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Optically active a-alkylcarbonyl compounds are key lntermedlatee for the 

total synthesis 

and alkaloids. 

and difficult 1) 

easily obtained 

This paper 

of optically active natural products such as terpenes, steroids 

In general, resolution of racemlc carbonyl compounds Is tedious 

and optically active a-alkyl carbonyl compounds have not been 

until now. 

deals with asymmetric synthesis of optically active a-alkyl- 

oyclohexanone derivatives by way of enamlne alkylatlon. Pyrrolldlne has. been 

widely used for the formation of enamlnes with various carbonyl compounds *) . 

To form cyclohexanone enamlne, we used L-prollne esters I which are now readily 

avellable, as the amine components of enamlne. On alkylatlon of this enamlne 

II we succeeded In obtaining optically active a-substituted cyclohexanones, III 

and IV, Induced by I. 

T*Co2 6 -To:; ,,P;rZ,~; 

I R 
a. CHe II 

b C8H8 

C t-Bu 

X 
III CN 

IV COOCH. 

V COOH 

mamine II Is easily formed by the reflux of I with cyclohexanone In 

benzene In the presence of molecular sieves 4A. Alkylatlon of II with electro- 

phlllc oleflns such as methyl acrylate and acrylonltrlle wap Investigated under 

4233 
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several conditions. Optically active III and IV were obtained by the usual. 

hydrolysle. 

The degree of asymmetric synthesis, upon alkylatlon In alcohol was enhanced 

with the increaelng bulklneee of the ester moiety of prollne es&era, Ia, Ib and 

Ic. Optical rotatione end product yields ere summaried In Table I. Both 
8) 

products, III annd IV, show a negative maximum in their CD curvea at 290 my in 

methanol, hence they are proven to have the same (S)-configuration on the bade 

of the octant rule 4) . 

Table I Effects of Eater Moiety of L-Proline Ester8 on Asymmetric Induction 

CH,=CH-COOCH, 

3 hra. reflux 

3 hrs. reflux 

a) Based on L-proline ester. 

b) Calculated from the value of IV, (a]::~ -11.2" (C&OH), obtained by the 

resolution of V ethylene ketel, followed by eeterlflcatlon with dlazomethane 

and deketallzatlon. 

Solvent effect0 on enamlne alkylatlon are summarized In Table II. After 

the reflux of Ib with cyclohexanone in benzene with molecular sieves 4A. benzene 

wae removed under reduced pressure and the solvent was replaced with CHaOH, 

C,H,OH, CH.CN, or dloxane. In each solvent, alkylatlon of IIb with acrylo- 

Table II Effects of Solvents on Alkylatlon of mamlne IIb with Acrylonltrile 

Solvents Dloxane Benzene CHaCN 

Yield (%I 9 8 18 
I01 a90 546 528 

In CH,OH c&Z, (2;.5==C) 
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nltrlle was carried out under reflux for 8 hours. 

As shown in Table II, non-polar aprotic solvents such a8 dloxane and 

benzene, produced III In poor yields but In good optlaal yields. In polar 

prOtIc solvents the results were reversed. 

Table III Mfects of Reaction Temperatures on Asymmetric Induction of 

msmlne IIc with Methyl Acrylate 

Reaotlona) 
Conditions 

2o"c, 5 hrs. 

4oec, 3 hrs. 

Yield ($1 (a)*.0 (01 u90 

17 -6.7O at 22*C -1241 at 22OC 
(2.30, ‘J&OH) (cii.OH) 59 

22 -6.0“ at 20"~ -1145 at 22OC 
(3.45, cbom (CbOH) 53 

Reflux, 3 hrs. 33 -4.8” at 14.5OC 
(2.51, CH.OH) 

-9t5wa;H+30C 43 8 
I 
a) L-Prollne t-Butyl ester enamlne IIc was alkylated with methyl acrylate In 

CHsOH at the temperatures and reaction times shorn In the Table. 

b) Calculated as In Table I. 



As shown in Table III, IV was obtained in considerably higher optical 

yield at room temperature, and at higher temperatures optical yield slightly 

decreased and yield Increased. 

As (S)-a-alkylcyolohexanone derivatives are obtained from all L-proline 

esters employed here, the above mechanlem now seems available to account for 

the observed etereospeciflclty. 

Conformers VII and IX seem to be prefered to VIII and X. The trivalency 

of nitrogen probably causes the ester group of prollne to interfere with a 

hydrogen attached to the double bond In VIII and X, If overlap Is to be 

maintained between nitrogen unshared electrons and the double bond. In VII 

and IX, quasi-equatorial hydrogen at C s In IX Interferes with ester group 
5) 

sterlcally larger than quasi-axial. hydrogen at Cs In VII. Hence, VII Is the 

most preferable conformation. Axial attack of an entering slkyl group at Co 

In VII results in (S)-a-alkylcyclohexanone. 

We believe that this synthesis of optically active a-alkylcyclohexsnone is 

the first example of asymmetric Induction at the a-carbon atom of carbonyl 

compounds. This method Is advantageous as It employs optically active a-amino 

acids which are easily obtainable. 

Investigations are underway on the scope of this new type of asymmetric 

synthesis and on Increasing yield and optical yield. 
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