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Abstract

Asymmetric synthesis of methyl 2-alkyl-3-hydroxybutanoate having three consecutive chiral centers with a
reductase from bakers' yeast has been investigated. When the enzyme is employed in the reduction of a B-keto
ester substituted by a secondary alkyl group at a-position, the reaction affords the corresponding B-hydroxy ester
in excellent stereoselectivity. © 1998 Elsevier Science Ltd. All rights reserved.
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groups that are readily convertible to other fi ns [1-6]. Although a number of
asymmetric syntheses of a-alkyl-B-hydroxy esters by chemical [7-9] and biochemical [10-12]
methods have been reported, there have been few reports on asymmetric syntheses of B-

ing three consecutive stereocenters. They are important precursors of
trisubstituted blologxcally active lactones [13, 14]. We have explored a novel synthetic route
to such B-hydroxy esters by tandem introduction of three consecutive chiral centers.

Microbes, e. g. bakers' yeast, are powerful tools for asymmetric syntheses. However

stereoselectivity exerted by a microbe is not always satisfactory for artificial substrates.
Poor stercoselectivity is often the result of simultancous action of several enzymes that exert

opposite stereochemistry toward the substraie {15-20]. In such a case, the use of an isolaied
enzyme is recommended for obtaining a pure enantiomer.
Recently, we reported the isolation of four B-keto ester reductases from bakers' yeast [16]

0040-4039/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)02102-9



9220

and the improvement of the stercoselectivity by employing an isolated enzyme in the
reduction [17, 19].  One of them, Yeast Keto Ester Reductase-I (YKER-I), affords (5)-8-

hydroxy esters in excellent enantioselectivities from various P-keto esters.  Particularly, in
the reduction of alkyl 2-alkyl-3-oxobutanoate, this enzyme can recognize the stereochemistry
not only at the reaction center but also at the adjacent carbon atom to give the corresponding
(2R,3S5)-hydroxy esters in excellent enantio- as well as diastereoselectivities [17, 21-23]. In
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his paper, we would like to report the synit
0

hesis of optically pure 3-hydroxy esters having
three consecutive chiral centers by means of YKER-I (Scheme 1).
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Methyl 2-sec-alkyl-3-oxobutanoates 1 were prepared by acylation of the corresponding

methyl esters with acetic anhydride in the presence of lithium diisopropyiamide in THF.

In the enzymatic reduction of 1, the chiral carbon at 2-position remains racemic
throughout the reaction due to enolization, and only (2R)-1 is reduced with YKER-I to the
corresponding (2R)-2 almost in 100% chemical and enantiomeric yields [21].  On the other
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if YKER-I discriminates the chiral center at Ii—position, the reaction must cease after 50%
conversion of the substrate. The selectivity, however, is not so strict as to cease the reaction

at 50% conversion. In order to regulate the conversion of the substrate, a coupling system

uq

reduced with YKER-I and NADPH in potassium phosphate buffer (KPB) at pH 7.0. The
results are listed in Table 1.

Scheme 2
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Moderate chemical yields of the products indicate that the coupling system employed for
the coenzyme regenerating is cffective to regulate the conversion of the substrate. The
reduction of 1 with YKER-I affords nnlv two stereoiso

ductior affords ste mers out of eight possible

stereoisomers of the hydroxy esters 2 in excellent enantioselectivities (>99% e.e.). The
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Table 1
Asymmetric reduction of B-keto esters 1 with YKER-I

Compd. R Conv. (%) Ratio of Products (e.e.%)
major : minor

-.b ar -y QO A0 00
a {914 his} /1 (>YY) L9 {~77)
b Ph® 46 55 (>99) 45 (>99)
c 4-MePh 28 51 (>99) 49 (>99)
A A_-ReD ole) T <00 20 {>00)
d 4-BrPh 22 70 (>99) (>99)
e CHCOMe® 30 99 (>99) N

* Canditions: 1: 50 pmol, NADPH: 1.2 pmol, YKER-L: 0.5 units, GGPDH: Sunits, G6P: 25 umol,
KPB (pH 7.0, 10 mM): 2 ml. " Trace amount of another stercoisomer (£1%) was dctected.
¢ E.e. was not determined.

stereoisomers except for those of 2a are readily separatable each other by column
chromatography on silica gel, and we can obtain enantiomerically pure isomers of 2 without
difficulty. The diastereoselectivity of the reaction depends highly on the variation of the
substituent R: when R is an alkyl or aryl group, diastereoselectivity of the reaction is
unsatisfactory (1a-1d). However, in the reduction of le, the diastereoselectivity is much

1mproved and plactlcally only one stereoisomer of 2e was obtained in more than 98% purity
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in order to determine the absoiute configuration of 2e-1 (major) and II (minor), a mixture

was prepared by bakers' yeast reduction of le and subjected to column chromatography on
silica gel with an eluent of hexane/ethyl acetate (3/1) to isolate pure I and II.  Each

diastereomer was converted into the Qorr@spon ng 8 lactone in refluxmg benzene in the

presence of p-toluenesulfonic acid (Scheme 3).
Scheme 3
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Configurations of I and II were determined by the coupling constants between H3 and H4,

1§ ¥ — 1 L

and H4 and H5. NOE was observed in the spectrum of the lactone prepared from I and the
results fully consisted with this configuration (Fig. 1). As aforementioned, ($)-hydroxy

esters are always produced by the reduction with YKER-L If the conservation of

cm Y 1€ I 0 on a,
mncmmalkla acciiramtine o T i rinatl e AF Tnntanag Fram T oan ara
erbUHdbic dSSUlptoi, the absolute configurations of lactones fromIa xd II alc (3R, 4R, SS}
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and (35, 4R, 5§), respectively. onfiguration at 4-position of these lactones also agree
with the fact that the configuration at the vicinal position of the reaction center is always R in
la o~ 1 1 4 Tele el Aanrwriaa

. . H
Paired protons for which ol \

NOE was observed. “‘V’—YL ' :
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(3R, 4R, 55)-form (35, 4R, 55)-form
Fig. 1. Determination of configurations of Lactones from I and li.

Now, we have succeeded in developing a method of tandem introduction of three
consecutive chiral centers in a reaction. Further application of the present system will be

reported elsewhere.
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