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ASYMMETRIC MI CHAEL REACTION OF ~-ALKYL 6-KETO ESTERS VIA CHIRAL ENAMINES
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Summary: Dependi ng on the combination of solvent s and addit i ves , Mi chael re action of chir al
lith ioenami nes generated from t a.b wit h di -t er t-butyl methylenema lonate (2) affords, after
hydrolysis, either enantiomers of a,a -disubst ituted 6-keto esters (3,4) in high enantiomeri c
excess.

Michae l reaction is one of the mos t important procedures for the carbon-carbon bond

formin g re act i ons.1 Asymmetri c modificati ons of this pr ocedure have been the cur r ent
inter est s i n synt het i c orga ni c chemistry .2 However, t here has been only f ew r el i abl e
asymmetric Mi chael reactions which provi de either enantiomers fr om the same start ing
materials.3 We now rep ort t hat asymmet r ic Michael r eact i on of chi ral enami nes (1a . b),

prepared f r om a- al kyl 6-keto es ter s and ~- v a lin e te rt - buty l ester , with di- te r t - butyl
methyl enema1onate (2) prov ides either enanti omers of a ,a -di subst ituted a-keto esters (3,4)
with high enantioselect ivity.

React i on of the chiral lithioenamine, generate d by LDA-lithiat ion of 1a,4 with 25 in
t ol uene at -78°C af forded, after hydrolys i s, (R) -4a i n 33% enantiomer i c excess (ee) as shown
in the Tab le 1.6,7 Addit ion of t he 1 eq. of- HMPA res ulted in the reversal of the stereo­

chemic al course of the reaction to afford (~) - 3 a in 58% ee. Increase of the amount of HMPA
was found to improve t he stereoselectivity, providing 3a in 72% ee by the use of 4 eq. of
HM PA at -78°C and 3a of 92%ee was obtained when the react ion was conduct ed at -95°C.

In stri ki ng contrast to these resu lts, the reaction in toluene in t he presence of THF
dramatically changed the st er eochemi cal course of t he reaction to give 4a in 72%ee at -7BoC
and in 76%ee at -95°C. In the THF sol vent at -105°C, 4a of 95%ee was obtained.
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As summarized in the Table I the present reaction conditions are applicable to the

asymmetric synthesis of both cyclic and acyclic a,a-disubstituted S-keto esters.
The resu1ts may be exp1ai ned by the trans -fused che1ated structure (5) proposed in the

alkylation of the lithioenamines with al~alides.4 The ligand L would coordinate to
lithium cation from the bottom side to satisfy its tetravalency.4b The reaction in toluene
in the presence of HMPA should proceed from the front side of 5 owing to the high
coordinating ability of HMPA (L in 5) to give 3 and the reaction in the presence of THF
should proceed from the bottom side ~ ligand exchange between THF (l in 5) and methylene­
malonate of comparable coordinating abil ity to give 4. Further studies for mechanistic
considerations are in progress in our laboratory.

Table I Asymmetric Michael Reaction of a-Alkyl S-Keto Esters

Enamine Solvent Additivea Temp °C 3/4 [a:]ob ee % Yield %c

1a Toluene none -78 4a +16.4 33(R) 59 >-<5-1
1a Toluene HMPA(1) -78 3a -28.3 58(5) 80
1a Toluene HMPA(2) -78 3a -33.3 68(5) 77

! o.l1a Toluene HMPA(4) -78 3a -35.3 72(5) 86 .Jj'
1a Toluene HMPA(4) -95 3a -45.1 92(5) 73 N ····0
1a Toluene THF(2) -78 4a +35.2 72(R) 75 R1¥oEt1a Toluene THF(8) -78 4a +35.5 72(R) 78
1a Toluene THF(8) -95 4a +37.5 76(R) 87
1a THF none -78 4a +39.6 80(R) 83 R2
1a THF none -105 4a +46.6 95(R) 86
1b Toluene HMPA(4) -95 3b +6.72 87(5) 82
1b Toluene THF(8) -95 4b -5.08 66(R) 58 5
1b THF none -105 4b -6.48 84(R) 86

a) Numbers in parentheses are the equivalent of additive. b) Optical
rotations were measured in CHCl 3 (25°C) at D line for 3.4a and at 365
nm for 3.4b. The maximum rot atf ons were -49.2° for 3a and +7.72° for
3b. c) Isolated yield after chromatography on silica gel.
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