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Abstract: The synthesis of chiral 2-thiazolyl 7- and 6-lactones 6 and 7 y;in microbial 

reduction of the appropiate keto estera to the homochiral hydroxy esters followed by 

chemical lactonization is described. Some attempts of enzymatic lactonization of the 

races&c hydroxy esters or resolution of races&c la&ones are also reported. 

Lactone derivatives are useful intemdiates in the synthesis of natural products. Most 

of them are chiral and their physiological activity often depends on the absolute 

configurati0n.l In recent years, many optically active lactones have been the targets 

of an increasing number of attempts to synthesize them. Their synthesis in chiral forms 

depends, in cases of some 7- and &lactones, on enzymatic2 or microbial3 reduction of 

the appropriate keto acids followed by chemical lactonixation and recently lipase- 

catalyzed asymmetric resolution of lactones, uia hydrolysis, in aqueous solutions4 or 

in anhydrous organic solvents5 has bean reported. 

Given the importance of this class of compounds, in this paper we describe the 

synthesis of chiral 7- and i-lactones bearing the thiasole ring respectively in C5 or 

C6 position. This heterocycle is an excellent latent formyl group equivalent since it 

associates the properties of stability toward hydrolysis , oxidation and reduction6 with 

the ability of yielding the aldehydic group under conditions that do not affect other 

functional groups and chiral centers.T 

_I - 

It is well documented that microbial reduction of a- and p-keto esters by baker's yeast 

(BY) affords ohiral hydroxy esters while the same reduction with 7- and S-keto esters 

or acids produces the corresponding chiral 7- and 6-1actones.S On the basis of this 

data, 2-thiaxolyl 7- and 6-keto esters 18 and lb, prepared from 2- 

trimethylsilylthiaxole and the proper monomethyl ester acyl chloride9, are initially 

treated with BY (Scheme lf since it is readily available and easily manipulated. 
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Scheme 1 

The reactions were carried out through the incubation with BY at 30° C for 24 h. In 

both cases the prochiral carbonyl group is reduced in good yield and high enantiomeric 

excess producing the S-enantiomer (2 95%)10 and no lactonisation was found. Moreover 

the ester function of lb was hydrolyzed to acid. The absolute S-configuration of the 

&hydroxy acid 3b is assigned by its transformation into methyl 5-(S)-benzoyloxy-5- 

formylpentanoate 511 (Scheme 2). 
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Scheme 2 

Treatment of 3b with diazomethane followed by reaction with benzoic acid and 

dicyclohexylcarbodiinrmide gives the 5-(2-thiazolyl)-5-bensoyloxy methyl pentanoate 4. 

Formyl deblocking of the thiazole ring produces the aldehyde ester 5 (overall yield 

65%). In order to obtain also the R-enantiomer, which is not available by reduction 

with BY, and since the baker's yeast reductions are not always reproducible, we used a 

series of yeast and mould strains selected on the basis of the results obtained in a 

previous screening12 (Scheme 3). 
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The yeast or mould culture were grown in the presence of small amounts of the substrate 

+ “)+i- 
0 

in order to induce or activate the production of particular enzymes during the growth 

phase. The substrate was added to a growing culture in a concentrated solution of a 

relatively non toxic solvent such as ethanol and the incubation was prolonged for 48 h 

at 30° C. No lactonization, but reduction, in some cases associated with hydrolysis, 

was found. Moreover the 6-hydroxy acid 3b was never detected. The results of the 

reduction with selected yeast and mould strains are summarized in the Table. 

Table. Microbial Reduction of the Oxo-esters la and lb. 

Microorganisma 

Trichoderma sp. 

Rhizopus microsporus 

Saccharomyces cerevisiae 
PA9 (var. capensis) 
Saccharomyces cerevisiae 
ML30 (var. chevalieri) 
Saccharomyces cerevisiae 
~~38 (var. steineri) 
Saccheromyces cerevisiae 
ML27 (var. chevalieri) 
Saccharomyces cerevisiae 
BG9 
Saccharomyces cerevisiae 
MUT 207 

2a (%jb ee tabs. conf.)' 

40 10 (8) 

63e >95 (S) 

9d _- 

91e 52 (RI 

13 6 (RI 

90 40 (R) 

2oe >95 0x1 

5d -- 

2b (%jb ee tabs. conf.)' 

40 d 28 (RI 

96 e >95 (S) 

98 12 (8) 

91e 48(S) 

21d 50(S) 

87 42 (s) 

35e > 95 (R) 

gd 60 (S) 

a The yeast and mould culture belong to DPVA collection. b Yields are determined by GLC 

unless otherwise stated. C Determined by GLC by comparison with the racemic compound; 

absolute configuration in parenthesis. d The corresponding acid is present together 

with or without the reduction product. e The reactions were carried out in preparative 
scale. 

The most significant results are those with Rhizopus microsporus and Saccharomyces 

cerevisiae BG9. Both la and lb are reduced in satisfactory yields and high 

enantiomeric excesses. The prevalence of the S-enantiomer (ee B 95%) and that of the R- 

enantiomer (ee L 95%) was obtained respectively with Rhizopua microaporua and Sacch. 

cerevisiae BG9. The other yeast and mould strains showed lower enantiomeric excesses 

and, moreover, the reduction of la and lb afforded the opposite enantiomers. 

Chemical lactonization of the homochiral 2-thiazolylr_hy&oxy ester 2a with TosOH-H20 

and of the homochiral 2-thiazolyl &hydroxy acid 3b with DCC affords in high yields 
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and enantiomeric excesses the homochiral 2-thiazolyl y- and &lactones 6 and 7 

respectively (Scheme 4). 

2a, 3b 

6 71 90%. ee > 95% 

0 

(S)-6 

Th 

? 

8 
90%, ee 5 95% 

0 

(S)-7 
Scheme 4 

Though these results are rather satisfactory, we also checked the possibility of 

achieving chiral lactones yia enzymatic lactonization of the racemic hydroxy esters 2a 

and 2b. The porcine pancreatic lipase (PPL) was chosen because it is stable, 

inexpensive and known to catalyze the lactonization of y-hydroxy esters in organic 

solvents.13 These reactions were carried out with a suspension of PPL in ether: the y- 

hydroxy ester 28 was converted into 

(Scheme 5) while the &hydroxy ester 

the corresponding (R)-y-lactone 6 (16%, ee - 89%) 

2b was hydrolyzed to the acid 3b. 

Th\ 

Th~c-e16, co”:::o” (24; O OH 0 ?? 
+ ThY--* 

OH 

0 

2a (R)-6, ee = 69% 
Scheme 5 

Since the enzymatic lactonization of the &hydroxy ester 2b was uneffective, the 

direct enzymatic resolution of the racemic 2-thiazolyl &lactone 7 was achieved by 

using horse liver acetone powder (HLE) in phosphate buffer (Scheme 6). Thus (R)-7 was 

obtained in 10% yield (ee 98%) after 90 % hydrolysis (1 h). 

In conclusion, in the synthesis of chiral 2-thiazolyl *I- and &lactones the microbial 

reduction of the corresponding y- and p-keto esters, followed by chemical 

lactonization, is more efficient than enzymatic lactonization or resolution of racemic 

lactones. 
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Experimental 

1H NMR spectra were obtained on SO MHz NP80 Bruker and on 300 MHz Gemini 300 Varian 

spectrometers. Chemical shifts were given in parts per million from Me4Si as internal 

standard. IR spectra were recorded on a Perkin Elmer Model 297 grating spectrometer. 

Elemental analyses were performed on a 1106 Microanalyzer (Carlo Erba). Optical 

rotations were measured on a Perkin Elmer Model 241 polarimeter. Gas chromatographic 

analyses were performed on a Carlo Erba Fractovap 2450 T. PPL and HLAP are commercially 

available from Sigma. 

Synthesis of the keto esters la and lb. General procedure. A solution of the 

appropriate acyl chloride (succinic acid monomethyl ester chloride for la and glutaric 

acid monomethyl ester chloride for lb) (2 mmol) in dry toluene (30 mL) was added to a 

stirred solution of 2-(trimethylsilyl)thiaroleg (0.157 g, 1 mm011 in the same solvent 

(20 mL) under N2. After 24 h, the reaction mixture was treated with saturated aq. 

NaHC03 and stirring was continued for a further 30 min. The organic layer was dried 

over anhydrous Na2S04 and the solvent removed under vacuum. The residue was 

chromatographed on silica gel column. Elution with cyclohexane-ethyl acetate I:3 

afforded the title keto esters la (0.18 g, 92%) and lb (0.17 g, 81%). 

Methyl 4-oxo-4-(Z-thiazolyl)butanoate (lajg: oil; IR (film) 1740, 1695 cm-l; 1H NMR 

(SO MHZ, CDC13) 6 2.8 (t, 2 H, ,I = 7 Hz), 3.53 (t, 2 H, J = 7 Ha), 3.72 (s, 3 H), 

7.71 (d, 1 H, ;I = 3 Hz), 8.05 (d, 1 H, ;1 = 3 Hz). 

Methyl S-oxo-S-(2-thieaolyl)pentanoate (lb): oil; IR (film) 1720, 1675 cm-l; 1, NME 

(300 MHz, CDCl3) 6 2.1 (m, 2 H, J = 7.7 Hz), 2.45 (t, 2 Ii, ;L = 7.7 Hz), 3.23 (t, 2 

H, ;I = 7.68), 3.65 (s, 3 H), 7.67 (d, 1 H, ;L = 3 Hz), 7.98 (d, 1 H, d = 3 HE). Anal 

Calcd for CgHllN03S: C, 50.70; H, 5.20; N, 6.57. Found: C, 50.76; I-l, 5.15; N, 6.51. 

Reduction of the keto eaters 18 and lb with Baker I a yeah. General 

procedure. To a slurry of fermenting Baker's yeast (10 g of yeast and 11 g of glucose 

in 50 mL of tap water) was added the selected keto ester (1 mmol) dissolved in ethanol 

(2 mL). The mixture was vigorously stirred at 30' C for 24 h, then filtered through a 

Celite pad and extracted with diethyl ether (30 X 20 mL). The extracts were dried over 

anhydrous Na2S04 and evaporated under vacuum. The residue was chromatographed on silica 
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gel column. Elution with cyclohexane-ethyl acetate 7:3 afforded 2r (O.lSg, 75%, ee 2 

95%) and 3b 10.12 g, 60%, ee 2 95%) respectively. 

(-)-(s) Methyl 4-hydroxy-4-f2-thiaso.lyl)butanoate f2a) showed the following: oil; [G]D 

= -22.1 (c 4.8, CHCl3); IR (film) 3350, 1745 cm-l: 1~ NNR (300 MHZ, CDCl3) 6 2.12-2.75 

(m, 4 H), 3.72 (s, 3 H), 4.65 (br, 1 R), 5.1 tm, 1 H), 7.33 (cl, 1 H, J = 3 Hz), 7.75 

(d, 1 H, 5 = 3 Hz). 

f-)-(S) Methyl 5-hydroxy-5(2-thiazolyl)pentanoic acid (3b): oil; [a]D * -20.8 (c 3, 

C%Cl3), IR 1CHC13) 1695 cm-l; 1H NMR (300 MHz, CDC13) 8 1.7-2.05 @a, 4 Hf, 2.38 ft, 2 

H, J = 7.2 Hz), 4.98 (dd, 1 H, ;I = 4.8 and 8 Hz), 7.55 (d, 1 H, J = 3.3 Hz), 7.75 (d, 1 

H, J = 3.3 HZ. Anal Calcd for CSHllN03S: C, 47.76; H, 5.51; N, 6.96. Found: C, 47;85; 

H, 5;48: N, 6.91. 

Methyl 5-(S)-(benroyloxy) -5-formylpentanoata (5111 from 3b. To a solution of 

3b (0.2 g, 1 mmol) in diethyl ether (40 mL) was added a solution of CH2M2 (3 mmol) in 

the same solvent. After 30 min, the solvent was evaporated in vacua and the crude 

methyl ester (0.2 g, 94%) was obtained [IH NMR (80 MHz, CDCl3) 11.9 (ITI, 4 H), 2.4 ft, 

2 H), 3.67 (s, 3 H), 5.0 (m, 1 H), 7.27 fd, lH, ,I - 3.2 Hz), 7.65 (d, 1 H, J - 3.2 

Hz)], and used without further purification in the second step. A solution of the crude 

hydroxy ester (0.2 g), benzoic acid (0.12 g, dicyclohexylcarbodiimide (0.21g) and 4- 

dimethylaminopyridine (0.01 g) in diethyl ether (50 mL) was stirred at room temperature 

for 24 h according to the literature procedure.14 The precipitate was filtered off, the 

solution was evaporated in vacua and the residue chromatographed on silica column. 

Elution with petroleum ether-ethyl acetate 7:3 gave the benzoyl derivative 4 (0.23 g, 

72%): oil; IR (film) 3100, 2960, 1730, 1270 cm-l; 1R NMR 180 MHz, CDC13) 6 1.85 (m, 2 

R), 2.35 (m, 4 HI, 3.65 (s, 3 H), 6.37 (t, 1 H, ;L - 6.2 Hz), 7.27 (d, 1 H, J = 3.4 

Hz), 7.5 (m, 3 H), 7.75 (d, 1 H, ,I = 3.4 Hz), 8.05 (m, 2 H). 

The thiazole ring of compound 4 (0.23 g) was transformed into foamy1 group according 

to the literature procedure7 consisting of: i) N-methylation with methyl iodide to give 

the corresponding N-thiaxolium salt; ii.1 reduction of the N-thiaxofium salt with sodium 

borohydride to afford the thiasoline; iii) hydrolysis of the thiaxoline with HgCl2 in 

acetonitrile/water 4:1 to the corresponding aldehyde 5 (0.12 g, overall yield 65%) 

with physical and spectroscopic characteristics identical to published values: [G]D - 

- 31.2 (c 2.5, CRC131 or -40 (neat) [lit" [a]D = -33.3 (c 2.5, CHC13) or - 41.8 

(neat)]. 

Microbial reduction of keto eetetd I.8 and lb. Generrl procedure. To a yeast 

or mould culture (200 mL),15 grown for 48 h in the presence of small amounts of the 

selected substrate (0.25 mL)16, a further 1 mL of the substrate solution16 was added 

and the incubation was prolonged for a further 48 h at 30° C. The suspension was 

removed by centrifugation, the mixture was extracted with diethyl ether and dried over 

anhydrous Na2SO4. The reduction products were analyzed by GLC on a chiral c01umn.~~ 



2-Thiazolyl II- and blactmes 113 

Chromatography of the reaction mixture (silica gel, petroleum ether-ethyl acetate 7:3f 

gave the corresponding hydroxy esters 2a and 2b (see Table). 

(-l-(s) Methyl 5-hydroxy-5-l2-thiaeolyl)pentanoate (2b): oil; [GID = -19.8 (c 7.6, 

CHCl3); IR (film) 3400, 1720 cm-l; 1 H NMR (300 MHz, CDC13) 6 1.75-2.1 (m, 4 H), 2.4 (t, 

2 H), 3.5 (br, 1 H), 3.68 (s, 3 H), 5.03 (m, 1 H), 7.31 (d, I H, J - 3.2 Hz), 7.72 (d, 

1 H, J = 3.2 Hz). Anal Calcd for CSti13NOgS: C, 47.29; H, 6.45: N, 6.89. Found: C, 

47.36: H, 6.49; N, 6.85. 

Chemical lactoniration of (-)-(Sl 2r. A trace amount of p-TsOX monohydrate was 

added to a solution of (-)-S-la (0.1 gl in C6H6 (30 mL) and the mixture was stirred 

and heated under reflux for 1 h. After cooling, it was diluted with ether (60 mL). The 

solution was washed with NaHCG3 aqueous and brine, dried over anhydrous Na2SO4 and 

concentrated in vacua. The residue was chromatographed on silica gel column (petroleum 

ether 7:3 as eluent) to give 0.1 g of the (S)-y-lactone 6 (ee Z 95% from GLC)18: oil; 

[u.]D = 11.2 (c 3.2, CHC13f; IR (film) 1775 cm-l; 1 H NMR (300 MHz, CDC13) 8 2.65 (m, 4 

H), 5.0 (m, 1 H), 7.42 (d, 1 H, iz = 3.3 Hz), 7.93 (d, 1 H, it - 3.3 Hz); mass spectrum 

m/e 169 (M+1, 139, 105, 86. Anal Calcd for C7H7N02S: C, 49.71; H, 4.17; N, 8.28. 

Found: C, 49.25: H, 4.21; N, 0.35. 

Chemical lactoniration of (-)-(S)-3b. To a stirring solution of 3b (0.5 g, 2.48 

mmol) in THF (50 a&) was added dicyclohexylcarbodiimmide (0.51 g, 2.49 aanol) and 4- 

dimethylaminopyridine (0.05 avnol). After 12 h the precipitate was filtered off, the 

solvent was removed in vacua, the residue was dissolved in diethyl ether and washed 

with a saturated solution of NaHC03. The organic layer was dried over anhydrous Na2S04 

and, after removing the solvent, the residue was chromatographed on silica gel column 

(petroleum ether 7:3 as eluent) to give 0.4 g (90%) of the (S)-&lactone 7 (ee> 95% 

from GLC)g: oil; [aID - -9.1 (c 0.7, CHC13); IR (film) 1746 CnT1; lli Nl4R (300 MHz, 

CDC13) 6 2.0 (m, 2 H), 2.13 (m, 1 H), 2.45 (m, 1 Ii), 2.68 (m, 2 Ht, 5.72 (dd, 1 H, & Q 

4 and 9 Hz), 7.38 (d, 1 Ii, ;f = 3.3 Ha), 7.82 (d, 1 W, d. = 3.3 Hzf. Anal Calcd for 

CSWgNO2S: C, 52.46; H, 4.95: N, 7.65. Pound: C, 52.37: H. 4.98: N, 7.71. 

PPL (porcine panareatic Upme) aatalyrrd l~ctoni+atLon of the hydrory 

eater 2a. The powdered cormnercial preparation of PPL (1 g) was added to a solution of 

2a (0.5 auaol) in dry ether (10 mL) and the suspension was vigorously stirred. Aliguots 

were withdrawn periodically and their GLC chromatogram on chiral column were obtained. 

A 16% conversion experiment (24 ht afforded (RI-r_la&one 6 fee = 89%). 

XLE (horse lfver acetone pow&r) l ZW*tfc remoXution of the reaemic 6- 

la&one 7. The coinnsrcial HLAP IO. 1 g) was ad&d to a solution of the racemic 7 (0.1 

g) in 5 mL of phosphate buffer (pH 7.2). Aliguots were withdrawn periodically, 

acidified, extracted with ether and treated with CH2N2. Their GLC chromatogram on 
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chiral column showed that the 90% hydrolysis experiment (1 h) afforded the (R)-6- 

lactone 7 (ee = 98%). 
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