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SUMMARY

T LN Y T
e e e s

PAB§1;£3' Resulting from the work of Allan, Iengar and

Ritchie'

on the pyrolysis of 2-bensoyloxyethyl
terephthalate as & model cbmpamnd for the study of the
pyrolysls of polyethylene terephthalate ("Perylene®),

vinyl p-acetylbenzmoate has been prepaved and characterised;
on pyrolysis at QQOSOOO in the vapour phase, 1% yields a
pyrolysate containing p-diacetylbenszene as a major cOmpon-
ent. 'Otner predictable products were also observed (carbon
monoxide and dioxide, acetylene, p-acetylbenzolc acid,

acetophenone and an acid enhydride). The various bresk-

downn routes and their products are discussed.

PARYT TI: Tollowing the work of Bein® on the pyrolysis of

e e

anilino-nitriles a% ¢g.200-250%, 1-anilino-i.

cyanscyclohexane and the glis-trang isomeric paliyr t-anilino-

1=-cyanc-2-methylcyclobexane have been prepavred and pyrolysed
at 400-600°. These compounds decompose thermally by a
primary reversible dissociation to hydrogen cyanide amd the
corresponding anil at the Htemperatures used. There slso
takes place %0 & minor extent a secondary self-condensstion
reaction between the anils formed producing aniline(aﬁd‘a _
condensation prodmc@/idenﬁifiedﬂas chyelohexmﬂwenyficgégg:~
hexylideneaniline and 2-methyl-6, 2-methyleyclohex-i-enyl-

cyclohexylideneaniline. Carbazole has also been detected




&

o

20

in these pyrolysates, produced by secondary decomposition

of aniline. The rates of d@uompo sition of g¢is and trang 1-

WA R TI

on eyt e Ty

amilin0w4acyanOwEWmethylcyclohexang{have been studied and
bhe ¢is iscmer has been found to be considerably more stable

BRI ERRTER

than the trauns. The tranu isomexr has also been found to b#

converted.to a large extenl %o the ¢ig during the course of

the pyrolysis. These results are discussed in the light
of the moleculay conformations of the isomers and 1t is
auggusbcd that the anil 2-methyl uyaiohemylﬂd cneanilineg

exists in interconvertible syn and anti Torms.

[l

The ¢is and trang isomers of ?mh@.mayléﬂym?w@y&ncm /;

@ zmeza i HEy

2-methyleyclichexane have also been prepared and pycolysed.

n

The results obtained show that elimivation of bencoic acid

2

talkes place by & cig elininatory mechanism, following the

P

an ﬂ.

Saytzeff n»ule, These results are discussed in the Lignib
of felated worlk in thig field.

The structural conformations of both pairs of
isomers have been investigated aund established firom

physical and chemical evidence.
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PART T: Pyrolytic Formation of p-Diacetylibensene

Lrom Vinyl p-dcetylbenzoate.

et e R 28 K et

General Introductlion

8mithﬁ fivst demongtrated that esters counld be decconposed by
heat yielding an acld and an olefin, Since then, bthe
pyrolysis of esters has been widely investigated and con-
sidsrsble controversy has arl”ag}/CGHQanxnw the pessible //éa

decomposition rountes and thelr mechanism.

eracure on the pyroelysis of

112

L, -y e gy e N T P B T "+ B e .
hat egters cnd thelr bDahaylouy on

e . —— - P & .
cerborylic esters shovws ©

~ ,..s Bt o S o 5 " P - I L T Y o g T
pyrolysis may be diviced into fTwe clawses. Fhe Liost con-

4 ;.. £E by ey oy A =y T e, e e 3 En o Py - = g PR
sistes of allkyl and alkenyl carboiylsz tes which huove availables

C'(\

Behvirogen atons. These decompese oaiodly Dy an aluyleomyooso
or slieryleosygen scissioen, yvielding e corboxylie esld apd 2

olefis ¢r acebylene Tespechively, %thus:

“

Algwl R.OOA0A0H, X 4 et T (N WL ?3}1 o L, tCER A
s & ool 2 5 2 k

Alkenyl R QGQP»AE :CH HR? iy K aGQF;H + GHIC.H.,

et T

Th@ second class consists of esters which have ao avallable
ﬁmhydrogen,aﬁama“ Phese eghers require higher temperatures
befors decomposition takes place, .and the products of their
pyrolyeis suggest a free radical sschanism, the mnain brealk-
down route b@iﬂg an - acyi-oxygen scission forming two @&rb@myl
compounds, Few esters, however, pyrolyse exclusively by the

one roubte, ninor products formed by competitive breakdown
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. routes and reéarrangement reactions usually bdbeing present in
small gquantitlies in most pyrolysates. Secondary breakdown
of the products of primary scission also often takes place,
and occasionally primary breakdown products interact yielding
secondary compounds of high molecular weight whose presence
may be difficult to explain. These secondary products must
be distinguished from the products of primary scission in any
interpretation of resulis. The various types of breakdown
routes are discussed below under the general classification

of headings used in these laboratories.

Alkvl-oxyvgen scission AQ

In this type of scisslon, esters contalning one or
more f-hydrogen atoms split into a carboxylic acid and an
olefin,

6
? ¢ 0 0 ]

R.COq0~ G = C = H w3 R.COH +C 5 C vouuuanlh
. -9

v g v g
b
9

4.
Bthyl acetate decomposes by this route to glve mainly

acetic acid and ethylene.

etz

Me .COBE ~m—m=d Me.CO,H + CHy:CHy vevreneeud]

In many cases decomposition by thls route Takes place in
almost quantitative yield under the correct conditions, and

is often used as a method for preparing olefins.



A comparative study of t-, s-, and n-alkyl esters by
&,
Hurd and Blunclk” has shown that the thermal stability of
these esters decreases as the number of available p=hydrogen

atoms lanereases, as in the series:

R.COCHy.Me 5> R.CO,CH.Mey > R.CO,.CHey

Thus, pyrolysis of t-butyl acetate, isopropyl acetate and

g thyl acebabte gave the fellowing results.

AGO 00M83 ”"’““W‘"c‘m’% AQOH 4 Cﬁa :Gi"‘lez © 0o poano o0 B o o&m
(only products)
430-460°

4¢0.CHMe, w—————3 ACOH + CH,:CHMe (main Products). .. A

+ MeCHO + COMe, + CO {by~products)

525-530° ;
&QQuCHQMG ey R GOH GﬂazGﬂg (maipn products)....A

anesrEr

o M@CHQ “+ Hocﬂo <+ AQ;EQ < CE/"{;'

+ Hy + CH4:G0 (Ly-products)

Thesge Tesulbs also illustrate the inareasing cemplexity of
breskdown roultes as.the tenperature of pyrolysls l1s
inereased, though alkyl-oxyger sclssion remains the predonm-
inating rquﬁ@, The pyrolysis of secondary and tertiary
esters may take place either according to the Hofmann

pulég

in which elimination takes place Te produce the leasth
highly alkylated olefin or by the Saytzeff rul@} in which
the most highly alkylated olefin is produced.

Following the work of Ballay and Kiﬂgg and Balley,

©
Hewitt, and Kingjg who claimed that unsymmetrical secondary
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and tertiary esters pyrolysed under mild conditionz produced
- the least highly alkylated olefin exclusively in accordance
with the Hofmann rule,the direction of elimination in ester

pyrolysis has been extensively studled, thus:
- . o ’ l

ACO.CHMe .CHMe, ——=—3 ACOH + OH,:CH.CHMe, ......h
CH
Me OAc i
S Lj 4 AGOH  c.e...A
10

These results were éonﬁrary't@ those of Haay and Pipes ™,
who found thét when Smbaﬁyl acetate wes pyrolysed at 410
525@,the concentration of ‘d-butene varlied from 55-69%,

\ .
approximating to the figure expected from statisbleal
alinination of the neighbouring hydrogen atoms. The
remaivder of the pyrolysate was ¢ias and trang d-butens in
proportions appraximaﬁing the thermodynamic equilibrium
miwture. The previous ewample (pyrolysis of d-methyleyelo-
hexyl acetate) has been intensively studied since the alter-
native prbduﬁt of pyrolysis, d-methyleyclohaxene, has the
less strained structure and is the more thernodynamically

stable.

ﬁag reinvestigabing the work of Bailey et al.

L

Royals
by using the more accurate~analytigal techniques of gas—
Tiguid @hﬁomatégraphyg found that all secondary and btertiary
scetates pyrolyse to mixtures of @1e£im8{ and concluded thatb
Bailey s work was in error Qwing o his basing his resulis

on infrared spectroscopy. The work of Royals and other




[ayid

aéﬁ

workers has eséablished that methylenecyclohexane is formed
in only about 21% yield by py&olysis of 1-methylceyclobexyl
acetate,

CH,,
500° .

o U

2% (&t

Eglinton and Rodger -

s pyrolysing the acetates of 1
eyclopentancl, ¢yclohexanol, and cyeloheptanol at 4500g Fowndd
no specillcity #hth regard %o exo- and endo-isomers. The
main product in all cases is the sndo-ligomer. Benkoger and

Hazdra @

found that the acetate and xantha%e of alkyleyelo-
hexylcarbinols both gave similar Qlefin distvributions, and
concluded that the vnifying feature of their results was the
preferred formaition of ﬁhé mo#e therpodynamically stable

12 comcluded that, in

oiefinu Similarly, De Puy and Leary
some, cases the thermodynamic stability of the two olefin

products can be sb widély different as to become the over-
riding factor in‘detexmihing the direction of elimination.

?69 pyrolysing a series of mliphatic

Froemsdorf{f et al.
acetates where the olefins produced were of comparable
stabllity, found that the proportions of the olefins formed

were clese to the theorvetical statlistical values.



bt 0

1=-0lefin 2-0lefin 1-0lefin

caled.
statistically
$§4)€3
AcO.CHMeES sammeraconily 57% 4.4 60%
400°
AcQ@CHM@QGHm@E e 80% 0% 5%

Following the results of the workers quoted dUQV&$ Henksger,

17

Hazdrs and Burrows pyrolysed the ac@tateﬁ and xanthates of

D .
the series of alcohols R OaGﬁEtQGHRR where R o= GH%Q Cgﬁgg
7 B=Cplley, B-C, Hy and R = Ac or CS, e and concluded that ester
% &9 &
pyrolysis is governed by an interplay of three factors:
(1) statistical effects, (2) relative thermodynamic stability
of the olefin products, {3) steric effects, which help or

hinder the formabtion of the cyelic coplanar tzansition abate.

Effect of Temperature on the Directlon of Bliminatdon.

18 have *mmmd that the vempersture of

Houtmen % al.
pyrolysis bhas an effect on the olefin distribution in the
pyrolvsis of s-butyl acetate.

500" |
s QHESGHEE 4 MeCH: CliMe

56 489
AcQ . CHYMeRS ~

wmm%> @HQzQHE% + MeCH : CliMe
P4 2
400 257% 7 56

The Hofmann rule holds at the higher temperature, Lhe

. . €
Saytzeff rule at the lower. More recently, Balley and Hal@@



obtained similar results for t-amyl acetate.

400° '
mndp MEC:CHME  +  CHy:CMeB o

 E6% ' (arz
AcO.CMeEt ~

— Me C:CH.Me + CH, :GMeEt
2259 589% 4%

These results must remaln In some doubt, since Froemsdorflf
& o . . o I o s
et §iaq , repeating the latter pyrolysis, found similear olefin

19
7 has sugpested

distributions at all temperatures. Bailey
that Saytzeflf elimination is favoured in low-femperature
Tiguid-phase pyrolysis, and Hofmann 2iimination ln high-
tenperasture vapour phase gpyrelysis, saond ¢ites Ghe ewsmple ol
dimethylisopropylcardinyl acetate which abt «007 gives 88% of
2 5=dlmethylout-1~ene
TME A E L e ET s O WO Me
4&. CO 13 C’gl@a ' <i.-‘ . f’, GLK& o Q,‘Mii r»(, .&.,.E i(‘}‘?‘
B%
%ﬁ¢3;3C} :Gtie.,
A [ .

1%

£ 2

Tt should be noted, however, that these figures are very close

to the statistically predicted Ligures of 86% and 14%.

Efiect of Substituent Groups on the Directiocn of Blimination.

20 o

Bailey and Richglas investigating the eflfcct of polar




10.

groups substituted in the alkyl portion of the molecule found
that f-methoxy or B-dimethylamino groups did not alter the
direction of elimination. BExtending their investigations,

Balley and Kinga

examined the introductidn of unsaturated

e lectron-withdrawing groups into the P-position of the alkyl
group and found that the direction of elimination tended to
revert to Baytzeff elimination. Thus, f-phenylisopropyl
acetate at 450° produces a mixture of olefins contalining 75%

1-phenylprop-1~ene and 25% allylbemzeme.

AcO,CHMe,QHZPh s PHCH:CHMe  + PhCBQQGm:CHQ
450° 7 5% 25%
The introduction of a second phenyl group into the molecule
caused exclusive Saytzeflff elimination. Thus, B,;B-diphenyl-
isopropyl acetate yields only 1,1-diphenylprop-1-ene, cofm-

pletely reversing the direction of eliwmination.
AcO°GHMe=CHEP} ey AGOH M@GH:GPhE

./i'
Similarly, G01d2k has found that the nitro group afifects the
direction of elimination; f-nitroisopropyl acetate yields

“=nitroprop-1-ene, not 1-nitroprop-2-ene.
A.¢0 . CHe .CHoNO e MeCH:CH.NO, + AGOH

" BEliminationg from Cyclic Systems

While the factors affecting elimination reactions in
aliphatic esters are now well understood, eliminations from

cyelic systems would appear to be of a slightly different
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character. Bartonge has concluded that the marked prefer-
ence for Saybtzeff elimination from such systems was the
decreasing activatvion energy of unimolecular elimination HX
(vhere ¥ is the electronegative”igmg O, Cl, Br, I, ebc.) in

the following order:
. = “, .
primary ;>» secondary ‘%> tertiary

He consildered that these decreases in actlivation energy wers

the main factors influencing the reaction velocity and causing

praferential elimination towards tThe bridgehead, Thus,
22 ‘, : o
Barton et al.“" have shown that (~)-menthyl benzoate on

pyrolysis yields a mixture of two iscmeric olefinms, (+)-p-—3-

menthaine and (+)~p-2-menthene

B BEY

An even more striking exanmple is the alwmost exclusive
Saytzeff elimination of acetic acid from trang-i-acebory-2-

acevoryeyeclohexane , giving i-acetoxycyclohex~1-ene.,

&
~
&
|
A4
$
+

e
>
&R
5
&
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Recently, however, there have been many conflicting resulis
in this field. These will be discussed later in relation

to the analogous work of the author.

ﬁemhamism of the Blimination Reaction.

The mechanism of olefin formation, proposed by Hurxd
and ElumckE is a molecular mechanism involving the formation
of a transient six-membered ring by hydrogen bonding of the

B-hydrogen atom.

B Ry Iiffa
; H E H H
Eiz%%% s A H %%“63
SO AR Ry O SRR /
B, | "0 E 0
1;%'." | 3(‘;2‘ }? 4

Thisg mechanism, though criticised by Houbtman gg'ginqg o the
grounds that there ig neo evidence for hydrogen bonding at
high temperatures, is now generally accepted. A lexandexr and

Mu&rak25°26

also favoured a c¢yclic transi?iom gtate in elim-
inations fromlx&nthatese The mechanism has also been
supported b&'Arnoldg Smiﬁh$ and Doﬂs&ngg7 from their work on
cyclic acetates. De Pﬁy et §;316 have shown that the carbon-

hydrogen bond is being broken in the transition statvte but that



ey

12,

the acidity of the hydrogen atom being removed is not of
primary imporbtance, though this may not be true for extremely
acidic hydrogens. ~B0rdwe11 and Lanﬁisag consgldered that the
trangition state is best described as one in which both carbor
hydrogen bonds and carbon-oxygen bonds are to a large sxtent
broken and a great deal of double bond character hag developsd

but in which no appreciable chamge-separation ls evidenb.

Infiuvence of the Acidic Portion of the Ester.

Although most pyrolysis work has been done with
ae@tatesw other acid estvers are occasionally preferred. Thus.
Riﬁchi@zg pyrolysed benszoates, and Bartanaa hags reviewed the
pyrolysis of the benzoates of several sterols. Bensoates mej
have sdvantages over acetates in this work, as they are more
easily purified and characterised owling to thelr higher melvix
point. It has been foundﬁo?ﬁq that b@m@o&tés give highéf

conversions than acetates, and that the exbtent of pyrolysis i:

directly related to the pKa of the corresponding acid.

¢is Eliminatiogs from Cyvelic Isters.

Hurd?® first pointed out that the formation of Ci0., by
P
the pyrolysis of the diacetate of tartaric anhydride mast
proceed vla acetoxy maleic anhydride formed by c¢is eliminatiox

of acetic acid.




%o

AcO : . AcO
\ W ey
j,c wemmres GO '] \
G === GO
;0 N\ AN
S Eé 0 + AcOR
H //
~ HC - CO
G ~——C0 S _—
, _
&
AcO P2 .
Barton™ has concluded from a survey of the elimination

reactions of a large number of xanthate esters that as a gener-
al rule for elimination by unimolecular thermal decomposition,
the four centres of elimination must lie suitably disposed

with respect to each other in one plane to ensure the mini-
migation of the activation energy, and therefore cls stereo-
chemistry must be demanded in the reactant. Thus iso and

neo thujyl alcohols gilve only products formed by ¢is

e limination.

H

ﬁ"ﬁ‘ H
'{fx 1309
i )

o thujene

. OB o
o . 183
—— T B thunjene
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The concept of c¢is elimination will be discussed more fully
later in this woxrk ipn the light of related results by recent
workers.

Alkenyli-Qxygen Scissioi Aa

This type of scission, which may be regarded as a
subdivision of the &i scilssion Ls confined to alkenyl esters
which may break down to give a carboxylic acid and an

acetylene.

I [

RGO, € ¢ GH  weecesde  ROOQH + C 0 wuoveo.oh®
“ P
The mechanism for this scission is probably similar to thad

P
of the éi sclission. Vinyl benzaaﬁe5) has been shown to brealk
down by several competitive routes, among them being a wminor

seission to beanzoic acid and acetylene.

#00°

EZO@H:CHE

\gf

Bg()ﬂ - G;&%GH oooooooooﬁg

Similarly viayl acetate gives small amouunts of acetic acid

and acetylene on pyrolysis.

ameITh

40 .CH:CH, ety AGOH 4 CHICH  oeouooneod®

Alkyl-Oxygen Scission in Methyl Esters A°

Methyl esters, having no E-hydrogen atoms, thus
preventing alkyl-oxygen scission, require much higher tempera-

tures before decomposition takes place. Alkyl-oxygen scission
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has however been shown to occur in certain methyl esters ev
very high temperatures yielding an acid and an olefin as in
a normal &i scission, the olefin presumably being formed via

a transient diradical.

]

RCOuO{‘;I‘I mwm"“% ROOOOH A /C ' woooo@ooai}i
|

} ]
RCO.OH + % C:0C
Ll

ﬂ

This type of scisslion has been designated ége P@ytral§4 hag
shown that methyl acetate at 1100°% gives small smounts of

acetic acid and ethylene although the predominating reaction

is a gﬁ acyl-oxygen scission.

!

m‘:”"_?;"ACOH K ‘}{‘2 GE&? :0&12 0D 0 oo e s o0 c;%i

1100°
AGQOM@ it =4

l— HeGHO + H.CHO ~—=32 CO + CH, + Hy .....B°

&2 scission has occurred only as a minor breakdown route in

all recorded cases.

Aeyl-Oxygen Scission

An ester ﬁiﬁh no ﬁmhydrog@na usually requires a highexr
temperature before rupture inthe molecule takes place owing
to its increased vhermal stability. The predominating
reaction when breakdown of the ester does occur is an acyl-
cxygen scission. In this type of scilssion, Tupture occurs

between the acyl group of the ester and the ether oxygen
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followed by transfer of a hydrogen atom from the acyl group

or from .the alkyl portion of the molecule. - These types of

breakdown are designated @i and @i respectively.

Bq Seission

This type of scission occurs rarely in ester pyrolysis:

in it a keten and a hydroxyl compound are Lformed

SNed 4 . | 1
,1"5 CHQOO b QCI{ mw”‘w‘“’;}"‘» Gﬁggg & I{OOGH uounaoonE

This route takes place only to a minor extent if at 2ll. AR

important exception is the decomposition of phenyl acetate
which breaks down entirely by a Qi scission forming lketen and

phenol,

AGOnPh ”‘mm"“f}’ GH?:G:Q 4 E’IQPh oouooaoa%i:i

e
» o * 03 } sl "
Phis ovyrolysis has been extensively studied” as a method for
the prepavation of keten, Similarly phenyl propionste
decomposes at 60n® to give small amounts of methyl keten and

phenol.

MeCH,,CO0Ph —~-gp NMeCH:C:0 -+ HOPh coeacenasB!

eTacTe

lMore rec@nﬁly§5 1% has been found that Qi seission is a major
competitive roube in the pyrolysis at 500° of isopropenyl

acetate, producing keten and acebone.

]

2 0.CMe : OH C o o
ﬂ@GOOOuCM@,GRE mmmm?pGHQ,GO + (HOaQM@.QHa)mmaneGQM@

L
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B” Seisslion

This is the more normal type of acyl-oxygen scission
met with in ester pyrdlyéisu In it, two carbonyl cémpoumds
are formed by migration of a hydrogen atom from the ¢ posi-
tion in the alkyl portion of the molecule to the carbonyl

group of the ester.

>C:H00§QGI‘I< mwm§\?>GHCHO Ll O=C< ooooooacooaBa

e scission 1s the predominating scission with these esters

B-
which do not possess B-hydrogen atoms. - Many sxamples are
guoted in the literature. Thus Hurd and Bennett36 have
shown that the major scission product of benzyl benzoate is
benzaldehyde via a Qi acyl-oxygen scisslion.

PhCOSOCH,Ph =3 2 PhCHO

@

This is a straight thermal reversal of the Bischbtschenko
reaction used to prepare this estver.

2 have found that isopropyl

Sdmilarly Hurd and Blunck
acetate although it decomposes mainly by an &l seission Lo
acetlic acid and propene also yields acetone and acetaldehyde
by a minor gi scission.

27504607
4¢0 . CH{Me) o040, MeCHO COMe B2
o W 2 ‘?) - wg 900000 00w 0l

—

=

An interesting feature of the @E scigsion 1s that there are
several exanmples of Bg scission vaking place via an atom ox

wroup other than & hydrogen atom. Thus Bennets and Ritehie~’



found that I~cyanolsopropyl benzoate decomposes by two
primary routes, one béing a @i sclission Inveolving nigration

of the cyano group.

preste)

m%, BZOH 4 GH?:CMGGN 9o 6 8 e 0 0 :a.é\.l‘§

A
BZOOGMeEGN R
= : e
fye= §" BEGN <+ COME‘?‘ oooueoo°£w

Similarly JenesBS has fo@nd that the main breakdoun rouvie of
-
a-cyanobenzyl acetate 1s a B scission involving migration of

the cyano group.

- » ! Ty
ACG . CHPHON ——e— |AGON| + PhOHO U
MeCN + CO

Decorbonylation and Decarboxylation

Decarbonylation Gq

Decarbonylation reactions are frequently met wibth in
ester pyrolysls, mét as primary scissions bubt as secondary
reactions. of carboxyl compounds produced by pfihary scission.
Thuﬁ[aa@tal@@hyd@(&éeommon product of ester pyralyﬁisf) )
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decarbonylates at #400° to metbane””.
MECHQ -e——3 HMeH + CO N

Similarly b@ﬁzéyl cyanide has been shown Yo decarbonylate
easily to penzonitrile

- a70° .
Phcocm m""ﬁﬁ Phcm + GO covco6coo0ao ogm



There are few ewamples of ester decarbonylation in the
literature. Phenyl formate decomposges quantitatively at

550° by the ¢

pein

route
HQQ»GPIQ st Hoph + QD ° o‘o seeo0o0o og}l

Pyruvic eagters have been found by isotopic $tracer technigues

to decarbonylate yia the ester carbonyl group rather than
42 '

the a~-carbonyl group. e.g. ethyl pyr@v&t@:

L n O '
QQQEXQQ%'GO + G0, {+ other ) L

H@GO;GOgﬁt products) &

s 2
Decarboxylation C

Until recently, very few examples of ester decarbogpyl-
ation had been recorded in the lit@ratareﬁ poasibly since iﬁ
nsually occurs only to a very minor extent and the resulbing
products may be difficglt to identify. Robexrts and B@wden%ﬁ
have reported bthe ﬂecarbaﬁylatign of triphenyluethyl formate

at ﬂQOQO

-

E‘XCOQ GCP}1§ w“m*:f}? EQP§1§ LA GQB . R EEEEEEE) oC{Jﬁ”h

Hrmeas

The formation of methyl benzoatve from dimethyl phbthalate was
4 .
ﬁ@nsid@red&%'%e proceed predominantly via a decarboxylation

step to methyl-o-toluate followed by decomposition to methyl

benzoate.
— -
fﬁﬁ%ﬂGOOM@ 600° gﬁxgco@m@ @o = gaoam@
L%yf”GDOM@ - o He 2 ' RN

- “‘ + hydrocarbons
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Similarly Szware and Taylor45 have.foqna that benzyl benzoate
d@earboleates at 650-7007 to diphenyl methane.

PhCC)gCHgPh ”""‘“’“‘% Phacﬁa -+ (302 TR EEREE og;m

ot
More recently winyl benzoateBJ and phenyl acryiate”®! have
also been shown to undergoe decarboxylation reactious.

400-500° " 5
BZO‘GH:CHE mm} PMHSCHa + GOE e 000004 eG

wrnstney

550° B
GEIQ?CHCQQP ‘“’mw"’m’@}.&) (ﬁ'ﬂa EQHPh b GOE 20 00o000¢a D(d'

e

I3

. . / o
The thermal decarboxylation of esters is probably/ therefore, .,

a much mnore common reaction than was at first thought.

Mechanism of Decarboxylation and Decarbonylation

45

Szwarc and Taylor in their work with benzyl benzoate
attribute the carbon monoxide and carbon dioxide in the
pyirolysate gas to free radical reactions. Thus they assumed
the first decomposition reactlion to be the formation of

benzoate radicals followed by their decompasitioﬁa

PhCOO.CH, PR ———=—=3 PHOOO° + <CH,Ph  o..o.o()
PhCGOO. mommeme=Sy  PhLo + GO, coosool)
In support of this mechanism diphenyl, diphenylmethane and
dibenzyl were identified as main products of The decomposition
reaction. The carbon menoxide produced was avtributed te the

reaction sequence
= Phil + FPbhCOQCHPh

Phe 4 Ph.COOCH,Ph
PRCOQ .CHPh 3 Phe & GO 4+ PhHCHO



The benzaldehyde in the pyrolysates was roughly proportional

to the carbon monoxide evolved.

Rearrangenent Reactions R

There are few examples of purely thermal ester
resrrangenents in the literature. There are however sevaeral

examples of an allylic rearrangement by crotyl esters.

; 4
Thus HMorell el g£,%6 found that j-acetoxybut-1-ene

underwent rearrangement o f-acetoxrybut-2-ene.

455°
A&OCHM@bGH:CH? s st M@GH:GHOCHQOA@

45

Similarly Manuel and Brace found thatb during the pyrolysis
of S-acetoxy-3-cyancbub-~i-ene gome J~acetoxy-i-cyanobut-2-ene

was formed.
AGOOGGNMGCH:CHB B ) AQQ@CH?GH:GCNMe

Rearrangements may take another form in whicn the product may
be a ketone rather than an ester. Young e% 3§048 have shown
that isopropenyl aceﬁate and cyclohex-i-enylbenzoalte rearrange
to isomeric P-diketones on pyrolysis.

MeCO,,.CMie £l 20075, weco. CHACOME  ovvvcenves

OCQPh OPh
mi@‘;g‘m "“"%O qenoaooooanB.é;

This reactaoﬁ has now been found to be reversible at 500° 95@

Allan and Ritahie%g

have shown that vinyl benzoate undergoes
a thermal rearrvangement to e lablile keto-aldehyde followed by

i
decarbg#yl&ti@na
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PhCO .OCH: CH,, >  PHCOCH,CHO RPN 3

y

Phc@me + CO 06“00000080&1
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Introduction

In recent years polyethylene terephthalate ("Terylene“)
has achieved considerable commercial importance as a textile
fibre. The fidbre is produced from the polyester chips by the
melt spinming process ab 280°. This temperature is critical
since atv ca. 300° decomposlition of the polyester ocecurs with
the production of low moleculasr welght material which dimin-
ishes the desirable propexrties of the polyester. Consider~
able attention has therefore been directed teo a study of the
thermal breakdown of the polyester and the resultant product.
Owing to difficulties encountered in studying tvhe thermal
breakdown of the polyester itself, the work was continved by
o studying the pyrolysis of model compounds represenbting vavious
segmnents of the polyester chain. Two of the pringipél (o e3 B8
pournds studiﬁdq were Z2-benzoyloxyetbyl terephthalate and its

chilorine labellied analogue.

BZQOH2GHEGOE<fTi§>OQQGEQGEEQRz

! c:!m@eogcﬂa;ﬂpo?{ N OEGHEGHQOEC</15>01

%
From pyrolysis of these compounds and related wcrk9§°49g a

fairly complete picture of the behaviour of the polyester omn
pyreiysie has been cbtained. Because of the presence of
avallable PB-hydrogen atomsz it was to be expected that the

primary reaction on pyrolysis would be alkylw@xyg&ﬁ'ﬁmiasion
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t the ester linkages a, a'; by, b' giving different vinyl
egters

9
EMQGH G QOEQ \\.@QﬁﬂﬁzﬁﬂgOﬂm

a b b al
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Ope of the expecied products from pyrolysis of these compounds
was p-~dlacetylbenzene, produced by two successive &l aclissions
of the molecule Followed by two rearvangenment/decarbouylation

reactions d@%@rlbed by Allan and th@hie$7

B?bﬁﬁqﬂﬁgmgG ;ﬂ\cu GRQCHQQE&

a—.nte‘!'_'n

w

GEiQ:QH%C:'{/ ‘ycoaﬁz{:mg + 2 BzOH

T

-

j/.% /Gt
11eCO </ j">coiﬁe + 260

Mo

Nevertheless, bThough carefully sought, p=diacetylbenzene was

‘not detected as a breakdown product.

This was surprising sinceé the work of Poh1509 and.



) | .
Marshal and Todd”! has indicated that the competitive A

scigsiong of the polyést@r chain are truly random and thus
terephthalic acid and its mono and divinyl ester should have
been formed in roughly equivalent amounts, the latter com-

p ound divinyl-ﬁewephthalaﬁ& being the precursor of p-

diascetylbenzene.

GHH:GHQHG MQ GH Gﬁ g GHQ:GHOQG ﬁ}cocﬂﬁ

} r/CT
4

IR,

\E,
necod/ j}QQE’i@

p-Dilacetylbenzene shaml@éther@fayaﬂhaV@ been present in

detectable anounbs since the R/’(;!/é rountbe has been shown Lo be

i~
WD
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the pajor scission route of vwinyl esters and terephivhalic
acid itself wasg identified as a major product ol pyrolysis
of both esiters.

Te aceount for the npon-identification of p-diacetyl-~
benzene 1t was smggeﬂte&ﬂ thet edther divinyl terephithalate
deconposes predominantly by the giég reaction by reaction
with carboxyl end-groups in the pyr@1y83t97 Sh@WﬂSg to be a
majoxr scission route of ethylene dibenzoate or that the
electronic structure of the intermediate wvinyl p-acetylbenzoate
18 so modified that the second vinyl esbter group breaks down

by one of the other possible competitive routes.
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It was considered that the former explenation was
the more likeiya In order to verify this theory therefore
1t was decided to prepare and pyrolyse vinyl p-scetylbengoate
in order to f£ind out whether Emdiaaetylbénzen@ was a major

product of pyrolysis.
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Discussion of Resulbs

Pyroiysis of Vinyl p-Acetylbenzoate

The present work has shown that in accord with the
. : 4 ‘
work of Allan and Rit&hje&g ont vinyl benzoate, the predomn-
inating breakdown route of vinyl p-acetyl benzoate at 500°

~is the R/C! reaction already described yielding p-diacebyl-

R -
M&CO<€ij>WOECH:GH8~ww%® mﬁﬁO«/ﬂ§>COGH?QHO
. S e/ ”
J (0
L

MeCOéynj>COme

=

benzene.

The view of Allan, lenger an@LRit@hieq)th@rafof@)kﬂat)their
failure vo detect p-diacetylbenzene as a breakdown product

of ambeﬁzoylaxyeﬁhyl terephthalate and d-p-chlorobenzoylethyl
tersphthalate was caused by the diketone belng prodused in
amounts too small tg be detected is%ﬁherafore[gonfimmedo % /27
was suggested that vinyl p-acetylbenzoate and its precursor
diviﬁyl terephthalate formed during pyrolysis, reacted with
carboxyl end groups in the pyrolysate forming ethylidene com-
pounds which then disproportionated into acetaldehyde and an
acid anhydride. It ia of interest,therefure,that‘an acid
anhydridé was detected in the pyrolysate of the ester possibly

formed by the combination of p-acetylbenzolie acid - a product

&
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of pyrolysis - and the ester to an ethylidene compound

followed by disproportionation

> <\ /
M@CO<{MQ\ CDQGH,C%K + HQEG Z@%;>GOM€ M-
N&CO<€jj§%@CO

f Y
— Me — .
mco{} COCH - oac:{i} COMe 3 mco(}co/

Me?bHO

The anhydride may also possibly have been formed by the

dehydration of 2 molecules of benzoic acid.

One of the possible scission products of vinyl p-
acetylbenzoate is p-vinylacetophenone formed by a decarboxyl-

ation of the ester itself thus:

~CO =
m@co{z §o@2<:ﬁ:cﬁa £ m@c@( §>cﬁ;c,ﬁa

Allan, Forman and Ritchi@§§ have sbown that vinyl benzoate

undergoes a similar reacticn.yi@l&ing styrene , though only
to a very minor extent. Nevertheless p-vinylacetophenone
was not detected in pyrolysates of the ester, though very
carefully sought for. Paper chromatography of the mixbture
of 2,4 dinitiophenylhydrazones from the pyrolysates showed

two unidentified spots, one of which may possibly have been




that of vainylaeatophenonéq Column chromatography of the
2.4 dinltrophenylhydrazones also faliled to debect the ketone.
1t must be coneluded therefore that vainylac@tmphemmna‘if

formed is present only in very small amounts if ab all.

Other Products of Decomposition

(a) Acetylene and p-Acetyibenzoic acid

" These two compounds found in the pyrolysate sre Lormed

%ogather;by an &i alkenyl-oxysen scission of the esten

zq@cm< \ COL0HCHy  —rrm m«aco{ §Q0051 + CHICH

Ty
RS

This is a minor reaction anly. hAocetylene formed 1=-24% of the
pyrolysate gas. it can be seen Lherefovre that only small
amounts of acid ave avallable for reaction with the ester by
the &1£§ reastion. During pyrolysis of the lavger model

¢ ompounds , however, @arﬁexyliﬁ end groups are formed in large

nunbers by ﬁﬁ

Fhactain

sciasions.

{(b) Carbon Moneoxide

Carbon mronoxide ls present iﬁ:th@ pyrolysis gas in

learge quantitiles, f@rmed by decarboxylation of the inter-

-

. /
-mediate rearrangement product{gma@ekylb@nznyla@etaldeﬂyde, Ay

the major breakdown product of the esber.

| 0 -
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{(¢) Carbon dioxide and Acetophenone

Carbon dioxide is almost certainly formed by
decarboleaﬁion of p-acetylbenzoic acid to acetophenone
although decarboxylation of the ester to Bmvihylacetuphenone
is formally possible. Allan, Iengar and Ritchieq have shown
that p-acetylbenzoic acid pyrolysed for 40 min. at 500° is
decarboxylated to the extent of about 25%.
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Apparatus and Procedure

Flow Reactor:- The pyrolysis unit was similar %o that

shown in the accompanying diagran. The reactor consisted
of 2 Pyrex tube packed with small lengths of glass tubing
held vertically inside an electric furnace. The tGemperature
of the furnace could be controlled to + 5@ by a series of
resistvances and a "Simmerstat” energy controller. The
temperature lnside the furnace was measured by a chromel-
alumel thermocouple. Various reactblon vesscls were used as

reguired. Their dinensions are given below.

Reactor Heated length Bore Free Volume
' {cm. ) (cm. ) Ces.
Pyrex medium 30 2.3 76
Pyrex small 18 el 30
Pyrex semi-micro 5 1 &,

Before each pyrolysis, the system was evacuaved several
times with dried oxygen-~free anltrogen to prevent combustion of
the vapours. Liquid pyrolysands were introduced inte the
furnace by a tap funnel fitted with a side arm to equalise the
pressures above and.belcw the 1liquid pyrolysand. Solid
pyrolysands were melted in the tap funnel by means of a heating
tape and then run into the furnace in the normal manner.

Tiquid and solid pyrolysates issuing from the reaction tube
pagsed through an alr condenser and up a vertical water

condenser, belng collected in a flask heneath the water
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condenser. The gaseous products remaining, passed through
a second recelver cooled to ~70° in an acetone/Drikold frees-
ing mixture and then through various reagent traps, insertgd
as required. The gases remaining were collected over water
covered with gas satuwrated paraffin in a 20 L. aspirator.

The whole system was maintained at atmospheric pressure by
means of a consgvant. level devige, After each pyrolysis,

the reactor tube was c¢leaned by blowing a stream of air for

4 nr. through the tube, maintained at 500°.

Regidence Time

The term residence wime is now preferred to conbach
time as a descrlption of this factor. The residence time

of the pyrolysand was calculated according to the formula:

275 x Vc z P

Ega‘q’ x (‘Nv. o= Nn) ¥ T

where thé‘residene@ time tﬁ is equated to the free volune
(Vg) of the reactor, the nuomber of grammmoles per second‘gf
pyrolysand'(mv) and nitrogen (Nn)9 the pressure (p) and the
absolute vemperavure (T) of the system. If it is assumed
that pyrolysis takes place at'ﬁ atmosphere and that there is
no fiow of nitrogenhdu?ing the pyrolysis, the expression may

be written as:
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Analytical Methods

Chemical Analysis

Pyrolysates were separated inte fractions by dlstilla-
tion. The fractions were then examined by standard chemical
methods. In many instances infrared and ultraviolet spectro-
scopy were utllised as additional analytical aids. Whenever
possible, compounds were identified by a miwed melting point
with standard samples. Mixtures of carbonyl compounds were

o3

separated by columun chromatography and identvlified by paper

ehramatographyﬁﬁ

or by mixed melting point determinatlon.
Anhydrides were detected by the Davidson and Newman <¢olour

reactign55o

Infrared Spectroscopy

Infrared spectroscopy was used extensively for the
prelininary investigation of pyrolysate frsctions and also
for @xémining the products of preparative reactlons. The
instrument used was a double~beam Perkin-Elmar "Ianfracord”.
Tiquids were examined in a standard rock salt cell. Solids
were examined as a Wujol mull or more convenlently by the
potassium c¢hloride disc procedure. The various samples
examined‘wewe compared with standards whenever this was
possible. Care is needed when examining mixtures as certain
compoﬁnd$9 such as benzoic anhydride have been found tb mask

the characteristic spectra of other compounds in the mixture.




Many compounds also have very similax Spectraa,%

Chromatography

Golummvchromatographg

“Colunn mhromatd@rﬂphy5§

was ugsed for separating
mixtures of 2,4~-dinltrophenglhydrazones. The esluate was
collected in 5 ml. fractions and the concentration of each
fraction followed by means of a cclorimetver. The wvarious

fractlons were concentrated and the 2,4-dinltrophenyl-

hydrazones identified as described above.

Paper Chromatography

Mixtures of 2,4-dinitrophenylhydrazones were also

54

o

studied using paper chromatography, by the method of Burton
as modified by Jones?}g° Control samples were always run
alongside unknown mixbtures. At the end of each run the
paper was dried, examined under ultraviolet light and the
distance travelled by each spot from the base line noted.
This method was found to be only partially successful since
all the derivatives studied Tended te give long streaks on
the paper and consistent results from run to run could not

be obtained.



Preparation of Vinyl p-Acebylbenzoate

Preparation of this compound caused some difficulty
owing to difficulty in preparing p-acetylbenzoic acid and
preparing the ester from the acid by ester-exchange methods.
The main problem in preparation of the ester was one of
preparing p~acetylbenzoic acid ln sufficiently large
guantitvies for use in the ester-exechange reaction where yields

are low.

Preparation of p-Acetylbenmole Acid

The first attempt at preparing this compound was via
p-~aminoacetophenone , prepared by the method of Raad$V@ld56
followed by conversion of the amine to p-cyancacetophenone by
a pandmeyexr rea@tionu} ~The p-cyancacetophencne was then

hydrolysed with 10% potassium hydroxlide scolution %o p-acetyl-
benzoic acid. Yery low yields (5-10%) of acid were obtained
in this way. It wag also found that a rather iapure product
was obtained by this method whig& was difficult Vo purify by

crystallisation. . ”

Various wodiflcations of the above procedure were tried
without succesé.

T Anhydrous aluminium chlorlde was used as a catalyst
ingtead of zinc chloride, In the preparatioh of
p-aminoacetophenone. Only acetanilide was produced.

2. Acetic anhydride, zinc chloride and acetanilide were

refluxed and the reactlon product worked up as before.
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No better yields were obbtalned.

A p-Aminoacetophenone was prepared by the method of
Dippy and W@Qﬂﬁ? using N,N-discetylaniline. Yields
laproved only slightly.

In view of the low yields of amine obtained and the
large amount of p-acebylbenzoic acld required it was decided
to try an alternative method of preparation. The method

3 Y
used was that of Emevrson and Beeb@lsso

p~Bthylacetophenone was prepaved from ethyl benzene
and scebyl chleride by a ¥Friedel-Craft's reaction and oxldised
to peethylbenzoic acid with sodium hypochlorite solution. The
acid was then converted to the nethyl ester, followed bv &k
oxidation to mebthyl p-acetylbenzoate, using a chromivm
sesquioxide/caleivn carbonate eatalyst. The produst, obbalped
from the reaction mizture by dlistillation, was hydrolysed “o
p~acetylbenzoie acid with 15 sodlum hydroxide solution.

The sodium hypochleorite ﬁwlmtion for the oxldation of
p~ethylacetophenone waa inivially made by mixipg solutions of
calciuvm hypeochlorite and sodium ecarbonate/sodium hydroxids and
filtering. This method was found to be unsatisfactory giviog
poor yields c¢a.15kh, and instead the hypochlorite sclutlion was
maede by the metnod of Newman and molmes59 using chlorine and
sodiuvm hydroxide solution. Yields of p-ethylbenzole acld of

up to 90-95% were obtained.

Oxidation of more than 100 g. of ester at a time

resulted in - a large amount of tar being formed during the
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distillation of the reactlon product, thus cutting down
yields.

p-Acetylbenzoic acid prepared by this method was a

fine white powder m,p°208°; lito,ﬁo m.pg208°n It yielded a

2@%ndinitrephenylhydrazone as orange needles (from glacial

1 wives m.p. 280°

acetic acid), m.p.ca. 2890 (decomp.) Allan
(decomp,) (Fomnd; C, 52.7; H, 4.03 N, 16.4. Calc. for

0151'11206334‘: Cg 52-3; Hg 5.5; .Ng 1605?’0)

Vinyl p~-Acetylbenzoate

The method of preparation used wasg that of Burpett and

wright®! but with certain modifications®®.

p-Acetylbenzoic acid (50 g.) was partially dissolved in
vinyl acetate (172 g.) by warming to 60°, Mercuric acetabe
(“1.34 go) was éd@ed and the mixture shaken for 30 min., when
ﬂQO% sulphuric acid (0.125% ml.) was added dropwise. After
coelingéthe solution was filtered free of excess acid and
gsodium acetate trihydrate (0.8% g.) added to neutralise any
free sulphuric scid.  Excess vinyl acetate way distilled off
under reduced pressure in a nitrogen atmosphere and the
distillation continued at low preésure yvieldinyg three
frections (i) b.p.50-60°/18 mm., (4i) b.p.128-138%/4 mm.,
and (1ii) bcp;ﬂ§8%ﬁ500/4 mm. Frgction (i) was acetlc acid:
fractions (ii) and (iii) solidified to crude vinyl p-acetyl-
benzoate, from which 8 g. (14%) of the solld ester were

obtained as colourless needles (from methanml)-mbpnﬁgeu A
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second preparation with a reflluw periocd of 18 br. gave a

yield of 38%. (Found: C, 69.5%; H, 5.7%; M{cryoscopic in
benzene), 196. Calc. for G, H, 05 C, 69,55 H, 5.3%; .

M, 190). The ester decolourises bromine water and agueous
potassium pernmanganate: it is sparingly soluble in ether,
cold methanol,; and hot 1light petroleum (L.p- 6Ow8003 s and
very soluble in benzene and‘hot me thanol., It ylelds a 2,4~
dinitioPhenylhjdrazone as orange needleslm.p°221° from glacial
acetic écid_ (Fpungz C, 55.0; 1, 4.3%}} 'Galc..fo:.c

C, 55.1; H, 3.8%). )

Preparation of Reference Compounds

EﬁEﬁhylac@tophénQﬂe was converted to p-diacetylbenzene
by a. 24 hr. oxiéation with chromium sesquioxide/calcium
carbcnat@ catalyst at 140° after the method of IengarﬁBQ The
xeaﬁtiqn‘prbdgct waﬂxfiltered and distilled under vacuum.
Crude Q»diacetylbengena disbilled at 120%/1 ma. 3 obtained as
colourless needles (from mevhancl) m.p. 144° 111,07 114", Ag
might be expected, the substance formed two 2,4-dinivtropnenyl-
hydrazones. The fully substviiuted derivative was prepared
uging a large excess of reagent. No sultable solvent for the
product was found. After boiling for several hours with
glacial acetic acid, the solution was filtered hot and the
ingoluble residue washed and dried; m.p.340 {decomposes, nob
quoted in 1it.). The half-substituted derivative was prepared

by adding small quantities of reagent solution to a solution
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of p-diacetylbenzene in methanol. The derivative was
obtained as orange-red needles m.p.223-224% (from glacial
acetic acid). (Foundi C, 50.0; H, 4d.43 N, 16.0. Calc.

. 7
for C 4 61'1.1 4051%4: C, 56.1 ;XN ? 16 . 4% /\f KA, /"z?\/ /7/ ‘

Atvtempted Preparation of p-Acetylbenzolc acid

In view of the difficulty of preparation of this com~
pound, an attempt was made To prepare it by the method of
ﬁla&kov6% in which p-methylacetophenone is oxidised directly
to p-acetylbenzoic acld with air using a nick@l benzoate
catalyst. No acid product wasg obtained. Certain modifica-
tion365 in which alumina was added during the course of %he

oxidatlion using cobalt benzoate ms a catalyst were tried. A

verv low yield of acid (0.5 - 1%) was obltained.

Attenpted Preparation of Vinyl benzcate.

Sladkov and P@trov66 have described a method of pIL@~
paration 6flvinyl benzoate in 90% yield using pure dry
pyridine and acetaldehyde with benzoyl chloride, The
acetaldehyde rea@ts in pyridine in its enol form forming
vinyl benzoate by elimination of hydrogen chloride. The
preparation of vinyl benzoate‘was tried out as a prial Tun
for the prepaxatioﬁ of vinyl p-acetylbenzoate. ~Albthough the
reactants weré rigarousiy dried and purified, no vinyli benzoate

was obtained.




Details of Pyrolysig

Run_4 | |

24.% . of the estexr was pyrolysed ab 500o - the
temperature at which 2-benzoyloxyethyl terephthalate was
pyrolysedqo The gos cohsisted of carbon monoxide (79%)
carbon dioxide (%.5%%) and unsaturated bydrocsrbons (15.5%).
The pyrolysate itself was a pale yellow solld which coﬁld be
foréed into a paste. The pyrolysate gave a positive reaction
for anhydrides by the Davidson»mewman55 colour reaction. A
sméll portion of the pyrolysate was converted into a mixture
¢f the 2,4-dinltrophenylhydrazones of all carboxyl compounds
pr@sentg‘and thig mixture was examined by paper chromatography

without further purification.

The pyrolysate was dissolved in ether, and the ether—
ingoluble fractions filtered off. The extract waﬂ washed
twice with potassium carbonate solution. Acidificuation of
the alkaline extract yielded a pale yellow solid. This
golid and Ghe ether insoluble fraction were identified as
p-acebylbenzoic acid (a.p. ﬁnd mixed m.p, 207-208%). The
residue from the sther-goluble fraction was distilled yilelding
three fractions: (i) 12.5 g., bep. 106°/1 mm. (solidified),
(i1) 1 @., bep. 106-112°/1 mm., (1iquid), and (iii) a residuve.
Fraction (i) was uncananged esver (mixed m.p. 87%). Fraction
(41), after several days slowly deposited a white crystalline
g0lid (0.1 g.) lidentified as p-diacetylbenzene (m.p. and
mixed m.p. 110-411°).
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Paper chromatography of the 2 -dinitrophenylhydrazone
of the pyrolysate, using reference samples of p-acetylbenzoic
acid, vinyl p-acetylbenzoate and p-diacetylbenzene. identified
all these compounds in the pyrolysate. The gluent employed
was acetone (20%) in light petroleum (b7p°60m80°)(80%)o

There were two unidentified spots in the pyrolysate.,

ORI AALIINITIOD

Run a
Since theé previous run héd appeared to indicate that
the gégi route was only a very minor one for the ester, the
mabterial was pyralysed for a second time with a much higher
residence time in- the weactor. There was coﬁsiderable

carbonisation in the pyrolysls tube.

The pyro.ysate waﬁAworked up as in »un i. A tesgt Lor
anhydrides wasg negative. Distillation of the pyrolysate
residue 1Jter removal of the ether yielded four fractions:

(L) 7.2 @Eey bapo 130 1)50/0 mm. 3 (8olidified), (ii) 0.5 5., b.p.
1%0-135°/4 mm, (Liquid), (iii) 19 oy bopo1)5mﬂﬂoﬁ/# mm .
(solidified), and (iv) a dark brown residual tar, Praction
(i) was unchanged ester; fraction (ii) was s mixbture of the
ester and acebtophenone (infrared); fraction (iili) was p-

dlacetyllienzene (m.p. and nixed mnpﬂﬂamﬂﬁﬁg)o

A mixture of the &,4-dinitropheanylhydrazones of the
carbdmyx gompounds in the pyrolysate was sepavated lnto its
individual components by column chromatograephy aftexr the
nethod of Elvidge and Whalley”2. 200 mg. of Ghe 2,4-dinitro-

phenylhydrazone mixture was dissolved in chloroform and
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adsorbed on & 20 cm. x 1.7 em. column of bentonite/kieselgubr.
Elutriation was begun with chloroform, working up to 4:1

ehlcfoform/ethanolq The results are summarised below.

Compound - Eluent - NP, Mixed M.Pt.
Acetophenone 1:50 Bt0k/CHCL, 247-248° 248°
Vinyl p-acetylbenzoate 1:20 E%OH/GH615 220-220.5° 220.5-221°
p-Diacetylbenzene 1:10 BEtOH/CHCL;  233-234°  233-234°

p-Acetylbenzoic acid 1:1 EﬁOﬂ/GHCK§ eao°(dacm Q&OOQdemompq
omp . )

The eluent was collected In 10 ml. fractions and the Ifraction
nuiber plotted against optical density in order to follow the
separation. The major component of the nmixture was the mono-
substituted derivative of p-diacetylbenzene. All the sub-
stances identified had previously been detected by other
méans, Any unidentified substance must have been present in

very small quantity.
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Infrared Data

The following are the principal infrared absorption

bands of the compounds studied.

Vinyl p-acetylbenzoate

2880 g, 1725 g, 1675 8 , 1540 m, 1500 w , 450 m ,
110 w, 1375 m, 1360 m, 1325 m, 1295 m, 264 g, 1195 m,
1188 m, 1170 m;, 1107 8, 1025 m, 956 m, 950 mn, 8862 n,
865 m em.™"

p-Diacetylbenzene

3480 w, 3000 m (shoulder), 2900 g, 2650 w, 2520 w,
1680 g, 1578 W, 1500 w, 1460 m {(shoulder), 1430 s, 410 &
(shoulder)n 1380 m, 1365 m, 1325 n (shouldexr), ﬁﬁﬂo m
{shoulder), 1295 s, 1265 3, 1185 w, 1135 w, 1123 w,
10%% w, 1023 w, 1000 w, 970 m, 940 m, 875 m, 853 w,
830 w, 818 w, 777 s, 735 m, 695 meen” .

p-Acetylbenzolic acld

3350 w, 2900 g, 2650 w, &530 w, 1680 g, 11375 m,
1500 m, 1460 m, 1430 g, 1410 n {shoulder), 1380 m,
1360 m, 1325 m (shoulder), 1310 g (shoulder), 1295 8,
1270 8, 1190 w, 1037 w, 1022 w, 1000 ¥, 970 m, 940 m,

o1

875 m, BS2 w, 830 w, 818 w, 778 s, 736 m, 696 m.om” .



Tabulated Results

Table 1 -
Pyrolysand Vinyl p-acetylbenszoate
Run No Ta 2.
Temperature 500° s00"
Feed Rate (g./min.) 0.175 0.155
Contact time (sec.) 1.5 154
Wt. pyrolysed (g.) 24, % 41,5
(a) In cold trap (mld.) . -
(b)) In main receiver {(g.) 22.5 34,5
(¢) Gaseous pyrolysabe (1.) 0.9 2.9
Composition (%) of (c¢) {approx.):
G0 ' 79 7.1
GO, 5.5 11.9
Unsat. hydrocarbons 5.5 9.%
Acetylene * 1.7

o Not analysed.



IL.

PART

3D
s




‘l
b

48 o

PART IX: The Pyrolysis of Anilino-nitriles and

‘Benzoyloxy-nitriles.

Introduction
Pyrolysis of lactic acid in attempts %o prepare commercially
useful acryllc acid gives only a lactide condensation product

and no acrylic acid.

ffCOOO\\

=3 MeCH CHMe
Ng on?
0.CO

Me .CH( OB )COOH-

] I t e { e
749 CH,:CHCOOH + H,0

Buras, Jones and El:‘i_*i:cztzlieé"‘7 have shown that substituted olefins

may be prepared by vapour phase pyrolyslis at 450-550° of

- g-acyloxy esters and acylated cyanohydrins, ylelding the

desired olefinic ester or nitrile in high yield by elimination
of carboxylic acid.
Thus~methy1(methacrylate and -cyanocyclohexene may be/&

prepared from the corresponding esters.

» OAC | '
X o
T Yem

In a sinilar manner, 1-anilino-i~cyanocyclohexane breaks

down on simple distillation to aniline and cyclohex-1i-ene-
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carboxylic aai@68

4 . Jooor 4 PhINHL,

i,

Recent workﬂhow&ver[hy Bain and Ritchi@69 has shown that <)
though seisgion into an unsaturated acid and aniline is the
primary reaction for the Cgs Cg and G eyelic aniline-acids,
secondary reactions also take place yielding a complex
pyrolysate, c¢ontaining a 1q-hydroxyanilide formed through an
unexpected rearrangement reaction,and a compoun& with a
lactone~lactam type of structure formed by a condensation
ﬁaaction between tha\starting material aand the ungaturated

Aacid.
NHPh

o = X

COOH

CONHPR

OH

- - FhHN, G0 . NPk
Qo -2 — OO 20
4 HOLG /St d N GO

These by-products gave a rather complex pyrolysate, which
was difficult to purify.

Plant and Pacer’© have reported briefly that 1~ -
anilino-i-cyanocyclopentane "decompeses on distillation with

the formation of sowe aniline“, which suggesﬁed the formation

of the corresponding product J-cyanocyclopentene
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WEEh . |
<®:>< ey @ CN + PhNH,
o N oy -- v

This seemed very likely on the -basis of the previous work
-with anilino-acids and these reports on the pyrolysis of
aniline-acids and nitriles led Burns, Jones and Riﬁ@h1,67

o/

seeking new general routes te olefinic HiﬁPLjﬁb to investi-

@pate furither the pyrolysis of the r@a&ily aceeasible g-

anilino nitriles which may bdbe pwepaved in almost quantitetive
7 i eld from the corresponding ketone by condenssbion with
a3

niline and hydrogen cyanide.

Initial emperiments showed that pyrolysis of these
¢ ompounds in a flow reactor at 450-550% vielded mainly
unchanged g-anllino-nitrile along with traces of hydrogen
eyanide but noe aniline. These results were explained when
Drew and Riﬁmhi@?ﬂ demonstrated that anilineo-nitriles
refluged lo a sbatic system in a stream of &itx@g@m}t@ ST
off hydeogen ayamid@‘fermeé)yiald hydrogen cysnide and an
anil as the main products. The reactlon was Lfound Lo be
reversible aﬁ.room-temperature which explained why only

starti ng material was found in the pyzolysate.

e,

NHPh .CPhie .C ——— NPh=0PhiMe <+ HCN

w>y/ﬂﬂﬁhﬂﬂmwmw “\\w;

FENFR + HCN
uﬁ e e

1t was shown that the anil could be formed in up Ho 85%

wield by vthis method.
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Baine intensively studlied the liquid-phase pyrolysis
of 1manilino~ﬂmcyanocyclopentahe at low Temperabures and
found that a complex pyrolysate formed, containing aniline
but no 1~cyanocyclopentene. It was found that the aniline
was formed by a secondary condensation of the anil c¢yclo-
pentylideneaniline to 2-cyclopéentylidenecyclopentylidene-

aniline splitting off aniline.

NPh

NHPQ
- =2HCN o = e
° §i?/<cm 2 ey ()« g

The thermal self-condensation of the anil was analogous to
the well-kEnown base-catalysed self-condensation of cyclo-
pentanone-. 1% was found that for the 059 06 and 67 cyclic
anils the reaction with hydrogen cyanide was violent at
rOoom- temperature .

The negative work with the 65 and 06 gyclic apilino-

nitriles led Bain®

to invesvigate the pyrolysis of 1-anlilino-
J-ecyano-2-methyleyclohexane in the hope that the electron
repelling influence of the o-methyl group might promote vhe
splitving off of aniline to give the desired umsaturated
nivtrile. Static pyrolysis atv 200 and QSOO, howevexr, gave
similar resulis to those for the 05 and 66 Gompounds:

95-98% yields of hydmogen cyanide and the anil Z-methyle

cyclobhexylidencaniline were obtalned.

0f additional interest in the pyrolysis of d-anilino-i-
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cyano-de-ngthyleyclohexane is the fact that this compound can

exist in p cis or trans isomeric forms which (neglecting

"boat" and "chalr" conformations) may be written hthus:

@ @

Grans NHPh Me:‘ 1‘3H}:"h cls

AR AT AT

25,26 .
< with xanthate esters

The work of Alexander and Mudrak™
and of Barton® e with the benzoate esters of sbteroid and
terpene alcokols has shown that eliminstions from ring
aystems by pyrolysis are almost exclusively ﬁiﬁ in nature

and that cis-trang isomeric pairs give different products or
: P & B

different proportions of products on pyrolysis.. If thess

concepts are applied to the cis-trans palr under considera-

tion, it can be seen that c¢is elimination of aniline to give
an unsaturated nitrile would produce the following products
= assuming anca elimination predominates over 61“06 because
of the electron repelling influence of the o-methyl

substituent.

_-PONH,
M@ d’?’
trans Mo CN
Nm:h
- HOH =
CR o ‘2
<
ois Me NHPh Me NHPD we Ny

The trang compound will produce mainly the olefin f-cyano—2-




51.

nethyleyclohex-1-ene whereas the cig isomer will give the
anil Qmmethylcyc10hexyli§eneaniline via the intermediate
vinyl&mine. Bain, however was unable to find any trace of. )
.anixine or an unsaturated nitrile in pyrolysates of the
isomerm;" Both isémers gave very similar pyrolysates contain-
ing the anii and hydrogen cyanide in 95-9c% yield.
72

GConcurrent with this work, Ritchie and Shim’"™ attempted

to prepare the corresponding isomerice benzoates.

trans

R e

s

These isomers should easlly eliminate benzoic aclid by an 4
scission giving different pyrolysis products because of the
g&g glimination of benzoic acid. They were only able)
however to prepare and pyrolyse what has now been found %o
be the Eﬁégﬁ isomer, but ,because of the simllarity of the

properties of the nitriles were unable to ldentlfy them

_positively in the pyrolysate.
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Objects of Research

In view of the results obtained by Baln on pyrolysis
of the isomeric anilino-pitriles, an investigation of Hhe
high temperature pyrolysis of these compounds seemed desirebls
in the hope that at 500m6000§ the major pyrolysis route might
be that of scission into aniline and an unsatwcated nitrzile.
At the same time, it was hoped that the newly available tech-
nigue of gas-liquid chromatography would enable aniline and
any nitrilesg formed to be d@teated in the pyrolysates, even
if present only as minor products. Similarly{ga3m1iquiﬁlx%

chromatography would be of great help in sccurately debermin-

-

ing the percentage distribution of any mixture of nitriles in
the pyrolysates. Comparison of these results with those of

previous workers would be of great interesst.

Concurrent with the above work it was also inbended

to prepare and pyrolyse the cis/trang pair of benzoates, one

lsomer of which was known to break down mainly te‘bamzoﬂﬁ acid
and an unsgaturated nitrile or mixture of nitriles. Theoreti~
cally, provided c¢is elimination is the rule, the trans benzoals
should give a mixture of olefins whereas the ¢ilg benzoate

Qﬁ(}
should yield a pure olefin product.

< - ~BzOH | ? A
Me > - S />

trans OBz M&  CN Me™ CON
- BzOH
Me Oy, B
-

cls Me CN
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It was hoped to compare the olefin distributions in
the pyrelysates of the.anilino«nitrilea and the benzoyloxy-

nitriles.

The products of pyrolysls of the benzoates were of
great interest for another reason in thatﬁwhare&s initial
work in this field had demonstrated consistent Qiﬁ elimina~
tion by the Saytzeff rule, more recent work by Bailey 2% al.
and Arnold, Smith and Dod56n37 on the pyrolysis of z-methyl-
cyclohexyl acetate had'demgnﬁtrated not only trans elimination
but almost exclusive elimination away from the bridgehead in
accordance with the Hofsman rule. These results are of
doubtful validity since widely different results sre reportbed
for the same compounds pyrelysed under similar conditions.

It was hoped therefore to throw fresh'lighﬁ on these resulivs.
Another point of interest was the effect of temperature on
the olefin distribution; Bailey and Halqu have reported
that g-butyl acetate shows a marked change iﬁ favour of the
Saytzeff rule at low temperatures whereas De Puy el g&?6 have
found no variation of the olefin distribution of this estex

£rom 300~ 500°.

Lastly, it wag hoped to establish beyond doubt the

molecular conformations of the cisg/itrans isomeric pairs in

order that the pyrelysis results might be correctly

interpreted.
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Discussion of Results

The Molecular Conformations of cis and trang-q-Aniling-7q-

cyano=2-methylcyclohexane and -Benzoyloxy-i-¢yano-2-methyl-

cyclohexane

In order to arrive at o correct intevpretation of the resulits
from the pyrolyses of these compounds, it was necessary to
establish their molecular conformations. The best method

for attacking this problem seemed to be to establish the
structure of the s0lid Z-methylcyclohexancne cyanchydrin
alxeady prepared and then to prepare from it the coxresponding
anilino and benszoyloxy compounds, which would presumably have
the same conformatiocn. The stiructure of one isomer being
known, the conformation of the othexr ¢ould then be daduced
easily.

~Bain‘?’ has reported that cyclohexanone cyanohydirin

reacts very slowly with aniline to give the corresponding
anilino compound by elimination of water. It was found that
2-methylecyclohexanone cyanohydrin (gggﬁgnform, mop056m59m)
and aniline kept at 50-60° .for 72 ho. yvielded the high
melting isomer trans 1-anilino-1-cyano-2-methylecyclohexane,

already prepared by standard methods.

The cyanohydrin reacted smoothly with benzoyl chloeride
in pyridine, yielding trans-1-benzoyloxy-1i-cyano-2-methyl-

cyclohexane, m.p.91-92°; Ritchie and Shim,72 m.p.90-91°.
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The Molecular Conformations of trans and cls amMQghylcyclo»

Ty

hexanone Cyanohydrin.

The "Chair" form Tather than the "boat" form has been shown to

be the most stable form of the cyclohexane ring from infra-

red 75 74 75

, electron diffraction’”, and
, s . /
thermodynamnic consaderatlons760 The "boalt" form may(%her@foya/

)Y

, Raman spectroscopy

be ignored in a discussion of cyclohexane isomers. The possible
“chair® conformations of the isomers of the cyanohydrin may then

be represented as follows:

3 | u;n
] OB - /7/% N

//""“’“‘“‘“{f’ém | ,/ e

o=
b=
ies |

S f

5 m”%m ;/

/ peell ﬁ

e e

11X

-uassei et g;o76 have shown that a cyclolexane derivative

“pnormally exists predominantly in the "chair'" conformation which
hag the maximum number of equatorial substituents. If this is
so; then conformations Illqand IV can be neglected and structures
T and II taken as those in which Z2-methylcyclohexanone cyano-
hydrin normally exists. These are, referring to the methyl and

hydroxyl groups, the 1,2 trans diequatorial (I) and 1,2 ¢is (II)




conformations.

The solid isomer of the c¢yanohydrin has been shown7?
to be dehydrated by phosphorus oxychloride and pyridine to 1=
cyano-b-methyleyclohex~1i~ene exclusively, uncontaminaved by any
‘other product, a Pesult now confirmed by the present work using

gas-1liquid chromatography.

o OH POCL, R
-< s { Yo
— G pyridine sMwJ&@
Me

If, therefore, the mechanism of the dehydration reactic:
can be dc¢termined thig should provide valuable evidence for the
gstructure of the cyanohydrin, provided that the course of the
dehydration is kinetically not thermodynamically controlled and
that the structure of the product is a function of the sterec-
chemistry of the c¢yanohydrin and vhe reaction sequence. PFarham,
Moulton and Zuckerbrauﬁ?89 in a detailed study of the dehydration
reactions of the isomers of 2~phenylcyclohexanone cyanohydrin,
showed that the high~melting isomcr dehydrated exclusively to a
Low-melting olefinic nitrile identified as 1-cyano-6-phenylcyclo-
hex-t-ene. Since this was thermodynamically the less sitable
isomer, they concluded that the above assumpitions on the reaction
sequence were correct. The mechanismn of the dehydration they
represented as being replacement of the hydroxyl group by a
chlorine atom, with invergsion, followed by itrans elimination of
hydrogen chloxide. Phis mechanism represents the solid isomer

as being the one in which the nitrile and phenyl groups bear a



trans relationship.
OH

%/”ﬁ N poc,,

ISR i

=Pl pyridiﬂe

. % G :L
@ - _=HCL e

[ G T1 {v%n e pxs T Z
1
“Ph _ < !

P

. They were unable, however, to bring forward any chemical or
physical evidence For these structures and mechanism, the

inversion step being that in whicn ¥there lies considerable doubt.

The steroid field has recently provided valuable evid-

. . . ?
ence for tvhe mechanism of dehydration. Hieser et al g

¥
i
ettt

showed

that in the steroid allocholane geries, the position of a hydroxyl

5

group at the 7-position could be determined by dehydration with
phosphorus oxychloride and pyridine, fellowed by trans elimina-

tion without inversion. Their results were confirmed by Barton

80

and Rosenfelder by pyrolysis of the corresponding benzoates,

which they concluded,on the basis of related work on stexroids

)
to proceed via -a ¢is eliminstory mechanism.

)

These results can be represented as:

AN
\\% benzoate
N%f””m‘ N

SR Y

pyrglysig
. om

H
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It can be seen thét the method of Fleser has no inversion step.
Fieser concluded that the ready trans elimination probably took
place through an ionic transition state by an.ﬁl2 type reaction.
The electron pair of the Cg - H bond enters the G7 octet from the
front as the hydroxyl group departs from the rear with the

shared pair of electrons.

479

The epimeric alcohol was foun to be very resistanty
to dehydration, and on tyeatment with phosphorus oxychloride and
pyridine yielded the corresponding chloride, but no olefin. The
resistance of the chlorc compound to boiling pyridine also

suggested that it was formed without inversion, the cis relation-

ship to the hydrogen on C&3 being maintained.

N

- ;
[ POCL,
/‘,ﬂmm g - A s o
P g T
8 , pyridine \\ﬁiu 3
~ OH . \E/ﬁrAVl-

Bartonaa has given many examples in the steroid field

in which c¢is eliminations in benzoate pyrolysis,!similar to the
example given, conveniently explain the config&rétion of epimers.
As a guide to the behaviour of tra@g»Ewﬁetnylcgclmw
hexanone cyanohydrin on dehydration, the results of Hieser79
and Bartongo are preferred to those of Parhkng Moulton and

Zuckerbraun78 on account of the large volume of_experimental

evidence supporting the former.

The dehydration reaction can then be represented as:




The trans elimination of hydrogen nhalide is a well-established

reaction. Barton and Cooksonaq

review many reactions of this
type in the c¢yclohexane series. Thege results, however, cannot
be taken as a definite indlcation of the cyanohydrin conformation,

mince Tn@cld ey a]82

have shown that dehydrohalogenation may take
place with or without inversion depending on the compound and its

substituent groups.

Additional evidence has)thereforé)been sought®t in favour

of the above sghructure.

Infrared Specltroscopy

It has been showna5

that in hydroxyl-substitubted cyclo-
hexanes, the intensity of infrared absorptlon at 2. 9 m/u (hydrogen
bonded hydroxyl) relative to that at 2. 75 m (unassocl&ted
hydroxyl) is markedly greater in the isomer in which the hydroxyl
grdup occupies an unhindered eguatorial position. Consgiderution
of the cyanohydiin structdresA$nows that the solid isomer should
have a greater bonded/unbonded ratio than the othex because of

the equatorlal hydroxyl group. Infrared Spectra in carbon
tetrachloride oluflon comflrmed this view, the solld isomerx

having a much higher ratio than a liquid mixture of the isomers.

‘The values for the mixture were not, of course, absolute values



for the cis isomer, which would be expected to have an even

lower »atlo.

An interesting confirmation of these resulits was found
by Ba:i.n‘?'9 who reported the relative intensitieé of bonded and
unbonded N-H in carbon tetrachloride solution for the isomers of
M-anilino-i-~cyano-2-methylcyclohexane. The trans isomer, of
similar structure to the solid cyanohydrin, had a much higher
relative intensity of bonded to unbonded hydrogen than the cisg
isomex. These are very similar results to those for the cyano-
hydrins and are very probablj due to the same causes - inter-

molecular bonding by the hydrogen of an equatorial anilino group.

Rates of Egterification of the Cyanohydrin Isomers

Additional chemical evidence has also been found for
the cyanohydrin structure. It has been shown81 that équatorial
alcohols are esterified much more readily than axial alcohols
owing to there being much less steric compression in the egqua~
torial bond. This most probably explainsg why the normal method
of preparavion of the benzoyloxy isomers yields a single isomer
(mapn92m9265°)u Esterificéﬁion of a 50:50 mixture of the cyano-
hydrin isomers with benzoyl chloride in pyridine solution for 72
hro'at 10009 followed by fractional crystallisation of the
product, yielded only 0.% g. of the giglisomer and much unchanged
cyanohydrin. The extreﬁé difficulty of preparing the ¢is isonmer
is most probably dué tb its being prepared via an axial hydroxyl

group .
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Thege results confirm the supposition of Baind that
the anilino-nitriles are not formed ¥ia the <yanohydrin by

simple elimination of water on the following lines:

+ HOH o, PhNH,
=) - ) >
Me Ve

Ag well as belng a slow reaction, it should produce only one
isomer, as with the beuzoates whereas the lsowmers arc actually
formed in the ratio 55:45 of Ltrans to cis. Indeed, preliminary
work with a catalyst produced only the btrang isomer and a liquid
rewidne contalning the solid isomer of 2-methyleyclohexancne

¢ yanohydelin, The present work has shown that the cyanobydrin
isomers ave formed in the ratic Irans to c¢ig of 75:25. Jompa e

aon of the ratios shows that the anilino-nityiles must e formed

o - a
by the aliternative route previously suggested™.

< =0+ FONH, s

Ve

WHFL

Me

These results all indicate an equatorial hydroxyl group in the

s0lid cyanohydrin isomer. The conformations of the anilino and

benzoyloxy isomers can then be represented as follows:
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A study of Stuart models of the two isomeric anilino-

nitriles showed that they had the following conformations.
CN
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There are two possible conformations of the trans isomer:
conformation (1) is preferred to conformation (2) owing to
a degree of steric hindrance between the nitrile and phenyl
groups in (2). Hereafter the trans isomer will be assumed
to have the former conformation. In the trans isomer, the-
hydrogen'attached to the nitrogen atom and the nitrile group
are close together, and the hydrogen atom 1is equatorial;y
orientated similarly to.the hydroxyl hydrogen of the itrans
cyanohydrin isomer. The cig isomer has the hydrogen atom
of the anilino group and the nitrile group comparatively far
apart, with the phényl group approximately coplanar with the

cyclohexane ring.

Mechanism of the Elimination Reaction.

: /
/ /
The elimination reaction has\therefore{been shown to '

be of the type found by Fieser79 rather than that deduced by

Parham, Moulﬁon and KuekerbraunFsa This elimination reaction

without inversion, found for the c¢yanohydring, is an interest—
l-82 o

ing reversal of the general rule found by Ingold et al £

consistent inversion of configuration in a large series of

‘elimination reactions with phosphorus halides.
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The results can be explained consistently with the
theory of elimination reactions if the presence of the nitrile
group at the seat of substitution is considered. Hughe884
has shown that the elimination reaction consists of the forma-
tion of an ester halide which can either be followed by an
inversion step or an intramolecular rearrangement with the
elimination of an inorganic oxyhalide. The presence of a
nitrile group at the seat of substitutilon, however, can cause
fetention of configuration by the latter reaction, and is the

probable cause of the apparent reversal of the general rule.

The reaction may then be represented as follows:

-HC1
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The Preparation and ITdentification of 1-Cyano-2-methyicyclo-

hex-1-ene and 1mcyano»6émet§yléycloheym1meneg}

It was found necessary to prepare the above olefinic nitriles
and establish their structures as standards for analysis of
the pyrolysates from the isomeric anilino-nitriles and

benzoyloxy~-nitriles.

Several groups of workers have prepared Z2-methylcyclo-
hexanone cyanohydrin and dehydrated the reaction product,
obtéining an olefinic nitrile or mixture of nitriles. None ,
however, has made a full study of the products formed or

agsigned stfuctures to them.

Linstead and Millidge85 mention a semi-solid cyano-~
hydrin mixture, which they did not invesﬁigate but considered
to be a mixture of 2-methylcyclohexanone cyanohydrin isomers.
They considered their dehydration product to be 1-cyano-o-
meth&lcyéloheim1mene. Braude and Whaeler77 obtained a liquid
cyanohydrin mixture which they dehydrated with phosphorus
oxychloride and pyridine, obtaining a product which was at
least partly the above nitrile, since hydrolysis with phos-
phoric acid gave 6-methylcyclohex-i-ene carboxylic acid.

They also identified the nitrile by ultraviolet spectroscopy,
obtaining a spectrum characteristic of the system :G*CIN -

though this is of course characteristic of voth isomers.
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86 to cause double bond

Phosphoric acid has recently been shown
shifts in substituted cyclohexenes, which possible accounts
for only one acid product being obtained, the 1,2-nitrile
Eeing isomerised to the ﬂ,6wnitrile during the hydrolysis.
Mofe reéently? Kamernitskii and Ahrem87 showed that amméthylm
cyclohexanone cyanohydrin prepapéd from the ketone, potassium
cyanide, and mineral acid yields a mixture of isomers which
contains 73.6% of the solid trans isomer and 26.4% of a liquid

¢ls lsomer.

2-Methyleyclohexanone cyanohydrin has been prepared by
several methods, the most convenient beling additicn'of giaciai
acetic acld to a Stiﬁred mixture of ketone and potassium'
¢yenide in methanol.  After standing for 48 hr. the reaction
product crystallised to a semi-solid mass. The solid,
filterad off and rearﬁstallised from light petroleum {(b.p.560~
BOO)Q proved to be identical with that prepared by Baing from
the.ketone and liquid hydrogen cyanide (m.p.56-59%). The
1iquid residue continued to depesit crystals over a period of
weeks, leaving a visqoué liguid wﬂich gaémliquid chxomaﬁb«
graphy showed to be a mixture of the cyanohydrin isoméra in
about equal proportionén Overall, the isomers were in the
proportions 75% solid : 25% liquid which agrees well with
Kamernitskil and Abhrem‘’s results. The solid isonmex was'
gsmoothly dehydréted by phosphorus oxychloride and pyridine to

a pure olefinic nitrile, shown by hydrolysis with hydrochloric

acid to be 1-cyano-6-methylcyclohex-1i1-ene.



Isomerisation of f-Cyano-6-methyleyclohex-i-ene

The nitrile from the above . prepardtlon was refluxed for 24
‘hro in a solutlon of sod;um isopropoxide in lsopropyl alcohol
in an attempt o isom@risa it by the method of-Parham, Moulton
and Zuckerbraun78a The product from the isomerisation con-
tained 5-10% of a new higher boiling material, aégmmed to be
ﬂmcyano%aemethylcyclohexM14éne, A 56 hr, réflux yielded
about #40% of the new matefial§ which could not be separated
from its isomer by digtillation. The 1,2-isomer has also
been prépared in much greater purity by the pyrol&sis of

transg-1-benzoylowy-1-cyano-2-methylcyclohexane.

Dehydration of the liguid mizture of cyanohydrin
isomers gave a ratio of 7% 1,6-1isomer: 21% 1,2-isomer.
Siﬁée the solid isomer gives 100% of 1,6-iscomer, the 17,2-
isomer ngt give 58% 196wisomer and 42% 1,2-isomexr, if both
cyanohjdrin isomers dehydrate at the sam@ rateo The liguid

,(z

isomer? Lherexore probably denydrateb by the Hofmann rule.

pyrolysis of cis- and trans-4=-Anilino-1-cyano-2-methyleyclo-

hexane

Six preliminary pyrolyses of the anilino-nitriles at 400,

2

500, aﬁd 600° showed that™ as at the lower temperatures of

200 and 2500, the major breakdown route was loss of hydrogen
cyanide from the molecule with formation of an anil, the

reaction being reversible al room temperature.
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Gas=1liquid bhromatography has now shown the dnexpect@d forma~-
tion of aniline without formation of the expected related
compounds 1¥cyanom2%methylcyclohexwﬂ«ene and ‘l-cyano-~-o-methyl—
cyclohex=-1=-ene. Conglderation of the possible modes of |
formation of anilineé showed that there were three possible
routes.
/21) A direct scission of the molecule into aniline and the
corresponding nitrile: a route alread& investigated
and found to be absent. Control runs with mixtures of

aniline and the olefinic nitriles have shown that they are

distinguishable by gas-liguid chromatography.

(2) The self-condensation of the anil 2-methyl cyclos
hexylideneaniline to 2-methyl-6, 2°'-methylcyclohex-

1-enyleyclochexylideneaniline and aniline.

Nph  Me
i He=r" Tw@ + PhiVH,
o .

Cyclopentylideneaniline has been found2 to self-condense very

readily at 2500 in this mannef. In addition, Reddelien and

88

Meyn have reported a similar catalysed self-condensation of

cyclohexylideneaniline at 60%, and Sapiro and P’eng89
observed a slow uncatalysed self-condensation of cyclo-
h@xylideneanilina} There would appear, therefore, to be a

strong possibility that this reaction takes place to some




extent during the pyrolysis.

(%) A %third but less likely possibility is an inter-

molecular reaction such as the following:

PhHN\ FhHN o

e ,,
- j Plﬁm ‘} E‘ie Eﬁi ’> |
& th H ?
\m f,,ﬁ CN s

He Me

%m' p
5

Gm\ ANHFL Phil

Me%Tf ‘3
-

CN*@

< M
13 k\ } + FPhNH,

This Hype of reaction should yield aniline and a

coﬁd@nsaﬁion‘productg possibly similar to the unkunown com-
pcunda found in the pyrolysate from M~anilino-ij-cyanocyclo-
pentane, Since the first possibility had heen discounted,
attentlcn was turned to the other two. Several different

lines of aporcach were Lnried.

(1) The trans isomer was pyrolysed on o large scale av
5000 and kigh boiling products carefully sought in

the dl,t ate of the pyrolysate.

(2) 1=-Anilino~i~cyanocyclohexane itself was pyrolysed.
It was hoped that the positive identification of any
condensation product of cyclohexylideneaniline would ‘be

simplexr owing to previous reports in the literature.

(%) The anils were pyrolysed vnder the same conditions as
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their anilino-nitrile precursor. Any aniline produced
would confirm that seli-condensation took place on pyrolysis.
In addition, it was hoped to compare the quantity of aniline

produced per mole of anilino-nitrile and of anil.

Larée Scale Pyrolysis of tran5m1mAnilinom1~cyan0m2mm¢thxlm

¢yclohexane.

Two large scale pyrolyses of the anilino-nitrile at 500°
yielded after successive distillations a few drops of a
th;ck viscous yellow liquid, bop,160*1650/% mi . Ultraviolet
specitroscopy indicated that this fraction contained a com-
pound with two double bonds in the molecule. Hydrolysis of
the fraction, followed by estimation of the aniline liberat-

ed, indicated the presence of a compound with the formula:

NPh - Me

The ketone product of the hydrolysis had an infrared specirum
very similar to that of the ketone of corresponding structure

prepared synthetically by the method of Mlezivagau

Positive identification was difficult, since the ketone did
not form &ny solid derivatives, pessibly owing to steric

hindrance by the ortho substituents.




ryrolysis of 1~-Anilino-~i-cyanocyclohexane.

Confirmation of the formation of aniline by secondary self-
condensation of an anil was obtained by pyrolysis of this
compound . From the pyrolysate, a viscous yellow liquid was

88 4.p.212-214°/18 mm.)

obtained, b.p.160-170°/4 mm. (1it.,
whose hydrolysis, followed by estimation of the aniline and
preparation of solid derivatives of the ketone showed it to
he 2-cyclohex-i=enyleyclohexanone. There was a small amount
of an even more viscous matvterial, which on cooling solidified
to a glassy yellow sélid9 but which could not be induced to

crystallise. The condensation reaction and the resultant®

produclts will be discussed in more detail later.

Pyrolysis of Anils.

Pyrolysis of the anlils 2-methyleyclohexylideneaniline and
cyclohexylidenéaniline confirmed that their self-condensation
was the cause of formation of aniline. Both anils,; shown by
was-liquid chromatography to be pure bvefore pyrolysis,
produced aniline in their pyrolysates. Gas~liquid chromato-
graphy also indicated a small peak with the same retentlon

time ag the synﬁhetic condensation products.

Pyrolyvsis of Cvcloheptylidencaniline.

The close similarity between the reactions of cyclic ketones

and cyelic anils was further emphasised by pyrolysis of
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cycloheptylideneaniline at 500%. Wallach?! has shown that
the ease of condensation of cyclic ketones is in the
following order:

s > Cg > Oy
If self-condensation is the reaction producing aniline,
cycloheptylideneaniline pyrolysed in the same way as the other
anils should be very stable. This wés found to be go, only
a minute trace of anlline being detected in the pyrolysate.

7

Investigation of the Tarry Residues from Runs 3-10.

A third possibillity, previously menbtloned, that aniline might
be formed by some unknown oute along with an unknown compound
was further investigated. High wvacuum distillation of these
tarry vesidues yielded a very high bolling fraction which
scolidified to a gticky yellow-brown non-~crystalline solid,
crystallised frdm-light petroleun (b.p.60-80°) as fine silvery
crystals mopo2§ﬂm252°, Microanalysis indicated a carbon
percentage charvacteristic of a wholly avomatic compound. The
material musg,thereforejhave been formed only from The aromat-
jc anilino part of the molecule. A survey of the literature
showed that aniline gives small amounts of carbazole on

pyrolysis, thus:




The compound was ldentified as carbazole by a mixed melting
point determination. No diphenylamine was detected in the
Dyrolysate; bug since it dehydrogenates easily to carbazole,
the rate-determining step being the formation of diphenylamine

from aniline, it is probable Ghat very little was present.

Structure of the Self«Gondensat;on Product of the Anils.

The structure of the self-condensation product of the six-
membered r»ing anils was at first thought to be Z2-cyclohexyl-
idenecyclohexylideneaniline (V) end 2~(2'-methyl cyclohexyl-
idene)~6-methyleyclohexylideneaniline (VI) as suggested by

Mannichgan

NPh NPh Me

PN
g0 0

v Vi

These sbructures are analogous to the well estublisned
structures of 2-¢cyclopentylidenecyclopentanone (VIL) and

2=cyclopentylidenecyclopentylideneaniline (VIII).
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It hag been shown, however99§ that the condensation product
of cyclohexanone is 2~cyclohex-1-enylcyclohexanone (IX) and
not 2-cyclohexylidenecyclohexanone (X) as originally thought.

O

e
a0 O«

P

In addition, Sapiro and Pﬁengag have identified the structure
of the condensation product of cycleohexylideneaniline as
2-cyclohex-1-enyleyclohexylideneaniline, and this has been
confirmed by the present work. The product of the selfl-
condensation of 2-methylcyclohexylideneaniline has}thereforef
been regarded as having a structure analogous to that of the
ungsubstituted compound; There are two possible isomeric
structures: ngggggg%zﬁl“%jﬁmethylsyclohexmqmenylcy@lgnekylm

ideneapiline (XI) and 2-methyl-6,6'=methylcyclohex-1-enyl-

cyclohexylideneaniline (XII).

e NPh Me NPh
@mm ‘ . e

XL XIT

The high boiling fraction obtained from the pyrolysates will

most likely be a mixture of isomers rather than the one pure



compound .

There is, however, some doubt at present regarding
the sutructure of the product obtained from the condensgation
of three molecules of éyclohexanoneq The triple~-condensa-
tion product of cyclopentanone was long accepted as having
the structure 2',6-dicyclopentylidenccyclopentanone (XIII1),

though this had neither been proved nor disproved,

XIITX
Recently, Mleziva94 brought Sorward evidence for the alter-
native structure 2,2'cyclopentylidenecyclopentylidenecyclo~

pentanone (X1IV)

LIV

Mleziva algo isclated a new produc?t, m,paf?‘ao9 from the self-
condensation of cyclohexanone, which he suggested had the
structure 2,2°'=-cyclohex-1-enylcyclohexylidenecyclohexanone

(xXv).
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More recently, Plesek95 reinvestigated the evidence for the
structure of these compounds and obtained evidence for the
structure (XIII) originally proposed by Mannich for the tri-
condensation product of cyclopentanone. Cyclohexanone was
found to have a more complex reaction. The main product of
the tricondensation was found to be 2,6-dicyclohex—i-enyl-

cyclohexanone (XVI).

<&“[jij’”<>

. Phere was also present a ligquid mixture of 2,6-dicyclohexyl-
idenecyclohexanone (XVII) and 2-cyclohex~l«~enyl-G-cyclo-

hexylidenecyclohexanone (XVIII).

OO OO

XVIT : XVIII

Some measure of confirmation of the results of Plesek has

come from Svetozarskil etb ggugﬁﬁ who prepared and ldentlified
the ketone (XV) of the structure proposed by Mleziva, finding
it to have map.44° and to have different properties from the
ketone prepared by Mleziva and Plesek. The results of Plesek,
however, cannot be regarded as conclusive, since Edgar and

Johnson97, while investigating the products obtained from the

‘condensation of ammonia with cyclopentanone and cycloheianone,
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identified compounds which must have been formed via the
ketones (XIV, XV) having the structures proposed by Mleziva.
On the basis of these results, therefore, the very high boil-
ing fraction firom the pyreolysis of 4-anilino-1-cyanocyclo-
hexane is best regarded as a complex mixture of the following

isomeric anils:

OO OO

XIX XX
NPh

/J | /A
Oad
O =<0 -
.
X¥1 XXTL

T

The other possible structure, 2~(2'-cyclohexylidenecyclo-
hexylidene)eyclohexylideneaniline (XXIIL), was considered to
be inadmissibleg6 since it bhas too high a degree of steric

hindrance (as indicated by a study of molecular models).

T XXTIT

The c¢is, trans isomers of 1-anilino~1i-cyano-2-methylcyclo-

hexane did not yield a similar bigh boiling fraction from




thelr pyrolysates, but a small amcunt of a taryry residue was
always left after distillation of their pyrolysaﬁes, which
was prokébly a complex mixture of anils similar o those
already discusged. Tha_ggﬁﬁg methyl group in Z2-methylcyclo-
hexylideneanlline blocks one of the positions by which con-
densation may occur, and thus self-condensation will be much

s lower.

The sgtructures of the ketones (VII, IX) and their

corresponding anils are now well established, but as yet, the
unconjugated structures of the six-membered ring compounds

have not been satisfactorily explained.
o 0

“ P
OO0

pd ©IX

28 have shown that double bonds gxo to

Bi?@h; Kén and Norris
a sizx-membered ring tend to migrate into the ring and increase
the stability of the compound; it seems probable, therefore,
that ﬁhe unconjugatved ketone (IX) is more stable than the
ketone (X) which has two adjacent exocyclic deouble bonds in
ring one, Similarly, for the anils the unconjugated struct-
ure should be the more stab;go It is probable that even if
the conjugated anils (V, @§3 are formed to some extent during
pyrolysis, the high temperatures at which condensation takes
place will %émse their rearvangement to the unconjugated /b

gtructures. For these reasons the condensation of three
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molecules of cyclohexanone at‘SOOO should produce mainly the
ketone Xé%%, since -all other possible structures have cyclo-
hexane rings with two or three gxocyelic double bonds. The
findings of Plesek95 that this ketone 1s the major product

of condensation lends some confirmation to this theory.

Mechapism of the Condensation Reaction.

The self-condensation reaction of the anil probably takes
place through the labile vinylamine form of the anil,
analogous to the enolic form of ketones and aldehydes through

which the aldol condengation rroceeds,

o h

i hd
e ta N

\jczo e GOH

e
, s U
<ifi>ﬁﬂPh ST \Mmé>mﬂPh

The lability of vinylamines is well known, though there is

29

evidence that cerdvain such pairs may exist separalely. The

AN

. - . . / J . . ‘
anils discusged in this workgthereforgiprobably exist in, ,,
equilibrium with the' corresponding vinylamine. The condensa-

tion reaction can then be represented as follows:

NFPh ey NPH
f ) ;l
. PhHN< > ;%
- NFh
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Elimination Reactions of the Anilinomnitrilesu

The present results have confirmed previous conclus‘ions‘?"*?1

that at lower températures pyrolysis of anilino-nitriles

takeg place by a predominating scission to hydrogen cyanide

<%ﬂﬁﬂ

G&Smllquld chromdtobrapny has confirmed that the unsaturated

and an anil, thus:

nitriles 1-cyano-2-methylcyclohex~1-ene and J-cyano-6-methyl-
cyclohex-1-ene are not present even in small amounts in the
pyrolysates, though Small guantities of aniline occur, formed

by a self-condensation of the anils.

The reactions of anilino-nitriles are therefore very
different from those of anilino~acids, which readily eliminate

aniline leaving the unsaturated acid.

Rates of Elimination of Hydrogen Cyanide from cig-and traQSm

1-Anilino-1-evano-2~methylcyclohexane.,

The study of the elimination of hydrogen cyanide from these
molecules at high temperatures has also given fresh evidence
for the‘cqmm‘eliminatjon of hydrogen cyanide rathexr than

C 002 or C m06 elimination.

The percentage of hydrogen cyanide elmmxnated at 400 ,

- 500 and 600 from the anilino-nitriles is.shown in the adjoin-
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adjoining graph, which indicates clearly that at all tempera—'
tures the cis isomer 1s the more stable and eliminates an
appreciably smaller amount of hydrogen cyanide. No definite
conclusions can be drawn from these graphs, since thée hydrogen
cyanide elininated depends on several factors. The primacy
factor will be the rate of the forward and back reactions in

the furnace, thus:

+ HCn

Scission will be favoured in the furnace, and recombination
by the cooler conditions in the pyrolysate receiver. Thesc
reactions in turn depend on the effect of the nitrogen flow,
the residence time, apd slight variations in temperature

during the pyrolysis.

The greater ease of elimination of hydrogen ¢yanide
from the trans isomer may be conveniently explained by a study
of Stuart models of the two isomers. The conformations of

the dsomers are represented thus:

I )

He==N=Ph

. CN
/: Me

trans Cis

ORISR WO L i

From these it can be clearly seen that whereag in the trans
isomer the K-H atoms and CN atoms are close together on the

same side of the molecule, in the cig isomer they are
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comparatively far dpart lying respectively above and beneath
the plane of the cyclohexane ring. In the trans isonmer,
therefore, because of their proximity to each'otnerg elimina-
tion of the hydrogen atom and the cyanide group will occur

more readily than in the c¢ils isomerxr.

This explanation is only valid if consistent C_ =N

]
glimination of hydrogen cyanide from both isomers is assumed.

2

This has already been considered™ to be the most likely route.

It is also significant that the cis-trans isomers of 1-benzoyl-

oxy-1=gyano-2-mnethyleyclohexane, which have no hydrogen atom
equivalent tvo the N-H atom in theirxr molecules, yield only

0.1=0.5% of hydrogen c¢yanide on pyrolysis at 400-600°.,

Stability of the cis-transg Anilino-nitrile lsomers

Because of secondary recombination of hydrogen cyanide aund
anil, regenerating the origingl anilino-nitriles, the presence
of both isomers in the pyrolysate of either was to be expected.
Fractional erystallisation of the pyrolysates of both istumers
showed , however, that they contained predominantly ¢is isomer.
This was surprising, since it has been anowmg that addition of

hydrogen cyanide to 2-methylecyclohexylideneaniline regenerates

a mixture of the anilino-nitriles in the ratlo c¢is to trans of

45:55, Hence, the trang and not the ¢is isomer should have

been the major constituent formed by recombination. At Lirst
the results of the pyrolyses ab 600° compared with those at

400° and 500° seemed anomalous, since no cis isomer was found



- in their pyrolysates, though a small amount of trang

material was obtained in the pyrolysate of the cis isomer.
Further consideration showed that these results were a confir-
mation of the foregoing, since if the more soluble cls isomer
predominates, it is likely to remain dissclved in these liquid
pyrolysates and thus avoid detectidn. For this reason the
ratio of c¢is vo trans isomer was probably greater in all

pyrolysates than that actually found.

At first the reason for the preponderance of c¢is
material in the pyrolysates secmed to be that recombination
of hydrogen cyanide and anil to give a mixture of anilino-
nitriles occurred to quite a large extent, even at the high
temperatures used, The proportion of ¢is material formed by
this reaction would be mainly undecomposed because of its
lower tendency to eliminate hydrogen cyanide, thus leaving
more ¢is than trans material in the pyrolysates. Neverthe~
less this explanation must be excluded foxr several reasons.
Although the c¢is isomer has been shown to be the more stable
towards elimination of hydrogen cyanide, the difierence in
%ﬁability is swmall compared with the large quantities of c¢is
isomer found in the pyrolysates. In addition, it seems
unlikely that rccombination could be favoured at the high

temperatures used.

Even if recombination took place the residence time
in the reactor is much less than the contact time between the

cooled pyrolysate liquid and evolved hyérogen cyanide in the




receiving flask, where recombination should give a highepr

proportion of trans than clilsg isomexr in the pyrolysate.

An alvernatlve though improbable theory is thal the
more labile of the isomers is converted into the less labile
by a direct interconversion. The pyrolysis of either isomerx

can then be represented thus:

<~HCN
9,;9‘3
=
£ +HON
3 i%
NHPRh Me NHPh
Lrang cls

[ Rs S ] [ ]

The most likely mechanism of interconverslion of the
isomers would appear to be via an interconversion of gyn and

anti forms of the anil. Certain anils are known to exist in
- \

1009 the interconversion
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two separate interconvertible forms
taking place by heating alone. There is also evidence
that certain anils exist normally in only one form and not as
an equilibrium mixture. Baina has found no evidence fox
different forms of the anil, but hig static method of pyrolysis

probably favoured an equilibrium mixbure of the two forms.




This discussion assumes vhat the anllino-pnlitriles
exist in the conformations already discussed: also that
reversal of the bond structure of the nitrogen atom occurs on
elinmination. Thiﬁ is the normal behaviour of an amine of %he

type NﬂqRER incapable of separation into optical isomers.

3
The reaction for the trang lsomer can Then be represented as
elimination of hydrogen cyanide giving the gyn form of the anil
by reversal of the bond structure of the nitrogen atom followed
by conversion to the stable aniti form at the high temperature
employed. On ceooling, the pyrolysate will consist mainly of
the anti form of the anil which will recombine with the

hydrogen cyanide evolved, forming c¢ig isomer. Therxe is
probably a glow formation at room temperature of an equiliboium
mixture of the anils, so that a small amount of Trauns material

will also be formed. The reactlions may then be represented

vhus:

2 NiPh
7 NP (ﬂ%‘%sm
f/“‘mijﬁf” 7 4 /N‘f-" J:;;
{é#“‘*ﬁwfiw ﬁ/fﬁx“%mﬂ,ﬁ,Me
AN
~HCH ~HON 4 HCN
t/ \
I Fh
. EKW“N 4 =N %
) / { ® AOD=-600C
Byn “ anti

Bauilibrium Mixbore
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Pyrolysis of cis~ and trans—-f-Benzoyloxy-i-cyano--methyl~

cyclohexane.

Cis~- and trang-1-benzoyloxy-1-cyanc—-zZ-methyleyclohexane have
been shown to give different products on pyrolysis in accord-

anee with bhe following eguavions:

(oo BaOH_ < > . /‘"D
N/ 500°

OBz ' Me CR Me OB
brans &7% 2 5%
’-Z‘-ldﬁ‘ OH -
e O v ()
Ny
Me OBz Me CWN Me CN
90 . 5% 5. 5%
25,26
These results agree wall with those of Alexander and Mudralk |

who found c¢is eliminations to be the rule in acetate and

xanthate pyrolyses.

(& = Ohe or 0.08,Me) <%2/> o /}

d Ph
acetate 92.8% 7 2%
xanthate . 96-100% 0.4%
acetate 13. 5% 86.5%%
-xanthat& 11 .7% 88.3%%

brans




elimination in the gis pyrolysis. may either be due to a trace
of trans impurity or to a very Slight interconversion between
the isomeric esters, similar to thalt suggested for the

anilino~nitriles.
0Bz CH

B2

; DA
> I

cis trans

[T [CrenmS———

A fthird possibility, suggested by erton809 is that trans

e limination in pyrolysis is indicative of an jonic mechanism.
An interconversion of the type suggested would expilain the
small trans eliminations found by Alexander and Mudrak.
Molecules which remain completely resistant To pyrolysis may

be unable to undergo this type of intexrconversion bhecause of

. a .26
gtruetural considerations, e.8. an adjeininT benzene ring“.

& ff} e @ s
lfr Tt‘ﬁén M. No Reactiom
LN }\ffi@

The results contrast markedly with those of Balley

20 27

and Nicholas®™ and Arnold, Smith and Dodson“’ who pyrolysed

cig-and trans-2-methyleyclohexyl acetate and observed a trans

¢limination. Their results also differ widely in the

proportions of methylecyclohexenes formed.



500°

er K >
‘ lie
9 1% some. (Bailey end
Nicholas)
45% 55% (Arnold, Smith

and Dodson)

<%?\> an A S

VAR AW A Y AR
. . __ -
OAc %ﬁ OAe HMe &e
68% %2% Q5% 5% {Bailey and
Nicholas)
100% 75% 25%  (Arnold, Smith

and Dodson)

The present results, therefore, do not support those

given above, which indicate a major trang elimination in ester
pyrolysis. Barton22 has given many examples of exclusive ¢is

eliminations by the benzoates of steroid alcohols, and as

‘o : . . A -
proof of an ionic mechanism for a trans elimination cites ©

the pyrolysis of potassium bornyl sulphate, which ylelds

102

camphene but not bornylene (trans elimination) s Whereas

the reverse holds in pyrolysis of the methyl xanthate 197,
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Direction of Bliminzbtion

The results quoved above also indicate a marked preference
for elimination by the Hofmann rule. The present resulis
show clearly that elimination takes place according o the
Saybtzelf ruléa which states that hydrogen is eliminated
preferentially from the most highly allylated carbon atom.
Tenperature of pyrolysis kas also been shown to have lLittle

or no effect on the direction of elimination. This conbrasts

19 O

with the work of Bailey and hale who Lfound that at 400

<n

t~anylacetate followed the Hofmanm rule, but The Saytzefld

rule at 2259,

AGOC{ He )p.CoHg ~=nd (He J C:CHMe + CHy:CMe.Bt

2 a
I & el 7 L
400 ot ety /] / gbﬂ)
oy oy G = G/ LIRAY)
2l 5% Eag¥

-

T can e ssen that vhese regulivs irdicate & radical

change in Hhe eliminatvion mechanism. Bailey has suggested
that the Baytzeflf rule predominates at lower bemperatures in

liquid phase pyrolyses, and that the stability of the olelin

becomes increasingly important as the temperabure is lowered.
15

ence and concluded that the Saytzeflf rule predomninates at all

De Fuy 2t al. ] wrepeabing Balley's pyrolyses found no such evid-

tempersbures, with no change in the percentage composition of
the pyrolysate. The present work, however, bas shown that

the abowve conclusion of Railey may be partially correct, since

=D
b3}

a lLiguid nhase pyrolvasis of the trans
'] i pPITCLy € <

trans oner of f-bengoploxy-
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1-¢yano-2-methyleyclohexane av 220° showed a slight increase
in favour of Saybzeff elimination Lrom that at 5000° There
was no radical change from the Saytzefif o the Hofmann rule,
however, asg the temperature was increased, and at 600° elim-

ination was even more in favour of the former tvhan at EBOOQ

The present results ﬁherefomejbear out the conclusions
(‘I‘)

of Barton™® +that the Saybzeff rule is followed quite generally
in-ester pyrolysis, since prefervential ¢ig elimination takes
place towurds the bridgehead when this is stereochemically
possible because the homolytic bond dissociation energies of

C-H bonds decrease markedly in the following order:
wal e Eﬁ . '>3‘ PR Vo |
GH§ c-—’) / CI’.’E.E o ‘/‘« H
Unimolecular elimination of H-R therefore wilill proceed with

(x

decreasing activabtion energy in the fellowing series:

N o,
IS ,

A ¥ i . .
primary 5 secondary L tertiary.

o

This Jecrease in activation energy was considered by Bsrton
to be the prinecipal factor in influencing the reaction
velocity and causing preferential elimination towards the
bridgehead. Benkeser, Hazdra and Burrowsq7 have also con-
cluded that direction of elimination does not depend on

temperature of pyrolysis.

Other Products of Pyrglysis

Ag well as the two isomeric nitriles whose formation has

already been discussed, two other products have been
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a6,

e

identified im the pyrolysate. These are benzene and benzo-

nitrile. Benzene is an expected product produced by decaxrb-

oxylation of benzolc acld, while benzonitrile would be sxpect-

)

ed as a resullt of B~ scission of the molecule to 2-methyl-

] .. o s /
cyclohexanone and benzoyl cyanide, followed by ﬁ@caﬁbm%yiatlonﬁ%
¢

of the latter, vhus:

0COPh e =

<i <ic 3 4 PhCOCN
— N
Me

PhoN

It is of interest that this is another ewxample of aﬂ@f
gscisgsion with transfer of a nitrile group rather than a
hydrogen atom. Surprisingly, neither 2-methylcyclohexanone
nor benzoyl cyanide could be detected in the pyrolysate.
Standard control runs with pure samples of these subsbtances
showed that benzonitrile and tThe lsomeric nitriles tended to
obscure their resgpective peaks and this was probably why they
were nobt observed. Analygis of the gas from pyrolysis of
the ggggg isomer showed the presence of 9.5% carbon dioxide

by decarboxylation of benzmoic acid from ﬁq

]

scission. Iv is
possible that some decarboxylation of the ester might have

taken place to 1-cyano~1-phenyl-2-methylcyclohexane, thus:

OCOFh e ,BD
~C0; /
— e N

Me Me
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No high boiling products such as 1-¢yano-i=phenyl-2-methyl-
cyclohexane were observed on using gas-liquid chromatography.
1£ present, therefore it must have been in very small

gquantities.

Pyrglysis of 1-Benzoyloxy-i1-cyanocyclohexane

Benzoic acld and q-cyanocyclohex-i-ene (85-90%)of the
pyrolysate) were the major products of pyrolysis. Cyclo-
hexanone, benzene, benzsonitrile, and benzoyl c¢yanide were
identified as present by gas~liquid chromatography. The

2

/
three expected products of a B~ sclission were,therefore, all A

found, confirming it as a minor route in the pyrolysis.

—\  HCOPh |
< ><) 3, Q@o PhCOCN
==L o '

mCO
PhON

Fractional crystallisation of the solid fraction of the
pyrolysate yielded only benzoic acid. There was no trace of
any b@nzoyl cyanide dimer, o,o~-dicyanobenzyl benzoate:

2 PhCOCN mmwmm-§zmsoocccm)aph

~

Source of Hydrogen Cyanide in the Pyrolyses

Pyrolysis of the isomeric benzoates has shown that only very
small amounts of hydrogen cyahide are formed at 500°. Since

the source of hydrogen cyanide throws fresh light on the

Tl
<M



pyrolysis of the anilino-nitriles, c¢yclohex-1-enyl benzoate
(the compound formed by cq/ca elimination of hydrogen cyanide
from 4-benzoyloxy-i-cyanocyclohexane) was carefully sought by

gas-1ligquid chromatography, using a control sample of the ester.

y 0COPh P |
Q< H;?N._, > <m\>>ocom

Cyclohex-1-enyl benzoate was not detected in the pyrolysate,

though 1.67% of hydrogen cyanide was given off. FPurther
pyrolysis of the isomeric nitrile mixture from pyrolysis of
the trans isomer gave a small amount of hydrogen cyanide,
though the residence time was less than for the ester. 7
would appear, therefore, that the hydrogen cyanide is formed
mainly if not entirely by secondary breakdown of‘the nitriles

formed by primary scission of the ester.

- e 7 s
o O O o e
Me Me

Two unidentified compounds, present in small amount in the
pyrolysate of the trans isomer were probably the above break-

down products.

Pyrolysis of 1-Cyano-6-methylcyclohex-1-ene

Pyrolysis of this compound- has shown that for a resgidence time
gimilar to that of the trans isomer, no isomerisation to 1-
cyano-2-methyleyclohex~1-ene takes place. The proportion of

isomers in the pyrolysate of the trans isomer will}thereforg/



ve that ag actually formed by prinery scission and oot by

an interconverslion between the nitriles after breakdown hag

Laken place.
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Freparation of trans-i-Anilino-|l-¢yano-<—nethyvleyeclohexane

from trans-2-Methyleyelohexanone gysnobydrin

e-Methyleyclohexanocne cyanohydrin {mlp}ﬁéwEQQ) (2 g.) and

aniline (1.8 g.) were maintained at 50-60° for 72 hr. On
cooling the reaction mixbture, a dark brown solid separated:
which recrystallised twice firom benzene, had m,poﬂ26m12605Q

(Mixed m.p. with trang isomer, ﬂacmﬁ26050)°

Preparation of trans-i-Benzoyloxy-—-l-cyano-z2-methyloyclohexane,

from 2-Methyleyelohexanone cyanohydrin

Gyanchydrin (2.8 g.) was disselved in dry pyvidine (5 ml.)
and cooled to 0°C: benzoyl chloride (2.8 g.) was then added

and the whole heated to @ﬁog for & hre. The reaction mixture

was then cooled and poured on to a mixture of conc. hydro-
chloric acid and ice, followed by exbraction with ether

s (25 ml.). The ethereal extract was washed with dllute hydro-
chloric acid, 10% sodium bicarbonate solution, and water, in

b that order, and then dried overnight over magnesium sulphate.

a After removal of the ‘ether a light brown solid (5.1 g.) was
left, mopv92«92050 (from 95% ethanol). (Mixed m.p. with

trang lsomer, 91-92°).

!‘?‘n\fs:




Preparation of cisg and trans 1-Anilino-{-cyano-2-methyl-

cyclohexane

The isomers were prepared by the method of Bukhsh et g£u104

from 2-methylcyclohexanone, aniline, potassium cyanide, and—"

2

mineral acid and separated by the method of Bain™ by fraction-

al erystallisation from benzene and light petiroleum.

Potassinm cysnide (140 g.) in water (400 ml.) was
added to a stirred sclution of 2-methylcyclohexanone (224 g.),
anilinc (184 g.) and glacial acetic acid (1,000 ml.). After
1% hr. stirring, the mixture solidified in the llask. The
material was left standing overnight, filtered off and washed
with water: yleld 262 g. (61%). The crude produch was then
dried before fractional crystallisation. Final yield of
isomers: itrans form - 155 g. (65%) m.p.126-126.,5°
cis form - 107 g. (35%) m.p. 86-88°.

Subsequent work wlth pyrolysates containing mixtures
of the isomers has shown that they can be more easily
separated from light petroleum (b.p.60-80°). I¥ the isomer
mixture is dissolved in the minimum of solven®t, the trang
isomer crystallises first as large crystals on the walls of
the containing vessel; on further cooling, the cis isomer
startyg to crygtailige? shown by‘ﬁh@ appearance of milkiness
in the solution. The solution is then warmed slightly, the

trans isomer filtered off and pure uncontaminated cis isomer

is finally obtained from the filtrate as Lluffy white c¢crystals.
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J-Anilino-1-cyanocyclohexane : This was prepared in the sane

way as the anilino-nitriles above; obtained as colourless

prisms mopo74m750 (from ethanol): yield 66%; lita?1m0p075oo

1-Anilino«1q- cvanocvclohepnane Prepared in the same way;

-
colourless prisms m.p. 74w?5 ﬁfrom ethanol; yield 67%, '

<)
2 n.p. 85-86°.

. L9
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Prevaration of Anils

These were prepared by pyrolysis of the corres sponding anilino-

nitriles in a static reactor similaxr to that described by

Bainao The anils prepared in this way were:

""ZMMethylcyclohexylideneaniline{ Yield 83%, bopoﬂﬂowﬂﬂ@g/ﬁ mm. ,

n201.5503; 116.79%92 v.p.143-146°/12 ma., n§5 1.5487,

20 .

n 01,5504,
Gyclohexylideneaniling: Yield 87%, b.p.106%/2 mm., n-01.5451;

lit. Reddelien and ﬂeynae give b,p°138m1420/19 mi.

Cycloheptylideneaniline: Yield 86%, b.p.108-110 /2~3% mm.,

n%o 1.5258; (oot quoted in 1it.).

The anils were all colourless compounds when f{reshly
distilled, turning yellow within a few hours in contact with

air and finally aftcr several weeks a dark yellow«fed colour,
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The anils were pyrolysed immediately after being distilled
and tested for thelr purity by gas-liquid chromatography

since a pure sample of cyclohexylideneaniline analysed at
regular intervals over a period of weeks slowly formed aniline
by self-condensation to Z2-¢yclohex-1~-enyleyclohexylidene-
aniline. It is of interest that cycloheptylideneaniline
(shown %o be the most. unreactive anil) which had been kept for
5 years in a sealed tube was found on distlllation, to have

decomposed enbirely by self-condensation.

Preparation of the Condensation Products of the Anils

2~Cyclohex-i-enylcyeclohexylideneaniliine

Cyclohexylideneaniline (4.5 g.) was heated with aniline hydro-

chloride (0.5 g.) (200°: % min.). The reaction wmixture was

~ then distilled giving 2 fractions: (i) 1.4 g., b.p.180-190°,

(ii) 1.5 g., b.p.160=170"/1 mm. Fraction (i) was identified
as aniline; fraction (ii) was identified as the required
product by hydrolysis to the corresponding ketone and prepara-
tion of solid derivatives. The anil is a viscous yellow
1iguid which darkens rapidly on contact with air; 1lit.Saplro

89 88

and P'eng bongOOmaﬁOelﬂs mn.: Reddelien and Meyn " 212~

244° /18mm.

+

Qeﬂethylm6?20mmethylcyp10heﬁwﬂmenylcyclohexylid@meamilime

This was prepared similarly. A wvwiscous yellow Liquid b.p.
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Condensation took place nmuch more slowly.

Preparation of the Corresponding Ketones
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These were prepared in known fashion

2-Cyvelohex~1-enyleyelohexanone : bap01§8w1400/12 Mnm. ,

n{;’o 1.5064; iit., Brown and Ritter 0%, b.p.137~139°/14 mm.
2% 1.515: Kon and Mutland'®7, b.p.145°/17 mn., nl? 1.50692.
The ketone formed a semicarbazone, mopoﬂ79mﬁaﬂ°; 1i%. m.p.

3 mape1?5@177092§ and an oxime m.p.142-143;
0
92, 146-148°.

EmMe%hylm69Elmethylcyclohexm1menylcyclohexanone: bap.ﬂ%0m1%29

/2 mm. ygo 1.5000. The compound did not form any solid

derivatives.

Preparation of Z-Methyleyclohexanone cyanchydrin

Most of the workers who have prepared this compound have
obtained liquid mixtures of isomers, which were difficul® to
geparate. Since it was desired to prepare at least the pure
solid isomer in fairly large quantities, several methods of

preparation were tried in order to find the most convenient.

108
The best method was that of Bockelhelde and Schelling.

2-Methyleyclohexanone (50 g.), methanol (500 ml.), and
povassium cyanide (75 g.) were nixed, cooled to 0% and glacial

acetic acid (150 ml.) was added dropwise. The nixture was
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then refluxed for 1 hr., cooled and poured into water (1500

mnl.). The above authors state that the cyanohydrin separated
at this stage. None separated gpuf in this instance. The
watery mixture was.therefore extracted twice with ether. The -

e thereal extract was dried over magnesium sulphate and the
ether distilled off. The crude residue (51 g., 82% yield)
after removal of the ether slowly crystallised in 48 hr.,
yie;ding 2 g. of sollid isomer which separated from methanol.
as colourless cxystalsﬁmnpu§6«590; 1it., Bain2 gives 56=59°,
The liquid residue slowly deposited crystals over a period of
weeks., The final product of the reaction was 20 g. of solid
isomer and 2% g. of a liquid product, shown by gas-liquid
chromatography to contain the ¢is and trang cyanohydrin
isomers in about equal proportions: The reaction produces,

| thereforas76% of s0lid isomer and 24% of liquid isomer,

Dehydration of trans-Z-Methylcyclohexanone cyanohydrin

The cyanohydrin was dehydrated in pyridine solution with
phosphorus oxychloride by standard methods. The product
obtained was é célourless liguid bop,80°/10 mn. , ngo 1.4783%,
1it., Braude and Wheeler?? give bopo?ég/1o mm. nﬁﬂ 1.4782.
Gas-1liquid chromatography showed that the product was pure,
uncontaminated by any isomeric produets. The product was
identiflied as 1mcyanOwG»@ethylcyclohexmﬁmene by hydrolysis

with sul@huric acid/glasial acetic acid to G-methylcyclobex-

1-ene carboxylic acid moP5106“106o509 l:i.‘i;°779 mopo106m106°50u




RACM R

isomerigation of 4-Cyano--b-methy.cyclohex-i~ene to

1-Cyano-2-methyleyclohex-1—-ene

The nitrile (2 g.) was added to a hot solution of sodium
isopropoxide (0.25 g. sodium/11‘m1, dry isopropyl alcohol)

and the resulting solution refluxed for 24 hr. The mixture
was poured on Lo ice, neutralised with © N-sulphuric acid and
extracted with ether. The ethereal solution was dried over
magnesium sulphate. The residue left after rémoval of the

e ther had bqpn80»850/10 mn. Gas-liquid chromatography showed
that the product contained 5% of 1-cyano-2-methylecyclohex—1-
ene, A 56 hy. reflux yielded the olefin in 40% yield.

Dehydration of Liquid Cyvanohydrin Isomers.

Dehydration by the same method used for the solid isomers
yielded a mixture of the olefinic nitriles in the ratio

1,6 3 1,2 isomer, 79 : 24, b.p.85-86°/11 mm.

Hydrolysis of the Mixture of Qlefinic Nitriles

Hydrolysis of the nitrile mixture (1 g.) for 96 hr. with
.sulphuric acid/glacial acetic acid (2 g.) yielded an ethereal
extract and a sodium carbonate extract which on acidification
yvielded an impure solid mopo92c98° séparated by fractional
crystallisation into 6-methyleyclohex-1-ene carboxylic acid
m,po105°5»1o6° and 2-nethylcyclohex-1-ene carboxylic acid
m.p.86-87%; 1it.709, n.p.88°. The ethereal extract, on
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reduction deposited a solid which formed fine colouriess
needles m.p.139-140° from be%gene/light petroleum. (Found:
C, 69.04: H, 9.6; ql,gi¢45%',g Cale. for CSHq§ON: Cs 69.1;
H, 9.3; ﬁﬁfa?fé%jq? Hydrolysis of this compound to its
corresponding acid identified it as 2-methylcyclobhex-1-ene
carboxamide (not quoted in 1it.). A similaxr hydrolysis for
only 18 hr. gave a high yield of an amide mcpa147mﬂ#8° and a
trace of acid mnp°105°5mﬂ06°° The amide was identified as
Bmmethylcyclohexéﬁmene carboxamide by hydrolysis to its acid,
Rapson and Shuttleworth'1® obtained two amides on hydrolysis
of a mixture of the nitriles, m°p°128° and mop,1%6°o Grund-

mann and Lc're—nrlmti

give 6-methylcyclohex~1-ene carboxamide as
m9p0142®° It is congidered that the low-melting amide of
Rapson and Shuttleworth was a mixture of the twe amide isomers
and the amide of Grundmann and Low & slightly impure version

of the high-melting compound.

A partial hydrolysis of the nitrile mixture to the

amides alone with hydrogen peroxide/potassium hydroxide by

112 113

the method of Radziozewski and Buck and Ide yielded only

the high melting amide. It can be seenétherefore’ﬁhat the /|
1,6-nitrile is much more reaaily hydrolysable than its 1,2~

ﬂq%who states that

isomer. This is in agreement with McElvain
completely substituted olefins aie very difficult to hydrolyse
(particularly those bearing electronegative substituents) and
also resigstant to permanganate oxidation. It is not surpris-

ing therefore that an attempt to verify the structure of the
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1,2-nitrile by permanganate oxidation falled. Priceqqs

similarly failed to oxidise 1-methylcyclohex-2-ene.

Preparation of ‘{-Benzoyloxy-i-cvanocyclohexane and the

cig-~trans isomers of 1-Benzoyloxy-i-cyano-Z-methylcyclohexane

1-Benzoylozycyanocyclohexanes are readily prepared from the
corresponding ketonel by reaction with potassium cyanide and

benzoyl chloride by the method of Aloy and Rabautquo

Potassium cyanide (100 g.) in water (2 ml.) and
cyclohexanone (130 g.) were cooled to 6° with constant stirr-
ing in a 3 litre flask; freshly distilled benzoyl chloride
(70 g.) was %hen added dropwise. After 30 min. stirring a
white pasiy material was precipitated. The addition of
benzoyl chloride was then continued foxr a further 6 hr.
followed by stirring for another 2. The organic layer in the
flask was then extracted with ether and the ethereal solution
shaken with sodium carbonate solution followed by washing with
water. Removal of the ether yielded 50 g. of the ester,
obtained as colourless plates m,pu77%77°53 from ethanol;

y
14%.72, m.p.73-74°,

Preparation of cis and trans 1-Benzoyloxy=1-cyano=2-

methylcecyelohexane

Preparation of the cis isomer proved rather difficult. Aloy

116

and Rabaut prepared the esters from 3~and 4-methylcyclo-
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hexanone but reported only one compound from each ketone
though two would be expected. Ritchie and Shim7a suecess~
fully prepared the trans ester from Z2-methylcyclohexsnone
but did not isolate any other material from the reactlon

mixture.

Initial attempts to prepare the isomers by the above
method yielded only the trans isomex n.p.92-92.5° and a
liquid nmixbure of the isomers of 2-methylcyclohexanone
cyanohydrin which made fractional crystallisation of the
product very difficult. Variation of the proportions of the
reactants with cooling to w150 and raising the final tempera-
ture to 40° gave similar results. Wwhen the preparvation wuas
attempted withoul cooling the reaction mixture in any way,
large quantities of benzoic anhydride were formed and very

little of the trans isomer,

Attempted Separation of the Benzoate and Cyanohydyin Isomers

by Chromnatography

By means of column chromatofraphy it was hoped Lo separate
either the benzoates themselves, or the corresponding cyano-
hydrins from which they can be easily prepared. The semi-~
solid high~boiling fraction from the benzoate preparation,”
and the liquid residue from the ¢yanohydrin preparations were

used for the separations.

In both instances 1 g. of isomer mixture was dissolved
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in 25 ml. of benzene/light petroleum (b.p.60-80%), 1:10
mixture and introduced on to a 2 cm. column, conbaining 30 g.
alumina. The column was elutriated with benzene/light
petiroleun (bopo60m800), 1:50 mixture followed by 1:20 and

1:10 mixtures. The main product of the benzoate separation
was the trans iSOme% m,p°92m92°53 but a small gquantity (7 mg.)
of a colourless crystalline substance m,p084m85° wés obtained .
ggaéfggg small amount available made positive identification
/impossible, The cyanohydrins could not be separated possibly

because of hydrolysis on the colunmn.

Final Preparation of cis and trans Ilsomers

The cis isomer was finally prepared by benzoylation of the
cyanohydrin isomers in pyridine soluftion followed by frac-

tional crystallisation of the product from ethanol.

A liquid mixture of cyanohydrin isomers (30 g.) was
benzoylated by standard methods. The reaction mixture was
initially kept at 0° for 30 min. and then at 80° for '6 hr.
followed by cooling to room temperature; water (150 ml.) was
then added dropwise to destroy excess of benzoyl chloride
(dropwise addition was intended to prevent formation of
benzoic anhydride at this stage which had been Qroublesome in
several previous preparations). The mixbure wés then extract-
ed with ether and the ethereal extract washed with dilutehydro-
chlori¢ acid, sodium carbonate solution and waéer before -

drying over magnesium sulphate. Removal of the ether left




a dark brown semi-golid (39.5 g.) which on crystallisation
from ethanol (100 ml.) gave the following fractions:(i) ? g.,
m.p.92-93°, (ii) 7.5 gogmapo92m95° on reduction to 75 ml.,
(iii) 5 g.,m.p.120-121° on reduction o 50 ml. Fractions
(i) and (ii) were the trans isomer, fractlon (iil) was
benzoic acid. Progressive removal oif solvent yielded no
more solid. On distillation the liquid residue gave two
fractions (i) 10 g., bupo70a900/2 mm. , Liquid and (1i) 7.3 g.,
bopn168°/2 mm. Fraction (i) was shown by infrared spectro-
scopy to be unchanged starting material. Fraction (ii) was
dissolved in ethanol (20 ml.) yielding a crystalline solid
(3.7 g.) mop.70m8000 This so0lid was much more soluble in

e thanol than the pure trans-isomer: recrystallised from
ethanol (% ml.) two crystalline forms were obtained (i)
hexagonal colourless plates mqp.92m93°, trans-isomer; (ii)
large colourless needles mmp,85m86°; cig-isomer. Since
further separation by fractional crystallisation yielded a
mixture of the isomers, the cig-isomer was separated from the
trans-isomer using tweezers and recrystallised again from
ethanol: 0.75 g. of the cis-isomer were finally obtained.

A mixed m.p. determination with the trans-isomer showed a
depression %o 65«800. The cis-isomer is considerably more
soluble in all solvents than the trans-isomer and was found
fo be identical to thabt previously obtained by chromatography
(mixed m.p.). (Pound: C, 75.98; H, 7.11; N, 5.49% .
Co5lyn0pN  Tequires C, 74.09; H, 6.997 N, 5.79%)3 M (cryo-

scopic in benzene 251; theory 2575/ The infrared spectrum
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of the gis-isomer was very similar to that of the trans-

isomer.

Preparation of Reference Compounds

Benzoyl Cyanide

This was prepared by the method of Oakwood and Weisbexger117

by refluxing cuprous cyanide and benzoyl chloride for 1% hx.

at 220«2300. Crystallisation of the product from light
petroleun (b.p.560-80°) iielded colourless crystals m.p.32-32.5°
(Oakwood and Weisberger give 32-33°).

Cyclohex=1-enyl Benzoate

This ester was prepared by the method of Nesmeyanov et g£°?18

35

with certain modifications’”. A colourless liquid was

obtained b.p.140-142°/5 mm.; 1it., 140-147°/6. nm 18,

Apparatus and Procedure

Flow Reactor Fes /.

Both pairs of isomers were pyrolysed in the standard flow

reactor already described. Duﬁing pyrolysis of the anilino-
nitriles a stream of nitrogen was passed Cbntinuously through
the reacto? to remove any hydrogen cyanide formed, The latter

being absorbed in two wash bottles each containing 100 ml. of

L
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30% sodium hgdroxide. After pyrolysis had ceased, the
nitrogen flow was continued for 10 min. To remove all traces
of bhydrogen cyanide from the system; +ithe hydrogen cyanide
absorbed was then estimated by titrating the alkaline wash

liguors against standard silver nitrateqqgo

Nitrogen flow
was adjusted by means of a flow meter and needle valve to

15 cc./min.

Static Reactor

The apparatus consisted of a 100 wl. 5-necked flask imnmersed
in a Wood's metal bath. The bath was heated by an electric
hot plate controlled by a "Simmerstat” to & 5%, The appara-
tus was aSSembled as a reflux umit; the gaseous pyrolysis
préducts beimg collected as for the flow reactor. Before

|

each run, the reactor was flushed and evacuated with nitrogen

NI e e

gseveral times.

Semi-Micro Reactor

Q Sea ey
. . . - . s - 6
This apparatus is shown in flgand is described elsawhere 90

This reactor is very useful for the investigation of small
amounts of valuable material, useé.in conjunction with gas-
liquid chromatography. The pyrolysand (100-~300 mg.) was
placed in bulb A and bulb B filled with glass beads up to &
constriction at C. The system was then evacuated and flushed
with nitrogen several times via D and E. Furnaces G and ¥

were heated to the desired temperature and furnace G slowly
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moved from position 1 to position £, enclosing A. The
barometric leg H was adjusted during the pyrolysis to keep the
system at atmospheric pressure and collect any gas evolved.
The solid and liquid pyrolysate was collected in the cold trap
K. After pyrolysis the reactor was lowered to position 1 and
the system allowed to cool for 20 min. Any gas evolved was

measured in the gas burette H.

Methods of Analysis

Aniline was determined by the method of ﬁiggi&qzoo Liquid

products were identified by conversion to known solid deriv-
atives followed by a mixed m.p. Infrared spectrometry and
gas-liquid chromatography were used extensively as supplement-
ary methods of analysis., The light petroleum used for
crystallisations and extractions was the fraction bupo60m8909

unless otherwise stated.

Gas-Liquid Chromatography

The unit used was a Griffin and George Mark II model with
columns of either silicone grease or Apilezon M grease on
kieselguhr using nitrogen as the carrier gas. Care must be
taken when evaluating the resulis of gas-liquid chromatography
since the results may vary considerably from run to run
because of the large number of variables. Certain compounds

have a tendency to give peaks which "drift" across the
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recorder chart which makes for lavge variations in their
retention times from run %o run; others are not separated
and show as one peak eg. benzonitrile and aniline. 2-Methyl-
cyclohexylideneaniline gave a very small peak which was
difficult to detect. Whenever possible, therefore, gas-~
liquid chromatography bhas been used as a preliminary means of
analysis followed by positive identification of pyrolysis

products as solid derivatives.

Details of Pyrolysas

Pyrolysis of trans«ﬂ»&nilinomﬁmcyanomawmethylayﬁlohexame

Run 1.

40 g. of the anilino-nitrile was pyrolysed at 400° vielding
hydrogen cyanide (22.9%% of theory). The semi-solid
pyrolysate (37.4 g.) was dissolved in light petroleum (100
ml.) yielding by fractional crystallisation 6.5 g. of trans-
and 14.2 g. of cis-isomer. The liquid residue from the
crystallisation on distillation yielded the following
fractions: (i) 3 g., 200-220°, (ii) 4.5 g., 220-260°

(iii) 4 g, 260° and (iv) 2 g. a dark red residual tar. ALl
liquid fractions were first investigated by gas-liqguid
chromatography. Fraction (i) contained two compounds.
Redistillation yielsted a few drops of liquid identified as
aniline by conversion to acetanilide (m.p. and mixed m.p.

113-114°) and aniline hydrochloride (m.p. and mixed m.p.




196,5-198°) . Fractions (il1) and (iii) were 2-methylcyclo-
hexylideneaniline (the other component of fraction (i)) along
with tracesg of aniline. 2-Methylcyclohexylideneaniline was
identified by hjdrolysis with 2N hydrochloric acid to 2-methyl-
cycloliexanone and aniline. The 2-methylcyclohexanone was
identified as its 2,4-dinitrophenylhydrazone (m.p. and mixed
mopq134mﬂ55°) and the aniline as acetanilide (uw.p. and mixed

m.p.113-114°).

Run 2

This run was very similar to run 1. The anilino-nitrile

(40 g.) was pyrolysed at 500° yielding hydrogen cyanide 29.%7%
of theory and a pyrolysate (37.5 g.) from which was obtained
5.9 g. of trang and 13.8 g. of ¢is lisomer. The ligquid residue
on distillation yielded four fractions: (i) 1 g., 170%1900?
(i1) 5.3 g., 190-240°, (4ii) 6 g., 240-280Y and (iv) 2.4 g.,
a sticky black tar. Fractions (i), (1i) and (iii) corres-
ponded to the same fractions from rum 1. Praction (iv) was

not investigated further at this stage.

Run 3

Pyrolysis of the trans-isomer (40 g.) av 600° gave a dark
brown pyrolysate (30 g.) with much carbonisation in the
pyrolysis tube. No s0lid crystallised out after 2 days.

The pyrolysate was distilled giving the fractions (i) 0.2 g.,
60°, (ii) 1 g., 60-100°, (iii) 2.3 g., 100~-120°, {(iv) 1.4 g.,
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120-1720°, (v) 2.5 g., 175-180°%, (vi) 1.6 g., 180-260°,

(vii) 15 g., 26009 (viii) & g., a black glassy residue.
Fractions (i) = (vi) investigated by gas-liquid chromatography
proved to be an exceedingly complex mixture of about fourteen
compounds in varying proportions corresponding to a complete
breakdown of the molecule at the high temperature used,
probably by dehydrogenation and free radical reactions. Only
aniline was 1ldentified in the mixbture. Surprisinglxéneither/a
1-cyano-2-methylcyclohex~1-ene noxr 1-cyano-b-methylcyclohesx~1-
ene could be detected since at the high temperature used some
decomposition to aniline and nitrile might have been expected.
The low boiling products were not further studied because of
thelir complexity. FPraction (vii) was the anil- 2-methylcyclo-

hexylideneaniline.

Pyrolysis of cis-l-Aniline-i-cyano-2-methylcyclohexane

Run 4

Pyrolysis of the c¢is isomer (20 g.) at 400° gave hydrogen
cyanide (17% of theory). The liquid fraction of the
pyrolysate contained aniline, 2-methylcyclohexylideneaniline
and a tarry residue: the solid fraction contained 0.4 g. of

trang isomer and 14.5 g. of cis isomer.

Run 5
Pyrolysis at '5000 gave very similar results for the same

amount of material pyrolysed. Hydrogen cyanide (23% of
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theory) was given off and the pyrolysate was of similar
composition to run 4: 0.6 g. of trans isomer and 15.8 g. of

cig lsomer were identified in the pyrolysate.

Run 6

As with the high temperature pyrolysis of the trans-isomer,
pyrolysis at 600° of the cis~isomer (20 g.) yielded an exceed-
ingly complex pyrolysate in which only aniline and 2-methyl-
cyclohexylidencaniline were identified. There was a large
amount of tarry residue. Hydrogen cyanide (38.5% of theory)

and 0.2 g. of the trans-isomer were also identified.

Large-scale Pyrolyses of trans-J-Aniline=-i-cyano-2-methyl-

cyclohexane

Run 7

A large scale pyrolysis of the trans-isomer was now undertaken
in order to investigate further the high boiling fraction of
the pyrolysate. The trang-isomer (100 g.) was pyrolysed at
500° eliminating hydrogen cyanide (26.4% of theory). Fraction-
al crystallisation of the solid portion of the pyrolysate
yielded 18 g. of trans-isomer and 31.5 g. of ¢is isomer.
Distillation of the liguid pyrolysate yielded f£ive fractions:
(1) 5 g., 108-110°/2 mm., (ii) 0.25 g., 1101 15°/2mn. ,

(iii) 0.5 g., 145-180°/2 mm., (iv) 0.5 g., 180°/2 mm., &
preliminary distillation at atmospheric pressure yielded only

aniline and 2-methylcyclohexylideneaniline. Fractlons (i),
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(ii) and (iii) were 2-methylcyclohexylideneaniline with traces
of aniline. Fraction (iv) was a thick yellow liquid which
darkened rapidly on contact with air. A preliminary investi-
gation showed that it had functional groups similar to those
of 2-methylcyclohexylideneaniline (infrared) and an additional

double bond (ultraviolet).

Run 8

R T A

This was very similar to run 7. The isomer (80 g.) produced
hydrogen cyanide (21.5% of theory); 15.3 g. of trans-isomer
and 27.1 g. of cisg-isomer formed the solid portion of the
pyrolysate. Distillation again yielded a very high boliling
fraction bopoﬂSOwﬂ909/2m§ M . Hydrolysis of this fraction
with 2N hydrochloric acid yielded aniline and a ketone which
did not form solid derivatives but was identified as 2-methyl-
G- 2'-methylecyclohex-1-enyleyclohexanone (infrared). Estima-
tion of the aniline gave: 102.5%, 1035.4% calculated for 1
mole aniline equivalent to 1 mole of 2-methyl-6, 2°mmeﬁhy1~
cyclohex=1-enylecyclohexylideneaniline. The deviation

from 100% was probably caused by traces of 2-methylcyclohexyl-
ideneaniline.

e

Pyrolysis of 1-Anilino-1-¢yanocyclohexane

Run 9
1-Anilino-1-cyanocyclohexane (40 g.) was pyrolysed at 500°
producing hydrogen cyanide (21.5% of theory). The pyrolysate -




a sticky yellow solid - was extracted with warm light
petroleum and filtered. Distillation of the filtrate

residue after removal of the light petrolecum yielded four
fractions: (1) 1 g., 60-100%/2 mm., (ii) 6.5 g., 106°/2 mn.,
(ii1) 1.3 g., 106-=180%/2 mm., (iv) 1 g., 180~186°/2 mn.
Fractions (i), (ii) and (iii) contained cyclohexylidene-
aniline with traces of aniline. FPraction (iv) was identi-
fied as 2-cyclohex-1-enylcyclohexylideneaniline by hydrolysis
to aniline and the corresponding ketoneﬂﬁdentified as 2-cyclo-
hex-1-enylcyclohexanone (semicarbazone and oxime: mixed m.p.).
There was also 2=-3 g. of a hard glassy residue from the
distillation which could not be crystallised, probably a

further condensation product.

Pyrolysis of Anils

Run 10

Cyclohexylideneaniline (6 g.) was pyrolysed at 500°. The
pyrolysate, investigated by gaséliquid chromatography showed
three main peaks corresponding to aniline, cyclohexylidene-
aniline and 2-cyclohex-=1=enylcyclohexylideneaniline. A
comparison with the results from run 9 showed that these com~
pounds were in approximately the same proportions in both

pyrolysates.

Run 11.

et 0
2-Methyleyclohexylideneaniline (10 g.) was pyrolysed at 5007 .
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Both aniline and 2-methyl-6, 2'-methylcyclobex-1-enylcyclo-
hexylideneaniline were identified in the pyrolysate by gas-

1iquid chromatography.

Run 12

Cycloheptylideneaniline (10 g.) pyrolysed at 500° was almost
unchanged after pyrolysis. The pyrolysate contalined only a
trace of aniline, the remainder being unchanged starting

material.

Pyrolysis of trans~i-Benzoyloxy-1-cyano-2-methylcyclohexane

Run 13

maz=rrarsiz

The ester (50 g.) was pyrolysed at 5000 producing hydrogen
cyanide (0.87% of theory), 1.2 litres of gas and a semi-~liguld
pyrolysate (49.1 g.) which was left overnight and filtered
yielding benzoic acid (m.p. and mixed m.p.). The liguid
resgidue wasg then distilled giving the fractions: (i) 5.7 g.,
60-200°, (ii) 10.7 g., 200-208°, (iii) 2.2 g., 208-215°,
(iv) 8 g., a solid brown residue. Fraction (i) contained
the isomeric anitriles, i-cyano-2-methylcyclohex-1-ene and
1=-cyano~b-methylcyclohex-1-ene with small amounts of benzene
and benzonitrile. Gas-=1liquid chromatography also indicated
the presence of two other low bolling compounds, notv identi-
£ied. Practions (ii) and (iii) were mixtures of the
unsaturated anitriles. Their presence was confirmed by

hydrolysis of fraction (ii) to the corresponding acids which




were then identified (m.p. and mixed m.p.). TFraction (1v)
wag henzoic acid (m.p. and mixed m.p.). Fractional
crystallisation of this fraction from light petrolcuwn yielded
no other product. HNo gtarving material was found in the
pyrolysate: 21.5 g. of benzoic acid equivalent to an 8%%

breakdown by an éi scission were finally obtained.

Run_14

The trans-isomer (2 g.) was pyrolysed at ﬁooO in the small
reactor in order to determline the exact proportions of the
unsaturated nitriles in the pyrolysate. Gasg-1liquid chroma-
tography showed them to be present in the ratio 1,6 : 1,2
34 5 6.

Fyrolysis of cis-l-Benzoyloxy-i-cyano-z2-methylcyclohexane

Run 15

The g¢is~isomer (0.1784 g.) was pyrolysed atv 500° in the semi-
miero reactox. The pyrolysate was exiracted from the reactor
with ether and submitted undistilled to gas-liguid chromato-
graphy. Benzene and benzonitrile were detected as minor
components. The unsaturated nitriles were present in fThe
proportions 1,2 : 1,6 , 96.5 : 3.5 . The hydrogen cyanide |

given off was too small in quantity to be detected.

Run 16

1-Benzoyloxy-i-cyanocyclohexane (4 g.) pyrolysed at 500° in

the small reactor gave off hydrogen cyanide (1.67% of theory).
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As well as large quantvities of 1-cyanocyclohexene and bhenzoic
acid, cyclohexanone, benzoyl cyanide and benzonitrile were
detected in the pyrolysate by gas-liquid chromatography.
GyclcheXmﬂwanyi benzoate though carefully sought for was not

detected.

Rung 17, 18, and 19

These three pyrolyses were all very similax. The mixture of
isomeric nitriles fﬁom the pyrolysis of the trans-isomer was
repyrolysed at 500, 550, and 600° in the small reactor in order
to determine the quantity of hydrogen cyanide evolved and to
compare it with the quantity from the ester itself. The
results were as follows: zmun 17, 50009 0.54%; run 18, 550°q

0.8%: wua 19, 600°, 1.93%.

Rung 20, 21, 22, and 23

These pyrolyses were undertaken to see whether the distribu-
tion of isomers from the trans benzoate changed with tempera-
ture. The benzoate (2 g.) was pyrolysed in the small reactor
and the pyrolysate dissolved in ether and submitted to gas-

liguid chromatography-.

19 Hydrogen cyanide Isomers
{ % of theory ) 1,2 1,6
Run 20 300 = - =
Run 21 400 0.63% 02 . 7% 37« 3%
Run 22 500 1.29 59.2% 40 . 7%

Run 23 600 2.13 75»2% 24 . 8%




Run 24

R (IR

The trans-isomer was pyrolysed at 220° for 22 hr. in a stabic
reasctor. No ges was given off. The pyrolysate had a
definite nitrile~like odour. Gas~liquid chromatography
showed that the proportion of nitriles in the pyrolysate was
similar to the proportions from previous pyrolyses: 1,2 : 1,6

69.5 : 30.5

Runs 25‘and 25

In these pyrolyses 1-cyano-G-methyleyclohex—1-ene was
pyrolysed at 500 and 5500 to see whether there wasg any equili-

brium between the nitrile and its 1,2-isomexr of the type:

TN o
< ;GN R < %GN
- Me

e
Ho q-cysno-2-methylecyclohex-1-ene was found in the pyrolysate,

howaver.

Vew Infrared Data

The following are the principal infraved abscorption

bands of the compounds studied.

2-Cyclohex-i~enyleyclohexylideneaniline

3210 w, 2930 w (shoulder), 2820 s, 2780 s
(shoulder), 2580 w, 1680 g, 1635 n (shoulder), 11605 s,
1580 8, 1480 s, 1430 g, 1400 s, 1379 m, 1300 m, 1265 m,
1240 m, 4190 w, 1160 ®, 1110 w, 4060 w, 020 w, 985 w,
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950 W 920 W 905 W, 870 W, 820 W 748 S, 690 8o ﬁmém,?

Agsipgnments

3240 cm.”!  nitrogen NH

1680 cm.” ! C:C or C:N
1605 em.” 1\ anilino NHPh
1580 cm.” ]

2~-Methyl-6-(2'-methylcyclohex~1~enyl )-cyclohexylideneaniline

3300 w, 3150 w (shoulder), 3000 w {shoulder),
2900 s, 2820 m (shoulder), 1900 w, 10690 m, 11650 m, 1610 m,
1590 m, 1485 s, 1445 m, 1410 m (shoulder), 1330 w (shoul-
der), 1300 m, 4230 w, 41200 w, 1145 w, 4075 w, 4050 w,
780 m, 750 s, 693 s. cm.”

Assignments

3300 cm.” ! nitrogen NH
1690 em.”! C:C or C:N
1610 em.” "\ anilino NHPh
1590 cm.” |

2-Cyclohept-1-enylcycloheptylideneaniline

3500 m (shoulder), 3420 g, 3280 m (shoulder)
3080 w, 2950 s, 2880 m, 1690 s, 1620 m, 1600 8, 1575 W,
1495 s, 1450 m, 4440 m, 1400 w, 1340 m, 1310 a, 1275 m,

1250 m, 1170 m, 41027 m, 941 w, 859 w, 752 s, 694 . cml
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Assiﬁnments
4

3420 ¢m. nitrogen NH

1690 cmnmq C:C¢ or C:N

1620 cmom{} aniline  NHPh
-

1600 cnm.

1-Cyano-6-methyleyelohex-1-ene

3300 w, 2900 s, 2850 m (shoulder), 2225 m, 1700 wu,
1680 w, 1620 m, 1580 w, 1450 g, 1420 m, 1373 w, 1348 u,

amen

1335 w, 1300% , 4252 w, 1222 w, 1170 w, 1160 w, 1137 w,

1098 w, 1077 w, 1002 m, 978 W, 935 w,893 m, 875 w,
866 w, 812 m, 745 w, om.

Asglienments

2225 em.”"  nitrile CN

1

1450 cm. C: ¢

trans-2-Methyleyelohexanone cyanohydrin

3350 s, @900 g, 2820 g (shoulder), 2210 w, 1710 w,
1600 w, 1450 s, 1380 g (shoulder), 1470 55 1340 m (should-

er), 1320 m, 1255 m, 4210 m, 4160 m, 1128 m, 1087 s,
1070 s, 4055 m (shoulder) em.” . |

Asgignments

3’»55(3) cm, hydroxyl OH

1

2210 cm.”! nitrile CN

1-Benzoyloiry=-1-cyanocyclohexanse

2880 g, 1715 m, 1600 w, 1580 w, 1450 8, 1575 m,
1522 w, 1276 n, 1250 m, V165 W, 1110 1, 072 m, 1042 m

<ns




§ Aworfens ®

(shoulder), 1028 w, 964 m (shoulder), 952 w, 909 w, B51 w,
1

814 w, 708 g, 688 w, cm.”

Agsienments

1745 em,” 1 ester C:0
1650 cm. mql phenyl
1580 cm,mqf

btrans-1-Benzoyloxy-I-cyano~-Z-methyleyelohesane

5330 w, 2905 g, 2860 n (shoulder), 1720 g, 1590 n,

157% w, 445 s, 1565 m, 150% w, 1265 g,

et
Y
&
<
§L%

(shoulder), 1172 w, 4160 w, 1090 s, 106% g, 1053 m

{shoulder), 1028 g, 992 m, 982 m, 952 m, 921 m, 89% m,

870 E‘{‘B 850 ,Ez% 826 }'.g,'i 805 :{',_,'ﬂ,‘,‘i‘ ?/'O ﬁg C-m,m'q”
Agsirmments
1

1720 om. gater C:0
1590 cm,™ phenyl

1575 cm. "

¢ig=1~Benzoyloxy-i-cyano-o~methyleyelohexane

2880 g, 1720 s, 1595 w, 1450 m, 1370 w, 1355 w,

P

1310 w, 1280 m, 1250 m, 1225 m, 1172 w, 1148 w, 1100 m,

oy
i

; O wm, 922 w, 710 s, on.

i=

1092 m, 068 m, 41000 ¥

Asgisnnents
1

1720 em. ester C:0

1595 cm,” ! phenyl

T4 is notable that for the three cyanobenzoates there is no

characteristic peak for the nitrile group.
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Pabulated Resulbs

Lable 1

Pyrolysand trans-"1=Aniling=1-cyang-2-

' methyleyelohexane

Run No. 1 2 3
Temperature #00° 500° 600°
Peed Rate (g./min.) 0.588 0.506 0. 494
Contact Binme (sec.) 30 350.5 275
Wt. pyrolysed (g.) 40 40 40
(a) In main receiver (g.) BT o4 37.5 30
Hydrégen cyanide (% of theory) 22.5 29.7 48
Gaseous pyrolysate (1.) s - 1.9
Trang lsomer in pyrolysate (g.) 6.5 5.7 -
Cis isomer in pyrolysate (g.) 14.2 13.8 -

Table 2
Pyrolysand cig=1-Anilino-i~Cyang-—-o=
nethylcecyelohexane

Run No. 4 5 &
Temperature 400° 500° 600°
Teed Rate (g./min.) 0.48 0.5 0.585
Contact time (sec.) 37 31 55
Wt. pyrolysed (g.) 20 20 20
(a) In main receiver (g.) 19.5 19.3 16 .4
(b) Gaseous pyrolysate (1.) = - 2.
Hydrogen cyanide evolved 17 2% 58.5

% of theory)

Trans isomer in pyrolysate (g.) 0.4 0.6 0.15

Cis  isomer in pyrolysate (g.) 14.5 13.8 -




Table 3

e ey e e

Pyrolysand

vransg-fnilino-nitrile

-

ig 2/;3” El

1-Anilino-i~ocyang.-

cyelohe

T2 424t e AT

Run No. v g g
Temperature 5007 500 £00°
Feed Rabe (g./min.) 0.5636 0,525 0.25
Gontact time (sec.) 24 29 22,5

Hydrogen c¢yanide (% of 26 .4 27 . 295
sheory )

Trang igsomer in pyrolysate 18 15.3 -
§:29

Gis dsomer in pyrolysate 5.9 274 -

Table 4

S T R

These three pyrolyszes cover the three eyelic anils
. ~ N\, a
Pyrolysand ~ /@ﬁ1< jﬁﬁl | =NPh
e £ e, Me %\M‘/
Run Wo. 10 11 12
) e o 0 o N
Temperature 5007 500 500

0.226
29.5

0.5

Feed Rate {g./min.)
) 24

Contact time (ssc,
10 gl
9.7 9.8

Wto. pyrolysed (g.) &

{a) In main receiver (g.) 5.8

=) an

(b)) Gaseous pyrolysate(l.)
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Table 5
Pyrolysands The Isomers of ‘4-Benzoyloxy-1]-cyano-2-methylcyclo-
hexane
trans isomer cis isomer

Run No. 13 14 15
Temperature 500° 500° 500°
Feed Rate (g./min.) 0.455 0.455 -
Contact time (sec.) 38.5 15.5
Wt. pyrolysed (g.) 50 2 0.1784
(a)In main receiver (g.) 49,1 1.9 0.165
(b) Gaseous pyrolysate(l.) 1.2 @ ﬂ
Composition of (b) approx.

CO 79 ° "

002 905 SRR W 5
Unsat. hydrocarbons 11.5 " ®
Hydrogen cyanide (% of 0.87 1.35 ¥

theory)
*  pnot measured

Table ©
Pyrolysands 1-Benzoyloxy-i-cyanocyclohexane JI-Uyano-z-methyl-
cyclobex-1-ene
+ 1=Cyanc-=6-nethyl-
cyclohex-1-ene.

Rune No. 16 17 18 19
Temnperature 500° 500° 550 600°
Feed rate (g./min.) Q.47 0.26 0