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SUMMARY

The poisoning coefficients of the phenyl derivatives of
the typical elements of Groups V, VI, and VII have been mesasursd
in the hydrogenation of itrans-crotonic acid with W-7 Raney nickel.
The coefficients obtained have been correlated with the degree
to which these phenyl derivatives undergo hydrogenolysis in the
presence of V=7 Raney nickels. It is suggested that those phenyl
derivatives which are hydrogenoclysed are adsorbed preferentially
through their hetero~atoms. It is further postulated that the
amines which are hydrogenolysed to only a smell extent, are
chemisorbed preferentially via their aromatic electronse

The formation of 2,2'~diaminobiphenyl, 2-aminobiphenyl,
diphenylamine, cyclohexylaniline, and carbazole in the reaction
of aniline with degassed Raney nickel is describede A patlmay
is proposed for the formation of carbazole in the reaction of
quinoline with W7=J Reney nickels

The reactions between degassed Raney nickel and a series
of o-alkylanilines and N-alkyl-o-alkylanilines have been studied.
On the basis of the results obtained, pathways asre proposed for
the formation of indole and 3-methylindole in the reaction of
guinoline with W7-J Reney nickels. /lso, mechanisms have been
postulated for the formation of some of the basic products

occurring in this reactione.



Finally, the abilities of some supported noble metal
catalysts to form 2,2'-biquinolyl from quinoline have been
comparede It has been found that a rhodiumeon-charcoal catalyst

gives the highest yield of 2,2'-biquinolyl yet reported.



The work described in this thesis is part of a more
extensive investigation being conducted by a number of other
workers in this Department, but incorporates no material
previously submitted for a degree in any University except

where due reference has been made.

GeDoFo JACKSON
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INTRODUCTION

Since the introduction of activated metal catalysts to the
field of organic chemistry, many catalytic reactions have been
discovered. Although Sir Humphrey Davy1 is acknowledged as being
the first to notice the catalytic effect of a metal in a chemical
reaction, much of the early work was carried out by Sabatier and
his colleagues.z The most importent reaction is that of catalytic
hydrogenation, to which Sabatier contributed greatly, and today
there sre a number of cotalysts available for the various reducible
systemg. For simple systems such as carbon-carbon double bonds,
nitro-groups, keto=-groups, etce, it is relatively easy to choose
a catalyst to give the desired result. However for systems com-
plicated by either their structure or requirements of selective
reduction, it is even today by no mesns easy to obtain suitable
cetalysts. Lost of the catalysts in use today are derived from
the transition metals of Groups VIII and I (Teble I), which

exhibit catalytic activities in a wide variety of reactionse.

Table I
Iron Cobalt Nickel Copper
Fe Co Ni Cu
Ruthenium Rhodium Palladium (silver)
Ru Rh Pd Ag
Osmium Iridium Platinum (Go1d)

Os Ir Pt Au
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A novel use of activated metal catalysts is that of
d.e:sulpl'n;u':‘i.sa't:i.cn.:‘3 This simple method of removing sulphur
from an orgenic molecule using Reney nickel, has proved to be
useful in synthetic work,4 and in the determination of structures
of molecules.5 A further application of Raney nickel is that of
the preparation of 2,2'=bipyridyl (II), which in the past has
been difficult to prepare in large quantities. It is now
synthesised on an industrial sc:alua6 by the reaction of pyridine

(I) on a degassed Reney nickel catalyst.7
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Although a number of reactions other than hydrogenation
have been discovered it becomes apparent on surveying the literature
that in many cases the mechanisms are not well understood. This
is due in part to the lack of knowledge regarding the nature of
metal catalystse.

With the discovery of activated metal catalysts prepared
by leaching metal-aluminium alloys with alkali? many new catalysts
of differing activity and hydrogen content have become availablee

By far: the most common Raney catalysts are derived from nickel,
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and for this catalyst a number of preparations differing in
activity have been described.9

Since the present work is concerned with some reactions
in the presence of Raney nickel catalysts, it is appropriate that
current views regarding the nature of these catalysts should be
briefly summarised.

The various nickel catalysts differ primarily in their
hydrogen content, and it has been shown that the most active
catalysts in hydrogenation rsactions are those which contain the
most hydrogen.lo’ll In other reactions, such as the dimerisation
of pyridine mentioned sbove, best yields of 2,2'-bipyridyl are
obtained from catalysts which contain the least amount of hydrogene.

Hydrogen cen be easily removed from a nickel catalyst by

11,12

heating. This process is exothermic, but no change in the

surface structure is noticed until high temperatures (300-400°)

are reached, where the surface area is decreased substantially

13,14

(50~75% of original area). At these high temperatures 85=-95%

13,14

of the hydrogen is removed, and this is accompanied by a

11,14,15
decrease in activity in hydrogenations™ = °

In the last decade there has been much controversy concerning
the nature of Raney nickel catalysts. Eerly workers held the view

that the hydrogen on the catalyst was present in the form of a

16 11,15

hydride™ or in solution. The more recent work of Kokes and
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Emmettls’

14 hes suggested that the nickel is promoted by aluminium,
and that the hydrogen is held in the nickel in the form of
substitutional replacement of nickel atoms in the lattice. The
process of degassing removes hydrogen from the nickel-aluminium
alloy, creating a large number of lattice wvacencies which are
available for occupation by hydrogen, and other reacting species.
These authors also assume that the d-band of nickel is capable of
accepting one electron from each hydrogen atom and three electrons
from each aluminium atoms On this basis they heve calculated that
for the hydrogen=-rich neutral V-6 Reney nickel catalyst containing
3% aluminium, 1.85 electrons per unit cell have been added, this
value being decreased to 0.76 when the catalyst is degassed.

In a catalytic reaction there must be some form of inter-
action between the substrate and the catalyst. Where a catalyst
is used repeatedly in a reaction, it may be noticed that its
efficiency gradually decreases, due to the presence of foreign
material, which can either react with the catalyst, destroying its
activity permsnently, or cover the surface preventing interaction
of the substrate. The presence of a poison may either reduce the
rate, or suppress a reaction completely. This phenomenon of
poisoning can either act as a help or & hindrance in catalytic
reactionse.

laxted and his colleagues17 have been among the principal

workers in the field of catalytic toxicity, and much of the present
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knowledge is due to their efforts. They have been concerned in
the mein with platinum catalystse. thted17 defines poisons as
being "strongly adsorbed species which even if they are present
in traces only, tend by virtue of their strong bonding to a
catalyst and of their consequently long adsorbed lives to
accunulate in the adsorbed phase in the course of the adsorption=-
desorption equilibrium at the catalyst surface, which by reason
of this obstructive occupation by the poison, is rendered free for
its normal participation in the adsorption and catalysis of less

T

strongly held potential reacting speciess’

with the arguments of Taylor18

This definition complies
and findings of Armstrong end
Hilditchl9 concerning the "active point" theory of catalysis which
states that, of the total area of the catalyst only a smell part
consists of patches of maximum activity, the greater part of the
surface being much less activee. liore recent experimental evidence
was found when a Reney nickel catalyst was poisoned with hydrogsen
chloride.20

haxted and .?a,orrishz1 proposed that poisoning is due to the
availability by the compounds of one or more™lone-pairs” of elsctrons
which are capable of forming strong bonds with the metal catalvstse
Also, if these "lone-pairs" are bonded within the wolecule, the
compounds are said to be shielded and do not exhibit any toxicity.

21

Thus it was found“" that an organic sulphide (III) was toxic due

to the availeble "lone-pairs" on the sulphur atom, but when the
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sulphide was oxidised to a sulphone (IV) there was no evidence

for the poisoning of a hydrogenation catalyste It is hard to

0
R—c :8: cZR R>c is: cZR
/oo N 76 N\

(11D) (IV)

understand this when considering the fact that the added oxygen
atoms also possess "lone-pairs" of electrons, and, as will be shown
later, a number of oxygen compounds are poisonous. 4 simpler case
is that of piperidine (V) and the piperidinium ion (VI)e The
availability of electrons in piperidine for bonding to the catalyst
renders it poisonous, but protonation shields the "“lone-pair" and

: PO 5 . 2
renders the piperidinium ion non-toxice. %

H, Hy
C\\\\ ,//'C ~
~
HZT THz HZT in
Hy C CH, HoC . CH,
N N
H L_ H H

(v) (vl)
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The typical elements of Groups V, VI and VII (Table II)
are known to exhibit poisoning effects in the presence of the metal
catalysts in Teble I, !aximum toxicity is generally assumed to
be associated with the elements of Group VI, and the toxicities

of some sulphur compounds have been compared.23’24

25,26,27

Until recently
reactions with selenium and tellurium compounds have
received little attention, although it is known that they undergo

hydrogenolysis similar to sulphur compounds. Using a platinum

Teble II
Group V Group VI Group VII
N 0 F
B S Cl
As Se Br
Sb Te I

Bi

catalyst in a. hydrogenation reaction, liaxted and I.Eeu's.denz8
determined the extent of poisoning by the elements of Group V.
Pattison and Degeringzo have compared the toxicities of some
compounds of the elements of Group VII in a/ hydrogenation reaction
using W~4 Raney nickel. For both series of results it was found
that the poisoning ebility increased with atomic weight in each
Group. The determining factor was thought to be the relative sizes

of the poisoning atoms.
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Simple nitrogen compounds, although poisonous to & small

extent, are less toxic than the anmlogous compounds of the other

elements of Group V.zs

22,29

Ammonia is weakly toxic towards a

platinum catalyst, and pyridine was shown to be poisonous as

it decreased the rate of its own hydrogenation.22’50

Por pyridine
it is assumed that the poisoning is due to adsorption by the
catalyst via the "lone-pair" electrons of the nitrogen atome The
probability that adsorption can also occur by means of the aromatic
electrons will be discussed in Chepter I.

The first step in a catalytic reaction is generally assumed
to be the adsorption of the reactant by the catalyst ssurfeac:e.3]“’52’55’34
Hence every compound which is catalytically reactive may be regarded
as a potential poisone. In a heterogeneous reaction at least three
stages can be distinguishede. Firstly, the reactants must be adsorbed
by the catalyste Then the required reaction must occur, and finally
the product(s) should be desorbed easily. If the first iwo steps
take place readily but the third does not, the reaction may continue
at a slower rate or stop completely, thus poisoning the catalyste

Since this thesis is concerned with a number of reactions
involving Reney nickel and nitrogen compounds, a study of the
catalytic toxicities of the phenyl derivatives of the typical
elements of Groups V, VI, and VII in hydrogenation reactions using
the hydrogen-rich W=7 Daney nickel was carried oute £lso the

poisoning properties of soms heterocyclic nitrogen compounds on
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several Raney nickel catalysts were studied.

It has been noticed by several workers that the
hydrogenations of pyridines and quinolines, using nickel catalysts,
are accompanied by four side reactions. Dimerisation to 2,2~
bipyridyl and 2,2'-biquinolyl hes received some attention since
these commounds are difficult to prepere by other means. Uibaut

1 found that trece amounts of 2,2'-bipyridyl wers

end van de lande
formed in a reaction between pyridine and ammonia, using a variety
of catalysts. Wibaut and ¥Willink further developed this preparation
by reacting pyridine36 and 2-methy1pyridin957 with a nickel=aluminium
catalysts 2,2'-Biquinolyl has also been prepared by this method.
38,39,40 Badger and Sasse’ obtained 2,2'=-bipyridyl in preparative
yield by reacting pyridine with a degassed Raney nickel cetalyst.
Subsequent studies with alkyl substituted pyridines were also shown
to give good yields of substituted 2,2'-bipyridyls.*l The mechanism
most recently proposed for this raaction42 involves as the first

step the bonding of the nitrogen atom of the pyridine to the nickel
(VII). This is followed by a transfer of an electron, resulting in
the localisation of & free electron in the 2-(or 4-) position (VIII),
which can interact with a similerly bonded pyridine molecule attached
to the same nickel afom. The hydrogenated bipyridyl (IX) so formed
would be expected to dehydrozenate readily and the 2,2'=~bipyridyl

could then be desorhbed from the catalyst.
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2,2'-Biquinolyl can be prepared by the same me'bhod,43 but
in lower yield than 2,2'=~bipyridyl, its formation being hindered
by the benzene ring which has a similar effect as a 2-substituent
in the pyridine ringe.

Also found in the hydrogenation resctions of pyridines and

gquinolines are dealkylated products. Dealkylation has been

41,44 43

noticed with both 2-alkylpyridines and 2-alkyl quinolines
in the presence of nickel catalysts. The fate of the alkyl group
is uncertain. Equally interesting is the reverse process of

methylation, where pyridine yields a trace of 2-methylpyridine (x)

and quinoline (XI) yields 2-methylquinoline (x11), 484
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As will be seen later,the origin of the "extra" carbon atom may
be connected with the formation of anilines, It has been
demonstrated repeatedly that methylation of pyridine and quinoline

Tokl, 43,44 although Jones?? has

occurs solely at the 2-position,
suggested that alkyletion also tekes place at the other positionse.
Other products arising out of the alkylation have not been
identified. Sasse45 suggests that free radical methyletion is
unlikely due to the absence of other methyla ted products. Rather
than alkylation by this reaction he suggests that the 2-methyl
compounds are derived from the dimerised product by further reaction
with the catalyste 2,2'=-Bigquinolyl was shown to react further with
the nickel to give quinoline, 3-methylindole, indole, and although
not definitely characterised, 2-methylquinoline. The formation

of quinoline suggests a reversible reaction. A sequence of steps
leading from 2,2'=-biquinolyl (XIII) +o 2-methylquinoline were

envisaged, the other product formed could be indole (XIV), arising

from the dehydrocyclisation of o-ethylaniline (XV) (see later).
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Another important side reaction in the action of nickel
catalysts on pyridines and quinolines is that of ring opening.
Rupture of pyridine in hydrogenation reactions with the formation
of amines has been noted several times. Jones?? studied
systematicelly the products of the hydrogenation of pyridine under

30 Besides tracss of

conditions similar to those used by Adkins.
2,2'=bipyridyl, cleavage occurred to give & number of amines.
Nen-amyl, Nen-butyl and H-cyclopentylpiperidine and 1,5-dipiperidino-
pentane were obtained; greater yields occurring when the temperature
of reaction was raised., Similar products were obtained from the
hydrogenation of z-meﬁhylpyridine,45 and Sebatier and Maihle46

obtained n-emylamine from a vapour-phase hydrogenation of pyridine

at 180°,



The earlier work of Padoa with quinoline (p. 16) leaves
some doubt as to the mechanism of the ring openinge. In particular
it is uncertain whether the hydrogenation of the heterocyclic
ring precedes ring fission. Quinoline was thought to undergo
fission et the 1,2- and 3,4= bonds in preference to the 293=

bond 047

For 1,2,3,4=tetrahydroquinoline it was concluded that
the 2,3~bond was more likelvy +to break.48

“here ring fission has occurred under catalytic conditionms,
ne unsaturated amines have been detectedes In this resvect the ring
fission differs merkedly from the desulvhurisation resction where
ring cleavage can occur without first reducing the ring, resulting
in the isolation of unsaturated products.49 The 670 proposed that
in the hyirogenation of pyridine in an irom autoclsve, ring reduction

51 inferred from his results

preceded its rupture, and Yamaguchi
(pe 19) that hydrogenation of quinoline preceded ring fission.

The aniline derivative resulting from the ring cleavage
of quinoline san undergo dehydrocyclisation to form indoless This
important side reaction has been noticed in the vyridine and the
quinoline series. Fadoa and Carrasco®® showed that in the

hydrogenation of indole and 2-methylindole (XVI) at 200°,

o-toluidine (XVII) wes the major vroducts They concluded that the
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2,3~bond had been broken, this being followed by dealkylation st
the nitrogen atoms They showed thet the reverse reaction occurred
with X-methyl-o-toluidine (XVIII) at 300° to form indole. N,N-dimethyl-

o-toluidine (XIX) gave l~methylindole (XX) under similar conditions.®3

CH3
$CH3 N
)
CH3 CH3
(XIX) (XX)

The dehydrocyclisation of.gralkylaniline554’55’56'5?’58 and

jﬁalky11gralkylani1in5352’55 has been known for many yesrse DBaeyer
and Cero®¢ paﬁsed o=ethylaniline through a red-hot tube at 400° +to
obtain indole. Recent;y; a number of dehydrocyclisation reactions
with o~ethylaniline have been carried out with a variety of metal

catalysts.55’56'57’58 Hansch and helmkampss reacted o-ethylaniline

with a chromium copper-on-charcoal catalyst at 670° to obtain indolee
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Similar conditions using o-isopropylaniline yielded 3-me thylindole,
In the first reaction, o-aminostyrene (XXI) was isolated as an
intermediate. Hence it was concluded that the dehydrogenation of
the side chain occurred before cyclisation. These authors then
proposed that the resultant indoline (XXII) was dehydrogenated to

indoles This mechanism was supported by Lesiak.56

~ 'CHZCH3 e CH'—-‘-'(‘.H2
—>
X~ NH, X “NH,
(XXI)

N N
H H
(XXII)

The fission of pyridine rings under the influence of metal
catalysts appears to be related to the occurrence of pyrroles and

59 was the first to notice the

indoles in these reactions. Padoa
formation of non-basic nitrogenous materials during the action of
a reduced nickel catalyst on pyridine. On the basis of colour
tests, he suggested that these compounds were pyrroles, but he

could not obtain any pure pyrroles. Grrs:melli60 also observed this

reaction and he too was unable to obtain suffieient pyrrolic materisl



to effect isolation and characterisation. In the reaction of
pyridine and degassed Raney nickel, evidence for the existence
of pyrrole was obtained.ﬁl Using physical methods, 3~methyl=-
pyrrale has been identified among the products of the hydrogenation
of pyridine.%2

Indoles, which are more stable than pyrroles, have been
isolated as products from the reaction of quinoline with nickel
catalysts. Padoa and Carug,hi‘*7 reported thet gquinolins, when
reacted with hydrogen over a reduced nickel catalyst at 260-
280°, pave 2-methylindole. However Sasse® has pointed out that
the properties of this product are those of a mixture of indole
and 3-methylindole. ¥When Padoa and Carughi reacted quinoline with
the nickel catalyst in the sbsence of hydrogen, no indoles were
formede In the presence of hydrogen and the reduced nickel
catalyst, 1,2,3,4-tetrahydroquinoline was shown to give 3-methyl-
indole as the only indole derivative.*® Besides 3-methylindole
formed in this resction, aniline end o-toluidine were also isolated.
Their presence was ascribed to the rupture of the pyridine ringe

In order to explain the formation of 2-methylindole from
quinoline, Padoa and Camghi,47 (a8 mentioned above) suggested
that either the 1,2-bond was ruptured to give o-propylaniline
(XXII11) which underwent dehydrocyclisation forming 2-methylindole,
or thaet the 3,4-bond was broken to give N-ethyl-o-toluidine (XXIV):

also yielding 2-methylindole on dehydrocyclisation. It was also
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intimated that the 2,3-bond could not have broken since this would
yield N-methyl-o=-ethylaniline (XXV) which on dehydrocyclisation
would give 3-methylindole (XXVI), none of which was detected in the

reaction mixtures

AN Bl — CH3
iy T |
N NCH4 N

H H

{XXV) ( XXVI)
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1,2,3,4=-Tetrahydroquinoline (XXVII), which gave 3-methylindole
when reacted with nickel,48 was assumed to have undergone ring
cleavage either at the 2,3- or 4,9-bonds. The products of these
cleavages, V-propylaniline (XXVIII) end N-me thyl-o-ethylaniline,

were both expected to yield 3-msthylindole on dehydrocyclisation.

1
- _..-C|H2
H

//////2’ ( XXVILI) \\\\\\s

CH,

Iz

(xxvu)\\\_s ////;7

GHaCH3
)‘@

NCH

s

ﬂfpropylaniline was shown to be an unlikely intermediate,
since only e trace of indolic meterial was obtained on reaction
with the reduced nickel catalyst.:“

Earlier, Hoffmann and K8nigs o had reacted 1,2,3,4-tetra-
hydroquinoline with nickel and isolated indole. Granelliso agreed

with Padoa's suggestion that indoles erose from the dehydrocyclisation



of either o=alkylanilines or N-alkyl=-o-alkylanilines which were
the products from the fing fission of guinoline. KHe also reported
that N-ethyl=-o-toluidine was isoleted from & reaction of quinoline
and & reduced uickel catalyste

‘he hypotheses of Pados did not rely on reliasble analyticel
methods to isolate products from the reactions :ors recent
experinments involving the use of better analyticel nmethods have
given results which have led to some confusion as to the exact
pathway leading from six-menmbered to five-menbered heberocyclic
ringse. lany of +{he hydrogenation reactions of pyridine amnd quinoline
carried out since rFadoa’s time have been of a destructive nature, and
the cracking procedures liave yielded products which would appear to
differ from observations and ideas to be discussed later. It is
difficult to conveniently differentiate between pure catelytic
reactions and crackin procedures, but where temperatures greater
than 40C° and pressures exceeding b( altmospheres are used, the
rupture of bonds would be expected to be more random, yielding
products which are not obtained in pure cetslytic reactions.

Yamaguchi51 reacted quinoline with calcium chloride under
the destructive conditions of 450° and 200 atmospheres. XHing
rupture was only apperent in the pyridine ring, and he isoleted
o-propylaniline, o-ethylaniline, o=itciuidine, and aniline as basic
productse An unspecified methylindole was alsc isolated. He

concluded that cleavege of the l,2-bond hed occurred. The isolation
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of similer products by Rapoport64 and Eru, Sakhnovskaya, and
Pychco,65 in their destructive hydrogenations of quinoline led
them to conclude also that the 1,2-bond was broken. Rapoport
further suggested that a stepwise degradation of the side-chain
occurreds The quinoline was thought to be first hydrogenated,
and then after rupture of the 1,2-bond, o-propylaniline was formed
which lost methane to give o-ethylaniline. Successive losses of

me thane were then proposed, leading to 0-toluidine and aniline

(XXIX) .
SN CH, CH,CHj
P _—> . —_
N N7 NH
H 2
CH2 CH3
'—ﬁ + CH4
NH,
: CHj
—_— + CHL
NH,
== + CH,
NH, '

( XXIX)
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Yeh and Kalechits66 hydrogenated quinoline and reacted
1,2,3,4-tetrehydroquinocline at 460° under & pressure of 85
atmosvheres (a% O°) in an autoclave with an iron catalysts
Cleavage occurred giving products similar to those obtained under
the destructive conditions mentioned above. Deaminztion was also
noted, yielding a mixture of alkylbenzenes., Indole and some
unspecified homologues were isolated. 1,2-Bond fission leading
to the observed products, was again postulated.

A recent study of the hydrogenation of pyridine and 2-methyl-
pyridine over a Reney nickel catalyst yilelded results that are
difficult to reconcile with the fission of the 1,2-—bond.62
3=-liethylpyrrole was isoleted from the Lydrogenation of both compounds.
On the basis of the hypotheses discussed above, the only way in which
the formation of this pyrrole could be explained is by the fission
of the 2,3-bond of the hydrogenated pyridine, this being followed
by dehydrocyclisation.

A more recent study of the reaction of gquinoline (and
substituted quinolines) with & Raney nickel catslyst has been carried
out by Sasse.43 2fter refluxing quinoline over & degassed Raney
nickel catalyst for 50 hours the following products were isolated
from the reaction mixture; 2,2'-~bigquinolyl, 2-methylquinoline,
1,2,3,4~tetrahydroquinoline, o-toluidine, aniline, irdole, 3-methyl=-
indole, carbagole (XXX) and an aliphatic hydrocarbon of unknown
structure, but which on the basis of its infrared spectrum and

analysis was thought to be a polymethylene (CHp)ye
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Although these compounds are not unexpected on the basis
of the results of previous workers, two discrepancies existe.
Firstly, there is an absence of o=-alkylanilines other than o-toluidine,
and secondly, no 2-methylindole was detecteds The neutral reaction
products formed from 2-, 3=, and 4-methylquinolines were the same
as obtained from quinoline, only the yields differing slightly.
From the quinolines substituted in the benzene ring, analogous

products were isolateds On the basis of gas-liquid chromatography
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only, N=ethrlaniline was detected from the resction with 2-methyl-
quinoline. Cere was taken to show thet no 2-methylindole was
formed in any of the reactions. This result does not agree with
the mechanism proposed by Padee and later authors which involves
the rupture of the 1,2- or the 3,4~bonds of quimnline.

Cne of the aims of this project has been to understand more
fully, the mode of formation of some of the products, particularly
the indoles and carbagzoles, from the reaction between quinoline
and & degassed Raney nickel catalyst.

As was mentioned earlier, many authors have noted the
formation of 2,2'-bipyridyl and 2,2'=-biquinolyl from the parent
bases, when they were reacted with metal catalysts, and there
were & number of early attempts to use this as & method of
preparation of these useful compounds. Hecently57 it was shown
that these biaryls cen be prepared in small yield by heating
pyridine and quinoline with a pelladium-on=-charcecal catelyste
With this in mind, a comperstive study of the dimerising ebility
of some noble metal catalysts (suprorted on charcoal) using

guinoline has been carried out.



CHAPTER I

The effects of the phenyl derivatives of the typical

elements of Groups V, VI, and VII on Raney nickel.



CHAPTER I

The adverse effect of sulphur compounds on catalytic
hydrogenations has been known for many years. There is a decrease
in the rate of hydrogenation which is due to the preferential
adsorption of the sulphur compounds, thus reducing the number of
sites available for hydrogenatione Although sulphur compounds are
among the most powerful catalyst poisons, compounds of certain
other elements are also capable ¢f poisoning metal catalystse

All compounds which undergo reactions in the presence of a
metal cetalyst must, in the first instence, be chemisorbed by the
catalyst; and in a sense, each compound, under certain circumstances,
can act as a catalyst poison. From liaxted's definition of toxicity
(see pe 5), it appears that the essential property of a poison is
its ability to form a strong bond with the catalyst. It is the
gtrength of this bond which determines the length of time which
en individual molecule of poison spends bonded to the catelyst,
and the stronger the bond, the larger is the percentage of the
surface area, which at any given time, is covered by the poisone
Furthermore one poison is more toxic than another because of a
stronger poison-catalyst bonde This process can be described in
terms of an adsorption=-desorption equilibrium.

As will be discussed below, many toxic compounds react in
the presence of a catalyst to produce other compounds which may
also be poisonous. In such cases toxicity is a measure of the

combined effect of all the poisonous components of the system.



Unless the stability of e poison is known with certainty it is

difficult to compare, for example, the poisoning ability of

two compounds one of which is stable on the catalyst, the other
undergoing reaction. Vhere a series of reactions is possible,

giving products which may also contribute to the poisoning, the

following scheme indicates the state of affairs.-

Py — (p)

A EE— ads.
rkl
X+ Py T/ (Blyg, * (KD
.»ka
Y + I-’3 : (Ps)adB. 4 (Y)ads.
iky
i Px : (Px)ads. * (Z)ads.

In the general case, Pl is the poison which, in solution, is
in equilibrium with a chemisorbed species (Pl)ads. As mentioned
above, this is the equilibrium which determines the toxicity of the

compound P;. A reaction (Pl)ads —_— (Pz) + (X)ads may occur,
* [ ]

adse
producing another poison Pz which is also capable of being desorbed
and adsorbed by the catalyste The fragment X from the reaction may
also be toxic. (Pz)

(7,)

adg, M8V 8lso undergo reaction to (Ps)ads.+(Y)adsf’

ads reacting further until some end product P; is obtained, which

may or may not be poisonous. Therefore the toxicity measured is the

total effect of all the poisons. In the hydrogenation and
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dehydfogenation of aromatic compounds, where adsorption occurs

via the aromatic electrons, the reactions (Pl) n == (Pz)
L ]

ad adse
may be reversible. However in the hydrogenolysis reactions to
be discussed below, these steps are assumed to be irreversible.
On general grounds it may be expected that in this reaction
sequence, as for those to be discussed below, the rates (kl’ kz,
etc.) increase as (Pk)ads. becomes smallere. This implies that

(P2) reacts faster than (Pl)ads.’ but more slowly than (PS)

adse adse

For reactions involving Remey nickel catalysts it is
generally accepted that the initial step is the chemisorption of

the reactant to the catalyst surface.51’52’35’34

later chapters
describe some reactions of nitrogen containing compounds with
Raney nickel catalystss To help in the understanding of these
reactions, the poisoning properties of some related compounds were
investigateds This study was extended to the phenyl derivatives
of the other typical (steble) elements of Group V. To facilitate
comparison, the toxicities towards W-7 Reney nickel of the phenyl
derivatives of the Group VI and VII elements were also measured.
The toxicitics of compounds in the hydrogenstion of
trans-crotonic acid using some Reney nickel catalysts are expressed
as their poisoning coefficients, g, obtained from the equation
X, = k, (1 - ac), where k, is the original activity of the catalyst,

and k, is the activity in the presence of a concentration, ¢, of

the poison, d, representing the specific effect of each unit of



poison.GS In determining the poisoning coefficients of various
compounds, Maxted and his colleagues kept constant the weights of
catalysts end substrates, while the amounts of poisons added to
the hydrogenstions were varied. Linear relationships between the
rates of hydrogenation and the guantities of poisons added were
obtained, from which the poisoning coefficients were determined.
In the present work, dealing with the pyrophoriec Raney nickel
catalysts, it was not practiesble to carry out the hydrogenetions
in this fashion. Therefore the weights of substrate and poisons
were kept constant and the weights of the catalysts were varied.
The fact that linear relationships between the rates of hydrogen=
ation and the weights of catalysts were obtained, show this to be
a valid method for comparison. Furthermore, it was found that
in the presence of constant weights of poisons, and while the
weights of catalysts were varied, other linear relationships of
lower slope. than for the unpoisoned hydrogenations were obtained.
The activity of a particular weight of catalyst was
measured at the start of an hydrogenation, i.e., the slope of the
tangent at zero time was taken as the activity (Fige 1). Vhen
four unpcisoned hydrozenations were completed and the activities

of the catalyst plotted against their weights, the activity of
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0.06 go of catalyst was read off, and taken as the standard
activity for that particulsar catalyst. The activity of 0,05 g.
of catalyst in four poisoned hydrogenations was obtained in the
same manner. From the concentration of poison used, the value of
the poisoning coefficient was calculateds A typical case showing
the points obtained for hydrogenations in the presence and absence

of catalyst poisons is shown in Fige 2.
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Fige 2o The relation between the rate of hydrogenation of crotonic
acid and the weight of W-7 Raney nickel catalyst; (A) in
the absence of poison; (B) in the presence of fluoro-
benzene; (C) in the presence of chlorobenzene; (D) in
the presence of bromobenzene; (E) in the presence of
iodobenzens,

The values of the activities of 0.05 ge of catalyst in
the presence of poisons, and the poisoning coefficients of the
phenyl derivatives of the elements of Group V when poisoning

#=7 Reney nickel are listed in Table I.



Table I
Compounds of Group V Activity of 0406 g.a Poisoning coefficient
(cece) (x 1072)
Aniline® 1.13 245
Diphenylamine l.4l 242
Triphenylamine l.41 242
Triphenylphosphine 1.31 345
Triphenylarsine 1,10 5.6
Triphenylstibine 0.91 746
Iriphenylbismuthine Ce73 9.2

8 fhe unpoisoned activity of 005 g. of VW=7 Raney nickel in this
and succeeding tebles is 1.64 cece (avge.)o
b katio of substrate to poison was 10s:l. TFor other compounds

ratio was 20:1.

A study of the triphenyl compounds indicates an increase
in the values of the poisoning coefficients with the size of the
hetero-atoms. It is well known that after triphenylamine, which
shows no basic properties due to the nitrogen "lone-pair" electrons
being conjugated with the benzene rings, the basicity decreases in
the order PhsP'———ifhsBi. In fact triphenylbismuthine is regarded
as being non-basic.69 From a consideration of basicity alone it

would be expected that the poisoning coefficients would be larger

with the more basic compoundse As this is not the case other



factors must be contributing to the final results.

For purely steric reasons it might be expected that an
increase in size of the hetero-atom would raise the value of the
poisoning coefficient, due to the greater ares covered by the larger
molecules Inspection of models suggests that the nickel atoms could
bond to the central atom more easily as the hetero-atoms incresse in
sizes From Fige 3 it is clear that a linear relationship exists
between the poisoning coefficients of the triphenyl derivatives of
phosphorus,. arsenic antimony and bismuth, and the covalent radii70
of these elements.

There is some controversy in the literature concerning some
of the electronic properties of these triaryl compounds. All workers
agree that for triphenylamine, conjugation of the nitrogen "lone-
pair" with the benzene rings occurs with the resultant loss of
basicity. However, from the interpretation of ultraviolet absorption
spectra, dipole moments, and other physical data, two opposing ideas
have arisen relating ‘o the triphenyl derivetives of the other
elements in this Groupe.

It has been postulated that the decrease in dipole moment
when proceeding from triphenylphosphine to triphenylbismuthina71
indicates & gradual increase in the carbon-metal-carbon bond angle;
and for triphenylbismuthine (which has a zerc dipole moment) it
has been suggested that the molecule is planar.69 Jaiffé has inter-
preted ultraviolet speectra in this light and concluded that the

"lone-pair" slectrons of the central atom are conjugated with the
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Fig. 3. Relation of covalent radii and Periodic Group
to poisoning coefficient for W-7 Raney nickel
in hydrogenation of crotonic acid.



phenyl rings.72 On the other hand, the more detailed study by

Cullen and Hochstrasser73

of the ultraviolet spectra of triphenyl-
arsine and related compounds has indicated that there is little
or no conjugation between the arsenic atom and the benzene rings
or between the benzene rings, and that this is likely to be the
cage for the triphenyl derivatives of phosphorus, antimony, and
bismthe Recently, date which were originally thought to support
conjugation have been reinterpreted to suggest non-conjugation.74

Until the electronic structures of these compounds are
known with certainty it is not possible to discuss their catalytic
toxicities in terms of their electronic properties; but it would
appear that these properties do not affect the poisoning coefficients
greatly, and that the size of the poisoning molecule is of prime
importance.

Maxted and larsden®® studied the relative toxicities of
simple phosphorus, arsenic, antimony, and bismuth compounds towards
a platinum catalyst in hydrogenations. It was found that for
phosphorus and arsenic the poisoning coefficients were identicalj;
antimony was slightly higher, and with bismuth a definite increase
ococurreds These results were explained on the basis of the
effective area covered by the poisons. Hence if the atomic radii
of the poisoning elements were less then the atomic radius of
platinum, their coefficients would be similar, and not until the

radius of the toxic atom exceeds that of platinum would an increase

in toxicity occure In the present work it was noticed that there



is an inorease in the poisoning coefficients from phosphorus to
arsenice TFirstly, the sizes of all triaryl compounds are in
excess of the atomic radius of nickel so that any differences in
size of the hetero-atom would be noticed in the value of the
poisoning coefficiente Also, as will be discussed below, these
results indicate that at least a percentage of the original
poison "survives" the cquilibration with the catalyst and thus
poisons the catalyst. It has been shown by Sassa27 that V=7
Raney nickel in refluxing methanol hydrogenolyses the triphenyl
derivatives of Group V elements, (except for triphenylamine) to
give benzene in yields exceeding 80%, and with no hydrogenation
of the starting materials. The triphenylamine was largely recovered,
and most of the remsinder was converted to tricyclohexylamine. A4s
the electronic and steric effects of the phenyl groups in triphenyl=-
amine should reduce the availability of the nitrogen "lone-pair"
for edsorption by the catelyst, aniline and diphenylamine wers
also exeminedes These bases underwent hydrogenation more readily
than hydrogenolysis. Furthermore, under the conditions used for
the hydrogenolysis, benzene gave cyclohexane in 10% yield.

Ag benzene poisons V-7 Raney nickel (Teble 1I) s Yia its
aromatic electrons it must be concluded that the triphenyl compounds
interact with the catalyst surface not only through their hetero=~

atoms but also through their = =-electrons. The values of the



Table II.
Compound Activity of Ce05 ge (Coece) Poisoning coefficient
(x107%)
benzene® 1.32 3el

& Ratio of substrate to poison was 20:1.

poisoning coefficients of the phenyl derivatives of the Group V
elements show that the compounds whose coefficients exceed that of
benzene are hydrogenolysed, while the amines which are less
poisonous than benzene are mainly hydrogensted. It is therefore
probable that the amines - like benzene - interact with W=7
nickel preferentially through their aromatic electrons, and that
adsorption of these compounds via the nitrogen atom is of minor
importance. Further evidence is found by comparing the poisoning
coefficients of aniline and diphenylamine, which are almost
identical with that of triphenylamine. It is suggested that the
phenyl derivatives of the lower elements of Group V are chemisorbed
by W=7 Raney nickel predominantly through their hetero-atoms, and
that this is & prerequisite for the occurrence of hydrogenolysis.
Earlier, mention was made of the possibility that the
poisoning coefficients measured in the present work are actually
composite values of all the possible reaction products which abe

poisonouss The time used for equilibration of the poison with



the catalyst before hydrogenation was one hour. It is known
that under comparable conditions triphenylphosphine is hydro-
genolysed to a measurable extent.75 Due to the increased
accessibility of the hetero~atom it is expected that the rate of
hydrogenolysis would increase in the order, tripvhenylphosphine,
triphenylarsine, triphenylstibine, and triphenylbismuthines

It is improbesble that in the hydrogenolysis of triphenyl-
phosphine all the phenyl rings are removed in one step, end &
stepwise mechanism is envisaged. The rate of removal would be
expected to increase with each successive loss of benzene, ieee
k5 > k2 > kl, since the phosphorus atom should become more
accessible on removal of the phenyl groupse Similarly the
basicity of the phosphorus atom should increase in the order, Ph3P,

Ph,PH, PhPHz, PH_ . Also each hydrogenolysed phenyl group would

2 3
become benzene and hence add to the poisoning effects Schematically

this may be represeated as follows.

Php — (PhsP)

3 v adse
5
@ o PhZPH : (PhZPH)ads. + ©)ads.
kp
@ i PhPHz : (PhPHZ ) adse * ©) adse.
ks
@ * PHS : PHS)ads. N (© )ads.
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The results obtained with the derivatives of Group VI

slements (Table II)demonstrate the highly toxic nature of these
elements, and with sulphur compounds this property forms the basis
of the desulphurisation reaction. Hauptmann and wladislaw31
suggested that the first requirement for hydrogenolysis of sulphur
compounds must be their adsorption by the catalyst via the sulphur
atoms Although this hypothesis has not been proved, it has been

53,34 76

widely accepted and is compatible’~ with current views concerning

the mechanism of the poisoning by sulphur compounds of metal catalysts
in hydrogenations.l7 The values of the poisoning coefficients for
the phenyl derivatives of the typical elements of Group VI, apart
from oxygen, again increase linearly with the increase in covalent
radii of the hetero-atoms (Fige 3)s As with the elements of Group Y,
the increase in poisoning coefficients appears to be dependent on the

sizes of the hetero-atoms rather than on any electronic factorse. The
Table III,

Compounds of Group VI Activity of C.05 ge Poisoning coefficient

(cecs) (x1072)
Diphenyl ether® 1,05 6.1
Tetrahydrofuran® 1e5~1.6 1.5
Diphenyl sulphide’ 0445 24,3
Thiophen® 082 840
Tetrahydrothiophen® 0.51 11.5
Diphenyl selenide® Ge36 26,3
Diphenyl telluride® 0420 2943

& Ratio of substrate to poison was 20:1

b Ratio of substrate to poison was 4011



actuasl magnitude of the toxicity values is important and agrees
with present ideas that the elements of this Group are among the
most toxic towards metal catalysts.

Diphenyl sulphide is known not to undergo hydrogenolysis
under the conditions of hydrogenation used in the present work.75
If it is assumed that the diphenyl derivatives of selenium and
tellurium are also stable under the conditions used for the
hydrogenations, then the poisoning coefficients measured must be
regarded as those of the diphenyl derivatives. This implies that
once adsorption has occurred, the adsorption~desorption equilibrium

lies largely to the right, iee. in the case of diphenyl sulphide,

(PhSH)ads. oA @ )a.ds.

and that no further reaction tekes place (unless heat is applied).
Assuming that this is also true for diphenyl selenide and diphenyl
telluride, it is suggested that while these compounds are more toxic
than the elements of the other Groups under consideration, they are
also more stable on a Raney nickel catalyst at low temperatures than
the triphenyl derivatives of Croup V, and the halogenated benzenes
(see later), It is also noteworthy that the toxicity velues fdr

thiophen and tetrahydrothiophen are approximately one third to one



half that of diphenyl sulphide, yet even so they are quite lerge
compared to either bengzene or pyrrole (see later) which are
similer in molecular size.

Oxygen does not fit into the pattern of the lower members

of the Group. As other workers ' /#70

have found diphenyl ether to
be quite stable towards Reney nickel it was surprising to find it
relatively toxic towards V-7 nickel. Norsover, diphenyl ether was
shown to undergo hydrogenolysis to a large extente?’ Fige 3 shows
thet the poisoning coefficient of diphenyl ether liss in +the range
of the halogenated benzenese It has been suggested that the
species responsible for the poisoning is the phenoxide ion.79

With regard to the chemisorption of oxygen it may be added
that Eokes and Emmettl® have detected traces of methane gas from
nickel catalysts which have been stored under alcohol for any length
of time. Lloreover, Bonn.er52 observed that the desulphurisation of
optically active sulphones resulted in retention (with inversion)
of the optical activity, and suggested that chemisorption to the
nickel had occurred via the oxygen atoms.

The value of the poisoning coefficient of tetrahydrofuran
was jJust measureble, but the accuracy of the method at such a low
value does not justify any conclusion, except that it is adsorbed
by the catalyst to a small extent.

The dehalogenation of chloro=-, bromo=-, and iodo~organic
compounds using Raney nickel has been employed for s number of

years.80,81,82,83 Only recently an example of the hydrogenolysis



of an organic fluorine derivative has been abserved.e4 Pattison
end Degeringzo found that the activity of V-4 Raney niclkel was
lowered in the hydrogenation of styrene in the presence of organic
derivatives of chlorine, bromine end iodine. In the present work
the poisoning coefficients of the halogenated benzenes have been
measured (Teble IV). Again thers is noticed a linear increase in

toxicity with increesing covalent radii of the elements (Fig. 3).
Table IV,

Compounds of Group VII  Activity of 0.05 g Poisoning coefficient

(cece) (x107%)
Fluorobenzene® 1.40 443
Chlorobenzene® 0,67 10.6
Bromobenzene® 0436 13,0
Iodobenzens® 0.18 14.9

2 Ratio of substrate to poison was 20:1

The values of the poisoning coefficients are again lerger
than that of benzene, and it is suggested that the helogenated
benzenes are adsorbed via their halogen atoms, and that this is
6 prerequisite for their hydrogenolysis.

#iith the halcbenzenes it has been shown that, under the
mild conditions used for hydrogenation, & slow reaction commences
almost immadiately.75 Thus the poisoning coefficient measured is

not solely due to halobenzene, but is also due to some benzene



formed during the equilibration of the poison with the catalyst.
Also formed in the hydrogzenolysis is a halogen hydride which
reacts with nickele, This explains the presence of nickel (II)

halides in the reaction mixture.

X X
@ I ( @ )ads.

O = Q=

From a comparison of the poisoning coefficients of the phenyl
derivatives of Groups V, VI and VII it is seen that the greatest
toxicity is essociated with the elements of Group VI and the
least with those of Group Ve It is suggested that this trend is
associated with the steability of these compounds on the catalyst
gurface, This implies that for a given period, the stability at
room temperature of the phenyl compounds decreases in the order
Group VI, Group VII, Group V. This order has been observed with
triphenylphosphine, which is hydrogenolysed faster then chlorobenzene
which in turn reacts faster than diphenyl sulphide.

As part of the present work is concerned with the reactions

of some heterocyclic nitrogen compounds on Raney nickel, the



poisoning coefficients of pyridine, 2,2'-bipyridyl, end pyrrole

towards several Raney nickel catalysts were determined (Table V).

Table Ve

Poisoning coefficients (X1072)

Catalyst Pyridine 2,2'=-Bipyridyl Pyrrole
Wi-1 643 6.0 -
W-2 68 5e3 -
T«6 242 36 -
W=7 1.7 4.9 442
WT=d 5.4 5.5 2.7

Teble VI,

Catalyst Activity of unpoisoned Activity in  Activity in Activity in
(temp) catalyst (0.05 g.) presence of presence of presencs of
pyridine 2,2'=bipyridyl pyrrole

=1 (22°) 0456 O.l4 0,16 -
W-2 (18°) 1.08 0.20 0440 -
W6 (20°) 1.64 1.20 0.94 -
w-7 (18°) 1.64 1,30 0468 0.78
wW7-J (20°) 0460 0.21 0.21 0433

It is noticed that the activities of the unpoisoned catalysts
(Table VI) in the hydrogenation of trans-crotonic ecid are in the
expected order, as the activity of Raney nickel catalysts is

dependent on the amount of hydrogen on the nickel.lo Although these



hydrogenations were carried out at slightly different temperatures,
poisoning coefficients are known to be unaltered by small temperature
changes.68

When refluxed over degassed Raney nickel (W7-J), pyridine
is known to yield 2,2'=bipyridyl in good yield,7 along with traces

61 and piperidine.85 The formation of 2,2'-bipyridyl

of pyrrole
is assumed to involve the interaction of two adjacent pyridine

molecules adsorbed by the nickel via their nitrogen atoms. Vhen
V=7 Raney nickel is used, the yield of 2,2'=bipyridyl is only one

tmentieth of that with degassed mickel. 2?81

As piperidine is
formed in the hydrogenation of pyridine over Reney nickel, it would
be expected that more plperidine would be found in the reaction
with the more active catalyst. W=7 Raney nickel brings about the
hydrogenation of pyridine to a much greater extent thax its
dimerisation, and it is suggested that on this catalyst, adsorption
takes place mainly through the aromatic electrons. Similar
observations would be expected with W-6 Raney nickel. For the V-1,
V=2, and W7-J catalysts, from which some hydrogen has been removed,
the poisoning coefficients of pyridine suggest that dimerisation
should be preferred rather than hydrogenation; that is, adsorption
tekes place mainly through the nitrogen atom. In agreement with
this hypothesis pyridine, when refluxed over W-1 Raney nickel,

gave a substantially increased yield of 2,2'-bipyridyl compsred

with that obtained over W7 nicksl.
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The lowering of the activities of all nickel catalysts by
pyridine and 2,2'~bipyridyl corroborates ¥axted and TWalker's

22 and in agreement with other observations,17 the

findings;
most active preparations are least affected by these bases.
Pyrrole poisons the hydrogen-rich W=7 nickel to a greater extent
than the W7-J nickel; bhut it is likely that the poisoning coeffi-
clent measured with W=7 nickel is actually that of a more basic
hydrogenation produst of pyrrole, nemely pyrrolidine.86

The less active nickel catalysts are more susceptible to
poisoning by pyridine than by 2,2'=bipyridyl, while the opposite
holds for W-6 and W=7 nickeles This reversal of the toxicities
might well suggest thet adsorption of 2,2'-bipyridyl on the more
active catalysts is followed by further changes leading to
compounds which are more toxic than pyridine. It has been shown
thet 2,2'-bipyridyl reacts with V-7 nickel to give pyrrole

87 and such a change could sccount for the incresase

derivatives,
in catalytic toxicity of 2,2'-bipyridyl observed with the V-6 and
Vi=T7 catalysts.

Summarising the main ideas of this rsection, it is
apparent that within the Groups V, VI, and VII the poisoning
coefficients of the phenyl derivatives incresse with the sizes
of the hetero-etomse. As benzens itself can interact with the

catalyst via its n~electrons, it may be expected that the phenyl

derivatives also interact with the catalyst through their aromatic



electrons. However it has been shown that the phenyl derivatives
whose poisoning coefficients exceed that of benzene are hydro=
genolysed, while the amines, which are less toxic than benzene,
are mainly hydrogenatede It is suggested that the amines interact
with %=7 Reney niékel preferentially through their n=electrons,
and that chemisorption yia their nitrogen atoms is of minor
importance. Toxicities of the phenyl derivatives of & given
Period towards W=7 Raney nickel were found to increase in the
order, Group V, Group VII, Group VI.

For aromatic nitrogen compounds the small poisoning
coefficients measured with the more hydrogen-rich catalysts
suggest that hydrogenation is the main reaction. With the less
active catalysts, dimerisation is preferred, due to adsorption

via the nitrogen atoms,
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linterialse.~ iethanol was distilled from sodium hydroxide
through a fractionating colum®® (reflux ratio 1:5), and the
fraction of bepe 6445° (ng1 1.32869) was used. Jrans-Crotonic acid
(mepe 72°) was obtained by recrvstallisation from light petroleum

90 tug,%t ia7,%1 yy_gt?

(bepe 60-80°)s W-1,%? W2, nickel catalysts
were prepered from 50:50 aluminium=-nickel alloy (B.D.H.)s Pyridine
was fractionated from potassium hydroxide (reflux ratio 1:10) and
the fraction of beps 115=115.5° (n%l 1.5020) was used. 2,2'=Bipyridyl
(mepe 71.65=72°) was purified by chromatography on alumina and
crystallised from light petroleum (beps 40-60°), Synthetic pyrrole
was distilled under nitrogen and in the absence of light. £/ fraction,
beps 1510, was used immediately. The following compounds were
commercial samples which were purified by repeated crystallisation
or fractional distillation under nitrogen; benzene, be.pe. 80° (n%5
1.4980); fluorobenzene, bepe 85° (n%5 1.4620); chlorobenzene,
beps 131-132° (n%5 1,5214); bromobenzene, bep. 155-156° (n%l
1.5692); iodobenzens, beps 188° (nZl 1.6190); aniline, bep. 184.5°
(n2° 1.6863); tetrshydrofuran, bepe 65° (n25 1.4089); thiophen,
bepe 84.1° (n2° 1.5286); tetrahydrothiophen, bep. 119° (nl® 1.4871);
diphenyl sulphide, bepe 155°/13 mme3 diphenyl ether, bepe 252°;
triphenylphosphine, mepe 80¢5~81%; diphenylemine, mepe 52+5=53",

I am grateful to Dr. ¥#.HeF. Sasse for gifts of pure

triphenylemine, triphenylarsine, triphenylstibine, triphenylbismuthine
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diphenyl selenide, and diphenyl telluride.

Hydrogenations e~ The hydrogenations were carried out in

two Towers microhydrogenators at atmospheric pressure in methanol
(volume of mixture made up to 10 cece) the flasks being shaken at
290 £ 20 vibrations per mine A constant temperature of 30 X 0.2°
(except where otherwise stated) was used for the hydrogenations.
Vhen new preparations of the catalysts were required, re-standard-
ising was carried outs Poisons (0.000003 =0,000012 mole.) were
added and equilibrated for 50-60 min. with the catalyst92 before
the crotonic acid (040104 go) was introduced. After completion
of & run, the catalyst was filtered off, dried and weighed. The
results of hydrogenations in the presence and sbsence of poisons

are listed in Tables VII-XVIII under the catalyst used.

Method of comparisone- The rate of hydrogenation of
crotonic acid was measured in each run by the slope of the
hydrogenation curve at its origin. As the weight of catalyst
cannot be determined accurately until the completion of a run,

a series of experiments was carried out in which the weight of
catalyst was varied (0.0l - 0.2 go) while the other variables were
kept constant. In this way a linear relationship between the weight
of catalyst and the rate of hydrogenation was obtained. Repetition
of these experiments in the presence of each poison gave linear
relationships of lower slope. From these graphs the activity of
0405 ge of each catalyst (poisoned and unpoisoned) was read off;

these values being expressed as poisoning coai’i’ic:i.am:s68 calculated
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from the expression k, = ko(l - ac)e The accuracy of the value
is regarded as being 10,5 x 10 e for values less than 5 x 10 2
and 0.3 x 10 ? for values greater than 5 x 10 2

Hyvdrogenolyses.~ All hydrogenolysis reactions were
27

carried out by Dr. We.H.F. Sasse.

Reaction between Pvridine and V-1 Hickel.- Pyridine

(150 cec.) was refluxed over W-1 nickel®® (prepared from 125 g.
of alloy) for B0 hre The mixture was worked up as <:'1c=zscri’t>ed.,.7

to give 2,2'-bipyridyl (19.5 ge) and complex (2.5 Ze)e
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Evdrogenations of trans-crotonic acid with W=7 Raney nickel.

Table Vil

Veight of Initial rate Poison
catalyst (g.) (cece/min,)

00412 1.26 -

0.0648 2409 -

0.0300 1.13 -

0,0112 0e22 2

0,0238 057 Triphenylphosphine

0.,0089 0.20 i

0.,0186 0660 "

0.,0152 Ce38 "

0.1003 2426 Triphenylarsine

0,0458 1.07 "

00,0084 0011 "

060192 047 "

00250 0450 Triphenylstibine

0.08610 Ce87 "

0.0082 Ol.11 "

0.0186 0.36 i

0.0622 0490 Triphenylbismuthine

0.0729 0697 "

0.,0998 2.69 h

0.,0180 0.24 "



Weight of
catalyst (go)

040150
C.0134
0.0424
0.,0482
0.0850
0,0298
0.0100
0.0238
0.0350
0.0372
0.0216

0.3301

=1 Bl =

Table VIII.

Initial rate
(c.c./min.)

Ce49
Ce36
1.23
1.69
2446
Ce78
0.27
0.65
1.04
1.51
0,51

0.88

Poison

Triphenylamine

il

1"

1"
Diphenylamine

1t

n

"t
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Table IX.
Weight of Initial rete Poison
catalyst (ge) (cece/min,)

0.0638 2410 -
0.0463 1.52 -
0.0300 0.91 -
0.0250 0,76 -
042357 6402 Aniline
040185 0472 "
0.0543 0e32 "
0.03086 0.54 "
0,0269 04556 Benzens
0,0637 1.62 "
040570 1.61 .

0.13086 3442 i
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Table X.
Veight of Initial rate Poison
catalyst (ge) (cece/mine)
0.,0186 0e42 -
0.0202 0,68 —
040590 1,93 =
0.0698 2408 -
0.,0216 0.49 Diphenyl ether
0.0484 0.90 R
061292 2470 b
0.,0704 1.50 L
01940 1.93 Diphenyl sulphide
02090 1.81 "
0.0494 0439 "
0.0414 0.27 "
0402086 0,71 -
0.0136 0445 =
0,1348 3488 -
0.,0480 1,51 -
00,1000 0.78 Diphenyl selenide
041170 0.75 by
041070 0482 "

041760 1.26 e



Teble X (cont'd).

0.1852
041496
0,0800
0.1912
0,0684
00840
0,0344

C.0876

Weight of
catalyst (go)

C,0544
00,0324
040464
0,0186
0.0460
0.,0776
C.1078

0.0966

Ce85
0,66
0.16
0471
2409
2.71
1.08
2.26
Taeble XI,.
Tnitizl rate
(cece/min,)
1.69
0497
1.35
0.71
0.85
1.13
1.69
1.59

-—55-

Diphenyl telluride

"
"
n
Tetrahydrofuran
"

fn

Poison

Thiophen

”n



Weight of
catalyst (ge)

0.0654
0.,0382
0.0464
0.,0154
0,0820
0.0764
040606

0.0436

Initial rate
(C .c./min.)

1.94
1.13
1,36
0.569
0,90
0,85
0.58

0.36

Poison

Tetrahydrothiophen

"



Vielght of
catalyst (ge)

0,0916
0,0250
040250
0.0272
0,0356
00274
0.0306
0,0674
0.0658
0,0368
00162
0,0360
0.1068
0,0776
040470
00438
0.1128
0.0882
040300

0.0592

- B

Table XIII.

Initisl rate Poison
(cecos/mine)
339 -
0468 -
0690 -
0678 -
085 Fluorobenzene
0.68 It
086 "
1.36 o
0«80 Chlorobenzene
0.42 "
0.09 "
Co43 2
0.84 Bromobenzene
0.58 "
0.31 "
0,18 !
0.4 Iodobenzense
0e43 "
0.09 ~
0416 2



Hydrogenations of trans=-crotonic acid with other Raney nickel

catalzsts.
Table X1V,

W-1 Mickel, 22°

Vieight of Initial rate Poison
catalyst (ge) (cece/mine)

0,0860 1.09 -
C.0368 045 -
0.08656 0494 -
040121 0613 -
040147 C.04 Pyridine
0.0422 0413 =
040420 0.11 "
040530 0415 i
0,0669 0.22 2,2'=Bipyridyl
0,0570 C.20 "
00640 C.20 .

0,0239 0.07 e

Ratio of
substrate to poison

10:1

1t
7"

10:1

it
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Table XV,

V-2 lHckel, 18°

Vieight of Initial rate Poison Ratio of
catalyst (ge) (cece/mine) substrate to poison
0,0437 0,81 = -
0,0164 0442 = -
0,0298 0.65 - o
0.0818 1,70 - e
0.0732 0.32 Pyridine 10:1
0,0339 0.13 = o
0.0843 0e42 i "
0.,0510 0s15 Y w
0.0739 0457 2,2' -Bipyridyl 10:1
0.0397 033 " "
0.0203 0417 it i
0.,0423 0633 " "



%eight of

catalyst (ge)

0.0359
0.0281
0.0324
0.0150
0,0290
C.2882
0.0318
060120
0.,0710
0.,0188
0.0602

0.,0340
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Table XVI.

=6 lickel, 20°

Initial rate Poison
(cece/mine)

l.14 -
1,00 -
0699 o
048 -
0460 Pyridine
2420 i
0,66 "
0e4b "
1.37 2,2'-Bipyridyl
0e35 it
1.08 "
0.62 g

Ratio of
substrate to poison

10:1

"

n
10:1

n

n

n
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Table XVII,.

V=7 Hickel, 19°

tieight of Initial rate Poison Ratio of
catalyst (ge) (cece/mine) gubstrate to poison
C.0252 0483 - -
0.0062 C.l2 - =
00,0604 1.85 - -
0.0501 1.80 - =
0.0627 1.34 Pyridine 10:1
0.0344 G488 2 "
0,0160 0430 it =
0,0584 1.63 E i
0.0409 0u43 2,2! -Bipyridyl 10:1
00,0350 Codb5 “ "
£.0187 0e28 " "
0.0787 1l.22 " d
0el143 1.79 Pyrrole 10:1
0.0268 Ced5 it b
040240 0e39 " "
0.0364 Ce55 g "
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Table XVIII,

T7=J Hickel, 20°

Vieight of Initial rate Poison
catalyst (geo) (cecs/min.)

0,0346 C.44 =
0,0276 Coed34 =
061170 1,36 -
0.0780 0486 =
0,0809 0e38 Pyridine
0.0414 0.17 "
(.0613 0e25 o
00700 0e27 "
0.0900 0637 2,2 -Bipyridyl
0,0396 0s16 N
0.0789 0.37 -
C,0770 0.34 !
(0502 0421 Pyrrole
00630 Go42 -
C,.1115 0,66 &

0.0272 0622 !

Ratio of
substrate to poison

10:1

1"
i

"

n



CHAPTER II

The action of degassed Reney nickel on

some derivatives of aniline.

A, The formation of carbazole from aniline.
Be The formation of indoles from o=-alkylanilines

and N-alkyl-o-alkylanilines.
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GHAPTER TT

PART A: The Formation of Carbazole from Aniline

In the reaction of quinoline with degassed Raney nickel,43

trace smounts of carbazole are formed. Sasse®d has suggested

that the first step is the fission of the hetero-ring, and that
the 1,2- end 4,9~bonds are ruptured to produce an intermediate (I)
which could either react with hydrogen to form aniline, or

combine with an adjacent intermediate to give & 2,2" ~diaminobiphenyl
derivative (II), which loses smmonia to form carbazole (III). As
phenazine was not detected in the reaction, it was suggested that
the intermedistes (I) remains attached to the catalyst during
these transformations. This mechenism is supported by the
observation that aniline is formed from all methylquinolines
which produce carbazolee The present study was undertaken in
order to examine the mode of formation of carbazole from quinoline

under the influence of degassed Reney nickele.

NH,

+ NH3
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TABLE I
Reactant ¥t. of Wt. of Products isolated (g.)
reactant (g.) Ni:A% ai;.loy
-
Carbaszole Diphenylamine | 2-Aminobiphenyl|2,2'~Diaminobiphenyl | Cyclohexylaniline
2,2'~Diaminobiphenyl 125 104 6.6 11.0
Carbazole 68,2 62.5 - - - =
2-Aminobiphenyl 135 182 4.34 G L »
- (3.3%)
Diphenylamine 140 12% 1.84 L " L
(1.3%)
Aniline 149 250 0.24 0.23 0.02 0.54 5¢14
(0.2%) {0.2%) (0.01%) (0.4%) (3.7%)
Aniline + Cyclohexyl- | Aniline (75) }a Z . 2 =
amine Cyclohexylamine (16) 125 25.6 (89%)
Azobenzene&‘”b (i) 125 - 0.6 - = -
(0.9%)
a

Reaction was not worked up to isolate all products.

¥ aniline {10 g.) was also isolated.
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In an attempt to test the validity of this hypothesis,
2,2'=diaminobiphenyl was treated with W7-J Raney nickel at
220-240°/120 mme for GO hre Under these conditions carbazole and
g-aminobiphenyl (IV) were formed (see Table I)e This finding
not only supports the proposed patimay, but represents s new route
to carbazole which hes previously not been prepared from
2,2'=diaminobiphenyl with the aid of metal catalysts.93 Under
similar conditions, carbazole was not detectably affected by the
catalyst, and this suggested that 2-aminobiphenyl was formed from

2,2'=diaminobiphenyl end not from carbazolee

NH;,

,///”//” (IV)
\\\\\\\\$

NH, H,N

N
H
As several authors have described the conversion of
Ze-aminobiphenyl to carbazole under the influence of various metal

catalysts, 9495596597

the action of W7-J Raney nickel on
g-aminobiphenyl was also examinede. Ihis experiment showed that
degassed Reney nickel is also capable of converting 2=-aminobiphenyl

to carbazole. Howsever, the table shows that 2,2'=diaminobiphenyl
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is converted to carbazole more efficiently than 2=-aminobiphenyle

NHZO OE&

Another route to carbazole involves the dehydrocyclisation
of diphenylamine (V) under the influence of a platinum catalyst,gs
and this prompted inclusion of diphenylamine in the present worke

Again carbazole was obtained, but in lower yield than from

2=-gminobiphenyle
—_—
N
N i
(v)

In commection with this work the action of W7-J Raney ni el
on aniline was also investigated. This showed the formation of
traces of carbazole, 2,2'-diaminobiphenyl, 2-aminobiphenyl and
diphenylamine, but the main product was cyclohexylaniline (vi).
Thile the formation of 2=-aminobiphenyl and 2,2' -diaminobiphenyl
in reactions with aniline and metal catalysts have not been
observed previously, the formation of secondary amines during the

catalytic hydrogenation of sniline is well authenticated. Thus,
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Iz

(v1)

Mugisimagg obtei ned dicyclohexylamine, diphenylamine,
cyclohexylaniline and cyclohexylamine as well as smmonia,
benzene and cyclohexane (products of hydrogenolysis), from

the hydrogenation of aniline over nickel at 260-300°, He
suggested that cyclohexylamine reacted with itself to give
dicyclohexylamine which on dehydrogenation gives firstly cyclo=

100 ;4udied

hexyleniline and then diphenylamine. Debus and Jungers
the role of various intermediates in the reduction of aniline over
nickele. These authors envisaged a sequence of reactions leading
firstly to cyclohexylamine which then reacted with aniline to
yield cyclohexyleniline. This was assumed to undergo further
reduction to give dicyclohexylamine which was observed as the
only product besides cyclohexylamine. Other workerslol’loa’lo5
have also noticed the formation of dicyclohexylamine in the
reduction of aniline and winans10% showed thet the hydrogenation
of aniline gave better yields in the presence of dicyclohexylaminee

The results described in this gection so far maey be summarised

se in the following scheme (A)e



NH, H,N

oA

”’”\\@g@ -
o¥e

(A)

The formation of carbonecarbon bonds and secondary

\ /

amines either inter= or intramolecularly, constitutes the two
wain types of reactions involved in the formation of carbazole
from aniline on a degassed Raney nickel catalyste

farlier in this thesis it was shown that aniline retards
only slightly the hydrogenation of.jggggfcrotonic acid with V=7

Reney nickels. In view of the results obtained with pyridine, it



is probable that aniline interacts more strongly with the
degassed Raney nickel which is employed in the reactions
described in the present chaptere

In the first chapter it was suggested that pyridine is
chemisorbed by the hydrogen-rich V=7 catalyst mainly by means of
its arometic sextet, and that chemisorption of pyridine on ‘the
degassed catalyst jnvolves meinly the lone electron peir of the
nitrogen atome This hypothesis is now extended to the chemisorption
of aniline on degassed Raney nickel.

Accordingly, it is now proposed that the first step in
the formstion of 2,2'-diaminobiphenyl from aniline is the
chemisorption of aniline by the catalyst via the lone glectron
pair of the nitrogen atom to yield (VII)e The next step is
assumed to involve the homolytic fission of one of the N-Ii bonds
to vield the adsorbed radical (VIII). An enalogous dehydrogenation

105,106 and it is now suggested

has been postulated by ¥indler,
that the hydrogen atom that is removed is transferred to a vacant
position in the lattice of the catalyst. The intermediate (VIII)
may be regarded as a resonance hybrid, and several of its
contributing structures (eege VIII-A and VIII-B) are reminiscent
of some of the canonical structures of the so called Miurster's

calte" (XITI, XIII-A and XIIT-B).107®



S-g- o)

N
H” |‘H
Ni Ni NI Nl
{VviI) (vi1I1) (VIII-A) (VIil1l-B)
‘ H
N N+ +N /N= =N\
H/\ /\H H/ \ / \H H \ / H
Ni Ni Ni
(Ix) (X) ( xXI)
— 0.0 —C (1
H\N-l- +N’H NH2 NHZ
H’\ /‘H
Ni
( XI11)
+NR, +NR, NR
7
—) f——
N ~ g
NR2 NR2 +NR2

(XIID) (X11I-A) (X111-8)



Provided the intermedietes (VIII) are formed sufficiently
close to one another, bond formation to give (X) may be expscted
to occurs Inspection of Catalin models shows that the required
orientation of two molecules of aniline is achieved when they
are bonded to the same nickel atom (IX), but the possibility of
adsorption on two adjacent nickel atoms cannot be ex¢luded at
presente.

The final stages of the reaction may conceivably proceed
by the 1,3=-shift of two protons from the inter-annular bond with
concomitant aromatisation of the two benzene rings; but the
process need not be a concerted changee Finally, desorption could
give rise to 2,2'~-diaminobiphenyl.

On the other hand, deamination, as has been observed with
aniline,27 will produce 2-aminobiphenyle. The mechaniam of this
hydrogenolysis is not kmown, but it is presumably analogous to
gimilar reactions discussed in Chepter I for a variety of hetero-

atonms.

H
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The relatively low yields of both 2~-aminobiphenyl and
2,2'=-diaminobiphenyl are probably caused by several factorse
Thus, the small poisoning coefficient of aniline suggests that
interaction of this base with the catalyst will be relatively
small., Also, the dehydrogenation (VII — VIII) postulated,
requires a high energy of activation. Finally, the geometrioc
requirements for the formation of (X) may be realised only
rarelye.

The formation of carbazole from diphenylamine is thought
to be initiated by the bonding of a molecule of diphenylamine to
one atom of nickel (XIV), Homolytic fission of the N~H bond, of
the type postulated with aniline, yields the chemisorbed radical
(xV), the structure of which is analogous to the diphenylemino
radicals which are met with in the dissociation of tetraphenyl-

ltaydrausine.m'7b Addition of the uncoupled electron of ring A to

: H
—_— >
; - X
+N +N +N
l ‘ |
Ni Ni Ni
(XIv) {(xv) ( XV-A)
H H H H H
7 N ~
+N +T -t"lI
Ni Ni g

(xv-B) {(XVI) (XVI-A)



= e =

ring B leads to (XVI) which is also stabilised by resonance
(eege XVI-A). Dehydrogenation leads to (XVII), and after
hydrogen addition at the nitrogen atom %o give (XVIII), desorption

occurs to give carbazolee

He

N% N
HL H
N

Z—Ze

i
( xv1l) ( XVIi1l)

In comnection with this work it is noteworthy that
"nitrenes", prepared by the pyrolysis of organic azides, possess
great reactivity enabling an intramolecular reaction forming
heterocyclic compounds.loe’log’llo For exemple, 2-azido=2',4',6'=
trimethylbiphenyl (XIX) has been shown to yleld 2,4,9-trimethylcarbazole

(XXI), and a reactive nitrens” intermediate (XX) has been

postulated.loa
CH3
v
N3 C

(XX1)
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The scheme (A) (pe 66) shows that in two cases, secondary
amines are formed from primary amines. Cyclohexylaniline, the
ma jor product, camnot have arisen from the partial reduction of
diphenylamine, as neither cyclohexylaniline or diciyclohexylamine
were formed in the reaction of diphenylamine with degassed Raney
pickels It is now known that cyclohexylaniline arises from the
reaction of aniline with cyclohexylamine over W7~J Reaney nickel.
Such & reaction produces an almost 90% yield of cyclohexylaniline.

In the reaction of eniline it is agsumed that et least some aniline

Ay Qi QO

is hydrogenated to give cyclohexylamines. Reaction of this

compound with aniline would then give cyclohexylaniline. It is
surprising that no dicyclohexylamine could be detected in these
resctions. The alkylation of amines using alcohols in the presence
of Raney nickel is a common preparative mathod,lll and some authors
have noticed the formation of secondary end tertiery amines in

reactions of primary amines with cataly'sts.105’106’111’112’115’114



Kindler emd cawcsrkers105’]'06 have suggested that
formation of secondary amines from primary amines under the
influence of Raney nickel occurs through an intermediate imine
derivative (XXII). The following scheme illustrates the
mechanism postulated.

R—CHop —NHj :Ez+ R-E=NH

( XXII)

H
R-C=NH + R-CHyNH, — R-CH,~NH-CH-R
oy 2 |
NH,

) l

2

The hypothesis that imines are intermediates in these
resctions is in agreement with the observation that ketones are
formed in the reactions of soms amines with degassed Raney nickel
(see Part B). Also, Debus and Jungersi®0 obtained cyclohexanone
and cyclohexanol from the hydrogenation of aniline over nickel,
and they suggested that imine formation occurred, followed by
hydrolysis to a kelone which underwent reduction %o cyclohexanole
Although no ketones were detected in the present reaction with

aniline, the possibility that imines are intermediates in the



formation of cyclohexylaniline can at present not be excluded.
The following scheme of remctions indicates the formation of

cyclohexylaniline according to Kindler's mechanisme.

) QL
— — N2
NH, NH, NH ?
Hy
— -
% N
N H
NH»>

Kindler further stated that aniline could not react in

this fashion to give diphenylamine, as it is impossible to
dehydrogenate aniline to give the required intermediate. As
mentioned earlier, Mugisimagg proposed that diphenylamine arose
from the dehydrogenation of dicyclohexylamine. It is possible
that in the present work, diphenylamine results from the

dehydrogenation of cyolohexylaniline.

SUSELICWE
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Mternatively, considerstion of reactions occcurring on
the catalyst surface sugpest other pathways by which diphenylamine
cen be formede. Inspection of Catalin models shows that it is
gterically possible for two molecules of aniline to be chemisorbed
on a single eatom of nickel either through their - -electrons or
the electron lone pair of the nitrogen atoms. As both methods
of adsorption are likely, three alternative pathways are possible.

Firstly, if both aniline molecules are chemisorbed via
their aromatic electrons, the interaction of the amino groups
with the subsequent elimination of ammonia would produce
diphenylemine. However, it should also be possible for one of the
amino groups to react with any of the positions of the phenyl ring
of the other molecule. If this were the case, then a mixture of
aminodiphenylamines (XXIII) would be formed. This is in contrast

to the results obtained.

Ni Ni
severel
I R
N @ o @—N
H2 H2 H H
Ay e
Al
NHZ + NHj
N N
H H

( XXII1)
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The second possibility involves chemisorption of one
molecule of aniline through its aromatic electrons and of &
second molecule via its uitrogen atom. Reaction between the
free smino group with the 2-position of the other molecule,
followed by the hydrogenolysis of the amino group attached to the
catalyst would produce diphenylamine. However, one may expect
that soms 2-aminodiphenylamine (XXIV) should be formed. This

compound has not been detectede

PlsVe

H2
.H :N
N
"IN \
H /©
©\N
NH2 H

(XX1V)

Thirdly, chemisorption of two molecules of aniline through
their nitrogen atoms to a single nickel atom could occure After
the removal of hydrogen from the aniline molecules in the manner
described previously (pe ©7), reaction between the nitrogen atoms
would lead to a hydrazobenzene derivative (XXV) which would have

to eliminate ammonia to yield diphenylaminee.



+ + + +-
/. .N\ fN N\
W\ /H W, W
Ni Ni

owe

To test this hypothesis, azobenzene was reacted with
degassed Reney nickels Aniline and diphenylamine were isolated
(Tsble I), and the relative amount of diphenylamine formed was
more then expected on the basis of the quantity of eniline presente
This finding supports a path through azobenzene (or hydrazobenzene).

The results obitained in the present work furnish evidence
that carbagole is formed from aniline and 2,2"=diaminobiphenyl in
the presence of degassed Raney nickel. As aniline is formed in
the reection of quinoline with this catalyst, this represents one
method of formation of carbazoles Statistically however, as can
be seen from Table I, carbazole is formed from aniline in trace
only, and the amount of aniline present in the gquinocline reaction is
hardly sufficient to account for the quentity of carbazole igolatedes
However, more carbazole is formed from 2,2'~diaminobiphenyl thean from

aniline, supporting the hypothesis of Sasse*d
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PART B: The Formation of Indoles from o-Algxlanilines and

N-Alkyl=-o=Alkylanilines

As discussed in the introduction to this thesis, numerous
authors have isolated vyrroles and indoles from the reactions of
pyridine and quinoline with a variety of metal catalysts. The
present study is primarily concerned with the mode of formation
of indole and 3-methylindole from the reaction of quinoline with
degassed Raney n:i.c:]a:el.éz5

It was Padoa47 who first proposed that the formation of
indoles from the reaction of quinoline with a reduced nickel
catalyst involved as intermediates either o-alkylanilines or
g{-alkyl-g_-alkylanilines s which underwent cyclisation to give
jndoles. Other suthors assumed that hydrogenation of the hetero-
ring preceded its cleavage.50’51’64 Also, the fission of the ring
was suggested to cccur primarily at the 1,2~bond.

The working hypothesis for the present work was based on
Padoa's suggestion. Accordingly, a series of o-alkyl- and
_I\E-alkyl-_g-alkylanilines were reacted with degessed Raney nickel,
the results of which are summarised in Table II.

Several possibilities may be distinguished, depending on
the bond which is broken. Firstly, hydrogenation end cleavage
of the 1,2-bond should lead eventually to o-propylaniline.
Refluxing this compound over the nickel catalyst for fifty hours

yielded small amounts of indole, 2-methylindole and 3-methylindoles



Reactant
©o-Propylaniline (66 go)
H-Ethyl-o-toluidine (66 go)
E-A11ylaniline (66 go)
Nelo thyl=g~ethylaniline (66 go)

1,2,3,4=Tetrahydroguinoline (110 g-)

Quinoline (100 g.)
Indoline (50 go)
o-Ethylaniline (100 g.)
Xylens (87 go)
p~Toluidive (89 go)

-79-

2 Detected by paper chromstography only

JABLE 11
Producte isolated (ge)%.
Indole |2-lethyl~ | 3-Methyl-| Aniline | g-Toluidine |o-Ethyl~ | (CH,),
indole indole aniline
0.87 1.48 u 1.1 1.8 0.2 0e26
(0.8%) | (247%) (2.9%) (4.1%) (0.4%)
. 8 - 4,15 12.6 - 0.25
(10.7%) (28%)
- - . 9.2 - - -
(24%)
1.8 - 545 242 3.3 - 16.4 0.78
(3.7%) (10.1%) | (5.7%) (7.4%) | (33%)
105 L 705 1.2 5;6 0.7 6‘0
(1.8%) (7.6%) | (1.6%) (6.3%) (0.7%)
a,b _ a,b 0.8 2.5 N b
(1%) (2.7%)
1640 - - 1.0 5.6 0e2 042
(33%) (2.0%) (12.5%) (0ed%)
3.6 - - 246 746 075
(347%) (3.4%) (8.3%)
b

Other Products

2-propyloyclohexanone

N~propylaniline, brown nsutral
gun {9 go)

carbasole, 2~sthyloyclo-
hexanons

5,8,7,8-tetrahydroquinoling,

‘2-methyl-1,2,3,4~tetrahydro~

quinoline, quincline, 2,2'~-
biquinolyl, 2-methylquinoline,
5,6,7,8~tatrahydro-2,2"'~
biquinolyl, 5,5*,6,6%,7,7',8,8'=
octshydro=2,2'-biquinolyl.

aarbazola,‘ 2,2'~biquinolyl,
2=mathylquinoline

uinoline, 2,3'-biindole
9e2 £o)

2=~athyloyclohexanons

toluene, benzers

toluene, benzene

Mxture of indoles (1.37 g.) not separated.



- 80 =

N
H
~N
—_— CH _— l
3
N/ NH2 N CH3
H
CH3
N
H
N=-Ethyl-o=toluidine would be expected to be the product
from the fission of the 3,4-bond. When this compound was reacted
with the cstalyst, paper chromatogrep hy showed the presence of
indole and 2-methylindole in the neutral reaction productse.
N
/' H
CH3
~ d CH3
Z
N
) H
N CH
H 3
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Cleavage of the 4,9-bond should lead to N-propylanilinee
It was thought that N-allylaniline (XXVI) would be a more likely
intermediate, snd be more reactive, than N-propylaniline. For
this resson, N-allylaniline was also reacted with the catalyst.
Among the products of this reaction, 3-methylindole was detected

by paper chromatography.

H2C3 CH3
.l J .
N N
H H

(XXV1)

The reaction of N-methyl-o-ethylaniline (resulting from
the rupture of the 2,3-bond) with W7-J Remey nickel was studied,

and a mixture of indole and 3-methylindole was obtained.

T~z

CHj

\

CHjy
N N~
. H

H \
CH3

=z



As 1,2,3,4-tetrahydroqminoline was isola ted from the
reaction of quinoline with degassed Raney nickel,‘13 the
reaction of this base with the catalyst was examined. From
this experiment, indole and 3-methylindole were isolated in

relatively larger yield than from the reaction with quinolinee.

CH3

nZ

I

W7=J Raney nickel, although degassed at 100°%, still hes
a large amount of hydrogen associated with ite To decrease the
hydrogen content, thereby lowering the quantity of quinoline
hydrogenated, a catalyst was prepared in which the degassing
process was carried cut at 360°, At this temperature it is
known thet 85=95% of the hydrogen is evolved.t521% 4 reaction
of quimoline with this nickel catalyst ylelded much less neutral
material than the reaction using ¥W7-J Raney nickele

Cyclisation of the aniline derivatives mey be expscted
to give indoline derivatives in the first instence, and this
could be followed by dehydrogenation to form indoles. In fact,
no indolines were detected in any of the reaction mixtures
examined in the present experiments. There are two possibilities;

either indolines are not formed, or, their dehydrogenation is a



rapid process. To decide this, indoline was treated with
degassed Raney nickel, and it waes found that dehydrogenation to

jpdole ccourred readily, and jndoline was not recovered.

b =
nZz

From each of the reactions with o=alkyl- and N-alkyl-
g_-alkylanilines described in this section, a mixture of aniline
end some g_-alkylaniiines was obtained. The loss of the g_-alkyl
side chains was observed in all cases. For exsmple, aniline,
o=-toluidine, end o-ethyleniline were jsolated from the reaction

with g_-nropylaniline. T+ can be seen from Table II, that in

CH3 CH3
—_— S +
CHj3 |
NHy NH, NH. NH;

these resctions less aniline than o-toluidine is formed. [fhis
finding suggests that this "dealkylation" is & stepwise process

which involves the elimination of single carbon atoms. In



apparent contradiction to this view, the yield of o-ethylaniline
wag lower than that of o-toluidine in the reaction of o-propyl=
sniline. However, this is probably the result of the conversion
of part of the o-ethylaniline to indole, &s it is known that this
base under the influence of degassed Raney nickel yields indolee
This is in agreement with the numerous observations that
o=ethylaniline gives indole when reacted with a variety of metal
catalysts. Dliost of the remainder of the o-ethylaniline was
dealkylated, and as a result, o-toluidine and sniline were

jsolated as the major products. A stepwise saquence was suggested

CH3y CHs
— + +
NH2 ﬁ NH2 NH2

by Rapaport64 when he isolated deslkylated products from the
destructive hydrogenation of quinoline (pe 20)s Furthermore,
he suggested the shed methyl groups were eliminated as methane.
Apart from this _C;-daalkylation, another type of
dealkylation has now been observed involving the elimination
of alkyl groups from & secondary nitrogen atom under the
influence of W7=J Raney nickels For example, N-allylaniline

yielded aniline when reacted with the catalyst. The results
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4%
—
N NH2
H

obtained in the present work suggest that in contrast to the

C~dealkylation, the N-dealkylation proceeds in one step. For
example, in the reaction of }_\?_-ethyl—g_-toluidine, no N-methyl-

o=toluidine was detected. Furthermore, no _'_l\_!_-ethylaniline was

found, which indicates thet N-dealkylation precedes C-dealkylations
CH3
—_
NH2 NH2
CHs3 CH3
v N CH3
H \‘\ H

CH3



The process of (~-dealkylation is apparently not confined
to eniline derivatives, for it has now been found that a mixture
of the isomeric xylenes (XXVII) when treated with degassed

Reney nickel gives traces of toluene and bengenee.

CH3 CHj3
H3C _ +

( XXVI1)

The fate of the aslkyl groups eliminated from the nitrogen
atom has not yet been examined in deteils However, in the reaction
of ¥%T=J Raney nickel with _f*_?;-mthyl-_g_—ethylaniline, gvidence for
the formation of methane was obtained, and it is thought that this
alkane is derived from the ¥-methyl group. This view is
consistent with the observation that detectable quantities of
"nolymethylene” were not formed in the reaction with N=-allylanilins.
This aliphatic hydrocarbon, which was isolated from all experiments
in which _g_-dealkylation occurred, was first described by b‘msse.‘is
He found that irrespective of the origin of the polymethylene

(C‘Hz)x , it always has the melting point 59-60°, and & constant
infrared spectrums. It has now been found that the ne.mer. spectrum
clarifies to a small extent the unknown gtructure of this compounds

A gtrong, narrow pesk ( T=8.8) indicates the presence of many CHp

units, with little or no branch=chaining. bowever, the possibility
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of a ring structure cannot be excluded. FEvidence for aromaticity

and unsaturation was not obtainede It is suggested that the

carbon atoms eliminated from the side-chain link together to

form a long-chain polymer having 1ittle or no branch-chaininge.
The compound (CHp)y must arise from the side-chain of

the o-alkylaniline and not from the phenyl ring. This is shown

by the fact that no polymethylene was formed in the reaction of

aniline with degassed Reney nickel (Part A)e

—— ( CHoly
N/R
H

R
_— (CHz)x
NH2
7 R
| —_ (CHylx
X~ N,R'
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By far the greatest yleld was obteined from the reaction with
1,2,3,4~tetrahydroquinolines I+ is unlikely that any free
radicals exist in solution, as anilines substituted in either
m- or p-positions were not detectede Therefore, it is further
suggested that polymethylene ig formed on the surface of the
catalyste

In the reactions with the o-alkyl- and K-alkyl-o-
alkylanilines, the smell of ammonia was detected, and in the
cage of }_{-methyl-_g_—ethylaniline, ammonie wes detected by means
of its infrared spectrum. Lowever, alkylbenzenes could not be
igolateds This suggests that hydrogenolyses of the amino
groups &re & mMinor Occurrence. However, when p-toluidine
(XXVIII) was reacted with the catalyst, toluene was isolated
ag the major product. Apperently, the effect of increasing
the basicity of the aniline derivative by placing a methyl group
in the p-position, results in hydrogenolysis of the amino groupe

Furthermore, no aniline was detected. In Chapter I it was

CH3 CH3

NH2

( XXV111)



proposed that the prerequisite for the hydrogenolysis of an
atom or group from a phenyl ring is its chemisorption by the
catalyst via the hetero-atoms For p-toluidine it is suggested
that adsorption through the nitrogen atom is preferred, thus
enabling hydrogenolysis to occur. The other alternative,
chemisorption through the i=electrons, should promote
hydrogenation of the phenyl ringe In the series of reactions
described now, hydrogenated umines were not detscted.

The only products not containing nitrogen apart from
(Cﬂz)x were isolsted from experiments with o-ethylaniline,
o-propylaniline, and N-methyl-o-ethylaniline. o-Ethylaniline and
_Ig—methyl-_g_-ethylaniline gave traces of 2-ethylcyclohexanone (XX1X),
and o-propylaniline gave 2 trace of 2=propylcyclohexanone (XxX) o
Also, 8 trace of a ketone was detected in the reaction with
XN~ethyl-o-toluidine. However, its structure was not determined.

The formation of these compounds is consistent with the results

NH3 \
CH; /

CH3

0

(XXIX)



CH3 CH3
NH2 0

(XXX}

obtained by Debus and Jungersloc’ who isolated cyclohexanone from
the hydrogenation of aniline at 200° using a nickel catalyste
Imines have been postulated as jntermediates in the reactions

of amines with Raney nickele. Kindler and his 00116851108105'106
proposed that the formation of secondary amines involved imine
intermediates. However, imines were not detected in Kindler's
experiments or in the present series of reactions. Indirect
evidence for their formation was based on the observation that
carbonyl compounds were not detected (spectroscopioally) in the
reaction mixtures until they had been treated with dilute
hydrochloric acid, and imines are known to be converted to
ketones under such conditions. It is suggested that the first
step in the formation of = ketone is the hydrogenation of the
phenyl ring (chemisorption by the catalyst via the aromatic
electrons) to give an o-alkylcyclohexylamine (XXXI).
Dehydrogenation leads to an imine derivative (XXXII) which

may be expected to be hydrolysed in the presence of mineral

acide



R R -Hy R 4* R
— _— —_—
NH» NH, NH 0

( XXX1) (XXX11)

As quinoxaline (XXXIII) was readily available, it was
of interest to examine the effect of & second nitrogen atom in
the hetero-ring. Reaction of this compound with W7-J Reney nickel
gave benzimidezoles as the major products. From the reaction
mixture, the following compounds were ssolated Table III);
bengimidazole (XXXIV), N-methylbenzimidazole (XX%XV), 2-methylbenz-
jmidazole (¥XXXVI), biquinoxalyl (XXXVII), end 2,2'-benzimidazolyl-

quinoxaline (XXXVIII). However, _g-phenylenediamine derivatives

e

were not detected.

(XXX111)
N
J) ) Jk
N N N CHj3
H CH3 H

(XXX1V) IXXXV) { XXXVI)
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H

(XXXV11) ( XXXV111)

Teble III

vields (re) in resction between guinoxaline (56 ro) and WT7=d

Raney nickel st 223°

Benzimidazole 8.5 (13%) 2,2'=Biquinoxalyl 0425 (0e5%)
g&hethyibenzimidazole Ce7 (1e3%) 2,2'~Benzimidazolylquinoxaline 0465

(1e2%
g-liothylbenzimidazole 1473 (341%)

The dehydrocyclisation of o-alkylanilines to form indoles
with metal catalysts has been widely applied for synthetic purposese
Hansch and Helmkampss proposed that for the cyclisation of
o-ethylaniline, dehydrogenation to o-aminostyrene was the first
stepe This was to be followed by cyclisation involving the double
bond (pe 15)e Evidence supporting this hypothesis was obteined
by Lesiakgss This mechanism is unsstisfectory in the sense that

it does not specify the role of the catalyste
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As Hansch and Helmkemp's reactions were carried out at
temperatures far in excess of those used in the present work,
dehydrogenation might be expected to predominate. In the present
work, amines with olefinic side-chains were not detecteds This
of course does not conclusively discount the probability of their
formation.

For reasons discussed in the previous section, it is
proposed that the first step in the formation of indole fronm
o=ethylaniline is the chemisorption of the amine by the degassed
nickel catalyst via the lone electron pair of the nitrogen atom
to give the intermediate (XXXIX). Homolytic fission of ome of
the N-H bonds, &s postulated previously, leads %o the radical
(XL)s Inspection of Cetalin models indicates that the J=garbon
atom of the ethyl side-chain is situated close to the catalyst

and to the nitrogen atoms It is assumed at this stage that one

CHj CH2
_— [
2 H
N N
1\ /
H H H
Ni Ni
{XXXIX) {XL)

of C-H bonds {(of the ~ =cerbon atom) is homolytically ruptured

to give & radical (XLI) which subsequently cyclises as shown ‘o
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give (XLII), The intermediate (XLII) could undergo either
desorption to give indoline, or dehydrogenation followed by

desorption to yield indole. <ihe second possibility is preferred

\

CH,
g —
+ “+
- N° N
H HI \Hz‘
Ni Ni |
(XLI) (XLID) N
/
H |
N

xTZ

as it has been shown thet indoline is reaedily dehydrogenated
by degassed Reney nickele.

The basis of this mechanism is the assumption that homolytic
fisgion of one of the N-H bonds and one of the C-H bonds occurse
The energies of activation required for these cleavages are high,
and thus, these reactions would not be expected to occur readily.
This is in keeping with the low yield of indole obtainede The

eliminated hydrogen is assumed to enter the vacancies of the



lattice of the catalyst. It is well known that aliphatic
hydrocarbons can he cyclised at high temperatures under the
jnfluence of metal catalysts, but the generally accepted
mechanism115 gives no indication as to the actual bond formation
stepe The only driving force behind these reactions seems to be
the presence of the catalyst.

tihen this tentative mechanism is applied to the reactions
of the other alkylanilines with W7-J Haney nickel, the yields of
indoles formed in these experiments may be explained. Yor
example in the reaction with o-propylaniline, more 2-methylindole
then indole or 3-methylindole was produced. Agein by inspection
of Catalin models, the proximity of the ~=carbon atom to the
nitrogen atom and the catalyst becomes apparent. ifence the
formation of 2-methylindole would be expected to predominates
The indole formed in this reaction is most likely to have arisen
from the o-ethylaniline produced by the C-demethylation of the
gstarting materiale It is unlikely that the indole results from
the demethylation of 2-methylindole as it is known that under
the influence of degassed Raney nickel, 2~-methylindole is stable.87
The formation of the trace of 3-methylindole is difficult to
understand. Although definite evidence is not available, it may
be that isomerisation of the n-propyl side-chain to an isopropyl
side-chain occurse This type of isomerisation is very well known

in the Friedel=Crafts resction and in the catalytic cracking of
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aromatic hydrocarbonse If o=isopropylaniline (XLIII) can be
formed, then cyclisation to 3-methylindole could occur, for it
ig krown that when g—isoPropylaniline is reacted with either a

platinum or palladium catalyst,58 3-methylindole is obtained.

CH3
CHj3 CHj;

NH»>

=

(XL111)

It is noteworthy that o-propylaniline did not undergo
cyclisation to form a six-membered rings In fact, none of the
alkylanilines with the required number of carbon atoms in the
side~chains cyclised to six-membered ringse

E—N:ethyl-g_-ethylaniline , which gave the greatest yields
of indole and 3-methylindole in the present series of reactions,
can cyvclise in two ways to yield either ﬁ-methylindole or
3=-methylindoles _Ig-lviethylindole was not detected. However,
its formation cannot be excluded as its N~demethyletion may be
expected to ocoure N-Demethylation of the starting material to
give o-ethylaniline was the mejor reaction, and it is suggested
that indole is formed from this compound. f1ternatively,
cyclisation could occur between the q=carbon atom of the ethyl

side~chain and the carbon atom attached to the nitrogen atom.
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Inspection of Catalin models shows that these two atoms are
close enough, and provided. tgctivation” of the molecule occurs,
bond formation beitween them would be possible. This mode of
cyclisation has in fact been observed by FPedoa and Carrasc:o52
who cyclised Nemethyl-o-toluidine to give indole. It is now
suggested that E—methyl-_g_—ethylaniline is chemisorbed by the
catalyst via the nitrogen atom (XLIV). Loss of hydrogen es
oroposed by Kindlerl%s1%6 would yield the intermediate (RLV).
Tonic or homolytic fission of one of the C-H bonds of the

o -carbon stom leads to (XLVI) or (XLvi-A). Cyclisation in the

wey shown zives (XLVII). The hydrogen eliminated from the

+

HH
g\CH3
,’?//CHZ
/ Ni
E (XLVI)
CH3 H\CH;}
—
ﬁ/CH:; ﬁ?CHZ
I'4
W |
NI Ni
(XL1V) (XLY) \ , H
,‘:|,£CH2
Ni

( XLVI-A)
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CHj CH3 CH3
—_— —
FY +
Nz N N
H H
Ni Ni
(XLVIL) {XLVIII)

.=carbon atom may add to the nitrogen atom, but this could be

s concerted 1,3=shifte The resulting indoline derivative (XLVIII),

on the basis of the reaction with indoline, would be expected

to dehydrogenate rapidly to give 3-methylindole on desorption.
N-Allylaniline and }i—ethyl-g_—toluidine were shown to give

only traces of indolese. The formation of 2-methylindole from

_If_-ethyl-g_-'boluidine may have occurred by cyclisation between the

carbon atoms shown (XLIX) according to the mechanism for the

formation of 3-methylindole from }i—methyl-_q_—ethylaniline. The

low yield of 3-methylindole obtained from the reaction of

Neallylaniline with the catalyst is consistent with the results

of Pedoa.® He showed that only a trace of "indole-like" material

was obtained from _Ig—propylaniline.

CH3
CH3

N
H

{XLIX)
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The results discussed in this section heve a bearing on
the problem of the mode of formation of indole and 3-methylindole
in the reaction of quinoline with degassed Raney nickels As
grpropylaniline end Erethylfgftoluidine yield not only indole
and %-methylindole, ut also 2-methylindole, these two bases
cannot be intermediates in the formation of indole and 3-methylindole
in the reaction with quinolineo Moreover, the present results
suggest that.Ermsthyifgrethylaniline rather than §fally1aniline
is the required jntermediate. It is of interest that l=methyl-
grethylaniline gave more carbazole than any of the other
anilines exemined. This provides further evidence for the
occurrence of this amine in the resction of quinoline with WT=d
Raney nickels

On the basis of these results, it is proposed that
three main steps are involved in the formation of indole and
3-methylindole from quinoline. firstly, hydrogenation to
1,2,5,4-tetrahydroquinoline occurs, followed by the rupturs
of the 2,3=bond to give }&methylfgréthylaniline. The third
step ‘then involves the dehydrocyclisation to either yield

indole or 3-methylindole.
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In agreement with this hypothesis, the yields of indole
and 3-methylindole in the present series of experiments from
1,2,3,4=-tetrahydroquinoline exceeded those isolated from the
reaction with quinoline. The finding that the yield of non-basic
nitrogenous products from the resction of quinoline with a Reney
nickel catalyst degassed at 360° was much lower, also supports
the view that indoles result from 1,2 »3s4=tetrahydrogquinoline.

Besides indole and 3-methylindole, & number of other
compounds were isolated from the reaction with 1,2,3,4=tetrahydro-
quinoline (Table II)e 4As expected, ring fission ocourred, and
aniline, o-toluidine and o-ethylaniline were separated from the
bagic fraction. The fact that o-ethylaniline was isolated lends
further support to the hypothesis thet it iz the 2,3=bond which

is broken. A relatively large amount of the paraffin (CH2 )x was

CH3

igolated, indicating that extensive C-dealkylation of the emines ac

occurred.
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A nurber of quivoline derivatives were separated from
the basic fractione Guinoline itself was isolated, resulting
presumebly from the dehydrogenation of the starting meteriale
Consequently, the presence of 2,2'=biquinolyl was not unexpected.
5,6,7,8=Tetrahydroquinoline (L) was a major producte It could
be formed from 1,2,3,4=-tetrahydroquinoline by hydrogenation to
decahydroguinoline (LI) which could then be dehydrogenated to
5,6,7,8=tetrahydroquinolines It is known that when a
palladium-on-asbestos catalyst is employed, decahydroquinoline
ig first dehydrogenated to 5,6,7,8=tetrahydroquinoline before

complete dehydrog;enationoll6

=
=
z
\

(L1) (L)

Two new partially hydrogenated 2,2'=biquinolyls were
isolated, and they are assumed to have been formed by the
mechenism discussed earlier for the formation of biaryls (pe 9)e
5,6,7,8=Tetrahydro=-2,2' ~biquinolyl (LII) was formed by the
reaction of quinoline with 5,6,7,8=tetrahydroguinoline.
Combination of two molecules of §,6,7,8-tetrahydroquinoline

produced 5,5',6,6',7,7',8,8'-octahydro-z,z'-biquinolyl (LIII),
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z\/
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(L11) (L111)

The carbon skeleton of these compounds wes shown to be that of
2,2'=biquinolyl from their dehydrogenation over 20% palladium-on-
charcoale The ability of each compound to form a chelate with
cuprous ions suggests the presence of the typical =K=C=C=l~ systems
The positions of the extrs hydrogen atoms were shown by the
neMe.re spectrum to be located in the benzene rings of the compounds e
Tt is interesting to note that no biaryl: were isolated
in which the heterocyclic rings were saturated. This is due %o
the inebility of 1,2,5,4-tetrahydroquinoline to form an intermediate
radical of the type required for reaction with an adjacent
intermediates
2=Methylquinoline is the major product in this experiment,
and its formation, elthough not unexpected on the basis of its
ocourrence in the reaction with quinoline ,45 is none the less
puzzling as it is present in such large quentities. Sasse43

concluded that it was not the result of methyl radical substitution

of quinoline, as no other methylquinolines were detected in the



reaction mixture. Furthermore, it is improbeble that such an
amount of 2-methylquinoline could hesve arisen from the breakdown
of 2,2'-biquinolyl (pellje It seems probable at this stage that
the 2-methylquinoline isoleted in the reaction of quinoline with
the nickel catalyst results from 1,2,3,4=tetrahydroquinolinee
The following scheme is proposed as & tentative mechanism
for the formation of 2-methylquineline in these reactionse It
is assumed that 1,2,5,4-tetrahydroquinoline is chemisorbed by
the catalyst to give the intermediate (LIV)s Inspection of
Catalin models shows that the 3-carbon atom lies very close to
the catalvst, and can interact with the nickel atom far more
easily then the 2-carbon atom. It is then assumed that a
homolytic cleavage of the 2,3-bond occurs to give the radical
(LV) which can accept hydrogen from the catalyst to give
gfmethylfgfethylaniline. This base is known to yield aniline,

o-toluidine, gfethylaniline, indole, 3=-methylindole and carbazole.
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An slternstive patimay of the radical (LV) can be envisaged in
which it interacts with & molecule of quinoline bonded to the
same nickel atom as shown (LVI)e The resulting intermediate
(LVII) has a 5-membered ring which is assumed to undergo fission
across the carbon-nitrogen bond shown, to give the adsorbed

species (LVIII)e ULesorption would lead to 2-methylquinoline and

(Lvi1) (Lvil)

CH3

/)

\

N CH3

(LVIID)

o=ethyleniline which in turn can be converted into indole,

2-iethylquinoline could undergoe hydrogenation to give 2-methyl~
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1,2,3,4-tetrahydroquinoline (LIX) which is also isolated from

+he reaction mixturee

N CH
N 3

(L1X)

This sequence of steps explains the formation of indole,
3-methylindole, o-ethylaniline (o~toluidine and aniline), and
g2-methylquinoline (and 2=methyl-1l ,2,3,4-tetrahydr0quinoline). It
is further suggested that this mechanism is responsible for the
same products isolated from the reaction of quinoline with degassed
Reney nickele

Tt is obvious that ring fission, followed by C-dealkyla tion,
are important reactions because of the relatively large amount of
(CHZ):: formed. £As was shown earlier, the polymethylene comes from
the o-alkyl side-chains of the aniline derivatives.

1t was mentioned previously that when eniline derivatives
(with the required mumber of carbon atoms on the side~chains) were
resacted with Vi7=J Raney nickel, cyclisation to a six-membered ring
did not occur. However, in the reaction of indoline with the
catelyst, a trace of quinecline was isolated along with aniline,
o=toluidine, and _q;-ethylaniline. It is known that 2-methylindole

11

. . . 7
can undergo ring expansion to form quineline, but as none was
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detected in the present resction, another pethway must be
operatinges The major product from the reaction was 2,3'-

biindole (IX). The formation of this compound is hard %o

|
N |
H

Iz

(LX)

understand in the light of the observations that biaryl formation
under the intluence of Raney nickel usually occurs across the
Z,2'~positionse. However, it is known that 2,2'-biindole is
converted into 2,3'-biindole under acid con.ditions.ll8

The position of ring cleavage in this reaction is of
interest as a trace of o-ethylamniline was jsolateds Lence it would
eppear that a small amount of 1,2-bond fission hed occurred.
“illstHtter, Seitz, and V.Braunllg reported that indole geve
gfethylcyclohsxylamine when treated with a nickel catalyst at
2250. On +he other hand, Padoa and Carrasc052 gtated that indole
and methylindole underwent cleavage at the 2,3-bonds In the
present reaction, o-toluidine wes isolated as the major basic
product. Hence it would appear that both the 1,2-bond and the
2,3=bond are broken, with the second possibility predominatinge.

The effect of two nitrogen atoms in the one heterocyclic
ring was determined oy reacting guinoxaline with degassed saney

nickels &g cen be seen from Table I1I (p.92), the formation of
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benzimidazoles is the major reaction. The presence of & second
nitrogen atom reduces the vield of the expected biaryls. for
2,2'=biquinoxalyl and 2,2'-benzimidazolylquinoxaline were obteined
in low yield. The structures of these compounds have not been
proved by unanbiguous syntheses.

The compound regarded as 2,2'=biquinoxalyl did not give
a good analysis for carbon and hydrogen, but the nitrogen determination
was corrscte XA chelate with cuprous ions was obtained, suggesting &
«lizii=C=ll= system in the moleculee The nemere spectrum is also
compatible with that expected for 2,2'=biquinoxalyle

is far as the structure of 2,2'~benzimidazolyl quinoxaline
is concerned, a good analysis was obtaineds 4lso, the compound
gave a chelate with cuprous jons which suggests the =k=0-C=li-
systeme The NeMelre spectrum showed the presence of an H=II group,
and the protons present can be assigned to the positions of P AR
benzimidazolylquinoxalines

o-Phenylenediamine derivatives and (CHg )x wers not detected
in the reaction. It is known that when quinoxaline is reacted
with Raney nickel, l,2,5,4—tetrahydroquinoxa1ine is formed.87
Therefore, if ring rupture occurs, it is suggested that its
hydrogenation precedes cleavage. #£lso, if fisslon occurs, then
cyclisation must occur extremely rapidly. #8 both N-msthylbenz=
imidazole and 2-methylbenzimidazole were detected, it is possible

that fission occurs at both the l,2=bond (path A) and the 2 43=bond
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(path B), with the second predominating. Js there is no (=
dealkylsation occurring no (*JHg)x can be formed. The benzimidazole

H

N\H .
A CH3 ™ /u\
NH» N CHj
/ H
H
N N
~
T-Q0)
N NX
H
\\il

N
SCH3 N
y —s J
N./C 3 N
H CH3
(LX1)
N
CH3 N
CHy + — J + CHy
NH N
) H
(LX11)

is suggested to arise from either the demethylation of
_ﬁ—methylbenzimidazole or from the amine (IXII) which results from
the N-demethylation of N,X' ~dimethyl-o-phenylenediamine (IXI).
Alternstively, @ mechanism not involving ring fission mey
be occurring, in which there is bond formation between the nitrogen
atom and the 3-carbon atom. However, this possibility hes not

been examineds
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EXPERINENTAL

A1l welting points and boiling points ere uncorrecteds
hlnslyses were performed by the Austrelian Microenalytical Service,
I'elbournee The infrared spectre were determined with a
Perkin=-Elmer Infracord 137 spectrophotometers Tltraviolet
sbsorption spectra were determined with an Cptica CF=4 recording
spectrophotometers W7-J Reney nicke17 was prepered from lsl
aluminium~nickel alloy (BsDoHo) and, except where otherwise stated,

the amount of alloy used (125 g.) was constant throughoute

Detection of Ammoniase~ In the reactions with aniline,

2-aminobiphenyl, 2,2' ~diaminobiphenyl, azobenzene, aniline and
cyclohexylamine, quimnoline, 1,2,3,4~tetrahydroguinoline,
o=ethylaniline, o=propylaniline, _I‘_«'_-methyl-g—ethylaniline ,
__I}_-e'bhyl-_g.-toluidine, N=allylaniline, p-toluidine, and indoline,
an ammonia like odour was given off in varying amounts soon
after the commencement of refluxings In one case (_I;{-methyl-_g-
ethylaniline) ammorie was identified by means of its infrared

spectrume
TART A.

Starting materialse= The following compounds were cormercial

samples which were purified by recrystallisation and distillationsaniline,
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21

bepe 184-185%, no~ 1.6857; diphenylamine, mepe 52.5-53";

azobenzene, MeDe 68°; cyclohexylamine, bepe 133.5-134°,

ngo 1,4372; ocarbazole, Mepe 241°, 2-Aminobiphenyl (mepe 49°)
was prepared from 2-nitrobiphenyl by hydrogenation with Reney
nickel, and 2,2'-diaminobiphenyl (mepe 80°) was prepared according

to the method of Stephenson.lzo

Addition of Reactantse.~ Liquid reactants were added

directly to the catalyst through the separating funnel. Solid
reactants were added after the catalyst hed been wetted with
sulphur free xylene. After addition of the reactant,the xylene

was removed by distillation.

2,2' -Diaminobiphenyle= 2,2'-Diaminobiphenyl (125 ge)
was refluxed over the catalyst (prepered from 104 ge of a.lloy)
for EC hre at 220-240°/120 mn, The reaction mixture wes filtered
and the nickel washed with hot benzene (600 cwce) and hot
ethanol (800 CoCo)e The solvents were removed by distillatione
The first filtrate and the benzene washings were conbined and
crystallised from ethanol to give starting material (9245 g.).
The residue from the crystallisation was combined with the ethanol
washings of the catel yst and the whole separated into basic
(14,6 go) end neutral (7.3 g.) fractionse Chromatogrephy of the

neutrsl fraction on alumine (25 x 3 cme) yieldsed carbazole (6.6 go)s
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MeDe 2410, on elution with benzene, and a tarry residue (Ced go)
on elution with ethanole Chromatography on alumina (25 x 3 cme)
of the basic fraction gave (i) 2-aminobiphenyl (11.0 ge), Mepe
49° alone and mixed with an authentic sample, on elution with
light petroleum (beps 60-80°), and (ii) starting material (2.6 go)
on elution with benzene. Zlution with ethanol gave a black tar
(Ce8 go) which was not further investigated.

Carbazolee.- A solution of carbazole (68 ge) in
1-methylnaphthalene (100 cecCes bepe 245°) was refluxed over
the catalyst (prepared from 62.5 go of alloy) for 5C hre at 242-
2450. The reaction mixture was cooled to 180° and filtered,
the nickel being washed with hot ethanol (2 1,) which was then
removed by distillation. The reaction mixture was distilled and
one fraction, (95 ge), Depe 210-250° collected. Gas=liquid
partition chromatography (conditions as described on page 120 )
of this fraction showed the presence of a small amount of
naphthalense (based on retention time only (at 220°=5.8 mine))e
Carbazole (5.0 ge) codistilled with the solvent and was removed
by chromatography through a column of alumine.

The residue from the distillation was crystallised from
ethanol and gave carbazole (59.7 g.). The mother liguor was
evaporated to dryness and chromatographed on alumina (25 x 3 cme)e
Elution with light petroleum (bepe 60-80°) and benzene gave
carbazole (2.1 ge)e A tarry residue (0.45 ge) was eluted with

ethanol. Paper chromatography (using acetylated psper and the
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solvent system described for it on page 117 ) showed traces of at
least six compounds in the tare These compounds were not

=

identifiede.

2=Amincbiphenyle= 2-Aminobiphenyl (135 go) wes refluxed

over the catalyst for 5C hre at 290°, The reaction mixture was
filtered and the catalyst washed with hot benzene (500 cece)

and hot ethanol (700 GeCe)e The solvents were removed by
distillation. The first filtrate was combined with the benzens
washings and distilled under reduced pressures One fraction

(93 go)s beps 168-164%/12 mm, was collected and crystallised from
othanol to give unchanged starting material (79.1 ge); the
residue (12.5 ge) being chromatographed on alumina (30 x 3 cme)e
Elution with 1light petroleum (bepe 66-80°) yielded 2-aminobiphenyl
(11.1 ge), and slution with benzene gave carbazole (0669 go)»

TieDe 2410. & tarry fraction (0.7 go) which was obtained on elution
with ethanol was not further examined.

The residue irom the above distillation was combined with
the ethanol washings of the catalyst and separated into a neutral
fraction (1C.8 go) and a basic fraction (19.2 ge). Chromatography
on elumina (25 x 3 cme) of the basic fraction gave 2-aminobiphenyl
(1755 go) on elution with light petroleum (bepe 60-80°), and a
plack tar (1 g.) which was not further investigated. The "neutral”

fraction when chromatographed on alumina (25 x 3 cm.) yielded starting
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material (1.6 go) on elution with light petroleum (bepe 60-80°),
carbazole (3.65 g.), MeDe 2410, on elution with benzene, and &

tarry residue (4 ge) on elution with ether and ethanole

Diphenylamine e~ Diphenylamine (140 g.) was refluxed over
the catalyst for 50 hre at 235°. The mixture was filtered and
the nickel washed as described for aniline. ifter removal of
the solvents, the benzene washings were combined with the first
Piltrate and distilled, two fractions being coilectede (i) Xylene
(2 cece), bepe 30-20°/12 mm., (ii) dipbenylemine (109 ge), bepe
158-1640/12 mme The diphenylamine was crystallised from light
petroleum (bepe 60-80°), and the residue (12+5 g.) chromatogrephed
on alumina (26 x 3 cme)s Elution with light petroleum (bepe 60=
80°) gave diphenylamine (11.8 g.), and elution with benzene
yielded carbazole (C.06 ge)s MeDe 241°%.

The residue from the distillation was separated into basic
(0,08 g.) and neutral @.97 go) fractions in the usual manner.

The alcohol washings of the catdl yst were similarly separated into
basic (0«28 geo) and neutral (Ce94 go) fractions which were combined
with the above basic and neutral fractionse. Chromatography of the
basic fraction on alumina gave traces of meny coloured compounds,
none of which were characteriseds The neutral fraction was
chromatographed on alumina and yielded (1) diphenylamine (3.6 ga)
on elution with light petroleum (bepe 60-80°), and (ii) carbazole
1.76 ge), MmeDe 241°, on elution with benzene. Elution with ethanol

gave black tar which wes not further examined.
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Anilinee= Aniline (150 cece) was refluxed over the
catelyst (prepared from 25C ge of alloy) for 50 hr. at 182°%.
The nickel was filtered off and washed with hot benzens (400 cece)
and hot ethanol (400 cece)e The solvents were removed by
distillation. Distillation of the first filtrate gave aniline
(75 ge), bepe 780/11 mme, and & second fraction (3 geJ)s bope 146-
1480/11 mm., The benzene washings were distilled to give aniline
(30 go), bepe 78°/11 mme, and a higher boiling fraction (1.74 ge)s
bepe 146-148°/11 m. The high boiling fractions were combined
and redistilled to give & compound, MeDe 8%, which was characterised
as cyclohexylaniline (.’Lit.;l 2l MePo 8°) by preparation of the

121 | p. 141-142°)

p-toluenesulphonyl derivative Tepe 141° (1it.,
(Found: C, 69.63 !, 6483 N, 4e45 0, 10.2; S, 9.6 Calce for
Oyglipg0pNS: G, 69433 M, 7.0 T, 433 Oo 8:75 5, 9.7h)

The residues from the distillations were combined (2.8 g.),
and separated into neutral (1.68 g.) and basic (1.0 go) fractionse.
hen eluted with 1light petroleum (beps 40-60°) on a column of
alumina (25 x 3 ome), the "neutral™ fraction gave oyclohexylaniline
(0.4 gu)o Further elution with light petroleum (beps 60-80°)
yielded divhenylamine (0.23 Ze)s MeDe 53°, alone and mixed with
an authentic samples. Cerbazole (0.24 g.), me.ps and mixed Mepe

2580, was eluted with benzenes Elution with ethanol gave & black

tar (Ce4 g.) which was not further examined.



= 115 -

The basic fraction was chrometographed on alumina (25 x
5 ome) and eluted firstly with light petroleum (bepe 60-80°)
to give 2-aminobiphenyl (0.02 ge), Mepe and mixed mepe 45",
klution with benzene yielded 2,2'-diaminobiphenyl (C.54 gels
MeDe 800 alone and mixed with an suthentic sample. Elution of
the column with ethanol zave a black ter (0e32 go) which was
not further investigated. Carbszole, diphenylamine, 2=-aminobiphenyl,
and 2,2'~diaminobiphenyl were further characterised by their infrared

spectra.

Aniline and Uvelohexvlaminee= A mixture of aniline (75 g.)

and cyclohexylamine (18 g.) was refluxed over the catalyst for

5O hre Luring this time the temperature of the reaction gradually
fell from 184° to 160°, The reaction mixture was filtered and

the nickel washed with hot ethanol (1 1.). The ethanol was
removed by distillations The first filtrate (6845 geo) was
distilled to give fractions (i), aniline (287 ge), beps 88=90°/
24 mme, (ii) & liquid (12.1 ge)s beDe 92-160°/24 mm., and

(1ii) cyclohexylaniline (1348 ge), bepe 162-164°/24 um.,
characterised as its ,B-toluenssulphonyl derivative, me.p. and mixed
mepe 141°, Cas-liquid partition chromatography showed that
fraction (ii) contained aniline (835.) and cyclohexylaniline
(conditions as described on pege 170, retention tines (min.) et

196%:aniline 14653 cyclohexylaniline Be45)e Using ges
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chromatography no evidence was found for the presence of
dicvelchexvlamine. Aniline and cyclohexylaniline wsre found
in the ethanol washings of the catalyste BGaged on the amount
of cyclohexvlamine used, the yield of cyclohexylaniline was
89%e The hiszhly fluorescent residue from the distillation of

the resction mixture was not examined.

Agzobengzene.= Azobenzene (76 go.) wes refluxed over the
catalyst (prepared from 60 gs of elloy) for 50 hr. at 220-
2300. 14 was observed that the reaction mixture darkened; it
was black after 30 hre. of refluxing. The catalyst was removed
and washed with hot benzene (500 cece) and hot ethanol (500 GeCele
The solvents were removed by distillation. The first filtrate
and the benzene washings were combined and distilled at
atmospheric pressures Aniline (15 ge), bepe 183-1850, was
collected and the pale red liquid characterised as its
_p_-toluenesulphonyl derivative, MeDe 105° alone and mixed with an
suthentic specimen. £ part (3 ge) of the residue (56 ge) was
separated into basic (0.3 ge) and neutral (2.2:g+) fractions.
5 black tar (C.45 g.) was also obtained which was insoluble in
scid, base or ethers

Chromatography of the basic fraction on & short column of
alumine ylelded traces of 2 number of highly coloured compounds ,

none of which were characterised. The neutral fraction on alumina
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(25 x 3 cm.) gave azobenzene (1.9 geo) and diphenylamine (0.04 geo)o
The remainder was recovered &s & black ter which wes not further

investigated.
PART B

Detection and Determination of Indoles.- (a) A solution

of p-dimethylaminobenzeldehyde (5 ge) in 6N hydrochloric acid

122 .nd

(100 c.c.) was used to detect the presence of indoles
carbazole in 8 mixture containing large quentities of anilines
and quinolines. 4 characteristic red-colour was obtained when
these compounds were presente

(b) Chromatography on acetylated paper was used 1o
detect and characterise indoles. The papers were prepared
according to Sp»c.»-t:swood.]'z:5 but more sulphuric acid (0.8 ge of
92% acid per le of acetic anhydride) was useds Development
by descent using the solvent system acetone-water-ether
(5032026 v/'v)la4 wes used and the spots were made visible by
exposure to iodine vapours Different batches of papers gave
different RF velues and standards were run simltaneously with
unknown samples; ‘typical values are: indole 0.13; 2-methylindole
0.303 3-methylindole 0.36; carbazole 0440,

(¢) Gas=-liquid partition chromatography (see below)

was used to approximate the composition of mixtures of indole

and 3-methylindole.
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Paper (hromatography of the Basic Reaction Products.=

(a) Development by descent on ihatman paper No. 1 using the
solvent system butan~l-ol=concentrated hydrochloric acid-water
(80320:60 v/v) was used for the hydrochlorides of the basic
oonrpounds.43 Spots were made visible by exposure to iodine wvapoure
Soms typical Rp values aret gquinoline 0.66; 2=methylquinoline
CoeT33 1,2,5,4-‘betrahydroquinoline 0,783 5,6,7,8-tetrahydroquinoline
CeTl; 2,2'-biquinolyl 0.743 aniline 0.72; o-toluidine 0e776

(b) For the detection of aniline, o=toluidine, and
o~ethyleniline, their hydrochlorides wers developed by descent
on VWhatman 10, 1 paper using the solvent system benzene-acetic
acid=-butamol-water (60:8:4:l v/v). Spots were made visible by
exposure to iodine vapour. Typical Rp values ares aniline 0.063
o=toluidine Ce10; o=ethylaniline 0.12; 1,2,3,4=tetrahydroquinoline

0el2e

Starting materialse= The following compounds were

commercial samples which were purified by fractional distillation:

quinoline, bepe 258°, n%s 1,6246; 1,2,3,4—tetrahydr0quinoline,

bepe 2510, n%s 1.5930; _q_-ethylaniline, bePe 215-2160; indoline,
bepe 70-72°/2 mme, n€0 1.5923; p-toluidine, bepe 200°;

quinoxaline, beps 115-118°/19 mm. The following compounds were

prepared and purified by stendard procedures: _g_-pmpylaniline ,125

e lra’s /“l o e
! v ‘e

6 .
bePoe 222-22503 _Ifi—methyl-g_—ethylaniline,lz bepe -
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N-allylaniline (beps 106=107°/12 mme) and N~othyl=o-toluidine
(bepe 214-2150) were prepared from _p_—boluenasulphonyl aniline
by using Morgen and ¥icklethwaits me:‘i:.hod.127 for preparation of

Keme thyl=-menitroaniline.

Tuclear lagnetic Resonance Spectraie~ The nemers spectra

were determined with a Varian Associates high-resolution nuclear
magnetic resonance spectrometer, model De.Ps60, Totramethylsilane
was used as an internal standard ( T= 10) to determine the

chemical shiftse

(Gﬁz)x.- The physical properties of +the unknown

aliphatic hydrocarbon (CHZ)x as described by Sassa'% were

jdentical with those obtained for the material from the reactions
in the present series of experiments. The nemere spectrum (CDC15)
ghowed & single narrow peek at = 8.8 corresponding to a series

of Cﬁz units, with the probability of little or no chain=branchinge

Countercurrent Distribution.- A Quickfit countercurrent

distribution apparatus (60 tubes, of 50 cece each) was usede

The moving phase wes ether which was added to the tubes in 25

Gece lotse Tubes 1 and 2 contained 26 ce.ce lots of &% hydrochloric
acid which equilibrated the moving ether. Except for tubes nose.
12, 22, 32 and 42 which were kept empty to allow for overlap of

excess added to the other tubes, the tubes were £illed with 25 CeCo
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lots of hydrochloric acid of increasing concentration (3-11, 1%;
13-21, 2%; 23=31, b%; 33-41, 773 43-50, 8%). To the third
tube of the apparatus was added 26 ce.c. lots of the reaction
mixture (dissolved in ether). Kther was then transferred through
the system (mixing period, 1.5 mine; settling period, l.5 mines
decanting period, 6 sec.; transfer pericd, 6 sec.) and collected
until no positive Ehrlich test was obtained. The ether was
weshed with water, dried over magnesium sulphate and evaporated
to dryness to give the neutral fraction. The acid solutions in
the apparatus were divided into groups and combined. These
solutions were basified with armonium hydroxide and extracted
with ether. The ether solutions were dried over megnesium

sulphate end evaporated to dryness to give the basic fractions.

Gas=Licuid Partition Chromatography.- (a) A Griffin

VePoCe apparatus kke II wes used with 4 ft. column packed with
nCelite" (40-80 mesh, comted with 20% (wt.) of Apiezen L). With

8 flow rate of one l. per hre of nitrogen, an inlet pressure of

450 mm., end an outlet pressure of 80 mm., the following

retention times (mine) were cbserved; at 100°: benzene 2523
toluene 3.15; at 196°: amiline 1.65; o-toluidine 2.36;
o~athylaniline 3,103 o=-propylaniline 54703 E}methylﬁgrethylaniline
4,403 quinoline 5.20; 1,2,3,4~tetrahydroquinoline TeTls 5,6,7,5=

tetrahydroquinoline 4.38; 2-methylquinoline 6.56; 2-methyl=
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1,2,3,4=tetrahydroquinoline 5.70; at 188°: N-ethyl-o-toluidine
5.0; at 198%: N-allylanmiline 2.80; at 202°: indole 4.29;
g-methylindole 7.15; 3-methylindole 6.30. By comparison of the
areas under the peaks, the approximate composition of a number
of mixtures were obtained. Stendard mixtures were run wherever
possibles

(b) 2 Beckman legachrom instrument was used with the
column pecked with C=22 Firebrick/Apiezon-Je With the carrier
gas nitrogen, an inlet pressure of 8 1lb., and an outlet pressure
of 2 1b., the following retention times (min.) were observed;
at 240%: aniline 4.0; o-toluidine 6.0; o-ethylaniline 8.0;
o=propylaniline 11,55 N-ethyl-o-toluidine 20,03 quinoline
13.3; 2=-methylquinoline 17403 5,6,7,8-tetrahydroquinoline
6.3; 2-methyl-l,2,3,4-tetrahydroguinoline 22.03 at 210°%:
gfmethyl1grethylaniline 20,0; Neallyleniline 26.,56; at 290°%:

indole 8.0; 3-methylindole 10,54

o-Prop¥laniline.- o=-Propylaniline (56 ge) was refluxed

over the catalyst (prepared from 62.5 ge of alloy) for 50 hr. at
218-220% The cooled resction mixture wes filtered and the

nickel washed with hot benzene (500 cece) and hot ethenol (500 ceGe)e
The solvents were removed by distillatione A portion of the first
filtrate (36.5 g.) was separated by countercurrent distributione

The neutral fraction (5.0 g.) was distilled and two fractions
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collected: (i) beps 20-60°/3 mm. (0.48 g.), and (ii) bepe
60-130°/3 mm, (2.42 g.)s Fraction (i) contained 2-propyl-
cyclohexanone, characterised as its 2,4-dinitrophenylhydrazone,

mepe 163-163.5° (1it.,>2°

MeDs 153-154°), golden plates from
ethanol (Found: €, 56.2; I, 63; N, 17.73 ©C, 20.1l. Calce
for CygHpgOaNgt C, 56425 H, 643; N, 17.43 0, 20.0%).
Fraction (ii) was investigated by paper chromatography
(evidence for indole, 2-methylindole, 3-methylindole (trace),
and en unknown compound) and gas~liquid pertition chromatogravhye
A part (2.0 go) was dissolved in benzene (2 cec.) and injected
into the Deckman Megachrom, In this way were collected (i)
indole, mep. 52°, (ii) 2-methylindole, mep. 61°: picrate,
mepe 136° (1it., Mmepo 136°); +trinitrobenzene complex, Mepe 166°
(1it., mep. 166°) (all three compounds were identified by
comperison with suthentic specimens), and (iii) e viscous liguid
which decomposed rapidly in air, and was not identified. It did
however, give & red colour with p-dimethylaminobenzaldehydes.
The composition of the distilled indoles; based on the areas under
the pesks were; indole (10%) and 2-methylindole (40%)e The
residue from the distillation (1.8 g.) was chomatographed on
alumina and yielded (CHy)y (015 ge), mepe 59-60° on elution

with light petroleum (bepe 60-80°), No further separation wes

effectede
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From the countercurrent distribution, tubes 23-43 were
shown to contain only o-propylaniline (24.3 ge)s Tubes 44-50
(1.9 ge) contained o=propylaniline and an unidentified base (5%)
(retention time at 198°:8.3 mine.)s ihe basic mixture from
tubes 322 (2.53 ge of distillate) was separated with the
Beckman legachrom to give (1) eniline (28%), (ii) e~-toluidine
(46%), (iii) o-ethylaniline (5%), and (iv) o=-propylaniline.
These compounds were characterised by their R—toluenesulphonates.
No pure compounds were isolated from the residue of the
distillations of the basic fractions (2.2.g.) by chromatography

on alumina.

N-athyl=o=toluidine «= E—ethyl-g—toluidine (56 g.) was

refluxed over the catalyst (prepared from 62.5 g. of alloy) for
50 hr. at 209°. The reaction mixture was filtered (33e4 go) and
the catalyst washed with hot benzene (600 cece) and hot ethanol
(8CO cece)s The solvents were removed by distillatione. The
first filtrate was separated manually into basic (26.49 g.) and
neutral (5.14 g.) fractions. The basic fraction was distilled
to give a liquid (24,75 ge), beps 90-115°/18 mm., and a residue
(1.8 g.) vhich gave no purse compounds when chromatographed on
alumina. Gas-liquid pertition chromatography of the liquid
revealed the presence of aniline (10%), o=toluidine (30%), and
starting materiale. The components were separated with the
Beckman Negachrom and identified by their infrared spectra

and _p_-toluenesulphonyl derivatives.
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Distillation of the neutral fraction gave & liquid
(340 o), beps 115-130°/1 mn., and e residue (1.8 ge)e
Chromatography on alumina (25 x 3 cme) of the residue yielded
(CH,), (0.15 ge), Mops 59-60%, on elution with light petroleum
(bepe 60-80%)s Elution with benzene and ether gave brown oils
which were not identified.

The distillate was investigated by paper chromatography
and gas chromatography. Separation with the Beckman Legachrom
gave five fractions: (i) a trace of a ketonic compound;
insufficient quantities did not allow its characterisation,
(ii)=(v) were unstable liquids which gave red colours with
p-dimethylaminobenzaldehyde. Fractiors (41) and (iii) did
not give piorates but (iv) and (v) gave red picrates which
decomposed readily. Paper chromatography showed the presence
of at least six compounds, one of which corresponded to indole
and snother to 2-methylindole. However their separation and

identification was not effected.

Neallylaniline.~ Neallylaniline (55 g.) was refluxed

over the catalyst (prepared from 62,5 ge of alloy) for 50 hr.
at 190°, The reaction mixture was filtered and the catalyst
washed with hot benzene (500 cecs) and hot ethanol (600 cece)e
The solvents were removed by distillation. A part of the
reaction product (30 ge) was sepasrated into basic (19.1 go) and

neutral (7.9 g.) frections. Distillation of the neutral
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material gave a brown gum (4.9 ge), bepe 80-215°/C.2 mm,., and a
tarry residue (25 g.) from which no pure compounds were isolated
by chromatography on alumine. Ges-liquid pertition chromatography
of the distillate showed the presence of a trace of 3=-methylindole
end one unidentified compound (retention time at 236%: 9.8 min.).
Paper chromatography also indicated the presence of 3-methylindole.
Distillation of the basic fraction gave a liquid (16.8 g-).
beps 80-116°/16 mm., and a residue (2.12 g.) which yielded no
pure compounds when chromatographed on alumina. Exemination of
the distillate by gas chromatography showed the presence of
aniline (5 g.), starting material, and a trace of a third
compound which had the same retention time (at 205%s 2,10 min.)

as N-propylaniline.

o-Ethylaniline.~ o-Ethylaniline (100 g) was refluxed

over the ceatalyst for 50 hr. at 210-216°, The reaction mixture
gave a positive Ehrlich test after 5 mine. refluxinge. The
cotalyst was removed by filtration and waghed with hot benzene
(400 cece) and hot ethanol (600 cec.), the solvents being removed
by distillation.

A part of the first filtrate (40 ge) was dissolved in
ether (35 c.0s) and added in 26 cec. lots to the third tube of
the countercurrent distribution aspparatus. Ether was transferred

through the system until no positive Ehrlich test was obteined
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(2 1.)e¢ The ethereal phase gave the neutral fraction (4.2 g.)
which was distilled to give a liguid (2.0 ge), beDe 60-1600/
Ue5 mme The residue (2.0 g.) was chromatographed on alumine,
and elution with light petroleum (beps 40-60°) yielded (CH,)
(0e3 go), meps 59-60°, Trace amounts of several compounds
were eluted with light petroleum (bep. 60-80°) end benzene,
but none were characterised. Paper chromatography of these
fractions showed spots corresponding to carbazole and
diphenylemine as well as a number of unidentified compounds.
On elution with ethanol & black tar (C.88 g.) was collected
which was not further examined.

The neutral fraction, bepe 60-160°/0,5 mm., was
dissolved in benzene (2 ce.c.) and injected into the Beckman
tiegachroms Trap 1 contained a trace of 2-ethyleyclohexanone
which was characterised as its 2,4-dinitrophenylhydrazone, mep.
162-163° (1ite, 2% mep. 162.5-163,5°), golden needles from
othanol (Found: C, 54.8; E, 5.65 @I, 18.,5; 0, 20.8. Calce
for Cy4Hyg0gNgt C, 56405 1, 5495 W, 18.3; 0, 20.9%). Trap
3 contained indole, mepe. 52°, alone and mixed with an authentic
sample. Traps 5 and 7 contained trace amounts of compounds
which gave positive Ehrlich tests, but the picrates were
unstebles The compound in trap 5 had infrared absorption bands
(in carbon tetrachloride) at 3470 (strong), 3070, 2998, 1450,

1340 and 1280 ow t. The compound in trep 7 hed infrered
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gbgorption bands (es liquid film) at 3450 (strong), 3050, 2950,
1448, 1338, and 1282 om~l, These compounds were not identified.
The overall yield of indole (3.8 ge) was based on its peak areas
Tubes 3=22, 23=32, 33-45, and 46-50 from the countercurrent
distribution apparatus were combined and worked up to give
(i) 53 go, (ii) 1345 ge, (iii) 1648 ge and (iv) 0.2 go
respectively of basic materiale Iio pure compounds were isolated
from tubes 46-50. Distillation of the basic fractions gave
liquids (i) bepe 83-102°/18 mme, (4435 ge), (ii) bep. 106-
110°/26 mne (12.77 ge), and (ii1) bepe 98-102°/18 mme (1592 go)e
Gas~liquid partition chromatography and paper chromatography
showed thet (i) contained aniline, o-toluidine, and g=ethylaniline,
(ii) consisted of o-toluidine end o-ethylaniline, and (iii)
contained o-ethylaniline and a trace of one other compound which
was not identified. The components of fractions (i) and (ii)
were separated with the Beckman Kegachrom and characterised by
their infrared spectra and p-toluenesulphonates. The total
yields of aniline (2.6 ge) and o-toluidine (745 ge) were based
on pesk areas. From the residues of the distillations of the

basic fractions, no pure compounds were isolated.

Neme thyl=o=ethylanilines= N-methyl-o-ethylaniline (56 ge)

was refluxed over the catalyst (prepared from 62.5 ge of alloy)

for 50 hr. at 210°. The gases evolved in the early stages were
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jdentified as ammonia and methane by their infrered spectra. An
infrared spectrum of the reaction mixture showed that carbonyl
compounds were not presents The reaction mixture was worked
up as described for o~ethylaniline and part of the first filtrate
(33 .{a.) was separated by countercurrent distribution. From
the neutral fraction (7.9 g.) were isolated (i) (CHp)y
(Ge25 go), mepe 59-60°, (ii) 2-ethyloyclohexanone (0.2 ge)
(2,4~-dinitrophenylhydrazone, mMepe 162-163°, identical with that
obtained from o-ethylaniline), (3ii) carbezole (0¢35 Zo)s MePe
and mixed meps 241°, and (iv) a mixture (5.4 g.) of indole (20%),
Z-methylindole (607), and en unidentified compound (retention
time at 234°: 4.9 min.) which did not give either a
p-toluenesulphonate or a stable picrate, but gave a red colour
with p-dimethylaminobénzaldehydes

Tubes 3~12, 13-22, 23~36, 37-44 were corbined end from
the distillates were isolated (i) aniline (133 go), (ii)
o-toluidine (1.97 go), (iii) o-ethylaniline (9465 go), (iv)
N-methyl-o-ethylaniline (8.1 ge), and (v) a trace of an
unidentified base (retention time at 196°: 449 mine)s The
residues from the distillations were combined (1.8 go) and added
to the material obtained from tubes 44=50 (0417 ge)e
Chromatography on alumina yielded no pure compoundse Paper
chromatography showed the presence of at least s8ix bases in

the mixture.
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1,2,3 ,4-Tetrahxdroguinoline.- 1,2,%,4=Tetrahydroquinoline
(11C go) wes heated under reflux over the catalyst for 50 hr. at
2250. A positive Ehrlich test and the formation of a chelate
with cuprous ions wers evident within 10 mine of +the commencement
of the reaction. 4 large volume of gas wes given off in the
early stages. One drop of the resction mixture was removed
each hre for the first 7 hr. and again at 21 end 22 hr. These
were examined by paper chromatography and this provided evidence
for the presence of quinoline, 2,2’ ~biquinolyl, aniline, and
o=toluidine as well as starting material. Similarly, paper
chromatography on acetylated paper revealed the presence of
indole and 3-methylindole. It was also observed that the
relative concentrations of the products increased with time.

The catalyst was removed by filtration and washed with
hot benzens (500 cece) end hot ethanol (500 GeCs), the solvents
being removed by distillation. Part of the first filtrate (20 ge)
wes dissolved in ether (55 cece) and added in 25 cecs lots to the
third tube of the countercurrent dis tribution apparatuse ILther
was transferred until no positive Ehrlich test was obtained (3 1ede
A portion (2 ge) of the neutral fraction (3.3 ge) was
chromatographed on alumine (600 ge) and elution with light
petroleum (1 les Depe 30-40°) yielded (CH,). (Oet ge)s mepe

59-600. On elution with two further light petroleuns (beps 40=
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600, 20 le3 Dbepe 60-800, 15 l.) no compounds were collecteds A
5o solution of benzene and light petroleum (b.pe 60-80°) was
used as eluent and a positive Ehrlich test was obtaineds 550 x
10 ceGe Fractions were collected on an automatic collector and
every tenth submitted to paper chrometography on acetylated
paper. The presence of 3-methylindole was observed and on
combining the 550 fractions and evaporating to dryness, a yellow
material (C.54 g.), Tepe 70-80°, was obtainede This was dissolved
in ethanol end a saturated solution of picric acid in ethanol was
added until no further precipitate occurrede The yellow picrate
of 2,2'=biquinolyl (02 ge)s Mepe 8nd mixed Mepe 201°, was removed
by filtration, and the red solution passed through a short colurm
of glumine. The ethanol was removed and the product crystallised
from 1ight petroleum (bep. 40-60°) to give colourless plates of
3-methylindole (Oe4l ge), mepe 93°, alone and mixed with an
authentic semplee.

A further 40 x 10 ce.c. fractions were collected and
paper chromatography revealed the presence of indole and
3-methylindole. These fractions were combined and evaporated to
dryness, but the mixture (o4 ge) was not further investipgated.
Another 400 x 10 ce.c. fractions were collected, and paper
chromatography showed the presence of indole. Combination and
evaporation of these fractions gave indole (0,018 g.); plcrate,

Mmepe and mixed mepe 174% On elution with benzene (10 1.)
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brown oil (C.69 g.) was obtaeined from which no pure compounds
could be isolated. Zlution with ethancl gave & black tar (Ce24 go)
which was not further examined.

After the first neutrsl fraction had been collected from
the countercurrent distribution apparatus, a yellow ethereal
solution (4 1.) was collected and concentrated to a smaller
volume (200 cece)e Dilute ammonium hydroxide was added and the
ether separateds A further extraction of the aqueous layer
with ether was carried oute The ether solutions were combined,
dried, and evaporated to dryness to give a pale yellow wexy
substance (1.69 ge)e A part (0.5 g.) was chromatographed on &
ghort colum of alumina. Elution with light petroleum (bepe
20-60°) ylelded (CH,). (03 go)s mepo 59-60°, and elution with
benzene gave no purs productse

The acid solutions from tubes 3-20 were combined and
treated to give a brown liguid (7.18 ge) which when distilled
gave a colourless liquid (649 ge), beps 110-118°/25 mm., end
a residue (C.15 g.) which gave no pure products when
chromatographed on aluminae Combination of tubes 21-31 gave
8 brown liquid (6.85 ge) which on distillation gave a colourless
liquid (448 ge), bepe 116-135°/25 mme, and a brown redidue
(1489 go) which was not examined at this stages Tubes 52-50

geve & brown solid (045 go) which on crystallisation from



- 132 -

ethanol gave colourless plates (Ced ge), mepe 123.,5%, This
compound gave a purple chelate with cuprous ions. Dehydrogenation
of the compound (C.3 ze) using the method of Prelog and
Szpilfogell®0 gave 2,2'-biquinolyl (0.08 ge), m.pe 194°% The

compound is 5,6,7,8=tetrahydro=2,2'-biquinolyl (Found: C, 83.2;

H, 6433 U, 10.9; M (éryoscopic in camphor), 227. Cygligls
requirest C, 83.1; T, 6.23 N, 10.8%; 1, 260), d .. (in ethanol)
249, 259, 303, 322, 337 m: (log € 445, 4.4, 442, 4.2, 440)s The
HeMer's Spectrum (CDCls) showed peaks at T = 8.1 (quintet)
corresponding to four protons as alicyclic CHy- groups, T = Tel
(quin'bet) for four protons 2 to an arcmetic ring, end a complex
region at T = 2.0 for eight aromatic ring protons.

Gas chromatogrephy showed that the liquids derived from
tubes 3-20 and 21-31 each contained three compounds. Separation
of the mixture from tubes 3=20 with the Beckman Megachrom yielded
(1) 5,6,7,8-tetrabydroquinoline (Found: €, 8l.2; K, 8433
¥, 1043+ Calce for CgHyqN: C, 81.2; H, 8.3; K, 10.5%)
picrate, mepe 157° (lite L8 op. 156°). Dehydrogenation of
5,6,7,8=tetrahydroquinoline using the above method gave quinoline
which was characterised as its picrate, mepe 2010, alone and
mixed with an muthentic specimene (ii) 2-Methyl-1,2,3,4-
tetrahydroquinoline was collected and characterised by its infrared
spectrum and picrate, Mepe 154°, alone and mixed with an authentic

specimen (Found: C, 5le4; I, 435 K, 1495 0, 29.9. Calce for
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C1eB1607Ngt €y B1el; E, 433 U, 14495 0, 29.8%). Further,
(iii) 2-methylquinoline was collected and characterised by
comparison of its infrared spectrum and picrate, meDe. and mixed
mep. 194°%,

Separation of the compounds from tubes 21-31 with the
Bockman legachrom yielded (i) aniline, (ii) o-toluidine, and (iii)
o~ethylaniline, identified by its infrared spectrum and p-toluene-
sulphonate, mepe 133°, needles from ethanol (Found: C, 65.4;

F, 6e3; ¥, 5e0e CypH; 70508 requires: C, 65.55 B, 6.2;5 T, 5.1%) e

A second sepesration of the reaction mixture by the
countercurrent apparatus wes carried out on twice the sceale used
previously. The neutral fraction (5.5 ge) on distillation gave a
801id (3e5 ge)s Depe 80-160°/0.5 mm., of which a part (3 ge) was
dissolved in benzene (5 ce.c.) and injected into the Beckman
¥egachrome. Denzene wes rejected and three fractions were collsected,
(i) indole (0.08 ge), mepe and mixed m.p. 52°, (ii) B3-methylindole
(1e4 ge), Mmepe and mixed e 93°, and (iii) e trace (0.006 g.)
of an unidentified compound. Gas chromatography of the mixture
of indoles showed the raetio of 3-methylindole to indole to be
5:1. The residue of the distillation (1.85 ge) was chromatographed
on alumine (20 x 3 cme) and elution with light petroleum (beps
60-80°) gave (CHy)y (0447 go), mepe 59-60°, Hlution with benzene

gave 2,2'~biquinolyl (Cet5 geo)y Mepe 194°, alone and mixed with
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an authentic sample. £lution with ethanol gave a black tar
(Oe44 go) which was not further investigated.

The aqueous phase of tubes 3=-21 was basified, and the
mixture obtained was distilled to give a liquid (6.95 ge), bepe
112-118°/25 rm., and a residue (0476 g.§ which yielded no pure
compounds when chromatographed on alumina. The distillate wes
sepersted with the Beckman legachrom into its two components,
5,6,7,8=tatrahydroquinoline, and 2-methyl-1,2,3 s4=tetrahydroquinoline.

fubes 22=-31 were worked up in the usual way and on
distilletion gave & liquid (10.37 Ze)s bepo 112-130°/22 rm., and
a tarry residue (Ce95 g.) which was not further examined.

Separation of the distillate was effected with the Leckman

iegachrome In this way were obtained (i) 5,6,7,8=-tetrahydroquinoline,
(ii) quinoline, and (iii) 2-methylquinoline, all of which were
characterised by their infrared spectra and picrates.

Tubes 32-41 yielded a liquid (9.58 Ze)y DeDo 80-1380/
22 mme, and & residue (2.72 g.). bxamination of the liquid by
paper chromatography and gas chromatography showed the presence
of aniline, o-toluidine, o-ethylaniline, quinoline and
2-methylquinoline. GSeparation of these compounds was effected
with the Beckman Legachrom, and they were characterised in the
usual waye

The residue was chromatographed on alumina (25 x 5 oms),

end elution with a 507 solution of benzene and light petroleum
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(beps 60-80°) gave 5,5',5,6',7,7',8,8!—octahydro-2,2' -biguinolyl

{1s0 go), meps 156°, s (in ethanol) 247, 28C, 317 mu (log

4.2, 4ed, 540) (Found: €, 8leds B, 7.75 N, 10.8; i (cryoscopic
in camphor), 260s CqgliopNa requires: (, 8l.8; I, 7.635 ¥, 10.6%;
i, 264)e This compound gave an orange-red colour with cuprous
jonse Uehydrogenation according to the method of Prelog and
Szpilfogellso (used sbove) gave 2,2'-biguinolyl. The nemer.
spectrun (CDCl,) showed peeks at T= 8.1 (quintet) corresponding
4o eight protons as alicyclic CHZ- groups, T = 7.1 (quintet)
corresponding to eight protons next to an aromatic ring, and T= 2.0
(two doublets) corresponding to four aromatic protons. Ko further
compounds were isolated in pure form when the columm was eluted
with benzene. Paper chromatography of this material (03 go)
showed the presence of et least four bases. Elution with ethanol
gave a black tar (045 go) which was not further examined.

Tubes 42~50 gave & brown solid (1.8 g.) which on
crystallisation from ethanol gave B,6,7,8~-tetrahydro-2,2"-
biquinolyl (0.91 ge), Mepe123.56° The residue was
chromatographed on alumina (20 x 2 cme) end 5,6,7,8-tetrahydro=
2,2'=biquinolyl (0.2 ge) was eluted with benzene/iight petroleum
(Deps 60-80°) (1:1 v/¥). lNo further compounds were obtained on
elution with benzene or eothers

The teble below lists the products from the reaction and

their yield in gramse
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1,2,3,4=Tetrahydroquinoline - Aniline 1.2

5,5,7,8=Tetrahydroquinoline 14.4 o~-Toluidine 546

Guinoline 15,0 o=Ethylaniline 07

g=-lethylquinoline 2043 Indole 1.5

2-isthyl-1,2,3,4=tetrahydroquinoline 8.0 3Z=lsthylindole 7.5

2,2'=8iquinolyl 1ol (CBy) 640
56, 7,8=Tetrahydro=2,2' =biquinolyl 240

5,5',6,6',7,7',8,8'-Octahydro-2,2'-biquinolyl 243

Juinolinee~ wuinoline (110 g.) was refluxed over the

cctbelyst, which had been degassed at 380° according %o the procedure
of "t'.:hi‘c'lsle,85 for 50 hr. at 236°. The reaction mixture was filtered
and the nickel washed with hot benzene (600 cece) and hot ethanol
(600 cecs)s The solvents were removed by distillation. A pard
of the first filtrate (38 g;.) was separated into basic (3741 g.)
and neutral (048 ge; this corresponds to 1¢37 ge for the whole
reaction zﬁixture) fractions in the usual fashione The neutral
fraction was examined by papsr chromatography on acetrlated
paper and indole, 3~methylindole, carbazole and at least three
unidentified compounds were detscted.

Distillation of the basic fraction gave a liguid (3544 g.),
bepe 118-120°/22 mne, and a residue (1.5 ge) which was crysitallised

from ethanol to yield £,2'-~biguinolyl (Co8 g.), MaDoe 195-1940.
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Paper chromatography of the distillate showed traces of aniline,
o=toluidine and 2-methylquinoline as well as quinoline. £ part

(10 cece) was injected into the Beckman Liegachrom and four

fractions were collscted; (i) aniline (p-toluenesulphoncte, niepe
and mixed mepe 103°), (ii) o-toluidine (p~toluenesulphonate,

Tepe and mixed MeDe 110°), (4ii) quinoline, (iv) 2-methylquinoline
(picrate, mepe and mixed mepe. 195°)s Three other compounds were

present in amounts which were insufficient to allow collection.

Yields (gz.) of beses:

Aniline Ce8 2-lethylquinoline 2.8
o=Toluidine 26 2,2'=Biquinolyl 2ed

Tndoline .= Indoline (50 ge) was refluxed over the
catalyst (prepared from 62.5 gs of alloy) for 50 hr. at 227°.
The dark reaction mixture was filtered, and the nickel washed with
hot benzene (800 cece) and hot ethenol (800 CeCs)e After removal
of the solvents, a part of the product (25 go) was separated into
neutral (16,05 g.) and bagic iractions in the countercurrent
distribution apprratuse.

Distilletion of the neutral materiel gave a mixture (845 Zeo)s
beps 85-160°/1 mm., and & residue (648 ge)s Chromatography of the

residue on alumina (30 x 4 o) vielded (CHZ)x (0ol go), Mmepe E9=
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60°, on elution with light petroleum (bep. 40-60°). Elution with
a 50% solution of henzene and light petroleum (bepe §0-8C°) gave
a brown gum (C.2E ge) from which no compounds were identifiede
Flution with benzene yielded Z,3'-biindole (4.0 ge), mepe 209°
(11-&..118 mepe 207-208°), white needles from benzene (Found:
G, 83s1ly H, 523 ¥, 11.9; i (cryoscopic in camphor), 210,
Gales for CigHy No: O, 82.7; 1, Be2; I, 12el%; K, 232)e The
ultraviolet absorption spectra ."max. (in ethanol) 236 shoulder,
290 ghoulder, 313 m: (log € 4.4, 4.1, 4.,3)  was identical with
that obteined by Youngel®2 Elution with ether gave a black solid
(0e8 go) from which more 2,3'-biindole (Co6 go) was obtained by
repeated crystallisation from benzene using decolourising charcoals
2,3'=Biindole gave & red colour with p-dimethylaminobenza ldehydee
Elution of the colurm with ethanol gave a black intractable (.48 ge)
tar. The ethanol washings of the catalyst (347 go) consisted of
2,3'=biindoles

Gas=liquid pertition chromatography of the weutral distillate
showed the presence of indole onlye Separation using the Beclman
lVsgachrom gave indole, Tepe 52°, and 8 trace of a second compound
(retention time 20 min.) which was not identified.

Tubes Z-22 of the countercurrent separation were corbined
end treeted in the usual fashion to give & brown liquid (256 Ze)
which was distilled to give & colourless liquid (2e1 ge)s bepe

76-130°/11 mn., #nd & residue (0.4 ge) which was not further
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investigatede Examination by gas-chromatography of the distillate
revealed the presence of anilinse, gftoluidine, and quinoline
(trace only)e. These were collected from the Beckman Megachron
and identified by their infrared spectra, Bftoluenesulphonetes
(aniline and gftoluidine), and picrate (quinoline)e

Tubes 23-32 yielded basic material (B3.C ge) which was
distilled to give a liquid (2.29 ge), Depe 84~100°/11 rm., and &
residue (0.6 go) from which no pure compounds were isolated by
chromatography on alumina. Investigation of the liquid by gas
chromatography revealed the presence of aniline, o-toluidine,
3fethylaniline (trace only), and quinoline (trace only)e These
bases were separated with the Beckman kegachrom and identified
by their infrared gpectra, gftoluenesulphonates (aniline,
o-toluidine, g—ethylaniline), and picrate (quinoline)s

Tubes 33=50 gave a brown ter (0.9 g.) which on chromatography
on alumine vielded e trace of o=ethylaniline on elution with light
petroleum (bepe 60-80°). Elution with benzene gave & brown oil
(0+35 go) which was not sdentified, and elution with ethanol gave

s black intractable tar (0638 go)e

Aylenee= Sulphur rree xylene (87 g.) was refluxed over
o
the catalyst for BU hre at 140 o ‘dnhe colourless reaction mixture
was filtered, and the nickel weshed with hot benzene (400 ceCel/

and hot ethanol (4CC GeGe)e The solvenis were completely removed
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by distillation (absence of benzene and ethanol was established
by examination by gas-liquid partition chromatography). £fter
the removal of the solvents, the combined benzene and ethanol
washings and the first filtrate gave 67 ze of reaction producte
Distillation of the mixture gave (i) bepe 80=130° (3.5 gel,
(1i) bep. 136-135° (15 ge), (iii) bepe 135=140° (1245 ge),
(iv) bepe 140-145° (28,9 go), and (v) bep. 145-146° (4.4 Ze)e
These fractions were examined by gas chromstography, and comparison
of retention times indicated the presence of benzens, toluene znd
xylene in fractions (i) and (ii). Fractions (iii), (iv) and (v)
contained starting materials

4 pert (2 cece) of fraction (i) was separated with the
Beckman iegachrom (conditions as used on page 120, with column
temperature 1200) and the following fractions were collscted;
(a) retention time 4 mine (Ce15 ge), () retention time 9 min.
(Ce3 £o), and (¢) retention time 12 min. (Ce4 go)y Fractions
(a) and (b) were shown to be benzene and toluene respectively
by comparison with ultraviolet spectrs of authentic samples.
fraction (c) was xylene. Iraction (1i) was similarly separated
to give benzene, toluene and xvlene.

The residue from the distillation (245 go) was chromatogranhed
on alumina, but no separation was achieved on elution with light

petroleunm (bepe 30-40°) .
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p-Toluidinee- p-Toluidine (89 ge) was refluxed over the
cetalyst for 50 hre at 1980. The 1ight brown reaction mixture was
filtered and the nickel washed as for aniline. After removal of
the solvents.the benzene washings were combined with the first
£iltrate and distilled, two fractions being collected; (1) =
liquid, bepe 80=115° (8 cece), (ii) p-toluidine (76 Ze)o
pxemination of (i) by gas-liquid partition chromatography showed
the presence of benzene (8%) and toluene. The residue from the
distillation was seperated into neutral (Ce6 go) and basic
(1.2 go) fractions. The basic fraction was starting meterials
{hrometography of the neutral fraction on slumina yielded (CHz)x
(0412 go), meps 59-60; on elution with 1light petroleum (bepe 6C=80°).
¥lution with benzene gave a white compound (Co03 go)s MeDe 218°
which gave a red colour with‘grdimethylaminobenzaldehyde. Lack
of sufficient materiel did not allow its charascterisatione.
Elution with ethanol gave a black tar (0.25 ge) which was not

further examined.

Quinoxaline .= (uinoxaline (55 ge) was refluxed over the
catalyst (prepared from 62 ge of alloy) for 5C hre at 223%. The
dark reaction mixture was filtered and the nickel washed with hot
benzene (600 ce.ce) and hot ethancl (800 cece)e The solvents were
removed by distillation and the benzene washings were combined

with the first filtrate. The ethanol washings (2.C g.) were
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crystallised from benzene/e‘bhanol using decolourising charcoal.
‘hite vlates of benzimidazole (1e7 ge), mepe and mixed Mepe 172°
were obtained.

Pistillation of the reaction mixture gave (i) quinoxaline
(14 ge)s bope 119-120°/24 mme, and (ii) a mixture (103 ge)s
DeDe 148-164°/2 mme ‘raction (ii) was extracted with lighi
netroleun (bepe 60-80°) and the extract chromatographed on
alumine (40 x 3 cme) and eluted with the light petroleum to give
quinoxaline (1e3 go)e ELlution with a 50% solution of benzene and
1ight petroleum (bepe 60-80°) yielded a yellow oil (Ue23 go) which
wes not identifiede ©n elution with benzens, a yellow oil
(Co7 ge) was obtained which gave & picrate Mepe 246° alone and
mixed with an authentic sample of _I_{-methylbenzimidazole pi.c:rsarl:em3
(Found: ©, 46453 i, 3e2; ¥, 19.4s Calc. for Cy4Hy;Cqlps
C, 46463 T, Bel; T, 19.47%). Further elution with benzene yielded
2-methylbengimidazole (1,58 go), tmepe 177°, nlone and mixed with
an suthentic specimen. The column was eluted with ethanol to
give a black intracteble tar (0457 ge)e The material not
extracted by the light petroleum (4.8 g.) was crystallised from
ethencl, and shown to be benzinidazole, MepPe e

The residue from the distillation of the remction mixture
(640 g,) was chromatographed on alumina (26 x 3 cme) and elution
with light petroleum (bepe 60=80°) vielded no compoundse Elution
with benzene gave (i) 2-methylbenzimidazole (Colb go), and (ii)

2 yellow oil (Ce05 ge) which was not characterised. Further
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elution with benzene gave & pale yellow solid (0.65 Ze)s MeDe
254~265%, which gave a wins red colour with cuprous ions. The
neMeTe spectrum (CDGlS) showed complex absorption at T = 2.2
for eight ring protons, complex sbsorption at T'= 4.1 for H-H,
and a singlet at 7= 0 for a proton - to a nitrogen atom in
a heterocyclic ringe The compound is suggested to be 2,2'=
benzimidezolylquinoxaline, ‘p,.. (in ethanol) 247, 267, 296,
361 myu (log € 4¢3, 3e5, 4¢1, 4.3) (Found: C, 72.8; K, 4.0;
N, 2340. CygHjoNs requires: C, 73.13 K, 4.1; T, 22.8%) .

on further slution with benzene & black solid (025 ge)
was obtained which on repeated crystallisation from ethanol
(employing decolourising charcoal) gave colourless plates, mepe
282-283%, pey, (in ethanol) 266, 272, 343 m. (log € 4.4,
4.3, 4+3)s This compound gave a purple precipitate with cuprous
ionse The nemere spectrum (CDCls) showed complex absorption at
2= 2,1 and 1.7 corresponding to eight ring protons, and & singlet
st 7°=0 for two aromatic protons < to a nitrogen atom in a hetero-
cyclic ringe The compound is probably 2,2'-biquinoxalyl (1ite ,154
MePe 074-276°) (Found: X, 21.7. Calos for CigHioly: W, 21.7%) e
Elution of the columm with ethanol gave a black tar (145 ge) which

was not further examined.



CHAPIER TII

The formation of biaryls from quinoline under the influence

of catelysts derived from the metals of Group VIII.



- 144 -

CHAPTER _III

The formation of heterocyclic biaryls from the parent
bages has been studied many times in the last eighty years.
2,2'=-Bipyridyl, 2,2'=biquinolyl, and their alkyl derivatives
have found many uses in coordination and biological chemistry,
and an economical preparstion for these compounds is essential.
By far the greatest number of methods used to prepare these
compounds employ metal catalystse 2,2'-Bipyridyl has received
more attention than 2,2'=biquinolyl and most preparative studies
heve been directed towards this endo.

2,2V =Bipyridyl is prepared industrially by the reaction

6,7

of pyridine with a degassed Haney nickel catalyste Fhen

applied to quinoline, this procedure gives a somewhat lower
Jield of 2,2'-hiquinolyle?®

Other methods for the vpreparation of 2,2'-biquinolyl
have been employed with 1imited success. The reductive coupling

of 2~bromoquinoline using palladium=on-calcium carbonate,

hydrazine, and aleoholic potassium hydroxide gave poor ,vieldsl35

136

which varied widelye Consistent yields can now be obtained

by this method.157 Similarly, poor yields are obtained in

40,136,138

Ullman-type condensationse The pyrolysis of calcium

- quinaldatelsg and quinaldinic acid in quinoline140 gave

2,2'=biguinolyle FIor both these reactions, an ionic mechanism

140

has been postulstede Better vields have been obtained by using
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the method of catalytic dehydrogenation with a nickel-aluminium

38,39,40

oxide catalyst in a sealed tube. then some elements

other than nickel are used as catalysts, other isomeric
biquinolyls are isolated. Using selenium, Ueda141 obtained
solely 2,3'~biquinolyl. Sodium;42 and sodamidel43’l44 have also
been used in the preparation of biquinolyls, usually with the
formation of 2,3'-biquinolyl. Recently, palledium-on-charcosal
was used as a catalyst for the formation of 2,2‘-biquinoly1.67

As both nickel and valladium catalysts have been used
to prepare 2,2'-biquinolyl it was thought that other transitional
metal catalysts might &lso be able to bring about this reaction.
Hence a comparative study of the dimerising ability of some
noble metal catalysts (supported on charcoal) has teen carried
67

oute Using the conditions of the palladium=-on-charcoal reaction

the ylelds of 2,2'-biquinolyl are listed in Table I,

Teble I
Catalyst tito of catalyst Yield of Yield expressed
(go) 2,2'=biquinolyl in g./ge atom
(go) of metals
5% Ruthenium/charcoal 2 - -
5% Osmium/charcoal 2 - -
b
5% Rhodium/charcoal® 5 11 4.5 x 10°

5% Iridium/charcoal 2 - -
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5/ Palladium/charcoal 2 0.66 7.0 x 10°
6% Palladium/chercoal® 1 470 1.5 x 10°
5% Platimum/charcoal 2 - =
#7=J Raney nickel® 6245 245 2.5

& 7Tpdicates a commercial catalyste
b 4,0 ge of 2,3 =biquinolyl also formed.

¢ Added for comparisone

As both the nickel and the palladium reactions yislded
2,2'-biquinolyl it was surprising to find that the platinun
catalyst had no effect on guinoline, since these metals belong
to the same Groupe. The difference in the yields of 2,2'=
biquinolyl obtained with the commercial and laboratory
preparations of palladium=on-charcoal must be related to the
methods of preparation of the catalysts. This is not surprising
as it is known that even different batches of the "seme"
palladium—on—charcoal catalyst (prepared according to the same
directions) can differ in activity in hydrog;enations.l45

Rapoport and his colleagues stated that the reaction of
quinoline with palladium=on-charcoal was "slean" in that only
2,2'~biquinolyl and unchanged quinoline were present in the

resction mixture. Kowever,in the present work traces of other

products were detected in the experiments carried out with
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palladium-on-charcoal catalysts. The quantities formed, however,
were too small to allow their identification.

lo dimerisation occurred when the ruthenium, osmium,
iridium, and platinum catalysts were used although traces of
unidentified products were formsde

Besides palladium—on—charcoal, rhodiun~on=-charcosl was
the only other catalyst to yield 2,2'=biquinolyl. In fact
the rhodium catalyst gave more 2,2'-biquinolyl than the nickel
and palladium catalystse However, 2,3'-biquinolyl (I) was also

formed in appreciable quantities.

(1)

vhittleS® studied the formation of 2,2'-bipyridyl from
pyridine with all the catalysts uged in the present study. IHe
showed that only palladium yielded 2,2'-bipyridyl, and thaet the
other catalysts, including rhodium, formed none. In all known
cases of biaryl formation, 2,2'=bipyridyl is formed in greater
yields then 2,2'=-biquinolyl on the same metallic catalyste It
has been postulated that the inferior yield obtained in the
resction of quinoline with degassed Raney nickel is caused by

steric interference of the benzene ring with chemigorption via
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the nltrogen att:m."’cz Rapoport suggested that better yields of
2,2'=dipyridyls might be obtained if the temperatures of the
reactions were higher. If a similar temperature dependence
exists in reactions with the rhodium catelyst, large quantities
of 2,2'~bipyridyls should be obtained when pyridines are
reacted with tris catalyst at higher temperatures.

Whittle pointed out that in the case of the formation of
2,2'-bipyridyl, the yield expressed as grams of 2,2 =bipyridyl
per gram-atom of metal was greatest with the palladium catalyste
In the present work the ylelds of 2,2'=biquinolyl expressed in
this fashion (see Teble I) show that rhodium is by far the best
eatalyst, followed by palladium and nickels The yield with the
rhodium~-on=charcosl catalyst is such that it warrants consideration
as a preparative method. /lthough 2,3'~biquinolyl is also formed,
it can be easily seperated from 2,2'=biquinolyl.

The formation of 2,2'-biquinolyl from quinoline over
rhodium-oh~charcoal, although not as specific e feaction as that
using degassed Raney nickel, it is at least specific to the extent
that only two isomers are formed. As far as the mechanism of the
formation of these biquinolyls is concerned, it is probable that
the 2,2'~isomer is formed by the same mechenism discussed earlier
for the formation of 2,2'-~biaryls under the influence of Raney
nickel (see pe 9).42 However, for the occurrence of 2,3'=biquinolyl

a different mechanism must be considered.
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It hes been shown that quinolinium salts in whick the
g-position carries & fractional positive charge, gy underyzce
nucleophilic etteck by the electron-rich 3-position of indole.146
Yor oxemnle, the reection between quinoline, indole and benzoyl
chloride vielded luhenzoyl—z-[indolyl-i3'.)]-1,2-dihydroquinoline
(11)s Furthermore, it was observed that in the gquivoline series

only £,3'=substitited compounds were isolated. {or pyridinium

selts, nucleophilic atteck by indole wes ohserved at the

4-pogitione
N
Py
N
coct A
S —
W] |\
G0 N
v’ l ] CgHsg H
NN N
H (11)

Ir the present reection @ guinoline molecule chenisorbed
by the catalyst msy be regarded as e rcsonance hybrid (of the
possible contributing structures only (III) end (IV) are shown)e
If 1t is assumed that these intermediates sre favourably situnted
sn the catalvst, rucleophilic attack by the more electron rich

Z-position of a quinoline molecule would lead 4o the intermediates
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(V) end (VI) (only shown with e positive charge localised
at the 4-position)e Elimination of two protons from (V) and

(VI) would yield 2,3!-biquinolyl and 3,4 ~biguinolyl (VII).

Inspection of Catalin models shows that for the 3,4'-isomer
to be formed, steric interference ocours between the 2, 4, 3' and

5' hydrogen atoms; but at this stage the formation of 3,4'~biquinolyl
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cannot be excluded. IHowever, as mentioned above, micleophilic
attack of quinolinium salts by indole has only been observed to
occur at the 2-position, and in this sense it resembles the
reaction of quinoline with rhodium.

The mechanism proposed for the formation of 2,3'-
biquinolyl is only tentative, and further studies need to be

carried out before a full understanding is gained.
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EXPERIMENTAL

Preparation of Catalystse=~ One 5% palladium-on-charcoal

catalyst end the 5% rhodium-on~charcoal catalyst were commercial
preparations. 5% Fslladium-on-charcoal was prepared according
to the method of ngel.147 57 Platinum=on=charcoal and 5%

iridium~on=charcoal were prepared according to the procedure

used for the palladium catalyst.147 5% Osmium~on~-charcoal was

prepared according to Zelinsgkii and Turove=-Pollack's method148

for the preparation of 25% oshium-on-asbestose 5% Puthenium=-on=
charcoal was prepared according to Zelinskii and Turova=-Pollack's

149

procedure for the preparation of ruthenium-on-asbestos.

leneral proceduree.~ =xcept where otherwise stated, the

reactions of quinoline over 5% noble metals~on-charcoel catalysts
were carried out as follows. Quinoline (25.8 g.) wes refluxed
over the catalyst (2.0 ge) for 24 hre Hot chloroform (100 cece),
was sdded and the mixture filtered through a sintered glass funnele.
The catalyst was washed with benzene (100 cece), and after

removal of the solvents by distillation, the products were
combinede The reaction mixture was then distilled under reduced
pressure. Analysis of the basic products in the distillate and
residue of distillation was carried out using paprer and gas=

liquid partition chromstographye
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Paper chromatogrephye= 2s for bases in Chapter I1I (p. 118).

palladium~on-chercoale~ (a) The distillate (24.8 ge),
bape 1zz°/b1 mme, wWas pure unchanged gquinoline. Crystallisation
of the residue (0485 g.) from ethanol gave 2,2'-~biquinolyl (0.66 ge)s
MeDe 192°. Paper chromatography of the residue indicated that at
least three other compounds were present in trace amounts.

(b) Using a commerciel catalyst (Baker) (1.0 ge), quinoline
(10 cec.) was refluxed with the catalyst for 24 hr. The distillate
(940 ge) was quinoline and the residue on crystallisation gave
2,2' ~biguinolyl (0470 ge)e Again the presence of trace amounts

of three other compounds was shown by paper chromatographye

Iridium=on-charcoale= Iieaction ylelded unchanged quinoline

(2543 geo) and a residue (Ce35 ge) which showed the presence of at
least two compounds by paper chromatographye {hromatography on

a short column of alumina yielded no pure producte The zbsence
of 2,2'-biquinolyl was shown by the failure to give a chelats

with cuprous ions.

Ruthenium~on-charcoale~ Unchanged quinoline (2544 go)

was recovered, the residue showing the presence of trace asmounts

of two compounds, neither of which was 2,2'~biquinolyle.

Platinumeon-charcoale~ Other than unchanged guinoline

(2544 g.), only trace amounts of two other compounds were

evidente Neither of these were 2,2'-biquinolyle.
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Osmium-on-charcoale= The distillate (264 go) was unchanged
quinoline and the residue (0e25 ge) showed the presence of trace

amounts of two other compoundss No 2,2'-biquinolyl wes formed.

Rhodiumeon-charcoale~ Guinoline (64.5 g.) was refluxed
over & commercially prepared catalyst (Baker) (8.0 ge) for 24 hr.
Tiithin minutes a colouration with cuprous ions was given. The
reaction mixture was filtered and the catalyst washed with hot
bengene (600 csce) and hot ethanol (500 cecs)e The solvents were
removed by distillatione. The ethanol washinge yielded & brown
0il (0.l g.) from which no pure compounds were isolated. £fter
distillation of the benzene from the reaction mixture, ethanol
(300 cece) was added and the solution cooled in an ice-bath.
2,2'=-Biquinolyl (9,0 ge), mepe 190-191°%, was filtered offe
Evaporation of the ethanol gave 54.9 ge of a brown 0il which
was dissolved in ether (200 cece) and extracted four times with
300 cece lots of 5% hydrochloric acide The acid solution wes
washed once with ether (100 cece) and combination of the ether
solutions after drying over magnesium sulphate and evaporation
to dryness ylelded 0.6 ge of neutral materials On chromatography
through & short column of alumina this brown oil yielded no
purs compounds. The acid golution was besified with ammonium
hydroxide solution, extracted with ether (3 x 300 cece), the
ether solution then being dried over magnesium sulphete and

eveporated to drynesse This yielded 54.2 ge of basic material
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which wes distilled,yielding fractions (i) bepe 117°/25 mm.

(5e1 go)s and (ii) bepe 118°/25 mm. (41.6 geje Un examination
by paper and gas-liquid chromatography unchenged quinoline was
detected. A trace amount of another base was detected in fraction
(11) by paper chromatography but this was not identified.

The residue from the distillation (7.0 ge) was ohromatographed
on & column of alumina (3 x 20 che)e Elution with light petroleum
(beps 60-80°) yielded quinoline (0.3 ge) (picrate, mep. 201° alone
and mixed with an authentic sample) .

Further elution with a 50% solution of light petroleum
(beps 60-80°) and benzens, gave (i1) 2,2'-biquinolyl (1.2 ge) and
a fraction (iii), colourless plates (1.2 ge), Mepe 170-190%,
Slution with benzene gave fraction (iv), colourless needles (Bes g4)s
mepe 175-176°, which was 2,3'-biquinolyl (1ites 00 mepe 176-176°)
(Found: C, 84453 I, 4e8; K, 10.64 OJalce for Cyghy, e O 84443
E, 4,73 1§, 10.9%)s Fraction (1ii) by paper chromatography was
found to be & mixture of 2,2'-biquinolyl end 2,3’ ~-biquinolyle
The ultraviolet spectrum in 95% ethanol of 2,3'-biquinolyl showed

maxima (log ¢ values) at 257 (4.8) and 326 m: (4.2)s
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