
Per:lyunon

TETRAHEDRON
LETTERS

TetrahedronLetters 39 (1998) 67–70

Controlof Enantioselectivityin the Bakers’YeastReductionof
&Keto Ester Derivativesin the Presenceof a SulfurCompound

Ryuuichirou Hayakawa, Kazumi Nozawa, Makoto Shimizu and Tamotau Fujiaawa*

mmt Ofchemistry for?daterids,Mie University,Ts., Mie 514, JapaII

Received 29 September 1997; revised 20 October 1997; accepted 22 October 1997

A6sbnct. Improvement of the ensntioselectivityad enhancemmt of the reactivitywereXhkwd
in thebakers’yeaatreductionof the~-ketoesterderivativesby theadditionof a suffrrrCQMpound
@ 1997ElsevierScienceLtd.All rightsreserved.

Opticallyactivealcoholsareimportantbuildingblocksin the synthesisof naturalproducts. Amongtk
strategiesdevelopedfor theirpreparation,mierobiaJreductionof carbonylcompoundsinto the alcoholshas
been widely investigated. The microorganismmost popularand frequentlyused for this purpose is bakers’
yeast.1 In moat cases so far reported, the results are satisfactorywith high chemical yields and high
stereoselectivity. However, it should be emphasized that there have been some examples to afford
unsatisfactoryresults, arisingfrom substratespecflcity, low chemicalyieldsand/or low selectivity.z A few
methodshave been reported to improvethe enantioselectivityin the bakers’ yeast reductionof fMcetoeater
derivativeswhichinvolvethe useof the longrdcoholpartof theester,sadditionof an additiveas an inhibitmof
enzme,q ~tion of ~ inorgtic salt,5 immobilizationof bakera’yeast,6 or use of ~ OrgtiC SOIVent.7
However, the ntte of nxluctionis usually decreasedin such cases. Therefore, more effective methods to
improvethe enantioselectivitywithoutdecreaseof thereactivityhavebeendesired. On theotherhand we have
alreadyreported that the introductionof a sulfur atom into the neighborhoodof the carbonyl group of ti
substrate improved the enantiosektivity and reactivityof the bakers’ yeast redrtction.g We have been
interestedin the effect of a sulfur atom as a modifierof the enantiofacialdiscrimination.With a view to
extendingthe scopeof this typeof bakers’yeastreduction,the teductionof p-ketoester by bakers’yeast in h
presenceof varioussulfitrcompoundshas beenexaminedunder the assumptionthat the cavityof the reaction
site WOUIGwhen a sultitr compoundis added, be changed.Therefore,the improvedenantioaelecdvitywould
be achievedusinga sulfurcompoundas an additive,insteadof introductionof a sulfur atominto the substrate
as a substituent. We report hetein a novel efficientmethodof the bakers’ yeast reductionof II-Mo ester
derivativesin theptwence of a sulfurcompound
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Table 1. The Bakera’ Yeast Reduction of &Keto Ester Derivatives

Entry Substrate S-Compound(MIuiv) Time(h) % Yielda %~b

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26

27

1
1
1
1
1
1
2
2
2
2
2
2
2
2
3
3
3
4
4
4
4
5
5
5
5

5

5

none
Me2S(1.0)
Me2S(2.0)
Bu2S(1.0)

PhSCH=CH2(1.0)
L-Cysteine(1.0)

none
L-Cysteine(1.0)
L-Cysteine(3.0)
L-Cysteine(5.0)
L-Alanine(1.0)

L-Methionine(1.0)
PhSCH=CH2(1.0)
PhSCH=CH2(3.0)

none
HSCH2CH2NH2*HC1(1.0)
HSCH2CH2NH2*HC1(5.0)

none
HSCH2CH2NH’2*HC1(1.0)

PhSCH=CH2(1.0)
PhSCH=CH2(3.0)

none
L-Cysteine(2.0)

PhSCH=CHz (3.0)
PhSCH=CH2(3.0)
+ L-Cysteine(2.0)
PhSCH=CH2(2.0)

+ HSCH’2CH2NH2*HC1(2.0)
PhSCH=CH2(3.0)

+ HSCH9CH9.NH9.OHC1(2.0)

8
3
4
3
3
2

36
19
5.5
6.5
3
4

10
36
2
2
1
3
3
5

96
5
9
9

12

23

35

60
59
42
52
64
49
44
75
75
72
69
77
68
67
65
65
20
62
38
76
12
74
61
64
18

58

46

94
98
99
99
99
98
77
81
90
92
76
77
86
93
22
46
69
64
75
88
97
34C
54C
7(F
7tF

83c

87c

aI~lated yield.b~~min~ by HPL~ of ‘tie c&-respc&ng (-)-MTPAester derivative.c~termined by chid

HPLCof-thecormponding be&oatederivative.

The bakers’yeastreductionof ethylacetoacetate,oneof themostpopular13-ketoesters, is investigated.
In a standardprocedureof the bakers’yeastreduction,a suspensionof dry bakers’yeast (S.I. Lesaffn?)in dist
H@ was stirredfor 0.5 h at ambienttemperature.To the resultingsuspensionwas added a sulfur compound.
After0.5 h wining, an ethanolsolutionof the substratewas added to the suspensionof bakers’ yeast. ‘k
results are summarizedin Table 1. The impmved enantioselectivityin the bakers’ yeast Action of ethyl
acetoacetatewas obtainedusing a sulfur compoundsuch as dimethylsulfide,dibutylsulfide, or phenylvinyl
sulfklewithup to 99%ee, whilethe reductionof ethyl acetoacetatein the absenceof a sulfur compoundgave
ethyl (S)-3-hydroxybutanoatewith94% ee. The absolutestereochemistrywas determinedby the comparison
of theopticalrotation.9Acceleratedreactionrate was achievedusing a sulfurcompound. The accelemtionof
the bakers’yeastreductionusingan additivehas not been previouslyreported.10 ‘l’hehighestrate acceleration
effectwasobtainedusingL-cysteineas a sulfurcompound(entry6). The use of 5 q of L-cysteineenhanced
the reactivityand improvedthe enantioselectivityup to 92% W, while the bakers’yeast nxluctionof butyl 3-
oxopentanoatein the absenceof a sulfurcompoundgavebutyl(S)-3-hydroxypentanoatewith77%ee, in which
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the reactiondid not reach completioneven after 36 h (entry8).11 The memaptogroupof cysteinewould be
effectiveto increasethe enantioselectivityand the aminoacidpart would enhancethe mxwtivity,becauseother
aminoacids, suchas L-alanineor L-methionine,enhancedthe rate of the bakers’yeast reduction,although the
enantioselectivitywasnotchanged(entry11 & 12). The best enantioselectivitywas achievedby the use of 3
eq of phenylvinylsulfii (entry 14).

Opticallyactive 4-chloro-3-hydroxybutanoateis a useful intermediatefor the synthesis of natural
products,such as carnitine.3b Thus, the effectof a sulfurcompoundin the reductionof 4-chlomcetoacetate
was also investigated 2-Arninoethanethiolhydrochlorideeffectivelyenhancedthe enantioselectivity.12‘b
best enantioselectivitywas obtainedusing 5 q of 2-aminoethrmethiolhydrochloride,althoughthe chemical
yieldwas low because2-aminoethanethiolhydrochloridereactedwith butyl 4-chloroacetoacetateto give by-
products. omacetoacetatepossessing a longer alcohol part was used as a substrate to impmve the
enantioselcctivityof the bakers’ yeast reduction. The use of 1 q of 2-aminoethanethiolhydrochlorideor
phenylvinylsulfidein the bakers’yeastreductionof hexyl4-chloroacetoacetateimprovedthe enantioselectivity
in whichcaseshexyl (R)-4-chlom-3-hydmxybutanoatewasobtainedwith75 or 88%c%~spectively (enhy 19
& 20).12The highestenantioselectivityof 97%ee wasachievedusing3 q of phenylvinyl sulfide(entry21).
The use of an excessamountof a sulfurcompounddecreasedthe chemicalyield sndhr reactivityof the -r’
yeastreduction,althoughtheenantioselectivitywas impmved. Thesexesultswould be due to inhibitionof the
mductaseof bakers’yeastor productionof byproductsby the reactionof the substratewitha sulfurcompound.

On the other hand, chiral 3-hydroxybutanoatepossessing a hetero-substituentsuch as an oxygen or
sulfuratomat the CA positionis a usefulintermediatefor the synthesisof a p-lactamcompound@13and thus,
the bakers’yeast reductionof ethyl 4-benzyloxyacetoacetatein the presenceof a sulfur compoundwas also
investigated.T1’ieuse of a sulfur compound such as L-cysteine or phenyl vinyl sulfkle increased the
enantioseleztivity(entry23 & 24). Theabsolutestereochemistrywas determinedby comparisonof the optical
mtation.~ The use of 3 q of phenylvinylsulfideand2 q of L-cysteineenhancedthe enantioselectivitymom
effectivelythan thatof phenylvinylsulfideor L-cysteinealone (entry25). The combineduse of phenyl vinyl
sulfideand 2-aminoethanethiolhydrochloridewas themosteffective. The best enrmtioselectivitywas achieved
using3 q of phenylvinylsulfkleand2 q of 2-aminoethanethiolhydrochloridein up to 87%ee (entry27).

In summary, improvedenantioselectivitywas demonstratedusing a sulfur compoundin the bakers’
yeast duction of p-ketoesters. Moreover,accekmuionof the nxluctionrate, which has not been observed
previously,was achievedin the bakers’yeast reductionof 3-oxoalkanoate.Therefon, the effect of a sulfur
compoundcouldnot be due to the roleof inhibitorof thereductase,becausethe rate of the bakers’yeast in the
presenceof a sulfurcompoundwas accelerated. The sulfurcompoundpossessingamemapto groupsuchas L-
cysteineand 2-aminoethanethiolhydrochloridemay act as a hydridesourceto ~pmduce of NAD(P)Hin the
reduction.14Althoughtheeffectof a sulfurcompoundhas not been substantiated,one assumptionis based on
the interactionof the sulfurcompoundwithan activesiteof reductase. The sulfurcompoundmay interactwith
theactivesiteof bakers’yeast to changethecavityofm.ductase.‘l%emfore,thereactivityand enantioselectivity
were improved. Anotherassumptionis based on the initial interactionof the sulfur compound with the
subsmatein thecase of usinga sulfurcompoundpossessinga mercaptogroup.15 In particular,the -tion of
a thiolcompoundwitha carbonylcompoundgiveshemithioacetal.16A hemithioacetalcompoundwas actually
obtainedunder the present reductionconditionsfrom l-phenyl-l,2-propanedioneand thiophenol. The sulfur
compoundinteractedwith the substrate, and then the sulfur atomin the resulting species intemctedwith h
thiophilicpart of the activesite of reductase. High enantioselectivityin the bakers’yeast reductionof ~keto
ester derivativeswas achievedby combinationof an addition of a sulfur compound with an appropriate
selectionof the alcoholpartof theester.



70

Reference and Notes

1

2

3

4

5
6

7

8

9

10

11

12

13

14
15

16

(a) Servi, S. Synthesis, 1990, 1-25.(b) Csuk,R.; Gllhwer,B. I. Chern.Rev. 1991, 91,49-97. (c)
Santaniello,E.; Ferraboschi,P. EncyclopediaofReagentsfor Orgw”cSynthesis,Paquett,L. A., Ed.;
JohnWiley & Sons:Chichester,1995;Vol. 1,233-236.
(a) Fr4ter,G. Helv. Chim.Acta 1979, 62, 2829-2832.(b) Hirama, M.; Shimizu,M.; Iwashita,M,
J. Chem. Soc., Chem. Commun.1983, 599-600. (c) Ushio, K.; Inouye, K.; Nakamura, K.; K.;
Oka, S.; Ohno, A. Tetrahedron 1986, 27, 2657-2660.(d) Seebach,D.; Eberle, M. Synthesis
1986, 37-40. (e) Gorbach,G.; Crout, D. H. G. J. Chem.Soc., Chem. Cornmun.1988, 264-266.
(f) Spine, C.; Mayes, N.; Desfoss6s,H. TetrahedronLeft. 1996,37,6503-6506.
(a) Zhou,B.; Gopalan, A. S.; Middlesworth,F. V.; Shieh, W. -R.; Sih, C. J. J. Am. Chem.Soc.
1983, 105, 5925-5926. (b) Fuganti, C.; Grasselli, P.; Casati, P.; Carmeno, M. Tetrahedron
1985,26, 101-104.
(a) Nakamura, K.; Inoue, K.; Ushio, K.; Oka, S.; Ohno, A. Chem. Lett. 1987, 679-682. (b)
NakamQ K.; Kawai, Y.; Oka, S.; Ohno, A. Bull. Chem. Soc. Jpn. 1989, 62, 875-879. (c)
Nakamura,K.; Kawai, Y.; Ohno,A. TetrahedronLett. 1990,3Z, 267-270.(d) Ushio, K.; Ha&, J.;
Tanaka, Y.; Ebara, K. EnsymeMicrob. Technol.1993,15, 222-228.
Nakamura,K.; Kawai, Y.; Oka, S.; Ohno,A. TetrahedronLett. 1989,30,2245-2246.
(a) Nakamura,K.; Higaki, M.; Ushio, K.; Oka, S.; Ohno, A. Tetrahedron 1985, 26, 4213-
4216. (b) Naoshima,Y.;Hasegawa,H. Chem.Len. 1987, 2379-2382.
(a) North, M. TetrahedronLett. 1996, 37, 1699-1702.(b) Rotthaus, O.; Kriiger, D.; Demuth,M.;
Schaffner,K. Tetrahedron1997,53,935-938.
(a) Sate, T.; Fujisawa,T. Biocatalysis1990,3, 1-15.(b) Hayakawa,R.; Shimizu,M.; Fujisawa, T.
TetrahedronLett. 1996,37,7533-7536,and thereferencescited therein.
(a) Meyers, A. I.; Amos, A. J. Am. Chem.Soc. 1980, 102, 870-872. (c) Friiter,G. Helv. Chim.
Acta 1979,62, 2825-2828.(b) Hintzer, K.; Koppenhoefer, B.; Schurig, V. J. Org. Chem. 1982,
47, 3850-3854.
It has beenreportedthat an acceleratedreactionrate was observedusing glucose, the energy-gaining
and NAD(P)H-producingglycolysissystemof yeast, in the bakers’ yeast reductionof f+ketoester
derivatives(ref.4b).
The absolute stereochemistrywas establishedby its derivatizationto the known methyl ester, and
comparisonof theopticalrotation.(ref.2a)
Theabsolutestereochemistrywasdeterminedby its derivatizationto 1,3-butanediolwith LiAl~, and
comparisonof the opticalrotation. Paetow,M.; Ahmns,H.; Hoppe,D. TetrahedronLett. 1992, 33,
5323-5326.
(a) Wei, C. C.; Bemardo, S. D.; Tengi, J. P.; Borgese, J.; Weigele,M. J. Org. Chem. 1985,50,
3462-3467.(b) Gu, J. -H.; Terade,M.; Mikami,K.; Nakai, T. Tetrahe&onLett. 1992, 33, 1465-
1468.
Gibian,M. J.; Winkelman,D. V. TetrahedronLett. 1%9, 3901-3904.
Theenantioselectivitywaseffectivelyimprovedby the additionof a pm=mixtureof the substrateand 1
eq of L-cysteine to a susptinsion of bakers’ yeast in the bakers’ yeast reduction of butyl 3-
oxopentanoate(87%ee, comparewithentry8 & 9 in Table 1).
(a) Foumier, L.; Natat, A.; Lamaty,G.; Roque,J. P. Reel. Trav.Chim.Pays-Bas 1972, 91, 1015-
1025.(b) Liehard, G. E.; Jencks, W. P. J. Am. Chem.Soc. 1966, 88, 3982-3995.(c) Barnett,R.
E.; Jencks, W. P. J. Am. Chem. Soc. 1969, 9Z, 6758-6765. (d) Rails, J. W.; Dodson, R. M.;
Riegel, B. J. Am. Chem.Soc. 1949, 71, 3320-3325.(e) Djerassi, C.; German, M. J. Am. Chem.
Soc. 1953,75, 3704-3708.(f) Chan,T. H.; Ong,B. S. TetrahedronLat. 1976, Z7, 319-322.


