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Abstract: Incomplete deprotonation of racemic 2-substituted cyclohexanones (dl-4) by 

chiral lithium amides (2) in the presence of trimethylsilyl chloride was found to give the 

corresponding trimethylsilyl enol ethers (5) and the unreacted ketones (4) in reasonably 

high enantiomeric excesses. 

The importance of optically active ketones as chiral synthons in organic synthesis 

calls for their useful and efficient preparations. As racemic ketones are usually 

available readily, their resolutions by chemical 2) and biochemical 3) methods have been 

extensively explored. 

We have previous:: reported5) enantioselective deprotonation of prochiral 4-substi- 

tuted cyclohexanones (1) by chiral lithium amide (for example, 2c) in the presence of 

trimethylsilyl chloride (TMSCl) to give the corresponding optically active trimethylsilyl 

enol ethers (3). The stereochemical course of this deprotonation reaction was found to 

be generalized as shown in Scheme 1. 
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Based on the fact that deprotonation of 2-substituted cyclohexanones (4) by steri- 

tally hindered lithium amide bases occurs highly selectively on methylene protons over 

methine protons under kinetically controlled conditions, 6) we examined the possibility of 

kinetic resolution of racemic 4 by the strategy of incomplete deprotonation by chiral 

lithium amides (2) to separate them as their corresponding trimethylsilyl enol ethers (5) 

and the unreacted 4. 
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fable 1. Kinetic Resolution of dl-4 a) 

Starting Base Temp. Recovered ketone Silyl enol ether 

Run ketone Equiv. ("C) Yield(%)d) eel:) Yield(%)d) ee;:) 

1 dl-4a 2a 

2 di-4a 2b 

3 dl-4a 2c 

4 dl-4a 2d 

5 dl-4a 2e 

6 dl-4a 2f 

7 dl-4a 2f 

8 dl-4b 2f 

9 dl-4b 2f 

IO dl-4c 2f 

11 dl-4d 2g 

12 dl-4e 2g 

13 dl-4f 2f 

0.77 -78 (S)-4a 45(49) 2 (R)-5a 46(51) 3 

0.77 -78 (S)-4a 67(73) 4 (R)-5a 22(27) 15 

0.77 -78 (S)-4a 53(58) 27 (A)-5a 40(42) 37 

1.0 -78 (S)-4a 39(45) 77 (R)-5a 54(55) 65 

1.0 -78 (S)-4a 35(39) 96 (R)-5a 60(61) 63 

1.0 -78 (S)-4a 54(57) 61 (R)-5a 40(43) 94 

1.0 -105 (S)-4a 45(49) 90 (R)-5a 51(51) 94 

0.8 -105 (S)-4b 66 30 (R)-5b 33 98 

1.3 -105 (S)-4b 24 94 (R)-5b 72 48 

0.8 -105 (S)-4c (78) 18 (R)-5c (22) 94 

0.7 -105 (R)-4d (65) 38 (S)-5d (35) 90 

0.8 -105 (2R,4R)-4e 48 93 (4S,6S)-5e 52 90 

0.68 -105 (2S,5R)-4f 42(45) 94 (3S,6R)-5f 54(55) 76 

.- 

a) For procedure, see text. 
-24.5 

(R)-4a,4ay8) CI:LI~~ 

b) Maximum rotations reported are: CalU +36.O"(MeOH) f$ 

+114.7"(benzene) for (R)-4b,'j Cdi3 -75"(MeOH) f;;)(S)-4c,'gi [aID 

+14.0"(MeOH) for (S)-4d,") [~I~~5 +60"(cyclohexane) for (ZR,4R)=4e, 

(CHC13) for (2S,5R)-4f.l") 

and CalU -32.8" 
25 

c) Maximum rotations were calculated to be: CcrlU +lO.l" 

(benzene) for (R)-5a,14) CdE4 +51.4"(benzene) for (R)-5b,14) Cal& +79.4" (benzene) for 

(R)-SC,;;) [cl];" -26,8"(benzene) for (S)-5d,14) Cali +18.7"(benzene) for (4S,6S)-5e,14) 

and Ccrl365 -3,6.9"(CH3CN) for (3S,6R)-5f.16) d) Isolated chemical yield. Calculated 

chemical yield by using GC is shown in the parentheses. 

enantioselectivity (krel 7) for run 12 was calculated to be 44) and regioselectivity were 

obtained. (2) Stereochemical course of the reaction can be generaiized as shown in 

Scheme 2, and therefore, is predictable. (3) For cyclohexanones such as 4a-d having one 

chit-al center, the undesired enantiomer in the products can be recycled via racemization 

or desilylation followed by racemization to get the desired enantiomer. (4) Chiral bases 

can be recovered for reuse. (5) The reaction is clean enough to isolate the products in 

almost quantitative yieids. 17) 
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Optically active silyl ens1 ethers (5a-e) were converted to the corresponding enol 

acetates (6a-e) (acetic anhydride, 4-dimethylaminopyridine in pyridine, room tem- 

perature, overniQhtT5)). E nan lomeric excesses ,o; 6a-e were estimated by 'HNMR t' 

(Eu(hfc)3 or Eu(dppm)3, benzene-d6). (R)-Sa(CalD +8.29'(1.07, benzene)) gave (R)- 

6a(Iu1i5 -81.4"(0.42, benzene)) of 82% ee. (R)-Sb(Cal; -20.5"(1.06, benzene)) gave 

(R)-6b(Ca1i4 -18.4"(2.05, benzene)) of 40% ee. (R)-Sc(Cal& +74.4"(1.51, benzene)) 

gave (R)-6~ of 94% ee. (S)-5d([cxli5 -24.1"(1.37, benzene) gave (S)-6d(CaliI -50.7" 

(0.58, benzene)) of 90% ee. (4S,6S)-5e([i~li~ +16.9"(0.914, benzene)) gave (45,6S)- 

6e(Ca1$z5 -33.4"(1.03, benzene)) of 90% ee. Enantiomeric excesses of 5a-e were cal- 

culated by these data, and should be minimum. 

Cf, d. K. Rasmussen, Synthesis, 1977, 91. 
25 

(3S,6R)-5f(Ca1365_I 28.0'(1.10, CH3CN)) was converted (10% aqueous HCl in THF, -78**' LI 

to (2R,5S)-4f(iai;7 +24.8O(2.13, CHC13)). 
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