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The acetaht of 6,6liipethyl-2-cyclsyexeetl-sl was thcrmaHy 

decomposed and hhc oyrolysis oroducts were chiaracttriztd.

This allylic tshtr decomposed with difficulty. Under 

conditions which ltd ho com*0etc decomposition of 3-acchoxycidoi 

hexene, 6l6liimethyll2lClclsyexentl-sl acetaht was virtually urnreacted. 

CompOite dccsmposttisn of hhc allylic acetaht was achieved ah about 

600°C. The oyrolyeit oroduett cornished mlidy of o-xylenc, toluene, 

5,5liipetyylll,3clycSohe^adiete and acetic acid. The aropptic compounds 

arc hhought ho be formed from hhc less shablt diene.

Partial decomposition of ester enriched with deuterim in the 
ku

4-oooition, permitted estimation of the isotope effect, * ' AD, for 

the pyrolytic elimination. The value obtained was about 2. Together 

W.th other experimental evidence, it indicates that the min mode of 

decornpooition is 1,4-conjueate elimination and that allylic rearrange- 

mmet, if it occurs at m, is mimpoorant.
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HISTORICAL INTRODUCTION

Pyrolytic eliminations are important from both the practical 

and the theoretical point of view. E.imimtion reactions which proceed 

via an ionic intermediate in a polar solvent have preparative lidt- 

ations because of the occurrence of rearrmgement and substitution. 

pyrolytic elimination of esters and xanthates introduces unsaturation 

into a ^0^^^ dth a remarkable freedom from such side reactions. 

Stereocherniidly, the reaction has a high degree of cLs-spt^c^ci^i^ciLty. 

It occasiondly allows the for^tim of only a single product which 

might not be produced under other eliminating conditions. pyrooytic 

elimination reactions are of considerable interest from a meechniitic 

point of view. dthough the cit-ste^eocheiistry of the process has 

been adequately established, the comppete mmchanism is not wthout 

ambbigitieB. The nature of the transition state for 1,2-pyolytic 

elimination has been the subject of controversy for many years. It 

has incited extensive investigation and, as a result, more is known 

about the details of these reactions than of any other reactions 

proceeding through cyclic transition states.

Among the many compounds that would undergo pyrolytic elimina

tions, carboxylic esters, espeeidly acetates, have been moat closely 

studied, The course of the thermal cleavage of esters bearing a 

P-hydrogen atom in the dcohol portion has been shown to be subject to
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various effects. Anong them, steric, electronic, statistical and 

thermodynamic effects are the more inpootant (1). One needs only to 

search the literature to find a muUtitude of contradictions as to how 

these effects influence the direction of elimination on pyrolysis of 

a certain ester if more than one way of eliminating the acid portion 

is possible. Anooher controversy is the possibility of both cis

and trans-eliminations being involved in cases where several products 

are obtained.

The currently accepted mechanism of the vapour-phase pyolysis 

of esters was first proposed by Hurd and Blunck in 1938 (2). They 

postulated a quasi-six-membered cyclic transition state through which 

the reaction proceeds:

(I)

Since the reaction is conducted in the vapour phase, under relatively 

mid conditions, it is unlikely that an ionic type of intermediate is 

involved. Tiis view is supported by the fact that the dectlonotititns 

of esters and xanthates at high temmeratiureB, in the absence of 

solvent, obey first-order rate laws and eiiibit negative entropies of 

activation (3). Thus the elimination proceeds unimoolecdarly and motion 

is more restricted in the transition state than in the reactants. 

However, the p<oiibility that the ester decomposes into free radicals 

w.th subsequent elimination of acid, cannot be overlooked, especially
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when esters are subjected to temperatures high enough to permit radical 

cleavage (4). Yet compounds sensitive to free radical attack such as 

l,2-dimethylene-4-cyclohexene, 1,4-dimethylene-2-cyclohexene and 

5-methylene-l,3-cyclohexadiene, etc. have been prepared by thermal 

decomposition of the corresponding esters (5)• Thus one may conclude 

that esters may be pyrolyzed without appreciable interference from free 

radical processes.

A mechanism of the elimination involving a cyclic transition 

state requires at least some attraction between the carbonyl oxygen 

atom of the ester function and the B-hydrogen atom. The elimination 

of the carboxylic acid portion must involve two bond-breaking processes 

namely the breaking of the C-0 and the C-H bond (6):

(II)

Studies on the effect of substituents on the ease of these bond-breaking 

processes and on the effect of heavy isotopes on the reaction rates 

allow one to describe the transition state in some detail.

Maccoll (7) has collected relative rate data for the pyrolysis 

of primary, secondary and tertiary acetates and has shown that ethyl, 

i-propyl and t-butyl acetates react in the rate ratios 1:26:1660 at 

400°C. This is in the order to be expected if heterolytic C-0 bond

breaking is important, but the differences are less dramatic than one 

would expect for a carbonium ion mechanism. DePuy, King and Froemsdorf 

(6) obtained the relative rates for acetate pyrolyses as listed in

Table I.
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Table I. Relative fotes of PfrolyBis of Eters at 400°C

Compound Reeative rate

5-Nonyl acetate 1

a-Phenylethyl acetate 0.74 t 0.02

P-Phennyethyl acetate 0.07 - 0.006

a-Acetoxycyc1rhcxcnrnc 0.06

They argued that the amoiuit of C-0 heterolytic bond-breaking must be 

very smsd, for in any reaction involving appreciable carbonium ion 

character the a-phenylethyl acetate would certainly react much more 

rapidly than woodd a-acetoxycyclohexanme. Although it is 10 times 

as reactive, the authors judged this enhancement of rate to be slight, 

relative to the increase expected for a truly heterolytic process. 

The authors also disagreed with Mccon on the latter’s conclusion that 

the forming 0-H bond primarily determines the rate of elimination.

Attempts have been made to gain an insight into the carbon

hydrogen bond-breaking process by studying the effect of increasing 

acidity of the f-hydrogen on the ease of pyrolysis. Strongly acidify

ing groups attached to the carbon bearing the hydrogen (e.g., C»0, NO,,) 

may favour its removEd (8), but experimental data are not consistent (9). 

If the hydrogen is benzyUc, then its removed, is favoured yet the 

impootant effect of the phenyl group is not to acidify the hydrogen but 

to stabilize the incipient double bond (10). In unactivated cases the 

relative acidity of the hydrogen atom has little influence, as shown by 

the results for the pyrolyses of tibstititci l.^-diphenyl-a-propanol
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acetates (10) and of l-raethoxy-2-acetoxypropanQ (6). In both cases,

reactions involved the removal of less acidic hydrogens producing the

more stable olefins. Tiis indicates that the stability of the olefin

being formed is controlling the direction of the elimination.

The most direct measure of the importance of the breaking of 

the curbon-hydrogen bond in the transition state of a reaction can be 

obtained by studying the hydrogen-deuterUm kinetic isotope effect (11). 

Ciu'tin and Kellom (12) first obtained the kinetic isotope effect in 

acetate pyrolysis during the course of their study of the stereo

chemistry of the reaction, using the threo- and the erythro-2-deutero- 

1,2-diphenylethyl acetates. They arrived at a value of 2.8 1 0.6 for 

the rate ratio nAD« King and Froemmdorf (6) obtained a

somewhat lower vaLue. Some hydrogen-deuteric isotope effects for 

acetate pyrolysis are listed below:

Table II. Deuteric Isotope Effect in the Pyrolysis of Enters

kw
"AdCompound Temperature °C Reference

CzH_CHDC( (OXOHjCrH-
6 5 3 6 5

400 2.8 12

/"V/COc

\------AD
400 1.9 6

u 500 1.7 6

CD3CD2OCOCH5 500 2.1 13

chd2cd2occ£bl 500 2.0 13

In most cases a value close to 2.0 was obtained for cis-1.2-elijinati.on 

in acetate pyrolysis at 400 - 500 C.
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The observation of a sizable deuterum Isotope effect proves 

conclusively that the oarbon-hydrogen bond is broken in the rate

determining step. The above values further indicate a large

amount of breaking of the carbon—hydrogen bond in the transition
ko state, for the theoretical maximum value of —/kn at this tempeeature, 

assuming loss of onLy one stretching vibration, is 2.1 (14). Hence it 

may be assumed that the transition state of the acetate pyrolysis 

reaction is best described as being one in Which Doth the C-ri and 

C—0 bonds are to a large extent broken and a great deal of double 

bond character has developed. The process is highly concerted W.th 

only a smdl amount of charge separation.

Wile pyrolysis of saturated acetates has been widely used for 

introducing unsaturation into a system, the pyrolysis of OLI/IL^c 

acetates has been rarely used as a route to conjugated dienes. The 

report of van Felt and Wibaut (15) first described the p^/rol/sis of 

4-acetox/-2-hexene for the preparation of 2,4-heta&iene. Mrvel and 

Wiiliams (16) obtained 2-rlky^l-l,>-h^1trdienes and >-cy*rin-l,3-butadiene  

by thermally decomposing 3lacltex/•l2lr.kyl-l-butenes and 3-acetoty- 

3-cyaaKo-l-butenes, respectively, decent work has indicated that 

isomeeization of allylic esters during pyolysis can be imppot tait. 

Gyrrimml it. and co-workers (17) have shown that a mixture of 1-cyclo- 

iexyV-1,3-butrdlene and l-cyclchexylideni^-butene was obtained from the 

pyrolysis of either l-c/cloilx/1l3lrcltoxy-l-butenl or 1-cycloiex/ll 

a-ecetoxy-2-butene. Mnel and Brace (18), as weU as Ba.ley and 

Barclay (19) have reported isemeeizatien of III/IIc esters during 

py^^sis. Bailey and Goossens (20) explained the formation of
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3-aethylenecyclohexcne on pyrolysis of l-cyclohexenylmethyl acetate 

in terms of isoiAtriiMtion of the starting ester to 2~sethyhenecyclo* 

hexyl acetate before elimination* baylouny (21) found that on 

pyrolysis of meThyl ciB-2-acetoxy-^-cyclohexen-l-carboxyLate, the 

compound yielded three isomeric unsaturated esters: 2,4— 1,5- and 

2,5-cycl<atexacirne carbo^yLates* He also found that diethyl 2-acetoxy- 

3-cycl(0lexen-lL1-&Lcarbo}QC.atet on pyrolysis, gave as the tain product, 

diethyl 2,4-ccclchexadietr-lL--dicarboxylatr. Isomric dfesters were 

also found.

Allylic rearrange extent of the ester function, followed by 

cfs—it* -elimination of the acid portion, will conveenently account for 

the formation of the isomeric olefins found by the authors ttntioned 

above. Hoorever, there is nothing in the experit<elt4aL evidence that 

rigorously proves that the p^olysia proceeded via prior rearrangement, 

rather than by direct 1,4-conjugate elimination. Allylic rearrangement 

(isomerization) of the type

(III)

in various solvent systems has been thoroughly studied by Burton and 

Ingold (22), Wnnsein and Toung (2j5)t Brands (24) and by others. The 

mechanism of the rearrnggement has now been gtntr^aLly accepted as 

involving the 'internal return* of an 'ion pair' as shown below for 

the isoteei£atiot of 6•p-nitoolr^nioyloxyc---ethyC•l-ccclohexrnr (25).

(IV)
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Th« tstta group attaies its configuratioe Wth attpect to the aethyl 

group. The ease aeU txttet of the i8oiarisation art determined mednli 

by the ULvlICtaic crnestoey (tht iceisieg power) of the soLvtet aeU the 

ability of the tatta group to aeecmmoOute ae ioeic chaage (22• 

'Tierrnil rearrantIeient of alLylic mtsas ie the vapour phase, howvvr, 

has bem obBtaveU omy iefatqcentli. GrwewooU (26) has atctetLi 

showe that isoi«eizatioe of 2-ccatox:y-yrans■-.5-he.pyvdv to ^-acetoxy- 

t- .-'2-helyvne or vice-versa occuTaeU Ucrieg pyroLyeis of tithea of 

thtst isoiiric acetates. The yrats-»configurction of the earbon->earbon 

Uouble boeU of those aLLyLic acetates was tasentialLi attaietU. He 

suggeattU that the isoieei;u&tion proceeUeU ietrfiiO.ec^U.wral aeU that 

the y^maa-coneQauiE■ tioe was the wore favourable of the two lritcLlal 

conformations of ae aLLylic tatta haviog a tams aLkem Linkage.

Tnus it is possible that alLilic tateae undergo both Uiatct 

tL2-et:UtinntioIl aeU alLiUc aeameagtient paioa to 1,2<-vliaitat>ioe. 

It is also conceivable, howetvr, that aLayaie vsyvas cae unUvrgo 

taimLnatioe froi cai'boes 1 aeU U . Several examples of the suppobvU 

1,*^<-conjcgatv tLiiieaiioe have beta UescribeU. DetaiLs of mednism 

aeU stvreochtiiLst^l have btee ULscussvU (27). Bunett aaU his 

co-workcrD (28) have stcUieU tliuinatL.on ^vactions ie the 9t1&-Uiscb- 

stituteU 9,1C>-UihlUroaethraeene siatea. They wooktU with the 

9,1G-Uihalo aeU the 9,1C-UiJyUroJy aQipoiuecUs aeU thei scg^steU that 

the atactices obaeaveU were 1,^cccejugatt vaLiLeatioe with a UefieLtv 

Gto-6ttreochei>c.tal lrvftatect. Cristol aeU co-workers (29) theam□.al 

UveomposvU the Uibvn4oatts aeU the ^acetates of a is- aeU tr<au»-l-5- 

ULchaoro-9>]0-dLhlUao«■9t1(:o-aeyh^a<ULoC■. It we foueU that taLminayioe 
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of the carboxylic acid portions were considerably faster with the 

trana-isomers than with the cia-compomids» The observed preference 

for cis-hydrogen over trans-hydrogen may be readily understood by 

recourse to a cyclic transition state analogous to those proposed for 

thermal 1,2-elimination. Furthermore, in order that the carbonyl 

oxygen atom and the hydrogen atom be within bonding distance, the 

preferred conformation of the meeoodihydroeaithracene system woid.d have 

to be that in which the central ring assumes the boat form. The same 

situation woouLd be encountered in the cyclohexenyl system.

It was pointed out by Cristol that there were no experimental 

data to prove that the pyrolytic elimination observed in the 9,10- 

dihydroanthracene series were direct 1,4-elmination processes, 

although an attractive mmchanism can be envisioned. In fact, aLl 

the results can be accommodated just as well by a mechmism involving 

allylic rearrangement in a first step followed by l^-elimination. 

It must also be pointed out that eliminations on the 9,10-alhydrd- 

anthracene system yield aromtic compounds, the corresponding 

anthracene derivatives. Resonance stabilization at the transition 

state may greatly promote such reactions. It seems probable that 

allylic esters, in which elimination can not produce an aromatic 

mooeccu.e, should pyrolyze less readily than the compounds studied by 

Cristol and Bandt. In any case, isolation of a conjugated diene does 

not delnod8trate 1,4-conjugate elimination unless a two-step moch^unLso, 

involving allylic rearrangement, can be rigorously excluded. In view 

of the fact that alkyl carbon-to-oxygen bond cleavage would produce 

a stabilized allylic radicO., a free radical oochani80 can also not be
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excluded on an a priori basis.

Tiis work, concerned with the pyrolysis of the acetate of

6,6~dimethyl-2-cyclohexeml-ol, was undertaken with a view to removing 

some of the existing ambiggUiies regarding thermal elimination in 

allylic esters. We have sought to clarify the mechanism of pyrolytic 

elimination in our system by answering the following questions:

(1) How does the energy of activation for pyolysis of 6,6-dimethyl-

2-cyolohexnn-l-ol acetate compare, qusa.itati.vely, w.th that for 

pyrolysis of 3-acetoxycyclohexene?

(2) Can the isomeric ester 4,^—dimethyy-2-cyclohexennl.-ol acetate ie 

detected among the ester residue resulting from incomppete pyrolysis 

of 6,6-dim^t^}^^^l^-2-cy(^;lo^(^e^e^e^ni-ol acetate?

(JJ) How does the isotope effect for pyrolytic elimination in 6,6-dimethyl- 

d^-dieroteroyc-oycloenxeo-l-ol acetate compeare with that observed in 

a case whhre the elimination is unambiguously of the l^-type?

(4) Are the products those expected from a conjugate elimination rather 

than from a free radical process?

The experiments results reported in the foilowing section, by 

supplying answers to these questions, contribute to our understanding 

of the pyrolytic deolmpalition of allylic esters.



EXPERIMENTAL

The experimental work of this thesis is presented under the

following main headings:

(a) List of chemmicas.

(b) Synthesis of 6,6-diiethyl-2-cyclohexen-l■-rl acetate.

(c) Synthesis of 6,6-diiiChhl-*♦»4-dideuterr-2-cyclohexen-l-ol  

acetate.

(d) &q)o^imeeS^CL procedure employed in the thermal dccrmmprStirn 

of the acetates.

(e) Separation and characterization of some of the componnnts

of the pyrolysates.

(f) Preparation of unpyrolyzed acetate samples for deuterium 

aneaysis.

(g) Estimation of the isotope effect from the deuterium analyses.

11
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List of Chemmials

AceHc anhydride

The B.D.H. Ceerified Grade of acetic anhycdride was used without 

further purification.

Acrolein

The Purified Grade of acrolein (Eastman Kodak Co.) was 

stabilized with hydroquinone. 'Hie cloudy, w^te liquid was first 

treated with solid sodium bicarbonate, then filtered into a distilling 

flask (30). Acrooein was distilled through a 1-foot, insulated 

Vigreaux column. The colourless fraction which boiled at 52-5^°C 

was kept in a brown glass bottle. A smdl amount of hydroquinone 

waas added as a stabilizer.

AjtiiycdrouB ethyl ether

Stock ethyl ether was first dried with anhydrous calcium 

chloride. It was filtered and fine sodium wire was introduced 

directly into the liquid with the aid of a sodium press.

Cyclohexene

Cyclotox^e (Eastman Kodak Co.) b.p. 82-83°C was G^ed tf.th 

anhydrous sodium sulfate. It w^ia filtered before use.

DDi-iterim oxide

Duterium oxide was of purity greater than 99.5 per cent
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2^P-Dinitriln/li/hyr^lnene

The Fisher Reagent Grade was used directly for the preparation 

of the Brady reagent (31). Freshly prepared Brady solution was used 

to prepare the 214ldlnirepihenylh/drrzones of ketones.

1t4lD■oxane

The reagent was distilled through a L-foolt, insulated 

Vi^eaux column after being dried with potassium hydroxide pellets. 

The boiling point was 101-102°G at 760 mm (32).

Lithium aluminum hydride

Lithium aluminum hydride was purchased from MetH Hyedides Inc •, 

Beeelyf Masf.t U.S.A.

Meehsanol

Stock methanol was dried over anhydrous crlcilm sulfate and 

distill^. Meehamol w^b collected over the range 64-65°C.

3-Mehyl-2-butrnenl

3-eei/yl-bibananlne (Maheson, Coleman and Ml Co.) was 

distilled through a 1-feetl insulated V-gireaux column. The fraction 

boiling at 93-94°C at 760 mm was collected. It was fried over OaSO^ 

before use.

Palladium black

The Fisher Puified reagent was used.

Selenous acid

The Fisher Ooerified reagent was used
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Semcaarbazide hydrocthLoride

Semcarbazide hydrocih.oride (Eastman Kodak Co.) was used with

no further purification,

Syithesis of 6t6-Dimeehyl-2-cyclohhxennl-ol Acetate 

CenereCL Discussion

The synthesis of 6,6-dCmettyl-2-ccc1oteeen-l-ol acetate 

involved the foilowing three steps:

(i) the preparation of 6,6-dimtttcl-2-cyc0hhexen1l-one

by Mchael condensation of acrolein and 3-m®ehyl-2-butanone,

(ii) the reduction of the ketone to the corresponding alcohol

Wth lithum aluminum hydride,

(iii) the 5tecyli.tion of the alcohol.

Schernatiicaic the synthetic process can be represented by

the foilowing equations:

The preparation of 6,6-dimettyl-2-cccloteeen-l-one by the Mchael 

condensation (3J) of acrolein and >■^^1-2-1)11 tan one was first 

performed by Colonge, Dreue and Tiiers (34), Using meehtaloOie 

potassuum hydroxide as the catalyst, these workers obtained a 12$ 

yield of the unsaturated ketone, Howwevr, the use of sodium metho:eidn
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as the base and vigorous stirring of the reaction mixture for 10 hours

increases the average yield to U0%.

Tiers are at least two possible routes for the condensation,

each leading to a different compound I and II depending on whhther the 

I II

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

to the keto carbonyl group. It is clear that alcohol II, having no 

acidic hydrogen alpha to the hydroxy group, can not be easily dehydrated 

Whle I is readily converted to the product olefin. Compound II might 

regene irate the starting aldehyde and ketone by reversal of the 

condensation.

An alternative method involving dehydrrinaLogeinition of

a-halo-a’ ^•-dimethylcyclohexanione with base was considered. Td.s method 

may be greatly complicated by the condensation of the ketones (35) 

under the drastic conditions requLred for dehycd:■ohea.ogenation. The 

preparation of the starting halo-ketone is also rather laborious (36).

The reduction of 6,6-di^m^1th^;^-2-^cyc]^ohexei^-^^l-^one was 

accopplished with mhim aliminim hydride in anhydrous ether (37)« 

The alcohol was acetylated without further purification.

A typical synthetic run is described on the following page
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Preppa-ation of 6,6—Lime thh’l-2-cyclrhexen-l-rnc

To a 3-necked flask which contained 20 ml of sodium method.de 

(2 g of sodiim meed in 20 mL of methuiol) was added 172.3 g (2.0 ^c^r_<e) 

of 3~®*tlhyl-2-*butcslonc  wdch had been previously cooled in an ice-bath. 

Acrolein, 28.0 g (0.5 mole) was added slowly, dropwiise, to the solution 

w.th cooling and vigorous stirring. Stirring was continued for about 

10 hours at room tempprature after the addition of acrolein was 

competed.

* Anlyst: Dr. G. Weiler and Dr. F. B. Strauss, 
Mcroan«J y tlcal Lahore tory, 
164 Banbury Road, 
Ocford, England.

Aqueous hycd’ocih.oric acid solution was added to n^i^u^rdi^ze the 

base uiUl the pH of the medium was about 7» The reaction mixture 

then steam-lisiHed. The desired product was obtained by fractional 

distillation of the ethered extract of the steim distillate. The 

^adion which taded at 57°-58°C at 12 mm weired ataut 25 gj a yieM 

of 40% (LLt. (34) b.p. 85-90° at 20 mm).

Infrared, dtra-violet and n.m.r. spectra confirmed the 

structure of the compound. dement andyais is shown below.

Caadytic hydrogenation gave a carbonyl compound wwich formed 

a 2,4-dtn.itrppheny.hydr,asr>ne mp. 142<-143° (L>t. (38) m»p. 142°) and 

a s^icj^bizuM m.p. 196-198° (LLt. (39) m«P» 197°). The saturated 

ketone proved to be c,a-di)ethylcyolohexanone.

And.* Cdedated for Cg^^O*  C 76.42} H, 9*68.

Found C, 76.55} H, 9.69.

method.de
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deduction of 616^tDlrmehhl■t2l0:yclohnxnnrllonn

Lit him aluminum hydride (0.56 g, 0.015 mole) was gently 

refHixed for | hour in 50 ml of anhydrous ether. A solution of 

5.6 g (0.045 mole) of 6,6rdimetyylrercycloyexen-lronn in 100 ml 

anhydrous ether was added slowly with stirring to the hydride 

suspension. A gentle reflux continued for 2 hours. The mee&l

complex wiaas destroyed with wet ether and dilute sulfuric acid. The 

organic layer and the ethereal extract of the aqueous layer were 

combined and dried over anhydrous potassiim carbonate. Lther was 

removed on a rotary evapooator. The alcohol was used to prepare the 

corresponding acetate without further purification.

Acet^yl^^ti^on of 6,6rDlBenhyyl^2-cyclohexeentltol

A.cohol obtained from the lUhum aluminum hydride reduction 

was gently heated, with stirring, for 20 minutes w.th 10 g of acetic 

anhydride and a drop of sulfuric acid. The reaction mixture was cooled 

and excess anhydride was decomposed with 10% potassum carbonate 

solution. The organic layer and the ethereal extract of the aqueous 

layer were combined and dried over anhydrous potassum carbnuate. 

The ester was purified by fractional distillation. The fraction 

collected at 76r770C at 8 mm weighed 5.0 g, corresponding to an 

ovvera.1 yield of 65#.

Infrared and n.m.r. spectra were in accord with the structural

assignment
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S^ntlesis_1_of1_Jt'^-Dideutero-6,6-dimetlIl-2-cc5l01exrn-l-OLLA£rtat^

Gennral DBCUBBion

The hydrogen atoms attached to the ^position of G^-dimethyl- 

2-cyclohexen-l-one are sufficiently acidic to undergo deuterim exchange. 

Thus, it is possible to prepare 4,4-didritero-6,6-dmethyl-2-cyclohrxrn- 

l-ol acetate by reduction and acetylation of the deuterated ketone*  

^uterim Oxchange of 6,6-D■ieehyy-2-cyclohexen-l-one (40)

A round bottomed flask equipped wwth reflux condenser was 

charged with 6.2 g (0.05 mole) of 6,6-di^m^1th^].-2-cyclohe:^(^i^^l-one; 

10 g (0.5 mole) of deuteriim oxide and 0.25 g of potassum carboimte. 

The mature w^ refUixed for 24 hours. The organic layer was separated 

and the aqueous layer was extracted with ether. The organic layer and 

the ethereal extract were commbned, dried and distilled. Duuero 

ketone was distilled in the range 57-58° at 12 mm.

Infrared and n.m.r. spectra confirmed the incorporation of 

deuterium. The infrared spectrum, howwver, shows absorption at 

2250 clearly indicating ihe presence of vinyl toutertim (12).

In the absence of the knowledge concerning the relative extinction 

coefficients of vinylic and allylic deuterium in the infrared, it is 

difficu.t to estimate the amount of vinylic deuterium in the system 

under discussion. It should be pointed out that considerable exchange 

of vinyl hydrogen had occurred and that the deuterium content in the 

4-position was therefore lower than the analytical result would appear 

to indicate. Tiis, howwvvr, would not affect the isotope effect 

calcuLation since the vinylic hydrogen can not be involveu in the
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reaction. The net change in deutei^uim content w.11 then be independ

ent of the ^0^1 of vinylic deuterium present.

S/!^e^ate

Deutrated 6,6ldimethyll2-c/cleieten-l-ene was reduced and the

resulting alcohol was acetylated as described in the previous synthesis. 

Disilled water was used instead of dilute sulfuric acid to destroy 

the melal complex in the lUhum aluminum hydride reduction process. 

Tils was done to avoid possible acid catalyzed exchange reaction.

&XPl^imenntrL Procedure Emmloyed in the 

Ttiermal Deoeposilien of the AAclates 

The pyrolysis of acetate was carried out in a Pyrex tube of 

25 mm diameter packed wLth one-eighth inch Pyrex helices. The packed 

section, which w^e 20 cm long, was heated to the desired temppeature 

w,th a furnace about 12 hours prior to the pyrolysis. A thermocouple 

which extended to the centre of the helices packed section registered 

the tempu'ature on a ^romeler* • Srmmles of esters weighing from one 

to two grams were introduced into the top of the vertical/l-r^eunted 

pyrolysis tube at the rate of about one drop in 5 seconds. Ocygen- 

free nitrogen was lriild into the top of the tube at the rate of about 

5 Pl per minute. The pyrolysis products were swept from the reaction 

chamber by the slow strem of nitrogen and collected in a cold-trap. 

The apparatus for ester pyrolysis is shown in figure I.

* 'Tis HooscIcs pyrom^t^i^jr (Hoskins MarnifaCluring Co., DlrCt) was 
graduated in 10° divisions from 0-80Q°C. A maximum error of i5°O 
is estimated for the tep^e^i^f^ture readings.
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Fig. I. Apparatus for Vapour-phase Pyrolysis
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Pyrolysis runs were of the following three types:

(i) exploratory runs in which tepplvature was varied to determine the 

minimum teppll,ature required for compete ilcolpppoiiion,

(ii) pyrolysis of mixtures of 6,6-iipethyl-2-cyclthexev---tl acetate 

and 3-aclto^yrcycloheilne to ctp^lt^e, quuaitttielly, their thermal 

stabilities,

(iii) incoppletl pyrolyses of deuterated samples to evaluate the 

isotope effect.

Exp>rippntal conditions, such as the rate of flow of nitrogen, and the 

rate of addition of acetate to the heated column, were reproduced as 

neiarly as possible within runs of a given set.

Seppfati.on and COhtraCtl^iztti■tn 

of Some of the Oompltnets of the Pyrolysates 

Ge ear al D-scussim

Vapltur»lhasl chromatography was used in both the analyses of 

the pyrolysates and in the isolation of unpyrolyzed acetate foir the 

deuter^m ansdysis. A Wiikens Aerograph Autopnp model A-700 instuument 

was lppPoyed. The instuument proved to be versatile enough for both 

analytical and preparative work. A 3/8” x 20' aluminum ctluma, w.th 

SE-30 (silCtongUuP-rubber) on 42/60 mesh Ohromosorb P was used through

out this work. The rolumn tepplrature was around 200°C founding on 

the sample being analyzed. For quaHtaU^ work, a sample of 2-3 yul.

injected with a IO-^i. syringe having a needle of 3i inch length. 

For preparative work, manual injections of about 0.1 m samples were 

employed.
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Conditions for Cornmlete D^c^c^n^mpi^:st^:ion

Temper ture within the range 35O-65°°C were emplo^d to 

pyrolyze 500 mg samples of 6,6-dipethyl-2-ccclntexennl~n1 acetate, 

This amount of acetate was added to the heated column over a period 

of 2 m-anues, The pyrolysate was analyzed by vapour-phase chromato

graphy. By com^ring the chromatograms of the pyrolysates, it was 

easy to tell whhther decoimpostion had taken place, Wen dneommpsi- 

tion was detected, the per cent t1imLnatinn was determined by titratoon 

w.th standard base of an aliquot of the product mxtiure, The following 

approximate values for the temperature effect were obtained:

Table HI, Temmpenture Effect on the DtcoiimoBiiion

of 6,6-DimethtC-2-cyclohtxenn-L.ol AActate

Ten^perture 0C % Comwrsion (approx.)

350 0

400 0

450 40

500 70

550 80

600 100

650 100

The deeoIBpP6StCon was eompPetn when the temperature

around 6000C, The chromatograms showed that the pyrolysate was a 

mi-re-um of at least four eommpnnens. For psatial deeomppoSiion at
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lower temperatures, the chromatogram of the pyrolysate had exactly the 

same features as that obtained from a run to compPete decomppoition, 

except that the relative areas of the peaks of the componnnts were 

different and, of course unpjyolyzed acetate was also detected. This 

tmpPieB that drcomppoStioea at high and lower temppratures give the 

same products tn different relative amounts whether the process is 

compPete or only partial.

An Ultra-violet spectuum of the pyrolysate taken immedttely 

after the pyrolysis had a X^y value of 257 nyu. It proved the 

presence of 5^^5-dieentyy-l,3-cyclohexadiene (41) although the amoouit 

have been smai at high tempse's^res (no extinction coefficients 

were determined). For one of the total deoomePlitiln runs at 600°C, 

two larger olm^c^nne^ns of the pyrolysate were separated by the prepara

tive chromatographic metyld. These olmpalenti in their pum state 

have been inameiguously identified as toluene and o-xylene by infrared, 

ultra-violet and n.m.r. spnctrleenry.

Coupe tiiive De pornos ^ions of 6,6rDLmenhyy-2-cyclohexen-t-ll

Acceate and 3rAcetoxycyoloyexenn

The experiment was designed to find out the difference, if any,

between the energies of activation for thermal. dnolmppoition of the 

two allylic esters. The former acetate has no available p-hydrogen 

atoms whUe the latter has two and therefore can undergo direct 

1,etnlieinatiln on pyrolysis. An eqiieoOLtr mixture of the two acetates 

was prepared and pyrolyzed. The pyrolysate was analyzed by vtalur-

^^at^rmhy. At teepenatures Nwwa 300° and 400°C,
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3-aocto>y■oyolohexcne was partially or totally decomposed (42) whhle 

6,6-dtmethyl-2-cyclohexenpl-ol acetate was found to be unchanged.

rrcoicratirs of S-Acetoxycyclohexene (43)

Uydohexene (82 g, 1 mole) and acetic anhydride (51 g«

0.5 mole) were gently reflmted with stirring. Selenous acid (20 g, 

0.16 mole) was added to the hot m.xture in small portions. The 

reaction mixture w^ refluxed for ten hours. The solution was cooled 

to room toppe'Ctuie and 200 ml of ether was added. The ethereal 

solution was washed five timet with 10% K^CO^ solution, once Mth 

distilled waCer and then dried over anhydrous potassim carbonate. 

The product w^ib obtained by fractional d.attllatiis of the ethereal 

silitiis. The fraction collected over 7°-71°C at 14 mm hud cn tsfrared 

spectrim identical to that of 3-ccetoxycyclohexene (44).

Pr^Sampjes

The Mlkent Aerograph Autoprep M*del  A-700 proved to be 

exceedingly useful in this work. Unpprolyzed acetate from partial 

dcooIn)ooBtirn of deuteriirn enriched 6,6-dtmthyl-2-cyclohexeclpl-ol 

acetate was separated from the product mixture by c 3/8" x *0 * 

aluminum column wth SE-30 on 42/60 mesh Chromoaorb P ct the cr:Ltmn 

packing mCteial. These samples were repeatedly purified by the same 

procedure uhUI only one peck observed on the chromatogram. A

troica1 run it described below:

A iMxture of about 1:1 by weight of deutero- end orrtio- 

ccetates of 6.6-di)ethyl-2-cyclohexecpl-ol was made up. Diupicate 
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deuterim analyses of this mixture were obtained.

A sample of about 1 g of this m.xed acetate was accurately 

weighed on an andLytica balance. It was then pyrolyzed at 450°C. 

The pyrolysate was diluted with 30 m of pentane and extracted 

5 times with about 5 m. portions of distilled wate.r mtil the extract 

was neutral. The combined aqueous extracts were made up to 50 ml in 

a volumeeric flask. Ten mi aliquots were titrated with 0.1 N stcnidard 

sodium hydroxide solution to a phenoophhhalein endppont. The amount 

of acetic acid in the pyrolysate was then calculated and the per cent 

elimination was obtained.

After extraction, the ethereal solution of the pyrolysate was 

concennrated to about 2-3 m. Unppyolyzed acetate was isolated by 

vapoiu'-phase chromatography at a column tempprature of 180° and a flow 

rate of 200 ml per minute. With manusaL injections of about 0.2 ml 

samples, unpyrolyzed acetate was collected in a cold trap. Purity of 

the sample checked by the same v.p.c. method wth the detector at

the highest aennitivity. The deuterium contents of the unpyrolyzed 

acetate samples were then analyzed in duppicate.

Estimation of Isotone .effect

General Discussion

The dependence of the rate constant on the zero-point energy 

difference between the activated complex and the reactants has been 

clearly shown in terms of the absolute rate theory of Syring (45). 

The energy of a bond is a function of the vibrational frequency which 

in turn depends on the reduced mss of the atoms held together by the
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bond in question. It can be shown that the vibrational frequency of 

a bond and hence the zero-point energy wil be decreased if the reduced 

mass is increased by the sibbtititien of a heavier isotope for one of 

the atoms forming the bond. On passing to the transition state the 

difference between the energies of the heavier and the lighter form 

wil be smaller, Therefore, the heavier form w.11 require a larger 

activation energy to reach the transition state and should react at 

a slower rate if the lsetelicrLL./ subbtituted position is involved 

in the rate-determining step of the process. Hie theory of isotope 

effects has been discussed in detail by B^i^f^leiG^en (46,14).

Qulltative Estimation of Isotope Effect

If a mixture of normal and deuterated compound is subjected - to 

the same reaction cnldting, the isotope effect for the colopllttive 

reaction can be calculated from a knowledge of the change of isotopic 

content after a steiciiemelri.cirl.l/ mmasured fraction, f, of the initial 

pL^t.ire has reacted. Since the heavier form reacts at a slower rate, 

the change in isotopic content will be in the direction of increasing 

the relative abundance of this form in the fraction that remains 

unreacted.

In table IV , duplicate analyses for deuterim are listed for 

both the initial and the recovered acetate samples for a typical 

partial decompiostion of 6,6-dimethyl-2-cyclohexennl-ol acetate at 

45O°C. AnnO-yses of the recovered unpyrolyzed acetate sample show 

that its deuterim content was increased by a considerable amount 

*O). Tiis indicates a strong preference for breaking a C-H bond
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rather than a C-D bond in the rate-determining step of the elimination 

reaction.

Table IV • fersuts of Annayaea for Dutrrinm*

Drsription 
of sample Sample No.

Durterium^ 
content Mean values % increase

Initial 5.95
deuterium-enriched 1 5.94

acetate 5.93

28.4%

Recovered 7.61
unly^olyzrd 2 7.63

acetate 7.64

Whle it is clear that an isotope effect, n/kD, exists for 

the pyrolytic elimination reaction of 6,6-di.ppthyy-2-cyclohexern--ol 

acetate, its exact mpgidtudr could not be calculated readily due to 

complications arising from the following factors:

(a) Infrared spectra have clearly shown the presence of 

vinyl-deuteruim in the m^ol^<^tu^<B. Howwrve, the extent of vinyl 

hydrogen exchange is not known. Hence, the exact amount of deutrrinm 

incorporated at the ^-position could not be calculated.

* Anayst: Josef NemiBh, 
JOJ a. Waahhugton St., 
Urbana, Ill., U.S.A.

t Enrirs corresponding to a given sample represent d^jpUcate analyses 
apd are expressed as atom per cent excess deutrrinm. 
■r'_____________________________



28

(b) -Exchange of vinyl deuterium, together with the fact that 

the ketone was not exhaustively equilibrated with heavy water mcdes 

it certain that a considerable portion of the labelled acetate contains 

only one deuterium in the 4—position. The monndeuterated compound 

would react with different reaction rates depending on wWeeher a 

hydrogen or a deutertm at the 4-poditidn is cis to the acetoxy 

function.

An intramolecular isotope effect (47*48),  therefore, exists in the 
kH . i

reaction of such a system. The ratio, "/kp, is expected to be 
kf

different from /kp, the intermolecular isotope effect where

k “ rate constant for eucnmpoditinn of undouterated acetate 
H

k « rate constant fcr decomppostion of 4,4-dieetterated acetate.

An accurate calculation of the intermoleciiar isotope effect,
v
”H/kn for this cnmpPicaeud system requires a knowledge of the distri

bution of deuterium among the various species in both reactants and 

products. A knowledge of the relationship between the two ratios 

kH/k p and *HAp would be r^uLr^ “ weel.
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However, one can calculate the isotope effect from the resuLts

of analyses for deuterUum as shown in Table IV if the system had

contained only the dideutero— and the diprotio-acstates. For such a

system consisting of only two isotopic species, say A and A*, under

going an isotopic comppettive intermoleci.u.ar reaction (49)

we can write

and

(I)

(II)

(III)

(IV)

assuming the reactions to be first order in A or A1,

who r a r 3[AJ« the concentration of dideuteoo-ompound at time t, 

and [J = the co^(^e^ntl^»^1tiot of dtprot^compou^ at time t.

Simultaneous solution of this set of differential equations Wth the 

boundary condition A* » A' ehen A = A , yieldo o

(V)

A
where R . « /a' after fraction f of the chemical speciesar

A has reacted, and

a a ( r/A*) , the initial ratio.
ao o

Since the fraction reacted, f, is given by the stoichiomeeric

relationship

(VI)
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(VII)

equation (V) can be written

Phe method then consists of the determination of the isotopic ratio 

•■ao of the starting mttrial and R* * after a atoichiorettr.ciaLly 

measured fraction, f, has reacted.

* If the system copniated of only mcdoddeterated acetates, the isotope 
effect, kjL/ky, calculated from the deuterium content of the
^pyro^asd acetate should be equal to mity.

*dth f = ““ (from titratoon) and the deuterUum analyses as
ku

shown in Table IV, an intermoleciULar isotope effect “A* * 2 wotULd 

have been obtained for the pyrolytic elimination reaction of the 

hypooheeical mixture of d.d-dideutero- and d,d-diprotio-6l6>-dimethyl- 

2-cyclohexen-l-oL acetate at 45O0C.

This isotope effect can only be an approbation to that of 

our system which is comppicated by the intramo.eciU.ar isotope effect,
K»j * i•/kpi arising from the reactions of the moonddieterated acetates. 

Athough the cis- and trant-modnteuterroaaceates react bth different 

rate conn tai ts, k', and k^, respectively, the re.Aive e^(^iUlt6 present 

before and after the reaction wo Ad not have an appeared effect on the 

deuterium analyses*. Howwvvr, if J > k^, more deuterim la lost as 

deutero diene than as deutero acetic acid. Hence the final de^erUm 

analysis of our system which contains moondeuterated acetates is much 

lower than wouLd have been expected for a system were the deuterim 

loss can be caused only by the reaction of the dideuterated species as
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in the hypoohotical system chosen for our calculation. We have 

therefore set a lower limit to the true isotope effect by the above 

calculation.

The object of the present investigation is to establish that 

a sizeable isotope effect existed in the pyrolytic elimination reaction 

of S^-dimethyl-^’-cyclohexenfl-ol acetate. Knowledge of the exact 

ragpn.tude of this effect is not required for the conclusion sought in 

the present study.



RESULTS AND DISCUSSION

Preliminary Hemmrku

Thermal elimination in aLlylic acetates hut been studied by 

several groups of workers (see HttoricaL Introduction). The systems 

chosen for these studies are generally of the type:

On pyrco-ly^s, aLlylic rearrangement cun conceivably compete wth the 

direct 1,2-cli)ipctirp thereby producing isomeric acetates cnd, 

sibsequinSly, isomeric dienes. It it interesting to investigate the 

course of thermal elimination on allylic acetates which have no 

available p-hydrogent and therefore cannot undergo direct 1,2-clmtpa- 

tiips. Allylic iso)ec•izatiop followed by 1,2-cli)ipattrp, then, would 

be the sole reaction path leading to the formation of conjugated dienet 

if no other mmchanitms were possible.

Burlruny*t  work (21) on diethyl 2-acetrxy3,■crclrhexevp-,1- 

dicarSoxfrate aop<^^urt to be the onLy report in the literature to date 

on the pyrolysis of c 0,0-disib8titited uLlyltc acetate. However, in 

his work, the pyrolysis was done rplr incidentally to another study. 

There it no discussion concerning the mmchanism of the reaction or of 

the conditions required for the decrm)ooitiop. It it therefore 

desirable to further examine such systems having no available

51
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B-hydmgeins, with i view to establishing the mechanism for pyrolytic 

elimination.

Cristoo's work (29) on thr cis- and tian8-diacetates and 

dibenzoates of i,5-dCchloro•9»10-d:haydrt-9,10-anteraditl is similar 

in nature to the present investigation. An acrtoxy function in the 

9- or 10-potititn of this system resembles that of an Hylic acetate 

wth no B-hydrogens. Terefore, as in our system direct 1,2-eiiiina- 

tion is excluded. Cdistol interpreted the thermal elimination as 

involving, most likely, 1,4-conjugate eliPLnation. Terr is no 

evidence, howerer, that excludes a mechanism involving 1,3-rearr ange- 

me^n, followed by rapid 1,2-eliiination. One might argue that, since 

allylic irliilangeprnt in that system involves the sacrifice of 

considerable resonance energy, the alternative direct 1,4-eliiination 

is more likely. ExpriiennaL support for such qualitatiee reasoning 

wooQd be desirable. Even if 1,4-conjugate l;y’otytic elimination had 

burn drionnSrated in the system studied by Cristol, onr woodd still 

not br able to generd.ize the result to aliphatic and alicyclic Hlyli^c 

acetates for the following reason. The entities eliminated on 

pyrolysis of a 9-lcettxy-9,10-djelydioanthacene come from benzhydryl 

carbons so that the activation energy for such a process could br 

lowered dur to resonance.

The Mln reasons why 6,6-diPethyl-2-cyclteexennl-tl acetate 

was chosen for this study were the followings

(a) the methyl groups should exert only a sieU electronic 

effect and, since they are identical groups, the steri^c factor should 

be simple, with no extra ctnforialinnll effects.
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(b) the unsaturated ketone, 6,6-dipethyl-2-c/cleiexen-l-ene, 

has been reported in the literature and is readily synthesized. The 

synthesis of the corresponding acetate is therefore no^t difficu.t.

(c) a study of mooii iu.ar poddls revealed that the mooecule can 

readily be brought into a conformation in which the carbonyl oxygen 

atom is w.thin bonding distance of a hydrogen at C-4.

(d) Deuterium can be introduced into the 4-loeitien of the 

mooectuie in order to study the isotope effect on the reaction.

Thermal Deomppsiiion of 

6^6-lti/lhyl-^/-coietlnxln-l-ol AAetate 

Saturated rLiliatle and rlLcyelie acetates are gener^ly 

pyrolyzed a around 500°C» Alylic aceta.es wth B-hydrogens are 

conp^lelj decomposed a. about 4QQ°O (1). The dibenzoate and the 

diacetate of trans-1 t5-dichloro-9 t1O-dihydrro»9 ilO-anthradiol decompose 

at 254° and 265°C» ri8pectively (29). (Jorn^ite deeomppoitlon of 

6,6-lii/thyl-2-eyietlnxen-l-ol acetate, howe-ivr, required a tempprature 

of about 600°C which is much higher than a normaL alLylic acetate wotuid 

require. We have confirmed this by showing, in eompletti.en ex^<^i'ip^i^n(3 

that 6,6-dlmetiyl-2-cycleiextll-l-el acetate required a higher tempera

ture for dleompleitlon than 3-acetotycyclohetene. The latter, having 

B-hycd-ogems, can undergo direct 1,2-eliminatien. THs resuLt impHis 

that, if the two-step mmchanism is involved, the rllyLLc rearrangement 

muu1t be a process with high free energy of activation. Alternatively, 

if 1,4_eliminatien occurs, that process must have a considerably 

greater free energy of activation than direct 1,2—elimination.

aceta.es


Isotope Effect

A choice between the alternative mme bantams can be made with 

a knowledge of the deuterim isotope effect in the decosppsition of 

the 6'6-dipethyl ester* If a two-step ppcthaniam is involved, there 

is no doubt that the first step, namely isomerisation, muut be the slow 

step. Since that step does not involve a C-H bond at C-4, the overid.1 

process should not be subject to an isotope effect. Direct ^^elimina

tion, howeevr, involves the removal of a hydrogen atom attached to 

C-4. It should eXiibit a deuteriim isotope effect of considerable 

size.

Absence of an isotope effect could also mean that elimination 

proceeds by a free radical m^e^l^hunis^p. The presence of a sizable 

isotope effect indicates that a free radical mctanism is not impoorwit* 

The recovery of considerable amounts of acetic acid from the pyrolysates 

further deaosnSratrs that acetoxy radical formation is u^jLm>pott^r^n;. 

Acetoxy radicals have been shown to decompose into carbon dioxide and 

mme-hyl radicals immedaaely upon formation (50)* Howweee, formation 

of acetic acid by a free radical mchanism would involve hydrogen 

abstraction by acetoxy radicals*

'The existence of an isotope effect of considerable size 

indicates that neither isome^as^on nor radical formation can be
kH 

rate-determining steps. The fact that an isotope effect, - -Ad» of

the value about 2 was observed in this work ippOirs that a process 

which involves C-H bond welUklln.ng at position 4, at the transition 

state, is ifflpodtant•
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Hecjuanism of Dimina tion

With the above knowledge on the thermal elimination reaction 

oi 6fb-dimethyl-2-cyclohexen~l<-ol acetate, a m»chanian that involves 

direct elimination of the elements of acetic acid from carbons 1 and 4 

is proposed here*

Txis mecuanim of elimination is an 1, ^^•lwixati^on

through a cyclic eigh^^mbered transition state. It can conTsnisntly 

account for the observed deuterim isotope effect since a C-H bond is 

broken during the process. It is likely that, in such a process, 

the cis-hydrogen atom wouLd be preferred since the trans-hydrogen 

Cwnnot come Within bondLng distance of the carbonyl oxygen wiuwut 

gross distortion of the mooecule. A scoiel of a sdecule of 6,6-dimethyl- 

2 - cycloheawenl-al acetate shows that a boa-like conformitim of the 

aolociuLe with the acetoxy group occupying an oXLoI petition is the only 

conform t<m that can lead to 1,4^1^.^^^ of the said element.

The large increase in entrepy required to achieve the necessary cliflrna- 

tion account for part of the enhanced thermal stability of the

ester under discussion.
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Other Points of Interest

The following points of some interest are suggested for 

future investigation:

(1) It would be very desirable to study the thermal elimination 

reaction of the isomeric acetate, 4,4—dimeehyy-2—cyclohexeetl-ol 

acetate. It is expected that this acetate should decompose ith ease 

as in the case of 3-acetoxycyclohexene because direct liZ-elimination 

is possible.

Sjynhesis of 4,4-dimethyl-2-cyclohexent--ol acetate by 

isomeeization of the 6,6-dimethyl isomer both at the alcohol and the 

acetate stage under various conditions has been attempted but wth 

little success. An alternative method of preparation, involving 

o^^tion of 3»i>•dLimethylcyclohexete (51) with selenous acid in 

acetic anhydride, is suggested (43).

(2) It should also be of some interest to study the thermal 

decomppsstion of the methyl xanthate of 6,6-dimethyl-2-cycloheeeetl-ol. 

Allylic rearrangement of the xanthate would result in a dithiocarbonate. 

It should be interesting to com^ire the thermal stability of such 

compounds nth that of the corresponding xanthates.

(3) Infrared spectra of the deuterated 6,6-dime thyl-2-cyclo- 

hexeenl-ol acetate show three modes of absorption between 2030-2350 cm""1* 

for C-D stretching (52). Shir frequencies and assignments are listed 

in fable V.

I
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Table V, Carbon-deuterium AA■srpOirp Banda

Compound Bunds (ccTS)- Assignment Reference

D dero-S 16-dime thyl- 2250 (m) 2-eisyL (12)

2<-cyclohexecp■l'-ol 2150 (t) 4-trans (42)

acetate 2100 (m) 4-cis (42)

The presence of a vinyl-deuterim is of interest. It implies that the 

process of incorporation of deuterim is a kinetically controlled 

reaction because some of the thermodyxMa&icaa.ly less stable ketone II 

mut have formed during the exchange process.

It woould be expected to itimeciitv to the more stable form III.

Ths finding may be tmpprtant tn str,icti^cl elucidation work, 

such as the deteimnCtion of the number of exchangeable hydrogen atoms

in up unsaturated ketone.

(4) Hie mclhuntsm of formation of o-xylene and toluene from 

d,mVihythyl-2-cyh:ecVsxen-l-ol acetate it not clear. It it likely that 

these arise out of thermal arolmalzatiop reactions of 5>!:5-dimehyl-

l, 3-crclohexa<diene. The details of the disproportionation steps involved

m. |ght be worthy of inee8tigctiis.

* The Letters t and m denote strong and mediuo bunds, respectively.



CONCLUSION

It has been shown that vtpoldr<-lhtin pyrolysis of the acetate 

of 6*6rdimeetyy-2- ’Co^c001exeen--ol is a one-step process involving 

1,4-c on jug&te elimination rather than a two-step process involving 

allylic rearrangement and 1letelieinatiln. The arguments and 

experimental results which form the basis for this conclusion are 

ium^etiznd below:

(1) The high free of activation for the pyrolysis, relative to that 

for the pyrolysis of 3'-aoeaoxyoyollhnxen•, suggests that the two 

reactions do not both have 1*e-nlieination  as the rate-determining 

step.

(2) Infrared and vapour phase chromatographic analyses of recovered 

ester showed that it was not mixed with the isomeric ester, 4,4rdiesthyl 

e■tcyclohexen-t-ll acetate. Rite determining 1*ernl ieination, following 

rapid allylic rearrangement, is thus excluded.
kti

(3) A substantial yydrlgentdeuterUum isotope effect ( * A,. > 2) 

end-sts in the deolmeplitiln of ester partially deuterated at poition 4. 

This clearly indicates that a C-H bond at carbon 4 is included at the 

transition state.

(4) The prodlu:ti obtained from the pyrolytic elimination reaction of 

6*6-dim ethylte-oyolo>ynxen-l—ol acetate are not those expected from a 

free radical lrocelii.

38
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