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EXPERINSNTAL

The experimental work of this thesis is presented under the

following main headings:

(a) List of chemicals.

(b) Synthesis of 6,6~-dimethyl~2~cyclohexcn-l-ol acctate.

(c) Synthesis of 6,6-dimethylel,4=dideutero-2-cyclohexen=l=ol
acetate.

(d) Experimental procedure employed in the thermal deccmposition
of the acetates.

(o) Separation and characterization of some of the components
of the pyrolysates.

(f) Preparation of unpyrolyzed acetate samples for deuterium

analysis.
(g) Estimation of the isotope effect from the deuterium analyses.
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2, b-Dinitrophenylhydrazine

‘The Fisher Reagent Grade was used directly for the preparation
of tho Brady reagent (31). Freshly prerared Brady solution was used

to propare the 2,4=-dinitrophenylhydrazoncs of ketoncs.

1,4-Dioxane

The reoagent was distilled through a l-foot, insulated
Vigreaux column after being dried with potassium hydroxide pellets.

Tae boiling point was 101-102°C at 760 ma (32).

Lithium aluninum hydride

Lithium aluninum hydride was purchased from letal Hydrides Inc.,

Baverly, lass., U.S.A.

liethanol
Stock methanol was driod over anhydrous calcium sulfate and

distilled. Kethanol was collected over the range 64-65°C.

S=lfethyl-2=-butanons

3-Methyl-2-butanone (Matheson, Coleman and Bell Co.) was
distilled through a l-foot, insulated Vigreaux column. The fraction
boiling at 93-9400 at 760 mm was collected. It was dried over CaSO4

before use,

Palladiunm black

The Fisher Purified reagent was used.

Sclenous acid

The Misher Certified reagent was used.



Scnicarbaside hydrechloride

Semicarbazide hydrochloride (Eastman Kedak Co.) was used vith

no further purification.

Synthosis of 6,6-Dincthyle2-cycloheren-1l-0l Acetote

Coneral Discussion

The synthesis of 6,6-dimethyl~2-cyclohexcn~l=ol acetate
involved the following three steps:
(i) the preparation of 6,6~dimethyl=-2-cyclohexen-l-one
by ldchael condensation of acrolein eand 3-methyle2-butanone,
(11) the reduction of the ketone to the corrssponding alcohol
vith lithium aluminum hydride,
(114) the aceiylation of the alcchol.
Schematically the synthetlc process can be roprescnted by

the following equations:

CHB
B~ CH
CH_=C=CH(CH. )., + CH,=CHCHO ———ee’"'3
3 3°2 2 0

vV g\
oy ci; a, ¢ %
CH)SO LiA1H), cu3)© Ac50 CHBA(‘)

_ —_—

The preparation of 6,6-dimethyl-2-cyclohexen-l-one by the lichacl
condonsation (33) of acrolein and 3-methyl-2-butarone was first
perforimed by Colonge, Creux and Thiers (34). Using methanolic
potascium hydroxide as the catalyst, these workers obtained a 123

yield of the unsaturated ketonme. However, the uce of sodiun metho:ddo
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ag the buse and vigorous stirring of the reaction mixture for 10 hours
increases the average yield to 40:%.
There are at least two possible routes for the coadensation,

cach leading to a different compound I and II depending on whother the

0 0o
CH3 CH3
CH3 CH3
CH (0):4

I 1I

base abstracts a proton from the tertiary or the primary carbon alpha

to tho keto carbonyl group. It is clear that alcohol II, having no
acidic hydrogen alpha to the hydroxy group, can not be easily dechydrated
while I is readily converted to the product olefin. Compound II oight
regonorate the starting aldehyde and ketone by roversal of the
condensation.

An alternative method involving dehydroanalogenation of
g~halo=a',a'-dimethylcyclohexanone with base was considered. This method
mway be greatly complicated by the condensation of the ketones (35)
under the drastic conditions required for dehydrohalogenation. The
preparation of the starting halo-ketone is also rathor laborious (35).

The reduction of 6,6-dimethyl-2-cyclohesicn-l-one was
acconplished with lithium aluminum hydride in anhydrous ether (37).

The alcohol was acctylated without further purification.’

A typical synthetic run is described on the following page.















Figu I.

TR PR ROy

Apparatus for Vapour-phase Pyrolysis
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Conditicng for Complote Dzcomposition

Tenperature within the range 350-650°C were employed to
pyrolyze 500 mg samples of 6,6-dimethyl-2-cyclohexen~l=-ol acetato.
Thig amount of acetate was added to the heated colunn over a periocd
of 2 minutes. The pyrolysate was analyzed by vapour-phase chromato~
graphy. By comparing the chromatograms of the pyrolysates, it was
easy to tell whether decomposition had taken place. when decomposi-
tion was detected, the per cent elimination was determined by titration
wvith standard base of an aliquot of the product mixture. The following

approximate values for the temperature effect wore obtained:

Table III. Temperature Effcct on the Dzcomposition

of 6,6=Dimethyl~-2-cyclohexcn~l~ol hcetate

Pemperature °C % Conversion (approx.)
350 (o]
k00 Y
450 4o
500 70
550 8o
600 100
650 100

The docomposition was complete when the teumperature waa
around 600°C. The chromatograms showed that the pyrolysate was a

mixture of at least four componenta. For partial decomposition at
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(b) Txchenge of vinyl douterium, together with the fact that
the ketone was not exhaustively equilibrated with heavy water nakes
it cortain that a considerable portion of the labelled acetato cortains
only one deuterium in the 4=position., The monodeuterated conpound
vould react with different reaction rates depending on whother a
hydrogen or a deuterium at the 4-position iz cis to the acetoxy

Tunctione

cH

CH
2 + AcCH

OAc X
D
CH3
\CH 3
CH
b 3>© + AcOD
H

An intramolecular isotope effect (47.48): therefore, exists in the
reaction of such a system. The ratio, kH/k;,, is expected to be
difforent from kg <5 the intermolecular isotope effect where

k. = rate constant for dccomposition of undeuterated acetate

H
k.. = rate constant for deconmposition of 4,4-didcuterated acetato.

D
An accurate calculation of the intermolecular isotope effect,
kH/kD. for this conplicated system requires a knowledge of the distri-
bution of douterium among the various spocies in both reactants and

products. A knouledre of the relationship between the two ratios

k k!
HAq and H/I:I') would be required as well.
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llowever, one con calculate the isotope effoct from the results
of analyses for deuterium as shown in Table IV 1f the system hud
contained only the didcutero= and the diprotio-acetates. For such a
system concioting of only two isotopic mpecies, say A and A', under-
going en isotople competitive intermolecular reaction (42)

k

A— X+ ¥ (1)
Al._y‘_._:, ¥y + ¥ (II)

wve con write

-gf-fé‘--k[A] (711)
and - 5%' = x* [ar] (zv)

aszuning the reactions to be first order in A or AY,

vhere [A] = the concentration of didcutero-conpound at tice t,
and [A'] = the concentration of diprotioc-compound at tiua t.

Simultaneous solution of this set of differcential equations wita the

boundary condition A' = Aé vhen A = Ao. yicld

At R,
(ﬁ% -1) 105(%7) = log §=£ w
° ao

where Rar - A/h' aftor fraction £ of the chomical gpecics
A has reacted, and
R = (Aa1) , the initial ratio.
80 )
Since the fraction reacted, f, io ziven by the steichiometric

rclationchip

R
A+ Ar A1 + Raf) (V1)

lefaz- - - - v
ay + 82 né(l -+ Rao)






3Ca

in the hypotheticol system chosen for our calculation. ke have
thorafure cot a lover linit to the truc isotope effect by the above
calculation.

The object of the present investigation is to estublich that
a sizeable 1sotope effect existed in the pyrolytic elimination reaction
of 6,6~dimethyl-2~cyclohexen-l=0l acctate. Knowlcdge of the exact
magnitude of this effoct is not required for the conclusion sought in

the prescnt ctudy.



RESULTS AND DISCUSSION

Preliminary Remarko

Thermal elinination in allylic acetates has been studied by
several pgroups of workers (see Historical Introduction). The systeuzs
chosen for thece studies are generally of the type:

H OAc

-é- CaC-
Cn pyrolyeis, allylic rearrangenent can conceivebly conpete with toe
direct 1,2-elimination thereby producing isomeric acetates and,
subsequently, isomeric dienes. It is interesting to investigato tho
course of thermal eliminantion on allylic acetates which have no
avallable B-hydrogens and therefore cannot undergo direct l,2-elinina-
tions. Allylic isomerization folloved by l,2-elimination, then, would
be the sole reaction path leading to the foraation of ccnjugeted dienes
if no other mechanisus were possible.

Baylouny's wo;k (21) on diethyl 2-acetoxy-3-cyclohexcnel,l=
dicarboxylate appears to bae the only report in the literature to date
on the pyrolysis of a B,B~disubstituted allylic acetate. However, in
) his work, the pyrolysis was done only incidontally to another study.
There is no discussion concerning the mechanism of the reaction or of
the conditions required for the decozposition. It is therefore

desirable to further exaunine such systems having no avallable
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Othor Points of Intarcst

The following points of some interest are ougzested for
Tuture investigation:

(1) It would be very cesirsble to study the thermel elinination
reaction of the isomeric acetatve, 4,4-dimethyle2-cyclohexcn=-l-ol
acetate. It is expocted that this acetate should docozmpose with ease
ws in the case of S-acetoxycyclohexene bacauce direct 1,2-elimination
iag possible.

Synthesis of 4,4=dinethyl-2«cyclohoxen~l~0l acctate by
icomerization of the 6,6-dimethyl isomer both at the alcohol and the
acctate stage under various conditions has becn attemptcd but with
litile success. An alternative rmethod of proparation, involving
oixldation of 3,3-dimethylcyclohexene (51) with eelenous acid in
ecetic anhydride, is suggested (43).

(2) It should alao be of somo intercst to ctudy the therzal
decomposcition of the methyl xanthate of 6,6-éizethyl-2-cyclohexcn=l=cl.
Allylic rearrangement of the xanthate would result in a dithiccarbonata.
it should be interesting to conpare the thermal stablility of such
ccmpounds ~ith that of the corresponding xanthatos.

(3) Infrared spectra of the deuterated 6,6-diuothyle-2-cycloe
hexon~l=-01 acetate show three modes of absorption between 2030-2350 cm-l

for C-D stretching (52). Their froquencies and assipgnments are listed

in Tableo V.






COLCLUSICN

It has been ghown that vapour-gphaze pyrolysis of the acectate
of 6,6=Gimathyl=2-cyclohexen~l=0l 45 a one-step proceas involving
1,h-conjugute elimination rather than a twowstep process involving
allylic rearrangeniont and 1,2-elimination. Tho argumsnts and
oxperimontal results which fora the basis for this conclusion are
suinarized btelows
(1) The high free of activatiocn for the pyrolysis, relative to tnat
for the pyrolysis of 3-acetoxycyclohexene, sugsests that the tuo
reactions do not both have 1,2~elimination as the rate-deteraining
stepe
(2) Infrored and vapour phase chromatogzraghic snclysos of recovered
estor shoved that 4t was not mixed with the isomeric ester, 4yl=dimethyl=
2=cyclohexen=l=ol acotato. Rate deterndning l,2-elinmination, folloudng
rapid ellylie rearrangeucent, iz thus excluded.
(3) A substuntial hydrosen-deuteriun isotope effact eqbkb >2)
cxista in the decouposition of ester partiully douterated at position L.
This clearly indicates that a C-H bond at carbon & is included at tue
transition stuta.
(4) The products obtained from the pyrolytic climination reaction of
646~ditothyl-2-cyclohoucn=1=0l acoctate ure not those expected from a

free radiccl procoss.
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