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The position isomer (I), having a trisubstituted double 

bond was originally assigned by Stork and associates to the 

structure of the pyrrolidine enamine of a substituted cyclo- 

hexanone. The tetrasubstituted ethylenic isomer II which was 

excluded on the basis of N.M.R. spectrum, involves steric inter- 

ference between the substituent R and the methylene adjacent to 

nitrogen, if an overlap between the electron pair on nitrogen 

and the double bond is to be maintained2. Johnson and Whitehead 

have recently demonstrated that even the isomer I suffers from 

;a (R = C&) 

similar steric interaction when the substituent R is quasi-equa- 

torial. This interaction, however, vanishes when R is quasi- 

axially oriented. An inspection of the models confirms this 

LJ 
R b 

::a (R = CHs) 

conclusion. Consequently it is to be expected that the alkyla- 

tion of isomer I would occur from an axial direction, in view of 

toe necessity r^or continuous p-orbital overlap in the transition 

state, and t&.s would be subject to 1,3-diaxial interactiona. 

4027 
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It hae, however, been reported that the Yichael addition 

of methyl acrylate to the pyrrolidine enamine 02 2-methylcyclo- 

hexanone gites a 1:l mixture of 2,2- and 2,6-disubstituted ketones, 

thus imp1yir.g the enamine to be a .nixture of isomers Ia and IIa4. 

On the other hand, this enamine has been reported to react with 

acrylonitrile in absolute ethanol giving the expected 2,6-disubsti- 

tuted product in 55% yield.2 

In ord.er to make a careful study regarding the contribution 

of Ia and IIa to the structure of this enamine, we carried out 

its hydrolysis with 1.5 equivalents of 50% deuterioacetic acid- 

deuterium oxide in diglyme solution, under nitrogen, at room 

temperature. It was expected that the hydrolysis of Ia and IIa 

would result in the introduction of deuterium6 at C-6 and at C-2 

giving the E- and 2-deuterated ketones respectively. Since the 

intermediate iminium salt could undergo deprotonation from C-2 

or c-6 with the regeneration of the isomers IIa or Ia, the forma- 

tion of 2,6- or 6,6-dideuterated ketones seemed quite likely. 

The hydrolysis was found to be complete within 5 minutes. The 

mass spectrum' of the product showed it to contain 6.8'/do, 57% 

dl, 34%ds and 2.2%ds species. The infrared spectrum displayed 

principal C-D stretching bands at 2190 (s) cm-l (equatorial C-D) 

and 2220 (m) cm-l ( -CD=-) indicating it to be a mixture of 

6-e-deuterated (major) and 6,6-dideuterated (minor) products8's. 

The presence of very weak bands at 2120 cm-l and 2150 cm-l (axial 

C-D) showed the formation of a very small amount of 22 or 6~ deu- 

terated ketone which could arise from trace amounts of either IIa 
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or Ia with equatorial methyl group lo. In the N.M.R. the methyl 

group appeared as a simple doublet centered at 0.97 p.p.m. (J=6.5 

c.p.s.) I1 demonstrating the absence of virtually any deuterium at 

c-2. This evidence suggests unequivocally that the pyrrolidine 

ensmine of 2-methylcyclohexanone consists almost exclusively of 

the trisubstituted ethylenic isomerL2, as previously concluded by 

Stork et.al., and unlike many enolate anions, the less highly sub- - 
stituted isomer is very highly favored at.equilibrium. The forma- 

tion of 6-e-deuterio-2-methylcyclohexanone would result from the 

ring flipping of 6-a-deuterio-2-a-methylcyclohexanone formed by 

the stereoelectronically controlled hydrolysis of Ials. 

When the reaction time for the enamine hydrolysis was ex- 

tended to l'hr., the product was found to contain 5%d,, 43%dr, 

48&a, and 3.5'dds species and showed C-D stretching bands at 

2120 (v.w.) cm-l, 2190 (S) cm-l and 2220 (S) cm-l. These results 

coupled with the appearance of the methyl group as a simple doublet 

in the N.M.R. point to the presence of only a very small amount of 

deuterium at C-2. That the additional D- incorporation occurred 

via the intermediacy of the enamine and not by the enolization 

of the ketone was demonstrated in the following manner. 

Treatment of 2-methylcyclohexanone with 1 equivalent of 

pyrrolidine and 1.5 equivalent of deuterioacetic acid-deuterium 

oxide in diglyme under enamine hydrolysis conditions gave, after 

5 minutes, the ketone containing 73.5%do, 13.5,%di, and 13%d2 

species and the product obtained after 1 hr. exchange was found 

to contain 32.4%d, 35.8zdi and 34.5%d2 species. The presence 
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of C-D stretching bands at 2190 cm -1 and 2220 cm -1 in the Infrared 

spectra of these ketones showed them to be a mixture of undeuterated, 

6-&deuterated, and 6,6-dideuterated species. !Phe formation of 

-these species can be rationalized by the following mechanistic 

sequence. 

III 

OD 

‘CHs 

D CHs 
G= + A + 

v H 
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Structure III appears to be as unstable as IIa, for similar 

steric reasons. Again the absence of any 2-deuterated species 

shown by the lack of any significant absorption in the infrared 

at 2120-2150 cm -' (axial C-D) and the appearance of the methyl 

group as a simple doublet in the N.M.R. precludes the formation 

of the isomer IIa. Cis-2-methyl-4-&-butyl-cyclohexanone, which is 

incapable of ring flipping failed to undergo any D- incorporation 

under these conditions. This evidence eliminates the likelihood 

of any D-incorporation via acid- or base-catalyzed enolization 

and confirms the validity of the proposed mechanistic path out- 

lined above. 

Further studies on the structures of morpholine and piperldine 

enamlnes of 2-substituted cyclohexanone are in progress 
14,15 
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