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Summary: By the promotion of chlorotrimethylsilane, asymmetric Michael reaction of the chiral 

enamines (2) of cr-alkyl Pketo esters (7) with methyl vinyl ketone and ethyl acrylate proceeded to 
afford, after hydrolysis, either enantiomer of the corresponding adducts (4) in a good 
enantioselectivity. 

Previously, we have reported asymmetric Michael reaction of the chiral enamines, derived 

from I_-valine tert-butyl ester and cr-alkyl P-keto esters, with activated Michael acceptors such as 

alkylidene malonates, producing either enantiomer of the Michael adducts in high 

enantioselectivity.‘) However, the reactions attempted with non-activated Michael acceptors such 

as methyl vinyl ketone (MVK) and ethyl acrylate failed to afford products. To overcome these 

disadvantage of the reaction, exhaustive screening of the Lewis acids as activators was carried 

out.*s) We report here the chlorotrimethylsilane (TMSCI) promoted asymmetric Michael reaction 

of chiral enamines (2) of a-alkyl 8-keto esters (1) with useful Michael acceptors, MVK and ethyl 

acrylate, producing either enantiomer (4) in a good enantioselectivity. 
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The typical reaction procedure is exemplified in the reaction of 2a with MVK in the presence 

of TMSCI (run 1 in Table Ill). A solution of the lithioenamine of 2a (2 mmol) prepared according to 

the standard procedure’) was added to a cooled (-100 “C) solution of MVK (3 mmol) and TMSCI 

(10 mmol) in tetrahydrofuran (THF) (10 ml) and the whole was stirred for 5 hr at -100 “C. 

Hydrolysis with 10% aq. HCI followed by extractive work up afforded (R)-4a (R=Me) (66% yield) in 

87% enantiomeric excess (ee).b,s) The absolute configuration and enantiomeric excess were 

determined by comparing the optical rotation with those of the reported4) and further by the NMR 

analysis in the presence of Eu(hfc)s. 

As summarized in the Table I, among surveyed Lewis acids BFs*EtzO and TMSCI exhibited 

profound effects on both of the reaction yield and enantioselectivity (run 4, 8). It is essential to add 
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BFs*EtaO into the lithioenamine solution before the addition of MVK. On the other hand, the 

addition of lithioenamine solution to the mixture of MVK and TMSCI is necessary to obtain a 

practical yield. 

Table I. Reaction of 2a with MVK in the presence of Lewis acids in THFa 

run Lewis acid/eq yield/%b [o]r “(CHCls)c ee/% R/s 

1 none 
2c LiCW2 
3d Lil/2 
4 BFs*Et20/2 
5 AICls/2 
6 ZnClsl2 
7d SnC14/1 
a TMSW5 

trace 
2 

46 
69 

27 28 
40 
65 

+5.0 52 R 
+2.2 23 R 
+2.3 23 R 

+1.8 18 -1.7 18 s” 
+2.4 24 R 
i7.1 73 R 

a) Reaction was carried out at -78 “C according to the typical procedure described 

in the text. b) Isolated yield. c) For the maximum optical rotation for 4a (R=Me), 

see reference 4. d) n-BuLi was used as a base instead of lithium 

diisopropylamide (LDA). 

Then we turned our focus to the optional control of diastereoface differentiation. As reported 

previously,‘) Michael reaction of 3 with tert-butyl methylenemalonate in THF solvent affords 

adducts, arising by the entry of Michael acceptors from the back face of 3. On the other hand, in 

toluene solvent HMPA (hexamethylphosphoric triamide) works as a ligand (3, L=HMPA) for the 

lithium cation, allowing entry of the acceptor from the front face of 3.6) 

As shown in runs l-4 in Table II, the reaction of the cyclic enamine (2b) with MVK in the 

presence of BFs*EteO, TMSOTf, or TMSCI in THF solvent afforded the expected (R)-4b.7) In 

toluene solvent, effects of these Lewis acids on diastereoface differentiation were extremely 

dramatic. Thus, excess of BFs*EteO over HMPA afforded (R)-4b (run 5), whereas excess of HMPA 

over BFs*EteO failed to afford the product (run 6). A small excess of TMSOTf over HMPA also 

afforded (F?)-4b (run 7). Fortunately, three molar excess of TMSCI over HMPA led to the formation 

of (S)-4b (run 8). 

These data described above implies that TMSCI and HMPA are independently playing their 

roles as an activator of the Michael acceptor and as a ligand to the lithium cation, respectively, 

while BFs*EtsO and TMSOTf are also working as Lewis acids to Lewis base (HMPA), removing 

HMPA from coordination to the lithium cation.81 

Based on the data obtained above, asymmetric Michael reaction of 2 with MVK and ethyl 

acrylate was carried out in the presence of five equivalents of TMSCI. As shown in Table III, either 
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enantiomer 4 could be prepared in good enantioselectivity from the same chiral enamines (2) 

simply by changing the solvent.9) 

Table II. Reaction of 2b with MVK in the presence of Lewis acidsa 

run solvent-ligandleq Lewis acidleq yield/% [c&$ “( CCl4)b eel% R/s 

1 THF none trace 
2 THF BFs*Et20/2 90 
3 THF TMSOTf/2.5 75 
4 THF TMSW5 60 

5 
6 

toluene-HMPA/l BFs*Et20/2 
toluene-HMPAI4 BFs*Et20/2 
toluene-HMPA/2 TMSOTfl2.5 
toluene-HMPA/2 TMSW5 

+67.5 79 R 
+65.0 77 R 
+47.1 55 R 

54 
trace 

+59.0 69 R 

+34.1 40 R 
- 40.5 48 s 

a) See the footnote a) of the Table I. b) See reference 10). 

Table III. Asymmetric Michael reaction of 2 promoted by TMSCla 

run 2 R solvent-ligand/eq temp/“C yield/% [o]F “(CHCls) ee/% fZG 

1 2a Me THF -100 66 
2 2a Me toluene-HMPAll -95 38 
3 2b Me THF -100 67 
4 2b Me toluene-HMPA/l -95 48 
5 2a OEt THF -100 43 
6 2a OEt toluene-HMPA/l -95 16 
7 2b OEt THF -100 53 
a 2b OEt toluene-HMPA/l -95 23 

+a.@ a7 
- 4.8b 50 
+76.4C 90 
- 51.3c 60 
+9.od,e 79 
- 4.6@ 41 
+43.4d,f 57 
- 58.5df 77 

a) Reaction was carried out using five equivalents of TMSCI at -95 or -100 “C according to the 

typical procedure described in the text. b) See reference 4. c) Taken at 22 “C using 577 nm in 

CCl4. See reference 10). d) Absolute configuration and ee were determined by NMR analysis in 

the presence of. Eu(hfc)s and by chemical correlation to the compound which was prepared from 2 

and fert-butyl methylenemalonate (See reference 1). e) Taken at 23.5 “C. f) Taken at 25 “C. 
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