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Abstract — Chiral hydroxyethyllactones prepared from
o-acetyl-v-butyrolactones by fermenting with baker's yeast

are reduced to give chiral triols.

The utilization of emzymes for the synthesis of chiral compounds has been becoming a powerful
tool in synthetic organic chemisrty. Asymmetric reduction of carbonyl compounds with baker's yeast
{ Saccharomyces cerevisiae ) gave chiral alcohols which have been employed as chiral bullding

blocks for the synthesis of optically active materials.? In this paper, we describe a synthesis of

chiral lactones and triols, which could be exceilent chiral synthons"s"’ for the synthesis of chiral
compounds, by reduction of acetyl butyrolactones with baker's yeast.

As shown at Table |, c-acetyl-y-butyrolactone (1a) and o-acetyl-c-methyl-y-butyrofactone (1b) were
treated with baker's yeést for 48 h at room temperature to atford 35- and 3R-(1'S-hydroxyethyl}-y
butyrolactones ( 2a and 2c ), and 38- and 3R-methyl-35- and 3A-(1'S-hydroxyethyl)-y-

butyrolactones ( 2b and 2d ), respectively. The absolute stereochemistry at Cy of 2a-2d was

determined as S-configuration by Mosher's,3 modified Mosher's? and Horeau methods.5
The corresponding chiral triols, ( 3R, 45 )- and { 35, 45 )-3-hydroxymethyl-1,4-pentanediols
{ 3a, 3¢ ), and ( 3R, 45 }- and { 35, 4S )-3-hydroxymethyl-3-methyl-1,4-pentanediols ( 3b, 3d ) were

prepared by LiAlHa reduction of 2a-2d, respectively.
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Table I. Synthesis of Triols ( 3a-3d )
—»
CH3 (3a) R=H
R (8b) R =CHy
Baker's yeast
o 48 h
room temperature
{(1a) R=H CHgy
{(1b) R= CH3 R H
H
—
H OH
(3R, 18) { 38, 45 )
{2¢) R=H {3¢) R=H
(2d) R = CHy (3d) R=CHy
. a) b) . a) '
sub- | Yields of [ [a] g of 2 %ee Yields of [@] p of 3
strate 2 (%) ( in CHCl5) ot 2 3 (%) ( In CHCly)
2a | 40 +36.9 s |3 -6.1°
a 76
(c=13) (c=14)
1a
0 o
2.9 +4.4
2¢c | 40 + 3c
{e=1.0) 80 76 (c=13)
+22.3° +16.4
2b | 36 | (c=16) 80 13b 1 84 | 41
1b
+22.5 +3.1
3d
2d. 40 | (oo 16) %0 72 {c= 1.5 )J

a) Temperature:
MTPA esters.( see ref. 2 }

21-26°, b) Calculated on the 1H-nmr analysis of their (R)- or (S}
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The absolute configuration at C3 of 3a and 3c was determined by the TH-nmr spectral analysis of
the 1,3-dloxanes { 4a and 4c ) prepared from 3a and 3¢. In the TH-nmr spectrum of 4a, the coupling
constant between H4 and Hs was 10 Hz { trans ), while that of the isomer 4c was 3.5 Hz ( c¢is ).
Thus, the stereochemistry at Cs of 4a was concluded to be R-configuration, and that of 4¢ was S-
conflguration. Therefore, the absolute stereostructures of 3a and 3¢ wete confirmed as
represenied In Table |.

The elucidation of the absolute configuration at C3 of 3b and 3d was achieved by the Cs-methyl
resonance® ¢ In TH-nmr spectrum ) of 1,3-dloxanes { 4b and 4d ) .

The Cs-methyl resonance in 4b_ was observed at & 1.05 ppm ( axlal ), while that of 4d was at & 0.73
ppm ( equatorial ), then the absolute configuration of each Cs at 4b and 4d was determined as R
and §, respectively ( Scheme 1 ). Consequently, the stereochemistry of 3b and 3d was established

as shown in Table I.

CH
Hgo ~SoM4
I
3a —» 54 o on 3c ——» KCH3
chn CHgy
3
4a 4c
J Hy-Hg = 10 Hz (trans) J HyeHs = 25 bz (eis)
( 48, SR ) (48, 5%)
) CHy
| H
CHy 3 0
3b ———» o3 3d ——> CHy
CH
3 HO 0 CHy
ety 4d
||| o L S
H 3 Hy
O%CHS CHy 0
CHy d CHy o
5 0.73
HO
CHy & 1.05 HO
{ 4S5,5R ) { 45,55 )

b = 2,2-dimethoxypropane / pyridium p-toluenesulfonate
at room temperature for 5h

Scheme 1

Thus, optically active 3-(1'-hydroxyethyl )-y-butyrolactones { 2a-2d ), and 3-hydroxymethyl-1,4-
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proparediols ( 3a-3d } were prepared from c-acetyl-y-butyrolactenes ( 1a and 1b ) by use of baker's

yeast.

Those lactones and triols are useful for the synthesis of chiral compounds.
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