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GENERAL INTRODUCTION

Raney Nickel Reductions



In 1925 and 1927 Raney introduced a new method
of preparation/of active catalysts.1 The method
consists of alloying a catalytically active metal
with a non-active one. The inactive metal is
dissolved from the alloy leaving behind a highly
active catalyst. Although Raney claimed that useful
catalysts can be made from nickel-aluminium alloys
containing 10-85% nickel o; 15-90% aluminium, the
alloy which is generally used contains about 50%
nickel. The nickel catalyst, genmerally known as
Raney nickel, is prepared by treating the nickel-
aluminium alloy with aqueous sodium hydroxide, when
aluminium is dissolved leaving behind the active
nickel catalyst as a grey-black powder which is
pyrophoric, Raney nickel-aluminium alloy is
marketed by Gilman Paint and Varnish Co.,
Chattanoogg,lennessee, U.S.A.

Various workers like Adkins,z Paul and

5 6

Hilly,3 DuPont and Piganiol4, Ruggli® and Mozingo
have published methods for the preparation of
the active nickel catalyst. The activity of the

catalyst is influenced by the method of its
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preparation. Thus the concentration of sodium
hydroxide and its temperature during addition of
the Raney alloy, the temperature and duration of
digestion, and the method of washing the catalyst
free of alkali influence the activity of the
catalyst. Adkins and his coworkers have classi-
fied atrﬁie catalysts as W-1, W-2, W-3, W-4, W-§,

W-6,/W-7 after a detailed study of the above

factors, the classification being based on the

7-9 10

hydrogenation of f-naphthol. Hurd and Rudner
have based their classification of the catalysts
on their ability to desulphurize thiophene in
boiling xylene.

Bougault et gl. Hhave demonstrated that
Raney nickel catalyst retains hydrogen.l1 Freshly
prepared catalyst contains so much hydrogen that it ==
may be represented by the formula NigH, but on

keeping hydrogen is slowly lost12 and the catalyst

gets progressively deactivated.6

It behaves
electrochemically like a reversible hydrogen
electrode and has the same reducing potential as
platinized platinum or platinum black.la

The presence of some unwashed alkali and

sodium aluminate mostly increases the activity of



the catalyst. Aubray'> has claimed that if alumi-

nium is removed completely the activity of the
catalyst decreases. Presence of sodium hydroxide
has been reported to activate the catalyst'4-16

but under certain conditions it may also retard

the hydrogenation.17 Delepine and Horeaulf DuPont18
have reported that addition of metals of the

platinum group, particularly platinum, increases

the activity of the catalyst. Lieber and Smith

have also noted the promoter action of platinic

19

chloride. Halogens have poisoning effect on

Raney nickal.zo

Sulphur also acts as a powerful
poison for the catalyst. The activity of the cata-
lyst decreases in the presence of the aldehydes
and ketones because of thelr strong adsorption by
the catalyst.21

Raney nickel has been widely used as a hydrogena-
tion catalyst in the presence of external hydrogen
at pressures up to 200 tmm atmospheres and under a
very wide range of temperature. Mozingo and his
co-workers have been able to reduce compounds by

Raney nickel in absence of gaseous hydrogen, but

.this method requires large quantities of the

catalyst.22 In another method developed by Whitman,
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Schwenk and their coworkers, Raney (nickel-aluminium)
alloy is added to a susvension or solution of the
compound to be reduced in aqueous caustic soda.23
The reduction in this method is due to the libera-
tion of hydrogen which is then activated by the
presence of the nickel catalyst. If instead of
the nickel-aluminium alloy, only aluminium is
added to the alkaline solution, no reduction
occurs,

Several reviews are available on the action of

25

Raney nickel on organic compounds. The follow-

ing account gives a brief survey of the subject.

Redu d e ds

Reduction of acetylene bonds in the presence
of Raney nickel takes place easily. Terminal acety-
lene bonds are reduced with great speed, and it
is not possible to get pure ethylenes after one
mole of hydrogen has been absorbed. However, 1if
an acetylene bond is located elsewhere in an
alkyl chain it can be selectively hydrogenated to

the intermediate ethylenic stage. Often there is
an inflexion in the velocity curve of hydrogen
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absorption at the half-way reduction stage. If the
reaction is interrupted at this stage good yields
of ethylenes may be obtained.l8
Ethylene bonds are reduced readily by Raney
nickel and hydrogen at normal pressures and tempera-
tures. Terminal double bonds are reduced at
econstant speed in compounds such as pn-heptene

and styrene.zs

Reduction of secondary double bonds,
either in an open chain, as in 2-octene or in a
eyclic compound as in cyclohexene, is slower than

the reduction of a primary double bond. If two

double bonds are present they activate each other,

and selective reduction is not possible unless one

of them is tertiary which will not be attacked. Keduc=-
tion of conjugated double bonds is much slower than

of isolated double bonds.27 In unsaturated alcohols,
the position of an hydroxyl group has no apparent
influence on the reduction of the double bonds.28’29
Carbonyl groups, if they are not too far away, can
activate the double bonds. During reduction the
carbonyl group is also attacked, thus cinmamie
aldehyde gives dihydrocinnamaldehyde, dihydrocinnamiec

alecohol and unattacked cinnamic aldehyde when one



mole of hydrogen is absorbed.ao Substituted
cinnamic acids have been reduced by Raney nickel
in the presence of hydrogen as well as by Raney
alloy in aqueous alkali. Reduetion is easier with
g-substituted than with e-substituted cinnamic
acids.31 In the presence of a hydrogen donor like
diethylecarbinol and eyclohexanol, Raney nickel can
act as an oxidation-reduction catalyst. Thus

stilbene has been converted to dibenzyl.32

Carbonyl groups *

Delepine and Horeau after a detailed study of
the reduction of carbonyl compounds by Raney nickel
state that the rate of reduction differ greatly
vi;h individual compounds.33 The reduction is also
affected by the temperature, hydrogen pressure and
the amount of catalyst, and rapid reaction takes
place at high temperatures and pressures.34 Addition
of small amounts of alkali and noble metals to the

catalyst greatly increases the rate of hydrogen

absorption.aa’l4
35,36

Ketones are reduced to

37

carbinols, and diketones to

keto-alcohols
glycola38 and keto-acids to hydroxyacids. Carbonyl

groups also can be reduced by oxidation-reduction



reaction in the presence of a hydrogen donor like
cyclohexanol. Yppg D-=glucose has been reduced to
sorbitol,39 benzoin to dibenzyl and cholestanone

to dihydrocholesterol.32

Mozingo has reduced the
carbonyl groups in acetone, cyclopentanone, ethyl
acetoacetate and benzalacetone to the corresponding
hydroxyl groups by using excess of Raney nickel in
the absence of gaseous hydrogen. But benzaldehyde
under these conditions gave tolueno.22 By using
Raney mlloy and aqueous alkali, Whitman and his
coworkers have reduced estrone to a mixture of a=-
and « ﬁ-estradiols.23 They have found that by
this method carbomnyl grouns directly attached to
aromatic nucleus are reduced to the hydrocarbon,
whereas those attached through alkyl groups as in
Pn(CHg) COR, where x 1s 1 or greater, give the

corresponding carb:lnols.24

c d d 3 tives 3

Although Faney nickel is not commonly employed
for the reduction of carboxyl groups, by using
high temperatures and hydrogen at high pressures

esters of carboxylic acids have been reduced to the



corresponding hydroxy derivatives. Feduction of
esters of leucin to leucinol and the ester of
phenylaminoacetic acid to 2-pheny1-2-am1noethanol
and 2-cyclohexyl-2-aminoethanol has been reported
by Ovakimian gt 31.40- Adkins has also reported
the hydrogenation of esters of a-amino acids to

41,42 Phenyl propio-

corresponding amino alcohols.
nate gives a mixture of cyclohexvl propionate,
propionic acid and cyclohexane. This is specifie

for aryl esters since neither cyclohexyl-p-butyrate
nor ethyl cinmamate undergo this cleavége.43

Benzyl cinnamate gives dihydrocimmamic acid and
toluene?4 The eyelic derivatives of dicarboxylie
acids are easily reduced. N-Substituted suceinimides
yield N-substituted pyrrolidones45 and phthalie

anhydride is reduced to phthalide in good y191d3.46

Lthers :

Dialkyl and aryl alkyl ethers are in general
stable towards hydrogenolysis. Benzyl aryl and
benzyl alkyl ethers are easily cleaved at 100-150°
and hydrocarbons and alcohols or phenols are
obtained. Diaryl ethers require somewhat higher

temperatures, i.e. 150-200° for hydrogenolysis.47



Whitman and his coworkers have reported that by
using Raney alloy and aqueous alkali, alkoxy groups
are displaced from disubstituted benzene derivatives
when they are ortho or para to a pmetg-directing
group, thus g-methoxybenzeic acid and p-anisic acid
give benzoic acid. In trisubstituted benzene deri-
vatives, RCgHsR'R", vhere R is a meta-directing
group, other than carboxyl, R' is either a hydroxyl
or alkoxyl group and R" is an alkoxyl group., tHe
metg-directing group is displaced by hydrogen. This
displacement is independent of the position relation-
ship of the three groups, thus both 2:3- and 3:4-

dimethoxybenzaldehyde give veratrole.48

Ozonldeg *
Ozonides react vigorously with Raney nickel to

give aldehydes or ketones and nickel oxide.49

Alcohols 3

Alcohols are dehydrogenated by Raney nickel to
aldehydes or ketones at or below their bolling points.
The yields of the oxidation products are low and Paul
believes that dehydirogenation stops because the
carbonyl compounds which are formed are more strongly

adsorbed by Raney nickel than alcohols. Dehydrogenation
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of alcohols by Raney nickel may be accompanied by
reduction which converts part of the alcohols to
hydrocarbons or in case of unsaturated alcohols
reduces the double bonde Thus, furfuryl alcohol gives
furfural,furan and methyl furanj allyl alcohol gives
propionaldehyde and methylethylacrolein, and cinnamic
alcohol gives hydrocinnamaldehyde, hydrocinnamic
alcohol, propylbenzene and nropenylbenzeno.5°

Dubois has reported the conversion of 2-heptanol to
2=heptanone in 288% yield.51 Aromatic alcohols behave
likewise and anisaldehyde was obtained from anisyl
alcohol. However 2:3-(Me0)gCgRgCHa0H was reduced

to 2:3—(M90)305H3Me.52 Thonon has reported that
the rate of dehydrogenation of secondary aleohols

on Raney nickel deereases with increase in

molecular weight.sa Raney nickel in the presence

of an hydrogen acceptor may be used to catalyse

the cxidation of secondary alcohols to corresponding
ketones. Thus in the presence of cyclohexanone,
cholesterol has been converted to cholestenone and
benzoin to benz11.32 Benzgyl alcohol on treatment
with Raney alloy and aqueous alkali gives tolueno.24



C sion t ino ouns 3

Nitro and nitroso groups are easily reduced
by Raney nickel at moderate temperatures and
hydrogen pressures. Adkins has reported the reduc=-
tion of nitrobenzene by Raney nickel to azo- and
agoxybenzene at room temperature in absence of
gaseous hyﬂrogen.2 Albert and Ritchie have
reduced nitro compounds like 2:6-dinitrotoluene,
3t5=dinitrobenzoic acid, J 9- and m-nitroohenols
to the corresponding amino compounds by Raney nickel
at room temperature and hydrogen at atmospherie
pressure. lhey suggest that reduction takes the
following course: RNOg— RNO — RNHOH—RNHg.%*
Nitroarylarsonic acids have been reduced to amino-
arylarsonic acids.s5 Nitroguanidines are
reduced to aminoguanidines, the first step in the
reduction being the formation of nitrosoguani-
d:lnes.56 Selective reduction of the nitro groun
has also been reported. Thus nitrocinnamic acids

57 and 4-nitro-4'-

gave aminocinnamic acids
n

acylam”gdiphenyl sulphone gave the corresponding

amino compound without desulohurization.58 Both

ae-nitro and 1:5-dinitronaphthalenes give ar-
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tetrahydronaphthylamine by Raney alloy and agueous

alkali.®? Aliphatic nitro compounds haved/ also

been reduced to amino compounds by Raney nickel.60
p-lNitrosophenol and p-nitrosodimethylaniline
are reduced almost quantitatively over Raney nickel
at room temperature.
Oximes are easily reduced by Raney nickel and
both primary and secondary amines are formea,51-53
Reduction of nitriles to amines has been
reported by Paty who obtained guantitative ylelds
of ethylamine and phenylethylamine by the reduction
of acetonitrile and benzonitrile,.s4 However,
generally secondary amines are also formed in 10-
25% yield, but higher yields of primary amines
are obtained when reduction is carried out in the
presence of ammonia.56-67
Raney nickel is 21so a useful catalyst for
direct conversion of compounds containing a °
carbonyl group into amines by the action of ammonia
or a primary or a secondary amine. Adkins has convert-
ed carbonyl compounds to amines at 150°, thus p-
butyraldehyde and ammonia over Raney nickel gave

n-butylamine, di-p-butylamine and 2-n=propyl=-3:5=



diethylpyr1d1n0.61’67

Aromatic aldehydes give

better yields and 90% yield of primary amines is

obtained.68 Poorer ylelds are however obtained

with ketones. Phenylethylamine has been

obtained from acetophenone in 45-50% yields.sg

Emersfon has reported alkylation of aromatic

amines and nitroynitroso and azo compounds in

the presence of Raney nickel and sodium acetate

at room temperature and hydrogen at 3 atmospheres.7o

Adkins has reported that primary and secondary

alcohols react with amines in the presence of

Raney nickel at 180-250° and hydrogen at 125

atmospheres to give secondary amines.s7 Metayer

has reported the formation of l-ethyloctahydro-
indole during the hydrogenation of indole in ethanol
in the presence of Faney nickel and hydrogen at

72 kg. pressure at 160°.71 Mozingo has reported
that nitrobenzene, hydrazobenzene RWNXSEXYbER

and azoxybenzene are reduced and alkylated to N-

ethylaniline by excess of Raney nickel in boiling

et:hanol.ﬂ’2 During desulphurization of benzidine-

sulphone under similar conditions, Shah ot 31.73

have obtained N:N'-diethylbenzidine. Mkylation.of



primary aryl and alkyl amines by means of alcohols
in the presence of Raney nickel is deseribed
later (Part II).

Aromatic and heterocvclie compounds *

Reduction of benzene to cyclohexane in the
presence of Raney mm nickel requires high tempera=-
ture and pressure, i.e., 150° and hydrogen at 100
atmospheres. Toluene and other simple monoalkyl-

74

benzenes hehave similarlye. Naphthalene is

readily reduced to tetralin and decalin.75’76
During the hydrogenation of naphthols both the
substituted and unsubstituted rings are reduced.73’76°78
By using Raney alloy 2nd alkali, naphthalene is
reduced in good yield to tetralin. a=-Naphthol,
a-nitronaphthalene, P-naphthoic acid, c-naphthalene-
acetic acid yield corresponding ar-tetrahydro
derivatives. With P-naphthol and a-naphtholc acid
reduction occurs in both the substituted and
unsubstituted rings. 136~ and 1:6-Dihydroxynaphtha-
lene7@ave S5-hydroxy- and 6-hydroxy-a=-tetralones
respectively.59
Anthraquinone is hydrogenated by Raney nickel

to octahydroanthrahydroquinone and octahydroanthra-
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quinonej anthrone to octahydroanthranol and
dihydrognthracene to octahydroanthracene.79 Phenan-
threne is hydrogenated by Faney nickel to a mixture
of hydrogenated products.80
The hydrogenation of the furanoid nucleus
occurs under somewhat milder conditions than those
used for benzenoid ring. Alkylfurans readily give

81 The furan nucleus is

tetrahydro derivative.
reduced without side reactions during the hydro-
genation of salts, esters or amides of furan
carboxylic acids?z

Raney nickel reduction of pyrone gives hydroxy-
tetrahyﬂropyraq;.83 Benzopyrones, the chromones,
are reduced to a mixture of chromanones and hydroxy-
chromans.

Pyrrole and its alkyl derivatives in whiech
nitrogen is unsubstituted, can be reduced only with
difficulty to pyrrolidines. If the nitrogen in the
pyrroles ring carries a substituent the reduction
is easier.

Adkine and his coworkers have reported the
hydrogenation of pyridines, carbazoles, phenyl-

pyrroles, indoles and acridinos.a6 Carbazole is
reduced to 1:2:8t4-tetrahydrocarbazole by excess of



Raney nickel in boiling alcohol. 3-Aminocarbazole
under similar conditions also gives 1:2:3:4-

tetrahydrocarbazole as a result of deamination.73

Halogen compounds 3

Reduction of compdunds containing halogens
by Raney nickel may be carried out with two objects
in view: replacement of halogen atom by hydrogen
and reduction of some unsaturated group. Dehalogenation
by Raney nickel will occur depending upon the
temperature and on the nature of halogen bond.
Dehalogenation is easier in mit aliphatic series
than in aromatic, and the activity of halogen increa-
ses from chlorine to lodine. Winans has reported
that generally below 150° dshydrxsgemati dehalogena=-
tion does not occur in aromatic halogen compounds.
The substituents, attached to the halogenated aromatic
nucleus, which can be reduced by Faney nickel with-
out dehalogenation are olefinic, acetylenic, nitro,
nitroso, cyano, oximino, azo and carbonyl groups.
In aliphatic series double bonds attached to the
carbon atom holding the halogen, as in w -chloro-
styrene, tetrachloroethylene and sym-dichloroethylene,

resist saturation.87
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Dehalogenation can be achieved by using Raney
nickel with hydrogen at 3 atmospheres in the

presence of alkali to neutralize the hydrogen halide

a8

formed. Formation of aeridan from 9-chloro-

acridine has been reported when the reduction was
carried out in the presence of alkali and gaseous
hydrogen.89 In absence of a2alkali and gaseous hydro-
gen 9-chloroacridine in boiling methanol gives 9:9'-
biaeridine. Similarly dehalogenation of benzyl
chloride leads either to toluene or bibenzyl.go
Chlorolepidine has been converted to lepidine in

the presence of alkali and gaseous hydrogen.91
Aromatic halogen compounds when treated with Raney
alloy and aqueoys alkali give dehalogenated products
in good yields.'48 Under similar conditions Gump

and Vitucel have dechlorinated 5:5'-dichloros2:2'-
dihydroxydiphenyl sulphide to dihydroxydiphenyl
sulphide.92 Use of Raney alloy and aqueous

alkali has been suggested for quantitative determina-

tion of halogens in organic compounds.93

Desulphurization 3

Desulphurization of organic compounds by Raney

nickel has been comprehensively reviewed by McOmio.25

KN
668-81((043)

K RO



Bougault, Cattelain and Chabrier were first to

use Raney nickel for desulphurization of both
organiec as well as inorganic compounds.94 They
used Raney nickel vithoutéﬁ;;:g:en to convert
thioglycollanilide, HSCH3CONHPh to acetanilide and
thioglycollic acid and dithioglycollic acid,
(~SCHpCOgH )z to acetic acid. ¥ During desulphuriza-
tion of thiourea they found that C«N linkage is
cleaved, thus thiourea gives mathammi methane,
methylamine and ammonia and benzylthiourea gives
amnonia, methylamine and toluene. Removal of thio-
phene and methylthiophene from benzene and toluene
by the action of Raney nickel has been reported.
The removal of sulphur by Raney nickel is not
catalytic and they suggest that desulphurization
takes place in two stages: (1) a combination with
nickel and (2) a destruction of the combination to
form N1S with liberation of hydrogen in most cases.
These observations have been considerably extended
by Mozingo and his collaborator.zz who have shown
that Raney nickel removes sulphur from a variety
of organic compounds without gaseous hydrogen at
moderate temperatures and in the presence of solvents

such as alcohol, according to the scheme 3
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Bonner has shown that hydrogen retained by the
catalyst brings about the hydrogenolysis by carry-
ing out the reactions in benzene which cannot act
as hydrogen donor.95 The removal of sulphur by
Raney nickel has played a vital part in elucida=-
ting the structure and stereochemistry of P-biotin

methyl oster96 and benzVIpenicillin.97

Wolfrom and Karabinosgs have used the
desulphurization by Raney nickel for the reduction
of carbonyl compounds to the corresvponding methy-
lene derivativeg.The carbonyl compound is first
converted to a mercaptal which is then subjected

to treatment with Raney nickel.

SR
=0 _;c(SR ety - Dy

This method has been used by Hauptmann?g Woodwardloo

and othorslo1 in the steroid series, and for the

elucidation of the constitution of streptomycin.lo2

103 b

Hauptmann s reported that mercaptals,

mercaptols and disulphides are trmas transformed
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into simple thioethers by the action of Raney
nickel that has been freed from hydrogen by
heating in vacuo at 200°, When hydrogen is not
complétely removed binuclear hydrocarbons such

as diphenyl and dibenzyl are formed. “hen benzal-
dehyde mercaptals or acetophenone mercaptols are
used stilbene or its substituted products are
obtained in addition to thioethers. Treatment of
thiobenzoic esters with "hydrogen-free Raney
nickel"™ gives mixed thioethers:

Ph~S<Ph
Ph-C<SAr ————{EPh-S-Ar + CO
B Ar.S<Ar
Desulphurization of thiolesters with Faney nickel
yieldmalcoholalo4 or aldehydes.105

RCOSR — RCHO or RCHgOH

Freshly prepared Raney nickel leads to the formation
of aleohols, but good yield of aldehydes is obtained
if Raney nickel is deactivated by refluxing it with

acetone. %€ Preparation of aldehydes by this method
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has been used ;n simple aliphatic and aromatic com-

poundslo5

as well as in steroids. ®® Aliphatic,
aromatic and heterocyclic acids have also been
converted by this method to the corresnonding
alcohols in good yleldse.

Snyder and Cannonlo7 have reported that in
certain ethers of ethylenedithiols carbon-carbon

cleavage might also occur along with desulphuriza-

-

tion.

2RH + CHgCHg

//,//*
\‘EH+20H‘

RSCHgCHgSR

Desulphurization of sulphoxides and sulphones by

Raney nickel has been reported by Hozingo.108

RSOR'—— RH + R'H
RSOgR' — RH + R'H

Kornfeld has reported the reductive desulphurization
of thioamides in the presencqbf Raney nickel gives
good ylelds of the corresponding amines. With

some thioamides, which are unsubstituted on nitrogen,

formation of secondary, rather than primary amines,



vas observed.lo9

S

I R!
RCN_

RCHgNR 'R2
\R' _— Hg R

Desuiphurization of substituted thioureas to
the corresponding formemidines by Raney nickel
has been reported by Ashworth.llo

Thiophene derivatives by treatment with Raney
nickel give: the corresponding alkyl derivatives.
Thus thionaphthene and 3-hydroxythionaphthene give:
ethylbenzene. Dibenzothiophene gives diphenyl and
thioohene-2-carboxylic acid gives valeric acid.111
Thionaphthenequinone is converted to mandelic acid
by the action of Raney alloy and aqueous alkali,
Mandelic acid itself on similar treatment remains
unchanged except for the formation of traces of
phenylacetic acid.112

Baker has reported that desulphurization of
4':15'14:5-dibenzothiopheno(2':3'-332) thiophene with
freshly prepared Raney nickel in ethanol gave |
1:2:3:4-tetraphenyleyelobutane but with Faney nickel
which had been kept for three months it gave, In

addition to the above product, dibenzyl also. Vhen
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the reduction was carried out in methanol in both

cases dibenzyl was the only product,

S PhCH-CHPh
— | |+ PnCHsCHgPh
PhCH-CHPnh

\

Thiodiphenylamine by the treatment with Raney
nickel in alcohol gilves diphenylamine.73

Cook and Heilbron have found that sulphur atom
in the thiazole ring system is unaffected by mild
treatment with Raney nickel. Thus'a number of
2-mercaptothiazoles have been converted to thiazoles.n4

By the action of Raney alloy in aqueous alkali,
reductive displacment of & sulphonic acid groups
from benzenesulphonic acid, o- and g-sulphobengoic
acids and 2-naphthol-6-sulphonic and 3:6-sulphonic
acids has been reported by Whitman and his coworkars.48
Under similar conditions J-acid gives 6-amino-l-
nnphthol.73 However, toluene-p-sulphonic acid
and its methyl ester are unaffected when treated with
¥x Raney ni.cl:ol.:"]'5 Kenner and Murray have reported
that on treatment with hydrogen and Raney nickel alkyl

esters of toluene-p-sulphonic acid yield the
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corresponding alcohols, but aryl esters give the
aromatic hydrocarbons. Alkyl and aryl esters of

benzylsulphonic acid are rapidly reduced to the

hydroxy-compounds, and benzylsulph&nanilides to

anilines although toluene-p-sulphonamides are

resistant to hydrogenation.116

"‘@@sozoR —— ROH

Me@So,_kor — AvrH

PhCHgS0gOR —— ROH
PhCHgS 03 OAr —— ArOH
PhCHgSOgNHPh —— PhilHg

Desulphurization of esters of toluene-p-sulpho-
nic acid has been used for the removal of hydroxyl
groups in the flavone series and for the preparation
of y-resorcylic acid.117

Organometallic compounds, arsanilic acid and
phenylmercuric acetate on treatment with Raney alloy
in aqueous alkali give aniline and dinhenyl respec-
tively.48 Raney nickel has been used for the removal

of selenium from organo-selenium compounds. Thus,

dibenzoselenophene, dibenzoselenophene oxide and



dibenzoselenophene dichloride give diphenyl on

treatment with Raney nickel.118
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Part I

DESULPHURIZATION OF THTOINDIGOID DYES
AND SULPHUR-CONTAINING INTERMEDIATES
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The study of the action of Raney nickel on dye
intermediates and dyes of the thioindigoid series
was undertaken with two objects in view: (1) to use
this method for determining the constitution of
sulphur-containing dyes and other sulphur-heterocyclicsj
and (2) to synthesise difficultly accessible organic
compounds such as diphenacyl and l:4-diphenylbutane
derivatives which were expected to be formed by the
removal of sulphur from the thioindigoid dyes,
followed by reduction of the resulting sulphur-free
products. Diphenacyl and its derivatives are not
easily accessible and are usually prepared by hydrogena-
tion of the corresponding dibenzoylethylenes.1
Di- and tetrahydroxy derivatives of diphenacyl have
been prepared as by-products in the condensation of
succinic acid or anhydride with phenol or resorcinol,
the major products being the corresponding succineins.2

Several methods are known for the degradation

of thioindigoid dyes. Friedlander and Sander3

have
reported that thioindigo is cleaved to thioindoxyl
and 2:3-thionaphthenequinone by treatment with

alcoholic caustic potash. 2-Thionaphthene-3'-indole-
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indigo on similar treatment gave thiosalicylic acid

i e 8
QeI — oo + QL xeo
= ) =
[ N c S/ S/

0=

and oxindole-s-aldehyde.4

Although indigo can be easily oxidised to isatin
by the action of nitric or chromic acid,5 oxidation
of thioindigo by these agents does not give thio-
isatin in good yield. Thioindigo-S-oxide is obtained
when thioindigo is treated with concentrated nitriec

acid6 or chromic acid.7

By the action of a mixture
of concentrated and fuming nitric acid on thioindigo,
Riesz8 obtained g-sulphobenzoic acid. By prolonged

treatment of thioindigo in hot acetic acid by nitrous

gases Posner and Wallisg

obtained a small yield of
2:3" -thionaphthenequinone, major portion of the dye
being recovered unchanged. Furst and Pollaklo have
reported cleavage of thioindigo by means of ozone

into two molecules of thionaphthenequinone in good
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yields. Whereas the above methods of degradation
of thioindigoid dyes involve fission of the carbon
chain linking the two aryl residues, desulphuriza-
tion by means of Raney nickel has the distinective
feature that the carbon skeleton of the molecule
remains largely intact.

Removal of sulphur from organic compounds by
means of Raney nickel at atmospheric pressure is
carried out by treatment of the compound (1 part)
with a large excess of active Kaney nickelll
(10-30 parts) in a suitable solvent at temperatures
up to the boiling point of the solvent.12 Another
method of desulphurization consists in the treatment
of the compound (1 part) with Raney (nickel-aluminium)
alloy (usually 3 parts) in hot aqueous alkaline solu-
tion according to Papa, Schwenk and their collabora-

tors,lsa

who have suggested that the reduction is due
to the activation of hydrogen, liberated by the
dissolution of aluminiumizaqueous alkali, by the
finely divided nickel catalyst. If the nickel
catalyst is omitted and the alkaline solution treated
with aluminium, no reducgion occurs. The mechanism

of desulphurization by active Raney nickel, therefore,



appears to be the same in both the procedures, but
the amount of the catalyst employed when Raney
alloy is xmakxisx used is smaller because of the
greater availability of the hydrogen produced by the
dissolution of aluminium in aqueous alkali. In
the present study, both of these methods were employed
for desulphurization.

Desulphurization of thioindigo, the pnarent
member of the bis-thionaphthene-indigo series of dyes,
was first studied. The reduction was carried out by
treatment of the dye with varying amounts of Raney
alloy in agueous alkaline solution at about 100°,
Reduction of the dye with equal parts of Kaney alloy
in aqueous alkaline solution gave diphenacyl (I)
in about 1.5% yield, together with traces of benzoic
acidy and about 50% of the dye was recovered unchanged.
The isolation of benzoiec acid even under mild condi-
tions of reduction is of interest. When the dye
(1 part) was reduced with Raney alloy (4.5 parts),
most of the dye was desulphurized, but only a small
amount of sulphur-free produects could be isolated in
the pure state. Thus the yield of pure diphenacyl
was only 12% together with a smaller quantity of
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benzoic acid. The yield of the sulphur-free products
was slightly increased by precipitation of thioindigo
from sulphuric acid prior to reduction. Reduection of
the dye (1 part) with Raney alloy (6 parts) gave 1:4-
diphenylbutane (II) as the major product (yleld 14%),
a small quantity of diphenacyl (about 1%) and benzoie
acid (5%). While the formation of diphenacyl and 1:4-
diphenylbutane was anticipated, the formation of
benzoic acid from thioindigo cannot be readily
accounted for. The isolation of benzoic acid,together
with toluene and p-cresol methyl ether, from the Raney
nickel reduction products of p-methoxybenzyl alcohol

(o]
"

C

b + DhCHgCHQCH2CH3Ph (II )
+ PhCOOH

has been recorded by Papa et n;.lab and it has been

suggested that benzoic acid is produced by the scheme:?
dehydrogenation to anisaldehyde —__>reduction to
benzaldehyde ——>Cannizzaro reaction to benzoic acid
and benzyl alcohol (the latter being reduced further
to toluene). Whereas the desulphurization of the



dye by Raney alloy in aqueous alkali gave several
reduction products, its treatment with Raney
nickel in boiling alcohol gave l3i4-diphenylbutane
(II) as the only reduction product in 76% yield.
The constitution of (II) was proved by its
oxidation to benzoic acid, by 5% nitric acid in a
sealed tube at 150-80°,
Desulphurization of 6:6'-diethoxythioindigo
(Durindone Orange R) was next studied. The dye
(1 part), purified by extraction with boiling water
and 5% hydrochloric acid, was treated with Kaney
alloy (4.5 parts) in hot aqueous alkaline solution

in the usual manner. Since 50% of the dye was unchanged

o}
"

C\C- /S OEt
eeo 5L — Ew@cocuzcmco@ost (I1T1)

(o]
Durindone Orange R T EtO@COOH

!

EtO@CH,_CH,_C.H;_CHz 0Et  (IV)

by this treatment, the purified dye (8 g.) was brought
into a finely divided state by dissolving in concen-
trated sulphuric acid and reprecipitating by Remx
drowning in water. When the wet cake was reduced with

Raney alloy, reddish orange needles (5.3 g., yield 79%) o
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m.p. 120-26°, and p-ethoxybenzoic acid (0,13 g.)
were isolated. The former substance crystallized
from alcohol and acetone in pink needles, m.p.
131.5-132°, identical with 4:4'=-diethoxydiphenacyl
(ITI), m.p. 132°, prepared by Hollemanl4 through a
series of reactions starting from phenetole. When
the dye was treated by Raney nickel in boiling
alcohol, 1l34-bis-p-ethoxyphenylbutane (IV) was
obtained, as the only reduction product, in 59% yield.
Oxidation of (IV) gave p-ethoxybenzoic acid.
Cyclization of (III) by treatment with hydrochlo-
ric and acetic acids gave 2:5-bis-p-ethoxyphenylfuran
(V) in 92% yield. Attempting to deethylate (III)
by heating with pyridine hydrochloride, the product

Q

EtO

/ OEt (V)
\ HO |°| OH (V1)

was 2:5-bis-p-hydroxyphenylfuran (VI) by simultaneous

(I11)

ring closure and deethylation.
Reaction of (III) with excess of p-chloraniline



in the presence of a little acetic acid (ef. Buu
Hoils) gave the corresponding pyrrole (VII), These

E‘O 'Nl OEe (VIT)

ClL
reactions of (III) show its li4-diketone structure.

Treatment of 535'-dichloro-7:7'-dimethylthio-
indigo (Durindone Red 3BS) by Raney alloy in aqueous
alkali left the dye largely unaffected, and it was
found necessary to vat the dye before treatment with
Raney alloy. %hen the dye, ,obtained in finely divided
form by precipitation from sulphuric acid, was vatted
with glucose and aqueous caustlc soda and then treated
with Raney alloy, the isolable sulphur-free
degradation products were 3:3'-dichloro-5:5'-dimethyl-
diphenacyl (VIII), 3-chloro-5:5'-dimethyldiphenacyl
(IX) and 134-di-p-tolyl-l-butanol (X). When the dye
was vatted by sodium hydrosulphite and aqueous alkali
and then desulphurized by lianey alloy, a larger yield
of the desulphurized product was obtained from which
(VIII) and (IX) were again isolated, but the major

constituent was a chlorine-free liguid which was not
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identified. Desulphurization of the dye by Raney

nickel in boiling alcohol gave 1l:4-di-pm-tolylbutane

(XI), the constitution of which was confirmed by

oxidation to isophthalie acid. Cyclization of the

diphenacyl derivative (VIII) gave 2:5-di-(3'-chloro-

5' -methyl)phenylfuran (XII),

; "
c
QL= 10
c=
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Reduction of Durindone Brown GS (XIII), the
naphthalene analogue of thioindigo, with Raney alloy
in aqueous alkali gave 132-di-a-naphthoylethane
(XIV) and a yellow nonfluorescent ligquid (b.p. 140-2°/
12 mm.) which analysed for 1l34-di-a-tetralylbutane (XV),
Cyelization of (XIV) gave 235-di-a-naphthylfuran
(XVI). When the dye was desulphurized with Raney nickel
in alcohol a colourless liquid (b.p.215-20°/1 my.)
exhibiting a blue fluorescence was obtained, and it
analysed for l:4-di-a-tetralylbutane (XV), The two
di-a=-tetralylbutanes are avparently the 1:2:3:4-

and 5:6:7:8-tetrahydronaphthalene derivatives,

":";czcig ' cocm,_c:ulco

(XIV)
(XII1)

C10H11CHCHCHgCH2C 1 0Hy 8 [ g
(Xv) (0)
(XVI)
Ciba Brown 2R has been mentioned by Fox16 as
equivalent to Indanthrene Printing Brown 3R which is
2-(435-benzothionaphthene)-3"'-(6'-chloro-7"'-methylindole)-



indigoj but elementary analysis of purified Ciba
Brown 2R and the shade on cotton indicate that it

is probably identical with Durindone Brown GS
(XIII). This was confirmed by desulphurization with
Raney alloy in aqueous alkali when it gave 1l:2-di-a-
naphthoylethane (XIV) and 1:4-di-a-tetralylbutane
(XV). It also gave a small amount of a substance

which was probably the diol (XVII),

o 53

Indanthrene Printing Brown 3R

o, @
(".‘.HC.HQ_CH)_C;H RAFIED
OH OH

Desulphurization of Ciba Brown 2R by Raney nickel
in alcohol gave li4-di-a-tetralylbutane (XV),
The desulphurization of unsymmetrical dyes was
next studied. On treatment with Raney alloy in
aqueous alkali 2:3'-bis-thionaphthene-indigo (XVIII)
gave a compound which is probably constituted as
2:4-diphenyl-l-butanol (XIX), The alternative structure
1:3-diphenyl-l-butanol is improbable because Papa gt }7



have shown that, under the conditions employed, a
carbonyl group attached to a benzene nucleus is
reduced to CHg, whereas a carbonyl group not directly
attached to the aryl residue undergoes reduction to
an aleoholic group. Desulphurization of (XVIII)

with Raney nickel in alcohol gave l:3-diphenylbutane
(XX).

PhCHgCHgGHCH OH (XIX)
g Q Ph
C\
[::[./C:C\ /5
7. ¢ PhCHzCHaCHCHg (XX)
Ph
(XVIII)

Desulphurization of Ciba Scarlet G by treatment
with Raney alloy in aqueous alkali gave a complex
mixture from which was isolated a pale yellow liquid,
vhich ahalysed for CzoHgeO. Desulphurization of the
dye by Raney nickel in alcohol gave a hydrocarbon,
Cz0lzg, which may be represented as a-perhydroace-
naphthenyl-f-phenylethane (XXI). Attempts to
dehydrogenate the above hydroearbon by treatment with

selenium were unsuccessful.
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G-t — Chbuononrn

Ciba Scarlet G
Thioindigo Scarlet F, 2-thionaphthene-3'-indole-indigo
on treatment with Raney nickel in alecohol, gave a
small amount of the unconverted dye. The major
product was a sulphur-free solid, which crystallized
in colourless needles, m.p. 91-2°, and contained
nitrogen and oxygen. This product, when chromato-
graphed on a columm of activated alumina in ultra-
violet light, separated in four bands. The
strongly adsorbed band gave the major fraction,
which erystallized from dilute alcohol in colour-
less needles, m.p. 154°. It contained nitrogen

and oxy-en, and could not be identified,

Q. Q
&
@[)a: M
S \C.Z.‘
1

(o]
Thioindigo Searlet R
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Reduction of thioindoxyl (XXII) was next studied,
since it is the intermediate from which thioindigo

is prepared by oxidation. Blicke and Sheetsl8

have
desulphurized thioindoxyl by Raney nickel in methanol
solution. They expected methylphenylcarbinol or

acetophenone as reduction produet but obtained only
0

!

C
> (XXII
PhCHOHCHg / @:S/CHZ )

PhCHgCHg
PcocEs — N YW
S

ethylbenzene. The latter is also obtained by Raney
nickel reduction of thionaphthene, acetophenone and
methylphenylecarbinol. Papa et 31.17 also obtained
ethylbenzene by the reduction of acetophenone with
Raney alloy in aqueous alkali.

Thioindoxyl on treatment with Raney alloy in
aqueous alkali on a water-bath gave benzoic acid in
8% yleld. However, when it was treated with Raney
nickel in aqueous alkali at 0-5°, acetophenone was

obtained in 72% yield. Acetophenone also gave benzoic
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acid when treated with Raney alloy in aqueous alkali.

C\ —_ Phc OCHa
@ZS/CHL /

In the absence of the catalyst, it remains unaffected
in aqueous alkali.

The deactivation of the catalyst by poisoning
with sulphur may account for the formation of aceto-
phenone from thioindoxyl and for the isolation of
diphenacyl from thioindigo, which on further reduction
give ethylbenzene and 1l34-diphenylbutane respectively.
Isolatﬂi of benzoic acid from thioindigo, thioindoxyl
and acetophenone when treated with Raney alloy in
aqueous alkali on a water -bath indicates the cleavage
of C~C linkage under these conditions.

Papa g&k;;.lg have observed that thioisatin by
treatment with Raney alloy in aqueous alkali gave

mandelic acid, which except for the formation of traces

< 0

\

C aq.NaOH o

@ Nazh ~Siinky CCOOH ___,  pnCHCOOH
s’ P bu



of phenylacetic acid, remains unaffeeted when treated
under similar conditions. By treéting thionaphthene-
2-carboxylic acid with Raney nickel in mgoam aqueous
sodium carbonate solution, Blicke and Sheet320
obtained f-phenylpropionic acid in 93% yield.

When 3-hydroxythionaphthene-2-carbox¥lic acid
(thioindoxylic acid,XXIII) was treated with Kaney
nickel in boiling alcohol, f-phenyl-f-hydroxypropionic
acid and p-phenylpropionic acid were obtained.
p-Phenyl-f-hydroxypropionic acid (in 75% yield) and
f -phenylpropionic acid {in 20% yield) were also
obtained when thioindoxylic acid was treated with
Raney nickel in aqueous alkali on a boiling water bath.
Only { =phenyl-fi=hydroxypropionic acid (yield 86%)
was isolated, when the reaction was carried out in an
ice-bath for 1 hour. Thioindoxylic acid was completely
desulphurized in § minutes by the action of Raney
nickel in ice-cold aqueous alkali with the formation
of p-phenyl-f~hydroxypropionic acid (46% yield) as
the major product. Acetophenone was also obtained
from the alkaline solution after acidification, indica-
ting the formation of benzoylacetic acid, as the first
step in the desulphurization, which during subsequent
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working up decomposes to give acetophenone.

—(PhCOCHzCOOH ) — PhCOCHg

O
11
C\
@[S,CHCOOH —— PhQHCHzCOOH
OH
(XXIIT) L‘PhCHgCHzCOOH

The constitution of l:2-benzo-9-thiafluorene
(XXIV) and 3:4-benzo-9-thiafluorene (XXV), which
have been recently reborted,21 was proved by
desulphurization with Raney nickel in aleohol.

The former gave 2-phenylnaphthalene and the latter

l-phenylnaphthalene.
. agT
(XX1IV)
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Desulphurization of dehydrothio-p-toluidine
(XXVI) was next studied. Green - has reported that
on zinc-dust distillation it gives p-toluidine.

When dehydrothio-p-toluidine was treated with

Raney nickel in boiling alecohol it was completely
desulphurized in 2 hours. The reaction product gave
a p-tosyl derivative which was found to be identical
with N-ethyl<N-p-tosyl=p-toluidine. N-ethyl-p-
toluidine in 89% yield, was also the only reduction
produet when the reaction was carried out at room

temperature. It apvears likely that in the above

N
A\
L O ey 2 ey

(XXVI)

degradation after the sulphur in dehydrothio-p-
toluidine 1s removed, the remaining skeleton is
cleaved at C-N bond leading to two molscules of
D-toluidine. The latter is then alkylated by the
action of alecohol and Raney nickel, Such N-alkyl-
ation during Raney nickel reduetion has been
reported by Mozingo.23

Similar cleavage of C-N bond was also observed

when benzylaniline on treatment with Raney nickel

-



in alecohol at room temperature gave N-ethylaniline,

PhNHCHgPh ———— PHNHEt

It has been reported earlier that benzylaniline during
its hydrogenation over platinum or palladium cata=-
lysts gives aniline and toluene or their hydrogena-

tion products.z‘

Cleavage of C-N 1inkage during Raney nickel
treatment has been observed earlier. Bougault et 31.25
have reported ammonia, methylamine and toluene as
the reaction produets of Raney nickel desulphuriza=-
tion of benzylthiourea. N-Ethylpiperidine was
obtained by Kornfeld26 by the reduction of phenyl=-
thioacetog@peridide (XXVII) with Raney nickel in

aleohol. During desulphurization with Raney nickel,

@cr«j‘m@ Sina mean RN ™ - NO

(XXVII)

Marrian?7 has observed the cleavage of C-N linkage

in a ring structure te
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Benzene was obtained when diphenyl diselenide
was treated with Raney nickel in alecohol, showing that

- Se
CcHs-SgkcoHs — CgHg

selenium can be removed from organo-selenium
compound?%y Raney nickel. After this work was
completed, Wiseman and Gou1d28 have reported

similar results,
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Reduction of Thioindigo :
Method A, - Durindone Red B 400 pdr. was puri-

fied by extraction with boiling water and then with
boiling 5§/ hydrochloric acid, filtered, washed and
dried. The purified dye (10 g.) and 10% caustic soda
solution (100 cc.) were mixed in a three-neck flask,
fitted with reflux condenser and mercury seal stirrer.
The mixture was heated on a water bath to 90° and Raney
alloy (10 g.) was gradually added. After the addition
of the alloy, the mixture was further heated on a
boiling water bath for 3 hours under stirring and then
filtered. The unreacted dye (4.8 g.) was precipitated
by aeration of the filtrate and filtered. The alkaline
filtrate was then acidified by pouring into excess of
concentrated hydrochloriec acid. The acidified solu-
tion was ether extracted, and the ether extraect after
washing, was shaken with 5% sodium bicarbonate solution.
The sodium bicarbonate—rinsoluble substance left

after removal of ether was found to contain sulphur

and was a sticky solid, which could not be crystallized.
The sodium bicarbonate extract was acidified and the
small quantity of precipitate which separated was

collected and crystallized from water, when it gave



colourless needles, m.p. 121°, undepressed when
mixed with benzoic acid. The nickel residue was left
overnight in dilute hydrochloric acid and then
filtered. The filtrate was ether extracted, when

a very small amount of sulphur containing oil was
1soiatod. The nickel residue was finally extracted
with benzene in a Soxhlet. The benzene extract on
cooling gave 0,16 g. of the dye, which was separated,
and the filtrate gave on concentration pale pinkish
needles (0,15 g.), m.p. 138-40°, identical with
diphenacyl.

Method B. = The purified dye (10 g.) was reduced
with Raney alloy (45 g.) in 10% caustic soda solution
(450 ce.) for 6 hours on a water bath and the reaction
mixture was worked up aﬁgbovo. The dye was completely
reduced under these conditions. A small quantity of
benzoic acid was isolated from alkaline solution after
removal of nickel residue. The nickel residue gave a
mixture (3.7 g.) of a erystalline solid and a red oil.
The oily portion was readily removed by means of
ether. The ether soluble oil (1.2 g.) which contained
sulphur was distilled under vacuum when it gave three

liguids having different boiling points. The ether
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insoluble crystalline residue gave needles (1.2 g.)
from alcohol, m.p. 143-5°, raised to 144-5° by
recrystallization from the same solvent (Found: C,
80.35 H, 5.8§ Cale. for CygH1402 & C, 80.73 H, 5.9%).
The m.p. of the product was undepressed when mixed
with diphenacyl,29 prepared by the reduction of trans-
dibenzoylethylene. The latter was obtained by the
reaction of benzene with fumaryl chloride in presence

of aluminium chloride.ao

It gave a big-2:4-
dinitrophenyl:hydrazone which crystallized from acetic
acid 1 as a microcrystalline powder, m.p. 264° (decomp.)
in agreement with the known diphenacyl bis-2:4-
dlnitrophenylhydrazone,31

mep. 265° (decomp.)(Found:

diphenacyl, the reduction product gives a green solution
in concentrated sulphuric acid which turns red and
fluorescent én heating.

Method C ¢ When the dye (10 g.) was finely divided
by precipitation from sulphuric acid and then reduced
as above, the desulphurized product was obtained in
greater yield (4.5 g.). On macerating the product with
ether and removal of the ether-soluble oil, diphenacyl
was left as a crystalline residue (1.5 g.).
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D ¢ The purified dye (10 g.) was reduced
with Raney alloy (60 g.) and 10% caustic soda solution
(600 ec.) for 7 hours on a water bath. Benzoic acid
(0.49 g.) was isolated from the alkaline extract of
the reduction mixture. The nickel residue gave a red
0il (3.5 g.) which on distillation under reduced
pressure yielded two fractions boiling at 160-200°/11 mm.
and 260-300°/11 mm. The higher boiling fraction was
found to be diphenacyl. The lower boiling fraction
(1.32 g.) gave colourless plates from alcohol, m.p.
49-52°, raised to 51.5-52° by recrystallization from
the same solvent. The product was finally distilled
when a colourless liquid, b.p. 162-5°/13 mm., was
obtained, which quickly solidified on cooling to a white
solid, m.p. 51.5-52°, found to be identical with
134-diphenylbutane (Freund and Immerwahr,32 m.p. 52°)
(Found: C, 91.53 H, 8,5. Cale, for CygHig: C, 91.4;

H, 8.6%).

Method E ¢ Thioindigo (5 g.) was treated with
Raney nickel (50 g.) in boiling alcohol (500 ce.)
under stirring for 7 hours and filtered. The filtrate,
on removal of alcohol, gave a liquid which was

dissolved in ether and extracted with 5% sodium
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bicarbonate solution. Removal of ether gave a
liquid (2.7 g.) which on distillation (b.p.140-50°/
2 mm.) gaveg a pink solid, m.p. 50-51°, undepressed
when mixed with l:4-diphenylbutane (II). The

bicarbonate extract did not give any product.

Oxidation of (II) 3

A mixture of (II)(0.2 g.) and 5% nitric acid
(22.5 cc.) was heated in a sealed tube at 150-80° for
12 hours. The mixture was extracted with ether. The
ether extract was shaken with 5% sodium bicarbonate
solution. The bicarbonate extract was acidified and
ether extracted. Removal of ether gave a cream coloured
product (0.2 g.), which was crystallized from water.

A pale yellow solid (0,025 g., m.p. 170-75°), which
contained nitrogen, first separated and was filtered
off. The mother liquor was concentrated when

needles (0.1 g.), m.p. 117-18°, were obtained. Feerys=-
tallization from water gave colourless needles, m.De

122°, undepressed when mixed with benzoic 2cid.
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Durindone Orange R 400 pdr. was purified by
successive extraction with boiling water and with
boiling 5% hydrochloric acid, and was then employed

for reduction.

Method A. = The purified dye (8 g.) was finely
divided by precipitation from concentrated sulphurie
acid,‘and the wet cake was treated with FEaney alloy
(40 g.) in 10% caustic soda solution (400 cc.) for
1 1/2 hours on a water bath, when nearly all the dye
was found to have decomposed. The mixture was worked
up as usual. The dried nickel residue was extracted
in a Soxhlet with benzene, and the benzene extract on
cooling gave a small quantity (0,07 g.) of the less
soluble original dye and a more soluble orange solid
(5.3 g.; yield,79%), m.p. 120-5°, from the benzene
mother liquor. The orange solid on crystallization
from alcohol gave needles (3.2 g., m.p. 124-7°,
which after four recrystallizations from alcohol and
two recrystallizations from acetone yielded pale pink
needles melting constantly at 131.5-132°. The

elementary analysis and the m.p. show that the



substance is 4:4'-diethoxydiphenacyl (Holleman, %

m.p. 132°) (Found? C, 73.93 H, 6.8. Calc. for
CgoH2204 * C, 73,63 H, 6.8%). The substance gives
an intense green solution in concentrated sulphurie
acid which quickly changes to deep purple. The
purple solution exhibits a deep blue fluorescence.
On heating, the colour of the acid solution changes
to purple, while heating to the boil gives a pale
red solution.

Concentration of the benzene mother liquor, after
separation of 434'-diethoxydiphenacyl, gave a small
yield of an oil which distills between 240-50°/10 mm,
and remains to be identified. The alkaline filtrate,
after removal of the nickel residue, did not yileld
any unreacted dye on aeration. It was then acidified
and ether extracted, and the ether extract shaken with
5% sodium bicarbonate solution. The bicarbonate
extract on acidification gave a white solid (0,13 g.)
which crystallized from dilute aleohol in colourless
needles, m.p. 194-5° [ undepressed when mixed with
authentic p-ethoxybenzoic acid.

Method B ¢ Reduction of the purified dye (10 g.)
with Raney alloy (60 g.) in 10% caustic soda solution



(800 ecc) gave p-ethoxybenzoic acid (0,08 g.), 4:4'-
diethoxydiphenacyl (3.27 g.) and a red oil which was

found to be a mixture of several substances.

Method C : Durindone Orange R (12 g.) was extracted
with boiling water and the residue (5 g.) was reduced
with Raney nickel (80 g.) in boiling alecohol (500 ce.)
for 7 hours under stirring. The mixture was left over-
night and filtered. The filtrate on removal of alcohol
gave a sticky¥ product (A)(0.,93 g.). The nickel residue
was treated with hydrochloric acid, filtered, washed
and extracted in a Soxhlet with acetone and benzene.
The residue obtained on removal of the solvents was
extracted with ether.. Removal of ether gave a low
melting product (2.4 g.) which was mixed with (A) and
was distilled at 145-50°/2 mm. It cerystallized from
aleohol in colourless plates, m.p. 74-76°, raised to
76-77° by recrystallization from the same solvent.

It analysed for l3i4=-bis-p-ethoxyphenylbutane (IV)
(Found: C, 81,03 H, 8.8. CgoHggOz requires C, 80,5}
H, 8.7%).

Oxidation of (IV):
A mixture of (IV)(0.45 g.) and 5% nitric acid



(32 cc.) was heated in a sealed tube at 150-80° for
12 hours. The crude acid, isolated by extraction
with aqueous sodium bicarbonate, erystallized from
agueous alcohol in colourless needles, m.p. 195°,

undepressed when mixed with p-ethoxybenzoic acid.

215-Big-p-ethoxydiphenylfuran (V) :

434" -Diethoxydiphenacyl (1 g.) was refluxed with
a mixture of glacial acetic acid (20 ce.) and conc.
Rydrochloric acid (16 ce.) for 10 minutes when a white
solid separated. The mixture was diluted with crushed
jce (20 g.) and the precipitate collected. The product
(0.92 g.), m.p. 166-70°, crystallized from alcohol
in colourless, shining plates, m.p. 176-7°, raised to
177-177.5° by recrystallization from the same solvent
(Found: C, 77.63 Hy 6.4. Caoll200s requires C,77.9j
H, 6.5%). The substance gives a greenish blue colour
with concentrated sulphuric acid, which changes to
a deeper blue on keeping and exhibits a purple colour
in transmitted light. On heating, the acid solution
changes to red violet. Solutions of the furan in
organic solvents show faint violet fluorescence in

day light and more intense violet in ultraviolet light.

——



2:15«Bls~-p~-hydroxyphenylfuran (VI) :

Pyridine hydrochloride (2 g.) and 4:4'-diethoxy-
diphenacyl (0.5 g.) were heated at 200-220° for 3 1/2
hours. The mixture was diluted with water and the
precipitate which separated was extracted with 5% sodium
hydroxide solution. The alkaline extract was aecidified
and the mixture extracted with ether. The ether extract
gave a brown powder (0,38 g.), m.p. 190-200°, which
erystallized from dilute alcohol in colourless
prismatic needles, m.p. 207-10°, raised to 214-5°
by reerystallization from benzene-alcohol (Found:

C, 76.05 H, 4.9. Cig¢H3303 requires C, 76.2§ H, 4.8%).
The dihydroxydiphenylfuran gives a red solution in
concentrated sulphuriec acid, having a bluish violet
fluorescence. On heating, the colour of the acid
solution changes to deep violet. Solutions of the furan
in organic solvents exhibit a pale violet flnorescence
in day light and a more brilliant fluorescence in
ultraviolet light.

1-p-Chlorophenyl-2:5-bis-p-ethoxyphenylpyrrole (VII):

434'-Diethoxydiphenacyl (0.5 g.) and p-chlor-
aniline (0.5 g.) wére heated with a few drops of
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acetic acid at 140-60° for one hour. The product, m.p.
80-100°, was extracted with hot water. The water=-
insoluble portion was dissolved in etherj concentra-
tion and cooling gave colourless plates (0.55 g.),
m.p. 130-2° raised to 140-41° by three reerystalliza-
tions from p-hexane (Found: C, 75.4§ H, 6.23 N, 3.2,
C26H24C1.NO; requires C, 74.73 H, 5.8; N, 3.4%).

The substance gives a red colour in concentrated
sulphuric acid, which on slow heating changes to
green, brown, violet, and finally brown on boiling.
In organic solvents the pyrrole has faint violet

fluorescence in day light, much more intense in ultra-

violet light.

Redue o opne Red :

Method A :- Durindone led 3BS was purified by
successive extractions with boiling water and 5%
boiling hydrochloriec acid. The purified dye (10 g.)
was precipitated from a solution in oleum, filtered
and washed. The wet cake was vatted with glucose
(50 g.) and 104 caustic soda solution (500 cec.) at
78-80°. The solution was treated with Reney alloy
(95 g.) in 10% caustic soda. solution (500 cc.) for
7 hours on a water-bath, left overnight. and filtered.
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The nickel residue was treated with hydrochloric acid,
filtered, washed and extracted with benzene in a
Soxhlet. The product (3.6 g.), recovered from the
extract, was ether-extracted when an insoluble

residue (0,36 g.) was obtained which erystallized from
aqueous acetone in golourless plates, m.p. 130-81°

It analysed for 333'=dichloro-5:5'=-dimethyldiphenacyl
(VIII) (Found: C, 64.6§ H, 5.2. CjglyeCls0z requires
C, 64.55 H, 4.8%). The ether extract, after removal
of the above product, gave an oil (3.2 g.) =zepuxstsd
which was treated with p-hexane. A brown product

(0.51 g.) separated which erystallized from aqueous
acetone in colourless plates, m.p. 113-14°, It
analysed for 3-chloro-5:5'-dimethyldiphenacyl (IX)
(Found: C, 71.3§ H, 6.4. C1H;4C10g requires C, 71.9%
Hy, 5.6%Z)s The product (2.64 g.), obtained from the
hexane solution, was distilled when a pale yellow
liquid, b.p. 196-200°/10 mm, was obtained. It
analysed for 134-bis-m-tolyl-l-butanol (X)(Founds
C,84.43 H, 8.,3. Ciglz30 requires C, 85,03 H, 8,7%).
Attempts to 1solate pure degradation products from

the alkaline solution obtained after removal of nickel

were unsuccessful.
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Method B :- The commercial dye (6 g., containing
4.5 ge of the pure dye) was vatted with sodium
hydrosulphite (6 g.) and 1.5% caustic soda solution
(1000 cc.) at 85°. Caustic soda (20 g.) was added,
followed by Raney alloy (50 g.). The mixture was
stirred for 2 hours on a water.bath and filtered. The
filtrate, as in Method A, did not yield any pure
products. The nickel residue was extracted with
benzene as in Method A, The stieky product (2,0 g.)
obtained on removal of benzene was extracted with
ether. The ether-insoluble product (0.3 g.)
erystallized from alcohol in colourless plates, m.pe.
176-78°, undepressed when mixed with (VIII), The
product from the ether solution was treated with
p-hexane. The hexane-insoluble solid (0,33 g.) was
dissolved in benzene and chromeatographed on alumina,
The major 4 fraction gave colourless plates, m.p.
112-13° from aqueous acetone, undepressed when mixed
with (IX)., The hexane-soluble liquid (1.3 g.) on
distillation gave a chlorine-free liquid, b.p. 165-70°/5 mm,
(Found: C, 83.5; H, 8.1%).

Method C :~ The purified dye (5 g.) was reduced
with Raney nickel (50 g.) in boiling alcohol (500 ce.)



for 7 hours under stirring and filtered hot. The
product obtained from the alecholic solution was
dissolved in ether and extracted with aqueous sodium
bicarbonate. The bicarbonate extract did not give

any product. The ether solution gave an oil (2 g.)
which was dissolved in benzene, and chromatographed

on alumina. The major zone yielded a product (1.8 g.),
which on distillation gave l:4-di-p-tolylbutane (XI),
colourless liquid, b.p. 145-50°/1.5 mm. (Found: C, 90,6}

H, 9.4. CjigHazg requires C, 90.8; H, 9.2%).

XI):

A mixture of (XI)(0,10 g.) and §% nitric aecid
(22,5 ce.) was heated in a sealed tube at 150-80° for
12 hours. The pale yellow product (0,026 g.) crystal=-
lized from water in colourless needles, m.p. 332-33°

undepressed when mixed with isophthalic acid.

235-D1-(3'-chloro-5"'-methyl)phenylfuran (XII):

A mixture of (VIII) (0,1 g.), glacial acetic acid
(6 ce.) and conc. hydrochloric acid (5 ec.) was
refluxed for 3 hours and poured over crushed ice. The
product which separated was filtered and washed.

Crystallization from alcohol gave colourless needles,



m.p. 162-63°, of the furan (XII) (Found: C, 67.7;
H, 4.7. C3gH14C130 requires C, 68.13 H, 4.4%).

Reduction of Durindopne Brown GS 3
Method A :- Durindone Brown GS was extracted

with boiling water and boiling 5% hydrochloriec acid,
filtered, washed and dried. The purified dye (20 g.)
was precipitated from conec. sulphuric acid and the
wet cake was treated with Raney alloy (90 g.) in

10% caustic soda solution (900 cec.) on a water bath
for 1 1/2 hours. The mixture was filtered. The
alkaline filtrate did not yield any organic material.
The nickel residue was extracted with benzeme, and
evaporation of the solvent gave a dark coloured
product (14.12 g.), which was extracted with ether.
The ether-insoluble solid (5,61 g.) crystallized from
alcohol in colourless plates, m.p. 141-42°,
undepressed when mixed with l:2-di-a-naphthoylethane
(XIV), prepared according to Lutzsgp:m' ” by the
reduction of trans-dinaphthoylethylene which was
obtained by the reaction of naphthalene with fumaryl
chloride in presence of aluminium chloride. The

ether extract after separation of the above product
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gave an oil (8,51 g.), which was distilled. The
fraction boiling at 140-42°/12 mm. was a yellow
liquid which analysed for l3i4-di-a-tetralylbutane
(XV)(Found: C, 90,33 H, 9.3. Cg4Hgo requires

C, 90.63 H, 9.4%).

Method B := The purified dye (5 g.) was treated
with Raney nickel in boiling alecohol (500 cc.) under
stirring for 7 hours and filtered hot. Removal of
alcohol gave an oil (2,0 g.), which was dissolved in
benzene and chromatographed on aluminz. The major zone
gave a product (1.9 g.) which distilled as a colour-
less liquid, b.p. 215-20°/1 mm., having a blue fluo-
rescence in ultraviolet light and analysing for
1:4-di-a-tetralylbutane (XV) (Found: C, 90,03 H, 9.0,
Cgelgo requires C, 90,63 H, 9.4%).

2:5-Di-a-paphthylfuran (XVI):
A mixture of (XIV)(0.2 g.), glacial acetic acid

(5 cc.) and conc. hydrochloric acid (8 cc.) was reflux-
ed for 6 1/2 hours, and added to crushed ice. Crystal-
lization of the product from alcohol gave colourless
plates, m.p. 85-6°, which analysed for the furan (XVI)
(Found: C, 89.43 H, 5.0. Cg4H3¢0 requires C, 90,03
H, 5.0%).



Reduction of Ciba Brown 2R :

Ciba Brown 2R was purified by successive extrac-
tions with boiling water and with 5% boiling hydro=-
chloric acid, filtered, washed and dried. Three
crystallizations from g-dichlorobenzene gave brown
needles, which did not contain chlorine or nitrogen
(Found: S, 16.13 Calc. for CggeH13035: S, 16.2%).

Method A :- The purified dye (5 g.) was preci-
pitated from conc. sulphuric acid and the wet cake was
treated with Reney alloy (27.5 g.) in 10% caustiec
soda solution (275 cc.) for § hours on a water bath.
The mixture was filtered and the nickel residue
extracted with benzene as usual. On cooling the
benzene extract (300 cc.), a substance (0.1 g.),
cseparated which crystallized from benzene in colourless
plates, m.p. 213-14® (Found: C, 83.5; H, 6.7.
C24Hz20; requires C, 88.25 H, 6.2%). The stated
theoretical figures for C and H are for 1l:4-di-a-
naphthyl-1l34-butanediol (XVII), The benzene mother
liquor was concentrated to 20 ce. and cooled, when
a colourless substance (0,61 g.) separated, which
erystallized from alcohol in colourless plates, m.pe.

139-40°, undepressed when mixed with (XIV), The
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benzene mother liquor on removal of the solvent gave
an oil (2.3 g.), which after repeated distillation
gave a colourless liquid, b.p. 225°/7-8 mm., showing
a blue fluorescence in ultraviolet light (Found:

C, 90,23 H, 9.0, CgoHgp requires C, 90.65 H, 9.4%).
The required C,H values corresponds to those for
134-di-a=-tetralylbutane (XV),

Method B := The purified dye (5 g.) was treated
with Raney nickel (50 g.) in boiling alecohol (500 ece.)
under stirring for 7 hours and filtered hot. The
filtrate on removal of alcohol gave an oil (1.84 g.),
which was dissolved in benzene and chromatographed on
a column of alumina. The major zone gave a product
(1.7 g.), which distilled as a colourless liquid,

b.p. 220-25°/1 mm., exhibkting a blue fluorescamce
in ultraviolet light, and analysing for l:4-di-a=-
tetralylbutane (XV) (Found: C, 90.1j H, 9.2. Cgzelige
requires C, 90,63 H, 9.4%).

Reduction of 2:3'-bis-thionaphthene-indigo (XVIII):
Method A t- 2:3'-Bis-thionaphthene-indigo (5 g.)

was treated with Raney alloy (22.5 g.) in 10% caustie
soda solution (225 cec.) for 2 hours on a water bath and
the mixture filtered. The nickel residue was extracted
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with benzene as usual, and the oil (1.0 g.) obtained
was =xkrackmi dissolved in benzene and chromatographed
on a column of alumina. The major zone led to a yellow
liquid (0.4 g.), b.p. 165-70°/7 mm., having a bluish
violet fluorescence and analysing for 2:4-diphenyl-l-
butanol (XIX) (Found: C, 85.2§ H, 8.4. Cj;gHig0
requires C, 85,03 H, 8.0%).

Method B 8- 2:3-Bis-thionaphthene-indigo (5 g.)
was treated with Raney nickel (50 g.) in boiling alecohol
(500 cc.) under stirring for 7 hours and filtered hot.
The filtrate, on removal of alecohol, gave a red,
bicarbonate-insoluble liquid (2.7 g.), which was
dissolved in benzene and chromatographed on alumina.
The major zone gave a colourless liquid (1.7 g.), b.pe.
105-10°/1 mm., which analysed for 1:3-diphenylbutane
(XX), prepared earlier by Stobbe and Posn3a§4(Found8
C, 91.33 H, 8.7. Calec. for CigHig : C, 91.4; H, 8.6%).

Reduction of Ciba Scarlet G 3

Ciba Scarlet G was purified by successive extrac-
tion with boiling water and boiling 5% hydrochlorie
acid. The purified dye crystallized from benzene in
secarlet needles, m.p. 269-70° (Found: S, 9.9.
Cale. for CgoHyo0g8: S, 10.2%).



Method A 3~ The purified dye (10 g.) was
precipitated from cone. sulphuric acid and the wet
cake was treated with Raney alloy (45 g.) in 10%
aqueous caustic soda solution (450 cec.) for 90 mins.
on a water bath and filtered. The nickel residue was
treated as usual and extracted with alecohol. The
product (8.86 g.) obtained from the aleoholic extract
was dissolved in carbon tetrachloride and chromatographed
on alumina, when it separated into 6 zones. The major
zone ylelded a thick brown liquid which was
rechromatographed, when it again separated into §
zones. The major zone gave a pale yellow liquid, b.p.
170-75°/5 mm., which analysed for CgoHgoO (Found:

C, 87.5§ Hy 7.2. CgapHge0 requires C, 87,05 H, 7.2%).
It gave 2:4-dinitrophenylhydrazone which could not
however be crystallized.

Method B:~ The purified dye (5 g.) was treated
with Raney nickel (50 g.) in boiling aleohol (500 cec.)
under stirring for 7 hours and filtered hot. The product
(2.9 g.) obtained on removal of alcohol was dissolved
in benzene and chromatographed on alumina. The major
zone gave a yellow oil (2.7 g.), b.p. 168-72°/1 mm.,
analysing for (XXI)( Found: C, 89,33 H, 9.4. CyoHaps
requires C, 89,63 H, 10,4%).



ion of 2= thene-3'-indole-i
( § o S R) :

Thioindoxyl melt (obtained through the courtesy
of Messrs.I.C.I, Ltd., 60 g.) was dissolved in water
(600 cc.) and acidified under stirring by cold conc.
hydrochloric acid. The mixture was filtered and dried
under vacuum. The cake was put in acetic acid (400 cc.)j
isatin (14.7 g.) and conc. hydrochloric acid (5 drops)
wvere added and the mixture refluxed under stirring for
1/2 hour when the dye separated. It was cooled and
filtered. The cake was extracted with 5% caustiec soda
solution (100 c¢ec.), washed free of alkali and dried
(23.9 g.3 85.5% yield). It erystallized from nitro-
benzene in scarlet needles, m.p. 370° (Found: S, 11,0,

Cale, for C‘QH]_QNO'Sl S, 11.5%)0

Reduc 5] Scarlet R:

Thioindigo Scarlet R (5 g.) was treated with Raney
nickel (50 g.) in boiling aleohol (500 cec.) under stir-
ring for 7 hours and filtered hot. The nickel residue
was treated with dilute hydrochlorie acid, filtered,

washed, dried and extracted with benzene in a Soxhlet.
The original dye (0.2 g.) was obtained from the solvent
extract. The alcoholic filtrate obtained after the
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removal of the nickel residue, gave a sudiphur-free
sticky solid (3.98 g.), which crystallized from
aleohol in colourless needles, m.p. 91-2° (Found!

C, 77.43 H, 7 6.63 N, 6.,3%). It distilled at 200~
5°/1 mm, as a colourless liquid which solidified on
cooling (Found: C, 77.23 H, 6.8%). It was dissolved
in benzene and chromatographed on alumina. In ultra-
violet light it separated in 3 bands having green
fluorescence. First two bands gove very small amounts
of solid which could not be worked up. The deeply
absorbed top band gave the major portion which erystal-
lized from dilute alcohol in colourless needles, m.p.
163-54°3 and distilled at 200°/1 mm. as a colourless
liquidj which solidified on cooling. It was reerystal-
1ized from dilute alcohol, m.p. 164° (Found: C, 76.5;
H, 6.4} N, 7 6.2%).

Reduction of thioindoxyl 3

Method A ¢ "Thioindoxyl melt" (I.C,.I., 33.4 g.)
was dissolved in water, acidified and steam distilled.
Caustic soda (90 g.) was added to the distillate
(900 cc.) 2nd Raney alloy (45 g.) was added at about
90°, After heating for 3 hours, the reaction mixture
was worked up. The nickel residue after acidification



and ether extraction gave an oil (0,02 g.), which
did not yield a 234-dinitrophenylhydrazone. The
alkaline filtrate was ether extracted, when a red oil
was obtained which was not identified.The alkaline
solution was then acidified and the product which
precipitated (0.8 g.) erystallized from water in
colourless needles, m.p. 121°, undepressed when

mixed with benzeie acid.

Method B 3~ "Thioindoxyl melt" (I.C.I., 40 g.)
was dissolved in cold water (200 ce.), the solution
treated with norit and filtered. The filtrate was
cooled and eeidified by cold dilute sulphuric acid.
The precipitate of 3-hydroxythionaphthene-2-carboxylie
acid (XXIII) was susvended in water and made alkallne
to Brilliant Yellow paper by addition of 5% caustie
soda solution. The solution was stirred on a wate#bath
at 60-70° to effect decarboxylation of thioindoxylie
acid (XXIII), After the decarboxylation was complete
(30 mins.), the mixture was made alkaline (phenol=
phthalein), treated with norit and filtered. The alkaline
solution was cooled and acidified.The very pale pink
precipitate of thioindoxyl was washed with cold water

and dried in A vacuum. The substance (7.7 g.) was
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treated with Raney nickel (80 g.) in 10% caustie
soda solution (250 ecc.) at Oe5° for 90 minutes,

when a sample of the reaction mixture did not give
the red dye on X oxidation. It was filtered. The
alkaline filtrate was extracted with ether. The
ether extract on removal of the solvent gave an oil
(4443 g.). Fractionation yielded a colourless liguid,
b.p. 202-3°, It formed a 234-dinitrophenylhydrazone,
m.p. 236-37° (dec.) undepressed when mixed with

acetophenone dinitrophenylhydrazone.

Acetophenone (10 g.) was reduced with Raney

alloy (30 g.) in 10% caustic soda solution (300 ecc.)
for 3 hours on a water bath. The nickel residue gave

a very small yield of an oil which was not examined.
The alkaline filtrate on ether extraction gave an oil
(0.2 g.) which distilled between 130-45° (b.p. of
ethylbenzene 135°). The alkaline solution on acidifica-
tion gave a product (0,12 g.) which erystallized from
water and was 1ldentified as benzoic acid.

Ac a ceto s

Acetophenone (10 g,) was stirred with 10% caustie
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soda solution (300 cc.) on a water bath for 5 hours.
The mixture on cooling and extraction with ether gave

a liquid (9.9 g.), b.p. 202-3°, which formed a 2:4-
dinitrophenylhydrazone, m.p. 236-7° (dec.), undepréssed
when mixed with acetophenone dinitrophenyl:hydrazone.
The alkaline solution on acidification and ether
extraction did not yield any product. Acetophenone

is therefore unaffected by the treatment with alkali

under the above conditions,

Reduction of thioindoxylic acid (XXIII):

Method A - Thioindoxylic acld (5 g.), prepared
as before from thioindoxyl melt (20 g.), was treated
with Raney nickel (50 g.) in boiling aleohol (500 eec.)
under stirring for 9 hours and filtered hot. The
alecoholic filtrate, on removal of solvent, gave a
liquid (1.6 g.), which was extracted with 10% sodium
bicarbonate solution. The bicarbonate-insoluble liquid
(0.34 g.) distilled at 100-40°, and it did not give a
dinitrophenylhydrazone. The bicarbonate solution, on
acidification and ether extraction, gave a liquid
(1.2 g.). This was extracted with petroleum ether
(bep. 65-75°), when a solid (0.19 g.), m.p. 84-6°
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separated, which erystallized from benzene in colour-
less prisms, m.p. 92°, undepressed when mixed with
p=phenyl-f-hydroxypropionic acid. The petroleum ether
solution on concentration and cooling gave colourless
prisms, m.p. 46-7°, undepressed when mixed with f-
phenylpropionic acid.

Method B:- Thioindoxylic acid (5 g.) was treated
with Raney nickel (50 g.) in 10% caustic soda
solution (250 e¢c.) under stirring, first at room
temperature for 3 hours and then oniyater~bath for
6 hoursj, a sample of the reaction mixture after
filtration, acidification and oxidation with hydrogen
peroxide did not give the red precipitate of the dye
showing that all the thioindoxylic acid had desulphu-
rized. The reaction mixture was filtered. The
filtrate on ether extraection did not yield any alkali-
insoluble product. The alkaline solution was cooled
and made slightly acidic with cold dilute hydrochloriec
acid and ether extracted. On removal of ether, a
sulphur free liquid (4.10 g.) was obtained. It was
extracted. with petroleum ether, when a solid (3.2 g.)
separated which erystallized from benzene in colourless

prisms, m.p. 92°, undepressed when mixed with p-phenyl-
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p=hydroxypropionic acid (75% yield).The petroleum
ether solution on concentration and cooling gave
colourless prisms (0.8 g.), m.p. 46-7°3fundepressed
when mixed with f-phenylpropionic acid (20% yield).

Method C t- Thioindoxylic acid (5 g.) was treated
with Raney nickel (50 g.) in 10% caustic soda solution
(200 ce.) in an ice-bath for 1 hour under stirring
when all the thioindoxylic acid was found to be
reduced. The mixture was filtered. The filtrate on
ether extraction did not yield any alkali-insoluble
product. The alkaline solution was cooled and acidified
with cold dilute hydrochloric acid and ether extracted.
The extract on removal of ether in a current of dry
air gave a white solid (3.7 g., 86% yield), m.p.
88-90°, mypxx2®® It crystallized from benzene in
colourless prisms, m.p. 92°, undepressed when mixeéd

with B-phenyl-f-hydroxypropionic acid.

Method D : - Thioindoxylic acid (5 g.) was
treated for § mins. with Raney nig:el (80 g.) ana 3%
caustic soda solution (150 cc.)/fwx an ice-bath under
stirring, when all the thioindoxylic acid was desulphu=-
rized. The mixture was then filtered. The filtrate
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on ether extraction did not yield any alkali-insoluble
product. The alkaline solution was cooled and made
slightly acidiec with cold dilute hydrochloriec acid,
and ether extracted. The extract on removal of ether
in a current of dry air gave an orange coloured
liquid. On trituration with petroleum ether a solid
(2.0 g.) separated, which erystallized from benzene
in colourless prisms, m.pe. 92°, undepressed when
mixed with f-phenyl-f-hydroxypropionic acid. The
petroleum ether solution, on removal of solvent yielded
a sticky substance (1.1 g.), which contained aceto-
phenone identified as the 2:4-dinitrophenylhydrazone.

Reduction of 1:2-benzo-O-thiafluorepe (XXIV):

A mixture of (XXIV)(0.8 g.), Raney nickel (8 g.)
and alcohol 100 cc.) was refluxed under stirring for
2 1/2 hours when the green fluorescence, in ultraviolet
light, of the original solution is replaced by a
deep blue fluorescence. The mixture was filtered
hot. KRemoval of alcohol from the filtrate gave a
sticky substance (0.68 g.). It was distilled at 130-
50°/0.7 mm., when a colourless liquid distillate was
obtained which soon solidified. Crystallization from
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alcohol gave ecolourless plates, m.p. 100-1°,
undepressed when mixed with 2-phenylnaphthalene prepa-

red according to Hey et 31.35

Reducti 34— 0-9-thiafluorene (XXV) .

A mixture of (XXV)(0.8 g.), laney nickel (8 g.)
and aleohol (100 ce.) was refluxed under stirring for
3 1/2 hours vhen the pale green fluorescence, in
ultraviolet light, of the original solution, is replaced
by a deep blue fluorescence. The mixture was filtered
hot. The alcoholic filtrate on removal of solvent gave
a red liquid (0.57 g.). The fluorescent solution in
benzene was chromatogranhed on alumina in ultraviolet
light. The major zone gave an orange liquid (0.47 g.)
which distilled at 135-40°/1 mm. to a colourless
liquid with a blue fluorescence (Found: C, 93.7}§

H, 6.4. Cale. for CigHyz ¢ C, 94,15 H, 5.9%). The
absorption spectrum was identical with that of 1~

pheny'lnaphthaleno.36

Reduction of dehydrothio-p-toluidine XXVI)

Method At~ Dehydrothiotoluidine (5 g.) was
treated with Raney nickel (50 g.) in boiling aleohol
(00 ee.) under stirring. When a sample of the



reaction mixture did not show the greenish-blue
fluorescence in ultraviolet light of the original
solution (2 hours), the mixture was filtered. The
filtrate, on removal of alecohol, gave a yellow liquid
(2.14 g.), which contained nitrogen, but no sulphur.
It reacted with p-toluene’sulphonyl chloride to give
only an alkali-insoluble product, m.p. 68-9°, which
crystallized from n-hexane in colourless plates, m.p.
70-1°, undepressed when mixed with N-ethyl-=N-(p-
tosyl)-p-toluidine. No alkali soluble or acid soluble
product was obtained. The crude reduetion nroduct on

distillation gave a colourless liquid, b.p. 217-18°,

Method B :~ Dehydrothiotoluidine (5 g.) was
stirred with Eaney nickel (50 g.) in alecohol (500 ecec.)
for 4 1/2 hours in an ice bath and left overnight.

The mixture was then stirred for 3 hours at room
temperature. The mixture at this stage did not show
the greenish-blue fluorescence of the parent compound
in ultraviolet light. The mixture was now filtered
and the filtrate on removal of alcohol gave a yellow
liquid (5 g., 88.9% yield), which contained nitrogen
but no sulphur. It reacted with mkm¥wemw p-toluene-—
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sulphonyl chloride to give an alkali-insoluble product,
m.p. 67-8°, which crystallized from n-hexane in
colourless plates, m.p. 70-71°, whkizk undepressed

vhen mixed with N-ethyl-N-(p-tosyl)-p-toluidine.

No alkali soluble or acid soluble product was

obtained, indicating the absence of primary and
tertiary amines in the reaction produet. The crude
reduction product on distillation gave a colourless

liquid, be Pe 217‘18"0

Action of Raney nickel on benzylaniline @
Benzylaniline (5 g.) was stirred with Raney
nickel (50 g.) in alcohol (200 ec.) at room tempera=-

ture for 7 1/2 hours and filtered. The filtrate on
removal of solvent gave a liquid (2.5 g.) which was
completely soluble in dilute hydrochloric acid and

gave a faint test for diazotization and coupling.

The product (0.5 g.) was reacted with p~toluenesulphonyl
chloride (2 g.) in 12% aqueous caustic soda (40 ce.)

on water bath for 3 hours.The reaction mixture was
cooled and ether extracted. The alkali solution on
acidification and ether extraction gave a solid

(0,05 g.) which crystallized from alcohol in colourless
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needles, m.p. 102-3°, undepressed when mixed with N-p-
tosvlaniline, indicating the presence of aniline in
the reduction product. The ether solution on extrac-
tion with dilute hydroechloric acid, did not give any
acid soluble product, indicating the absence of any
tertiary amine. The ether solution on removal of
solvent gave a solid (1.0 g.) which crystallized from
alcohol in colourless needles, m.p. 87-8°, undepressed
wvhen mixed with N-ethyl-N-p-tosylaniline indicating
the bresence of N-ethylaniline in the reduction

product.

Redu on_o :

Diphenyl diselenide (2 g.) was treated with Raney
nickel (20 g.) in boiling absolute alcohol (200 cc.)
wnder stirring for 4 hours when a sample in Beckmann
spectrophotometer gave € max =0025 at A = 332 mg
as against the € max =0.584 of the original solution
at the same wavelength. The reaction mixture was
filtered. The filtrate was distilled till 10 cc. of the
residue was left. The residue on cooling gave very
small amount of colourless needles which could not be

identified. The ultraviolet spectrum of the



distillate was identical with that of benzene in
alecohol ( A max in ms were: 239, 243, 249, 255, and
261).

8
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Part II

ALKYLATION OF AMINES WITH ALCOHOLS
IN THE PRESENCE OF RANEY NICKEL



INTRODUCTION




The facile conversion of dehydrothio-p-toluidine
to N-ethyl-p-toluidine by the action of Raney nickel
in ethyl alcohol (see page 51 ) led to the study of
the use of Raney nickel in the synthesis of secondary
N-alkylarylamines from primary arylamines and primary
and secondary alcohols. The action of Raney nickel
on primary aliphatic amines either alone or in the
presence of alcohols was also studied.,

Secondary amines are generally prepared by the
following methods:

(1) Primary amines react with alkyl halides to
give secondary and tertiary'amines.l The composition
of the final product depends largely on the propor-

tion of the reactants employed and on the experimental
conditions. In general, it is difficult to obtain
eitheér secondary or tertiary amines exclusively and

the reaction product usually consists of a mixture of
both., Acid~binding agents are usually employed to
combine with the liberated hydrogen halide. The
introduction of an aryl group by the use of an aryl
halide is more difficult owing to the inactivity of
the halogen atom in the aryl residue. Copper-bronze

or cuprous 1od1d02 is generally used to facilitate



the latter reaction.

Besides alkyl halides, alkyl nitrates,> potassium
alkyl sulphates,4 dialkyl sulphates5 and alkyl aryl-
sulphonates6 may be used for the alkylation of primary
amines.

2. Secondary amines are obtained by the alkyla-
tion of arylsulphonamides, such as benzenesulphonamide
and p-toluenesulphonamide with alkyl halides7 or
dialkylsulphates8 followed by the hydrolysis of the
resulting substituted sulphonamides. Starting from
primary amines, pure secondary amines can be prepared
by reacting the primary amine with arylsulphonyl
chloride to obtain mono-alkylarylsulph%?mide which is
then alkylated and the alkylated product hydrolysed

to give the secondary amine @

ArSOgNHg 2% | ArSOsMR; — 5 RGNH
ArS0C1 + RNHg —> ArSOgNRH ——X _, ArSOLNRR"
-~
By this method pure secondary amines can he prepared
but the overall yieldf of the amines is often

unsatisfactory.



Substituted amides of the type RCONHR' also
react in the same way with alkyl halides and formyl
derivatives of primary amines have been used for the

preparation of secondary amines.9

RCONHR ' — RCONR 'Na —> RCONR 'R"
— > RCOzH + R'R"NH

Cyanamide may also .be used in a similar mammer for

the preparation of simple secondary amines.lo
NHCN —— RoNCN —RgNH

3, Nitrosation of di-alkylanilines and hydrolysis
of the resulting nitroso derivatives leads to pure
secondary aminns.ll

4, Secondary smines are obtained by catalytie
hydrogenation of tertiary amines containing one
benzyl groun.12

CeHgCHgNRR' ______, RR'NH + CgHsCHg

5. Primary amines are converted to secondary
amines by reacting the arylidene derivatives of the
primary amines with alkyl halides when unstable
quaternary salts are formed which are readily hydro-

lysed by water to give secondary amines.l8



RNHp; + CgHsCHO — RN = CHCgHg

1]
3 SEN O CHCgHs > y — RR'NH + CgHgCHO

6. Secondary amines are prepared by the conden-
sation of primary amines and carbonyl compounds and

subsequent reduction of the Schiff's basés. The

latter are reduced by sodium and alcohol,14 zine

dust and aqueous alkali,l5 by reduetion with hydrogen

under pressure in the presence of catalysts like

17 and copper chrom1t918 or by

19

platinum,16 nickel
electrolytic reduction. A modification of this
method consists of a one step synthesis of secondary
amines by the reaction of an aldehyde or a ketone
with a primary amine in a solvent in the presence of
a hydrogenation catalyst and hxprogen under pressure
ranging from 20-150 atmospher.s.zo This method of
synthesis is sometimes referred to as "reductive
alkylation.'21 In place of aromatic amines, aro-
matic nitro,22 nitroso and azo28 compounds cavﬁlso
be used for obtaining secondary amines.

7. Secondary amines can be prepared by the
reduction of substituted amides with sodium and

alcohol?‘ lithium aluminium hydride25 or copper



chromite and hydrogen.Z°

8. Catalytic hydrogenation of primary arylamines,
cyanides, oximes, nitro and nitroso comnounds often

gives secondary amines,

9. Alkylation of amines by alcohols : (a) Reaction

of alcohols with salts of primary amines under pressure
at aboutiﬁpg;d%§¥g§ arylalkylamines. This method
1s used/for the preparation of alkylanilines. Copper
powder,copper halides and sodium halides have been
claimed to be efficient catalysts for this reaction.27
Alkylation of amines by aleohols is usually
carried out in industrial practice at high temperatures
with catalysts like'nickel,28 copper, cobalt, 1ron,29
alumina alone°C or with Fe,o;sl, Cr20g, Cog0g, N10;32

silica ge13 4

and BFg,
(b) Secondary amines are obtained by passing a
gaseous mixture oquicohol and an amine over dehydra-
ting catalysts, such as tungsten trioxide or thorium
dioxide at 250-60‘.35 This method is more convenient

than Merz'sS®

method in which mono-, di- and trialkyl-
amines are obtaingd by heating alcohols at 250-60° with
zinc ammonium chloride, %nClg. 2NHg.

(e¢) The alkylation of amines by a2lcohols under
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pressure at 150-80° in the presence of hydrogena-
tion catalysts like nickel, ecobalt, copper and iron has
been reported by Guyot and Fournier37 and they have
prepared a number of secondary alkylarylamines by
this method. During the hydrogenation of aniline in
ethanol, using nickel catalyst at 200° and hydrogen
at 250-290° atmospheres, gAdkins and his co-workers
obtained ethylcyclohexylam1n0.38 The alkylation of
amines like piperidine, cyclohexylamine and a- and P-
methylpiperidines with ethanol, cyclohexanol and
l-butanol under similar conditions has also been

39

reported. Raney nickel has also been used for

similar a2lkylations employing hydrogen at 125 atmos-

pheres at 200-250°.4°

Adkins has reported that 1:4-
and 1:5-glycols react with primary amines in the

presence of copper chromium oxide catalysts at 250-60°
and hydrogen at 200-400" atmospheres to give pyrrolidines
and piperidines.4l Kindler42 has used palladium

catalyst for similar reactions. Formation of piperazine
derivatives from f~hydroxyalkylamines in the presence -
of copper chromite catalyst at 250-70° has been

reported by Bain and Pollard.43 Ovakimian and his
co-workers44 have also reported the formation of

piperazine derivatives during the reduction of esters
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of amino acids by Raney nickel. Mozingo45 has reported
that nitrobenzene, hydrazobenzene and azoxybenzene

are reduced and alkylated to give N-ethylaniline by
excess of Raney nickel in boiling ethanol, about

100° below the usual range of temperature for alkyla-
tion of amines by alcohols ;iiscussed above. During
desulphurization of benzidine-sulphone, Shah et 31.

obtained Ni:N'-diethylbenzidine.

Adkins4o has suggested that since tertiary aleohols

do not alkylate amines, the primary function of the
catalysts is to dehydrogenate the alcohol to an
aldehyde or ketone. The latter then reacts with the
amine to give a product which is readily hydrogenated
giving a secondary amine as follows :-

1) RgCHOH —> RpCO + Hy

_OH

2) RgCO + R'NH,——) R.—C\m'

3) R'C<I:§R' + Hg —> RgCHNHR' + Hy0

Guyot and Fournier37 have suggested that the

reaction takes place through the formation of the



Schiff's base as follows :-

8) Dehvdrogenation: RCHgOH —> RCHO + Hsp.
b) Condensation ¢ RCHO + R'NHg — RCH = NR'
c) Hydrogenation : RCH = NR' —— RCHgNHR'

The overall reaction in both cases is the same, i.e.
the primary amine reacts with alcohol to form second-

ary amine with the elimination of water.

RCHgOH + R'NHg —>RCHgNHR' + HgO0

In both the reaction mechanisms described above,
dehydrogenation of alcohols by the catalyst is suggest-
ed as the first step. Dehydrogenation of alcohols to
aldehydes or ketones in the presence of Raney nickel
at odr below their boiling pointshas been reported by

Paul47

who has dehydrogenated a number of alcohols

like ethyl, allyl, furfuryl, isopropyl and 2-butanol.
Isopropyl alcohol on refluxing for 16 hours with

Raney nickel gave 29% yield of acetone. He suggests

that dehydrogenating activity of the catalyst massx
ceases because aldehydes and ketones which are formed
are more strongly absorbed by Raney nickel than alcohol.

Dubois®® similarly reported that 2eheptanol when
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heated for 8 hours at 100-20° with Raney nickel gave
56% yield of 2-heptanone while by continuous distilla-
tion 88% yield of the ketone was obtained. Dodecanol
has been reported to give lauraldehyde by the action
of Raney nickel.49 Tsatsasso obtained anisaldehyde
on refluxing anisyl alcohol with Kaney nickel. Thonon
and Jungers51 have observed that the rate of dehydro-
genation of alcohols by means of Raney nickel decreases
with increase in their molecular weight.

The second step in the alkylation of amines by
alcohols involves reaction between the carbonyl
compound and the amine. Emersonm‘ is of the view that

in most instances Schiff's base is probably formed

which is immediately reduced.

' OH /
R\l R\
R'COR + HgNR" = /CNHR" — C = NR" + Hp0
R
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Condensation of aliphatic aldehydes with aliphatiesz

or aronat1c53 amines takes place readily with uarning.53

The reaction between ketones and amines takes place

less readily than with aldehydes and zinc chlorides4

and 1od1n055 have to be used as condensing agents.
However, Sapiro has reported that formation of cyclo-
hexanone-anil in absence of a condensing agent is also
quite rapid at atmospheric pressure and at 20°.56
Hydrogenation of the Schiff's bases, suggested by
Guyot and Fourmnier as the last step in the alkylation

of amines by alcohols, has been carried out by the

use of catalysts like platinun,l6 nickel17 and copper
chromite.18 Raney nickel also has been used for such
hydrogenationl.57

During the reaction of primary alkylamines with
alcohols in presence of hydrogenation catalysts, the
amine may react with itself to give secondary amine

by the loss of ammonia. Rosenmund,58 Kindlerag

and Adkinsag have observed that primary alkylamines

when treated with hydrogen in the presence of hydrogena-
tion catalyst like palladium and nickel lead to
secondary amines, no tertiary amines being detected.
Adkins has however observed that aniline under these

conditions did not form diphenylamino.39
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It will be seen from the above review that with
the exception of Hozingo45 and Shah et g;.?s other
workers have carried out the alkylation of amines
with alcohols at high temperatures and hydrogen
pressures. The alkylation of amines with alcohols in
the presence of Raney nickel at atmospheric pressure
and at moderate temperatures (below 100°) has now
been studied further in order to see if this method

could be used for preparative purposes.
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p-Toluidine (1 part) when treated with Raney

nickel (5 parts) in excess of boiling ethyl alecohol
was converted to N-ethyl-p-toluidine in 2 hours. The
reaction mixture was filtered and the product was
isolated from the filtrate by distilling off the
solvent. No primary or tertiary amine was found to
be present in the reaction product when it was
analysed by tosylation according to the Hinsburg's59
method. E-Ethyl-p-toluidine (I) was the only
reaction produet isolated in the above reaction
(yleld,71%). When 1 part of Raney nickel was used
for 1 part of p-toluidine in excess of boiling ethyl
alcohol, the latter was completely alkylated in 2
hours and N-ethyl-p-toluidine was formed in 88%
yield. Reaection of p-toluidine (1 part) with ethyl
alcohol in the presence of Raney nickel (1 part)
for 18 hours at room temperature also gave N-ethyl-
p-toluidine (¥ield, 87%). Lower yield of N-ethyl-p-
toluidine when more Raney nickel was used might

be due to some loss of the amine due to absorption
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on the larger guantity of the nickel residue. Complete

Me@NHz +C;_H5' OH —— Me@NHC,_Hs (1)
(I) + MeOSOzGL ——-)He@hll o,_s@me

C,Hs

conversion of p-toluidine in the above and subsequent
experiments was followed by the diazotization reaction.
D-Toluidine was not alkylated by boiling
methyl alcohol in the presence of Raney nickel even
after 16 hours and the unreacted primary amine was
the only product isolated from the reaction mixture.
When p-toluidine (1 part) was treated with Raney
nickel (1 part) in excess of boiling p-propyl
alcohol for 2 hours, N-n-propyl-p-toluidine (II) was
obtained as the only reaction product (yield,90%). It
reacted with p-toluenesulphonyl chloride to give
N-p-propyl-N-p-tosylep-toluidine (III) as a colour-
less 4 liguid. N-p-Propylsp-toluidine has been

Med” )N, + CH3CH,CH,0H — Me @NHCHQ_CH;_C Hy  (IT)

(I1) ““t@SOzCl - MQQ'fOlS@m (I11)

7 CHy

¢
CHy
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prepared earlier by the action of n-propyl iodide
on p-toluidine under pressure at 160°.60
R-Toluidine was next alkylated with higher
boiling aleohols like p~hexyl and lauryl alcohols.
When p-toluidine (1 part) was treated with
Raney nickel (1 part) in excess of n-hexyl alecohol on
a water bath, no unreacted primary amine was found
in the reaction mixture after seven hours. The
reaction mixture was filtered. The filtrate on
extraction with dilute hydrochlorie acid gave only
a very small amount of acid-soluble product. It was
therefore made acidic and steam-distilled to
remove n-hexyl alcohol. The residue was not completely
soluble in hydrochloric acid. The acid-insoluble
portion even after repeated distillations under
vacuum (0.5 mm, ) decomposed during distillation
(temperature, 100-120°), Finally a yellow liquid,
b.p. 105-7°4.5 mm. was obtained which contained
nitrogen. The acid soluble portion was isolated by
treatment with alkali and ether extraction. It gave
a colourless liquid on distillation, b.p. 105°4,7 mm.
which analysed for N-p-hexyl-p-toluidine (IV j
yield,58%). It reacted with p-toluenesulphonyl
chloride to give an alkali-insoluble liquid,y bepe.
205-10°/1 mm. (air bath temp.), which analysed for
N-p-hexyl-N-p-tosyl-p-toluidine (V),
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ghen 5 parts of Raney nickel were used for 1

part of p-toluidine in excess of p-hexyl alecohol

e/ Nz +- CgHizOH — e Inncgn, (V)

+ an acid-insoluble liquid
(V) 4 med D so,ct —»Me@r,lozSQMe (V)
CH
€3

on a water bath, no unreacted p-toluidine was present
in the reaction mixture after 4 hours and N-p-hexyl-
D-toluidine was isolated in 48% yield as above. An
acid-insoluble product was isolated in this experi-
ment also.

In order to study the effect of increase in
temperature on the above reaction,p-toluidine (1 part)
wvas treated with Raney nickel (1 part) in boiling
n-hexyl alcohol for 18 hours. Acid-soluble reaction
product contained some unreacted p-toluidine mixed
with N-p-hexyl-p-toluidine. However, the major portion
of the reaction product was the acid-insoluble
product.

The acid-insoluble product obtained in these
‘experiments was then studied. Although it contained
nitrogen its analysis did not indicate to any
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expected product such as a Schiff's base. When
hydrochloric acid gas was passed through its solu-
tion in ether, it did not form a hydrochloride. It
did not react with picric acid. When it was shaken
with Raney nickel with hydrogen at 44 1lbs. per sq.
inch it gave a small yield of an acid-soluble
product, indicating that it might be the Schiff's
base. The fact that it does not analyse for the
Schiff's base might be due to decomposition during
distillation. However, it could not be hydrolysed by
boiling with 107 aqueous caustie soda and 30%
sulphurie acid. The produet is being studied
further.

Alkylation of p-toluidine (1 part) by lauryl
alcohol in the presence of Raney nickel (1 part) on
a water bath took 22 hours. 4fter the removal of
nickel residue -by filtration, the mixture was acidified
and lauryl alcohol was removed by steam-distillation.
The residue was fqund to be insoluble in hydrochloric
acid, On distillation the major fraction was obtained
at 180-90°/0,8 mm. as a ecolourless ligquid, which
solidified on cooling. It erystallized from p-hexane
in colourless plates, m.p. 55-55.5°, which analysed
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for N-p-dodecyl-p-toluidine (VIj yield,50%). It gave
a p-tosyl derivative (VII), which crystallized from
alcohol in colourless plates, m.p. 41-2°, The m.p.

of the latter was undepressed when mixed with an
authentic sample of N-p-dodecyl-N-p-tosyl-p-toluidine
prepared by the reaction of lauryl chloride with
N-p-tosyl-p-toluidine.

te d_INHa. +7-Ciakz 5OH —red ke n,s (VD)

V) + Me@SozCL — me@r’w OS¢ me (VII)
C

n.HZS

m:@n H qs@m +M-CHasCL J

The longer time required for the dehydrogenation
of hizher alcohols by means of Raney nickel

51

referred to earlier probably accounts for the

longer time required for alkylation of p-toluidine
by n-dodeeyl alcohol. The lower yield of secondary
amines when higher boiling alecohols were used is

probably due to the losses during the isolation of
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the secondary amines which become increasingly
difficult with higher boiling alcohols. Steam=-
distillation of these alcohols is also slow.

With the view to study the alkylation of less
basic amines, alkylation of aniline and p-aminobenzoic
acid was investigated. N-Ethylaniline (VIII) was
obtained (yield, 80%) when aniline (1 part) was
treated with Raney nickel (1 part) in boiling ethyl
alcohol for 4 1/2 hours.

PhNHy + CaHgOH —— PhNHCgHg (VIIT)

Reaction of p-aminobenzoic acid (1 part) with
ethyl alcohol in the presence of Raney nickel (5§ parts)
for 3 1/2 hours gave N-ethyl-p-aminobenzoic acid
(IX y yield,70%) .

HOOC@NH):"C)_HS OH - HOOC@N HC'LHS (Ix)
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In order to study the influence of stesgfic
factors on the alkylation of primary arylamines,
alkylation of p-2-xylidine was étudied. n-2-Xylidine
(1 part) was not alkylated by boilinzzgiiohol in
the presence of Raney nickel (5 parts) even after
54 hours, the unreacted primary amine being the
only product isolated from the reaction mixture.

The sterically hindered awimem amino group in
m-2-xylidine is therefore not amenable to alkyla-

tion under the above conditions.

Alkylation of p-toluidine with secondary alcohols 3
When p-toluidine (1 part) was treated with Raney

nickel (1 part) in excess of boiling isopropyl
alcohol, no unreacted primary amine could be detected
in the reaction mixture after 24 hours. The reaction
product, which was soluble in dilute hydrochlorie
acid, on distillation gave two fractions boiling at
42°/2 mm. and 70-2°/2 mm. The higher boiling fraection
was identified as N-isopropyl-p-toluidine (Xj yield,
48%), through its p-tosyl derivative (XI). The lower
boiling fraction also gave an alkali-inso}uble
p-tosyl derivative, indicating its secondary amine
character but it could not be identified. When ten
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parts of Raney nickel were used fqr one part of
b-toluidine in excess of boiling i;opropyl alcohol,
no unreacted # p-toluidine could be detected after
7 hours. As in the previous experiment the reaction
product gave N-isopropyl-p-toluidine and an

unidentified acid-soluble product.

Me@NHz + (CH3), CHOH ——5M6©NHCH(CH3),_ (X)

+ an unidentified amine

x) -H"le@SOz.Cl ~——)N<©N013©Ne
I
GH (X1)
7\

Ne@NHO;S@MQ + (CHy), CHT J

N-Isopropyl-p-toludine has been prepared earlier by
the action of isopropyl iodide on p-toluidine at
130° under presnuroeo and its p-tosyl derivative

(XI) has been described by Young.61
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When p-toluidine (1 part) was treated with
Raney nickel (10 parts) in excess of cyclohexanol
on water-bath no primary amine was detected in the
reaction mixture after 4 hours. The reaction product
which was soluble in dilute hydrochloric acid, on
distillation gave two fractions boiling at 80-90°/2 mm.
and 110-20/2 mm. The higher boiling fraction
was identified as N-cyclohexyl-p-toluidine (X113
yield,46%), through its p-tosyl derivative (X111).
The lower boiling fraction reacted with p-toluene-
sulphonyl chloride to give an alkali-insoluble liquid
tosyl derivative indicating its secondary amine

character but it could not be identified.

m@nwncs Hy OH \-)mQQNHcéH” (XIT)

+ an unidentified amine

(x11) +m<©so,_CL . Me@t;l%_g@lﬂe (XIIT)

CeHy,

Ne@NHO,ﬁ@Ne + CgHi By J
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N-Cyclohexyl-p-toluidine has been prepared
earlier by the action of bromocyclohexane on p-
toluidine at 140-50°,62 and its p-tosyl derivative
(XIIT) has been described by Hickinbottom.®

It will be observed that the yleldf of secondary
amines from secondary alcohols is lower than that from
primary alcohols. N-Isopropyl-p-toluidine was
obtained in 48% yield as against 90% yield of N-n-
propyl-p-toluidine. In the alkylation of p-toluldine
with isopropyl aleohol and cyclohexanol acid-soluble
by-products were also formed. As these by-products
have been isolated only in alkylation of p-toluidine
by secondary alecohols, it appears that ketones which
are probably formed by dehydrogenation of the
secondary alcohols react in some way other than the
normal reaction of the formation of Schiff's base

(ArN=CRR') .,

On the basis of earlier literature, reaction of

p-toluidine with isopropyl alcohol in the presence of
Raney nickel xx probably proceeds through the
following stages:
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(1) conversion of isopropyl alcohol to acetone}
(2) reaction of acetone with p-toluidine to
give the Schiff's base:

and (3) reduction of the above Schiff's base to N-

isopropyl-p-toluidine. Knoevenagol55 reported that

aniline and p-toluidine react with acetone in the

d

presence of iodine to give the corresponding Schiff's

bases, but later work has shown that the reaction
product of acetone and aniline is not the expected
Schiff's base but is constituted as 2:2:4-trimethyl-

1:2-dihydroquinoline (XIV).64

NPh
—~Me

2. PhNHy+ 2. CHy COCHy — @\ S
N

/éhcﬂ.

l

Me
C§<':‘-H
-CMez (XIv)

In order to study the mechanism of alkylation
of p-toluidine by means of isopropyl alcohol, the

following experiments were carried out :=-
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(1) Reaction of p-toluidine with boiling acetone.

(2) Reaction of p-toluidine with boiling acetone
in the presencqbf a small gquantity of sodium
hydroxide (Raney nickel might contain residual alkali
vhich may act as a condensing agent).

(3) Reaction of p-toluidine with boiling acetone
in the presence of Raney nickel (to see if Raney
nickel acts as a catalyst in the reaction of acetone
with p-toluidine).

K In all the three experiments p-toluidine and
acetone were recovered unchanged. It is well known
that acetone deactivates Raney nickel65 and excess
of boiling acetone might have deactivated the
catalyst. The above failure of acetone to react
with p-toluidine either in the presence or absence of
Raney nickel, indicates that the alkylation of
p-toluidine by isopropyl alcohol probably follows
a course different from that outlined earlier.

Formation of N-eyeclohexyl-p-toluidine by the
reaction of cyclohexanol and p-toluidine in the
presence of nickel hydrogenation catalyst at a
temperature above 150° has been reported?6
Cyclohexanone reacts with aniline at 20° in absence of

a condensing agent go give the cyclohexanone anil.
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Alkylation of aliphatic amines 3

When butyl amine (1 part) was treated with Raney
nickel (1 part) in boiling ethyl aleohol, after 3 1/2
hours no primary amine could be detected in the
reaction mixture. The reaction product on working
up gave N-ethyl-p-butylamine, di-p-butylamine and
a very small amount of a fraction which apvears to
be diethylbutylamine from its boiling pnoint. When
the reaction was carried out at room temperature for
20 hours, N-ethyl-m -butylamine and di-p-butylamine

were again formed.

R
CollgNHg + CgHgOH —oney nickel = . uoNHC,H,

4+ (C‘Hg )gNH

+ CoHN(CgHg)z (?)

Formation of di-p-butylamine in both these
experiments indicated that under these conditioms,
p-butylamine itself forms the secondary amine by
deamination. p-Butylamine is stable at its b.p.
and can be distilled without change at atmospherie
pressure. When p-butylamine (1 part) was treated
with Raney nickel (1 part) in aqueous solution on
a water bath, di-p-butylamine and tri-p-butylamine

were obtained.
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CoHoNHg _Raney nickel - (CqHg)aNH

+ (CqiHg)gN

In the reaction of p~-butylamine with ethanol in
the presence of Raney nickel, therefore, both alkyla=-
tion of the amine by 2lcohol and loss of ammonia
between two or three molecules of the amine are
simultaneously taking place.

The complete conversion of p-butylamine and
cychohexylamine used in the above and subsequent
experiments was followed by Rimini's and Simon's
tests.67 The primary and secondary amines were
characterized by the preparation of thiourea
derivatives, and tertiary amines by picrates.

When cyclohexylamine (1 part) was treated with
Raney nickel (1 part) in boiling ethyl alcohol for

13 hours, N-ethylcyclohexylamine was the major
reaction product and a very small amount of

dicyclohexylamine was formed.

CeHysNHg + CgHgOH _Baney nickel, ; p ,WHC,Hg +

(CeHys )gNH
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When only cyclohexylamine (1 part) was refluxed
with moist Raney nickel (1 part) for 10 hours, the
major reaction product was cyclohexanol and dieyelo-

hexylamine was also isolated in low yield.

CeHysNHg + Hgo Baney mickel . oy  on + (CeHyy)eNH

Whereas in the alkylation of aromatic primary amines
by alcoholg,secondary amines were obtained with the
exclusion of tertiary amines, in the case of alipha-
tic primary amines besides alkylation of amines by
alcohols to give secondary amines, two molecules of
the primary amine themselves combined to give the
corresponding dialkylamine, with the loss of ammonia.
Tertiary alkylamines were also formed in small
amounts both by the action of Raney nickel on the
aliphatic primary amine itself and also by the
interaction between the aliphatic aminé and two

molecules of the aleohol used.

W from o-diamines
:

The alkylation of aromatic and aliphatic amines
by means of alcohols in the presence of Raney nickel
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may be employed to synthesise quinoxaline, by the
action of Raney nickel on B o-phenylenediamine

and ethylene glycol. If glyoxal is formed by the
dehydrogenation of ethylene glycol by Raney nickel,
it would condense with g-phenylenediamine to give
gquinoxaline. However, the reaction may proceed in
an alternative directiond also. Thus the glycol may
be converted to the intermediate oxidation product,
glyeollic aldehyde, which may then lead to other
reaction products.

When g-phenylenediamine (1 part) was treated with
Raney nickel (5 parts) in ethylene glycol on water
bath, g-phenylenediamine could not be detected in
the reaction mixture after 14 hours.The reaction
product on working up gave a fraction which was
identified as 1:2:3:4-tetrahydroquinoxal1nq§x¥%e other
fraction was a liquid which contained nitrogen and

oxygen and remains to be identified.

H
N
CH,0H >
NH2 CH2LOH ,:',CHJ.

+ an unidentified liquid

NHy CHO N
[:]NHz + Luo -—»E::[Nj —  XV)
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Cavagnol and Wiselog1068 have obtained 1:2:3:4-
tetrahydroquinoxaline by the hydrogenation of
quinoxaline with Adam's catalyst, (PtOgz), under
50-80 1bs. pressure of hydrogen.When quinoxaline
was shaken with Raney nickel at room temperature
under 40 1lbs. pressure of hydrogen 1:2:3:4-tetra-
hydroquinoxaline was obtained in 32% yield. It
proved to be identical with the product prepared from
o-phenylenediamine and ethylene glycol as described
above.‘

Although the yield of 1:2:3:4-tetrahydroquino-
xaline is low, the above method nevertheless is
a novel application of Raney nickel in organiec
synthesis. It also represents a new synthesis of
1:2:3:4~tetrahydroquinoxaline which may lead to
other hitherto unknown quinoxaline derivatives.

Further work in this conneetion is in progress.



EXPERIMENTAL.




123

Geperal remarks

R atio ines?

Raney nickel was prepared by treating Raney
alloy (Gilmen Paint and Varnish Co., Chattanooga,
Tennessee, U.S.A.) with aqueous sodium hydroxide
according to the method deseribed by Mozingo.69
It was washed free of alkall with distilled water
by decantation. In the following experiments when
water-miscible alcohols were used, water accompany-
ing the settled nickel powder was removed by wash-
ing the nickel mpowdex by decantation with the
alcohol which was to be used in the experiment. In
the case of water-immiscible alcohols, like p-hexyl
alcohol, lauryl alcohol and cyclohexanol, the
precipitated nickel was filtered under slight
suction and the cake was washed with the required
alcohol., During the washing care was taken that
there was always some liquid above the settled
Raney nicke},in order to keep the pyrophoric
nickel from catching fire.



The alkylation of p-toluidine and other primary
arylamines by the apppopriate alcohols was carried
out, in general, by treating the mixture with vary-
ing amounts of Raney nickel under stirring on a
boiling water bath till a filtered sample of the
reaction mixture showed absence of p-toluidine by
the diazotisation reaction (diazotisation and
coupling with aqueous alkaline f-naphthol). The
mixture was filtered hot and the nickel residue
was washed with the relevant aleohol. The unreacted
alcohol from the filtrate was removed by distilla-
tion and the crude alkylated amine obtained as residue

was dried (by treating its etherial solution
with anhydrous sodium sulphate) and purified by
vacuum distillation. In the case of higher boil-
ing alcohols, the filtrate after removal of Raney
nickel was acidified by dilute hydrochloric acid
and the unreacted alcohol was removed by steam
distillation. The crude alkylated amine was
liberated by alkali and isolated by ether extrac-

tion.



N-Ethyl-p-toluidine (I)

Method A 3- p-Toluidine (10 g.) was refluxed
with Raney nickel (50 g.) in boiling ethyl alcohol
(200 ec.) under stirring. Test on a sample after
one hour showed the presence of unreacted p-
toluidine, but after two hours no unreacted p-
toluidine could be detected. The reaction mixture
on working up gave a yellow liguid (9.0 g.J); 71.3%
yield), which distilled as a colourless liguid -0
bep. 217-18° (b.p. of N-ethyl-p-toluidine is 217°).

The above product was analysed for its primary,
secondary and tertiary amines content by the Hinsberg's
method, as described below. The reaction product
(1 g.) was suspended in 12% aqueous sodium
hydroxide (20 cc.) and p-toluenesulphonyl chloride
(2.5 g.) was added. The mixture was heated on a
water bath for 2 hours, cooled and ether extracted.
The alkaline solution on acidification and ether
extraction did not yield any product, showing the
absence of a p-tosyl derivative of a primary amine.
This confirmed the earlier observation based on
diazotisation reaction that all p-toluidine had

reacted. The ether solution was extracted with
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dilute hydrochloric acid. The acid extract was
made alkaline to phenolphthalein by sodium
hydroxide and ether extracted. Removal of ether
did not yield any product showing the absence of
tertiary amines in the reaction mixture. The ether
solution after alkali and acid extractions as
desceribed above and after removal of ether by
distillation gave a product (1.95 g.), m.p. 68=9°%
On recrystallization from p-hexane it gave colour-
less needles, m.p. 69-70°, undepressed when mixed
with !pethquggﬁosyl-g-toluidine, M.De 69-70°, 7%
Tre latter was prepared by alkylation of N-p-tosyl-
b-toluidine by the following method :-

N-p-Tosyl-p-toluidine was prepared by treat-
ment of p-toluidine with p-toluenesulphonyl chloride
in 12% aqueous sodium hydroxide on a boiling
vater bath.

N-p-Tosyl-p-toluidine (§ g.) was dissolved in
10%Z aqueous potassium hydroxide (80 ce.) 2nd ethyl
iodide (8 cc.) was added. The mixture was graduvally
warmed on a water bath and finally heated for three
hours on a boiling water bath. After cooling the
mixture was extracted with ether. The ether extract

on removal of the solvent gave a product (4.6 g.),
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me.p. 67-8°, which erystallized from p-hexane in
colourless needles, m.p. 69-70°,

In subsequent experiments also, the crude
product, obtained by alkylation of the primary
arylamine with alcohols in the presence of Raney
nickel, was analysed for the presence of primary,
secondary and tertiary amines by the Hinsberg's
method as described above.

When the alkylated arylamine and its p-tosyl
derivative were liguid, both have been analysed.

In the case of known alkylated arylamines which
gave solid p-tosyl derivative, which has been
reported earlier, these products were not analysed,
but the constitution of the amine was confirmed

by direct comparison with the authentic p-tosyl
derivative.

Method B 3~ p-Toluidine (10 g.) was treated
vwith Raney nickel (10 g.) in ethyl alcohol
(200 ecc.) as above. After 2 hours no unreacted
p-toluidine could be detected. The reaction mixture
gave N-ethyl-p-toluidine as a yellow liquid
(11.13 g.; yleld,88.2%). On distillation, a colour-
less liquid, b.pe 217-18°, was obtained. Tosylation
of the product gave exclusively an alkali-insoluble
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derivative, m.p. 68-9°, Crystallization of the
~tosyl derivative from p-hexane gave colourless
needles, m.p. 68-70°, undepressed when mixed with
authentic N-ethyl-E-p-tosyl-p-toluidine, m.p.69-70°,

Method C t- p-Toluidine (10 g.) was treated
with Raney nickel (10 g.) in ethyl alecohol (200 ce.)
under stirring at room temperature for 6 hours and
left overnight. After stirring for 30 minutes
more, no unreacted p-tolnidine could be detected.
Isolation of the produet in the usual way gave
a yellow liguid (11.0 g.; vield, 87.2%) which was
identified as N-ethyl-p-toluidine from its b.p.

and by tosylation in the manner deseribed earlier,

A R - t
alcohol_ 3

Method A 3~ A mixture of p-toluidine (10 g.)
and Raney nickel (10 g.) was refluxed in boiling
methyl aleohol (200 ce.) under stirring. The
reaction was continued for 16 hours, but a
pronounced prinari amine test persisted. The reaction
mixture gave a product (9.8 g.), which on tosyla-
tion gave exclusively an alkali-soluble p-tosyl
derivative, m.p. 116-17°. Recrystallization from
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D-hexane gave colourless needles, m.p. 117-18°,
undepressed when mixed with N-p-tosyl-p-toluidine,
Me po 117"18° ° 72

Method B :~ p-Toluidine (10 g.) was treated
‘with Raney nickel (50 g,) in boiling methyl
alcohol (200 ce.) under stirring for 16 hours. The
mixture, as above, gave only the unreacted p-
toluidine (9.5 g.).

The above experiments indicate that methyl akem
alcohol cannot be employed for alkylation of p-
teluidine in the presence of Raney nickel under

the above conditions.

7
ﬁ-n—Propyljgzgoluidine (I1)

Treatment of p-toluidine (10 g,) with Raney
nickel (10 g.) in p-propyl alcg?g%ﬁi&?ﬁ cCe)
under stirring on a water bathx gave a red coloured
liquid (12.5 g.; yield,89.8%), which was free from
unreacted p-toluidine and was soluble in dilute
hydrochloric acid. The product on distillation
at 60-2°/0,4 mm. gave a colourless liguid, b.De
230°. B.p. of N-p-propyl-p-toluidine reported in
literature is 230-3°.%° (Founa: c, 80,03 H, 10,03
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N, 9.,7. Cale. for CioHygN, C, 80,55 H, 10,13 N,
9.4%). On treatment with p-toluéne sulphonyl
chloride the reaction produet gave exclusively an
alkali-insoluble tosyl derivative which distilled

as a colourless liquid, b.p. 158-60°4.2 mm. (Found:
C, 66.8) H, 7.23 N, 4.7. CyqHg3N0gS requires

C, 67.33 H, 6.93 N, 4.6%). N-p-Propyl-N-p-tosy2
p-toluidine prepared by the reaction of p-propyl
bromide with N-p-tosyl-p-toluidine was also a colour=-
less liquid, b.p. 1568-60°4.2 mm.

H-p-Hexyl-p-toluidine (IV) 3

Method A 3 p-Toluidine (10 g.) was stirred
with Raney nickel (10 g.) in p-hexyl alcohol (200 cc.)
on a water bath, After 7 hours no unreacted p-toluidine
could be detected in the reaction mixture. The
reaction mixture was filtered hot and the nickel
residue was washed with more p-hexyl alcohol. The
filtrate on Yextraction with dilute hydrochloric acid
gave only a very small amount of an acid-soluble
portion. It was therefore made acidic and steam-
distilled. The acidie residue on extraction with
ether gave an acid-insoluble product (6.4 g.), which

distilled under vacuum leaving behind a dark residue.
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In successive distillations also the product left

a dark-coloured residue. After two redistillatioms
a yellow liquid, b.p. 1065-7°4.5 mm. was obtained
which could not be identified (Found: C, 80.3j

H, 11,13 N, 8,6%). The acidic solution, after the
removal of the acid-insoluble product, was made
alkaline and extracted with ether. Removal of ether
gave a liquid (10.44 g.; yield,58.6%), which on
distillation gave a colourless liquid, b.p. 105°4.7 mm.
(Founds C, 81.2§ H, 11.63 N, 7.9, CjygHaiN requires
C, 81.73 H, 11.05 N, 7.3%). It reacted with p-
toluenesulphonyl chloride to give exclusively an
alkali-insoluble tosyl derivative, which distilled
as a pale yellow liguid, b.p. 2065-10° (bath temp.)/
1 mm, (Found: C, 69.23 H, 8,25 N, 4,1. CgoHg7NOsS
requires C, 69.5§ Hy 7.83 N, 4.1%). Other functional
derivatives of N-p-hexyl-p-toluidine such as
picrate, acetyl, benzoyl, etec. also were liquids.
On reaction of N-p-hexyl-p-toluidine with 2:3-
dichloro-l:4-naphthoquinone in boiling alcohol,

a violet coloured product was obtained which
erystallized '+ from ethyl alcohol in needles, but
the product melted below room temp. (28°) and also
decomposed when distilled in vacuum. It could
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therefore not be prepared in analytically pure

form.

Method B ¢ When p-toluidine (6 g.) was stirred
with Reney nickel (50 g.) in p-hexyl alcohol (200 cec.)
on a water bath, no unreacted p-toluidine could be
detected in the reaction mixture after 4 hours.

The reaction mixture, on working up as above, gave
N-p-hexyl-p-toluidine (4.3 g.; yield,48.3%) and an
acid-insoluble produet (2.2 g.).

Method C ¢ p-Toluidine (10 g.) was treated with
Raney nickel (10 g.) in p-hexyl aleohol (100 cc.)
in an oil bath at 150-60°, under reflux. Lven
after 18 hours, primary amine could still be detected
in the reaction mixture. The reaction mixture on
working up gave an acid-insoluble liguid (11.0 g.)
and an acid-soluble 1iquid (5.5 g.). The latter
gave diazotization test. It reacted with b-toluene-
sulphonyl chloride to give a small amount of alkali-
soluble product, which erystallized from p-hexane
in coiourless needles, m.p. 117-18°, undepressed
when mixed with N-petosyl-p-toluidine. The major
product, however, was an alkali-insoluble tosyl
derivative, b.p. 204-8°/1 mm. The acid-insoluble
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product contained nitrogen and it distilled under

vacuum leaving behind a dark residue.

N-p-Dodecyl-p-toluidine (VI)s:

p-Toluidine €10 g.) was treated with Raney nickel

(10 g.) in lauryl aleohol (200 ce.) on a water bath
under. stirring. After 22 hours no unreacted p-
toluidine could be detected. The mixture was filtered
and the nickel residue was washed with more lauryl
2leohol. The filtrate was made acidic and steam-
distilled to remove lauryl alcohol. The acidiec residue
was extracted with ether. The acidic solution was

made alkaline and extracted with ether, but the wmhikmx
ether extract did not yield any oroduct. The etherial
solution of the acid-insoluble pnortion gave a ligquid
(15.0 g.). Distillation of the latter gave a
colourless liquid (13.0 g.; yield,50.5%), b.p. 180-90°/
0.8 mm., which solidified on cooling. The product
erystallized from p-hexane in colourless plates, m.p.
56-55,5° (Found: C, 82,63 H, 12.03 N, 5,0, CjyoHggN
requires C, 82,93 H, 12,05 N, 5.1%). It reacted

with p-toluenesulphonyl chloride to give exclusively
an alkali-insoluble tosyl derivative which crystallized
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from alcohol in colourless plates, m.p. 41-2° (Found:
C, 72.53 H, 9.23 S, 8.1/). Cgzgligli02S requires

C, 72.73 H, 9.1 S, 7.5%). The me.p. of the tosyl
derivative was undepressed when mixed with N-p-dodecyl-
N-p-tosyl-p-toluidine, m.p. 41-2°, prepared by the
reaction of lauryl chloride on N-p-tosyl-p-toluidine.

N-Ethylaniline (VIII):

Aniline (10 g.) was treated with Raney nickel
(10 g.) in boiling ethyl alcohol (200 cc.) under stir-
ring. After 4#/2 hours no unreacted aniline could be
detected. The reaction mixture gave a product (10.41 g.;
yield, 80%), which distilled as a colourless liquid,
b.p. 203-4° (b.p. of N-ethylaniline is 204°7°).7°
It reacted with p-toluenesulphonyl chloride to give
eclusively an alkali-insoluble tosyl derivative
“which erystallized from methyl alecohol in elongated
prisms, m.p. 86-7°, undepressed when mixed with
authentic N-ethyl-N-p-tosylaniline, m.p. 87‘,74
prepared by the action of ethyl iodide on N-p-tosyl-
aniline,

N-Ethyl-p-aminobenzoic acid (IX):
p-Aminobenzoic acid (5 g.) was treated with
Raney nickel (50 g.) in boiling ethyl alcohol (500 cec.)
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under stirring. After 3 1/2 hours no unreacted p-
aminobenzoic acid could be detected. The reaction
mixture on working up gave a product (4. 2 g.;
yield,69.7%), m.p. 174-5°, which erystallized from
benzene in colourless needles, m.p. 177° (m.p. of

N-ethyl-p-aminobenzoic acid is 177-8°)7°

A R ck 2-xylidine in e
alcohol 3

m-2-Xylidine (b.p. 214°, 10 g.) was treated
with Raney nickel (80 g.) in boiling ethyl alcohol
(200 ee.) under stirring.Bven after refluxing for
54 hours, m-2-xylidine was still detected in the
reaction mixture. The reaction mixture gave a
product (9,1 g.) which distilled as a colourless
liquid, bep. 214-16°, It reacted with p-toluenesul-
phonyl chloride to give exclusively an alkali-
soluble tosyl derivative, m.p. 134-5°, which
erystallized from methyl alcohol in colourless
prisms, m.p. 135-6° (Foundt C, 66,13 H, 6.05 N, 5.5
CisHi9NOgS requires C, 65.5§ H, 6.2§ N, 5.1%). Its
m.p. was undepressed when mixed with authentic N-p-
tosyl-m=2-xylidine, m.p. 135-6°, prepared by the
action of p-2-xylidine. on p-toluenesulphonyl chloride.



134

B-2-Xylidine therefore cannot be alkylated
under the above conditions.

N-p-Tosyl-g-2-xylidine when reacted with ethyl
iodide gave N-ethyl-N-p-tosyl-p-2-xylidine, m.pe.
96-7°, which erystallized from methyl alcohol in
coourless needles, m.p. 97-8° (Found: C, 67.23 H, 6.93
N, 4.4. Cyq9HgyNOgS requires C, 67.33 H, 6.93 N,4.5%).

N-Isopropyl-p-toluidine (X):

Method A :- p-Toluidine (10 g.) was treated with
Raney nickel (10 g.) in boilin- isopropyl aleohol
(200 cc.) under stirring. After 24 hours, no unreacted
b-toluidine could be detected. The reaction mixture
gave a liquid (69.0 g.) which was soluble in dilute
hydrochloric acid. It was distilled under vacuum
when two fraetions boiling at 42°/2 mm. (2.20 g.)
¥ smd 70-2°/2 mm. (6.7 g.; yleld,48.1%) were
obtained. The higher boiling fraction was redistilled
at 220-22° (b.p. of N-isopropyl-p=toluidine is 219-
21‘.60). It reacted with p-toluenesulphonyl
chloride to give exclusively an alkali-insoluble
tosyl derivative, m.p. 106-6°, which erystallized
from methyl alcohol in colourless needles, m.p. 106-7%
undepressed when mixed with authentic N-isopropyl-
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N-p-tosyl-p-toluidine, m.p. 10'7.61 The latter was
prepared by the action of isopropyl iodide on N-p-
tosyl-p-toluidine. The lower boiling fraction on
further distillation gave a colourless liquid, b.pe.
191-2° (Found: C, 73.43 H, 13.3; N, 6,7%). On
reacting with p-toluenesulphonyl chloride, the latter
also gave a alkali-insoluble product which distilled
as a colourless liquid, bep. 155-6°/2 mm. The
purified produect contained nitrogen and sulphur
(Founds C, 60,03 H, 8,63 N, 4.7%). This lower boil-
ing reaction product has not been identified as yet.

Method B $- p-Toluidine (5 g.) was treated with
Raney nickel (80 g.) in béiling isopropyl aleohol
(200 ce.) under stirring. After 7 hours no unreacted
p-toluidine could be detected. The reaction mixture
gavq.a ligquid (5.23 g.) which was.soluble in dilute
hydroechloric acid. It was distilled when two frac-
tions boiling at 44°/ 2 mm. and 70-2°/ 2 mm. were
obtained. The higher boiling fraction was identified
as N-isopropyl-p-toluidine, through its p-tosyl
derivative. The lower boiling fraction contained
nitrogen and it also gave an alkali-insoluble p-tosyl
derivative, b.pe. 155-6°/ 2mm. which appears to be
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identical with the product prepared similarly in
the previous experiment.

Actlon of acetonme on p-toluidine *

Method Ai- p-Toluidine (6 g.) was refluxed with
acetone (200 ce.) for 6 hours and acetone was
distilled off. The residue was taken up in dilute
hydrochloric acid and extracted with ether. The
etherial extraect, on removal of the solvent, did
not give any product. The acidic solution was made
alkaline and ether extracted. The etheaiil solution
gave a product (4.87 g.), m.p. 41-2°, undepressed
vhen mixed with mim p-toluidine, m.p. 42°,

Method Bt~ p-Toluidine (6 g.) was refluxed with
acetone (200 cec.) in the presoncqbf sodium hydroxide
(0e5 go) for 6 hours. The reaction mixture on
working up as in the previous experiment gave

exclusively p-toluidine (4.9 g.)e

Method C t-= p-Toluidine (5 g.) was treated with
Raney nickel (80 g.) in boiling acetone (200 cc.)
under stirring. Even after 24 hours, p-toluidine was
still detected in the reaction mixture. The reaction
mixture was filtered and the nickel residue was
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washed with more acetone. The filtrate, on removal
of the solvent, gave a product (4.5 g.), which was
dissolved in dilute hydrochloric acid and extracted
with ether . The etherial solution, on removal of
the solvent, did not give any product. The acidic
solution was made alkaline and ether extracted.
The etherial solution gave a solid, m.p. 40-1°,
undepressed when mixed with p-toluidine.

Acetone, therefore, does not react with p-
toluidine either alone or in the presence of alkali
or Raney nickel, under these conditions.

H-Cyclohexyl-p~toluidine (XII):

-
——

p-Toluidine (6 g.) was stirred with Raney nickel
(50 g.) in cyclohexanol (200 ce.) on a water bath.
After 4 hours no unreacted p-toluidine could be
detected. The mixture was filtered hot and the
residue was washed with more cyclohexanol. The fil-
trate was made acidic and steam-distilled to remove
eyclohexanol. The acidie residue, on extraction
with ether, did not give any acid-insoluble product.
The acidie solution was made alkaline and extracted
with ether. The liquid (5.3 g.), obtained by removal
of ether, gave on distillation two fractions, b.p.
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80-90°/ 2 mm. (1.8 g.) and b.p. 110=20/2 mm.(4.12 g.;
yield,46.6%). The higher boiling fraction erystallized
from aqueous methyl alcohol in colourless plates,

m.p. 41° (m.p. of N-eyclohexyl-p-toluidine recorded

in literature is 41-2°.%2), It reacted witn 2=
toluenesulphonyl chloride to give exclusively an
alkali-insoluble tosyl derivative, m.p. 133-34°,
which crystallized from methyl alcohol in colourless
prisms, m.p. 134°} undepressed when mixed with N-
cyclohexyl-N-p-tosyl-p-toluidine, m.p. 134.63 The
latter was prepared by the action of bromocyclo-
hexane on N-p-tosyl-p-toluidine. The lower boiling
fraction on further distillation gave a colourless
liquid, bep. 80-1°/2 mm. (Found: C, 78.13 H, 12.4}
N, 9.8%). It also reacted with p-toluenesulphonyl
chloride to give éxclusively an alkali-insoluble
product which contained nitrogen and sulphur.

&nmﬁ_ﬂmm&mﬂn-mmw
alcohol :

Method A - p-Butylamine (10 g.) was treated
with Raney nickel (10 g.) in boiling ethyl aleohol
(80 cec.) under stirring. After one hour a sample was
taken out and filtered. The presence of the primary

amine was detected in the filtrate by adding to it
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acetone (1 cc.) and a drop of 1% agqueous sodium
nitroprusside when a red-violet colour developed
within one minute (Riminie's test)f67 After 3 1/2
hours, no primary amine was detected but the presence
of secondary amine was detected in the reaction
mixture. To test for the presence of secondary
amine a sample was taken out from the reaction
mixture, and filtered. Freshly prepared acetaldehyde
(1 cc.) was added to the filtrate followed by
aqueous
the addition of one drop of 1% /sodium nitroprusside.
A blue colour developed within § minutes which |
showed that a secondary amine was present (Simon's
test).67 The resction mixture was filtered and the
nickel residue was washed with ethyl =2lcohol. The
filtrate was made weakly acidic with hydrochloriec
acid‘and the solvent was removed by distillation.
The ‘acidic solution was made strongly alkaline and
extracted with ether. Removal of ether gave a liguid
(10.84 g.) which on fractionation using a fractiona-
ting colu.ﬁ}gave the following theee rract&zns t-
Fraction 12(105-10‘(3.89 %L)’ Fraction II’A135.40.
(0.5 g.) and Fraection IIIK}58~60 (4.9 g.). Fraction
(I) reacted with a-naphthyl isothiocyanate to give
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a product which erystallized in colourless needles,
m.p. 124°, undepressed vhen mixed with N-a-naphthyl-
N'-ethyl-N'-butylthiourea, m.p. 124-5°, prepared
from N-ethyl-p-butylamine and ac-naphthyl iso-

thiocyanato.sz

Fraction (II) neither gave the
colour tests for primary or secondary amines nor
reacted with a-naphthyl isothiocvanate. From the
bepe 135-40° it is likely that it 1is diethyl butyl-
amine, b.p. 136«7°, Fraction (III) reacted with
a-naphthyl isothiocyanate to give a produet which
erystallized in colourless needles, m.p. 127-8°
undepressed when mixed with Neace-naphthyl-N':l'-
di-p-butylthiourea, m.p. 127-8%, prepared from

' di-p-butylamine and u-naphthyyksothiocynnate.

Method B :- p-Butylamine (5§ g.) was stirred with
Raney nickel (§ g.) in aleohol (50 cc.) at room
temperature. After stirring for 20 hnuis, the mixture
did not give the test for primary amines but it show=-
ed the presence of a secondary amine. The reaction
mixture was worked up as before anqﬁt gave a liquid
(4.5 go) which on distillation gave two fractions
boiling at 105-10° (2.02 g.) and 155-60° (2.1 g.).
They were identified as N-ethyl-p-butylamine and
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di-p-butylamine respectively, through their a-naphthyl-
thiourea derivatives,

The experiment showed that even at room tempe-
rature, Raney nickel converted part of p-butylamine
to di-pn-butylamine,

jon of Ra ck - H

n-Butylamine (5 cc.) was stirred with Raney
nickel (5 g.) wa in water (10 ce.) at room tempera-
ture (26-8°), Even after 36 hours it still gave a
test for the presence of a primary amines. It was
therefore stirred further on a water bath for 16
hours more. The reaction mixture was free from n-
butylamine but gave a test for secondary amines.
fhe reaction mixture was filtered and the nickel residue
was washed with alcohol. The filtrate was made
faintly acidic and the solvent distilled off. The
concentrated acidic solution was made strongly
alkaline and extracted with ether. Removal of ether
gave a liguid (2.1 g.), which on distillation yielded
two fractions: b.p. 150-80°(1.1 g.) and 210-20°
(0.8 g.). The lower boiling fraction was identified
as di-p-butylamine through its a-naphthylthiourea

derivative,
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The higher boiling fraxm fraction gave a picrate,
m.p. 105°, undepressed vhen mixed with the picrate,

m.p. 106°, of triqn-butylamino.76
f R cyclohe amine eth
alcohol 3

Cyclohexylamine (26 cc.) was stirred with Raney
nickel (20 g.) in boiling ethyl alecohol (200 cec.).
After 14 hours, no prima;y amine could be detected in
the reaction mixture but £ it gave a test for
secondary amines. The reaction mixture was filtered
and the nickel residue washed with alcohol. On
removal of the solvent a ligquid (19.5 g.) was
obtained which distilled as a colourless liguid
(18.76 g.), bep. 162-4°, leaving behind some higher
boiling liquid as residue. The former gave the
colour test for secondary amines and a picrate, me.pe.
132-33°, undepressed when mixed with the picrate,
m.p. 133°, from !yothylcyclohexylamine.Zzui The
residual product was dissolved in etheg{dry hydrogen
chloride gas was passed into the etherial solution,
when a white solid, m.p. 341-4°, separated. The
solid was treated with 20% aqueous caustic soda and

ether extracted. Removal of ether gave a liquid
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(0.2 ge)y bep. 256-8°. It gave a picrate, m.p. 172-3°,
undepressed when mixed with the picrate, m.p. 173°,

7
from dicyclohexylamine. 8

R ckel on cvelohe e ¢

Cyeclohexylamine (16 g.) was heated with moist
Baney nickel (15 g.) in an oil bath at 130-40° under
reflux, After 10 hours no primary amine cquld be
detected in the reaction mixture. The reaction mixture
gave a liquid (13.09 g.) which distilled as a colour-
less liguid (10,87 g.), bep. 160=1°, leaving behind
some liquid residue which solidified on coolinge.

The former did not contain nitrogen and reacted with
a=naphthyl isocyanate to give a ureathane, m.p.130°,
undepressed when mixed with a-naphthyureathane, m.p.
130°,79 derived from cyclohexanol. The residual
product contained nitrogen. It was idsseiwvmixk
dissolved in ether and dry hydrogen chloride gas

was passed into the etherial solution, when a white
solid, m.p. 340-45°, separated. The solid on
treatment with 20% aqueous potassium hydroxide and
ether extraction gave a liquid (0.7 g.), beD.255-7°
It gave a picrate, m.p. 172-3°, undepressed when
mixed with the picrate, m.p.173°,from dicyclohexylamine,
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It is interesting to note that dicyclohexylamine

when mixed with cyclohexanol gave a solide.

O-Phenylenediamine (5§ g.) was stirred with Faney
nickel (50 g,) in ethylene glycol (70 cc.) on a water
bath. After one hour a sample of the reaction
mixture was diluted with water and filtered. The
filtrate on acidification with hydrochloric acid and
addition of a small quantity of acetylacetone gave a
deep red-violet colour indicating, The presence of
g-phenylenedismine.2® After stirring for 14 hours
on water bath, the reaction mixture became free
from g-phenylenediamine. The mixture was cooled,
diluted with aleohol (300 ce.) and filtered. The
ﬁltratet{azxteremovd of alechol, under vacuum
on a water bath, was made strongly alkaline and
extracted with benzene in a liguid-liquid extractor
for 14 hours. The benzene extract, on removal of
the solvent, gave a red liquid (3.42 g.). It was
taken up in water (20 ce.) and extracted with
ether, The ether-extract gave a liquid which distilled
at 125°/3 mm. (1.25 g.) and solidified on cooling.
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- The latter product erystallized from p-hexane in
colourless plates, m.p. 98°, undepressed when
mixed with 1:2:3:4-tetrahydroquinoxaline, m.p. 98°.
The aqueous layer, left after the ether extractimn,
vas acldified and concentrated under vacuum. The
concentrated acidic solution was made strongly
alkaline and extracted with ether. The ether
extract gave a liquid (2,05 g.), which on distilla-
tion gove a major fraction boiling at 125-30°/3 mm.
On fxrther redistillation it gave a colourless
liquid, b.p. 126-7°/3 mm. (Found: C, 65.73 H, 10.2;
N, 14.9%), vhich has not been identified as yet.

1:2:3:4-Tetrahydroguinoxaline (XV):

Quinoxaline (1 g.), prepared by reacting
o=-phenylenediamine with glyoxal-sodium bisulphito,81
was shaken with Raney nickel (5 g.) in alecohol
(50 ce.) under 40 1bs./sg.inch. hydrogen pressure
at room temperature. PDuring the first hour pressure
fell by 19&ba. It was further shaken at 40 ¥xk 1lbs,
pressure for 36 hours when no fﬁrther fall in hydrogen
pressure was observed. The mixture was then filtered.

The filtrate, on removal of alcohol by distillation,
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gave a sticky solid (0.95 g.). It was taken up in
ether and the etherial solution washed with water
repeatedly to remove unreacted gquinoxaline which is
more soluble in water than its tetrahydro derivative.
Washing was continued till the agmu= aqueous layer
showed the presence of tetrahydroquinoxaline.
Presence of the latter is indicated if a portion
of the aqueous washing gave a blue colour, when
mixed with aqueous ferric chloride.¥he etherial
solution gave a product (0.3 g.), which after
distillation at 130°/3 mm. was crystallized from
D-hexane when it gave colourless plates, m.p. 98°
(m.p. of 1:2:3:4-tetrahydroquinoxaline recorded in
literature®® is 98.5-99°). The product now prepared
gave a red-violet colour when its concentrated
solution was mixed with aqueous ferric chloride,
vhereas its dilute solution gave a blue colour
with aqueous ferric chloride. This behaviour also
‘indicatos its identity with 1:2:3:4~tetrahydro-
quinoxalinooaz
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SUMMARY




The present work was undertaken to study
the Raney nickel desulphurization of sulphur-
containing intermediates and dyes in order to
study their constitution and to synthesize
difficultly accessible compounds with the aid of
Raney nickel. Alkylation of primary aryl and
alkylamines by means of alcohols in the presence

nickel
of Raney/was also studied.

Part I

The desulphurization of intermediates and
thioindigoid dyes was carried out by using Raney
(aluminiumenickel) alloy and aqueous sodium
hydroxide or by using excess of Raney nickel
catalyst in alcohol.

Thioindigo on treatment with Raney alloy and
aqueous sodium hydroxide gave diphenacyl, 1l:4-
diphenylbutane and benzoic acid. Durindone Orange
R (636'-dlethoxythioindigo) on similar treatment
gave 434'-diethoxydiphenacyl and pe-ethoxybenzoie
acid. From Durindone Red 3BS (5:5'-dichloro-
727" «dimethylthioindigo) 3:3'-dichloro-5:5'=~
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dimethyldiphenacyl and 3-chloro=5:5'-dimethyl-
diphenacyl were obtained. Durindone Brown GS

and Ciba Brown 2R proved to be identical as both
gave 1:2-di-a-naphthoylethane and l:4-a-tetralyl-
butane. 2:3'-Bis-thionaphthene-indigo gave 2:4-
diphenyl-l-bntlnol.

When the above dyes were treated with Raney
nickel in alcohol, 1:4-diarylbutanes were obtaih@d
in good yields. Thus, thioindigo gave l:4-diphenyl-
butane and Durindone Orange R gave 1:4-bis-p-
ethoxyphenylbutane. 134-Di-m-tolylbutane was
obtained on reduction of Durindone Red 3BS. Both
Durindone Brown GS and Ciba Brown 2R gave 1:14-
di-a=-tetralylbutane. 2:3'-Bis-thionaphthene-indigo
gave li3-diphenylbutane. Desulphurization of Ciba
Searlet G and Thioindigo Secarlet R was also
studied. |

The constitution of diphenacyls was proved by
conversion to 235-diarylfurans and by synthesis.
The constitution of li4-diarylbutanes was proved
by oxidation to the corresponding benzoic acids.

Both thioindoxyl and acetophenone on treatment
with Raney alloy and aqueous sodium hydroxide gave
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benzoic acid. Thioindoxyl on mild treatment with
Raney nickel and aqueous sodium hydroxide gave
acetophenone. Treatment of 3-hydroxythionaphthene=-
2-carboxylic acid (thioindoxylic acid) with Raney
nickel in alcohol gave P =phenyl-f-hydroxypropionie
acid and P-phenylpropionic acid, whereas mild
treatment with Raney nickel in aqueous sodium
hydroxide gave only the former acid. _

The constitution of 1l:2-benzo-9=thiafluorene
and 3:4-benzo-S-thiafluorene was proved by their
desulphurization with Raney nickel - in alcohol.

The former gave 2-phenylnaphthalene and the latter
l-phenylnaphthalene.

N-Ethyl-p-toluidine was obtained when dehydro-
thio-p-toluidine was treated with Raney nickel in eﬁxzﬂ
alcohol. Benzylaniline on similar reduetion gave
N-ethylaniline.

Selenium was removed from diphenyl diselenide
by the action of Raney nickel in alcohol, and

benzene was obtained as the reduction product.

Part II

Alkylation of primary alkyl and aryl amines to

secondary amines by means of primary and secondary
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alecohols in the presence of Raney nickel at
atmospheric pressure and temperatures below 100°
was studied.

b-Toluidine was alkylated to Neethyl-p-
toluidine when treated with Raney nickel in boil-
ing ethyl alcohol. The alkylation takes place at
room temperature also. p-Toluidine could not be
alkylated by boiling methyl aleohol in the presence
of Raney nickel. p-Toluidine on treatment with
Raney nickel in boiling p-nropyl aleohol gave Nep-
propyl-p-toluidine .When p-toluidine was treated
with Raney nickel in p-hexyl 2lcohol on a water
bath N-n-hexyl-p-toluidine was obtained together
with an acid-insoluble product. The acid-insoluble
produet was the major reaction product when the
reaction was carried out in boiling n-hexyl

alcohol. N-p-Dodecyl-p-toluidine was whkuimedoblome] when

“a“"“""; wopen treated with Raney nickel in lauryl alecohol on
a water bath.

In order to study the alkylation of less basic
amines,aniline and peaminobenzoic acid were
alkylated with boiling ethyl alcohol in the
presence of Raney nickel. N-Ethylaniline and
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N-ethyl-p-aminobenzoic acid were obtained in good
yields. With the view to study the influence of
steric hindrance, alkylation of p-2-xylidine was
studied. m-2-Xylidine could not be alkylated with
ethanol under the above conditions.

Alkylation of p-toluidine with secondary
alcohols was then studied, p-Toluidine when treated
with Raney nickel in boiling isopropyl alcohol
gave N-isopropyl-p-toluidine and an unidentified
secondary amine. When p-toluidine was treated with
Raney nickel in ecyclohexanol on a water bath, N-
cyclohexyl-p-toluidine was obtained together with
an unidentified secondary amine,

Butylamine gave N-ethylbutylamine and di-p-
butylamine when treated with Raney nickel in ethyl
alcohol. The reaction could be carried out either
at room temperature or at boil. When butylamine was
refluxed with Raney nickel, di-p-butylamine and
tri-pn-butylamine were obtained. Cyclohexylamine
on treatment with Raney nickel in boiling ethyl
alcohol gave N-ethyleyclohexylamine and dicyclo-
hexylamine.When a mixture of cyclohexylamine and
moist Raney nickel was refluxed, cyclohexanol and

dieyelohexylamine were obtained,
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132:334<Tetrahydroquinoxaline was isolated as
one of the reaction products when g-phenylenedi-
amine was treated with ethylene glyecol in the
presence of Raney nickel. This represents a new
synthesis of 1:2:334-tetrahydroguinoxaline and a
novel application of Raney nickel for the synthesis

of nitrogen-heterocyclics.
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