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Summary: Reaction of chiral 2-[(tributylstannyl)methyl]propenamides with 

aldehydes proceeded with 1,6-asymmetric induction to give, after hydrolysis, 

a-methylene-y-butyrolactones in enantiomeric excesses as high as 80%. 

In recent years there has been considerable interest in the development 

of new methods for the synthesis of a-methylene-y-butyrolactones (dihydro-3- 

methylene-2(3H)-furanones), since such compounds possess antitumor, 

cytotoxic, and growth-inhibitory activity, and fungitoxicity, 
1 
and also 

serve as intermediates for the synthesis of furans and insect pheromones. 
2 

Although various routes to achiral a-methylene lactones have been 

developed, 
3 
little attention has been given to the asymmetric synthesis of 

this class of compounds. 
4 

We have previously reported the enantioselective addition of the chiral 

dianion of N-[(S)-l-methoxymethyl-2-methylpropyl]-2-methylpropenamide to 

aldehydes. 
4 

However, the optical yield in this reaction was quite low 

(12% eel. 
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We now report the successful asymmetric synthesis of Y-alkylsubstituted 

a-methylene-y-butyrolactones via 1,6-remote chirality transfer using new 

chiral reagents, 2-i (tributylstannyl)methyl]propenamides. 

Optically active 2-f (tributylstannyl)methyl]propenamides la-ld (Scheme 1) _a _- 
were prepared in 58-93% yields by adding 1.2 equiv of tributyltin chloride to 

a THF solution of the dianions of the corresponding 2-methylpropenamides. 4,5,6 

The amides la-Id can be readily isolated as viscous oil by silica gel . ..e __ 
chromatography and stored in a freezer for several months without 

decomposition. 
5 

Since both the absolute stereochemistry and the optical purity of 

y-isobutyl-a-methylene-y-butyrolactone are known, 
2a 

we first investigated the 

reaction of these chiral reagents with isovaleraldehyde as the electrophile 

(eq 1). 
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3 

(1) 

Thus, reaction of N-[ (S)-a-methylbenzyl]-2-[(tributylstannyl)methyl]- 

propenamide t(S)-(-]-la) with isovaleraldehyde using 4 equiv of BF30Et27 

proceeded efficiently at low temperature to afford y-hydroxy-a-methyleneamide 

2~ in 80% yield, which was readily hydrolyzed by refluxing in dioxane 

containing 5% hydrochloric acid to give y-isobutyl-a-methylene-y-butyrolactone 

(_3) in 81% yield (Table I).' 

Although the use of BF30Et2 resulted in negligible asymmetric induction 

i--3%), an enhancement in selectivity was observed when N-[(S)-l-methoxymethyl- 

2-methypropyll-2-i (tributylstannyl)methyl]propenamide i(S)-(-)-lb) derived _- 
from (S)-(+I-valine was treated with the aldehyde in the presence of 1 equiv of 

TiC14. The use of N-[ (S)-1-methoxymethyl-3-methylbutyll-2-I (tributylstannyl)- 

methyllpropenamide ((S)-(-)-lc) obtained from (S)-(+)-leucine caused a marked -_ 
increase in optical purity. The highest enantioselectivity was finally 

achieved by the use of N-[ (S)-a-(methoxymethyl)phenethyl]-2-l (tributylstannyl)- 

methyllpropenamide t(S)-(-)-Id), prepared from (S)-(-)-phenylalanine, in the -._ 
the presence of 4 equiv of TiC14 in dichloromethane, and (S)-(-)-3 being formed 

in optical yield of 79%. The R antipode 3 with 78% enantiomeric excess is 

available in 96% chemical yield by using the amide (R)-(+)-Id, derived from 

(R)-(+I-phenylalanine, and isovaleraldehyde. No reaction took place when 
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SnC14, TiC1(0-i-Pr)3, or Ti(O-i-Pr) 4 was employed as a Lewis acid. 

Table 1. Asymmetric Synthsis of e-Methylene-y-Butyrolactones from 

Isovaleraldehyde 

Lewis Yield Yield [IX],, , deg Optical configu- 

Entry Amide acid of 2 of 3 (temp("C), Yield ration 

(equivja (%I - (%I - c in EtOH) of 3(%)b 

1 (S)-(-)-la BF30Et2(4) 80 81 -2.3(23, 1.43) 3.4 (S) 

2 (S)-(-1-l"; TiC14 (I) 85 95 +10.8(18, 1.79) 16 (R) 

3 (RI--(+)-;a TiC14 (4) 80 85 -10.9(24, 1.11) 16 (S) 

4 (S)-(-J-j& BF30Et2(4) 85 95 -2.2(24, 1.46) 3.3 (S) 

5 (S)-(-)-2b TiC14 (I) 85 69 -28.0(21, 1.76) 42 (S) 

6 (S)-(-)-lb TiC14 (4) 81 88 -43.6(22, 1.55) 65 (S) 

7 (RI-(+)-;b TiC14 (1) 84 99 +31.4(25, 1.51) 47 (R) 

8 G)-(-)-;c BF30Et2(4) 88 81 -2.8(24, 1.59) 4.2 (S) 

9 (S)-GC TiC14 (4) 77 93 -48.5(24, 1.78) 72 (S) 

10 (RI-(+)-;c 86 98 +40.9(25, 1.55) 61 (R) 

11 (S)-(-)-G 

TiC14 (1) 

TiC14 (4) 75 65 -52.9(25, 1.86) 79 (S) 

12 (RI-(+)-;;i TiC14 (4) 99 97 +52.4(25, 1.66) 78 (R) _* 

a) The reaction was carried out at -78OC to 0°C for 4 h. 

b) Optical pure (S)-(-)-3 is reported to have [a]i5 -66.6"(c 1.83, EtOH) 

and optical pure (RI-(+)-3 to have [ali +67.0°(c 1.44, EtOH). See 

ref. 2a. 

Similarly, pentanal, hexanal, and octanal readily reacted with the chiral 

amide (S)-(-)-Id or (RI-(+I-ld in the presence of 4 equiv of TiC14 to furnish, __ I_ 
after acid hydrolysis, the corresponding a-methylene-y-butyrolactones in good 

chemical yields with high enantiomeric purities. 5,8 

W(C”& a W(W), 43 0 

WH -4: 82%ee N-I-) -5: 82%ee 

(R)-(+)-4: 78% ee (R)-(+)-5: 8OXee 

CH,(W), a 0 
(S)-(-)- 8: 78%ee 

(R)-(+)-6: 78% ee 

The mothod is apparently quite general, operationally simple, and provides 

access to both enantiomers by selecting the proper amides as the starting 

chiral auxiliaries. 

We are continuing to explore the mechanism of the present 1,6-remote 
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asymmetric induction and applications of these chiral reagents to the synthesis 

of natural products. 
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