substances in this manner:

Benzene and its homologues are reduced by hydro-
gen in the presence of nickel at 180-200° yielding
the corresponding cyclohexanes. If the side-chafn
be long, then a certain amount of disruption accom-
panies the reduction, and lower homologues are pro-
dnced as well as the normal cyclohexame. At a
higher temperaturc, decomposition of tle reduced
products may occnr ; cyclohexane itself, for example,
is decomposed if the temperature is 300°, into methano
and carbon. The hydrogenation of benzene seems
peculiar to nickel, since cobalt and platinum black
have only a transitory effect, while spongy platinum,
iron and copper are quite inert.

Limonene, sylvestrene and terpinene are all re-
duced to 1-methyl-4-isopropyl-cyclohexane by this
method, naphthalene gives tetrahydro-naphthalene,
and acenaphthene behaves similarly.

Nitrobenzene, o- and m-nitrotoluene, are all re-
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duced to the corresponding amino-compounds in the
presence of copper at 300°-400°, and the reducing
action of platinnm black is similar. Reduced nickel
acts more vigoronsly and reduction takes place
normally at 200°, but at 250° the products obtained
from nitrobenzene are benzcne, cyclohexane and
ammonia, as well as amiline, while at 300° benzcne
ig the chief product.

Reduced iron and cobalt act in a similar mammer
to nickel when heated to 450°-500°.

Reduced copper does not effect hydrogenation in
hydrocarbons unless at least one unsubstituted (:CH,)
gronp is present ; styrene is reduced to ethyl benzeue,
and limonene C;,H,, passes to C;;H,q, bnt limonene
becomes still further reduced by nickel to hexahydro-
cymene Cy,H,,.

» Hydrogen in the presence of reduced nickel con-
verts phenol into cyclohexanol and cyclohexane.
Poly-phenols are affected similarly, while aniline and
its homolognes become rceduced to cyclohexylamines ;
quinones are reduced to quinols and witriles to amines.

The catalyst remains active in continual use, often
for a month, but is poisoned by halogens or sulphur
and algo by the decomposition of carbonaceons matter
when working at too high a temperature.

The following reactions are also important :

Carbon monoxide (1 vol.) and hydrogen (38 vols.)
react in the presence of nickel at 250° to form
methane and steam, CO + 3H, = CH, + H,0.
Carbon dioxide is also reduced at a higher tempera-
ture, CO, + 4H, = CH, + 2H,0.

Hydrocarbons of the ethylene series up to a carbon
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content of Cg, are reduced to the corresponding
paraffing ; below 160° the product is practically pure,
but above 200° partial decomposition takes place
and hydrocarbons of lower molecular weight result.

The liquid product obtained from acetylene and
hydrogen at temperatures not above 200° ig fluor-
escent, not attacked appreciably by a mixture of
sulphuric and nitric acids, and presents the character-
istics of American petroleum. Acetylene alone, yields
a green-coloured liquid which resembles Russian
petroleum.

Dehydrogenation takes place when the vapour of
primary alcohols is passed overreduced copperat 250°—
800° and aldehydes result, while secondary alcohols
are converted by the same method into ketones.

Nickel and cobalt effect the same changes, but in
too vigorous a manner generally. -

Tertiary alcohols are decomposed into olefines and
water by the agency of reduced nickel and copper.

For the catalytic reduction of aldehydes, nickel
reduced at as low a temperature as possible is most
efficient ; a quantitative yield of alcohol from acetal-
dehyde is obtained at 140°, while the optimum tem-
perature for reducing formaldehyde is 90° and for
propaldehyde 102°-140°.

Rednced cobalt, platinum sponge, and copper are
not snitable for aldehyde reduction.

The reduction of oleic acid to stearic acid by this
method is of technical importance and is one example
of the reduction of unsaturated aliphatic acids to the
corresponding saturated acids.

Iron, nickel, zinc or lead may be used, according
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to the German Patont 185932, for rcducing formic
acid to formaldehyde by hydrogen at 300°.

Sabatier and Maihle have stndied the catalytic
action of varions motallic oxides upon the vapours of
certain organic compounds. 'They find that alcohols
are oxidised to aldehydes by manganous oxide and
that they are dehydrated by alumina, thoria or the
blue oxide of twugsten, with the formation of olefincs
and ethers. Those changes arc oxplained in the
cage of thoria by the following equations :

ThO, + 2CaIlm..OH = ThO(OC,Iluy,),s + H,0
Below 800° ThO(OCyHy 1)s = ThO, + (CuHus1),0
Above 300° ThO(OCpHang1), = ThO, + H,0 + 2C,Hyn.

Tho rosults obtained by passing the vapour of
primary alcoliols over various heated mictallic oxides
have been snmnarised, and the oxides nsed have been
wrvanged i fonr classes as follows :?

(1) The oxidation is linited to the formation of
aldehyde and wator ; tho metallic oxide used has no
offect upon tho aldohyde and the metal or lower
oxide which results has no catalytic powor. To this
class belong Sb,0,4 and Bi,0,.

(2) The aldehyde formed may be partly oxidisod
either to the corrosponding acid, or with the forma-
tion of carbon dioxide and water. Mercuric oxide
at 150° oxidises alcohol to acctaldehyde with the
gsimultanoous formation of carbon dioxide, but 110
acetic acid is produced.

Manganese dioxide at 200° oxidisos alcohol to
aldohyde and is itself reduced to Mu,0,; at 250° the
Mn,0; brings abont furthier oxidation and tho pro-

ducts are acetaldehyde, carbon dioxide,and acctic acid.
I
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(3) The oxides catalytically dehydrate the alcohol,
and ethylene is the chief result. To this class belong
Fe,05, AL,Oq, and ThO,.

(4) The largest class consists of those oxides which
are reduced to the metal, or a lower oxide, capable of
producing a catalytic effect which is superposed upon
the initial oxidation. The oxides of nickel and cobalt,
of lead (PbO,, Pby0,, PbO), of copper (CuO, Cu,0),
at 350° belong to this class; the reduced meotals in
these cases have a dehydrogenating effect upon the
alcohol, and aldehyde results.

Mn,0; is reduced at 350° to pale green MnO,
which converts the alcohol to aldehyde by dehydro-
genation.,

Tungstic oxide at 350° is reduced to a bluc oxide
which has a dehydrating effect and ethylene results
as well as aldehyde and acetic acid.

The oxides UO4 and V,0;4 are reduced to U0, and
V,0; respectively, aldehyde and carbon dioxide
resulting, The further action of UO, or V,0; gives
aldehyde, hydrogen, ethylene and water.

Mixed ethers result when alcohols and phenols are
used with thoria at 890°-420° and esterification takes
place when alcohol and acid interact at 350°-400°,
Esterification'® is more complete in the presence of
titanic oxide at 280°-300°. Ome molecule of acid is
used with twelve molecules of alcohol, and in this way
methyl, ethyl, propyl, butyl, and benzyl esters have
been prepared from acetic, propionic and butyric acids.

In the case of formic acid it is necessary to work
at 150° with titanium oxide and at 200° with thoria
to avoid decomposition of the acid.
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Hydrolysis is effected undor similar conditions if
the cster and oxcess of steam are passed over theso
catalysts.

Olefines are obtained by passing the vapour of
paraffin monohalides over reduced nickel or copper,
heated to 250°; the resulting products are the olefine
and the haloid acid, which are prevented from recom-
bining by passing them through potash. The chlorine
derivatives decompose thus below 260° but a higher
temperature is 1equired for bromo- and iodo-com-
pounds.’* The bivalent chlorides of nickel, cobalt,
cadmium, iron, lead and barium produce the same
effect at 300°; barmm chloride is the most efficient
catalyst, Chlorides of univalent metals are not able
to bring about this change, and the following equations
possibly represent tho reaction in the case of the
bivalent chlorides:

(1) MCl, + Gl Cl = MCLC,InNC + IICL
(2) MCLG Hu(l = CpHun + MCL.

Tho rcduction of wmitrilos by hydrogen in the
presence of reduced nickel or copper usually gives
primary, secondary and tertiary amines together with
ammonia, and the changes arc probably represented
by the following equations '

(1) R.ON + 2H, = R.CILNIL,
(2) 2R.CH,NH, = (R.CH,),NII + NII,
(3) 3R.CH,NH, = (R.CH,),N + 2NH,.

Aldoximes are reduced to amiucs by hydrogen at
180—220° in the presence of reduced niclkel or copper;
with benzaldoxime, however, the chief product is
benzaldehyde when coppor is used, aud toluene when
nickel is used.™
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Primary alcohols are converted into prinary, secon~
dary and tertiary amines, by ammonia, in the presonct’
of heated tnngstic oxide or thoria.

A mixture of reduced nickel and almnina may 11*
used to effect reduction by liydrogon aud the simul-
taneous fission of water ; thus fenchenol is converto!
by this method into fenchane and bornocol is trans<
formed into iso-camphane :1*

CyoI1;0H — CyH,; - CyHy,.

Prarmvun is not only snitable for accelerating redn«-
tion processes, but is also an excellent catalyst who
oxidation is effected by air or oxygen. Formalde-
hyde was first prepared by passing the vapour of
methyl alcohol and air over a heated platinmn
spiral.l®

Later, copper gauze was found equally effective,
and formaldehyde is now manufactmed by passing
the vapour of wood spirit mixed with air, over finoly
divided platinum or copper distributed over au
earthenware surface. The following processes for
manufacturing ammonia and nitrates or nitrites
(substances essential for the synthesis of the highly
complex plant and animal bodies), depend largely
upon the use of platinum as a catalytic agent.

Ammonia is formed when nitric oxide and hydra-
gen are mixed and passed over platinum sponge ul
80°. The hydrogen used may be that present in
Dowson-gas or water-gas and the reaction involvod
is indicated by the following equation :16

2NO + 5H, = 2NH, + 2H,.

If ammonia and air be passed over red-hot finely
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divided platinnm (or onc of the platinmn motals),
nitric acid is formed,!7 and nitrons acid is produnced
in the same way if ferric oxide at 700° be snbstitntod
for platinum.'S

Ammonia 18 now made by the Badische Amiln
wud Sodafabrik, by passing nitrogen and hydrogen
over heated platimnm at  temperaturce of 807, under
o pressnre of about thirty atmosphercs.  Other
catalysts used in the process are manganose, nraniun
and osmium.

Keten has been propared {from accfic anhydride,
by exposing the vaponr of the anhydvide to tho
dehydrating  inflnence  of o white-hot  platimmm
wive :1?

CIT;.CO
(}o = 20TL,;:00 + II,0.
CH,.CO

Platinum and palladinm in colloidal solution are
usecd for cffecting the Lydrogenation of snbstances in
aqucous or alcolwlic solntion,  IHydvogen is passed
throngh the solutions and it is often advantageous to
work mider slightly increased pressure; the colleidal
mectals are obtained from palladions chlovido or pot-
assium platinichlovide, in the presence of gimn avabic.

By this method nnsaturated aldehydes and ketones
are converted into the corrosponding sabmated com-
pounds, while benzenc, tolnene and bensoic acid may
be converted into eyclohexane, methyl-cyclehexane
and cyclo-hexanc-carboxylic acid respoctivoly.®

The rednction of nitro-corapomnds in solntion Ly
spongy copper depends npon tho precipitation of tho
copper from copper sulphate solution ly sodinm
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hiypophosphite and the simultaneous decomposition of
water, with evolntion of hydrogen.®

The nitro-componnd is usually dissolved in alcohol,
spongy copper added, and an aqueous solution of
hypophosphite is gradually run into the nnxture.

The presence of halogen or hydroxyl groups in the
nitro-componnd is no disadvantage and good yields
are obtained.
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APPENDIX T

PRACTICAL WORK: SODIUM POTASSIUM

EruayL BenzeNE from brom-benzene and ethyl bromide.
[Ann., 1864, 181, 304 Ann., 1869, 149, 342 ]

The brom-benzene (60 gms.) and cthyl brounde
(50 gms.) are mixed in a 1-ltro flask fitted with a
reflux condenser, and donble the volume of dry
ether added.

The sodium (18 gmas.), in small piccos, or in the
form of wire, is added gradually, and a few drops
of acetic ethyl ester may bo added to accelerate the
reaction,

When all the sodium has been added the mixtnre
should stand for four or five hours (preferably over-
night), and then be boiled on the water-bath for half
an hour. After cooling, the liquid is decanted from
the sodium bromide and the residue washed twice
with dry ether. The washings are addoed to the
original liquid, and after distilling off the other Lhe
residual oil is fractionated. That fraction is collected
which distils between 132°-135°  Yield, abont
20 gms.
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Axisore from sodium phenate and methyl iodide.
[Axnn., 1851, 78, 226.]

Sodium (5 gms.) in small pieces is dissolved in
methyl alcohol (100 c.cm.) contained in a i-litre
flagk fitted with a reflux condenser. When the
godinm has all dissolved, phenol (20 gms.) and
methyl iodide (40 gms.) are added, and the mixture
heated ou the water-bath until it gives no alkaline
reaction (about three hours).

The alcohol is then distilled off and water added
to the residue to precipitate the anisole, which is
extracted with ether. After drying the ethercal
extract over calcium chlovide, the ether is distilled
off and the residual oil fractionated, that fraction
being collected which boils between 150°—155°, Yield,
abont 16 gms. of a colonrless oil with ageeable
odony, b.p. 154°

Bunzorc ANmyprive from gsodinm benzoate and benzoyl
chloride,

Benzoyl chloride (10 gms.) is added to powdered
sodium beuzoato (10 gms.) i a small retort and tho
mixture is heated strongly. The distillate, which is
colleeted in a receiver, solidifies and may be recrystal-
lised from benzene, and the odowr of benzeyl chloride
may be rcmoved from the crystals of bouzoic au-
hydride by placing them in a desicecator over solid
potassivmn hydroxide for a few honrs.

Yicld, about 12 gms. Rhombic prisms; np.
42°, b.p. 360°.
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Hexamprayrene from the dibromide.
[Trans., 1894, 68, 599.]

The preparation of hexamethylenc dibromide from
wwl-chloro-brom-propane, which is itself prepared froun
allyl chloride, is as follows:

Allyl alcohol may be converted into allyl chloride
by heating with conc. hydrochloric acid in a sealed
tube at 100° for several howrs.

Allyl chloride is then converted to chloro-brom-
propane by heating in a sealed tubo with a slight
excess of conc. hydrogen bromide solution at 100°
for seven to eight hours. The mixture is then
washed, dried and fractionated.

The boiling point of the product is 140°-142°.

Chloro-brom-propane (1 wol.) is next dissolved in
a little methyl alcohol, and the calculated amount of
sodium (1 atom in twelve times its weight of methyl
alcohol) is added in three portions, the mixture being
boiled after each addition.

As soon as the vigorous action ceases the prodnct
is cooled and mixed with twice its volume of water,
the oily layer extracted with ether and the ethereal
solution washed with water to removo alcohol.  After
drying the extract over calcium chloride it is distilled
with a fractionating colunm : the portion boiling at
115°-118° is chlor-methoxy-propane, yield 50-60 per
cent,.

Chlor-methoxy-propane (20 gms.) is next dissolved
in 60 cc. of light petrolowm (b.p. 50°-60°) and
heated to boiling nnder a leng veflux condenser,
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The flame is removed and small pieces of potassium
added gradually, the very violent action after each
addition Dbeing allowed to subside before adding
another piece. The mixture soon thickens owing to
tho separation of potassium chloride, and when the
metal is no longer acted upon the whole is boiled for
half an hour, any nnchanged metal being removed
by alcohol.

The product is then powred into water, the oily
layer separated and dried over calcium chloride
before fractionating. Most of the liquid distils
between 100°-150° and is unchanged chlor-methoxy-
propane, while the liquid boiling above 150° is chiefly
di-methoxy-hexane, which is next digested under a
reflux condenser {or three hours with fuming hydro-
bromic acid. The dark-coloured product is poured
into water, the oily layer extracted with ether, and
after removing the ether from the dried extract, the
regiduc is heated in a sealed tube with hydrobromic
acid for two hours at 150°-160°. The product is
poured into water, extracted with ether, and the
dark-coloured hexamethylene dibromide fractionated
under roduced pressure (20 mm.). That portion is
collected which boils between 125° and 140",

Tho hoavy colourless dibromide (30 gms.) is now
mixed with meta-xylene (30 gms.), and added through
a funnel drop by drop to a mixture of sodium
(15 gms.) in small pieces, and 70 c.c. of m-xylene.
The reaction is vigorous, and if a condenser be fitted
to the side-tube of the reaction-flask, the resulting
hexanethylene distils over between 70° and 100°;
this may be refractionated over sodium and that pant
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collected which distils at 77°-80°. Yield abont
10 gms.

TriMeITIYLENE Dicarsoxyric Acip,
[Ber., 1884, 17, 51.)]

Di-sodium malouic ester is prepared by dissolving
sodium (135 gms.) in alcohol (150 gms.) and
adding malonic ester (45 gws.) gradually, ITthylene
dibromide (54 gms.) is then slowly added, and the
solid mass which forms is thon lLeated under a reflnx
condenser to 100° for twenty hours ; the mass becomes
liquid soon after heating, and at the ond of this
time should be no longor alkalino to Litums. The
cxcess of alecohol is noxt distilled over and the
residne mixed with wator to dissolve sodhun browmide,
after which it is extracted with cther and the
extract dried over calcinm chloride. The dried
extract is now frced from cther by distillation, and
the residnal yellow-colonred oil fractionally distilled
in a flask with a long neck and the {raction collected
which distils between 195°-225°, This fraction
shonld again be distilled and the portion hoiling al
203°-210° collected.

To separate malonic cster still preseut and which
amounts to 15 to 20 per cent. it mngt be converted
into the higher boiling derivative, benzyl-malonie
ester, Tor this purpose half a gram of sodium i
alcohol is added to every 20 gms. of the oil collected,
and to this mixture 2'5 gms. of benzyl chlorvide is
added and the whole heated nntil neutral.

Water is then added and the estors extracted with
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ether, and aftor removing tho cther tho remaining
oil i3 fractionatod. Bonzyl-malonic ester boils at
800° so that tho trvimcthylene ester may be separated
by %ollecting the distillate which passes over at 206°—
210°.

The ester 1s hydrolysed by boiling with alcoholic
polash for three honrs, and after boiling off all
alcohol tho residne is dissolved in water, and on
acidifying with sulpbnric acid the tvimothylenc di-
cavboxylic acid is extracted with ether. Crystalline
solid, m.p. 140°. By lLeating to 200° carbon dioxide
is evolved and the mono-carboxylic acid results,
which is a liquid, b.p. 188°-190°.

Curororormic EsTER.
[Bor., 1885, 18, 1177.]

Iigmid carbonyl chloride is placed in a flagk which
is imwersed in a freozing mixture. The flask is fitted
with a roflux condenscr through which a stream of
ico-cold wator circnlates. The upper end of the
condouser ig closed by a cork through which passes
a calcium chloride tube, and into which is fixed a
dropping funnel. The calcnlated quantity of methyl
alcohol iy slowly added from the dropping fnumel; a
vigorous recaction follows the fall of each drop and
hydrogen chloride ig ovolved and passes out throngh
the calctum chlovide tubo. When tho addition of
alcohol produces no further action the ester is poured
into water, washed with soda carb. solution, separated
and dried over calecinm chloride; b.p. 70°.
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dropping funnet ithed in the apen cud, theangh which
B ey faminge wnlphoric neild (S e conty 8OL) i
drapped wdowly, Pl vapenrs which weevad the
condensor paon ont thraogh the side-tnbe and ave
wnshol by pusang through  cone. salpbureie wetd
(welb eoobud) 5 they then purvinto grecviver inanes: ed
mon freveiyyy misture whvao the carboayl eblovide
cattoets, Washing thrmmgh eoue, salpharne el
servin {o removie 8Oy oud 8,0,CL Frons thy vapoue,

When all the fuming sutphurie aeid o hoen
wdded the thde may he wawrmed for five minntens
over tho flume Lo deivo oot vl COCH Weggdt of
ertdo product 1425 30 gone This may be padied
by redistiting  throngh cone, sulphnne aecid, thoe
wurmmth  of the hand bomg anflicient to produco
bailing, bop. 1+ 8"
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Mzravr BenNzoATs.
[Ann., Suppl. 7, 125.]

Brom-benzenc (30 gms.) and chlorofornic ester
(20 gms.) are mixed with 1 per cent. sodiwn amalgam
(1200 gms.) and heated for several days at 110°
under a veflux condenser. Tho wmercury is then
pored off, tho residue extracted with ether and
tho oxtract fractionally distilled.

B. p. of methyl benzoate is 199°.

Tosvic Erayn HsTEk.

Tlis may be prepared in the swwue maamer as
methyl benzoate, nsing Dbrom-toluene (34 gms.),
chloroformic ethyl ester (20 gms.), and 1 per cent.
sodium amalgam (1500 gms).

Acrrosceric sren.
[ Aun., 1877, 186, 161.)

Acotic ester (200 gms.) is placed in a yonnd flagk
and sodiwn in thin slices (20 gms.) is quickly added.
After this a voflux condenser is fitted to the flagk, and
if the reaction bocowmes too vigorons the latter must
be immersod in cold water. When the reaction
subsides the mrixturc is boiled on the water-bath
until no sodium rewmains, and aftor cooling, the mixture
is made acid by adding 50 por cont. acotic acid
(about 100 c.c.) ; an equal volume of saturated brince
is then added to salt out any acetic oster, which
collects at the top with acetoacetic ester. This layer
is placed in a distilling flask and distilled over wire
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gauze nntil the temperature reaches 100°, to rcmove
all acetic ester. The remaining lignid is distilled
under rcdnced pressure to avoid decomposition of
the acetoacetic ester.
Tho boiling points under various pressurcs aro as
follows :
88°at 29 . . . 97° at 59 mm.
94° ,, 45 . . 100°,, 80 ,,
The yield is about 85 gms., b.p. 181°

Eyryr Acrrosceric Brave Esrer.
[Ann., 1878, 192, 153.]

Aceto-acotic estor (32 gms.) is added to a sohtion
of sodium (5'5 gms.) in alcohol (70 gms.), and to this
mixture is gradually added cothyl iodido (40 gms.).
The mixture is then heatcd on the water-bath till it
gives no alkaline reaction with litnus (about 24
hours). Most of the alcohol is then distilled oif, tho
vesidue is mixed with water to dissolve the sodimm
iodide and then extracted witl: other. After drying
the etheveal extract over calcimn chloride, the cther
is digtilled off and tho romaiuing oil fractionally
distilled.  Yield about 25 gms., b.p. 198°.

Tho yield may bo improved by disliling undor
redncod pressure. B. p. at 140 mum. pressurc is 140°,
at 100 mm, 127°, at 40 mum. 106°,

Aeid hydrolysis of the ester by concentrated potaslh,
[Ann., 1877, 180, 276.]

The ester (20 gms.) is boiled with 22 per cent.
alcoholic potash (made by dissolving 20 gms. of
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potasl: in 90 c.c. of alcohol) for fonr hours under a
rveflnx condenser. When cool, it is extracted with
cther to remove any ketone formed, and then again
extracted after acidifying with sulphuric acid, to
remove butyric acid. After drying the extract over
calcium chloride the ether is distilled off.

Yield of butyric acid abont 8 gms., b.p. 168°

Ketonic hydrolysis of the ester by dilnte snlphuric
acid.

CH,CO0.CH.COOC,H; + H,0 = CH,C0.CH,.C,H; + €O, + C,H;OIL.

2Hs

The ester (20 gms.) is boiled with 200 c.c. of dilnte
snlphuric acid (1 part acid to 2 parts water) for
three honrs under a reflux condenser. The cooled
niixture is then extracted with ether, and after drying
the extract over caleimin chloride, the ether is distilled
off and the remnaining oil fractionally distilled. Yield
abont 10 gms.  B.p. of propyl-methyl-ketone is 102°.

Acgro-succinic Erayr EsTer.

A mixture of aceto-acetic ester (33 gms.) with
sodinm (5 gms.) dissolved in alcohol (70 gms.) is
treated with mono-chlor-acetic oster (32 gms.) which
is added gradually. The mixturc is then boiled on
the water-bath until no alkaline reaction is shown
(about two hours), aftor which it iz treated with
water to dissolve sodinm chloride, extracted with
cther, and the ethcreal extract dricd over caleimn
chloride and distilled. Yield 12-15 gms. of a pale
yellow oil, b.p. 256°,

Q
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Mavonie Karki.
| Am., 1850, 204, 12, |

D thig proparation chlor-acebic acid s convoerted
o polassinm eynnacabate, which is then by ddysed
and esterthad in one operation :

MLOLCOAK + KON = CH(CNLCOOK ¢ Kol

CIL(CN)LCOUK 1 20,11 O ¢ 21180, CHC000,0L),

1 KNS, b (NILYHSO,

Chlorncotic acid (40 gms) mixed with waler (80
¢.e.) is hoaded to H0=60" while polass. earb, (32 gns,)
is added nntil the Tiguid is noutend and effervescenco
coases.  Powdered potassinng cyanide (32 grms.) s
now added and the whelo well stared.  After the
livsl renetion is over the mass 8 envefally hentod till
tho tempantare renchoy 1357 and thon allowoed to
cool,  Tha solid 18 then broken np, and the cymu-
ncetate prosent i simubancoasly  hydrotysod and
esteribied by fiest mixing with 16 ¢.¢. of aleohol, nnd
thon wlding o mixture of ateohal (65 c.c.) and come,
satphoric neid (65 c.e.) graduatly, doring ten nmmtes,
The flask 18 then heated om the water-bath for ouo
hour nuder a reflaxy condeuwsar, nftor which the cool
mixtare is tresled with 80 c.e. of wator, lltored
from insoluble mattor, and the HHeato oxtractod
soveral timos with other.  Tho othoveal oxtract s
washed with sodiom  carbonnto solution and thon
driad ovar caleimm chlovide.  After distilling off the
othor, tho romaining oxlor is distiled ander redueed
prossuro.  B.p, at ordinary pressare is 195° B,
at 80 mm, 3w 127" st G0 mm. 1207, ab 80 mm. 108",
Colourless Hynid,  Yield, 35=40 gms,
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Mowo-ETHYL MALONIC ESTEE,

Malonic ethyl ester (20 gms.) is added gradually to
a solntion of sodium (3 gms.) in ethyl alcohol (40 c.c.).
The solid sodium salt separates out, and when all the
malonic ester has been added the solid mass is mixed
with ethyliodide (25 gms.), which is added gradually
and which causes the mass to become liquid. The
mixture is ‘then heated on a water-bath for one and a
half hours, by which time sodium iodide has separated
out and no alkaline reaction is obtained.

The alcohol is next distilled off, water added, and
the mixture extracted with ether. After drying the
extract over calcium chloride, the ether is removed
and that portion of the remaining oil collected which
distils at 206°-208°.  Yield, 10-15 gms.

Hydrolysis and Conversion to Butyric Acid.

The ethyl malonic ester (10 gms.) is hydrolysed
by boiling for an hour on the water-bath with strong
aqueous potash containing 15 gms. of potash. The
product is treated with moderately strong hydro-
clilovic acid tull neutral, and the acid is then pre-
cipitated as the calcium salt by adding a concentrated
solution of calcium chloride. The salt is filtered and
decomposed by strong hydrochloric acid and the free
ethyl malonic acid extracted with ether. The ether
extract deposits crystals on evaporation, and these
may be recrystallised from a small quantity of boiling
water. Colourless prisms, m.p, 111-5°. Yicld, about

5 gms,
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If some of the acid be heated over a small flame,
carbon dioxide is liberated and butyric acid remains.

COOH
C,H5.0H<COOH = CyH,COOH + CO,

DraoET0-svcciNie EsTER.
[Ann., 1880, 201, 142.]

Solid sodium acetoacetic ester is first prepared
by dissolving 5 gms. of sodinm in 40 gms. of alcohol,
and after adding an eqnal volume of dry ether,
acetoacetic ester (28 gms.) diluted with its own
volume of ether, is gradually added with shaking.

To the mixture 1 c.c. of water is then added and
the whole well stirred ; this causes the sodium com-
pound to separate, and it is fillered and drained on
the pump. Yield, 2025 gms.

The sodium compound is mixed into a thin paste
with ether, and an ethereal solution of iodine then
added till no more sodimin iodide precipitates. The
mixture is allowed to stand some hours and then
filtered, The ethereal solntion is shaken with
mercury to remove ioding, after which it is crystallised
from dilute alcohol or 50 per cent. acetic acid, White
crystals, mp. 78°. Yield, 10 gms.

Eraane TerrA-cARBOXYLIC EsTER.
[Ber., 1884, 17, 2781.]

Sodium (23 gms.) is dissolved in alcohol (30 gms.),
and to the cold solution is added malonic ethyl ester
(16 gms.). To the clear mixture, ether is added till
a turbidity appears, and then iodine (127 gms.),
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dissolved in ethor, is added gradually with shaking.
After standing a short time, wator is added to dissolve
sodium iodido,and the separated ethereal layer shaken
with thiosulphate solution to decolorise it.  After
separatingand drying over calcium chloride,the ether
is removed and tho remaining oil solidifies on cooling.
Colourloss prisng, m.p. 76°.  Yield, about 8 gms.

AceryL AcCETOACETIC ESTER.
| Ber., 1884, 17, Ref. 604.]

Dvy sodmm acetoacetic ester (20 gms.), which is
prepaved according to the method given nuder di-
acoto-guccinic ester, is dissolved in ether, and acetyl-
chlorido (12 gms.) is added slowly. A vigorous
reaction takes place, which may be completed by
warnming, after which a little water is added to
dissolve sodium chloride, and the ethereal layer
soparatod. After removal of the ether the remaining
oil is distilled undor reduced pressure. B.p. at 50 mm.
is 122—-124°  Yield, about 20 gms.

ANTIPYRINE,

rAnn., 1887, 238, 147, 160.]
(Ber., 1883, 16, 2597.]
[D.R.P. 26429.]

Plienyl hydvazine (10 gms.) is added to acoto-
acetic cthyl ester (125 gms,) and woll shaken ; much
heat is cvolved, and when the reaction is over the
oily product is separated from tho water foxmed, and
heated on the water-bath till a saauplo poured into
water becomes solid (2 hours). The whole is poured
while still warmn mto cther, the white precipitate
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collected, well washed with ether, and thon diied
recrystallised from alcohol.

The pheuyl-methyl-pyrazolon is then methyl.
by heating with the calculated amount of me
iodide in methyl alcohol at 100°-150°, in a scaled 1
for one or two hours. The hydriodide of antipy
present in the contents, is decomposed by aqu
potash, and the antipyrine obtained ig theuw crys
lised from toluene or ether. M.p. 114°. Yi
about 10 gms.

Mowo-ueTHYL SUcCINIC ESTER.
[Trans., 1899, 75, 839.)

3-Mothyl-cyano-succinic ester is first prepared
mixing cyan-acetic ester (285 gms.) with 57 gms
sodimm dissolved in 70 gms. of alcohol, and ¢
adding very carefully to the thick paste, 42 gms
a-brom-propionic ester.  The sodium compo
dissolves with evolution of heat, and sodium bron
geparates, After an hour on the water-bath,
neutral liquid is cooled and poured iuto water, :
the oil which separates is extracted with ether. '
ether extract is washed with dilute sodium carbor
gsolution and then with water, and after drying o
calcium chloride the ether is distilled off; the
maining yellow oil is fractionated under 24 x
pressure. The greater portion distillmg botw
140°-165°iscollected and refractionated under 171
pressure, and that part collected which passes over
160°-165°.  Yield, 60 per cent.

The cyano-succinic ester tlms obtained, is hyd
lysed by boiling with six times its volume of co
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hydrochloric acid under a reflux condenser for five
honrs. Auny acid which soparates on cooling is
filtered, the liquid is made alkaline with ammonia,
and boiled with 25 per cent. calcium chloride to pre-
cipitate the calcinm salt of tho acid, which is filterod
and treated with hydrochlovic acid to separate the
methyl snccinic acid.

Succino-succrnic Bsrer.  p-DIKEo-HEXAMETHYLEN .

[Ann., 1882, 241, 308.]
{ Ann., 1885, 229, 45.]
[Ber., 1889, 22, 2168.]

Sodnmm (10 gms.), cut into small pioces, is added
to snccinic cster (38 gms.) containing two or three
drops of alcolol, The wmixtnre soon becomes semi-
solid, and is allowed to stand for ten days with
occagional shaking.

At tho end of this timo the wass is brokon up,
acidified with dilute hydrochloric acid, and tho in-
solubloe ester is then filtered and recrystallised from
alcohol.  Colourless crystals, m.p. 126°, Yicld, about
20 gms. N.B.—A smaller quantity can be obtained
i loss time if a httle ether be added to the mass, and
the mixture be heated on the water-bath for about
twenty honys, huing threo days.

To obtain p-dikoto-hexamethylene, tho oster is
hydrolysed with sodinm hydroxide, and the acid
(succino-snccinic) precipitated by acidifying. This
acid ig then heated to 200°, whon it loses carbon
dioxide aud the diketo-body vemains ; m.p. 78°

Auother method is to hydrolyse the ester with con-
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centrated sulphuric acid, when it loses carbon dioxide
and passes directly to p-diketo-hoxamethylene.

Tix TEIRAPHENYL,
[Ber., 1889, 22, 2917.]

Twenty-five gms. of tin-sodium alloy (25 per ceut.
godiurn) is prepared by adding sodium in small
piccos to strongly heated molten tin, in an iron
crucible. The alloy when cold is broken up iuto
small pieces and mixed with 30 gms. of bromnbenzeno
in a flagk, and 1 to 2 gms. of acetic ester added.
The mixtnre i3 then boiled under a reflux condenser
in an oil-bath for ten honrs. The brown semi-solid
masy is next extracted with benzene and the oxtract
crystallised.  Colourless prisms; m.p. 226°. Yield,
10-15 gms.

Leap TerRAVHENYL.
[Ber., 1887, 20, 716.]

This is prepared in the same mammer as tin tetra-
phonyl, using 25 gms. of powdored lead-sodium
(8 per cent. sodinm) and tho same quantity of brom-
benzene. The mixture should be boiled for fifteen
hours and then extracted with bonzene. Pale yellow
necedles ; m.p. 224°.  Yield, about 18 gms.

Mercury DipHENYL.
[Ann., 1870, 154, 93.]

Brombenzene (315 gms.) is dissolved in an equal
volume of xylene, and heated with 400 gms. of sodiumn
amnalgam (2 per cent. sodium) at 160° in an oil-bath.
A small amount of acetic ester (about 1 gm.)
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acceloratos tho reaction aud boiling is continmed
dnring fonr hemys. The clear lignid i thon filterod
hot, aud the erystalline substanco which sepuratos
from the xylone on cooling i3 vecrystallised from
benzsone,

Colonrless needles ; ma. 1207, Yiold abent 15 g,

SUCoN TrreAPERNY b,

[ Bar, 188, 18, 15kl
{ Bor,, 185G, 19, 1012,

SiCh 1 AT + 8N = S(CL), + BNl

Siheon  telbrachloride (20 gind.) s mixed with
chlmbenzene (56 gs.) aud foar binmes tho volimo of
dry cbher, aud o small guantity of acotic aster (1 1o
2 gms) added.  The flask iy ablached o o rollux
condonsor, and then sodinm (23 gy msmndl plocoes
in gradnally added. A vigorous veactiom lollows and
the flask shonld bo repeatedly shaken.  When tho
reaction is completed, water i addad to remova any
nnndbackod sodhun, and then cnomgh 1o dissolve tho
sodiinn chlaridoe, alter which the mixture s oxtractod
with hot benzane.  Whito crystals soparato from the
benzeue solation, w.p. 228°,

Oxavve-acrrie sk,
| Bor., 18HG, 19, H22h, |
Oxalie ester (20 gmws)) i4 miaed  with  ether
(100 gms.) nod sodhmn (3 gws) in thin slices,
Acctic ester (12 gmsl) is then added Trom a dropping-
foumel, slowly, and altor twelve hanes tho mags
which has solidhitiod s frcatod 1n the samo way s
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for the separation of acetoacclic cster (see p. 111).
Yield, 50 to 60 per cent. A colowless oil, which
crystallises with difficulty.

Method 2.
[Ann., 1893, 271, 375.]

Sodium ethoxido (9 gms.) is prepared by dissolving
3 grm. of sodium in a small quantity of ethyl alcohol
and then distilling off the latter in a strcam of dry
hydrogen gas. The distillation should be conducted
in an oil-bath and the temperature allowed to rise to
200° in order to drive off all alcohol. Oxalic
ester (20 gms.) is then added and enough ether to
give a clear solution ; acetic ester (12 gms.) is next
added, and the whole is boiled under a reflux con-
denser for one hour.

After this, the cool mixtnre is decomposed with
cold dilute sulphuric acid, the ester is extracted with
ether, and after drying over calcium chloride the
ethereal solution is allowed to crystallise. Yield,
about 50 per cent.

HYDROXYMETHYLENE-CAMPHOR.
[Ann., 1894, 281, 328.]

In a litre-flask, dry ether (20 c.c.) is mixod with
sodinm (8 gms.) in thin slices. The flask is attached
to a reflux condenser fitted with a dropping-funnel,
and camphor (50 gms.), dissolved in 200 c.c. of dry
ether, i3 added to the ether and sodium, after which
amyl formate (45 gms.) is added gradually from the
dropping-funnelto the well cooled mixture in the flagk.
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Tho reaction is allowed to moderate after cach
addition of 4 or 5 gms. of the formate, and tho
flask is shaken occasionally. Abont half an hour is
taken to add all the formate, and the mnixture is
thon allowed to stand for two hours, by the end of
which time most of the sodinm will have dissolved
and the mixture will be semi-fluid and brown. After
standing another four hours to allow the sodium salt
to separate, the whole is poured into 200 c.c. of iced
water, The yellow aqueons layer is extracted twico
with ether to remove any camphor or borneol in it,
and finally air is blown through it to remove all ether.
The agneous solution is then treated with ice-cold
acetic acid (30 per cent.) until the deposition of oil
ceases, and after an hour, when the oil has solidified,
it is filtered and dried. Yield, abont 20 gms.; m.p.,
70°-76°:

C : CHONn
2C,11,,0 + 2Nn + IICOOG,H,, =C.H,, (l:o + C,,H,,0Na

+ CgII, 0

Acuryr ACETOIHBNONL.
[Bor., 1905, 88, 695.]
[D.R.P. 49542.]

Acotic estor (19 gms.) and acotoplicnone (24 gms.)
are mixed with 150 gms. of dry ethar and tho mixtnro
cooled in ice, whilo powdered sodanide (16 gms.) is
gradually added. When the sodamide has all been
added, the mixture is allewed Lo sland for a day,
dmring which time a thick paste of sodium salt sopa-
rates. At tho end of this poriod ice-watcer is added ;
the aquoons layer is separated from the cther, and all
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traces of ether blown out of it; it is thon acidified
with acetic acid, and the precipitated ketone filtercd
off. Crystals; m.p., 60°-61°; yield, abont 25 gms.

Preparation of Sodamide.
{Crans., 1894, 65, 504.]

Ammouia gas is passed over sodinm heated in
a glass tube to a temperature of 300°-400°. Since
the glass is attacked, the sodium should rest in a
trough of nickel foil. When powdering the sodamide,
it should first be moistened with benzene, since it is
very hygroscopic.

Ernyr, AcerornENONE,
{Ber., 1905, 38, 698.]

Acetophenone and ethyl iodide in molecular quan-
tities are wixed, and sufficient 'dry ether added to
dissolve them (several volumes). Oue molecular
quantity of sodamide is then added gradually with
cooling, and after a while ammnonia gas is evolved
and the ether boils. After standing twenty-fonr
homs, ice-water is added and the ethereal layer
separated. This contains acetophenone, together with
mono- and di-ethyl derivatives, which are separated
by fractional distillation. B.p. of ethyl acetophenono,
227°-233°,

FFurRrUROL ACROLEIN.
[Ber., 1880, 18, 2342.]

Furfurol (1 part) is wixed with acctaldehyde
(2 parts), water (100 paxts), and 10 per cent. sodium
hydroxide (5 parts).
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By gradually heating the mixture to 50°-60° a
yellow oil first separates, passing to a brown solid,
and when the latter appears, the liquid is neutralised
with snlphuric acid. The liguid is next distilled, and
the distillate (containing needle-crystals) is extracted
with ether, the ethereal extract distilled, and when
the temperature has reached 210° the residual oil is
allowed to golidify. The brown needles of furfurol
acrolein are recrystallised from Dboiling water. Pale
yellow needles; m.p. 51°; yield, about 60 per cent.
of furfurol used.

CINNAMYL-VINYL-METHYL K BTONE.
[Ber., 1885, 18, 2320.]

Acetone (30gms.) is shaken with water (3600 gms.)
till dissolved, and then cinnamic aldehyde (40 gms.)
is added and shaking continued till a white emmlsion
is obtained. Sodium hydroxide (40 gms. of 10 por
cent. aqueous golation) is then added, and the whole
is allowed to stand forty-eight honrs, with occasional
agitation. At tho end of this time the kotone will
have completely crystallised. It may bo recrystallised
from ether. Rhombic plates; m.p. 68°.

ACETI¢ ANHYDRIDE.
[Ber., 1911, 44, 3333.]

Acetyl chloride (40 gms.) is nnixed with potassinm
nitrate (7 gms.) in a flagk attached to an upright
condenser, which is closed by a caleinm chloride tubo.
A vigorous reaction Is accompanicd by tho cvolution
of chlorine and nitrosyl chloride, and after standing
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for hialf an hour, the mixture is lheatod on a water-
bath and gradnally raised to boiling temperature, at
which it is maintained for two homrs. The colourless
lignid mass is then extracted with othor to removo
tho potasshmn chloride, and tho othercal extract
fractionally distilled. Yiold, 15 to 20 gus.; b.p., 138°.

Bunzomny rrom BENZALDEHYDE,
[Ann.,, 1840, 8%, 186.)

Benzaldohyde (25 gms.) mixed with potassium
cyanide (5 gms. in 20 c.c. of water) and absolute
alcohol (50 c.c.), is lheatod on a water-bath under a
reflux condenser for half an hour. At the end of
this time the benzoin crystallises out and may be
filtered, washed with a litile alcoliol and rocrystallised
from spivit.  Colourloss prisms, m.p. 137°. Yield
about 20 gms,

DESYL-ACETOPIIRNONE,
[Trans., 1890, 87, 644..]

Acetophonone (18 gms.) is mixed with benzoin
(81 gms.), potassium cyanide (4 gms.), water
(75 gms.) and alcohol (75 gms.),  Tho mixture is
boiled on tho water-bath and if necessary a little
more alcohol may be added to dissolve the benzoin.
After half an hour, desyl-acetophonone separatos as
an oil, and after 14 hours, tho boiling is stopped, and
the oiljallowed to settle and separate. On cooling,
the oil solidifies, and after draining on a plate is re-
crystallised from alcohol.  Pale-yellow crystals ; m.p.
126°.  Yield, about 18 gms.
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PHENANTHROXYLENE ACBTOACETIC ESTER.
[Ber., 1883, 16, 276.]

Finely powdered phenanthraquinone (33 gms.) is
mixed in a flask with acetoacetic ester (30 gms.)
and 150 c.c. of potassium hydroxide solution (one
part KOH to six parts water) added. The mixture
is gently warmed with continual shaking, heat is
evolved, and the red colour of phenanthraquinone
gives place to the light grey of the crude product.

This is boiled with water, washed with alcohol and
recrystallised from benzene.  Yield, about 30 gms.

‘White silky needles, which blacken and decompose
at 185°



APPENDIX II
PRACTICAL WORK: COPPER AND SILVER

AcrorEry - 3-IopoPROPIONIC ACID.

Acrolein is preparcd from glycerol by mixing the
latter substance with twice its weight of powdered
acid potassium sulphate, and after standing two days,
distilling the mixture in a retort ; two layers collect
in the receiver, the upper of which is acrolein. This
aquneous distillate is shaken up with powdered
litharge until no more lead sulphite is produced, and
it is then distilled on a water-bath. The moist
acrolein which collects, i3 allowed to stand over
calcium chloride for two hours and then redistilled.
B.p. 52°. Yield, about 35 per cent.

The acrolein is next oxidised to acrylic acid as
follows : An alkalime silver oxide solntion is prepared
by dissolving silver nitrate (1 part) in water (10
parts), and mixing with sodium hydroxide (1 part),
also dissolved in water (10 parts).*

Ammonia golution is then added gradually till the
precipitated silver hydroxide just dissolves. A quan-
tity of this solution, sufficient to oxidise the acrolein
taken, is warmed to 60°-70° on the water-bath, and

* These quantities should not be departed from and the solntion
should not be allowed to evaporate, otherwise silver fulminate may
be formed and a dangerous explosion may result.
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the acrolein, dissolved in the minimum amount of
water, is added gradually ; when all has been added
the heating is continued for half am hour, with
occasional shaking.

After this the mixture is acidified with hydro-
chloric acid and the acrylic acid separated by
distillation with steam.

The acid distillate is neutralised with lead cax-
bonate, heated and filtered, after which, the dry lead
salt i3 decomposed by heating it in an inclined tube,
through which passes a current of dry hydrogen
sulphide. B.p. 140°.

2CH,: CH.CHO + 3Ag,0 = 2CH,:CH.COOAg + 4Ag + H,0

The acrylic acid is now dissolved in the minimum
quantity of water, and the calculated amonnt of con-
centrated hydrogen iodide solution gradually added,
shaking well after each addition. When all has
becn added, the mixtnre is warmed on the water-
bath for one hour and then evaporated to crystallisa-
tion ; the resulting B-iodopropionic acid melts at 82°,

Aprrrc Aocip.
[Ann., 1869, 159, 220.]

B-Todopropionic acid is melted in a small flask
with finely divided silver in slight excess of that
calculated from the equation -

2CH,LCH,.COOH + 2Ag = 2Agl + (CH,),(COOXH),.

The silver is prepared by suspending silver iodide
or silver chloride in water, and adding the necessary
amount of zinc dust. The precipitated silver is

filtered, washed with dilutc hydrochloric acid to
a
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remove any zing, and then dried by heating gradually
to 150°,

The molten mixture of iodo-acid and silver is
maintained at 100°-120° until it thickens and the
temperature is then raised to 150°-160°. After
remaining at this temperature for two or three hours
the mixture is cooled and then extracted with boiling
water. The aqueous extract, on evaporation, deposits
a considerable crust of adipic acid which is separated.
A further quantity of adipic acid is obtained by
evaporating the mother-liquor, and the whole may be
recrystallised from hot water. Colourless crystals;
m,p. 148°-149°,

Adipic acid is more conveniently prepared by the
following method, from vy-chlorobutyronitrile (CL.CH,,.
CH,.CH,.CN), which is itgelf prepared from trimethy-
lene chlorobromide as follows :

To a hot solution of potassium cyanide (80 gms.)
dissolved in 125 gms, of water, hot 96 per cent.
alcohol is added (500 c.c.), and to thig clear, hot
mixture, trimethylene chlorobromide (200 gms.) is
added; the whole is then boiled for 1} hours on the
water-bath under a reflux condenser. The alcolol
is next distilled off, and carries with it most of the
unchanged trimethylene chlorobromide. Wateris then
added to the residue in the flask to dissolve potassinm
salts, and the oily layer is distilled after drying over
calcium chloride. After two or three fractionations
the portion boiling at 192°-205° is taken as vy-chloro-
butyronitrile. B.p. 195°-197°. Yield, 50 per cent.

[Ber., 1890, 28, 1771.]
{Trans., 1901, 79, 130.]
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The nitrile, prepared as above, is next digested
with the calcnlated amount of sodium malonic ethyl
ester, on the water-bath, till no alkaline reaction is
obtained. After removal of the alcolhol and sodium
chloride, the cyano-propyl-malonic ethyl ester is
fractionally distilled under reduced pressure. B.p.
170°-175° at 40 mm.

This substance, CN.CH,.CH,.CH,.CH(COOC,I),,
ig then boiled with dilute sulphuric acid (1:2) for
fivo hours; the resulting adipic acid is extracted
with ether and purificd by recrystallising from water.

CarpAazoLE FROM THI10-DIPHENYLAMINE.
[Bor., 1886, 19, 2243.]

Thio-diphenylamine 1is prepared by heating a
mixture of diphenylamine (30 gms.) and sulphur
(12 gms.), at a temperature of 250°—280° for one hour
or until hydrogen sulphide is no longer evolved.
The mixture is then distilled (in a retort); any un-
changed diphenylamine boils at 810°, while thio-
diphenylamine distils at 870°. The distillatc may be
crystallised from alcohol. Yellow plates; m.p. 180°
Yield, over 50 per cent.

To prepare carbazole, the thio-diphenylamine is
mixed in a retort with excess of copper powdor and
digtilled in a stream of carbon dioxide. If the
distillate has a yellow colour (due to thio-diphenyl-
amine) it should be again mixed with copper powder
and distilled. Colourless crystals, m.p. 238°; b.p.
355°  Yield, 60-70 pox cent.
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DI-0RTIHONITROPHENYL-DIACETYLENE,
[Ber., 1882, 18, 50.]

It is necessary to prepare first, o-nitro-phenyl-
propiolic acid, which is itself obtained from o-nitro-
cinnamic acid. Cinnamic ester (50 gms.) is nitrated
by pouring gradually into cooled mitric acid (sp. g.
1-5).

After completing the nitration by warming on the
water-bath for twenty minutes, the mixture is poured
into water, and the mixed o- and p-nitro-esters
separated by digestion with a little alcohol, in which
only the ortho-compound dissolves. The substance
may then be obtained in a pure state by pouring the
alcoholic solution into cold water and filtering.

Bromanation of o-Nitro-cinnamic Ester.
[Ann., 1882, 212, 125.]

The ester (20 gms.) dissolved in carbon bisulphide
(800 gms.)) under a reflux condenser, is treated
gradually with bromine (15 gms.) and warmed. The
bromine soon disappears, and if the CS,; be quite dry,
no hydrogen bromide will be evolved. After warm-
ing a short time, part of the CS; is distilled off and
the remainder evaporated. Pale yellow crystals will
separate; m.p. 71°.  Yield, 30 gms.

The ester is next treated with alcoholic potash ag
follows :

Di-brom-o-nitrocinnamic ester (12 gms.) is dis-
solved in alcohol, and potash (6 gms.), also dissolved
in alcohol, is added slowly, Potagsium bromide at
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ouco scparates, and when all the potash has becn
added tho liquid is filtered from bromide, part of the
alcohol distilled off, and the romainder evaporated
over sulphuric acid. The dark brown liquid deposits
crystals (mixed with resin), which are poured into water
and extracted with ether to remove impurities, aftor
which the nitro-phenyl-propiolic acid is precipitated
by sulphuric acid fractionally. A brown precipitato
ig first thrown down and removed, further addition
of sulphuric acid throws down nitro-phenyl-propiolic
acid, and more is obtained by extraction with ether.
The slightly red crystals melt at 157°, and when
subjected to a steam distillation give nitro-phenyl-
acetylene.

The last-named compound ig converted into the
copper dervivative by dissolving it in much alcohol
and adding an ammoniacal solution of cuprons
chloride. The rosulting precipitate is washed with
ammonia, then beatcn to a pulp and air bubbled
through it to remove ammonia ; it may be recrystal-
lised from chloroform.

In the final stage of the process this copper com-
pound (1 part) is addod to a solution of potassium
ferricyanide (2% parts) aud potassium hydroxide
(04 part) in water (9 parts); this mixturcis allowed
to stand till the red colour of the copper compound
disappears (24 hours). The green-brown residuc ig
separated and after drying, extracted with chiloroform;
the di-phenyl-diacetyleue nitro-compound erystallises
in yellow needles.
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0-CHLOL-TOLUENE.
{Zeit. angow. Chem., 1910, 23, 389.]

o-Toluidine (53 gms.) is dissolved in a mixture of
170 gms. of 23 por cent. hydrochloric acid and 500
gms. of ice-cold water. It is diazotised by adding
gradually, sodiun nitrite (37 gms.) dissolved in water
(80 gms.). The ice-cold diazo-solution is then added
to a solation of cuprous chloride (50 gms.) in 23 per
cent. hydvochloric acid (380 gms.) diluted with water
(380 gms.). The temperatmre of the copper solution
should be kept at + 5° during the mixing, and tho
process should occupy fifteen minutes. After stand-
ing a short timo, the mixturc is heated on the water-
bath to drive off mitrogen and is then stoam-distillod.
The distillate 18 extracted with chlovoforn, tho
extract dried over caleium chloride, and after removal
of chloroform the oil is distilled. B.p. 157°, Yiold,
abont 50 gms,

0-CHLOB-BENZOIC ACID,

0-Chlor-tolnene is beoiled in a flask wndor a reflux
condenser, witl: a solution of potassium permanganate
containing a weight of the oxidant oqual to that of
the chlor-toluene used. The time required is abont
ten to twelve hours and the permanganato solution
may be added gradnally. When the liquid has
cooled two methods of treatment aro possible : Either
it may be filtered from precipitatod manganese oxide
and then acidified with hydrochloric acid to precipi-
tate chlor-benzoic acid, or sulphur dioxide may bo
passed in straight away without filteving., The latter
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process will dissolve the oxide of manganese and at
the same time precipitate the chlor-benzoic acid.
Colourless crystals ; m.p. 187°. Yield, nearly quanti-
tative,

p-CuLor-roLuENE (Gattermann).
[Ber., 1890, 23, 1218.]

p-Toluidine (86 gms.), dissolved in a mixture of
40 per cent. hydvochloric acid (225 gms.) and water
(150 gms.), is diazotised by 25 gms. of sodium nitrite
dissolved in 100 c.c. of water. Copper powder (40
gms.) is then made into a paste with water and
added gradually to the above diazo-solution during
half an honr, After standing a short time the
mixture is steam-distilled and the p-chlor-toluene
separated by extraction with cliloroform. B.p. 160°,
Yield, about 35 gms.

ForMALDEHYDE.
{J. Russ. Pliys, Chem. Soc., 1913, 45, 286.]

Methyl alcohol (100 c.c.) iz placed in a flask
which is kept at a temperature of 40°, aud connected
to a horizontal combnstion tube in which a roll of
copper foil (5 cm. long) is placed.  The other end
of the combnstion tube iz connected to a condenser
and a well cooled receiver.

Astream of air is drivon through the alcohol causing
a wmixture of awr and alcohol vapour to pass through
the copper coil, which should be hoated wutil it just
glows. The reaction will proceed without further
heating and a solution of formaldehyde in methyl
alcohol will collect in the receiver.
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Small explosions en the copper do no harm, but
the temperature should not exceed a dull red heat
or some of tho aldehyde will be decomposed.

A much improved yield (about 80 per cent.) may
be obtained by substituting pumice, coated with a
mixture of silver and copper, for the roll of copper
foil.

For a method of estimating the percontage of
formaldehydo obtainod, see ¢ Volumetric Analysis,’
by Sutton.
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PRACTICAL WORK: MAGNESIUM. CALCIUM

Bewzorc Acip.

A solntion of magnosium phenyl bromide in ether
is propared by mixing brombenzene (16 gms.) with
dry ether (50 c.c.) and gradually adding maguesinm
ribbon (24 gms.). The reaction, which is fairly
vigorous, may require to be started by the addition
of a crystal of iodine. When all the magnesium
Lias dissolved, the solution ig cooled in iced water and
a stroam of well dried carbon dioxide passed through
it for about three hours, at the end of which thue
tho flask containg a solid mass of the addition pro-
duct C;H;.COO.MgBr.

The solid mass is treated with 50 c.c. of icc-water
with shaking, and then 40 gms. of cold 20 per ceut,
hydrochloric acid is added gradually. This process
liberates beuzoic acid, which may then be extracted
with other and crystallised.

Yicld, about 10 gms.
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PHENYL-ETHYL-CARBINOL.
[Compt. rend., 1900, 180, 1322.]

Magnesium ethyl iodide is prepared by mixing
ethyl iodide (40 gms.) with dry ether (100 c.c.) and
then adding magnesinm ribbon (6 gms.). When all
the magnesium has dissolved, the solution is cooled
in ice, and benzaldehyde (25 gms.) in 50 c.c. of
dry ether added gradually. The solid magnesium
compound which separates is allowed to stand over-
night and then ice-cold water (200 c.c.) is added,
followed by sufficient hydrochloric acid (1:1) to just
dissolve the magnesia. The ethereal layer isvemoved
and washed, first with sodium carbonate solution,
and then with sodium bisulphite to remove iodine,
after which it is dried over potassium carbonate.
The ether ig distilled off and the phenyl-ethyl-carbinol
digtilled unnder reduced pressure. Yield, about 20

ng.
Trimerayl CARBINOL.

Magnesium methyl iodide is prepared from methyl
iodide (25 gms.), and magnesium (4 gms.) in dry
ether (15 c.c.).

To this solution is added, gradually, acetono
(10 gms.) in an equal quantity of ether, and the
mixture ig allowed to stand over-night. After this,
dilute acid is added and the two layers which result
are separated.

The ether is distilled from the ethereal layer and
the trimethyl carbinol which remains is added to the
acid aqueous solution; this is distilled with steam
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until the addition of solid potassium carbonate ceases
to “salt out” tho carbinol. IFrom the aqueous dis-
tillate the carbinol is salted out with potassium car-
bonate, separated, and diied ovor lime or barium
oxide.

Yield, abont 60 per cent.; b.p. 83°

TrrpHENYL CARBINOL.

Magnesium phenyl bromide is preparcd by
dissolving brom-benzene (16 gms.) in ether (80 c.c.)
and adding gradually magnesimu ribbon (24 gms.).
The solution when ready, is treated with benzo-
phenone (18 gms,) in ether (50 c.c.), and when the
niain reaction is over it is completed by boiling on
the water-bath for half an honr.

A few Iamps of ice arc then added to the well
cooled liquid, followed by dilutc sulphuric acid.
The ethcreal layer is separated, washed with sodium
carbonate solution and then dried over potagsium
carbonate, after which the ether is distillod off and
tho solid reerystallised from benzenc. Yield, about
20 gms. ; m.p. 159°

Camrmor rrom Camrmoric Aciv.
[Compt. vend., 1896, 122, 203, 448.]

Camphoric  Anlydride - Camplolide » Homo-
camphorie Acid.

Camphoric anhydride is propared by nixing
camphovic acid (100 gns.) with acctic anhydride
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(70 gms.) and acotyl chlovide (11 gms.) and boil
the mixturo under a rcflux condensar for hall
hour. After cooling, the anhydride is washod w
water and rocrystallisod from alcohol. Yiold, &
90 per cent. ; m.p. 221°.

The cawmphoric anhydrido i dissolved in alco
and an cxcess of 5 por cent. sodinm amalgam ado
gradnally dnring 3 days, kouping tho wixturc 1
and contiunally acid by addition of comnc. snlphu
acid. Tho rosalting campholide may bo recryst
lised from bonzenc. M.p. 216°

The campholido 1s noxt heated in a scaled tu
with tho calenlated amount of potassiuin cyanido
230° for six hours. Whou cold, tho mass is tras
ferred from the tube to water, in which unchang
camplolide i8 insolnble, and the aqueons solntion
extracted with other to vemove traces of camphohi
after which it is acidified with sulphuric acid
procipitatc homocamphorie nitrilo.  This substaa
is collocted, rocrystallisod from alcohol or other a
Liydrolysed by boiling with 30 per cont. potash 1
ammonia is no longer ovolved.  Tho mixture is th
acidificd and the procipitate of homocamphoric ac
filtered. DM.p. 234°,

Homocamphoric acid i now neutralivsod with so
solmtion and precipitated with lead acetato ; thele
salt of the acid is colleeted, driod, aud then pack
into a long combugtion tubo and hoated gont
Camphor sublimes and may be collected.

Camemoric acp is propared {from camphor
healing 50 gms. with a mixtare of 400 gms. nit
acid (14) and 260 c.c. of water for twenty hours
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a boiling water-bath. The mixture should be in a
litre-flagk, with a boiling tube, which contains cold
water, fitted in the neck.

At the end of this time the mixture is well cooled,
and the camphoric acid which separates is filtered
off—about 30 gms.

The mother-liquor, abont 600 c.c., is mixed with a
further 80 c.c. of conc. nitric acid and camphor
(50 gms.) added, and after heating for a further
twenty hours, camphoric acid is separated as before
(about 40 gms.). The mother-liquor is again treated
with 130 c.c. of conc. acid and 60 gms, of camphor,
and after a further twenty hours’ heating, about
40 gms. more of camphoric acid is separated. In
this way from 160 gms. of camphor, about 110 gms.
of camphoric acid will be obtained—70 per cent.
yield [Amer. Chem. Journ., 1894, 16, 500].

PENTAMETHYLENE.
{Ann., 1893, 275, 312.]

Adipo-ketone ig produced by distilling the calcium
salt of adipic acid in an iron or glass tube. The
distillate is re-distilled, and that portion collected
which boils at 128°-132°.

The ketone is then reduced by mixing it with an
equal volume of ether in a flagk fitted with a reflux
condenser; an equal volume of water is then added
and sodium in small pieces dropped in. When the
required amount of sodium hag been introduced, the
ethereal layer is removed, dried over potassium
hydroxide and the ether distilled off. The remaining
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oil is fractionated and the portion collected which
boils at 135°-145°; this is refractionated. The re-
sulting cyclo-pentanol boils at 139°.

The alcohol is next cooled to 0° and saturated
with hydrogen iodide ; after standing over-night the
lignid is shaken with dilute sodium hydroxide. A
colourless oil separates, which can be distilled with
little decomposition in a current of carbon dioxide at
164°-165°.

The iodide ig now reduced to pentamethylene by
mixing it with five times its weight of alcohol and
some granulated zinc in a flask fitted with reflux
condensger.

Fuming hydrochloric acid is added drop by drop,
and after some time the solution becomes turbid and
an oil separates, which, after standing during some
honrs with the zinc and acid, iz separated, and
any lodide present removed by shaking with a
mixture of concentrated sulphuric and nitric acids.
The liquid after separation is dried and distilled.
B.p. 50°

CYaNAMIDE ; GUANIDINE,
{J. angew. Chom., 1910, 28, 2405.]

Sodium cyanamide (50 gms.) is gradually added
to concentrated hydrochloric acid (1°19), 74 gms.
while well cooled, and the water is then removed by
digtillation <n wvacuo. The residue, which solidifies
on cooling, is extracted with ether, and the ether
evaporated ; the cyanamide solidifies when cooled.
Yield, about 10 gms, M.p. 40°.
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From calcium cyanamide the procedure iz as
follows : The calchun compound is dissolved in water
and the calculated amount of aluminium sulphate
added in solntion ; this liberates cyanamide, and a
precipitate of calcium sulphate and alumina is formed.
The filtrate is evaporated in vacuo and the cyanamide
crystallised from ether. By this method about 20 gms.
of cyanamide is obtamed from 200 gms. of the calcium
compound.

A good yield of guanidine nitrate is obtained by
treating dicyanamide (obtained by heating cyanamide)
with a mixture containing 25 per cent. of hydrochloric
acid (1-19) and 35 per cent. of nitric acid (1'38), in
wagter,
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PRACTICAL WORK: ZINC. MERCURY

Crtric Acip.
[Trans., 1897, T1, 457.]

Ozxalyl-acetic ester (20 gms.) i3 mixed with mono-
bromacetic ester (17 gms.) in a flask of 800 c.c.
capacity, fitted with an air-condenser. Enough zinc
turnings to cover the end of a spatula are added and
the mixture becomes brown, while the temperature
quickly reaches 50° and the zinc dissolves. Addition
of a second portion of zinc is attended by boiling
and the reaction is moderated by cooling ; the metal
ig added in excess, and the mixture is then heated on
the water-bath for a short time. After cooling, the
mixture is treated with cold dilute sulphuric acid
and ether, well shaken to get a clear solution, and
the ethereal layer removed, washed with dilute
sodium carbonate and dried over calcium chloride.
The ether is next distilled and the remaining oil
fractionated under reduced pressure; most of it
passes over below 200° at 35 mm. That portion
taken as citric ester (b.p. 212°~216°) is hydrolysed
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by alcohohc potash. TFrom the ncutral solution
caleinm citrate is precipitated.  Yield, about 5 gms.

Kuronus on TERTIARY ALcOoHOLS rr:oM AcipD COLORIDES.
[Bull. Soe. Chim., 1911 (iv), 9, i-xxv.]

The zinc alkyl reagent is prepared as follows:

Twice the amount of zinc-copper couplo theorcti-
cally roquired, is mixed with the alkyl iodide (1 mol.),
ctliyl acetate (4 mmol.), and diy toluene equal to twice
tlie weight of ethyl acetate used. This mixture is
Leated under a reflux condenser at 100°, and the
reaction started, if necessary, by adding a crystal of
iodine,

About forty-five minutes’ heating is required, and
towards the cnd, the temperatme may be raised to
110°; the flagsk should be occasionally shaken. When
refluxing has stopped, the contents of the flask are
cooled, an amonnt of toluene equal to that first used is
added, and the viscous liquid is decanted into a dry
flagk or bottle. Yield, about 80 per cent.

For use with acid chlorides the procedure is as
follows :

An amount of the above reagent (zinc-alkyl-iodido)
is taken (25 per cent. in excess of the calculated
amount), and while cooled to 0° the acid chloride
digsolved in dry toluene is added drop by drop with
shaking. When all the acid chloride has been run in,
the mixture is cooled and dilute sulphuric acid
added. The toluene layer contains the required
product, and often a small quantity of zinc which may
be removed by shaking with ammonija. After this the

10



146 SYNTUXTIC USE OF MYLATH

tolnene solution is washed with NaHCO; and also with
thiosnlphate ; it is thom dried over sodium sulphate
before separating the ketone or tertiary alcohol.

NAPHTHALENE FROM (3-NArsTHOL.

A combustion tube {s half filled with o mixtwre of
zinc dust and B-naphthol (10 gms.). Theremainder
of the tube is filled with granulated pumice impreg-
nated with zinc dust, and this (the front end) is con-
nected to a receiver. The othor end of the tube is
connected to a generator for providing a stream of
dry hydrogen. The combustion tube should be
between 50 and 60 cm. long, and vest in a furnace.
‘When all air hag been expelled by hydrogen, the zinec-
pumice is heated to redness and then the naphthol
mixture is heated.

In the recciver, naphthalene and water collect, and
when the distillation is complete, the aqueous distillato
is extracted wilh ether and the othereal solution
dried over calcium chloride. On evaporating the
ether, naphthalene remains.

I80QUINOLINE.

[Ber., 1888, 21, 2299.]
[Ber., 1884, 17, 2178.]

Phthalic Anhydride - Phthalide - Homophthalimide.

Phthalic anhydride (200 gms.) is dissolved in
glacial acetic acid (1 kilo.), and while heated on the
water-bath, zinc dust (300 gms.) is gradually added.
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Tho zine dissolves rapidly with evolution of heat and
when the reaction becomes sluggish, heat is appliod.
Noedles of diphthalyl—

C°H‘<c(:>6—6<cco>c“m

which deposit on cooling are filtered off, and on
dilnting the mother-liquor a mixturo of Lydro-
diphthalyl aud hydrodiphthal-lactonic acid is pre-
cipitated.  After filteving these off, the phthalide
is extracted from the mothor-liquor with ether,
Prisms; m.p. 73°. Yield, about 30 per cent.

The phthalide is next converted to cyanotoluic
acid by heating it in a scaled tube with the calculated
amount of potassium cyanide at 230°-240°, for five or
gix hours,

Tho contonts of tho tube arc thon transforred
to water, filterod from any insolublo matter, and tho
nitrilo precipitated by salphuric acid. When filtered,
it ig hydrolysed by boiling with 30 per cent. potash
till no morc ammonia is ovolved, after which homo-
phthalic acid is precipitated by sulphuric acid. M.p.
175°,

Homophthalic Acid - Homophthalimide.
[Ber., 1886, 19, 1653.]

The ammoninn salt is preparcd by ncutralisation
with ammonia, and then distilled, when it decomposes
into homophthalimide, wator and ammonia. The two
latter substances pass over first, and leave behind
homophthalimide, which melts at 223°,

The homophthalimide is then mixod with zinc dust
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in a combustion tube and hegted in a stroam of
hydrogen, at a dark red hLeat,

A deep-brown liquid distils over which smolls of
isoquinoline, and this is saturated with hydrogen
chloride, the hydrochloride of the base filtered and
dricd, and it may then bo decomposed by aquoous
potash.  The isoquinoline, which may be obtainod by
extraction of the alkaline liquor with ethor, or dis-
tillation with steam, may %o furthor purified by

formation of the picrate and its snbscquont decom-
position, M.p. 28°. B.p. 24]°

IPLuoRRsCERy,
(Ann., 1876, 183, 3.

Rosorcinol (7 parts) is mixed with phthalic
anhydride (5 parts), and powdered anhydrous zinc
chloride (3 parts) is gradually added to tho mixture,
with stirring, at a temperature of 180°. When all
the zinc chloride has been added, the mass is heatod
to 210° for two hours. The cooled mass is then
pulverised and boiled with ilute hydrochloric acid
for ten minutes, after which the solid fluorescein is
filtered and washed, It may be puwrified by re-

crystallising from alcohol. Yield, about 80 por
cent.

MALACEITE GrEpx.
{Ann., 1881, 206, 122.]

Dimethylaniline (5 parts) is mixed with benzalde-

hyde (2 parts) and powdered anhydrous zinc chloride
(4 parts).
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This mixture is heated on the water-bath, in a
basin, untilit no longor smells of benzaldehyde (four
to five hours).

The product is then transferred to a large flagk
and distilled with steam to remove unchanged
dimethyl-anilinc ; the leuco-base 1is filtered when
cool and recrystallised from alcohol. Almost a quanti-
tative yield is obtained. The zinc chloride double
salt of the dyc is prepaved as follows: Ten gms. of
the base is dissolved in dilute hydrochloric acid
containing 27 gms. of HCl ; the liquid is diluted with
800 c.c. of water and 10 gms. of 40 per cent. acetic
acid added; itisthen cooled with ice, and a thin paste
of 75 gms. of lead peroxide added gradmally with
shaking.  After standing a few minutes, the lead is
precipitated by adding 20 per cent. sodinm sulphate,
and to tho filtrate from lead snlphate is added 8 gms.
of zinc chloride dissolved in a little water. The dye
13 then salted ont by addition of common salt. Yield,
abont 7 gms.

ACRIDINE,
[Ber., 1884, 17, 101.]

Diphenylamino (1 part) is mixed with chloroform
(1 part), zinc chloride (1 part), and ziuc oxide (} a
part). The mixture is placed in a sealed tube
and heated to 200°-210° for seven to eight hours,
The mixture is then digested with conc. hydrochloric
acid and the filtercd solution poured into water to
precipitato any unchanged diphenylamine, the hydro-
chloride of wlich is dissociated by water. From the
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filtered solution, acridine is precipitated by sodinm
hydroxide, and may be recrystallised from hot water
after separating by steam distillation. Fine leaflets.
M.p. 110°.  Yicld, about 50 per cent.

a-METHYL-1NDOLE.
[Ber., 1886, 19, 1563.]

Acetone phenyl-hydrazone is first prepared by
mixing phenyl-hydrazine (30 gms.) with acetone
(18 gms.). The mixture becomes warm and water
separates ; it is then heated on the water-bath for
half an hour, and at the end of this time heated in
a dish on the water-bath, to drive off acetone and
steam. The hydrazone is then mixed with five times
its weight of anhydrons zinc chloride, and hcated
under a refinx condenser in an oil-bath at 180°. A
vigorous reaction takes place, and when completed,
the dark-coloured mags is distilled with steam. The
a-methyl-indole collects in the receiver and soon
solidifies to a pale yellow mass. It may be purified
by recrystallising from lLigrom. M.p. 59°. Vield
i3 over 60 per cent. of that calculated.

ProryL CHLORIDE.
{J. Am. Chem. Soc., 1907, 29, 1328.]

Anhydrous zinc chloride (30 gms.) is melted in a
round flagk (4-litre), which is rotated so that the
cooled chloride forms a layer inside, with a large
surface exposed. The flask is fitted with a three-
holed cork through which pass two dropping funnels
and a fractionating column ; the last is fitted with a
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thermometer and the side tube passes into a vertical
spiral condenser. Throngh a second hole at the
top of the condenser, a tube is passed for dvopping
cold water, so that hydrogen chloride may be
absorbed. Propyl alcohol (54 gms.) is required and
phosphorus trichloride (30 gimns.). Omne half of the
trichloride i8 run in {from the fnmmel which reaches
to the bottom of the flask, and while heating gently,
onc third of the alcohol is admitted drop by drop
through tho sccond fimmel which reaches just above
the level of the mixture. When this portion has
been added the remaining phosphorns trichloride and
alcohol arc added simultaneously and at the same
rate. Propyl chloride distils over, mixed with
hydrogen chloride coutinuously, but the latter is
provented from escaping into the air, by dropping
water at a suitable rate into the condenser. The
distillation (hitherto conducted on a water-batl) is
finished over a flame, and the propyl chloride
soparated and driod over caleinm chloride. Yield,
80-90 per cent.  Bup. 44°.

a-KTIT0XY-QUINOLINE.
[Ber., 1882, 15, 2103.)

o-Amino-ciunamic cster (20 gms.), prepared by
reducing o-nitro-cinnamic acid and then esterifying
the resulting amino-acid (see p. 162), is warmed with
a saturated alcoholic solution of zinc cblorvide for
some hours at 80°-90°. The mixturc is then made
alkaline and distilled with stcam, when the quinoline
derivative passes over and may bo extracted {rom
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the distillate with cther. After drying the extract
over potagsinm carbonate and removing the ether,
the remaining oil is distilled. B.p. 256°.

Purwanic Acip.
[D.R.D. 91202.]

Naphthalenc (20 gms.) is mixed with moercuric
sulphate (10 gms.) and coucentratod sulplmric acid
(800 gms.) in a retort which is fixed upright, and
warmed until the naphthalene has dissolved. Tho
retort is then tnrned, connected with an air-condenser
and heated strongly. Reaction commences at 200°-
250° and becomes vigorous at 800° while the pro-
ducts distilling over, consist of phthalic acid, sulpho-
phthalic acid, naphthalene, and water, accompanied
by sulphur dioxide and carbon dioxide. The distil-
late is collected in 250 c.c. of cold water and hoating
continued till the retort is nearly dry, after which
the distillate is filtered. The precipitate is washed
with water and then dissolved in sodium hydroxide,
filtered from unchanged naphthalene, and the phthalic
acid re-precipitated by hydrochloric acid. It mny bo
vecvystallised from water or aleohol.  Yield, abont
70 per cent.
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DIMBTHYL-ANILINE-PHOSPHOR-GULORTIE
[Ber., 1888, 24, 1497.]

Phosphorns trichlorido (33 gmns.) is mixed with
dimethyl-aniline (28 gms.) in a flask fitted with a
reflux condenser.

Anhydrous aluminium chlovide (7 gms.) is thon
added, throngh the condenser, a little at a tima
whereby a vigorous rcaction cnsucs.  When all the
chloride has been added, the flask is heated en a
water-bath for three homg, and then whan cool, the
oily liquid is extracted two or threc times with
petroleum ether (until the rogidne in tho flask 1s
nearly solid).

On distilling the clear extract over a water-bath,
the petrolenm ether is removed, and tho residuo on
cooling separates in tables. It may be pnrified by
recrystallisation fromn ether or hensene.

Yellow crystals; mp. 66°.  Yield, abont 50 per

Antd
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p-ToLUIC-ALDETYDE.
[Ber., 1897, 80, 1622.]

Tolueno (30 gms.) is mixed with anhydrons
alumininm chloride (45 gms.) and cnprous chloride
(4 gms.) in a flagk, and into the mixture a stream of
carbon monoxide and hydrogen chloride gases is
passed, while the flagk is continually shalken and the
tomperature maintained at 20°-25°, The carbon
monoxide may be stored in a 10-litre bottle and is
enough to pass steadily for about three honrs. The
hydrogen chloride should pass at half the rate of
the carbon monoxide. The escaping gases may be
collected in a second bottle and used over again.

At the end of tlnee hours the yeaction-product is
poured into ice-water; an oily layer separates, and
the mixture is distilled with steam to remove tolncne
and toluic aldehyde. The aqueous distillate is
shaken with saturated sodium bisulphite, and undis-
solved toluene separated from the aqueons layer.
1f the aldehyde bisulphite separates at this stage it
must be dissolved by adding more water.

Tinally, the separated agneons solution is made
alkaline with sodium hydroxide and distilled with
steam ; the aqueous distillate i3 then extracted with
ether, and after dvying over calcium chloride the
ether is removed by distillation. Yicld, about 20
gms. of oil; b.p., 204°,

DirrENYL MBTHANE,

[Trans., 1895, 67.826.]
Benzene (60 gms.) is placed in a flask under a
reflux condenser and half a gram of ahuninium-
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mercury couple added in strips., The conple is
prepared by immersing alumininm foil in concentrated
mercuric chloride solution for a minute ; the mercury-
coated strips are first washed with water, then with
alcohol, and lastly with benzene, and dropped quickly
into thoe benzene in the flask. Beuzyl chloride
(30 gms.) is then added slowly, from a tap-funnel in
the top of the condenser, during one hour. Effer-
vescence is caused by the evolution of hydrogen
chloride, and when all has been added the flask is
heated for a short time on the water-bath (quarter
of an hour).

The liquid is then shaken up with dilute sodinm
hydroxide solution, tho benzene layer separated and
fractionally distilled. When the temperature reaches
100°, the distillation is continued nnder diminished
pressure (80 mm.) and the {raction collected which
passes over at 170-176°.  On cooling, this forms a
mass of colonrless needles (dipheny! methane).  M.p.
25°%  Yield, abont 14 gms.

a-HYDRINDONE.

[Trans., 1894, 65, 484.]

Hydrocinnamic Acid - 3-Phenyl-propionyl Chloride.

Cinnamic acid (1 part) is mixed with water (10
parts) and neutralised with sodinm hydroxide. To
thig solution, 24 per cont. sodium amalgam (17: parts)
is gradnally added with shaking, aftor which the
liquid is powed off fram the eremry, and the
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hydrocinnamic acid precipitated by hydrochloric acid.
Yield, 80-90 per cent. ; m.p. 47°.

The acid chloride is prepared by treating the acid
(50 gms.) in a flask, gradually, with phosphorus
pentachloride (69 gms.); the reaction may be com-
pleted by warming on the water-bath. To remove
phosphorms oxychloride, the liquid is distilled nnder
diminished prossure; subsequently the pressare is
reduced to below 85 mm. before the B-phenyl-
propionyl chloride can be distilled without docomposi-
tion. B.p. 125°-135° at 33 mm. and 117°-119° nnder
13 mm. Yield, about 90 per cent.

3-Phenyl-propionyl chloride (25 gms.) is dissolved
in petroleum ether (b.p. 60°-70°), and after adding
anhydrous alumininin chloride (25 gms.) the mixtnre
i3 heated gently, nnder a reflux condenser, on the
water-bath, till the mixture boils and a vigorous
evolution of hydrogen chloride takes place ; the flagk
is then removed till the reaction subsides.

This heating on the water-bath and subscquent
coolimg, is repeated until the evolution of hydrogen
chloride is small (20-30 mins.). After treatment
with ice-cold water the mixture is steam distilled, and
the hydrindone in the receiver is coxtracted with
petrolenm cther, washed with sodium carbonate and
crystallised.

Colourless crystals ; m.p. 41°. Yicld,abont 10 gms,

TRIPIENYL-MRTHANE,

[Bor, 1893, 26, 1661.]
Dry benzene (160 ging.) ismixed with dry chloro-
form (32 gms.) in a flask coumccted withh a reflux
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condenser, and powdercd alnminium chloride (25 gms.)
is added gradually, with shaking.

Hydrogen cliloxide is evolved, and when all the
aluminium chloride has been added, the flask is
lieated to boiling for half an hour.

When cold, the mixture is added to an cqual volume
of cold water, and the upper benzenc layer which con-
tains the triphenyl-methane, is separated and dried
over calcium chloride. Benzence is thon distilled off
and the temperaturc finally vaised to 200° aftor
which any diphenyl-mcthanc is removed by distilling
under 80 mm. pressure. B.p. 175°. When the
thermometer riges above 180° the distillation is
stopped and the residue, when cool, extracted with
warm benzenc,

The crystals obtained from this lignid contain
benzene of crystallisation which is removed by
heating on tho water-bath; the triplhenyl-mcthane
may bo recrystallised from alcohol. Colourless plates ;
m.p. 92°  Yield, 2025 gms.

A CETOPIIENONE,

Aluminium chloride (60 gms.) is powdercd, and
covered with benzene (36 gms.) in a half-litre flask
fitted with a reflux condonser, and acotyl chlorido
(42 gms.) is gradually added to tho well cooled
mixtore through a tap-funnel. A vigorous ovolution
of hydrogen chloride takes place and the mixture ig
allowed to stand for an hour, after which it is stirred
and pourcd into 300 c.c. of icc-cold water. 'The
aluminium compound docomposes with evolution of



158 SYNTHRTIC US& OF METALS

heat, and the dark oil which separates is extractod
with benzene. The benzenc extract, after washing
with dilute canstic soda and then with water, is
dricd over calcium chloride and distilled. Benzene
passes over first and the thermometer then rises
rapidly to 190°; that portion is collected as aceto-
phenone which distils at 195°—200°. The pale yellow
oil golidifies on cooling. Yicld, about 25 gms.
Colourless plates ; m.p. 20° b.p, 202°.

o-BENZOYL-BENzZOIC ACID.
[Ber., 1880, 13, 1612.]

Phthalic anhydride (25 gros.) is dissolved in warm
benzene (250 gms.), and dry aluminimmn chloride (40
gms.) is gradually added during three quarters of an
hour.  After standing for a short time the cooled
benzene layer is poured off and decomposed by dilute
hydrochloric acid, when a yellow mass separates,
which is washed with water and then treated with
warm sodium carbonate solution, whereby most of
the solid dissolves. The acid (benzoyl-benzoic) is
reprecipitated by acidifying the sclution of the
sodium salt, and may be recrystallised from xylene.
Yield, about 15 gms.,

Phenyl-benzoyl-benzoic acid—

o/ COOHL I,
““Ncoom

may be prepared similarly, using diphenyl and
phthalic anhydride.

[J. Prakt. Chem., 1890, 149, 147.]
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Benzoyl-benzoic Aeid - Anthraquinone.

The acid is dissolved in cone. sulphuric acid and
heated to 100° for half an hour. On pouring into
water, a whito precipitate of crude anthraquinone is
formed, which is washed with water and then with
sodium hydroxide solution.

It is then recrystallised from glacial acetic acid
and further purificd by snblimation. Yellow ncedles;
nLp. 275°,

Hyprorysis or Anisor® 3y AlCl,.
(Ber., 1892, 25, 3531.)

Anisole (10 gms.) is mixed gradually with
powdercd anhydrous aluminium chloride (15 gms.).
A vigorous roaction ensues, and crystals of aluminium
double compound separate ; the flagsk is then heated
in an oil-bath to 120° for three hours, when methyl
chloride is steadily evolved. At the end of this time
the aluminium phenolate is decomposed by cold water
acidified with hydrochloric acid, and the phenol ex-
tracted with ether.

Unchanged anisole is removed from the phenol
thus obtained, by dissolving the] latter in sodium
hydroxide and re-precipitating with acid, and again
extracting with ether. Yield, about 5 gms.

ToLUENE FrROM p-TOLUIDINE.
[Ber., 1889, 22, 587.]

p-Toluidine (15 gms.) is dissolved in 45 c.c. conc.
hydrochloric acid dilnted with 90 c.c. of water, and
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diazotised with sodinm nitrite (10-5 gms.). The
diazonium golution is pourcd into caustic soda solu-
tion made by dissolving 22 gms. of sodium hydroxide
in 75 c.c. of water, and the mixture is kept below 10°
all the time. This alkaline mixture containing the
diazonium salt i3 next added slowly, through a con-
denser, to alkalme stanunous chloride solution, in a
flagk which is nmuersed in ice. Tho alkaline tin
solution is prepared by dissolving tin chloride (45 gms.)
in water (110 gnis.), and adding 50 por cent. canstic
soda solation till tho precipitated tin hydroxido
almost dissolves. A vigorous evolution of nitrogon
takes placo after cach addition of the diazo-solution
and lmpuro toluone separates; this is removed by
gbearn distillation, and the toluone in the distillate
separated and dried over calcium chloride. Yield,
about 8 gms.

Drruenyr.
[ Bor., 1876, 9, 467.)

Bonzene (100 gms.) ig boiled and the vapour
passed through an iron or glass combustion tube 1
metre long, which is filled with granulated pumice
and heated to rcdness in a furnace. The vapours
issuing from the combustion tube (consisting of
dipheuyl, unchanged benzene, and hydrogen) are
passed through a condenser so arranged as to bring
the diphenyl, etc., back to the flask of boiling
benzene. A glags tube fused into the lower end of
the condenser serves for the escape of hydrogen
which is liberated during the reaction. By this
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arrangement, the vapours pass repeatedly through the
red-hot pumice, and after two hours, the contents of
the flask may be distilled and that portion boiling
below 150° rejected. The remainder, in the distilling
flagk, solidifies on cooling and may be recrystallised
from alecohol. M.p., 71°

Oxaric Acip.
[J. Prakt. Chem., 1907, T8, 146.]

Concentrated nitric acid (140 c.c.) containing
vanadium pentoxide (0'1 grm.) is warmed gently in
a litre-flagk ; it is then placed in a fume-cupboard
and powdered cane-sugar (20 gms.) is added.

As soon ag the reaction becomes vigorous and
brown fumes are evolved, the flask is placed in cold
water to moderate the reaction. The mixture is
allowed to stand for twenty-four hours, by which
time the oxalic acid will have crystallised; the
crystals are drained and recrystallised from water.
Yield, about 16 gms.

11
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0-AMINO-BENZALDEHYDE.
[Ber., 1884, 17, 456, 754.]

o-Nitro-benzaldehyde (10 gms.) is suspended in a
litre of water, containing 100 gms, of ferrous sulphate
1n solution, and excess of ammonia solution is added.
The mixture is then heated to 100° for teu minutes
and afterwards steam-distilled ; the amino-benzal-
dehyde is extracted from the distillate with ether.
M.p. 39°

0-AMINO-CINNAMIC ACID,
[Ber., 1882, 18, 2209.0

o-Nitro-cinnamic acid (30 gms.) is reduced by
ferrous sulphate (270 gms.) as above. Instead of steam-
distilling, it is advisable to filter from ferric hydroxide
and to precipitate the amino-acid in the cold solution
by adding glacial acetic acid. Bright yellow needles
of amino-cinnamic acid separate. Yield, 54 per cent,
M.p. 158°
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Manwosg From MANNITOL.
[Trans., 1899, 75, 9.]

Mannitol (40 gms.) is dissolved in water (100 c.c.),
and powdered ferrous sulphate (10 gms.) added.
When this has dissolved, the clear solution is
oxidised by added “ 20-volume” hydrogen peroxide
(120 c.c.) gradually. After standing for two hours
the solution is divided into two parts, one of which
i3 used for isolating the mannose as follows: The
solution is treated with excess of barium carbonate
and filtered from iron oxide, ete. It is then
distilled under diminished pressure at 50° to remove
water, and the syrup obtained is then transferred toa
dish and allowed to crystallise. Yield of mannose,
8-10 gms.

The second half of the above solution is again
divided and one part used for preparing the hydra-
zone, while the other part serves for preparing the
osazone.

The hydrazone is prepared by making the solution
alkaline with sodium carbonate and then acidifying
with acetic acid; to this solution is added phenyl-
hydrazine (5 gms.) which has been dissolved in 25
per cent. acetic acid. After standing for forty-five
minutes the hydrazone is filtered off, washed with a
very little acetone and recrystallised from water.
Pale yellow crystals; m.p. 181°. Yield, about 5 gms.

The portion used for preparing the osazone is made
alkaline with sodium carbonate, then acidified with
acetic acid, and phenyl-hydrazine (10 gms.) dissolved
in 25 per cent. acetic acid is added together with 10
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gmas. of sodium acetate in a little water. This mixture
is digested on the water-bath for three hours, after
which the osazone is filtered, washed with water, and
recrystallised from alecohol. M.p. 195°; yield, about
8 gms.
HExXAHYDRO-BENZENE,
[Compt. rend., 1901, 182, 210.]

A 50 cm, combustion tube is loosely packed with
pumice, which has been previously mixed with an
equal weight of nickel oxide and a little water, and
gently dried.

This is then placed in an air-bath and heated to
about 300° while a stream of hydrogen gas is passed
through, to reduce the oxide. "When no more steam
is produced the tnbe is allowed to cool, and to one
end 1s attached a distilling flask, containing 30 c.c. of
benzene, through the neck of which, a glass tube
passes connected with a hydrogen-generating appa-
ratus, The hydrogen is allowed to passthrough the
tube, driving out all air, and is then made to bubble
through the benzene warmed to 30°, while the nickel-
pumice is heated to 180°-190°. About six hours is
required to pass all the benzene through and to
convert it into hexahydro-benzene. Any unchanged
benzene is removed by nitrating the distillate. Yield,
80 per cent. B.p. 80°—82°.

HExAHYDRO-PHENOL.
{Compt. rend., 1901, 4182, 210.]

About 40 gms. of phenol may be reduced by
hydrogen in the presence of reduced nickel, by the
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s axno mothod as hoxahydra-bonzenoe is propared. 'The
toxnpernture of the nickel shonld be 160°-170° and
tho phouol may bo heatad nearly to its boiling point
w hile o fairly vapid current of dry hydvogen bubbles
through it.  Tho distillate nltimataly obtained, is
shakon with caustic soda solation to romove un-
changod phonol, oxtractod with other, and aftor
drying tho oxtract ovor potassinm carbonate, it is
fractionally distillod.
B.p. of boxahydro-phenol is 170°
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