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SYNTHETIC COMMUNICATIONS, 25(10), 1567-1574 (1995) 

SYNTHESIS OF NEW 2-THIOMETHYL PENEM DERIVATIVES 

Danilo Giannotti,* Maria Altamurd 

Chemical Research Department, "A. Menarini" S.r. 1.,Via Sette Santi 3, 1-50131 

Firenze (Italy) 

ABSTRACT: New penem thiolesters (4-5) were synthesized and 5 was 
hydrolyzed. 2-mercaptomethyl penem 7 is formed in situ and transformed into 
penem monothiocarbamates 9 and 10. 

The penems 1 are a group of synthetic antibiotics displaying potent in vitro 

activity against a broad range of bacteria. Many 2-methyl substituted penems 1 

have been synthesized lb  in recent years: the presence of a heteroatorn in the side 

chain in position 2 has been related lC to an enhanced chemical reactivity of the 

p-lactam linkage and therefore to a higher biological activity. In  particular a 

number of 2-alkylthiomethyl derivatives (I, X = S-alkyl) have been reported . 
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1568 GIANNOTTI AND ALTAMURA 

In a previous paper we described3 the synthesis of new penem 

dithiocarbamates 2 with relevaat antibacterial activity. In the course of this study, 

we needed to prepare the hitherto unknown 2-mercaptomethyl penems 7 and 

evaluate the possibility of derivatizing the mercapto moiety for the preparation of 

new penem antibiotics. 

We reasoned that the synthesis of new penem thiolesters 4-5 could afford 

useful intermediates in  the route to thiol derivatives. In facts, thiolesters have 

been considered in many cases 4 as protected thiol moieties. Therefore we 

obtained thiolesters 4-5 by the Mitsunobu-Volantes procedure 6 ,  starting from the 

known 2-hydroxymethyl penem 3 7. Alternatively, treating the alcohol mesylate 

6 8 with potassium thiolcarboxylates (DMSO, 20°C, lh), i n  analogy with our 

procedure 3 for the synthesis of penem dithiocarbamates, compound 4 could be 

obtained in lower yields. 

/R 

"'3+H20H 0 3 COOAllyl RCOSH - "'>+C COOAllyl H a S-C,, 0 

i 4 R = CHs (56%) 

5 R=CH2OCBHS (46%) 

TBDMS = Si(CH&C(CH& 
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NEW 2-THIOMETHYL PENEM DERIVATIVES 1569 

Cleavage of thiolesters 4-5 to obtain 2-mercaptomethyl penems could not 

be done following standard procedures 4,5, due to the extreme sensitivity of the 

penem structure to basic or acidic reagents. 

However we realized the cleavage of penem thiolester 5 under basic conditions, 

according to a procedure described €or the more stable penicillin and 

cephalosporin thiolesters 9. Under these conditions compound 4 did not react. 

Methanolysis of 5 gave a mixture of unstable thiols 7-8. J?+ CHZ-SH _t " ' ~ ~ H z S - C ~  NR'R" 0 

0 0 
COOAllyl COOAIiyI 

9 R=H,  R"=CZHs 

R' = R" = CH3 1 0 

OTBDMS 

11 5 

4 
OTBDMS 

' ~ ~ ~ H - s H  -+ ' j ~ ? c H s - c , ,  ,NR'R" 

0 
0 0 

H COOAllyl H COOAllyl 
8 

1 1 

1 2  R'=R"=CH3 

R' = H, R" = C2H5 

The crude reaction mixture was treated with ethyl isocyanate to give penem 

N-ethyl monothiocarbamate 9 and penam N-ethyl monothiocarbamate 11 and 

with dimethylcarbamyl chloride and triethylamine to give penem N,N-dimethyl 

monothiocarbamate 10 and penam N,N-dimethyl monothiocarbamate 12. 

Although thiols 7-8 could not be identified in  the reaction mixture, we suppose 

that methanolysis of penem thiolester 5 gives B mixture of two isomeric 
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1570 GIANNOTTI AND ALTAMURA 

Structures, the thiomethyl penem 7 and the thiomethylene penam 8 '0. In  facts, 

the two subsequent reactions gave both penem/penam structures in the same ratio 

3/2 for 9:11 and 1 O : l Z .  I n  conclusion we have reported that penem thiolesters can 

be utilized to generate 2-mercaptomethyl penem 7, which can be considered an 

useful intermediate to the synthesis of 2-thiornethyl derivatives. In  this case we 

have synthesized 11 monothiocarbamates that can be deprotected according to 

known procedures l2  giving antibiotic substances. I t  is possible, however, to 

transform the 2-mercaptomethyl penem intermediates into other compounds and 

after deprotection finally obtain new antibiotics. 

Methanolysis of Ally1 (SR,6S)-2-(phenoxyacetylthiomethyl)-6-[( 1R)-I-tert- 

butyldimethylsilyloxyethyl]-peneni-3-carboxylate (5) 

Sodium methoxide (1 mM) in anhydrous methanol (25 mL) was added 

dropwise at - 4 0 T  over 15 min to a stirred solution of thiolester 5 ( ImM) in 

anhydrous methanol (SO mL). After the addition the temperature was allowed to 

rise to - 25°C until the reaction was complete (about 30 min as determined by 

TLC). Acetic acid (0.4 mL) and then methylene dichloride were added and the 

solution washed with 5% NaHC03 and with water and dried. Distillation of the 

solvent under reduced pressure gave a crude oil containing thiols 7-8 and methyl 

phenoxyacetate. The mixture was rapidly solubilized in methylene dichloride (20 

mL) and treated with triethylamine (1.5 mM) and dimethylcarbaniyl chloride 

(1.5 mM) at -1O"C, then was allowed to warm to room temperature with 

continuous stirring. The reaction was complete in about 2 h (determinated by 

TLC). The reaction mixture was washed with 5% NaHC03 and water, and dried; 

the solvent was evaporated to give a viscous oil which was chromatographed on 

silica gel (diethyl ether/hexane 1/1) to give ally1 (5R,6S)-2-(N,N- 

dimethylaminocarbonylthiomethyl)-6-[ ( 1  R)- 1 -tea-butyldimethylsilyloxyethyl]- 
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NEW 2-THIOMETHYL PENEM DERIVATIVES 1571 

penem-3-carboxylate 10 (yellow oil, yield: 75 mg, 15.4%) and allyl (5R,6S)-2- 

(N,N-dimethylaminocarbonylthiomethylene)-6-[( lR)-l- tert- 

butyldimethylsilyloxyethyl]penani-3-carboxylate 12 (yellow oil, yield: SO mg, 

10.3%) l 3 .  

By the same procedure and treating the  crude thiols 7-8 with an excess of 

ethyl isocyanate, allyl (SR,6S)-2-(N-ethylaniinoc~rbonylthioniethyl)-6-[(lR)-l- 

tert-butyldimethylsilyloxyethyl~-penem-3-carboxylate 9 (yellow oil, yield: 78 mg, 

16%) and allyl (5R,6S)-2-(N-ethylaminocarbonylthiomethylene)-6-~( 1 R)- 1 -tert- 

butyldimethylsilyloxyethyl]-penam-3-carboxylate 11 ( yellow oil, yield: 52 mg, 

10.7%) were obtained 14. 

Acknowledgements: Thanks are due to Prof. F. M. Arcamone and Dr. V. 

Pestellini for helpful suggestions. We also thank Dr. A. Triolo for mass spectra. 

This work was supported by Grant 53529 from Istituto Mobiliare Italiano. 
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(Received in The Netherlands 05 September 1994) 
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