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Abstract-Enantioselective synthesis (>92% e.e.) of quaternary 

carbon centers through Michael-type alkylation of chiral imines of 

3-alkyl-4-thianones with methyl acrylate and successive diastereo- 

selective synthesis of optically active lactones are described. 

Considerable attention has been focused in recent years on cyclic sulfur 

compounds for the synthesis of interesting natural compounds1 because sulfur- 

containing heterocycles are useful synthons in either ring expansion2 or ring 

contraction3 process. Recently we reported an enantioselective synthesis of 

2,2-disubstituted 3-cyclopentenone from 3-alkyl-4-thianone via   am berg-Bscklund 

rea~tions.~ We now describe studies on the synthesis of optically active 

lactones from 3-alkyl-4-thianones (L). The reaction involves a new type of 

"deracemiring alkylation" developed by Pfau e.5 and we applied their 

procedure to imine derivative of 3-alkyl-4-thianones. Thus reaction of chiral 

imine ((-)-a (R= Me)) [prepared in 83% yield from (5)-3-methyl-4-thianone (la) 
6 and (S)-(-)-1-phenylethylamine I and 4 equiv. of methyl acrylate (DMF, 25 OC, 3 

days then ~cO~/10%-AcONa/ether= 11516, 25 'c, 3 h) led to (R)-(+)-3-methyl-3- 

(2-methoxycarbonylethyl)-4-thianone (&) ,' 61% yield, [a]:' +67.1' ( c  1.11, 

EtOH), 92% ee,' and the starting amine (21. The absolute configuration of 

( + I - &  was tentatively assigned to be (R)-form in comparison with Pfau's 

report.5 Similarly, keto ester ( ( S ) - ( - ) - & ) , 9  14% yield, 92% ee, was obtained 

from chiral imine ((+)-a) with methyl acrylate in THF. The chemical yields of 

quaternary carbon products increased to 60% when DMF was used as a solvent 

instead of THF. Stereoselective reduction of keto ester I (R)-(+)--Pa) with 1 

equiv. of sodium borohydride (-78 OC, ether/MeOH= 1/1, 15 min then 1% HC1, 30 
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mi") afforded bicyclic lactones ( ( - I - % ,  [olD2' -12.9' ic 0.99, EtOH), and 

(-)-a, -128O (c 0.87, EtOH)), as diastereomeric isomers (ratio, 5a/6a= - - 

78/22) in 92% yield.'' Performing the reduction with sodium borohydride in the 

presence of 1 equiv. of cerium trichloridel1 at -78 'C increased the amount of 

the stereoisomer (a) (94% yield; ratio. %/a= 61/39). Major stereoisomer (2) 
12 was oxidized into the corresponding sulfone ((+I-l), [ olD2' +l3.9 ( c  0.81, 

CH2Cl21, with 3 equiv. of g-chloroperbenzoic acid in CH2C12, and the 

recrystallized compound ((+)-I) was then subjected to single-crystal X-ray 

structure analysis. The diffraction data were refined to an unweighted residual 

value of 0.040 for the structure (2) with the absolute configuration (C-3 and 

C-8 having the (g)-configuration). 
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Next, chiral imine ( ( - ) - =  (R= allyll) was reacted with 5 equiv. of methyl 

acrylate in DMF at 25 'C for 5 days to give (~)-(+I-3-allyl-3-(2-methoxycarbonyl- 

ethyl)-4-thianone ( ( G )  (R= allyl))13 [23% yield, [alD25 +17.0D ic 1.83, EtOH), 

95% eel. Similarly, keto ester (iR)-i-)-& (R= allyl)), 8% yield, 95% ee, was 

obtained from the reaction of the imine ((+I-& (R= allyl)) and methyl acrylate 

in THF. When keto ester ((5)-(+)-&) was reduced with 1 equiv. of sodium 

borohydride (25 'C, MeOH, 2.5 h then 1% HC1, 0.5 h), the corresponding lactones 

( 5 b v  -19.4O (c 1.34. CH2C12). and 6b. (olDZ5 -59.2' (c 0.32, C H ~ C ~ ~ ) ) ,  

were obtained in 42% yield (ratio, a/%= 80/20).14 We then attempted to convert 
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the C-S bonds of bicyclic lactone I(-)-%) into C-H bonds with a variety of 

nickel reagents (e.g. Raney Ni, nickel boride). Nickel boride,15 conveniently 

generated in situ from nickel chloride hexahydrate and sodium borohydride in 

MeOH-THF at 0 T ,  has been used to desulfurize major stereoisomer (I-)-%) to 

the corresponding lactone I (+)-&)I6 [43% yield, [a lDZ5 +85.3- lc 0.27, EtOH) I. 

The compounds reported herein will be useful as optically active synthons for 

the synthesis of interesting natural compounds, and the further studies along 

this line are in progress. 
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