
HETEROCYCLES, VoI. 46,1997 53 

CHIRAL BIDENTATE LITHIUM AMIDES HAVING A CHIRAL 

AMIDE NITROGEN FOR ENANTIOSELECTIVE 
DEPROTONATION OF 4-tert-BUTYLCYCLOHEXANONE1 

Haruko Chatani, Makoto Nakajima, Hisashi Kawasaki, and Kenji Koga* 

Faculty of Pharmaceutical Sciences, University of Tokyo, Hongo, Bunkyo-ku, 

Tokyo 113, Japan 

Abstract - Enantioselective deprotonation of 4-tert-butylcyclohexanone (1) by 
chiral bidentate lithium amides ((R)-5a-b) was examined in the presence of excess 
TMSCI in several solvents containing 2 equivalents of HMPA. The sense of 
asymmetric induction was found to be the same with that by using (R)-2a-b. This 
result suggests the formation of a similar chiral amide nitrogen in these chiral 
lithium amides. 

Enantioselective asymmetric synthesis using chiral lithium amides has received much attention in recent 

years.2 We have previously reported enantioselective deprotonation of 4-tert-butylcyclohexanone (1) by 

chiral bidentate lithium amides ((R)-2a,b) in several solvents in the presence of excess trimethylsilyl 

chloride (TMSCI) (internal quench method3) to give the corresponding c h i d  trimethylsilyl enol ether ((R)- 

3).4,5 It is shown that the enantioselectivity of the reaction is highly dependent on the solvent used, but is 

almost independent on the solvent in the presence of 2 equivalents of hexamethylphosphoric triamide 

a : Y = OMe, R = Pr-i 4 

b : Y = N  , R = CH2Bu-t 3 
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Detailed 6Li- and 'SN-NMR spectral analyses of [6Li,1sN2]-(R)-2b have shown that (R)-2b exists as a 

chelated monomer in THF and in DME, as a chelated dimer in ether and in toluene, and as a chelated 

monomer in all of these solvents in the presence of 2 equivalents of H~pA.4b.6 This result is rationalized 

by assuming that a five-membered chelated structure is formed by internal coordination of the substituent Y 

in 2 to the lithium, the chelated monomer aggregates in solution depending on the solvent used to satisfy 

the valency of the lithium, and HMPA deaggregates the chelated dimer to the chelated monomer due to its 

strong coordinating ablility to the lithium. By X-ray analysis of the crystalline chelated dimer, we 

speculated that the chelated monomer should be as shown in 4,4b,6 where a chiral amide nitrogen is formed 

efficiently simply by virtue of chelation. Since it is reported that the lone pair on the amide nitrogen is 

involved at the transition state of deprotonation of carbonyl compounds by LDA? it is conceivable that the 

sense of asymmetric induction in deprotonation of 1 by (R)-2 is determined by the chiral amide nitrogen. 

We therefore intended to design and synthesize such chiral lithium amides ((R)-5a,b) that have a chiral 

amide nitrogen. Based on the structural analyses on (R)-2b, it seems quite reasonable to assume that the 

lithium amides ((R)-5a.b) exist as a five-membered chelated form, because they have the same internal 
ligation site (methoxy or piperidino group) for the lithium. We also expected that these lithium amides 

((R)-5a,b) should exist as chelated monomeric froms as shown in 6 in the presence of 2 equivalents of 

HMPA. Since it is known that cis-bicyclo[3.3.0]nonane is highly more stable than the corresponding 

tram-isomer,' the bicyclo[3.3.0]nonane ring system in 6 should be exclusively cis. This means that 6 has 

a chiral amide nitrogen, whose configuration is similar to that in 4. We therefore intended to examine the 

sense of asymmetric induction in enantioselective deprotonation of 1 by (R)-5a and (R)-5b in the presence 

of 2 equivalents of HMPA. 

a) LiAIH4; b) HC02H-Ac20; c) aq. NaOH; d) NaH-Mel; e) aq. HCI; f) (CF3C0)20; g) SOC12; h) piperidine 
DMAP, Pyridine; i) NaBH4; j) BH3 SMe2 

Chiral amines ((R)-Saga and (~)-8b9b) were synthesized from (~).710,11 as shown above in optically pure 

forms.12 

Deprotonation reactions of 1 by (R)-5a and (R)-5b were carried out at -78 'C for 10 min in the presence of 

excess TMSCl in several solvents containing 2 equivalents of H M P A . ' ~ - ' ~  The results are summarized 

and compared with those by using (R)-2a and (R)-2b as shown in Table 1. 
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Table 1. Enantioselective Deprotonation of 1 in the Presence of HMPA (2 equivalents) to give 3a 

, , -  

Solvent Isolated y. E. e. (%) lsolated y. E. e. (%) Isolated y. E. e. (%) Isolated y. E. e. (%) 
(Oh) (Confign.) (%) (Confign.) (%) (Confign.) (%) (Confign.) 

THF 90 42(R) 82 82 (R) 47 43(R) 14 55fR) 
DME 90 4ofR) 87 8763) 41 38(R) 17 57(R) 
ether 88 41 (R) 89 89fR) 44 45(R) 38 61(R) 

toluene 27 41 (R) 87 87(R) 44 51 (R) 58 43(R) 

a Data by using (R)-2a and (R)-2b are taken from Ref. 3a and 3b. 

It is shown that, in four representative solvents containing 2 equivalents of HMPA, the sense of 

asymmetric induction in the present deprotonation reactions of 1 by (R)-5a and (R)-5b is the same with 

that by (R)-2a and (R)-2b to give (Rj-3 in excess. Since it is reasonable to assume that the solution 

structure of ( R P a  and (R)-5b is monomeric as shown in 6 in the presence of 2 equivalents of HMPA, it 

is reasonable to conclude that the chiral amide nitrogen of (R)-2a and (R)-2b is similar to that of (Rj-5a 
' 

and (R)-5b in these solvent systems as shown in 4, and determines the stereochemical course of the 

present deprotonation reaction.16 
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