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SUMMARY
The pyrolyses of anilino nitriles and anilino acids, derived from C 4" 07*
alicyclic ketones have been carried out.
The 05, 06’ end 07 anilino nitriles, as well as both geometri¢c isomers of the

C. anilino nitrile with a 2-methyl substituent (Co and Cg ) have been found to

6
undergo primary reversible dissociation into hydrogen’cyanido and the corresponding
anil. The yields of hydrogen ¢yanide and anil are almost theoretical, except from
the 05 compound, which undergoes partial secondary decomposition into aniline and
(2-cyclopentylidenecyclopentylidens)aniline. The rates of decomposition have been
measured under constont though arbitrary conditions. o -Anilino- a -cyanodiphenyl-
methane has also been pyrolyéad and it too has been found to give hydrogen cyanide
and anil, It has been concluded from this, and also from consideration of the
pyrolysis of the geometric isomers of l-anilino-l-cyano-2-methylcyclohexzane, that
the hydrogen atom that combines with the cyano group to eliminate hydrogzen cyanide
is 1ikely to come from the anilino group (i.e., C/N elimination), rather than from
the ring (i.e., C/C elimination).

The 05, 06’ and 07 anilino acids obtained by hydrolysis of the aﬁilino nitriles
all decompose thermally to give aniline and the corresponding unsaturated acid. The
yield is by no means theoretical, however, and increases with ring size. Other
products of decomposition have been isolated and identified and their probable
origin discussed. These products are of the same functional group structure for
the three ring sizes, the effect of ring sigze being to vary the ylelds of products
rather than the main reaction route.

Thus, although from the literature it would appear that the 05 and °6 compounds
give completely different types of pyrolysis products, it has been found in the
present work that products are of ‘the same functional group structure.

* Here and throughout this thesis the subscripts of the letter C refer to the
number of atoms in the ring.



GERERAL INTRODUCTION

—

Jt has long been known that direct thermal dehydration of laotie acid
(obtainsble in large quantitiea by fermentation processes) gives rise to lactide
and not commercially useful acrylic ecid.

0.0
me.ca”?

/ \OQCO/

0H2 :CH.COOH

Cl.Me

Me.Ci{C0H).COCH

B -Hydroxypropionic acid gives the desired acrylic acid,but is not readily
| available. Burns, Jones & Ritchie (1935 (1)) showed that the dehydration of I
could be carried out in good yield, though indirectly, by acetylation or benzoyl-
| ation of the hydroxyl group of the nitrile, ester or substituted amide, followed
by vapour phase pyrolysis of this derivative (450-500°C).
| CRMe(OH)X ————> CRI16(0.COR!)X ———eedm CH,$CRX  + R'.cozx'

(1)
vhere k= H, or Me; X = CN, CO,Alk, C0.lHAc(not, however, COZH) 3
R' = }Me or Ph,

The following pyrolytic scissions have also been recorded.
(a) l-scetoxy-l-cyanocyclohexsne (II) into acetic «cid and l-cyanocyclohexene
(11I) (vapour phass, 450°C (1)).

OAc
X - o+ s
CHN

(11) (111)
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(b) 1-anilino-l-carboxycyclohexane (IV) into aniline and l-carboxycyclo-

hexeno (V) (simple distillation (2)).

NHPh :
> cotH -+ PhllHa
COQH '

(1v) (v)

It therefore scemed worth while to investigate the possibility that pyrolysis
of l-enilino nitriles (vhich are readily available by reaction of aniline and hydrogen
’ cyanide with ketones) mizht provide an alternative simple and cheap general route to
| olefinic nitriles, which are pf considerable industrial importance. For:example,
1t would be expected from rs;actions (a) end (b) above that l-anilino-l-cyznocyclo-

;

. hexane (VI) would give, on pyrolysis, aniline end l-cyanocyclohexene (III).

(X ——

B —— gt cH + th12
CN

(v1) (111)

(n attenpted vapour phase pyrolysis of VI, no significant scission wezs
i observed (3), the product bein; meinly unchanged material along with traces of
| hydrosen cyanide (up to 600°C). It has recently been shown (4) that the enilino
nitrile VI, heated at ca. 24500, in a static system in a stream of nitrocen to
carry off the hydrosen cyanide, gives hydrogen cyanide and ¢yclohexylideneaniline

(VII), the reaction being reversible.

NEPh
J_———* NPh + HCN uooo-oocoA
cH o

(v1) (viI)
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The anil VII was recognised by (a) hydrolysis to eniline end cyclohexanome,
(b) addition of hydrogen éyanide at room temperature to regenerate the anil VII,
(o) catalytic hydrogenation to N-cyclohexylaniline (VIII). Reaction (b) shows the
dissociation A to be reversible and cxplains the failure to obtain permanent
scission in the vepour phase reactor previously employed (3) = the enil VII
would recombine with the hydrogen cyanide as the pyrolysate left the reactor, -
leaving the anilino nitrile VI, irrespective of how far the dissociation had
taken place at the furnace temperature.

The mechonism of reaction A is of interest as hydrogen cyanide could be
eliminated either as shown above (C/N elimination), or via a labile vinylamine IX,

by C/C elimination, thus:-

NHPh - BGN
HHRh KPh
CN + KCN
(vi) (vir)
Stable vinylamines are in general readily obtainable cnly where the nitrogen

atom is fully substituted,* and thus the anil VII and the vinylemine IX will

probably exist in tautomeric equilibrium with VII predominating., It is thug not

possible to-affirm that, simply because the anil VII is isolated, C/N elimination

. must have occurred. This problem is further discussed later in the 1light of the

results of the present investigations.

* Scher (5), however, found the following imine-enamine pair to be capable of
inderendent existence.
AcOEt
Clifhlie,CHsNH  s========= (CRhMe:CH.NH
Et o/ca W,

2
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OBJ:CTS OF RESEARCH

gjgolxéis of Anilino Nitriles
it seemed possible that, owing to the different intervalency angles in the

05 and 06 |
cive the correspondihg unsaturated nitrile XI and aniline, thus following a route

compounds, the pyrolyeis of l-anilino-l-cyamocyclosentane (X) might

anzlogous to the pyrolysis of l-snilino-l-barboxygzclohexané-(IV)'mentioned above.

| an +  th32
2
o — T
CH ’
(x) '~\\\\\\“~s,
&NPI: + HCN

(x11)
This view vas at first sight supported in some measure by the observation of Plent’

and Facer (6) that X "decomposes on distillation with the formation of some aniline",
which susgests the concurrent formation of the unsaturated nitrile XI, The proba-

bility thet the C andvc6 anilino nitriles micht give different products on ryrolysis

>
was also supported by the fact that according to the literature the corresponding

anilino acids do give different products on pyrolysis.

NHPh | '
O( | —— Qcoon + PhH, (Betts, Fuspratt,
COOH and Plant (2))
(v)

(1v)

KHPh co.NPh:><::::]
2 s , + 0 + Phh
COOH 0.C0 Hé :Hz

(x111) (xIv) - (Plent and Facer (6))
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Betts, Muspratt & Plant (2) recorded that the C¢ anilino acid IV gives on pyrolysis
the unsaturated scid V end eniline, while Plant & Facer (6) recorded that the
C

5
as the lactone of l-1'-hydroxycyclopentane-l'-carboxylylanilinocyclopentane-

acid XIIX gives the curious lactone-lactam structure XIV, named by Plant & Facer (6)

1-carboxylic acid and in American Abstracts (7) as 13-phenyl-6-ox-13-azadispiro
(4.2.4.2) tetradecans~7,14-dions. For convenience, ruch structures will be called
lactone-lactams throughout this thesis. The unsaturated acid V was identified
by means of its dibromo derivative. The structure XIV was not completely proved by
Plant & Facer (6) and was deduced from (a) its elementary analysis, (b) the fact
that it was not basic and (¢) that it dissolved slowly in alkali end was
reprecipitated slowly by dilute acid. It also did not react with ammonia or
aniline at high temperature.

It secmed desirable also to extend the investigations to the c, and C, compounds,
i.e. by pyrolysis of l-anilino-l-cyanocyclobutane (XV) end l-anilino-l-cyano-
eyclcheptane ‘(m) in order to investizate further the effect of ring size on
the ryrolysis route.

Pyrolysis of 1-Anilino=lecyano-2-methylcyelohexsne,

As the dehydration of alcohols is facilitated by R-substitution it was thought

that elimination of the hydrogen atom from the C, anilino nitrile VI might occur more

6
readily in the presence of a 2-methyl substituent, i.e. by pyrolysing l-anilino-1-
cyano-2-methyleyclohexane (XVII). There is the complication here of cis-trans

isomerism.

IHPh
(xv1ir)

Me



?
. Yrens - - CN
o) N O FhiH, o <:::::>

Mo
s () e Qe o— O
(XIX) H CN | | |
Me He . -
Hle  WEPh (xxx) (xx11)

(eis and trons have here, arbitrarily eni for conveaience, been made to refer

to the methyl and anilino groups). Thus, as before, it sppears formally posaible
that, if the same type of carbon,/carbon (C/C) elimination occurs (assuming that
c/C eliminatioh occura at all), one geometrical isomer would give the unsaturated
nitrile XX and the other the enil XXII. The products obtained from a given isomer

would depend on whether the elimination was cis or trens, but Barton (8) has found

cohsistent,g;g elimination in vapour-phase pyrolysis of various esters and accounts
for this as being due to a four-centre trznsition state. This end the further
complications of the above scheme are discussed later in the light of the results
obtained.

Pyrolysis of a-Anilino-q -cysnodiphenylmethane (XXIII).

In the above simplified scheme carboen/carbon (C/C) elimination has been

assumed. Carbon/nitrogen (C/N) elimination, however, appears equally possible,

thus giving the anil directly.

NHPh
. CH
| Me

(-]
(xviI) (xx11)




8 .

In this case the cis end trans isomers XIX and XVIII should both yield the anil
XXII (see, however, the fuller discussion on p.25).

Direct evidence for C/N elimination was not availsble, but has now beem
obtained (see p.31) by pyrolysis of e compound with which C/C elimination is not
possible, i.e., where both 2-positions are fully blocked(have no hydrogen atom

attached) vis., d~anilino-a-cyanodiphenylmethane (XXIII).

IPh

Pyrolysis of G, Cg, and C, Anilino Acids.

The pyrolysis of the C_, and ('-'6 anilino acids have, as mentionsd on p.5 ,

5'
been recorded in the literature.

NHPh

—_—t COOH + PhiH, (Betts, Huspratt
COOil and Plant (2))
(v) V)
YPh B CO.i:Ph
2 —_—— + H,O + PhiH,
COOH 0. Cu - N
p— - (x1v) (Plant and Facer (6))

It seemed desirable to confimm these results as other products (e.g., an
anil) might also be formed, (especially as the yields of the products V and XIV
are not recorded), and also extend the work to the pyrolysis of the 07 acld to see

vhether it followed route A or B or both.
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PREPARATION OF COMPOUWDS FOR FIHOLYSIS.

Ketones. cycloPentanone. cyclohexanone, 2-methylcy clohexahone, and
cvcldhepta.none vere obtained from étoék of chemical suppliers, 'The'gzolobutanbne'
had to be prepared from pentaerythritol by the method of Roberts and Sauer (9).

(sce Peld)e

. 1= Aniline Iitriles.

The C,, Cg, Cg end €, enilino nitriles (XV, X, VI, XVI) were prepared using an

edaptation of the method of iulder (10), consisting of the addition of an excess of

y C

hydrogen cyznide to en egquimoleculer mixture of aniline and the apprdpriata kotons,

f The anilino nitriles crystallised from a cuitable solvent in sood yield.

1-Anilino-1-cyano-2-methylcyclohexene, d- end R-forms (XVIla andfB).
The method used in this prcparation was the seme, but since this product

. was a mixture of the geometrioc isomers (arbitrarily designated the d- and S- forms)
separation was necessary - first by fractional crystallisation from benzene and

then froﬁ retroleun. Two forms wers isolated, the A~ form _(less soluble in benzene
 than the B-form) m.p. 124—1250, end PB-form m.p. 84-06°, These two forms correspond
l to those isolated by Bukhsh, Desai, Hunter and Hussain (11) (m.p. 126° and 83°) vy

~ a different method, consisting of the addition of acetic acid and potassium cya.nide
to a mixture of aniline and 2—metny131q1_qhexanone. 'l‘hey then fractionally
erystallised the product from benzene and n-hexane followed bj' haﬁd;picking

crystals. This made the :m.thod unsuitable for prcparation of the comparatively
large quantity required for pyrolysis (ca. 30 ge).

A Initial attexzpts to prepars the f-form (xviz B ) were unexpcctedly made

| difficult by the fact that piperidine was used as catalyst in early experiments.

~ This method gave a smell amount of the cyanohydrin, l-cyano-l-hydroxy-2-methyl-

cyclohexane (XXIV), which scparated es a solid. ‘this interfercnce with the desired
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course of the reaction was confirmed in a control exgeriment in which a; mixtures
of equivalent amounts of aniline end 2-methylcyclohexanone was divided into two
equal portions, to one of vhich piperidine was addeds. On adding the same excesé
of hydrogen cysnide to each, the one without pipericﬁm solidified after three
hours, but the other remsined liquid even after standing for several wecks. The
reason for this is probably that piperidine acts as a basia catalyst ‘(piperidine
beingz & stron er base than sniline) to convert the ketone preferentially to the

cyanchyarin XXIV which, as is discussed later (p.16), reacts only very slowly

with aniline,
IHPh
¢ + ECN + PhNH, ———0p + 0
cN nz
Ke Me
(XvII)
OR FEPh
e == (X0~
CN 2 cx
Mo Ma ¥e
(xxIv) (xvi1)

The above also applies to the unsubstituted rings (e.g., preparation of
l-anilino-l-cyanocyclohexane).

Preparation of a-Anilino- a.—cyanodiphenylmethane (XXIII).

The method uzed for the C 4 CS’ C:6 and 07 enilino nitriles was Alm:e;l:tceessfully
tried using benzophenone in place of the alicyclie ketone., The aniline/hydrogen
cyanide/benzophenone mixture did not solidify even after standing for several
WEeCKks.

Tiere is only one reference to d~anilino- d-cyanodiphenylmethane (XXIII)
in the literature.v.iiller and Pltchl (12) prepared it by addition of hydrogen
cyaz;ide to the anil (diphenylmethylene)aniline (XXv), which was prepared from

benzophcnone via dichloroiiphenylmethane (XXVI).



PC1; :
Ph,C0 T > PhCCL, (wacgenzie (13))
(xxv1)
PRMH,
Fh,CCL, Y - thcgbxph (Paum1y (14))
(xxv)
+ HCN
Ph,C=NPh 3o axcess%)» thc(mwn)cu (v. ¥iller and Pl8chl (12))
(xx11I)

The overall yleld of the anilino nitrile XXIII from benzophenone was
47+ of theory.

Attempted Prevaration of ol-Anilino—d-cyanotetralin (XXVII).

0 PhivH CN
SOREREIE e @

(xxvII)

The anilino nitrile XXVII was of interest because of its aromatic and its
part-saturated ring. vwhen the preparation from d-tetralone was attempted by
the method used for the Cn anilino nitriles, no yield of XXVII wszs obtained.
This is not surprising in view of the very high dissociation constant (8.06)
observed by Lapworth and Manske (15) for the cyanohyirin of d-tetralone. The
stability of the anilino nitriles, as shown later (p. 21) appears to be related
to the dissociation constants of the corresponding ¢yanochydrins,

Attempted Preparation of 1-Anilino-l-(nitromethyl)cyclohexane (XXVIII).
Frazer and Kon (16) described the preparation of l-hydroxy-l-(nitromethyl)-

cyclohexane (XAIX) by alkali-catalysed reaction of cyclohexanone with nitromethane.



CH NO

The pf;paration of the anilino compound XXVIII was attempted by mixing
equinioleculsr quantities of aniline, nitromethane and cyclohexanone to see
whether the type of preparation used for the cn anilino nitriles could ve
extended to one using nitromethane in place of hydrogen cyanide (as appears
to occur in the preparation of XiIX, the - 2F0 group taking the part of

the - CN group. ).

NHEPh
<<::::>b=o + CHNO, + PhMIL —_—t ca o, + HO

(XXVIIX)
This was unsuccessful, as was the attempted preparation of XXVIII by the

addition of nitromethane to cyclohexylideneaniline (VII).

<<:::::>==FE41 + CENO, ——y <<:::::><:

(viI) (xxvIII)

G32HO

Attenpted Preparation of l-Anilino-l-(trichloromethyl)cyclohexane(XXX).

A similar addition to that shown by Frazer and Kon (16) has been described
by Weizmenn (17) where chloroform is used in place of nitromethane, giving

1-hydroxy-1-(trichloronethyl Jcyclohexana (XXXI).



13

KOH - oH
O=o +  CHCL, (e, > O<cm
(xxx1)

i

Similar preparations to the ones described under the previous heading,

using chloroform in place of nitromethane, were tried but without success.

O=o+cnc13+ —|—>C><m+uzo
O:M‘h + CHCL, —}—» O<xmph

(Vi) | (xxx)

Preparation of l-pnilinocarboxylic acids.

Attempted alkaline hydrolysis of the cyano group of l-anilino-l-cyano-cyclo-
hexane (VI) does not give the corresponding amide or acid, but simply causes the

molecule to revert to aniline, cyclohexanons snd alkali cyanide.

(v1)
- birect hydrolysis of the cyano group using hot 50;- sulphuric acid was not

attempted, because Bucherer and Barsch (18) although they isolated the desired
anilino acid, found that resinous material was formed during the period of heating.
A two stage hydrolysis was preferred, in vhich the intermediate amide is isolated,

" (described by rlant and racer (6) for the C; nitrile X end Betts, Imspratt and
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Plant (2) for the C, nitrile VI.) This method was successfully applied to the
d,, nitrile XVI. The first stage of the hydrolysis occurs readily by solution
of the nitrile in concentrated sulphuric acid followed by treatment with watcr.
The seccnd stage occurs less readily, especially with the 06 nitrile, which
requires stirring snd rofluring with bolling concentrated hydrochloric acid for
twelve hours. | o

One observed peculiarity of these anilino acids, which is not recorded in
the literature, was that all three have wide melting-point ranges (15-17°).
Even after several recrystallisations of the acida from bengene or acetone their
melting points did not change eppreciably. This does not appear to be caused by
impurities, since equivalent weight determinations end micro-analysis results
corresponded well with the theoretical values. A measurement of the loss of
veight of the C. acid at 160° for thirty mimutes showed that some decomposition
had takea place, It is thérefore likely that the rather discrepant melting point
ranges obseﬁed represent decomposition temperatures rather than true melting
points, although the time required for melting point determinations is much less
than thirty mimites. The method of determining melting points by preheating the
1iquid bath to 10° below the temperature at which melting begins, was tried; but

this made little differ_ence to the ranges observed.

Ereparation of cycloButenone.

This ketone is rather inaccessible. The most useful preparative methods are
(1) from pentaerythritol as starting point (Roberts and Sauer (9); used in the
present work); and (ii) from the reaction of keten with diazomethane (Ksarsemaker |
end Coops (19)). The chief disadvantage of the former method is that it is long

and tedious end the yield is low. (Roberts and Sauer recorded a 40, overall
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yleld, but in the present work it was found to be 5% although it would probably
hava been greater had a more efﬁ.cient contimous extractor been available, as
tho method requires two continuous extractions.) The chief disadvantage of the
latter method is the difficulty of obtaining sufficient diagomethane: N-ni troso-
dimethylurethane (or other suitabdle nitroso compound) is not readily 6btaiﬁable
in the large amount required (1-2 kg.). | - |

'fhe meth;:d of Roberts end Sauer involves tho following reactions:-

1) Phosph.orus tridbromide was prepared from red i:hoaphoma and bfominé.

2) Lead tetraacetate was prepared from red lead, acetic acid and.‘acet;io

anhydride.

3) Pentaerythrityl tetrabromide vas obtained by reaction of pentaerjthritol

with phosphorus tribromide, according to the method of Schurink (20). A more

recently published method of Herzog (21) 18 even less suited to the preparation

of a large quantity of pentaerythrityl tetrabromida.

4) Methylenecyclobutane was obtained by reaction of péﬁtaexythrityl tetra-

bromide with zinc in the presence of zinc bromide and aquaous ethanol.

5) nethylmﬂg_l_gbutem was hydroxylated with performio ecid to

1-hydroxymethyl )-1-cyclobutanol which was isolated by contimicus extraction

with methylene chioride. | ‘ o

6) Finally the 1-(hydroxymethyl)-l-cyclobutanol was oxidised with lead

teiraacetate to cyclobutanone, the product again being isolated by continuous

exiraction with methylens chloride.

The identity of the cyclobutenone obtained vas confirmed by preparation of
the semicarbazone and 234~dinitrophenylhydrazons, and also by the infra-red

absorption spectrum, which was compared with that recorded by Roberts and Sauer (9).
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Reaction Route Followed in the Preparation of Anilino Nitriles
OH + PthH2 RHPh
(X C>< "
1+ B H 0

4+ HCN E

NHPh . .
- FPh (v1i1)
o - - 1,0 .

-HzO

Omn

At first sight the route appears to be that via the cyanohydrin (A-B).

The objection to i:hie is that cyanohydrins react only very slowly with aniline
at room temperature (e.g., oyclopentanone cyanohydrin, when mixed with an equivalent
quantity of aniline, gives a homogeneous mixture which evcn when seceded with a few
crystals of 1—an111no-1-oyano_gy_c:_1§_pentane doss not solidify until it has been
standing for sevéi%l months. cycloHexanone ¢yanohydrin reacts even more slowly.)
The reaction of eniline, ketone (C,, Cgo Cg end 07) end hydrogen eyanide,

on the other hand, is very rapid; water separates from the mixture within a few

} mirutes end the product solidifies within a few hours.

| Thus B sppears unlikely to be one of the reactions occurring, and this

eliminates route A-B from considerztion.
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The route C-D-E is a much more probable alternative. The reaction Eis
found to be very rapid. The anil VII reacts readily .and rapidly Qt room
temperature to form the anilino nitrile VI. iho reaction C-D is aupporfed
by the fact that Sapiro and P'eng (22) reé&rgl_ed that eniline end cyclohexanone
reacted without a catalfat at room temperature and atmospheric pressure after
2 hours to ths extent of 10,3% to give the anil VII . If this reaction (C-D)
is reversible the equilibrium will be displaced by reaction of the anil VII
vith hydrogen cyanide, thus making the conversion of cyclohexanone to anil
quicker. Thus, since reaction B is very slow, reaction C-D fairly rapid,
and reaction E rapid and complete , the most likely overall route is C-D-E
(and/or C-F-G-E, which emounts to the same thjng, since the vinylaﬁihe IX
and anil VII will be in equilibrium).
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RESULTS _ AND _ DISCUSSION

PYROLYSIS OF 1-ANILINO NITRILES

Qutline of Experimental Msthods and Results Obtained,

Pyrolysis of Anilino Nitriles X, VI, XVIIo , XVII/3, snd XVI. |
These pyrolyses were done in a stream of nitrogem, using the same weight

(15g.) of each anilino nitrile. The conditions of pyrolysis were standardised
as far as possidble by (a) constant temperature of heating bath, (b) constant

rate of flow of nitrogen, and (c) use of constant weight of material.

OO O O C>< .
(x) (vI) « (xvn d) (xvn B)
(a) The temperature control was +5° at 200° end 250°, The "Simmerstat"

control used was not very sensitive and was not independent of mains voltege.
(b) The rate of nitrogen flow could be kept at 13.5 + 0.5 cc./min. by regulation
of the reducing valve on the nitrogen cylinder. (e¢) The use of a constant
weight of material is not ideal, since the lower the molecular weight, the
greater the theoretical amount of hydrogen cyanide available for elimination.
If, in or'der to obviate this effect, the same fraction of a gram molecule is taken
for each pyrolysis, the volume of liquid present would increase with molecular
weight, which would retard removal of hydrogen cyanide. In either case the
volume of 1liquid present will be constantly varying during pyrolysis since therse
will be a difference in density between the liquid anilino nitrile and anil, to

say nothing of the free hydrogen cyanide dissolved in the 1iquid, which will,
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FIGURE I

Pyrolysis of Anilino Nitriles

Full Line  200°
Broken Line 250°

l-anilino=-l-cyanocyclohexane
l-anilino~li-cyano-2=methylcyclohexane, a-foru
I 1 H ﬁ-f orm

l=anilino-l~cyanocycloheptane

a-anilino- q-cyanodiphenylmethane

{z) The time scale is logarithmic in order
to make the curves easier to distinggish,
snd has no kinetic significance.

(b) The reversal of decomposition order
(68, 6, 64, at 200° and 6, 64, 68, at 250°)
is probably caused by experimental error,
ef. Table II, p. 43.
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pyrolysis of Anilino Nitriles

TABLE T

% of Theory of Hydrogen Cyanide Eliminated

250°

58.

7.

79.

80.

6

6

2

o)

200°

18.9

25.8

34.6

45.0

55.8

64.7

250°

62.3

71.2

79.3

83.2

87.8

Ca

200°

17.7

28.0

34.4
39.0

47.0

57.0

64.3

94.2

95.2

250°

67.1

84.2

91.8

94.5

94.8

200°

15.0

20.7

35.5

48.2

57.6

250°

73.3

83.3

92.9

96.2

200°

66.

79.

89.

94

1

6

7

.2

25(
96<

981

99,

9.
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however, presumably be small, at the elevated temperature of the experiment.
This assumes that the reaction is unidirectional, which is nearly true for

the anilino nitriles VI, XVIIa , XVIIR, end XVI. On the whole the best
compromise seemed to be to uss the same weight of anilino nitrile for each
pyrolysis. The hydrogen cyanide eliminated was determined by trapping in
alkali solution and titrating the alkali cyanide against silver nitrate.

The rate of elimination of hydrogen cyanide was followed by renewing the alkali
solution and titrating the solution removed.

Products of Pyrolysis of Anilino Nitriles VI, xvitd , XVII@ , end XVI.

The products of pjrrolysis of these four anilin§ nitriles are hydrogen
cyenide (ca. 95-995 of theory), end the corresponding enil (ca. 80/ of theory
after purification), The anil was isolated by vacuum distilling the pyrolysis
residué, (1.e., crude anil), after all or nearly all the hydrogen cyanide had
been eliminated. This avoids the complication of the elimination of hydrogen
cyanide during distillation: some of this hydrogen cyanide would re-combine
with the anil on cooling, thus contaminating the distillate with the original
anilino nitrile.

The time required for the complete elimination of hydrogen cyanide (see
Fig. I and Table I) varied from 3 - 130 hours but did not appear to affect the
yield of anil obtained. In all cases there was a small amount (ce. 1g.) of
tarry residue which had a carbylemine-like smell, |

The cycloheptylideneaniline (xxxn ) and 2-methylcyclohexylideneantline (XXII)
were identified by (a) almost quantitative acid hydrolysis to aniline snd the
original ketone, (b)addition at room temperature of hydrogen cysnide (quantitative)

to yield (from enil AXXII) the oricinal anilino nitrile XVI; emd (from enil XXII)
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& mixture of the geometric isomers XVIld and XVII B » with the former

predominating,
NFh + HCN >

- (XXXII)
Me

(xx11)

(x1x)
L Ma
Rates of Elimination of Hydrogen nide from the no N;I.triles lysed,

Thea_e rates aro plotted in Fig. I and recorded in Tables I and II. Ko
conclusions with regard to the kinetics of the reaction can be drawn from these
graphs since the rate of elimination of hydrogen cyanide will depend not only on

the rates of forward and back reactions v. and 72, but also on the influence of

1
the stream of nitrogen which contimuously displaces the hydrogen cyanide.
FHPh Y
= =0 + HCN
~
Cx ' v,

This latter effect will vary in spite of constant rate of nitrogen flow
since the amount of free hydrogen cyasnide is much greater towards the beginning

of the reaction than towards the end. Thus the actual rate of hydrogen cyanide

A I ek e el



n .
elimination will depend 6n the unpredictable "sweeplng ocut" effect of the nitrogen.
Heverthelessi, since the rate of nitrogen flow has been kept constanf, the results
obtained can be used for comparing the rates of decomposition. Owing to the
inaccuracies caused by variations in rate of flow, temperature, and even atmospheric
pressure (the variation due to this will be much less than the other errors)only

a very large difference in rate can be considered significant. Such a difference
is here encountered vhen ws pasé from the 06 to the 07 compound, the latter
compound eliminating hydrogen c¢yanide much more readily than the former. This
increase in rate with ring expansion is parallel to the increased cyanohydrin
'dissociation-constant observed on passing from cyclohexanone to cycloheptanone
(Prelog (23)).

The 05 anilino nitrile decomposes at a higher rate than the 66 anilino
nitriles, vhich is sgain in accordance with Prelog's results. Here, however,
elimination of hydrogen cyanide is not theorctical (ca. 807) and the mechanism
is complicated by the formation of ‘by-sproducts and products cf aeconda;x'r pyrolyeie
(conaidered later). The C , 8nilino nitrile XV as shown in Table II, deccmposes

considerably more slowly than the c6 compound VI; of the anilino nitriles
investigated it is the slowest in eliminating hydrogen cysnide., Unfortunately,
Irelog's series of dissociation constants does not include a valus for the C 4
cyanohydrin, and no reference to this constant can be traced.

The anilino nitrile derived from benzophenone has the fastest rate of
decomposition observed for any of the anilino nitriles pyrolysed. The elimination
of hydrogen cyanide is theoretical and the very fast rate shows the influence of
the phenyl groups.

Pyrolysis of 1-Anilino-l-cyanocycloheptsne (XVI). The yield of hydrogen
cyanide was almost theoretical, and that of the purified anil high (99.4 end
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85/« respectively)s A very small emount of tarry residue was formed.

Pyrolysis of o~ snd B~forms of 1—Anilino-l-cyano-z»metl—ylcyclohexane (XVIIa

As mentionad a‘bove. 11: was at first thouaht that the two geometric 1somers
of 1-anilino-1-cyano,—2-methyl_gy_¢_:__l_9_hexane mié;ht pyrolyse to diffemnt_producta. B
This was found not to be 80, however: both give alnost theoretical yields of |
hydrogen cyanide(dpform, 95:3 B-form, 962} end high ylelds of anil (ti-fonm.
B0 B-fofm, 82/5). The simplest explanation (though not necessarily the correct
one) 1a»thlat the cysno group is eliminated slong with a hydrogen atom from the
- NH - portion of the anilino group (i.e., C/N elimination) - not with a
hydrogen ztom from the 2-position (-CiMe-) or the 6-position (-032-) (1.4,

C/C elimination). e

<Ha CN
"~ H NipPh
(xv111) c /N KPh

Me
< } (xx11)
Ye NHPh
(x1x)

There is the further possible complication that the anil XXII may exist as
two geometric isomers (possibly mutually interconvertible), by analogy with the

syn-enti isomerism of oximes.
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Fh
‘ /
B - N
\
He VPh : Ne
£m enti

Manchot and Furlong (24) isolated two forms (yellow and red) of ethyl
o-hydroxybenzylidene-p~aminobengoate. The red form was less stable than the
yellow and was converted to it at 83°.

Hassel (25) has dincussed various possible foras of cyclohexane and its
derivatives. On applying these ideas to the present work it appears that the
cis- and trens- forms of AVII will each give a mixture of the syn- and anti-
forms of the anil. The assumptions made are (1) that C/N elimination occurs
(arguments are advancad later in favour of this), (ii) that the cyano group
and hydrogen atom combine to eliminate hydrogen cyanide Qhen they are closest
together, and (iii) that the reversal of the bond structurs of the nitrogen
atom occurs (this is the normal behaviour of an amine NR1R2R3 » which cannot

be separated into optical isomers).

The above idea is shown* for the trens-form ( K-anilino, e€-cyano, Ke-mathyl,

€-hydrogen) and it will be seen that it can give either a syn- or anti-form

of the anil.

* Only the "cheir® forms are considered since the "boat" form is not favoured
either theoretically or experimentally (Hassel (25)).
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Similarly the other three possible forms (trans ekek ; cis KEEK} and
cis ekke ) can ezch ;ive both szyn- and anti- forms of the anil.

There is a further possibility that thc anil could exist in more than two
forms; but since the exact structures for cyclohexane rings containing carbonyl
grouss (anc thus also for those containing anil groups)are not yet known
(Hasscl (25)) this possibility will not be considered here.

There was no experimental evidence for different anils being formed from
the a- and f-forms of the anilino nitrile XVII. The infra-red absorption
spectra' were virtually identical (Fig. V) and the chief physical constants
were identical within the limits of experimental error.

If there were any difference between the two anils it would be expected
that the infra-red absorption spectra would show some difference, since in the

spectra of the original anilino nitriles XVIIa andf there ere considerable

differences.
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20 20
n D a d 4 A
anil from a-form T 1.5504 0.9902
0.0004 , 0.0004
anil from p-form 1.,5508 0.9898

It is of course possible thét the anil as isolated consists of an
equilibriun mixture of interconvertible syn- and snti-forms, On this basis,
even although the a- and f-forms gave different initial proportions of Syn-
and gnti-forms of the anil, the same equilibrium mixture would be obtained
from both a- and B~forms of the anilino nitrile X_VII, provided that the
velocity of interchanse of syn~ end enti-forms is rapid.

' In tie following discussion it will be assumed that the aniline nitriles

XVIIa =nd B (ive the s-me anil or equilibrium mixture of anils.

Possibility of C/C and ¢/N Flimin~tion in the lysis of Anilino Nitriles.
It was mentioned eariier that the.enil can be considered as coming from

either C/N or C/C elimination from the anilino nitrile, e.g.

NEPh o/n C>=m |
O( oN - HCN '
(vi1)
(V1 )_ N/e //
O

(1x)

Thus for the C, ‘enilino nitrile without a 2-methyl cubstituent ‘the anil
is obtained no matter which route is followed, for although the isolation of
the anil VII at first sight favours the C/N route it is clear that the C/C
route can giv. the same product. Barton (8) has obtained evidence favouring

consistent cis elimination in certain homogeneous vapour phase reactions.
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The following scheme assumes that consistent cis elimination occurs®

(1£ consistcnt trons elimination occurs, the general conclusions are still valid):-

Scheme A
D B G O
H ‘CN 0(1/0(6) | o
K(vxﬁnPh (vi1)
| \
%Y%) g/ e |
@
(a) \ '
o mhh).
Bl A Qe O
Mo / Yo
(b) Vi | (ml)
) s

c

@Y%) Mo

% H
He CN -th{z
R e

(XVIII) trens

((é) and (c¢) are optical isomers)

(d)

* llere and elsewhere planar forms of the cyclohexane rings have been shown
vwhere there appears to be no difference in the conclusion arrived at from
consideration of these, and the "chair® form with ¢ and « substituents described
by lLassel (25). :
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In the sbove scheme, the possibility of concurrent C(l)/c(z) end 0(1)/0(6)
elimination is considered. This is likely, in view of scveral analogous

pyrolyses of (~) menthyl esters recorded in the literature,

O QO

(0(3)/0(4) elimination) (c](.zm)iC(iz )

e nation
(et 6(1)/C(2)) (e C3y/(6))
1

Ratio 3 H

(R=C1, Barton, Head ond Williams, (26); R=0Bz, idem, (27); R=OAe, McNiven and Read,
(28).)
Similar results for the pyrolysis of scveral acetates snd xanthatcs were

also recorded by Alexander and Mudrek, (29):-

(2) |
> (924¢37) )
(raC3,0~, 100.:)

vh CAe vh
s
| (£605)
* (pgc 0", w‘:;’?)
H Otec ¥

trona




(e)

(b)
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Me
ccszﬂa

O@ ' No Reaction
s

i He

H

Notez~-

00

under conditions of pyrolyais

%
OAc \K
trans
-—-—-‘ Mo
%

H Mo

S,le
trans

OAc
cis

& — Q0

OAc , ;

O — Qe

(10%)
(MeCs,0-, 20%)

(&) )
(MeCs,0~-, 8C7)
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Apart fron one minor exception*, all the above reactions exhibit cie _
elimination, whether in the vavour phase (acetates) or liquid phase (xanthates).
This suggests that cls elimination may also occur in the liquid phase pyrolysis
of ths anilino ritriles described in this thesis. |

Scheme A shows that, with the anilino nitrile VI there are two possible ¢/C
eliminations (°(1)/°(2) and c(l)/c(s))giving tb‘.e\ sama product. Uhen the 2-methyl
group is introduced, hydrogen cyanide can be eliminated by 0(1) /0(6 ) elimination
frcm both eis- and trens- forms, but by C(l )/0(2) elimination enly from the eis-
form. This leaves, as a possibility, the C(1 )/0(2) elimination of aniline from
the trans- form.

Because of the electron-repelling properties of the methyl group, it s
likely that c(l )/c(z) will predominate over c:(1 )/c(6 ) elimination. The results
of Barton, and Alexander and lMudrak, where the isooropyl and phenyl groups have
a similar effect, support this conclusion.

Since the cis-eni trans-forms (XIX and XVIII) are found to give the seme

products, it is likely that C/N elimination occurs for ell the anilino nitriles.

This conclusion is valid unless the elimination chances from cis with the eis-
form to trens in the trans-form, wiiich is very unlikely in view of the consistent
cis elirdnation found by the authors mentioned above. '

The »hypothesis of C/l elimination is further supported by the results
obtained for the pyrolysis of d-anilino- d. - cyanodiphenylmethane. This readily
eliminates hydrogen cyanide to form the anil in spite of the fact that C/C |
elinination is structuzally excluded.

* This exception is the one noted under (b) where the acetate gives
2-mathy1naphthalene instead of the expected 2-methyl-3:4-dihydronaphthalene,
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There is further no evidence that the more labile of the isomers XVIII and |
XIX is converted into the other, at temperatures'below thét -at which hydrogzen
cyanide is eliminated, i.e., there is nothing to support the alternative
possibility that the sinsle pair of products observed (hydroczen cyanide and enil)
1s produced by C(,)/C(,) elimination from what is effectively a single isomer
'(XVIII or XIX) rather than by two C/N eliminations, leading to identical end-
products, In this connection it should be noted that there are two different
mothods (Scheme B) by which the one form can be converted into an equilidbrium

mixture of both; a direct interconversion, possible but unlikely, end en indirect

interconversion. t
Scheme B
Nrh
(-]
(xx11)
~ HON / HCN + Hcr;\\ncz«
— o
trang Me CN | H- CN cis
' 'H h - He NEPh
(xviiz) (xxx)

The indirect interconversion, however, necessitates the initial breakdown
of the anilino nitrile into znil =nd hydrogen cyanide, so that this type of
interconversion does not affeet the results orconclusions drawn,

The above scheme B gives somo idea of what muﬁt occur: and it will be scen
that it is really impossible to pyrolyse the pure iscmer (XVIII or XIX) since

this type of indirect interconversion must be taxin: place during the pyrolysis.
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This occurs, of course, only because the product of pyrolysis of both cis-
and trens- forms ie the anil - if other products were formed for either cis or
Xrans the interconversion would no longer be possible and the other product
would be isolated in place of the anil. Thus the general conclusions arrived
at above still hold although any investigations into reaction rate processes
(not undertaken in the present work) would have to take the indirect conversion
into account.

Rates of Elimination of Hydrogen Cysnide.

As will be seen from Table II (p. 43) the rates of elimination of hydrogen
cyanide from anilino nitriles XVIII and XIX sre greater than that of the unmethylated
compound VI. This effect is slight, however, when compered with the large increase
in rate for the decomposition of the C7 enilino nitrile XVI, although it 1s outside
the range of experimental error. The increase in rate on changing from VI to XVIII
or XIX tends to indicate a C/C mechanism and could be a manifestation of the effect
mentioned before (i.e. easier elimination of the [-hydrogen atom caused by the
mothyl group). A C/C mechanism must, however, give rise to differeant products from

the pyrolysis of XVIII and XIX (unless the elimination changes from cis to trens,

which is unlikely) and the slight increase in rate of elimination is therefore
probably caused by the steric influence of the methyl group on the spacial relation
of the anilino snd cyano groups.

. Pyrolysis of a-Anilino- d.-cyanodiphenylmethane (XXIII).

The pyrolysis of anilino nitrile XXIII gives hydrogen cyanide (100%) and
(diphenylmethylene)aniline (XXV) (987). The rate of decomposition is ehown in
Tables I and II and in Fig. I, and it will be seen that this occurs with extreme
readiness. XXIII is in fact the most readily decomposed of the anilino nitriles

investigated. This pyrolysis at least proves that C/N elimination can occur,
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gince no C/C elimination is here possible, the carbon atoms in the 2-(or g-)

position bein:s fully substituted.

QC/”M
‘ N\

CN

————

— C=1Nrh + HCN

(xxx11) (xxv)

The extreme readiness with which decomposition occurs sugsgests that this
route will be followed, at lecast partly, in the pyrolysis of the other anilino
nitriles, althoush the phenyl groups appear to have a profound influence over
the rate of decomposition of the anilino nitrile XXIII, mrking it faster even

than the rapidly cecomposing 07 anilino nitrile XVI.

The greater yart of the evidence therefore sucgests that C/N eliminaticn

is the one which occurs, at least to a very lerge extent, in the 3 pyrolysis of

the anilino nitriles.

Pyrolysis of l-Anilino-l-cysnocyclopentane (X).

Preliminary experiments in pyrolysing this compound ga;ve somewhat puzzling
results. Pyrolysis for six hours at 2%0° in & stream of nj.trogen gave aniline
(347 of theory), (aniline was noted by Plent and Facer (6)), and hydrogen cyanide
(6%,: of theory). The fact that these figures add up to 99 is fortuitous, as will

be clear from the later discussion.

The elimination of hydrogsen cyznide suggests the following primery scission -
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NHPh [:::>>= .
— NPh + HCN
(x)

(x11)

Similarly elimination of aniline suggests the following primary scission:-

NEPh
X D - e
cN |
(x) | (x1) |

However, neither the anil XII nor the WMted nitrile XI could be
isolated from the reaction mixture. Aniline (b.p. 183°) was the lowest bolling
component of the pyrolye:te, whereas the boiling point of the nitrile XI at 760 nm.
is en=, 1500, (calculated from boiliﬁg points given by Cook and Linstead (30)
(69°/15 mm., 81°/30 tm.) from the well-imown formula log'p ‘a A - B/? (vhers
p = pressure, T = absolute temperaturs, and A and B are constants)). Hence,
there can be practically none of the unsaturated nitrile XI 1;résent.

A frection vas obtained, b.p. T5 - 220°/12 rm., vhich at the time showed
no further separation on redistiilation; but it is now clear that it actuelly
ccntained some gyclopentylideneaniline (XII).

A large amount of tarry material was also formed in this pyrolysis. It
was later considered that the failure to obtain the anil could be due to its
aecomposing during the long pyrolysis period; and further experiments were
therefore performed in which thec heating time was much shorter. Obviously,
however, the hydrogen cyanide hai to be eliminated as quickly as possible in
order to get a reasonable conversion of anilino nitrile to anil. This can be

eifected in two ways - (a) by performing the pyrolysis under vacuum, thus removing
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the volatile hydrogen cyanide rapidly but leaving the anil, end (b) by making

the nitrogen stréam as rapid as possible (eny cooling effect tbis vould have

would tend to reduce the rate of decomposition of the anil, while still maintaining
a rapid rezoval of hydrogen cyesnide - hence the cooliny effect is no great
disadvehfaéw). These methods proved equally successful. |

To prevent hydrogen cysnide from entering the vacuun line (during the vacuum
distillation of the pyrolysate), and also to determino its cmount, tuo traps
containing aqueous potassium hydroxide were used. The solution has to be
concentrated in order that it should have a reaéonabl’y low vapour prescure,
thus avoiding too much water pessing on to the lov temperature trap.

liethod (a) gave hydrogen cyanide (58. of theory) end anil XII ( 457 of
theory) on pyrolysis for thre: hours at 190°, The enil XII wes recognised by
hydrelysis, addition of hydrozen cyanide, ond hydrozenation, as with the other
anils examined.

This ancunt of anil decomposed eppears to represcnt estab]:i.s- -\{ent cf‘
equilibrium, since 57.3,+ hydrogzen .cyanidé was evolved during the “two hours
under vacuum and only another 1.0,» during the next hour, Thihs was confirmed
by the fact that during the ensuing distillaticn of the pyrolysate (lasting
about 4 hour, a further 21.4/% hydrozen cyanide was eliminated. This is caused by
rcoovel of the anil during distillation, thus displacing the equilibrium just es
when hydrogen cyanide is belng removed.

Hethod (b) gave hydrozen cyanide (50.5/° of theory) and cyclopentylidene-
aniline (XII) (485 of theory). '

It thus appears that if the heating period is not too prolonged, hydrogen

cyaulde snd znil are formed Just as with the 06 and 07 anilino nitriles,
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Jleatina of 1-fnilino-l-cymnocyclopentane (x}.

There still remains the problem of why eniline is formed when the heating is

prolonged: and this problem was in fact tackled before the above-menticned

..short-time heatings experiwvents were dones It was at that time desired to

test the stability of the anil XII on prolonsed heating. The anil was synthesised
vin the diethyl scetal by the method used by Hoch (31) for the preparation of a
numbor of anils. Thess did not, however, include XII, which is not described in
the literature. (This anil later proved identical with the one produced by
pyrolysis, the infra-red ebsorption spectra beins the same)s The 06 and 07 anils
(VII , XXII end XXXII) are quite stable on prolenced heating, and no difficulty
is ex;erienced in isolating thea from the pyrolysates (e.g., XVIIa gave an 805
yield of anil on heating for 20 hours at 250° or 117 hours at 200°).

0n heating the C, entl XII for six hours at 250° eniline, (2-cvolopentylidcne-
cyclopentylidene)aniline (XXXIII) and a tarry residue were formed, which explains the

formation of aniline in the original pyrolysis of the anilino nitrile X.

NPh | NPh
O — OO ™=
(x11) (xxxx111)

This type of reaction is snalogous to the aldol condensation of ecetonss-

alkali
2 0113'.co.cn3 . (CH3)2G=CH.CD.CH3

- HEO

Wallach (32) observed a similar aldol-type condensation of cyclopentancne |

at room temperature, in presence of an alkaline catalyst (sodium methoxide), thus:e
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O = OO

It is conceivable that the reaction might 6ccur wvithout & catalyst at higher

temperatures end pressures.

It is interesting to note hers that Wallach (32) states that cyclopentanone,
cyclohexanone and cycloheptanone condense at differcnt rates - cyclopentanone
extraordinarily quickly, cyclohexanone oniy slowly end incompletely, and
cycloheptanone still rore slowly. This is in accordsnce with thé present work,
where 06 and c..‘ anils VI1 eond XXXII ere stable to heat and the 05 anil XII
condenses to aniline =snd XXXIII.

The (2-cyclopentylidenecyclopentylidene)aniline (XXXIII)wns identified by
quantitative acid hydrolysis to aniline and 2-cyclopentylidenecyclopentancne.

The latter was characterised by its oxime (described by Wallach (32)) and
2:4~dinitrophenylhydrazone. It does not give a crystalline compound on adcition
of hydrogen cyanide, as do the other anils VII , XII, XXXII, which regenerate
tho original enilino nitriles. Nevertheless, it appears to add hydrogen cyanide
(a2bout 50% of theoryi;, this bein: eliminated again on heating, Owing to the
difficulty of totally removing all excess of hydrogen cyanide at room temperature
a8 gravimetric method was adopted for measuring the hydrogren cyanide retained by
enil XXXIIXI. As much &s possible of the cxcess of hydrogen cyanide was removed
at room temperature in vacuo and the hydrocen cyanide retained was weighed., All
the hydro;en cyanide was recovered by heating at 250° for 23 hours in a stream of
nitro-en. Some combination had undoubtedly occurred, but it does not appéar to

¢ive the anilino nitrile XXXIV, which by analozy with X would be expected to be

* ggsuming that one molecule of hydrogen cyanide adds.on to one of XXXIII.
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NHPh CN
NPh

+ HON —T————>

(xxx111) | (xxx1v)

lHon-theoretical ¥Elimination of Hydrogen Cyanide from l-églino-l-_;_ct
cyclopentane sz.

It will be seen from p. 8l and Table I (p. 19) that at 150, 200, and 250° the

elimination of hydrogen cyanide from the anilino nitrile X is about 80 of theory,
and that the reaction appears to stop at this stage. This figure should be compared
with 95-99: for the other anilino nitriles VI, XVIla :snd 3 and XVI.

This non-theoreticzl elimination cannot of course be expleined by the further
condensation of the primary product, cyclopentylideneaniline, mentioned above, as
hydrogen cyanide is not involved in this secondary reaction. It was at first
thought that hydrogzen cyanide might add on to the conjugated unsaturated ani})

XXXIII %o give a product which might not re-eliminate hydrogen cyanide, thus:-

-NHPh CN NiPh CN
CN

NPh /; addn.

+ HCN + HCN 1:2 addn.

(XXXIII) 1:4 addn. Kirh h
—_—
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As mentioned previously, however, the product formed by addition of hydrogen
cyanide to XXXIII, regenerates the amount of hydrogen cyanide originally added,
"if it is heated at 250° in a current of nitrogen, Although this evolution is
somevhat slower thoan that shown by the orisinal anilinoe nitrile X, the fa¢t that
evolution of hydrogen cyanide virtually stops after ca. 80 has still to be
explained.

After en 80,2/ elimination at 150°, which appears to be the maximm (or very
near 1it) at fhat temperature, a further amount of hydrogen cyanide is obtained on
raising the temperature to 300°, bringing the total up to 93.27 (which is very
near to the 95-96/; obtaincd from the C; end C, anilino nitriles), This shows
that there are two cdistinct reactions involved - first, the primary scissicn to
anil and hydrozen cysnide; second, some other reaction which gives a product
which retains nitrile grours at 150° but which eliminates hydrogen cyanide at
3000.

Such a produet has now been isolated from the tarry residue from the
pyrolysis by distillation and crystallisation. The compound (A) is sharp-melting
(mepe 1380), dissolves in diluté hydrochloric acid, and is reprecipitated by
dilute elkali. On prolonged boiling with aleoholic potassium hydroxide the
solution gives a positive test for cyanide ion, (cf. the enilino nitriles,
which ¢ive aniline, ketone and cyasnide). The base does not give a reaction
for primary or secondary emine and the reaction for tertiary 'aromatic amnine
is 2lso negative. ‘ihis behaviour recalls the base isolated by Drew (33) from .
the pyrolysis of 2-anilino-2-cyanopropane (obtained from acetone, aniline, end
hydrogen cyanide). The colution of A in hydrochloric acid gives a precipitate
with chloroplatinic acid (characteristic of an amine) and also a precipitate

with potassium ferrocyanide (characteristic of a tertiary emine). It may be
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assuzed, then, that the compound A contains at least two nitrogen atoms - one
in a tertiary auine group, the other in a cyano group., The equivalent weight
determined by i:nition of the platinichloride is 288, but the molecular weight
determined in tenzene (cryoscopic) has the value 23C. This last determination
is scmewhat in doubt as the molecular weight varies considerably with ccncentration
(see ¥ig. II)s This variation is of a much greater order than the normal slight
variation due to the non-ideality of solutions, This variation mizht be due to
assceiation, though in this case 230 would be & maximum valus, since the true
moleculer weicht would be less than the obscrved if association occurs. If the
boiling point of the compound is taken as an indication of molecular weight, and
for the same type of cempound this is cnerzlly true, then the compound A should
have a molccular weicht considerably greatcr than 225, since its boiling point
is about 50° highér at 3 mm, than that of the unsaturated enil XXXIII He's 225.
[icroanalysis (sce p.83) suggests the formula CGnH'T N, end if n=3, the molecular
weight 4s 279. This velue agrees with experimental values for the equivalent

of 283 (micro-titration) and 288 (ignition of platinichloride). A determination
of nitrile groups (by determining the armonium chloride formed by hydrolysis of
' A with concentrated hydrochloric acid) gave a value of 281 (assuming one nitrile
group per molecule)s. The molecular formula thus corresponds to two molecules

of the original anilino nitrile X minus aniline; and the following reé?ction

eppears to be a formal possibility:-

KiPh  PhIN " - Pnl, B
+ ~. — M
cy NeC CN NC V.

(x) (x) (xxxv)
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This would account for the presence of a tertiary basic group énd elso the
presence of a nitrile groups A eimilar reaction has been described by Dubsky
and Wensink (34) viz., the heating of 2-emino-2-cysnopropane to give bis-(d -

cyanoisopropyl Janine.
«NH
2R il o O ——2——> 1il(Cle,,.%8),
The formla XXXV does not entirely explain the properties of A on acid
hydrolysis, which givee an amount of ammonium chloride corresponding to only

onc nitrile group. This could be explained by assuming a rinz formation on

hydrolysis.
Fh
d
CN NC ' w O( ><j
00y 0% B_w.0c ¢o. N‘
(mv:)

The objection to this is that the hydrolysis produétAis water soluble
(neutral) whereas the‘compound XXXVI would be expected to be insoluble.

Compound A is quite stable to heat at 200% under coniitions in which the
original anilino nitrile XII decomposes to the extent of 65%? virtually no A
( <0.4%) had deccmposed. In another similar experiment at 300° hydrogen
cyanide was given off (see Experimental section) in amount which indicated an
equivalent weight of %50 (i.e., 350 g. of A gives 1 g. mol hydrogen cyanide),
If the formula XXXV is indeed correct it is difficult to ses why, if XXXV
eliminates hydrogen cyenide at all, it should not eliminate two molecules of
hydrogzen cyanide, thus giving an equivalent weight of 140.

It can be seen then that, although the identity of the compound A is not
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yot clear, its properties of hydrogen cy:nide elinination (none at 200° end o
conaiderzble anount at ,OO j correspond to and account for the non-theoretical
elimination of hydrogon cyanide from l—anilino—locyanocxclopentane (%) at zoo°

znd about theoreticzl elimination at jOO .

Annlogy lietween C=0 and C=IPh Groups

It is interesting to note here that tiiere is a close analozy between the
C=0 group and the C=[Ph group. This is evidenced ny'the following:-

{a, Adaition of Hydrogen Cysnide:-

\ \ ,0H
C=0 + HCN —_— -
/ / ‘o
\ IHPh
C=NPh + HON = ————= \c(

/ / “cx

In both cases the reaction is reversible, although the ketone reaction
requires a trace of alkali as catalyst and the anil reactioﬁ'appears to occur
spontaneously.

(b) Hydrogenation:~

\ \ JE
C=0 + H ———— C

/ 2 / Yo

\ JB

C=¢h + H, ————> s
NHPh

‘\
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(¢) Aldol~type Condensation {ef. p.35)t=

O — 00

NPh NPh

The = KPh group thus appears to react much as the = U atom, and in
reactions (a) =nd (b) the «IlHrh group formed corresponds to the =CII group.

There is, of course, no enzlogy for the scid hydrolysis:-

\
CxPh  + O ——> /}k() + PhNH,

Pyrolysis of 1-Anilino-l-cyanocyclobutane (XV).

Cnly a smzll enount (ca. 8 g.) of this compound was available and since

the former controlled experiments in hydrogen cyanide elimination required the
use of 15 g. of the sarple, a semi-micro tecchnique wns adopted. The apparatus
used was similar to the first one, though smaller in scale and a microburette
vas used for the cyanide titration (for fuller description sece p.84).

Ls it was desired to measure the rate of elimination of hydrogen cyanide
(if eny) from tae 04 enilino nitrile reclative to the other anilino nitriles,
all the anilino nitriles prevared were subjected to pyrolysis.in this aéparatus.

The amount of material required in the ayparatus was 0.3 ¢. snd the time chosen



Anilino Kitrile

TAPLE _II

Pyrolysis of Anilino Nitriles

Semi-micro Scale

nean

7%HCN

38

65

49

56

92

duplicates
3644 38T
66.3 64.2
50.8 48,2
553 58,6
5648 5543
91.4 92,3
96.8 97.0
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for relative measurcnents was ten minutes. The reproducibility of results was
determined by duplicate determinations, and the results were found to be
reproducible to 3/4. These have the valuable effect of confirming the previous
macro-scale results. The seml-micro are in fact more accurate than the macro
results, since it was much easier to control the nitrogen flow-rate and.tha
temperature for the ten minutes of the run, than for the ten hbqrs ér more
requifed for the macro-scale work. The results (Table II) agree quite well

vwith those obtained in the macro-scale experimcnts, | The eliminaticn of hydrogen
cyanide is much faster in the semi-iicro pyrolysis because, e.lfhough the tempera-
ture and rate of flow of nitrogen are the same as in the macro experiments, the
veight of somple is only 1/50th of the weight in the mﬁcro pyrolysis; the rate

of flow of nitrogen per unit weight of material is therefo're actually much faster,
end the equilibrium will thus be displaced more quickly.

The € 4 anilino nitrile is tho slowest to decompose of all the anilino
nitriles tested, This wes unexpected, in view cf the rise in rate of decomposition
in passing from the 06 to Cs corpounds. ‘The value of the dissociation constant
for the C 4 cyanohydrin is not recorded in the literature, so that no analogsy can
here be drawn as with the other enilino nitriles.

The totzl elimipation of hydrogzen ¢yanido from the C

4
ca. T0%. Since cyclobutanone exists (presumably in a strained state) there secems

enilino nitrile is

no particular reason wiy the onil should not exist as well, especially in view of
the analogy between the C=0 and C=lPh groups, noted above. If the ring
can be strained to accommodate the C=0 double bond, it can presumably

also be strained to accommodate the C=NPh double bond. In view of the
elinination of hydroscn cyanide it therefore seems likely that eyclobutylidene-

aniline is a primary product of this pyrolysis. It is also possible that because
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of the non-theoretical eliminution of hydrogen cyanide and the elimination of
aniline, the anilino nitrile XV gives products similar to those of the 05 anilino
nitrile.

Further work on the anilino nitrile XV would have involved the preparation
of cyclobutanone on & rezsonably large scale (to obtain ca. 100 g.). This could
only be done by using efficient specially constructed continuous extractors in
the Roberts and Sauers (9) method of preparzticn or (which would probably be
better and more convenient tixoug;h still difficult) using the method of
Kaarsemaiers and Coops (19) (recetion of keten with dizzometheane!s The chief
difticulty is in obtaining sufficient diszomsthane. This makes the.method
either expensive or tedlous, but the method secis more promising than that of

Hoberts end Sauer, which, in our hznds, gave a low yleld,




TABLE 111

Byrolysis of Anilino Acids

¢ yield of thoory % by weicht
Product , 05 06 C7 C5 C. C
enilire 39 54 65 17.5 2342 2640
unsaturated acid 7.1 %6 52 3.9 21,5 31.1
1-hydroxyanilide 3.9 6.4 3.9 3.9 6.4 3.9
lactone-lactam 21 13 10.5 5.0 10,1 8.0

40.3 61.2 69.0
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PYROLYSIS OF 1-ANTILINOCARDOXYLIC ACIDS.

Tho pyrclyses of the C. and 06 enilino acids XIII and IV are described

5
in the literature, thoush ylelds are not recorded:-

MPh 230 CO.MPh
+ H20 + PhNHz
CCCH . CO

(Plant and Facer (6))

(X111)
NEP
O< 250 O (Betts, Muspratt,
COCH and Plent (2))
: (v)

These pyrolyses werc repeated and ‘extended to the 07 acid XXXVII, usimg
2 static system (250°; 1 hour) similer to that used for the enilino nitriles,
but omitting the stream of nitrcgen. The weight of starting material was ca.
50-80 g. The products and yields obtained are recorded in Table III,

It will be seen from Table III that elthough the products rentioned by
Plant et 81. (2, 6) are indeed formed, sll the anilino acids studied gave

products of the same structural type, as followsti=

Aniline
" \
Unsaturated acid //COOH
CH
~Hydroxysnild
1 de CO.IHPh
a Lactone~lactam CO.IPh

0.CO
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The impression derived from the earlier literature (2, 6) that the C_. and C

5 6
anilino acids decompose by entirely different routes is thus deceptive. It will

nevertheless be seen from Table III that there is a variation of yield on changing
the ring size. Tho most striking difference is the low yield of unsaturated aéid‘

from the pyrolysis of the C. anilino acid.

>
Isolation and Tdentification of Products.

(1) Aniline. This was isolated by vacuum distillation end identified by
conversion to acetanilide.

(2) Unsaturated Acids. These were also isolated by vacuum distillation
and wore identified by their melting points end those of their dibromo
derivatives,

(3) 1-Hydroxymnilides. These were isolated by fractional crystallisation
of the residue obtained after distillation of aniline and unsaturated
ecid. They were identified as follows:-

(a) Hydrolysis gave aniline snd the corresponding hydroxy acid, the latter
being identified by melting point end mixed melting point with the product
obtained by hydrolysis of the corresponding cyanohydrin. (b) There are two
values recorded in the literature for the melting.point of the C, hydroxyanilide
end the value obtained agrees well with one of‘these and fairly well with tho
other. (c) The three hydroxyenilides were synthesised from the corresponding
ketones by reaction with hydrogen cyanide and hydrolysis of the cyanohydrin,
followed by reaction of the hydroxy acid with aniline., l!Mixed melting point
deterninations were done and in ne case was a depression of meltiﬁg point obtained,
Infra-red absorption spectra also showed that the synthetic and pyrolytic hydroxy-

anilides wore identical, (d) Their identification vas confirmed by microanalysis.
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(4) Llactons-lactams. These vers also isolated’by fractignal prystallisatiun
of the pyrolysis regidue. _ |
Identification. It has been clearly shown by 1nfra-r§d gﬁsorption spectra
that the three (05, Ces 67) lactone-lactans have the same functicnal-group
structure, If, therefore, the lactone-lactam structure propqged by P;agt is
- correct, all threa have this type of structure. It has been found that all
. three have similar chemical properties, but that the C_. and C, compounds are

6 7

more inert (e.g. the C. compound dissolves slowly in dilute alkali, whereas

5
the C. and 07 compounds require warm alkali end even then dissolve slowly).

The molecular formulae of the three compounds have been confirmed by molecular
veight determinations and microanalyses.

There remains, hovever, the problem of whether the structure proposed by
Plent is indeed correct. [io evidence against this structure has been found, and
some evidence has been found in favour of it. Plant supports his view of the
structure bty (a) elementary analysis, (b) the fact that 4t dissolves slowly in
dilute alkall and is reprecipitated slowly by dilute acid (a characteristic of
a lactone), (c) the fact that it is not basic, and (d) the fact that it does not
react with eniline or dry emuonia at elevated temperatures. Properties (a), (b),
and (c¢) have been confirmed in the present work, and further evidence favouring
the structure XIV has been obtained as follows:-

(e) The microanalyses and molecular weights agree well with the calculated values.
This provides strong evidence for the ring afructure because on increasing the ring

size from five to six and six to seven the formula rises by 2 x CHZ’ thus suggesting

that there are two saturated alicyclie rings in each molecule, thus:-
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lactone-lactam)

(The following apply Lo the 05

(f} The equivalent weight was determined by dissolving a weighed amount in en
excess of wara cdilute stzrdard alkali, and back-titrating the excess of alkali.
(Found: 306, CISHZIOBN requires 259 (for monoacidic base)}).

(g) Reprecipitation from alkaline solution by dilute acid occurs in a rather
peculiar manner. A sticky paste is first precipitated which slowly becomes

solid on stending. This solid is the original lactone-lactam (identified by
melting point ani mixed melting point). The initial precipitation as a paste cen
be accounted for by assuming that the paste is a mixture of lactone-~lactam and

free hydroxy acid: the latter on standing re-esterifies itself completely, thus:-

' CG.NPh CO.NPh CO.NPh
—- —_ ,
0. CO 04  Ka0OC i HoOC
~ (x1v) - | |

1

(h) A hydrolysis of the lactone-lactam with boiling alkali for threo hours has

no further effect and addition of acid merely reprecipitates the original lactone-
lactam as before. Acid hydrolysis was attempted in the hope that the lactone~lactam
would hydrolyse to l-hydroxycyclopentanecarboxylic acid (XXXVIII) and l-anilino-

cyclopentanecarboxylic acid (XIII):-



49

&CO.&P&I@ + 2 HZO COCH NHFh
— +
0. CO CH COCH
(xIv) (XxXVIII) - (x111)
Only a trace of the hydroxy acid XXXVIII was found, however, and none of the

enilino ecid XIII. The nain product was & new compound which ia believed to

have the structure XXXIX, & partial hydrolysis product.

E><oon Phiy
0. CO
(xxx1x)

This structurs was deducéd from the following:~

- (1) Like the original anilino acid XIII i1t dissolves in both dilute sulphuric
acid and dilute alkali; thus, it contains both acidic and basic groups

(—COOﬁ end -NHPh). It is, however, not so rcadily soluble in dilute sulphuric
acid as the anilino acid XIII and it requires heating or prolonged agitation in
an excess of dilute sulphuric acid to effect solution. It is just as readily
soluble in elkali as the enilino acid XIII. _

(11) Its solution in dilute sulphuric acid gives a precipitate with nitrous acid,
vhich indicates a seccndm smine group.

(i11) On heating abéve its melting point watur is evolved, and the original
lactone-lactam is regenerated (recognised by melting point, mixed meltinz point,
and infra-red absorption spectrum).

(iv) Its equivalent weight was determined by dissolving in standard alkali and
back titrating with standard acid. (Found: 316. XXXIX requires 317).

(v) It gave a positive result on testing for nitrogen.
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Thus it can be seen that the lactone~lactam XIV can be only partially

hydrolysed:-

bondA

- C .,o—-nph: O
/ OH HaOOC
_-bond A alkali S
l:><°°_m><] '
0—C0
(x1v) “pond B acid
COCH PhEN

(mn)\ bond B

The question which arises is why the hydrolysis stops at this point.

It is well known that tertiary elcohols are difficult to esterify, and
that the esters once formed are difficult to hydrolyse. |

Similar considerations apply to acids whose carboxyl groups are attached
to a tertiary carbon atom, It will be seen that the hond B is formed ‘(fomally)
from a tertiary alechol and an acid whose d-carbon afom is tertiary. It is not
surprising, therefore, that this bond does not hydrolyse, as both hindering effects
are present., Similar considerations will apply to the bond A in the compound XL.

* The reason why the bond A or B is attacked in the first place is presumably
that strain present (possibly caused by the bulky substituents) in the heterocyclie
ring renders the bond more open to _gttaék. Once the bond is broken, houever, the
strain will no longer be present and the remeining bond will be extremely difficult

to hydrolyse for tne reason stated.
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Consideration of Structure of lLactone-lactam.

There are four possible structures for the lactone-lactem (as it has been
called up to now), vhich merit censideration. They are all, of course, isomerie,

as followsi-

| O<co.m*h £0.0.C0\ |
c..co:><:::] [::>><;~nrn*’:x<:::]
| (xL1)

(XIv)

C0.NPh [:::>> NPh.CO g
‘ [:::><:0 . €O o .c:[:::>

(x1z) (xr1I1)

The etructure XIV has already been discussed at length. The structure XLI
was also considered by Plant, but he considered it less likely than XIV because
XLI would be expected to be basic (owing to the tertiary amino group present),
whereas the compound isolated showed no basic properties. This is not quife
conclusive, however, as sterically hindcred tertiary amines (e.g., tfiphénylaminé)
do not show basic properties. The present work provides additional evidence
against this structure.

The equivalent weight of XLI would be 150, whereas the value found for the
compound isolated is 306. - Also, the structure XLI would not account for the
properties described under (h) above. ‘ |

The structures XLII and XLIIi‘both require the formation of a seven-membered
ring which, though possible, seecms less likely thon the six-rmembered ring required

by XIV and ALI. The compound XLII could concecivably be formed by addition of the
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unsaturated a2cid XLIV to the hydroxysnilide XLV, (both pyrolysis products)i=

@ PhHIJ.CC))O : BN m.co><:’
CooH | EO CoO .0

(xLIV) (xwv) , (xL11)

when this reaction was tried (actually using the 06 compounds} under conditions
similar to those used for the original pyrolyses, the only products were unchanged
unsaturated acid end hydroxyanilide.

1he compound XLIII could be formed by addition of the unsaturated acid XLIV

to the anilino zcid XIII itaclfs-

<j| COGH PhHN - B0 O co.mm>0
T HoOC 0 . CO

(XLIV) - (xIII) - (XWIII)

.~ This mode of addition seems unlikely, but thers appears to be no way of
verifying this under the conditions of pyrolysis as the anilino acid XIII alone
would give the lactone-lactam, so that its isolation would be inevitable in a
test experiment whether the eabove reaction occurred or not.

Thus it appears that the structure XIV originally proposed by Plant (6)
is the most likely., The structure XLI ¢an be rejected; but from the evidence
obtained the structures XLII and XLIII are possible, as their chemieal properties
would be very simiiar to those of XIV, all three being lactone-lactams.,

The isolaticn of even the emall amount of l-hydroxy acid from the lactone-

lactam hydrolysis su gests that structure XLIII is not correct, but it does not

rule out structure XLII. Only the isolation of the l-anilino acid would be



conclusive here.
In _ei test experiment it was found that the orizinal 05 anilino acid XII1I

gives cyclopentylaniline (XLVI) cn prolonged boiling with dilute sulphuric acid:~

From the hydrolysis of the C_ lactone-lsctam XIV, & trace of cyclopentyl-

5
aniline was formed, This, however,. is not conclusive proof of the previous
existence of the enilino acid XIII in the hydrolysate, since the 2-¢=.nilino acid

XIVII produced by hydrolysis of XLII could alse ceearboxylate, thusti-
COOH KHPh
co.x\rpho + 80, O( + (xLvII)
0.C0 il CocH ,
(xv1I) l - €O
2
O HHPh

(x1v1)

Thus it appears that even althougch the 1a§tone—lactam could be completely
hydrolysed (unless under very mild conditions, which seems. to be impossible
- in view of the "tertiary effect” mentioned before), this would not give conclusive
proof of its structure.
An unequivocal synthesis of the lactone-lactzm XIV appears to be extremely.
difficult in view of the tertiary srcups involved. The starting point would

presumably be the hydroxy ecid XXXVIII anc the anilino acid XIII. A synthesis
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on tne following lines was attempted but without succesn:-

O<COOH AcC.NPh ><j EXCOOH AcO.NPh ><j
Ol C1c0 Co

(XXXVIII)
B hydrolysis D
AQO.NPh:><::::] COCH Phﬂﬂ;><::::]
HOOC 0 (H)
AcCl
A or heat B
AOZO
PR O<co.m>h
HOOCV 0. C0
(x111) (xIv)

The hydrolysis at stage D should not hydrolyse the eater group owing to the
tertiary effect mentionecd before. The reaction E is, if the ideas on the structure
of the lactone-lectanm are correct, one which is found to occur readily.

The rezction A, although recorded by Plant (6), was found to give only a
minute yield of the acetyl derivative (only a few milligrame were isolated) using
either éc;tyl chlorice cr aecetic amhydride., The mein product of attempted
acetylation is élneutral compound (the acetyl derivative io acidic owing to the
carboxyl grcup) which was not further investizated. This method of synthesis was

abandoncd because cf this and also becsuse the reaction € might not occur because

&
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~of steric hindrance,
Another method of synthesis which suggested itcelf was a silver salt
esterification. This method often succeeds in esterifying tertiary aclids

or alcohols vwhere other methods fail.

[::::><:K5Ph PhHH.OG:><::::] [::::><:N3Ph PhHN.OC:><<:::]
COOAg 0

hydrolysis

HPh.CO><] heat KgPh HOOC>O
CoO.0 : COm—o——-o00

(x1v) (xxx1IX)

The silver salt of the anilino acid XIII was found to be unstable, however, -
it &eposi‘l;s metallic silver on standing, and the method 1s thus not promising.
It 1s also possible that the bulky ~NHPh and ~CONHPh groups would prevent the
combination of the chloride and silver salt.

Orisin of the Products in the Pyrolysis of the Anilino Acids.

As the products of the three snilino acids (05, Cg and 07) are of the same
functional group structure (though differing in emount; the discussion will be
illustrated by using only one ring-sige Qvﬁ., 5)s The conclusions will of course
apply to all the ring sizes.

Aniline and Unsaturated Acid,

The presence of aniline is accounted for by the primary scission of the

enilino acid to unsaturated ecid and aniline, thus:-
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—— + th{,a
(x111) | (xLIv)

The smount of eniline (see Table III) is, however, too great to be wholly

accounted for in this way, espscially for the 05 and 06 compounda; dbut thia excess

of anilinz can be accounted for by the following formation of the lactons-lactam

{of which more may be formed than is shoum in the Table, since there are crystalli-

pation losces)s=

KEPh O<CO.A'Ph@
2 + H.0
COCH 0. €O 32

(xx11)

In the pyrolyses a small amount of water was always formed.

The formation of the hydroxysnilide does not, of course, account for any

of the liberated aniline, since it is icomeric with the original anilino aecid.
Hydroxyanilide.

This was an entirely unexpected product, and it is difficult to account for

its presence. A direct rearrangement of the anilino acid is onme possible

explanation, thus:-

5 — 0K
}:}oa | CO.NHPh

(xx1I) (xwv)
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This reaction bears some resemblance to other types of rearrangement, e.g., the

pinacol-ii:lnacone and benzilic acid rearrangementsi-

b e
R]_P.zc.lzf— c'm 4~ RRRO— (I: (oH) — RRR,C——CO.R,
G2 OH CH
CH Ph CH
+ HO | | I
Ph.C0,CO.Ph ————r Ph(lJ—-— C=0 —+ Ph,,C —— C0.0H
CH

In both these resrrangements the net result is that the hydroxyl group and
the R, (or phenyl) group change places; Since such rearrangements ﬁsually require
acidic or basic catalysts, some experiments were done with the 06 anilino acid to
see if rearrangement could be brought about catalytically at room temperature.
Phosphoric zcid in ether snd boron trifluoride in ether were tried es catzlysts,
but no hydroxyanilide was formed. Thus the direct rearrangement lacks
experimentzl proof, though it remains a possibility.

There 1e the further possibility that the hydroxyanilide is formed by some

indirect route, e.g., from the lactone-lactam, thuss-
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‘ CO.NPh o COOH PhiN
| X X |V+' 0 +
0.C0 & \ on HOOC

(x1v) (mvm) (x111)
* thz . furthe;!( pyrolysis
: o 3
(x;.v)

The water and aniline required by this scheme are both present in the
mixture while it is being pyrolysed, as they are producfs of formatien of
the lactone-lactam. FNevertheless, in a test experiment the lactone-lactam
was found not to decompose when heated under reflux with water and aniline at
the original pyrolysis temperature. This appears to eliminata the possible
occurrence of the abox‘re reaction. ,

The hydroxyanilide (C, XLVIII) is stable to heating at the pyrolysis
time and temperature used for the anilino acid, This shows that the hydroxyznilide
cannot be the only primary product of pyrolysis; and if it is, in fact, ome of
several primary products, the other reaction routes must compete with formation
of hydroxyanilide. In other words, the heat-stability of the hydroxyanilide
eliminates the possibility that the rearrangement to anilide is the sole primary
reactiocn.

Lactone-lectam., The formation of the lactone-lactem is almost as difficult

to account for as the hydroxysnilide. The folloying reaction avpears a formal

possibility:~
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COO0d PhHN CO ——=NFh
—————)—
NHFh HOOC NHPh HOQOC

(XIII) (X1II) A (xLIx)
= H0 7 B | - P,
O<CO l?h@ O<COoNPh>O
iPh.CO 0. CO
(x1v).

Reaction A is quite normal, being the formation of substituted smide from amine
plus acid. Reaction B seems, however, to be a rather curious method of form;ng an
eater linksge., It i3 indeed difficult to see why XLIX does not eliminate a2 further
molecule of water in the same manner as reaction A to form the substituted
diketopiperazine L. It mey be that steric factors forbid this, since phenyl
and cyclopentyl (-hexyl or ~heptyl) rings ere so bulky.

Another hypothesis for the formation of the lactone-lactam is that put
forward on page 51, which, however, was not supported experimentally, and in any

case would lead to an isomeric form of the lactone-lactam (i.e., XLII).
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liirh Temperature Pyrolysis of 1-Anilinccyclohexanecarboxylic Acid (IV).

The acid IV was pyrolysed at SOGO in a flow reactor to see whether fhe
yicld of ggglgpexanecarboianilide (XLVIII) wes increased by inoressing the
temperature and decreasing the contact tima. None of the hydroxyanilide XLVIII
could be detected in the pyrolysaté, however, and the main products were benzene,
cyclohexens, aniline, carben dioxide, carben menoxide and hydrogen (see p.9%6).

ihe aniline, cycloliexens and carbon dioxide can be explained by the primary
seission of IV to asniline end cyelohexene-l-carboxylie acid (V), followed by

secondary pyrolysis of V to give carboa dioczide end cyclohexens, thusi-

KiPh ‘
> COCE  + Phi,
cocu

(xv) (v)

The benzene ani hydrogen czn be accounted for by the pyrolytie dehydrogenation

of scme of the cyclohexecns to give benzene and hydrogen, elthouzh the smount of
+ hydrocen (see p.96) is only about half the theoretical smount based on the benzene
formed, This dehydrogenation of cyclohexene has been found to occur during the

pyrolysis of cyclohexyl acetate (540-550° ; PBurns, Jones and hitchie (1))
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Ccmpound

ml. of gas )
formed N.TQPQ)

cas formed;
v of theory
Fas analysis CO

002

/o of theory CO

002

Ratio CO:C02

TABLE IV

1 ses in Semi-micro Flow Reactor

v v LI XLVIII
Ce Ce Ce Cs
enilino unsaturated lactone- hydroxy-
acld acid lactan enilide
26 29 38 1745

85 54 ’ g2 51
7(9 ) 401 ‘ ] 23.0 ’ 1605
17.7 T 285 ' 13,7 1.6
13.7 ' 4.3 36.4% 23.7
30.6 30.0 21.7T* 2.3
0.446 0.144 1.68 10.3

* gssuming that one molecule of LI gives two molecules of gas.

X111

anilino
scid

21l.5

66

15.0
11.6

2.2
17.2

1.29
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Y

O O -

The carbon monoxide (ca. 3¢j% of theory; could not at the time be accounted ..
for; but it was thousht that it misht come from the secondary pyrolysis of the
hydroxyanilide XLVIII, cnd/or the lactone-lactam LI. %his was supported by the
results obtanined froa the pyrolyses described under the next heading.

Pyrolyscs in Scal-micro Flow Reactor.

Becausoe of the small amounts of hydroxyanilide XLVIII and lactone-lactanm
LI available, & semi-micro pyrolysis apparatus (see p.99and Fig. III) was devised.
It will bs seen froa the results (Table IV) that all three low temperature
pyrolysis products (unsaturated acid V, hydroxyanilide XLVIII, and lactone-lacfam
LI) give carbon monoxide on pyrolysis. The unsaturated acid V does not give
sufficienf to account for the amount present in the high-temperature pyrolysis
of the anilino acid IV. It secms therefors that the carbon monoxide comes mainly
from tho secondary pyrolysis of the hydroxyanilide XLVIII snd lactone-lactam LI,

At 250° for cne hour the anilino acld IV gives very little gas, which shows
that the formation of carbon dioxide and carbon monoxide is mainly a high
temperature reaction.

The lactone-lactanm LI gives amounts of carbon monoxide and carbon dioxide
of the sazn2 order. The latter prosumably comes from the lactone group and the
former from either tiie lactone or the lactam group.

The hydroxyanilide XLVIII gives almost wholly carbon monoxids, and this
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accords with its structure which seems uhlikely to be able to form carbon dioxide.
This decomposition of the hydroxysnilide possibly explains the failure to isolate

it in the high-tenperature pyrolysis (macro-scale) of the anilino acid IV.
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EXPERIMENTAL

PREPARATION OF COMPOUNDS FUR PYROLYSIS

1-Anilino Nitriles.

The anilino nitriles were very readily prepared from the corresponding
ketones by the followin: method (except for the anilino nitrile from benzophenone,
for which a special method had to be employed: mee p.66).

The ketone (1 mol) and aniline (1 mol) were mixed in a large flask (at least
five times the total volume of liquid) and hydrogen cyanide (1,5 mol) was added.
The homogeneous nixture became cloudy after a few seconds and the heat liberated
in the reaction was sufficient to boil the excess of hydrozsen cyanide. After 1-3
hours the contents of the flask were solid, The anilino nitrile crystallised from
ethanol or petroleun (60-60°)/benzene in good yield. -

vhen impure the enilino nitriles discoloured on standing. A pure sample did
not discolour even when exposed to light and air for several monfhs. (Drew (33)
implied that 1light and air should be excluded in order to avoid discolcuration).

The following anilino nitriles were prepsred by this method:=-
1-Anilino-l-cyanocyclobutane (XV): colourless needles (m.p. 62-63°) from
petroleunm (60-80°)/benzene; yleld, 704 of theory. (Found: C, 76.9; Hy 649, °11H12ﬁ2

requires €, 76.7; H, T7.0/4). |

1-Anilino-l-cyanocyclopentsno (X): colourless prisms (m.p. 56-57°) from ethanol;
yield, 79 of theory. (Lit. (6), mepe 58°).

1-Anilino-1-cyanocyclohexane (VI): colourless prisms (m.p. 74=T5") from ethanol;
yield, 75, of theory. (Lit. (4), mep. 75°).

1-Anilino-l-cysnocycloheptane (XVI): colourless prisms (mep. 85-86") from ethanol;

yield, 78:. of theory, (¥ound: C, 78.8; H, 8.6; N, 13.3. C requires C, 78.5;

148 4%



H, 8.5; N, 13¢1,2)e

Preparation of 1-Anilino-l-cyano-2-methylcyclohexane, d— and 8- forms

(xvIIa and B).

Bukhsh et el. (11') described the imolation of the two geazietnc isomers of
XVII from the solid mixture obtaiﬁed from reactioh of aniline; 2Qmethylgy_¢.:}_ghexanona
and aqueoua potassium cyznide in the presence of an excess of acetic acid. They
simply designated these the A~ and B~ forms, without attempting to specify their
absoluta configuration. Tho method of separation they describ;ad vas crystallisation
of the mixture, first from benzene, in which the higher-melting A~form (m.p. 126°)
vas less soluble than the lower-melting B-form, and then from n-hexane, followcd
by hend separation of the two shapes of crystal (A~form, plates; B—fom', soft
needles)s Further crystallisation of t‘né soft needles from R-hexane yielded the
pure B-form, m.p. 880. The A~form had the lesser Hsolubility in both solvents.

This method of separation was successfully adspted to tile reaction product
of 2-methyleyclohexanone, aniline, and hydro en cyanide:- | .

The product of the reaction (1.32 molar scale) was erystallised from 400 ml.

benzene and the following fractions were obtain

Fraction Yield g. MeDe
(1)  a 114-126° on standing overnight - heavy priems.
(11) 40 £0-87°  on further standing for 2 days, light fluffy
needles.
(111) 29 81~121" on standing a further 3 days.
(1v) 7 83-124" on reducing volume of solution to 150 ml. and
: standing overnight.
(v 31 up t0 110°  on total evaporation of benzene - sticky solid.

266 (94)
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Fractions 45(111') and (iv) were combined and recrystallised from 150 ml.
bengene to give (vi), 68 g., meps 110-125°, The filtrate from this crystallisation
gave, aftor total evaporation of benzene, (vii), 35 Ge, m.;_;. 65-85°, Fractions
(11) and (vii )’ were combined and recrystallised from 70,() mle light petroleum
(60-80°) to give (viii), 16 ge, mep. 80-125° &nd (ix), 3T £¢y meps 8»45850 (Lit. (11),
for B-form of XVII, 83° ).  The product (ix) was obtained by decanting the petroleunm
 soluticn from tho soldd (viii), after the solution bad stood for 4 hours, The
—decanted solution was allowed to stand overnight, giving the crystals (ix),

Further crystallisations of the fraction (1) from benzene gave pure XVIId ,
53 gep Meps 124-125° (Lit. (11), mep. 126°). | |

Buihsh et. al. (11), applied their method on a cmall scale (0.05 mol) end
the percentage yields were not stated.

Initial attempts tq prepare the B-form were unexpeéte_dly made difficult by
the fact that piperidine (0.5 r7.) was used as a catalyst. This gave a small amount
of l-cyano-l-hydroxy-2-methylcyclohexane (XXIV) which separated as a solid, m.p.
48-55°, M (cryo. in benzens) = 144. (Calc. for Cgtt, ;ON:H = 139). A pure specimen
of XXIV, prepared from Zmethylﬂc_]_._q_he;anone and hydrogen cyanide, had m.p, 50-59°,
(This substance has previously been recorded (35) only in the liquid state.)
The large melting point range may be caused by partiel dissociation into ketone
~and hydrogen cyanide. The presence of XXIV caused the reaction mixture containing
XVIIe and XVIIB to remain pertly liquid, and in early experiments only XVIIa
could be isolated. This interference with the desired course of the reaction was
confirmed in a control experiment:-

Aniline (93 g., 1 mol) and 2-methyleyclohexanone (112 g., 1 mol) were mixed

and the mixture divided into two equal portions. Piperidine (0.5 g.) was added
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to one portion and hydrogen cyanide (29 ml., 0.75 mol) added to each. The mixture
that did not contain piperidine solidified after 1} hours, but the other was enly
partly solid after scveral weeks. |

The infra-red ebsorption spectra of the anilino nitriles are shown in Figs,

IVand V.

Preparation of a-Anilino- a-—cyenodiphenylmethene (XXIII),

An attempt was made to prepare enilino nitrile XXIII by the method used for
the others, but this was unsuccessful. Even after standing for four weeks at roon
temperature, the mixture did not deposit any solid.

The method of v.lidller and Pl8chl (12) was used.

Bengophenone (10645 g., 0,586 mol) was treated with phosphorus peatachloride
(122 g., 0,586 mol) to ¢ive q:a-dichlorodiphenylmethane (xxvx).' b.p. 185°/25 m,
(12045 goy 0.508 mol, BT% of theory).

The dichloro compound XXVI, (120.5 g., 0,508 mol) reacted with aniline (189 g.,
2,03 mol) to give (diphenylmethylene)aniline (XXV) (1005 g., 0.391 mol, TT7% of
theory) light-yellow pricms, mepe 114-115° from petroleum, (Lit. (12), mep. 112-113°),

The anil XXV, (74 g., 0,288 mol) was treated with a large excess of-hydrogen :
cyanide (ea. 200 ml., 5 mol) to give a-znilino- a-cyanodiphenylmethane (XXIII),

(58 g4, 0.204 mol, L. of theory), colourless prisms, mepe 144-145° from petroleun
(60-80°) /benzene . (Lite (12) mep. 146.5°).

The anilino nitrile XXIII gave a brilliant red colour with concentrated
sulphuric acid, this being in esgreement with the observation of w.liiller & Plichl
(12).

The overall yield of the anilino nitrile XXIII from benzophenone was 47.57

of theory; yields are not quoted in the literzture.
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Attempted Preparation of a~Anilino~q-cysnotetralin.

a-Tetralone (5.0 g., 0.034 mol) end aniline (3.2 g., 0.034 mol) were mixed
and hydrozen cysnide (2.0 ml., 0.052 mol) added. No solid separated from tho
mixture even after several weeks.

Preparation of cyclobutanone.

The mothod of Roberts and Sauer (9) was used.

Pentaerythritol (750 g., %452 mol) was treated with phosphorus tribromide
(3 kg., 11,08 mol) (prepared in 95/ yield from red phosphorus and bromine), according
toc the method of Schurink (20) to give pentaerythrityl tetrabromide (834 g., 2.15 mol,
39, of theory) mepe 159-160° (11t. (20),1630). The pentaerythrityl tetrabromide
wag crystallised from carbon tetrachloride (2 1.) instead of using the contiruocus
extraction, and crystallication from ethanol described: this is not practicable
owing to the smount of ethanol (24 1.) which would be required for ca. 800 g. of
product.

Pentaerythrityl tetrabromide (678 g., 1.75 mol) was treated with zine (476 g.,
7.3 g. atom) in the presence of water, ethanol and zinc bromide. This gave
methylenecyclobutane (65 g., 0.954 mol, 54.45 of theory), which was used without
purification for the next stage.

Methylenecyclobutane (65 g., 0.954 mol) was hydroxylated with formic acid and
hydrogen peroxide to give 1-(hydroxymethyl)cyclobutanol (28.6 g., 0.280 mol, 29.4%
of theory) b.p. 100-104°/11 rm, (Roberts and Sauer (9) recorded 93°/5 mm.).

1~(hydroxymethyl )cyclobutanol (28.6 g., 0.280 mol) was oxidised with lead
tetraacetate to give cyclobutanone (7.9 ge, 0.113 mol, 40.%% of theory) b.p. 98—1020;
234~dinitrophenylhydrazons, m.p. 144-145°; semicarbazone 210-214° d. (Lit. (9), n.p3.

146—146.50 and 206—207°d., respectively). The infra-red absorption spectrum is
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shown in Fig. VII: it 1s almost identical with that recorded by Roberts and Sauer
(9).

1-Anilinocarboxylic Acids.

The anilino acids were prepared by the method of Flant end Facer (6) end
Betts, Muspratt and Plant (2).

The anilino nitrile was dissolved in concentrated sulphuric acid and after
tvo days was poured on to crushed ice. On making the solution alkaline with
anmoniwa hydroxide golution the emide vas precipitated, which on hydrolysis with
concentrated hydrochloric acid (the ¢, anilino amide required 1 hour, the C

5 6
anilino amides required 12 hours) gave the l-enilinocarbexylic acid.

end ‘
%

The following anilino acids were prepared by this method:-

l—Anilino_cxgl_o_pentanecarboxynd ecid crystallised from xylene in prisms,
mep. 150-162°, yield 634 of theory (Founds C, 70.4; U, 7.4; N, 6.8. Equivalent,
205.0. Cale. for °12H15°2“‘ C, 70.2; H, T.4; R, 6.5%. Equivalent (monobasic acid),
20542. ). -

1-Anilinocyclohexanecarboxylic acid crystallised from benzene in very fine
needles, m.p. 123-140°, yield 555 of theory (Found: C, Tl.4; H, T.T; N, 6.3.
Equivalent, 218.1. Cale. for 013H1702N: C, Tle2; U, Te8; N, 6.4%. Equivalent
(monobasic ecid), 219.3). (Betts, !uspratt and Plant (2) recorded m.p. 142°.
Bucherer and Barsch (18) recorded m.p. 158°; yields not recorded).

1-Anilinocyclohevtonecarboxylic acid crystallised from benzene in prisms,

meps 143-158°, yield 78 of theory (Founds C, 72.0; H, 8,0; N, 6.3, Equivalent
254.0. C1 4H1902N requires C, 72.1; H, 8.2; N, 6.0/% Equivalent (monobusic acid)

25543}e The intermediate amide, leanilinocycloheptanecarboxylemide separated from

ethanol in colourless necdles mepe 141-142° (Founds €, 72.2; H, 9.1; N, 12,0.
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C) 4flo00N, Tequires C, 72.4; H, 8.7; W, 12.15%).

The infra~red absorption spectra of the anilino acids are shown in Fig, VI,

Attempted Preparstion of l-Anilino-l-{nitromethyl)oyclohexene.

cyclollexanona (49 gey 0e5 mol), aniline (46.5 g., 0.5 mol) and nitromethane
(305 Gey 045 mol) were mixed and allowed to stand at room temperature for three

vecks. No s0lid separated slthough there appeared to be a cmall amount of water

foxrmed.
Another experiment using equimolecular amounts of cyclohexylideneaniline snd

nitromethane was also unsuccessful.

Attempted Preparation of l-Anilino-l-(trichloromethyl)eyclohexane,

MIM experiments to the above, using chloroform in place of nitromethans

gave no solid product.
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PYROLYSIS OF 1-ANILINONITRILES

Pyrolysis Method
A static method was used in which the compound was heated to a predetermined

temperature. A stream of nitrogen was passed through to drive off the volatile
hydrogen cyanide, and the high boiling components were returned to the reactor by
a reflux condenser.

The apparatus was a semi-micro distillation flask (25 ml,) in a Wood's
metal bath heated by an electric hot-plate controlled by a "Simmerstat". The
temperature of the metal bath could be controlled to :l:5°. The outlet from the
distillation flask was connected to a wash-bottle containing an excess of sodium
hydroxide solution. The cyanide absorbéd was titrated against 0.1 N silver nitrate
solution with addition of ammonium hydroxide and potassium iodide (indicator) (36).
Test experiments showed that even large excesses of sodium hydroxide did not affect
the results of titrations. Test experiments also showed that only one wash-bottle
was necessary to absorb all the hydrogen cyanide. To facilitate direct comparison
of the various results, the same quantity of initial material (15 g.) was used in
each experiment, and the rate of flg'w of nitrogen (measured by a flowmeter) was
meintained at 13.5 0.5 ¢.c./min. during all the pyrolyses by adjustment of the
‘reducing valve on the nitrogen cylinder.

The anilino nitriles pyrolysed by this method were l-anilino-l-cyanocyclopentane
(x), l-anilino-l-cy=nocyclohexane (VI), l-anilino-l-cyanocycloheptave (XVI),
1-anilino-l-cyano-2-methylcyclohexans ( o and B forms: XVII o and 3 ), and

d~anilino- d.-cysnodiphenylmethane (XXIII).

A1l of these except the C_ nitrile (X), gave an almost theoretical yield of

°



TABLE I

Pyrolysis of Anilino Hitriles

% of Theory of Hydrogen Cyenide Eliminated

g? C5 §6 Co Cp
200° 250°  200° 250°  200° 256° 200 250°  200° 250°

¥ 26,8 58.6 18,9 62,3 17,7 6T.1 15,0 T3.3  66.1 96.2
1 38.0 TI5 258 TL2 28,0 642 207 83.3  79.6 98.8
1% | 34.4

2 47.5 79.6  34.6 79,3  39.0 91.8 89,7 99.4
3 83.2  47.0 35.5 94,2  99.4
5% 45.0

4 60.3 92,9

5 57.0 94.5

6 64,8 80.2  55.8

6% . 48.2

7 64,3 94,8 9.2

9 68,7 8.8 |

10 64.7 57.6

45 94.2
130 %5.2
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aniline and the corresponding enil. The results for hydrogen cyasnide elimination
are shown in Table I, and the results for VI, XVI, XVIIa end /3 , end XXIII are
plotted in Fig. I. (p.19).

Pyrolysis of l-Anilino-l-cyano-2-methylcyclohexsns d~-form (XVIIa ).

This gave hydrogen cyanide and (2—methy1§xclchexylidens)ahiline (xx11), yield

0
4

(14t. (31),b.p. 143-146°/12 mm., 149-150°/18 mm.; Lit. (37),b.p. 152-153°/14 mm.)

85,6 of theory from 2500 pyrolysia; Depe 143“1460/15 e , nzg 1.5504, d2 0.9902.

Hydrolysis:~
10.57 G, of the anil XXII were added to 100 ml. of 2N hydrochloric acid and

stirred for five irinutes. The mixture was extracted with three 50 ml. portions
of ether. After recmoval of the ether by distillation the residual liquid was
dissolved in 50 ml, ethanol (free from carbonyl compounds) and made up to 100 ml,
Two 2 ml, portions of this sclution were takan eni their ketone content determined
by the method of Iddles (38). (The method consisted of weighing the 2:4~dinitro-
phenylhydragone produced by reaction of the ketone with a saturated solution of
234~dinitrophenylhydrazine in 2N hydrochloric acid).
The acid solution from the ether extraction was bolled for a few minutes to
expel residual ether and, after making up to 250 ml. with 2N hydrochloric acid,
the aniline content was determined by the method of Sigeia (39) using 50 ml.
portions for titration against sodium nitrite solution with potassium iodide/starch
paper as indicator.
. The results of the determinations were as follows:-

2-methylcyclohexancne 95.1, 95.7% (m.ps of 2:4-dindtrophenylhydrazone and mixed m.p.

| with sample prepared from the original 2-methylcyclo-

hexanone, 154-135" (Lit., m.p. 136°) )

eniline 98.4, 99.0»
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Addition of derd@n Cyanide:- |

10 M1, hydrogen cyznide (large excess) reacted vigorously with 4.25 g. of
the anil XXII to yield, after evaporation of the hydrogen cyanide, 4.84 g.
(95,65 of theory) of a mixture of the a- end f-forms of l-anilino-l-cyano-2-
methylcyclohexane (XVIIa andf ), mep. 70-80° |

In enother similar experiment 4.65 g. of the anil XXII gave, after fractional
crystallisation of the residue from benzene, 2.99 g. (57/= of theory) of XVIId , |
MePo 121-124°, This shows the a- 1s produced in greater aiount than the B-form.

liydrogenation:-

11.05 G, of the anil XXII dissolved in ethyl acetate with the addition of
0.1 g. platinum dioxide reacted with 1320 ¢.c. (reduced to N.T.P.) of hydrogen
(99/ of theory; time required ca. 3 hours), to yield the crude amine. Distillation
gave 9.94 g. (89. of theory) of pure N—(Z-methylm_lghexyl)aniline, (LII) beps
147-149°/13 mm. (b.p. recorded (40) es 146-152°/15 mm.)

Reaction of the emine LII with sodium nitrite in dilute hydrochloric acid gave
a yéllow o0il which soon solidified. Crystallisaﬁon from ethanol gave pale-yellow

prisms of K-nitroso-(2-methyleyclohexyl)aniline (Found: C, 71.65 H, 8.0; N, 13.0.

C, st gOH, requires €, T1.5; H, 8.3; N, 12.8%)y m.p. 106-107°.

The benzoyl derivative prepared by the Schotten-Baumann method had m.p. 89-90°
(pricms from ethanol). (Found: C, 81.8; H, 7.5; N, 4.T. CoH,50 requires
C, 81,95 Hy 795 N, 4.8%)s | |

The amine LII gave & brilliant red colour with a mixture of nitric acid:
sulphuric ecid: water in the ratio 1:9:10. (This colour reaction was described by

Fougque (41) for cyclohexylaniline,)
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Pyrolysis of l-Anilino-l-cyano-2-methylcyclohexane, [B-form. (XVII 3 ),

This gave hydrosen cyanide and ‘(Z-methylgy_c_;g_hexylidena)aniline(ml: 82,3 of
theory from 250° pyrolyais), beps 140-143°/12 m., n°) 1,5508, d°y 0,9698, The
infra~red eabsorpiion spectrum of this anil XXII is shown in Fig. V eand is practi-
cally identical with that of the anil from the d-form (XVIIQ ).

Pyrolysis of 1-Anilino-l-cyanocycloheotene (XVI).

This gave hydrogen cyanide and cyclcheptylideneanilina (XXX1I; yield 85% of

theory from 250° pyrolysis), beps 152-154°/13 ., n°g 1.5568, d°y 1.0024,

4
(Found: C, 83.7; H, 9¢5; N, T.8. Cy5H, i Tequires C, 83.4; H, 9:2; N, Te55)
Hydrolysig:~

This was carried out as for the anil XXII.and the resultg were as follows:~

cycloheptanone 94.0, 94.05 (mepe and mixed m.pe of 2:4-dinitrophenylhydrazone,
144-145° (1it. 148°) )

eniline 98.9, Y9.3%

Addition of Hydrogen Cyanide:—

Hydrogen cyznide reacted very viclently with the pure enil XXXII, and ether
vas added to moderate the reaction. 10 Ml. of hydrogen cyanide were added to
6.313 g of the anil XXXII to yleld, after evaporation of the ether and excess
of hydrogen cyanide, T.127 g. (98.6;“5 of theory) of the anilino nitrile XVI, m,.p.
end mixed m.p. 64-86°, |

Hydrosenation:-

This vas carried out as for the anil XXII, as follows:-
16.41 G. of the anil XXXII reacted with 1910 c.c. (reduced to N.T.P.) of
hydrogen (102 of theory), to yleld the crude emine. Distillation gave pure

N-gycloheptylaniline (LILD) b.p. 168-170°/18 mn., n°y 1.5616, d22 0.9989 (1it. (42),
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bepe 156-1570/11 mm, ) |

The N-nitroso de;ivative was a 1ight—yellov oil which, unlike the correspondigg
‘derivative of the smine LII, <id not crystallise. B 4

The benzoyl derivative crystallised from petroleum (60-80°) in prisms, m,p.
166-107° (Found: C, 61.9; H, 7.6; N, 5.2. G flpsON Tequires C, 81.9; H, 7.9; ,
448:), | |

The acetyl derivative crystallised frcmAethanol/water in prisms, mepe 51-53°
(Found: C, 78.0; Hy 944; K, 644, 015H210N requifes C, 77.9; H, 9f2; N, 6.1:).

Tne amine LIII, unlike the others obt ined (xLvr, LIX andVIIIL did not give
the colour réac?ion deseribed by Fouqué (41).

gxrolyéis of 1-Anilino-l-cyanocyclopontens (X).

Proliminary Lxperiment. 59.0 G. of X were pyrolysed for six hours at 230o
(bath) in a stream of nitrogen (rate of floﬁ not measured). Tae hydrogen cyanide
eliminated was 63.1% of theory after 2 hours, and 64,6/ of theory after 6 hours.
Distillation of the residue at atmospheric pressure gave aniline, (10.0 g., 34%
of theory), bep. 162-163°/751 m. (Lit. 183°/760 m.).

The aniline was identified:-

(1) by conversion to acetanilide (m.p. and mixed m.pe 113-114°, Iit. 114°) under
enhydrous conditions (necessary to avoid hydrolysis of any anil which might be
present).

(ii) by determination of the amine group by titration with N hydrochlorie acid
using conzo red as indicator. (Equivalent weight: 93.2. Cale. for CGB7N: 9%5¢1)e
(11i) vy refractive index measurement.

nl?

D
distilled aniline 1.5845 (Lit. nzg 1.5663)

"

liquid obtained  1.5840
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Ko fraction boiling lower than aniline was obtained and further distillation
of the residue under vacuum gave ocnly a fracticn of wide boiling range, "75-2200/12
mm,, and a terry residue which did not crystallise from benzene.'

Fethod (a) - Vacuum Pyrolysis. - 40 G. of the anilino nitrile were rcfluxed

under a pressure of 14 mm. using a water condenser. A trap containing potassium
hydroxide solution (1:1) was inserted in the vacuum line end the emount of hydrogen

cyenide eliminated was determined.

Totel time  Temperature 75 Hydrogen cyanide - Total 7 hydrogen
(hours) eliminated during cyanide
each hour
1 140° 13.3 13,3
2 190° 44,0 5743
3 190° | 1.0 58.3

The residue was lisht-yellow and weighed 33.4 g. (9765 of theory based on
the 58.3% elimination of hydrogen cyanide).

Distillation of this residue, using an aqueocus alknli trap in the vacuum line,
gave 20,3 g. of a liquid, b.p. 121-124°/7 mm, A further 21.4/% of hydrogen cysnids
was eliminated during the distillatiqn. Redistillatiqn of the liquid gave pure
cyclopentylideneaniline (XII), bepe 122°/7 ma., nzg 1.5648, dzz 1.0173 (Founds c,
82.7; H, 7.9; N, 8.6, C),H N requires C, 63.0; H, 8.2; N BeE)e

The infra-red absorption spectrum is shown in Fig. V. -

The anil XII was a colourless liquid which on exposure to air (1-2 days)
became brown and finally formed a black tar. The other anils, VII , XXII, and

XXXII, underwent a similar decomposition, though more slowly.
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The anil XII was identified by the following methodsi~
Hydrolysis. This was carried out as for the enils XXII and XXXII, and the
results were as f£0llovs:e |
- cyclopentanone 94.0%, 9440» (m.p. and mixed m.p, of 2i14~dinitrophenylhydrazone,
144-145°, (14t. 146%))
aniline 99.8/:, 10047/
Addition of Hydrogen Cyanide. 6.20 G. of XII reacted vigorously with hydrogen
cyanide to give 7.C6 g. (97.4,c of theory) of l-anilino-l-cyano_glc_l_o_penfane‘ (x),

mep. and mixed mepe 55-57°,

Hydrogenstion. 15.5 G. of XII reacted with 2090 c.c. (corrected to N.T.P.) of

hydrogen (95, ¢f theory) to yield the crude amine., Distillation gave pure cyclo-

pentylaniline (XLVI), 12.7 g. (81% of theory), beps 139-140°/13 m., nzg 1.5670,
d22 1.0084, The acetyl derivative crystallised from ethanol/water in prisms,

mepe 95-96° (Lit. (42), bep. (amine) 137°/12 mm., mep. (acetate) 96°).
Like the amines LII and VIII, the amine XLVI gave the colour reaction described
by Fouque (41) (ef. pp. 72, 74).

Method (b) - Rapid Nitrogen-Flow., 100 G. of X wers pyrolysed for two .houra'

at 200°, During the first hour the stream of nitrogen was slow (14 c.c./min.) and
during the second hour it was very much faster; the hydrogen cysnide eliminated
being 14.T% and 36.2/ respectively (total 50.5% of theory). The residue wag
distilled at this stage, no éttempt being made to obtain the highest possible

yield of hydrogen cyanide as in previous e:iperiments. By taidng an aliquot portion
of the contents of the alkali trap, the amount of hydrogen cyahide eliminated during
distillation could be measured.

Distillation gave (1) 0.9 g, bepe 110-121°/7 mm., (41) 51.0 g. of crude
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cyclopentylideneaniline, be.p. 121-1330/7 mm. and (iii) a very viscous residue.
The hydrogen cyanide eliminated during distillation was 18.7/4 of theory,
gynthesis of cycloPentylideneaniline (XII).
This was earried out before XII was isolated by pyrolysis of the aniline
nitrile X, and thse object was to find the stability of XII to heat. It was
j)repared by the method whiéh‘iioch (31) applied to the synthesis of a number of

anils, not, however, inecluding XII.

~ cycloPentanons iiethylecetal (LIV). Attempts to prepare this compound by the

method of Boesekin and Telligen (43) gave mainly high-boiling material end none
of the desired product. The method was the reaction of cyclopentanone, ethyl
orthoformate, ethanol, and dry hydrogen chloride. 7The method of lLevina et nl.
(44) was more successful:-

cycloPentanone (86 g+, 1 mol) was mixed with ethyl orthoformate (148 g.,
1 mol) and one drop of conc. sulphuric acid added. After standing for 45 min.
the mixture was neutralised with sodium ethoxide and distilled to give cyelo-
pentanone diethylacetal (LIV), bepe 67-69°/24 mm. (121 gey 0sT5 mol, 76% of theory)
(L1t. (43), bup. 63-65°/20 mn,)

cyclopentylideneaniline (XII). The acetalLIV (30.3 g., 0.191 mol) was

mixed with aniline (26.8 g., 0.2¢8 mol) and the mixture slowly distilled using a
column, as described by Hoch (31). The amount of ethenol formed was 1%.1 ml,

(560 of theory). Distillation of the residue gave cyclopentylideneaniline (XII),

b.p- 1330/13 Uil o nzg 1.5646 (10.1 Sey 04063 mol, 33 of theory), EI.' b.p.
122°/7 ra 2% 1.56 y

e+ B [, 1.5648 for the anil XII from pyrolysis. The infra-red absorption
spectrum of the synthétic anil XII is shown in Fig. V, and is almost identieal

with that of the anil XII from the pyrolysis of the anilino nitrile X.
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Pyrolysis of cycloPcntylideneaniline (XII).
This was carried out in order to test the heat-stability of the C

5 ool
XII (cf. pe35).

The andl XIT (21.2 g., 0.133 mol) was heated at 230° for 6 hours (the
temperature and duration of one of the previous pyrolyses of l-anilino-l-cyano-
cyclopentane (X)). Distillation of the residue gave (1) aniline (3.8 g., 0.041
mol, 6.1/ of thecory), bepe 80-83°/17 mm. (identified by conversion to acetanilide),
(i1 ) a fraction (7.4 go), beps 83-178°/17-3 mn., (111) (2-cyclopentylidenecyclo-
pentylidene)aniline (XXXIII) (3.5 g., 0.0155 mol, 23/ of theory), b.p. 178-182°/3
pme (Found: C, €5.9; H, 8.8. 016H19N requirea C, 85.3; H, 8.5/%) =nd (iv) a tarry

residue (4.8 £.)e Pyrolysis loss = 1.9 ¢.

(2-cyclorentylidenecyclopentylidene )aniline (XXXIII) was a very viscous
light:-yellow liquid which crystallised on standing. then the liquid was exposed
to air, 1t became brown efter ebout an hour and finally formed a black tar. This
effect was much more rapid with the solid (which would have a large surface arca
conpared with the liquid) and it was not practicable to recrystallise it.

“The identity of the anil XXXIII was confirmed by hydrolysis to aniline and
2-cyclopentylidenecyclopentancne (LV) :-

Aniline 1.020 G. of XXXIII were stirred for 5 minutes with 50 ml, warm 2
hydrochloric acid. After being cocled, the liquid was extracted with 25 ml, ‘c::f~
ether to remdve the water-insoluble unszturated ketone LV and made up to 100 ml.
with 2l hydrochloric acidelO Hl. portions were titrated against 0.1 N bromats/
bromide by tie method of siggia (45).

aniline 100.0, 100,84,

Ketone. 1.182 G. of XXXIII wcre dissolved in 30 ml. ethanol, 10 ml., 2N
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hydrochloric acid added, and the mixture made up to 100 ml, with ethanol. Fortions
(5 ml.) of this soluticn were taken for ketone determination by the method of
Iddles et el. (38).
2:4-dinitrophenylhydrazone of the ketone LV  96.5, 96.6%
2-cycloPentylidenceyclopentancne (LV) was isolated (0.8 g.) by hydrolysing
an ethergal solution of the anil XXXIII (1.5 g.) with dilute hydrochloric acid.
The ether layer vas separated snd the ether distilled off. The oxime crystallised
from ethanol in needles, m.p. 122-123°. (Lit. (32), mep. 123-124°; (46), m.p. 123°;

(47), Bepe 122-1230). The 2:4~dinitrophenylhydrazone crystallised from glescial

acetic acid in deep-red pricms m.pe. 220° «. (Found: '€, 58.5; H, S5.3; N, 17.0.

616H1804N4:requires C, 58.2; H, 5.5; H, 17.0/2).
Addition of Fydrogen Cyanide to !2—cycloPen§xlidenecyclo entylidene Janiline
EXXXIIIE

The anil XXXIII (2.618 g¢.) was v?eighed in en évacuated ( <1 mm.) flask, the
flask having been evacuated through an attached stopcock. After relessing the
vacuum, hydrogen cyanide (ca. 1 ml.) was added and the flask re-evacuated for

4 hour. ‘The flask was reweighed under vacuum: the ‘smount of hydrogen cyanide
retained was 0.1563 g. (507 of theory). The weighing of the flask under vacuum
avolds possible error caused by hy_drogen cyanide vapour,

The mixture was then heated at 250° in a stream of nitrogen, and ihe hydrogen

cyanide wos eliminated as follows:-

Total time (bours) HCN eliminated (% of 0.1563 go)
5 | 6342 |
2 | 7440
23 | | 100.5

47 101.5



80

Thus the amount of hydrogen cyamide reteined (0.1563 g,) is eliminated
on heating at 250° for 23 hours. | h |

i‘he fact that the perceritage of hydrogen cyaziide retained is 50 is probably
fortuitous, since in a similar experiment, thoush with an evacuation preésure of

5 mm,, 8lji of theory of hydrogen cyenide was rntained.

Pyrolysis of l-Anilino-l-cyenocyclopentane (X) Under the §tandard Conditions

Used for the C;y Cq ,p , 2nd C7 Anilino Nitriles.

This gave a 68,7 yield of hydrogen cyanide at 200° and 80.2% at 250°,
The latter is almost the maximum yiéid'be‘cauﬁce 79.6;. hydrogen cyanide is eli.m.;lnated
during the first two hours and only 0.6,; durin:; the next four.
The residue from the 250° pyrolysis gave the following fractions on
aistillation:-
(1) 1.8 g T6=79°/15 rm., aniline‘ (48 of theory).
(11) 1.6 £» 79-132°/15 m., intermediate fraction.
(111) 3.2 g. 132-135°/15 mn., gyclopentylideneaniline (25 of theory).
(1v) 0.9 g 135-184°/15-4 m., intermediate fraction.

(v) 1.1 g. 184-186°/4 pm., (2-cyclopentylidenecyclopentylidene)aniline (XXXIII)
(12,5 of theory).

(vi) 2.5 g. tarry residue.
Hydrogen cyanide sccounted for 1.7 g., end the pyrolysis loss was 2.2 g.
The fraction (v) solidified on stending, and its solution in dilute hydrochloric
acid in ethanol gave a red precipitate of the 2:4-dini trophenylhydrazone of
2-cyclopentylidenecyclopentanone (LV) with 2:4—dini‘tr0phenylhydrazina solution.

Pyrolysis of l-Anilino-l-cyanccyclopentane (X) at 150° and %00°,

5 G. of X were heated in a fast stream of nitrogen (55 c.c./min.) at 150° for
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96 hours followed by 24 hours at 3000. The hydrogen cyanide eliminated was a&s

follows:=
Time (hours) + 1 2 4 9 24 43 72 96
o HCN 2062 27,7 37.8 47.1 57.4 69,8 7T8.2 8C.1 £0.2

The temperature was thén raised 1:03000.
pime (further hours) 0 + 1 3 7 24
jo HCN, total 8042 87,7 90,6 92,4 92,8  93.2

The residue was a hard black glassy solid,

These .results indicate that there is formed during ﬁm pyrolysis a constituent
containing nitrile groups, this bein; fairly stable at 150° but not at 300°.

Compound m.p. 1_§8°, (A ) from Pyrolysis of 1-Anilino~-l-cy=nocyclopentane (x).

The compound A was initially isolated fron the combined tarry residues fron a
nunber of pyrolyses of the anilino nitrile X:-_ »

52 G. of the rccidues were distilled to give (i) a fraction bepe 160-2070/0.7
mn., 12 g., and (ii) a fractiori bepe 207=220°/0.7 me, 8 go Froction (ii) waa a
sticky glassy solid when at room temperature. On addition ovf petroleun (60—800)
it cave a crystalline solid, m.p. 130-136° (4.5 g.). Two recrystallisations from
petroleun (60-80°)/bvenzene gave colourless prisms BeDe 157-138%, (&) (1.5 z.).

In & pyrolysis of the enilino nitrile X, (163 g.) in a current of nitrogen
(ca. 50 GeCe/min.) at 220° for two hours, the hydrogen cyaﬁide eliminated was 53.4%
of theory. The yield of erude A, bepe 211-220°/0.6 mu., was 8 g. (4.9;1- by weight)
end thls gave, after crystallisation fron petroleun (60-80°)/benzene, 2.1 z. of
A, m.p. 137-138°, (1.3 by weight).

A much improved yield of A was obtained by refluxing the anilino nitrile X

(250 g.) for 9 hours at 185-215° (thermometer in liquid; watcr condenser).
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The emount of hydrogen cyanide escaping (measmd by conneciing the top of the
condenser to an alkali trap) was only l.4/> of theory. The residue was distilled
to give en initial fraction bep. 80°/10 mm. to 212°/1 m. (presumably aniline,
cyelopentylideneaniline (XII) and (2-cyclopentyiidenecyclopentylidene)aniline
(Xxx111)) fonowea by 40 g. (16/: by weight) of cruds A, b.p. 212-226°/1 m. (a
sticky, glassy, licht-brown substance) which when crystallised from petroleum
(66«800)/benzene gave 30 g« (12% by weight) slichtly impure A, m.p. 135-137°.
Two further recrystallisations gave 23.3 g. (9.37% by weight) of pure A, colourless
prisms, m.p. 137-138°, The distillation residue was a hard black tar.

The infra-red ebsorption spectrum of A is shown in Fig. IX. The only decfinite
assignment is the nitrile group at 2230 em L,

Properties of Compound rieDe 137—;}80 (a). A had the following general

properties. It wags insoluble in cold or hot water but dissolved in dilute
hydrochloric acid end was reprecipitated by dilute sodium hydroxide (m.p. and
mixed mep. of reprecipitated compound, 137-1380). _

. The solution of A in dilute hydrochloric acid (solution s) did not react with
sodium nitrite solution. The mixture gave no turbidity and no colouration when
added to elther an alknline soluticn of g-naphthol or sodium hydroxide solution.
This 1ndicates the absence of primary snd secondary amine and tertiery aromatic
amine, The solution s gave a white precipltate with potassium ferrocyanide solution; |
this is characteristic of a tertiary amine., The solution s aléo gave a precipitate
wvith chloroplatinic scid solution (characteristic of an emine). |

On heating a few mg. of A in a test-tube, hydrogen cyanide was evolved (tested
for with copper acctate/benzidine acetate paper). When 200 mg. of A were refluxed
for one hour with 12 ml. alcoholic potassium hydroxide solution (methanol: water:

potassium hydroxide ::10:1:1), the solution gave a positive result on testing for



cyanide ion (Prussian blue test,.

On boilin: with cone. hydrochloric acid for two hours, | A apparently hydrolysed
since the solution then geve no precipitate on making alkaline wifh sodium hydroxide
solution; and even when the solution was slcwly neutralised no precipitate was'
obtained.

Quantitative Detcrminations of broperties of A. (i) Microanmalysis, Found: C,
T1.60; H, 7.69; N, 15.37; Cale. for Cg B, N ; C, T7.38; H, 7.58; N, 15.04%.

(ii) A cryoscopic determination (benzena) of the molecular weigsht gave a value
of 2%0. There vas, hc;,vever, a large variation of nolecular weight (calemlated) with
concentration (Fig. II p.39). An ebullioscopio determination (benzene) gave a value
of 263 and the concentration effect was much smaller (Fig. II). A Rast determination
gave a value of 264. |

(111) fThe equivalént weight of the base A was determined by ignition of the
platinichloride, giving values of 287, 290, (0.3549 g. plentinichloride (dried for
8 hours at 100°) gave 0.0704 g. platimum; 0.4059 g. gave 0.0800 g. platinum),
Another determination by titration on the micro-scale gave a value of 283,

" (iv) Nitrile groups were determined by hydrolysing A with cone. hydrochloriec
acid and measuring the amount of ammonium chloride forméd:-l

1,1260 G, of A were hydrolysed with 25 ml. conec. hyd:ochloric acid and after’
being refluxed for six hours the mixture was cooled and made up to 100 ml. with
water. Portions (5 ml.) of this solution were taken for determination of ammonia,
using the distillation part of a semi-micro Kjeldahl apparatus. The values obtained
for the molecular weight (assuming one nitrile group per molecule) were 277, 281.
Another similar deteruination with two hours reflux gave values, 281, 28l.

(v) On heating 300 mg. of A at 200° (undier the conditions described for the



TABLE 11

Pyrolysis of Anil_ino Hitriles

Semi-micro Scale

Aniline Nitrile EE_—%Z duplicetes
c 4 38 5644 38.7T
c; | 65 6643 6442
Ce 49 | 59;8 4842
Ca. 57 55;3 56846
Ca 56 5648 5543
Cy 92 91.4 92.3
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pyrolysis of l-anilino-l-cyanocyclobutans (XV); see p.84), very 1ittlo hydrogen
cya.nide vas evolved after.one hour, but on raising the temperature to 300° the ,

amount was considerable.

- Temperature Time (hours) - 9 Hydrogzen cyanide
200° 1 2
300° further 1 | 74
Cm e . T
" " 1 78

The percentage yielda of hydrosen cyanide are based on a molecular weight of
279 (3183211;3 ) and assume one cyano group per molecule.

The probable formula for A was thus ClBHﬂN3’ since the microanalysis suggested
c6nn7nﬁn’ and the varifous molecular weight and equivalent weight determinations
(except for the secemingly anomolous crysoscopic molecular weight value) agreed
with the value 279 = 018H21Xu'3. Therg was also one sulﬁstitutad emino group and one
hydrolysable nitrile group per molecule.

Pyrolysis of 1-Anilino-l-cyznoeyclobutane (XV).

Owing to the small amount of ‘the enilino nitrile XV é.vailable, a semi-micro -
method with 300 mg. of substance was used for comparing its rate of hydrogen cyanide
elimination with thoge of the other anilino nitriles. The apparatus end pyrolysis
method were similar to the standard method used (see p.70) except that the scale
vas less and a micro-burette wes used for titrations. The temperature was kept et
200 2°, the rate of flow of nitrogen was 13.5 % 0.5 c.c./min, -nd the duration of
each pyrolysis was ten minutes. The results of the determinations, including thos;y
for the 05, 06’ Ca, Cp, and 07 end diphcnylmethylene anilino nitriles, are given
in Table II.

Another pyrolysis was done at 250° using 4.5 go of XV with a rate of nitrogen
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flow of 50 e.c./min, During the first 30 min. 49.6% of theory of hydrogen cyanide
was eliminated, and during the second 30 min. 8.9, meking the total 58.6%. 0.2 G.
of aniline b.p. 78—800/13 mm. was isolated from the residue by distillation,
leaving a b}.ack tarry residue. The aniline was recognised by infra-red absecrption
spectrun (see Fig. IX) and by conversion to acetanilide, m.p. and mixed m.p.
113-114°,

Pyrolysis of d-Anilino- d-cyanodiphenylmethane (XXIII).

This pyrolysis was done under the same conditions as the 06 and 07 anilino

nitriles (macro scale).

The products vere:=-
f

Penperature Tims (hours) Hydrozen cyanide Yield of
eliminated, 5% of theory  (diphenylmethylene)-
aniline (XxV)
% of theory
o

200 0.5 96.8
1 99.8
2 100.3 98.0

250° 05 100.4
1 100.6 97.1

Both pyrolysis residues were light-yellow and melted at 114-115° either
alone or mixed with (diphenylmethylene)aniline (XXV) obtained as en intermediate
in the preparation of the anilino nitrile XXIII; (see p.66) which was light-yellow
and melted at 114-115°,
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aniline
unsatursted acid
l-hydroxyanilide

lactone-lactam

39
7.1
3¢9

TARLE TIT

Pyrolysis of Anilino Acids

% yield of theory

3.9

10.5

17.5
3.9
3¢9

15,0

4043

% by weirht

Cs

23.2
215

64

10.1

61,2

P e ]

7

26,0
3lel

39

8.0

69.0

=




PYROLYSIS OF 1-ANILINOCARBOXYLIC _ACIDS

These pyrolyses were done at 250° for one hour in a static system similar
‘to that used for the anilino nitriles except that the nitrogen stream was omitted
and & larger quantity of material (ca. 50-80 g.) was used. A summary of products

and yields for the 05, 06’ and 67 enilino acids is given in Table III.

Pyrolysis of l-Anilinocyclopentanecarboxylic Aeid (XIII).
50.0 G. of the anilino acid XIII were heated for 1 hour at 2‘50o and the

residue distilled to give 9.90 g. of & mixture b.p. 150-210° (containing water,
eniline and eyclopentene-l-carboxylic acid (XLIV)) and a residue (i). The
distillate b.p. 150-210° and also the residue (i) did not give a precipitate

on testing with 2:4-dinitrophenylhydrazine soclution in dilute hydrochloric acid,
ethanol. This shows the absence of cyclopentanone end cyclopentylideneaniline.
The water was recognised by removing the dropleta; with a pipette, removing the
anilins by shaking several times with benzene and testing with anhydrous copper
sulphate. The aniline vas separated from the acid XLIV by extraction with dilute
hydrochloric acid. The amount (7.0 g.) was determined by sodium nitrite titration
(39)- The residue from the hydrochloric acid extraction was the crude acid XLIV ’
fraction (ii), 0.36 g.

The distillation residue (1)(39.4 g.) wes extracted with dilute sodium
carbonate to give a solution (iii) and a residue (iv). fhe solution (1ii) was
made acid with dilute hydrochloric acid to precipitate 1.76 g. of the crude acid
XLIV, m.p. 112-121°, (v). Fractions (ii) and (v) were combined and recrystallised
from petroleun to give prisms of the pure acid XLIV m.p. 120-121° (rit.. (30), mepe

121°). The dibromo derivatiwe crysitallised from acetic acid/water in prisms,
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mepe 133-134° (Lit., (48), mep. 133°).

The residue (iv) was extr:atcted with dilute hydrochloric acid to givo a
solution (vi) end a residue v(vi:l') The solution (vi) contained 2,95 g. aniline,
deternined by sodiua nitrite titration ('49) |

The residue (vii) was dried under vacuum and crystallised from 150 ml.
benzene to give 1.55 ge of erystals (viii), MeDe 16‘7-169 , and a filtrate (ix).
The crystals (viii) were recrystallised from benzene to cive élates of pure

1-hydroxyeyclopentanecarboxanilide !XI.V) MePe 169—1700, 1.17 g. (Found: C, 69.9,

H, Ted; Hy Tels 012315021\1 requi:;es C, 70.2; L, 7.4; N, 6.8%). The infra-rcd
ebsorption spectrum is given in Fig. VII. Its identity was conﬁméd by hydrolysis
and syntheai‘s (see below).

The filtrate (ix) was heated to 60° end an equal volume of petroleum (60—800)

added. Aftcr ten hours the crystals (x), 12.4 g., meps 130-144°, were filtéred
off (leaving filtrate (xi)), and recrystallised from 300 mle. petrolewa (60-60°)/
100 ml. benzene. This gave 7.48 g. of crude lactone-lactam XIV, mep. 136-144°.
Two further crystallisstions from petroleum (60-£0°)/benzene gave the pure ;
lactone-lactam. XiV, prisms, m.p.- 143:-1440, 2.5 ¢« (Found: €, T2.4; H, 7.1; N, 4.7,
M (cryo. in benzeno), 295. Cale. for Gy, 0N €y 72025 B, Tod; N, 407%. M 299)
(Plant and Facer (6) recorded m.p. 142 ).

The filtrate (x) was evaporated to dryness leaving 6.4 go of a torry residue

wvhich was not further investigated.

Hydrolysis of l-Hydroxyeyclopentanecarboxsnilide (XLV).
0.64 G. of XLV vere refluxed for 4 hours witi conc. hydrochloric acid, and

the mixture eva.orated to dryness. The solid residue was extracted with three

20 ml, portions of ether, and the ether evaporated off to give crude l-hydroxycyclo-
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pentanecarboxylic acid (XXXVIII), meps 96-201° (0.31 g., 765 of theory).
Crystallisation from benzenz gave colourless water-soluble plates m.ps 103-1040.
(Lit., (35), mepe 103°), i‘his product gave no depression of melting point when
nixed with the acid XXXVIII prepared by hydrolysis of cyclopentanone cyanohydrin,

The ether-insoluble portien of the hydroiysate was aniline hydrochloride,
(0.37 g., 92;- of theory) m.p. end mixed mey. . 196-198° (1i%. 198°). Its identity
was confirmed by conversicn to acotanilide (mep. and mixed m;p. 113-114°), by
liberating the aniline from the hydrochloride with alkali and reactinz the anilins
with acetic anhydride.

Synthesis of l-ilydroxycyclopentanecarboxanilide (XLV).

1-Cyanogyclonentanol (prepared from rcacting cyclopentanons with hydrogen
cyanide) (35 g«, 0¢340 mol.) wes refluxed with conc. hydrochloric acid (accordin:
to the method of Buch:rer and Brandt (49)) to give l-hydroxycyclopentanecarboxylic
acid (XXXVIII) which crystallised from benzene in water-soluble plates, m.p.
103-104° (Lit, (35). m.p. 103°).

The hydroxy acid XXXVIII (2.5 g., 0,022 mol ! was refluxed at 200° with
aniline (442 go, 04045 mol ; for five minutes. After being cooled, the mixture
solidified and was shaken with dilute hydrochloric acid followed by water.
Reerystallisation from benzene gave the pure anilide XLV (1.3 g., 0.0063 mol.

29, of theory,, m.p. 169-170°, cither alone or mixed with the anilide XLV prepared
by pyrolysis.

Properties of Lactone-lactam (XIV).

The melting pcint, microonalysis end molecular weight cre given on p.87.
XIV dissolved rcadily in wara dilute sodium hydroxide (more slowly, ca. 12 hours,

in cold; and was reprecipitated(m.p. and mixed mep. 143-144°) on making the solution
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acid with dilute sulphuric acid. It reprecipitated first as a sticky paste
vhich on standing becamo solid.

uivalent Yeight Determination. 0.3848 G. of XIV were dissolved in S0 ml.

of 0.0976N sodivum hydroxide by heating on the steam bath for 25 minutes. The
solution was cooled and titratéd (phenolphthalein as indicator) sgainst hydrochlorie
acid solution (50 ml. 0.0976N sodiun hydroxide = 51.35 ml. hydrochloric acid),

titre = 36,15 ml. A correction had to be applied because of the resction of the
alkeli with carbon dioxide from the eir during the period on the stesm bath.

This correction was detemiﬁed by a blank estimation: 50 ml. of 0.0976N sodium
hydroxide were heated for 25 Fminutes as before. After being ccoled the solution -
was titrated against the hydrochloric acid solution, titre = 49.40 ml. The '
difference between the standardisation and the blank deterzination was

51.35 - 49.40 = 1.95 ml. The smount of 0.0976N sodiun hydroxide used for
hydrolysis is thus equivalent to (49.40 - 36.15) ml. = 13.25 ml. of the hydrochlorie
acid solution = 12.90 ml. 0.0976N sodium hydroxide. Thus the corrected equivalent
weight is 0.3848 x 1000/12.90 x 0.0976 = 306; the uncorrected equivalent weight vas
267. (0181:12103N requires 299).

The correction applied will tend to be somewhat too great owing to the fact
that during the heating on tho steam-bath, the aversge concentration of the alkali
will be higher in the blank than in the actual determinaticn. This probadbly
explains the slightly high value obinined for the equivalent weight.

Hydrolysis.

Alkaline derélxsis. 0.72 Go of the lactone-lactam XIV were refluxed with
104 sodium hydroxide solution for three hours. On making the solution acid with

dilute sulphuric acid, 0.69 g. of XIV (m.p. and mixed m.p. 143-1440) were obtained.
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- Aeid gxdrolzsis. 2.8 G, of XIV were refluxed for 20 hours with 50 ml, 4K
sﬁflphurid acid. The solution was filtered to remove u.nchanged XIV ’ 1.06 -
(mepe. and mixed m.p. 143-144 ), brought to ca. pH 5 using dilute sodium hydroxide,
and the precipitate formed crystall'ised from benzene to g:lva diambnd-ahaped prisms

of 1'—carbogcyoloyenm l—anilinocyclopentanecarboxy_;ate (mn) m.p. 148-155 d.

(Found: €, 68.5; H, T.1; N, 4.5. 18323 o,N requires ¢, 68.1; H, 7.3: N, 4¢4%).
A very small amount (ca. 2 mg.) of l-hydroxy; gy_t_:_l_(_npentc.necarboxylic acid (xxxvriIii),
was formed (m.p. and mixed m.p. 103-104° ). The mfm-red absorption spectrum is
given in Fig. VIII. . ”
The structure of XXXIX was deduced from the following prOpei'ties:-
(1) It was acid to litmus, even after several recrystallisations from benzene.
(11) It gave a positive result on testing for nitrogen.

(111) The equivalent weight was determined by dissolving in an excess of
standard sodium hydroxide snd back-titrating with standard alkali. (Found: 316,
€, 530, (monobasic acid) requires 317). Unlike the equiv}alent determination

of the lactone-lactam XIV (which is, of course, a hydrolysis), this could be
done rapidly at room tempemture and thus the eorreotion required for XIV is
avoided.

(iv) XXXIX dissolved read:lly in dilute sodium hydroxide and with difficulty
in dilute sulphuric acid. The latter solvent was here much less efficient than
for the 05 anilino acid, XIII.

(v) The solution of XXXIX in dilute sulphuric acid gave a lizht-yellow oily
precipitate with sodium nitrite solution. |

(vi) 0,2801 G. of XRXIX were heated to 250° in a emall test tube for five

minutes, Droplets of water (recognised by the blue colour with anhydrous copper
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sulphate) condensed in the upper portion of the tube, Crystallisation of the
residue from benzene gave 0.05 g. of the original lactone lactam XIV, recognised
by its mep. and mixed n.pe (143-144°) and also by its infra-red absorption
spectrum (Fig. VIII).

Pyrolysis of l-Anilinocyclohexsnecarboxylie Acid (IV),

The C6 anilino acid IV was pyrolysed, and'the products isolated and identified,
in the sama way as for the 05 anilino acid XIII (see p.86). The products and
yields ere given in Table III. .The products had the following properties:-—

Unsaturated Acid. cyclolexens-l-carboxylic acid had bep. 123-126°/7 mm.
mepe 29-31° (Lit. (2), meps 29-31°), and its identity vas confirmed by preparation
of the dibromo derivative which crystallised from petroleum (60-80°) in prisms
mepe 144-145° (Lit. (2), meps 144%), end by zn equivalent weight dotermination

(Found: 125. Cale, for CH (monobasie acid): 126).

10%

1-fivdroxyenilide. l-ilydroxycyclohexanecarboxanilide (XLVIII) erystallised
froa benzcne in plates, mep. 174-175° (Found: C, T1e3; L, Te8; N, 6.5. M, (ebul,
in benzene), 216, 214. Calec. for °13317°2N‘ Cy 71425 H, 7.8; N, 6445, M, 219.)
(Lit. (50), mepe 275% (18), mepe 167°).

Acid hydrolysis of XLVIII gave aniline hydrochloride (5375 of theory), m.pe
end mixed m.p. 166-193°, and 1-hydroxyeyclohexsnecarboxylic ecid (LVI) (51% of
theory), which crystallised from benzens in watecr-soluble plates, mepe 107-108°
(Found: €, 58.3; L, 8.4 Calc. for CHiy 05 1 Gy 5835 H, 8.4%) (Lits (49), mep
108%). There vas no ‘epression of melting point when a sample of this hydrolysis
product was mixed with a sample of LVI prepared by hydrolysis of the cyanchydrin

of cyclohexanone. ‘he latter sample crystallised from benzene in water-soluble

plates, m.De 107-108° (Found: €, 58.2; i, 8,6. Calc. for G7H12031 C, 58.3; H, 8.47),
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The anilide XLVIII was synthesiséd in & wey siniler to that used fdr the

G, enilide (see p. 88). The synthetic snilide crystallised :t‘rom benzene in

~ plates (Founds C, 70.9; H, 7.7; W, 6.1. Calc for cnn1 0, K: c, T.2; H.-?.B; N, 6.4%)

MeDe 174-175° , either alone or mixed with the anilide XLVIII from the pyrolysis.
The infra-red absorption spectra of both tho synthetic and pyrolytic products
YIVIII ave given in Fig. VII: the speotra are almost identical,

Lactone~lactam. The C. lactone-lactam LI crystallised from petroieum

6
(60-80°)/benzene in prisms, m.ps 157-158° (Found: c. 73.7; Hy, TsT; K, 4.5.

-t

(eryo. in benzene) 330, 331. 20 2503N requires C, 73.4; H. T.7; H. 4.37'. M, 327).
The infra-red absorption spectrum is given in Fig. VIII, and is very similar to

that of the Cg lactone-lactam in the 1400-2000 cm, ™ region. The lactone-lactam

LI was less readily soluble in warm dilute alkalil than the C. lactone-lactam XIV,

b
Pyrolysis of l-Anilinocyclcheptanecarboxylic Acid (XXXVII).

The 07 anilino acid XXXVII was pyrolysed, and the products isolated and

identified in the same way as for the C

5 and Cg anilino acids. The products

and yields are given in Table I1I. The products had the following properties:-
Unsaturated Acid. Mﬂeptene-l-ca:boxync acid crysi;.ailised from petroleum

(60-80°) 4n needles, mops 50-51° (Lit. (51),meps 51-53°). (Found: €, 68.4; H, 8.9.

Equivalent weight, 140. Cale. for CH .0,: C, 68.5; l;!. 8.6?5. Equivalent weight

140).

1-fiydroxyanilide. l-lydroxycycloheptanccarboxanilide (LVII) crystallised

from benzene in plates, ‘m.p'. l71-172° (Found: C, 72.4, H, 8.1; N, 6,3. Cl 431902N
requires C, 72.1; H, 8.2; N, 6.05). The infra-red absorption spectrum is given

in Fig. VII.
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Acid hydrolysis of LVII gave aniline hydrochloride (934 of theory), m.p.'
and mixed m.p. 196-198°, end 1-hydroxycyclcoheptanecarboxylic acid (384 of theory),
which after drying at 80° under 2 mm. pressure, to remove water of crystallisation,
.was crystallised from benzene in water-soluble plates, m.p. 78-79°, (14t. (52),
MePe 78?). There was no depression of mel‘ting point when a sample of this
hydrolysis product was mixed with a sample (m.p. 78-79°) prepared by hydrolysis
'of the cyanchydrin of cycloheptanone.

The anilide LVII was synthesised in a way similar to that used for the 65

:sand C anjlides. The gynthetic anilide LVII crystallised from benzene in plates,
m.p. 171-172° either alone or mixed with the anilide LVII from pyrolysis.

ton tam,
| Lactore-lactam. The EZ
(60~30°)/benzene in priems, mep. 132-133°. (Found: C, T4.2; H, 7.9; N, 4.3.

lactone~-lact~m LVIII c<crystallised from petrole\m

02211290314 requires C, 74.3; H, 8.2; N, 3.9%)e The infra-red sbsorption spectrum
i:l:a given in Fig. VIII and is very similar to the 05 and 06 lactone-lactams in-

the 1400-2000 cm.”t region. The lactone-lactam LVIII was less readily soluble in -

warm dilute elkali than the cs lactone-lactam XIV.

Attempted Reaction of cycloHexene-l-earboxylic acid (V), and 1-Hydroxycyelo- -
I

'hexanecarboxanilide (XINIII),

|
|
i

| The unsaturated acid V (1.23 g.) was heated under reflux with an equimolecular
‘quantity of the enilide XLVIII (2.14 g.) to 260° for one hour. The only products
were unchenged material, vige, (1) the unsaturated acid V, (0.96 g., 78% of the
original; m.p. and mixed m.p. 29-31°) isolated by extraction of the mixture with
I:dilute sodium carbonate and precipitation of V from this solution by meking it
acid with dilute sulphuric acid, and (ii) the hydroxyanilide XLVIII (1.86 g.,

‘87,475 of the original; m.p. znd mixed m.p. 174—1750), isolated by crystallising
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from benzene the residue from the sodium carbonate extraction.

Prolonged Acid Hydrolysis of l-Anilinocyclopentanecarboxylic Aeid (XI1I1).
0,60 G. of the anilino acid XIII was refluxed with 25 ml. 4N sulphuric acid for

50 hours. After the solution was made alkaline with dilute sodium hydroxide, an
amulsion was precipitated: this was extracted with ether to give, after evaporation,
0.13 g. of cyclopentylaniline (XLVI) recognised by prepaﬁtion of the acetyl
derivative, m.p. and mixed m.p. (with the derivative of XLVI prepared as described
on p.76) 95-96° (Lit. (42), m.p. 96°).

Prolonged Hydrolysis of C_. Lactone-lactam XIV to cycloPentylaniline.

)

547 G. of XIV were refluxed with 100 ml. 4N sulphuric acid for 20 hours. The
solution was made alkaline with dilute sodiun hydroxide and the emulsion formed was
extracted with ether. Evaporation of the ethcr gave 0.15 g. of eyclopentylaniline
(XLVI), recognised by preparation of the acetyl cerivative, m.p. and mixed m.p.
95-96° (Lit. (42), mepe 96°).

Attempted Synthesis of the C_ Laotone-lactem.

2

(i) Proparation of the Acetyl Derivative of l-Anilinocyclopentanecarboxylic
Acid (XIIIE ZPlant and Facer (6)).

The acid XIII (4 g.) was refluxed with 60 ml. benzene and acetic anhydride

(5 ml.) for 7 hours. f1he benzena was removed under vacuum and the residue
crystallised from acetone/petroleum, and then from acetone. This gave 0.02 g.
of the acetyl derivative, colouriess priems, m.p. 183—194(J d. (Lit. (6), MePe
195°). The acetyl derivative dissolved, as expected, in dilute éodium hydroxide
solutien but not in dilute sulphuric acid even on warming (contrast the anilino

acid XIII, which dissolved in both). Lvaporation of the filtrates from the
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acetona/petroleun and acetons crystallisations gave a 'large"amount of a neutral
by-product.l

“an acetylation using; acetyl chloride was no more successful:—

4,23 G. of XIII was heated for one hour with 30 ml. acetyl chloride, after
which it had completely dissolved. After evaporation of most of the acetyl
chloride the mixture was crystallised as before. The yleld of the acetyl
derivative was 0.0l g., meps 180-190° d. Again a large amount of the neutral -
by-product was formed.

(1i) Preparation of Silver Salt of l-Anilinocyelopentanecarboxylic Aeid

(x111).

A neutral solution of the ammonium salt of the acid XIII (2.72 g.) was

prepared by dissolving it in an excess of ammonia solution and boiling to remove
the excess of ammonia, The calculeted emount of silver nitrate (2.11 g.) was
added and the silver salt was filtered off. This proved to be unstable, since

it became shiny-black after a few hours owing to the formation of metallic silver.

Attempted Catalytic Rearrangement of 1-Anilinocyclohexanecarboxylie Acid (IV).

0.2 G+ of the acid IV were dissolved in 20 ml. ether and 6 ml, phosphoric
acld was added as catalyst (mixtﬁre (1))s Another similar mixture was made up
but containing 0,18 g, .of the acid IV and 0,02 é. of l-hydroxycyclohexanecarbox-
enilide (XLVIII) in place of the 0.2 g. of the acid IV (mixture (ii)). Both’
mixtures, which vere homogeneous, were kept at room tampez;ature for 15 déys, |
after which they were poured into 20 ml. water. aﬁd placed o:; the stean be.th 'to
evapdrate the ether, Mixture (ii) gave. crystals of the hydroxyanilide XLVIII
(0.019 g., meps and uixed m.p. 174=175°); but mixture (i) gave a clear solution.
This sitows that there had been no detectable conversion of the acid IV to

hydroxyanilide XLVIII.
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A eimiler experiment using boron trifluoride ascatalyst also gave no
hydroxysnilide XLVIII.

Stability to Heat of l-Hydroxycyclohexanecarboxanilide (XIVIII).
2,60 G. of XLVIII were heated to 250° for one hour: no - decomposition had

token plaée, the‘product being 2,60 g+, Mepe &nd mixed mepe 174-175°,

Attempted Reaction of the C. Lectone-lactam XIV with Aniline and Vater.

The lactons-lactam XIV (1.078 g., 0.0036 mol) was heated under reflux to
250° for one hour with aniline (0.979 g., 0.015 mol) and water (0.3 g., 0.017 mol).
The residue was dissolved in 15 ml. benzene and extracted with 'hydroéhlor:lc acid
to rcmove the sniline: no precipitate or crystals were formed, showing the absence

of the hydroxyanilide XLV, ( |
High Temperaturs (500°) Pyrolysis of l-Anilinocyclohexsanecarboxylie Acid (IV)

in a Flow Reactor,

The original object of this pyrolysis was to find whether, during the
pyrolysis of IV, the yleld of l-hydroxyeyclohexanecarboxanilide (XLVIII) was
inecreased by raising the temperature and reducing the contact time, This was
not so, however, and none of the anilidé XLVIII was isolated from the pyrolysate.

The acid IV (89.0 g+, 04407 mol; in pellet form) was pyrolysed during three
hours in a flow reactor at 5000« 10.9 L. vof £as (10.2 1., at X,T.P.) were

colleoted, which cave the following analysis (Hempel):-

002 co H2
27:4% 29.4% 12,05
26457 29,2/ 10.7%

mol 0.123 Qe 133 0. 052

The 70.2 g. of pyrolysis residue were distilled:-
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(a) At atmospheric pressure, to give 12.1 g. of a liquid b.p. 68-82°,
After drying (magmesium sulphate) end redistillation, this gave 10¢1 Ee, bepe
71-79° (fraction (1)).

(b) Under vacuum, to give

(14) 0.9 8. bap. - 45-86°/28 mm.
(441) 2648 g. b.p. 86-92°/28 rm.

The residue was tarry and did not give crystals on addition of benzene -
this su;gests the absence of tﬁe qude XLVIII. The residue and also
the fractions (ii) and (i1i) gavel a negétiv;a result on testing for ketons with
2:14-dini trophenylhydrazine solutio;a in ethanol/dilute hydrochloric acid. This
denoted the absence of cyclohexsnone (and also of cyclohexylidemeaniline (VII) ).
The residue was not further investigated.

Fraction (i). This fraction (b.p. 71-79°) proved to be a mixture of cyclo-
hexene (b.p. 830) end benzene (b.p. 800)3- separation by distillation was
1ﬁpracticab1e. The mixture (i) decolourised bromine in carbon tetrachloride
instantaneously. |

cycloiexene. This was recosnised by oxidation of a portion of the mixture
with alkaline permansanate solution to give adipic acid, m.p. and mixed m.p. |
151-152°, -

Benzene. The identification of the benzens proved fronblesomé since the
cyclohexene gave resinous products on nitration, or on attempted preparation of
the aroylbenzoic acid by reaction with phthalic anhydride in carbon disulphide.
The following method was satisfactofy:- 3 Ml, of the mixture (1) was treated
with bromine (while cooling in an ice bath to avold loss of benzene ) until it
was very slightly yellow. The yéllow colour was removed by adding one drop of

the original mixture (i), and the benzene was distilled off in a semi~micro
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distillation flask, leaving 1:2-dibromogxclohexane} 0.5 M. 'of_ benzense,

20 20
n D n D
by preparation of m-dinitrobenzene, m.p, and mixed mep. 87-88° (Lit. 89°).

The original mixture had ,nzg

cyclohexena: benzens was 2tl. (The values recorded in the literature are

1.5010 (Lit. for benzene, 1.5011) vas obtained, and its identity confirmed

1,4655 vhich indicated that the ratio of

cyclohexene n° 1,465 and benzens, n°y 1,5011, which by interpolation gave
34.85 benzene). | |
" The above was confirmed by the infra~red absorption spectra (Fig. IX) of

the mixture (i), and a control mixture containing benzene: eyclohexene in the
ratio 2:1 (n°) 1.4651).

Aniline. This was identified by conversion to acetanilide (m.p. and mixed -
mepe 113-114°) end determined by titration with 0.1 N bromate/bromide (45)
vhich indicated a purity of 96/.

The following is & sumary of ‘the identifisd products from 0,407 mol of the
enilino acid IV:- |

g mol % of theory

carbon dioxide 5.0 0.123 30
carbon monoxide 3¢4 | 0.133 33
hydrozen 0.1 0,052 6e4*
cyclohexene 8.1 - 0.099 24
benzene 4,0 0.051 12,5
aniline 25.7 0.277 . 68

* This value ascumess that one molecule of IV gives two molecules of hydrogen
(1s0s. that the hydrogen is produced from dehydrogenation of cyclohexene to

cive benzene).



99

Pyxrolysis in Semi-micro Flow Reactor.

These pyrolyses were done in order to find the origin of the carbon monoxide

in the high temperature pyrolysis of the C. enilino scid IV,

6
The epparatus is chown in Fig. III (p.61). It consiéted essentially of a
tube closed at one end and comnected at the other to a barometric leg by means of
vhich about 80/ of the gas in the apparatus could be transferred to the sample
tube, The reaction tube was heated by two furnaces A and B both at the some
temperature. Furnace B heated the reaction chamber which was packed with glass
beads (ca. 3 mm. dia.). The substance for pyrolysis (300 rg.) was introduced
into the end of the tube and the glass beads added, which were prevénted from
falling into the compound by a constriction in the tube. The apparatus was then
filleci vith nitrogen by repeated evacuation end Elntroduction of nitrogen. ¥With
furnace B in the position shown and furnace A in the initial position both
furnaces vere allowed to come up to the working tempemture540° during two hours,
after which the furnace A was moved to the working position. The gas evolved was
collected at atmospheric pressure andi the barometrie leg was adjusted during
pyrolysis to collect the gas‘ at approximately atmospheric pressure. At the end
of the pyrolysis, which lasted about ten minutes, the apparatus was rcmoved from
the furnaces and allowed to éool for twentj ninutes. The totﬂ volume of gas
evolved during pyrolysis was measured by the difference between the initial .and
final volume readings on the gas burette, and the level of the mercury in the
collecting limb of the burette was brought down to 130 ml. before closing the
stopcock thus collecting ca. 804 of the gas in the apparatus, It would be
possible to collect almost 100/% of the gas in the apparatus by use of & sampling

tube, but this was not found necessary as the 80/ transfer gave more than sufficient



ABLE IV

Pyrolyseg in Semi-micro Flow Reactor

Iv v LI XLVIII XIII
Lompo und 06 06 06 (:6 c5
anilino unsaturated lactone- hydroxy- anilino
acid acid lactam anilide acid
Lnl. of gas .
fomed NOTQPO) 26 29 38 17.5 21.5
formed;
/5 of theory 85 54 92% 57 66
kas snalysis CO 7.9 4.1 23.0 16.5 15.0
002 17.7 2845 13.7 1.6 11.6
%Of theory co 13.7 . 4.3 36.4% 23.7 22.2
002 30.6 30.0 21. 7% 2¢3 17.2
jlatio CO:CO2 0.4456 0.144 1.68 10,3 1.29

* assuming that cne molecule of LI €ives two molecules of gas.
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gas for two analyses. -By measuring the total voluzs of the epparatus (29 m1.)
the amount of gases evolved could be calculated. -
The Sleigh apparatus (53) was found to be accurate and reliable for gas
analyses, and suitsble for the smsll smounts available 8.5 = 9 ils could be
enalysed to +0.,2%, |

The results are given in Table IV.
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FIGURES IV - IX

Infra~red Absorption Spectra

All the spectra vere done in nujol

suspensicn except the following ;-

Fige IV l=anilinc-l-cyanocyelobutzns ' liguia ca.:pillary
| (melted solid)
" V  cyelepentylidencaniline liquic cell
vy " synthetic _ " ot

i V  2-methyleyclohexylideneaniline
from «-form of aniline nitrile » Y

¢ do. from f-form of anilino nitrile " L
» VI  gyelohexylideneanilins u it
» VI  cycloheptylideneariline g 0
LIl eyelobutanona u "

IX  aniline control 1 "

v Ix aniline {rom pyrclysis of
l-anilino-l~cyanocyclobutane i+ "

* IX  gyelohexene/bengens 2:1, control " f

v IX do, from pyrolyzis of
l-aniiinocyclonexanecarboxylic aeid i "
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ANFRA-RED ABSORPTION SPMCTRA

Anilino Nitriles (Figs, IV and V).

The spectra «re similar in the region 1400-1700 em.

1 The C 4 anilino nitrile

shows a difference in the region 1400-15C0 cm._l, the 1420 <‘>m.»1 band being much

weaker than the 1490 et band.

The d- and 3= forms of l-anilino-l-cyano-2-methyleyclohexane are discussed

later (o. 104).

Asuignments:-
e e -1
3550=3150 cne

2210-2220 ems T

1590-1610 em. L

IH of ~nilino group.

Nitrile group. This is a weak band and scarcely anpears
at all in the spectra of the 06 and 07 anilino nitriles.
It is most prominent for the C 4 anilino nitrile.

Unassigned. This band is of too high a wave number and

is too strong to be assigned to the anilino group.

Anils (kigs, V and VI).

These all show what aspears to be o c]rxaracteristic double band in the region

1600-1680 cm. ™S, the separation buing e, 75 eme™d The syntastic and pyrolytic

C‘3 anils have almost identical spectra. The anils from the o= snd - forms

of l=-anilino-l-cyano-2-uethyleyclohexane have also clmost identical spectra,

showlng that both forms give the some anil.

All tihe spectra of the anils have a band at ca. 35G0 cm.-l, corressyoncing:

Yo a NH bond.

This indicates that the anils exist partly in the ensmine form.

)

—_— )
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Assignments:~

3500 cm.“l NH group.

1700 em.”t  Unassigned.

1620 em.™  Substituted imine,

Anilino Acids {¥Fig. VI).

These spectra differ considerably from one another. The spectra of the 05
and C7 acids resemble one another more than elther does the speetrum of the 06
acid. The C; acid, unlike the C; and C, acids, has no acid C=0 band (1700-1730
cm."l), but has a very strong carboxylate ion band (1620 cm.-l). This shows that,

in the solic state, the 06 aclid exists almost wholly in the ionised form:~

X
coo ~

This effect may correspond with the fact that the 06 acid is difficult to
crystallise from organic solvents (it tends to sgqersaturate or form a gel},
while the 05 énd 07 acids crystallise cqmparatively well.

Assignments:— |

1715 en.™ (G, and C,) Acid C=0.

1

1620 cm. (cé) Carboxylate ion.

Hydroxyenilides (Fi~. VII).

The spectra are very similur in the reszion 1450-1750 cm.-l, showing that
they have the same double-bend structure. The siectra of the synthetic and

pyrolytic 06 hydroxyanilides are almost identical.
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Assignments:-

3500 em. ! Bydroxyl group.

1660 om.”t  Amide ZTOoup.

Lactonqﬁlactams (Fig. VIII).

~ These spectra are very similar in the region 1400-1800 cm._l showing that

they have the same double-bond structure. <he two main bands (1640 and 1720 cme

have not boun assigned.

cycloButanone (¥ig. VII).
This spectrum is almost identical with that for cyclobutanone recorded by
iobeits rnd Sauer (9).‘

Hydrolysis rro.uct from C_ Lactone-lactrm (¥ic. VIID).

This shows en acid and/or ester band at 1710 cm.”l

05 Lactone-lectan Kegenerated from its Hydrclysis Froduct (rig. VIII).

This spectrum is almost icentical with the original.

Aniline Contrcl and Aniline from Pyrolysis of l-Anilino-l-cyanocyclobutane
}?i;-.’y. IK »

A

" 'Ihese sgectrn are practically identical.

cycloliexene/Benzene Mixture (Fig. IX).

The control mixture of cgclohexene/benzene (2:1) rives almost the seme
spectrum as the product from the high temperature pyrolysis of l-anilino-

cyclohexanecarboxylic acid,

1
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Compound niepe 1580 from Pyrolysis of l-anilino-l-cysnocyclopentane (®ig, IX).
1

The only clear asaignment is the nitrile band at 2220 em.

1-Anilino-l-gyano-2-methylcyclohexane, o- and (3- forms,

The suthor is indebted to ir. W. He T Lavison, Dunlop Lesearch Centre,

for the following results and observations:=

Configuration of Isomers of 1 Anilino-l-cyano-2-methyleyclohexsne,

Exgerimental |

(Li® prism, NH stretchin: absorptions only).

A and B stand for the appropriate isomers. ( o and B respectively) C for
the unmethylated compound, ¥ for diphenylamine.

1. Crystsls (as paraffin mulls,).

B 3405 em.™ (unbonded NH); m.p. 86°; very soluble in co1,
A 3361 cme - (bonded Nil); mep. 126°; very slightly soluble in ccl,-
¢ 3357 om.™" (bonded NH); map. 76°; very soluble in GCL,.

2o Solutions in CCl4

Bquimolor solutions, in 0.2 cm. cells. -

B 3456 em. ™t {unbonded NH) and possible 3357 cm,~t (bonded NH).
The relative intensity of the bonded to unbonded bands is less
than 0.1. | |

& 3432 ™! (unbonded NH) ana 5357 (bonded i) bend of 0.3

rcolative intensity. -

c 3421 em. L (unbonded) and 3342 (bonded) bend of 0.2 relative
intensity.
D 3436 cm.'l;(unbonded) only.

3. Solutions in acetone/CCl (1:4 in 0.01 cm. cell)

4
B unresolved broad abuorntion at 3395 em ™t
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A unresolved broad absorption at 3376 cm.f}.

C unresolved broad absorption at 3372 dm._l
b absorption at 3371.cm.'1 (bonded) with small shoulder
at 3435 (unbonded). '

4. Solutiona in ether/CGl4

A1l solutions were equimolar and exanined in mixed solvents
(1:4) in 2 0.01 cm. cell.
B 3431 (unbonded), 3357 em. ™t (bonded) relative intensity of bonded

to uhbonded absorptions 0,95

c 3414 (unbonded ), %343 em, ™ (vonded) relative intensity 2.5,
D 3434 (unbonded), 3343 cm.-l (vonded) relative intensity 2.5.
A 3426 (unbonded), 3349 cm.-l (bonded) relative intensity 1.8.

Discugsions and Conclusions

The approach of the investigation is based upon the assumption (which
ap;ears to be substantiated from an examination of an atomic model) that the
isomer in which the methyl is adjacent to the anilino group will give greater
sferic blockins to the anilino group than eithor the other isomer, or the
unmetiylated compound, The investigation becomes one thorefore of deternining
the relative anounts of hydrogcen bonding in the two isomers and the unmethylated
compound (C). | |

In every experiment L shows less hydrogen bon.iing than A. Furthermore,

Aand € yave similar bondin:; behaviour in experiments 2, 3 and 4.
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The only anomaly is in the case of crystals of C which, although showing
spectroscopic evidence of bonding, have & low m.pe 'anii sood solubility, being
similar to diphenylamine (me.p. 54°). A possible explemation is that crystals
of A exhibit "infinite chain"” associationwhile crystals of C and 0 associate
in dimers.

It éppears, therefore, that isomer D exhibits rather more hindrance to
hydrogen bundin:;: than does isomer A. In this case it is probable thet B is

the isomer in which the methyl is adjacent to the anilino group.
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