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Abstract: A range of (S)-B-hydroxy esters has been prepared in high yield (56-96%)
and with very high enantioselectivity (>94%) using a yeast mediated reduction in light
petroleum. It was found that the ester functionality had a marked effect on both the isolated
yield and the quantity of yeast required to effect complete reduction. © 1997 Elsevier
Science Ltd

Introduction

Homochiral B-hydroxy esters can be readily prepared via the stereoselective reduction of B-keto
esters and have been used as chiral starting materials for the synthesis of a variety of important
chemicals including B-lactams,! insect pheromones? and carotenoids.> One of the most widely
used means of effecting stereoselective reductions of this type is through the use of the biological
catalyst, yeast. A major limitation of this methodology is the difficulty in extracting the product from
fermentation broth and consequently often only moderate yields of products are obtained. Recently
we have shown that similar reductions are possible using a considerably simpler reaction system
involving non-fermenting yeast in an organic solvent.*> North,® and more recently Rotthaus et al.,’
have reported the reduction of a variety of keto esters using our reaction protocol although considerably
more yeast was employed to achieve complete reduction. We would now like to report our results
concerning the reduction of B-keto esters containing differing ester groups utilising our yeast/organic
solvent reaction system,

Results

Yeast reduction of B-ketoesters

A series of B-ketoesters, prepared using standard literature procedures,® was subjected to yeast

mediated reduction using the conditions previously reported to be optimum for the reduction of ethyl
acetoacetate 1b: 1mmol substrate, 1g yeast, 0.8ml water, 50ml light petroleum at room temperature
for 24h. For the majority of the ketoesters, 1g of yeast was insufficient to effect complete reduction.
Reactions utilising increasing amounts of yeast were therefore conducted to determine the minimum
amount of yeast required. Removal of the yeast by filtration followed by washing with ethyl acetate and
distillation gave high to near quantitative yields of the (S)-B-hydroxy esters (Table 1). For comparison
purposes, results reported for the reduction of the B-ketoesters using an aqueous reaction system with
fermenting yeast are also given.

As can be seen, the yield of isolated material varied considerably with the nature of the ester group.
The methyl, ethyl, tert-butyl and benzyl esters gave good yields, 56-72%. These yields are better
than those reported for reduction with fermenting yeast in an aqueous system or in organic solvents;
North® obtained complete conversion and isolated yields of 15-39%, Rotthaus et al.” also achieved
100% conversion but did not report isolated yields. Virtually quantitative yields were obtained for the
iso-propyl, butyl and sec-butyl esters. These are considerably higher than reported yields for these
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Table 1. Yeast mediated reduction of B-ketoesters?~!12

o O Yeast H Q

/U\)LOH Light Petroleum /\)LOR

M ()

nQ

R Yeast Isolated ee Aqueous
(g/mmol) Yield (%) system
(%) Yield (ee)
a Me ] 57 98¢s) | 2387y
b Et 1 69° 99¢s) | 76 (85)"°
¢ iPr 2 96 97(S) N/A®
d nBu 3 89 >99¢S) [ 58 (%0)"
e 1Bu 11 68 98¢s) | 61(85)"
f sBu 4 89 97¢5)* | 45(14)"
| g Bn 5 72 94(S) N/A®

? ee at the hydroxy centre, no enantiomeric excess was observed at the ester centre.
® not reported using an aqueous reaction system.

esters using fermenting bakers yeast and are among the highest yields reported for a yeast reduction
reaction. The reason for the marked variation in the yields is not clear, however it does not appear to
be due to absorption of substrate or product onto the yeast since similar isolated yields were obtained
using 1g yeast/mmol 1b and 11g yeast/mmol 1e. If material was being absorbed onto the yeast it would
be expected that the greater the amount of yeast employed the more material would be absorbed and
the lower the isolated yield would be. Yeast catalysed ester hydrolysis is also unlikely to be the cause
of the difference in isolated yields as no trace of liberated alcohol could be detected in the reaction
mixture using gas chromatography.

In all cases the reduction proceeded with a high degree of stereoselectivity (94-99%ee) to
give the (S)-B-hydroxy esters. The preferential formation of the (S)-enantiomer is consistent with
reported reductions of these esters utilising both aqueous and organic reaction systems although the
enantioselectivity achieved is generally higher than that obtained using the other systems.

Yeast reduction of the sec-butyl ester 1f gave high enantioselectivity but showed no evidence
of diastereoselectivity. Incomplete reduction (62% conversion by gas chromatography) of sec-butyl
acetoacetate was achieved using 1g of yeast/mmol, examination of the product using chiral GC also
showed no evidence of diastereoselectivity. (S)-sec-Butyl acetoacetate did not react with yeast faster
than the racemic material and required the same amount of yeast for complete reduction. This indicates
that both enantiomers of the B-ketoester were reduced by the yeast at a similar rate which is consistent
with reported results for this compound using an aqueous reaction system. !

The amount of yeast required to effect complete consumption of starting material (as measured by
gas chromatography) increased with the size of the ester group. The smaller methyl and ethyl esters are
reduced with just 1g of yeast whilst the more sterically demanding tert-butyl group requires 11g. The
requirement for increased amounts of yeast strongly suggests that the compounds with the larger ester
groups react at a slower rate, possibly due to increased steric interactions with the enzyme binding site.
If the requirement for larger quantities of yeast is purely rate related then it would be expected that
longer reaction times should allow complete reaction using lesser amounts of yeast. Longer reaction
times do not lead to increased conversion due to a significant decrease in yeast reductase activity
after exposure to the reaction system for 24h. This can be demonstrated by stirring yeast in light
petroleum/water for 24h prior to the addition of substrate (ethyl acetoacetate) and then allowing the
reaction to proceed for a further 24h. Very little reduction (13%) is observed in this case compared to
complete consumption of substrate if it is added immediately.
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Conclusion

The yeast mediated reduction of B-ketoesters in light petrol is a simple procedure for the
stereoselective preparation of (S)-3-hydroxy butanoates. By judicious choice of the ester group it is
possible to obtain a quantitative yield of enantiomerically pure material. The yields and stereoselectivity
obtained using this method are far superior to that reported for reductions using fermenting yeast in
an aqueous environment.

Experimental
General

Methyl acetoacetate la, benzyl acetoacetate 1g, (S)-(+)-2-butanol and 2,2,6-trimethyl-4H-1,3-
dioxin-4-one were purchased from Sigma Aldrich.

Gas chromatography was performed on a Shimadzu GC-17A with FID. The column was an HP-1
(12mx0.22mm) with a thickness of 0.33mm and a non-polar, crosslinked, methylsiloxane phase. Chiral
gas chromatography was performed on the trifluoroacetates of the reduced products as previously
described.* The chiral column was a Chiraldex G-TA (30mx0.25mm) with a thickness of 0.125mm
and a cyclodextrin phase. Bulb to bulb distillations were performed on a Buchi GKR-50. 300MHz 'H
n.m.r. were recorded on a Bruker DPX300 instrument and refer to deuteriochloroform solutions with
tetramethylsilane as the internal reference (8=0.00ppm). Optical rotation measurements were carried
out on a Optical Activity Polaar 2000-AA series polarimeter.

‘Mauripan-Instant Dry Yeast’ (Saccharomyces cerevisiae) was obtained from Mauri Foods Ltd,
Australia and stored at room temperature.

Light petroleum refers to the fraction boiling at 40-60°C.

Preparation of B-keto esters

iso-Propyl acetoacetate I¢ (R=iPr)

2,2,6-Trimethyl-4H-1,3-dioxin-4-one (5g, 0.035mol) was added to iso-propanol (20ml) with ca-
talytic quantities of p-toluene sulfonic acid and refluxed for 4h. Removal of iso-propanol under
reduced pressure gave a mixture of starting material and product. The product was isolated by forming
the copper chelate followed by recrystallisation and regeneration of the desired B-keto ester using
the procedure described by White et al.!3 Bulb to bulb distillation (100°/20mm) gave iso-propyl
acetoacetate (0.9g, 17%). lit.'# b.p. 69°/11mm. 'H n.m.r. §(CDCl3) 1.28, d, J 6.2Hz, (CH3)2; 2.28,
s, H4; 3.43, s, H2; 5.08, sept, J 6.2Hz, CH. 13C n.m.r. § 21.08, (CH3)2; 29.47, C4; 49.88, C2; 68.41,
CH; 166.06, C1; 200.19, C3.

tert-Butyl acetoacetate Ie (R=tBu)

Using a similar procedure 2,2,6-trimethyl-4H-1,3-dioxin-4-one (5g, 0.035mol) and tert-butanol
(20ml) gave the title compound after purification using the copper chelate methodology (0.8g, 14%).
b.p. 120°/20mm. lit.!’ b.p. 85%/20mm. 'H n.m.r. 8(CDCl3) 1.49, s, 1Bu; 2.27, s, H4; 3.36, s, H2. 13C
n.m.r. 8 27.34, Bu; 29.4, C4, 5091, C2; 80.6, C1’; 165.94, C1; 200.33, C3.

sec-Butyl acetoacetate If (R=sBu)

Using a similar procedure 2,2,6-trimethyl-4H-1,3-dioxin-4-one (5g, 0.035mol) and 1-methyl pro-
panol (20ml) gave the title compound after purification by distillation (120°/20mm), (3.94g, 72%).
'H n.m.r. 8(CDCl3) 0.924,t, J 7.5Hz, H3'; 1.25, d, J 6.2Hz, H4’; 1.59, m, H2’; 2.29, s, H4; 3.45, s,
H2; 491, m, H1". 3C n.mr. § 8.9, C3'; 18.7, C4’; 28.2, C2; 29.4, C4; 49.8, C2; 729, C1’; 166.2,
C1; 200.0 C3. The n.m.r. data is identical to that previously reported.'2
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(S)-(+)-sec-Butyl acetoacetate 1f (R=sBu)

Using a similar procedure 2,2,6-trimethyl-4H-1,3-dioxin-4-one (0.9g, 6.3mmol) and (S)-(+)-1-
methyl propanol (0.5g, 6.7mmol) gave the title compound after purification by distillation (120°/20mm)
(0.4 g, 47%). [alp +19.1.

Butyl acetoacetate 1d (R=Bu)

Ethyl acetoacetate (15g, 0.125mol) was refluxed in BuOH (50ml) and p-toluene sulfonic acid
(100mg) for 2h. Removal of the BuOH gave a mixture of butyl acetoacetate and the enol ether. It
was not possible to readily separate these compounds so the acetoacetate was used without further
purification (4.8g, 27%). 1it.!® b.p. 81°/Smm. 'H n.m.r. 8(CDCl3) 0.95, t, J 7.3Hz, H4'; 1.41, m, H3';
1.65, m, H2'; 2.28, s, H4; 3.45, s, H2; 4.16, t, J 6.5Hz, H". 13C n.m.r. § 12.97, C4’; 18.41, C3';
29.43, C2’; 29.89, C4; 49.52, C2; 64.65, C1'; 166.6, C1; 199.9, C3.

General procedure for yeast reduction of B-keto esters
(S)-(+)-Methyl 3-hydroxybutyrate 2a

Methy! acetoacetate 1a (1g, 8.6mmol) was added to a 500ml round-bottom flask with yeast (8.6g),
water (6.9ml) and light petroleum (300m!) and stirred at room temperature for 24h. The reaction
mixture was filtered and the yeast washed with ethyl acetate (100ml). The solvent was then removed
under reduced pressure, and bulb to bulb distillation (b.p. 170°) gave the desired product (0.56g, 57%).
lit.'7 b.p. 71-73%17mm. 'H n.m.r. §(CDCl3) 1.25, d, J 6.3Hz, H4: 2.44, dd, J 8.4, 16.5Hz, H2; 2.53,
dd,J 16.5,3.9Hz, H2; 3.73, s, CH3; 4.22, m, H3. BCn.m.r. § 21.81,C4; 41.93,C2; 51.07, CH3; 63.63,
C2; 172.6, C1. [a]p +46.89 (CHCl3, c=1), lit.'® +33.3 (CHCl3, c=1.2). Chiral gas chromatography
showed a ratio of 99:1 (98%ee).

iso-Propyl (S)-(+)-3-hydroxybutyrate 2¢

Using a similar procedure 1-methy! ethyl 3-acetoacetate (1¢) (1g, 6.3mmol) was reacted with yeast
(27.4g) and water (22ml). Bulb to bulb distillation (100°/20mm) gave the desired product. (0.95g,
96%). 1it.'? b.p. 78-79°/21mm. 'H n.m.r. §(CDCl3) 1.23, d, J 6.3Hz, H4; 1.27, d, J 6.3Hz, (CH3);;
240, dd, J 16.2, 8.4Hz, H2; 2.48, dd, J 16.2, 3.6, H2; 2.66, s(br), OH; 4.21, m, H3; 5.07, sept, J
6.3Hz, CH. 13Cn.m.r. § 21.1,C4; 21.8, (CH3),; 42.5, C2; 63.7, C3; 67.5, CH; 171.8, C1. []p +38.89
(CHCl3, c=1). Chiral gas chromatography showed a ratio of 98.4:1.6 (97%ee).

Butyl (S)-(+)-3-hydroxybutyrate 2d

Using a similar procedure butyl 3-acetoacetate 1d (1g, 6.3mmol) was reacted with yeast (18.9g)
and water (15.1ml). Bulb to bulb distillation (100°/1mm) followed by radial chromatography (light
petroleum:ether, 90:10) gave the desired product (0.9¢g, 89%). 115 b.p. 81°/Smm. 'Hnm.r 8(CDCl3)
0.94,1, J 7.5Hz, H4"; 1.23, d, J 6.3Hz, H4; 1.36, m, H3'; 1.62, m, H2'; 2.41, dd, J 16.5, 8.4Hz, H2;
2.49,dd, J 16.5,3.6;,2.95,d, J 3.9Hz, OH; 4.12, 1, J 6.6Hz, H1’; 4.18, m, H3. 13C n.m.r. § 13.0, C4';
18.5, C3'; 21.8, C4; 30.0, C2'; 42.2, C2; 63.6, C3; 63.9,C1’; 172.3, Cl. [a]p +36.70 (CHCl3, c=1),
1it.20 [o]p +35.1 (97%ee). Chiral gas chromatography showed only one enantiomer (>99%ee).

tert-Butyl (S)-(+)-3-hydroxybutyrate 2e

Using a similar procedure terz-butyl 3-acetoacetate le (0.6g, 3.8mmol) was reacted with of yeast
(42g) and water (33.4ml). Bulb to bulb distillation (100°/1mm) gave the desired product. (0.41g, 68%).
lit.12 b.p. 74-79%11mm. 'H n.m.r. §(CDCl3) 1.23, d, J 6.3Hz, H4; 1.49, s, rBu; 2.34, dd, J 16.2, 8.4,
H2; 2.43, dd, J 16.2, 3.6Hz, H2; 3.12, s(br), OH; 4.15, m, H3. 13C n.m.r. 8 21.7, C4; 27.5, (CH3)3;
43.2,C2; 63.7,C3; 80.6, C1’; 171.7, C1. [at]p +34.05 (CHCl3, c=1), lit.'? [a]p +30.8 (CHCl3, c=1).
Chiral gas chromatography showed a ratio of 99:1 (98%ee).
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sec-Butyl (S)-(+)-3-hydroxybutyrate 2f

Using a similar procedure 1-methyl propyl 3-acetoacetate 1f (1g, 6.3mmol) was reacted with yeast
(25.3g) and water (20.2ml). Bulb to bulb distillation (140°/20mm) gave the desired product. (0.9g,
89%). 'H n.m.r. 8(CDCl3) 0.92, t, J 7.5Hz, H3'; 1.240, dd, J 6.3Hz, H4' (RS); 1.242, d, J 6.3Hz,
H4’ (SS); 1.245,d, J 6.3Hz, H4; 1.6, m, H2'; 2.409, dd, J 16.2, 5.4Hz, H2 (RS); 2.413, dd, J 16.2,
5.4Hz, H2 (SS); 2.499, dd, J 16.2, 3.9Hz, H2 (8S); 2.501, dd, J 16.2, 3.9Hz, H2 (RS); 3.027, s(br),
OH; 4.2, m, H3; 4.9, sextet, J 6.3Hz, HI’. 3C n.m.r. § 9.0, C3’; 18.8, C4’; 21.8, C4; 28.1, C2'; 42.4,
C2; 63.7, C3; 72.1, C1’; 172.0, C1. [a]p +31.11, (CHCl3, c=1), lit.!? [a]p +13.7, (CHCI3, c=1).
Chiral gas chromatography showed a ratio of 98.7:1.3 (97%ce).

(S)-sec-Butyl (S)-(+)-3-hydroxybutyrate 2f

Using a similar procedure (S)-sec-butyl 3-acetoacetate 1f (0.158g, Immol) was reacted with yeast
(4g) and water (3.2ml). TH n.m.r. §(CDCl3) 0.92, t, J 7.5Hz, H3'; 1.242, d, J 6.3Hz, H4’; 1.245, d,
J 6.3Hz, H4; 1.6, m, H2'; 2.413, dd, J 16.2, 5.4Hz, H2; 2.499, dd, J 16.2, 3.9Hz, H2; 3.027, s(br),
OH; 4.2, m, H3; 4.9, sextet, J 6.3Hz, H1’. 13C n.m.r. § 9.0, C3"; 18.8, C4"; 21.8, C4; 28.1,C2’; 42.4,
C2; 63.7,C3; 72.1,C1’; 172.0, C1. [&]p +52.3, (CHCI3, c=1). Chiral gas chromatography showed a
ratio of 98:2 (96%ee).

Benzyl (S)-(+)-3-hydroxybutyrate 2g

Using a similar procedure benzyl 3-acetoacetate 1g (lg, S.2mmol) was reacted with yeast (26g)
and water (28.8ml). Bulb to bulb distillation (100°/1mm) gave the desired product. (0.72g, 72%). IH
n.m.r. 8(CDCl3) 1.25,d, J 6.3Hz, H4; 2.49, dd, J 16.8, 8.4Hz, H2; 2.58, dd, J 16.8, 3.6Hz, H2; 4.24,
m, H3; 5.18, s, H1’; 7.38, s, Ph. 13C n.m.r. § 21.9, C4; 42.3, C2; 63.7, C3; 65.9, C1’; 127.6, 128.0,
(0, m); 127.8 (p); 135.0, (i); 172.0, C1. The n.m.r. data is identical to that previously reportcd.2l []D
+29.0 (CHCI3, c=1). Chiral gas chromatography showed a ratio of 97:3 (94%ee).
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