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Abstract Various yeast and mould strams were tested m the reduchon of a-acetyl-y-butyrolactone 

syn-(3R,l’R)-a-(Hydroxyethyl)-y-butyrolactone 2 and anrr-(3RJ’S) Isomer 3 were obtained 

ena.nhomencalIy pure Good enanulllomertc excesses are described for the correspondmg enantlomers 

Lactone denvatlves are useful mtennedlate In the synthesis of natural products Most of them are churl and their 

physIological activity often depends on the absolute configuration 1 In this field a-acetyl-y-butyrolactone 

represents a useful choral synthon for the synthesis of tnols by enantioselectlve reduction with Baker’s yeast2 

and subsequent reductive cleavage of the lactone ring, or by mlhal chemical reduchon and subsequent resolution 

of the racenuc alcohols with hpase 3 In the present work we systematlcally studled the reducnon of a-acetyl-y- 

butyrolactone 1 usmg a selection of yeast and mould species and strams m order to obtain syn and unto 

isomers enanhomencally pure (Scheme) 
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The species under exammation, apart from Saccharomyces cerevurae, have been widely used in reductton 

reacuons and were chosen both on the basis of theu recognlted hydrolytic and oxldo-reducttve activvlttes or of 

thetr complex role tn food fermentatton4 and of the results obtatned in our previous stu&es concerning the 

rntcrobtal reduction of prochtral carbonyl compounds.5 The results of the screening are summan zed tn Table 1 

Table 1. Screenmg of n&rob& reduction of a-acetyl-y-butyrolactone 1 

nucroorgamsma 3R,l’R-2 3S, l’S-2 

% (ee)b % (ee)b 

3R,l’S-3 

% (ee)b 

3S,l’R-3 

% (ee)b 

Saccharomyces cerevuux ML77 

Saccharomyces cerevlslae RMl 

Saccharomyces ccl evlslae FW9 

Saccharomyces cerevlsuze RM74 

Yar rowla hpo/ytrca PFLl2A 

Yarrowra [JpOlyhCU PFL9CE 

Yar 1 owla lrpolynca SE 

100 (100) 

- 6144) 
- - 

39 (100) - 
100 (44) 

6O;OO) 

10;(32) 1 
- 

- 

- - - 
100 (100) _ - - 
36 (100) - - - 

Mucor spll esceu 60 (76) 

Penrclllum roqueforh CBS265 55 44 (90) 
PenlcJkm dJgJtcHJUn M 1618 2 80 (95) 

Ceratocyshs monrllfonms CBS773 73 60 (86) 

Rhlzopus oryzae CBS285 55 51 (70) 

Rhrzopus nrgrxans 86 (82) 

Fusanum 67 (81) 

Tnchodenna sp 71 (64) 

Alternana sp 68 (86) 

- 26 (100) - 

- 8 (28) - 

- 11 (48) - 

- 40 (100) - 

- 33 (6) - 

- 7 (10) - 

- 7 (8) - 

- - 29 (50) 

- 32 (92) - 

aThe yeast and mould cultures. except those k&led CBS, belong to the collec~mn of Dlpartrmento dl Proteuone e Valonzzauone 

Agroabmentare of the Umverslty of Bologna (Italy) bYlelds are calculated fmm glc analysn and enantiomenc excesses are. obtamed 

after tnfluororetylatlon (tnfluoro~cehc anhydnde. 30 mm at r t ) 

A typical reduction procedure for the scrccnmg IS as follows to a yeast or mould culture (8 ml),6 grown for 48 

h in the presence of small amount of a-acetyl-y-butyrolactone (0 025 ml)7, IS added a further 0 075 ml of the 

substrate solutton and the mcubafion contmued for a further 48 h at 29 “C The suspension IS removed by 

centnfuganon, the nuxture IS extracted with dlethyl ether and dned over anhydrous Na2S04 The crude reachon 

products are analyzed by GLC on a choral column 8 The stereochermcal asstgnment of GLC peaks has been 
performed by a chemo-enzymauc method NaBH4 reduction of the lactone 1 afforded the two dlastereomenc 

pairs which were analyzed by 1H NMR spectra of the 1,3-dloxane denvattves of the correspondmg tnols 
obtamed by LlAlH4 reduction 2 The synthesis of enanuomenc ennched (3R,l’R)-2 and (3S,l’R)-3 has been 
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performed by enanhoselective hydrolysis of acetyl denvahves of the corresponding dlasteromenc pars, 

med~ted by Pseuabmonasf and Can&a cllmdracea hpases 3 

As shown m Table 1 almost all of the nucroorganlsms gave prefercntlally (3R,l’R)-a-(hydroxyethyl)-y- 

butyrolactone 2 m parhcular tlus compound IS obtamed m quantitative yield and V&I excellent enanhomenc 

excess (100%) by reduction ~nth Sacch cerevlsuze ML77 and Yarrowza ltpolynca PPL9CE Among the yeasts 

only Sacch cerevzszae RMl and RM74 afforded the 38.15-2 enanhomer although with poor ee (324%) On 

the other hand the same Succh cerev RMl produced also the pure 3R,l’S-enanaomer 3 (39%. ec 100%) It 1s 

worth mentioning that only this nucroorgamsm gave the same dlstnbution of products obtamcd with Baker’s 

yeast by M Takesluta 2 We can also pomt out that the mould strams are less chastereoselecnve than yeasts 

giving together with 3R,l’R-2 also 3R,l’S-3 m some cases with excellent enanhomenc excesses (100%. 1 e 

Mucor sptrescens and Ceratocystrs monrliformls) Only Trrchoderma sp afforded the 3S,l’R-enant~omer 3 

(29% yield, ee 50%) 

On the basis of these data some reacnons were repeated on a preparative scale (culture medmm 160 ml, 0 3 g of 

the lactone m 1 ml of ethanol) using the same methodology (premcubatlon, 48 h at 29 “C). The reactions were 

filtered through cehte, a saturated solution of NaCl was added and then the mixture was extracted with ethyl 

acetate If only one lastereolsomer was obtamed, the reaction mutture was chromatographed on slhca gel with 

dlethyl ether/petroleum ether 7 3 as eluent When both dlastereolsomers were present, the separation was 

achieved by flash chromatography on nhca geI with chloroform/methanol 50 1 as eluent The preparative data 

are summarized m Table 2 

Table 2 Mlcroblal reduction of the lactone 1 

nucroorganism 

Succhar omyces ccl evvlsrae ML77 

Sacchoromyces ceI evislae FW 1 

1 (-)-2 (+)-2 (+)-3 (-)-3 
%a %a (ee) % a(ee) %a (ee) % a@e) 

30 62 (100) 

40 25 (66) 19 (1oo)b 

Yan owia hpolynca PFL9CE 14 69 (1OO)c 

Ceratocystzs monrlrfor mls CBS773 73 3 63 (80) 23 (90) 

TI rchodcrma sp 9 47 (50) 24 (50) 

a Yields tier chromatography b [a]D = 16 8 (c 1 7, CHC13) C [a]D = 40 6 (c 1 8. CHC13) 

On a preparative scale the results of the screenmg are substantially confirmed The lower yields obtamed with 

Succhuromyces ce!evzsiw ML77 and RMI are due to the higher concentraaon of the lactone 1(50% more) 

From the screemng we can stress that unhke Baker’s yeast that reduces the carbonyl group to the S-alcohol not 

identifying the existmg stereogemc center (3R or 3s) of the racermc lactone 1, most of yeasts afforded the 

3R,l’R-dlastereomer reducmg the 3R-denvatlve The behavlour of the mould strams IS different m that they 

reduce the prochlral carbonyl group of the 3R-lactone 1 to both to 1’R and l’S-dlastereomers In this senes 

only Trrchoderma afforded the 3SJ ‘R-alcohol 3 
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