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Racemic 6-hydroxyethyl-2-alkylsulfinylpenems undergo a facile displacement with mercaptans under basic 
conditions to conveniently provide new 2-alkylthiopenems. 

Penems, a novel class of bicyclic B-lactam antibiotics, have received extensive attention’ since 

the first announcement of their synthesis in 1976.2 One result of this effort has been the advancement 

of sodium @,6S)-6-c @I-I-hydroxyethyl] -2-ethylthiopen-2-em-3-carboxylate (Schering-29,482), a potent, 

broad spectrum, orally active antibiotic, as the first penem clinical candidate.3 The synthesis of the 

latter compound le and penems in general la,b,c,e,f usually relies on the formation and cyclization of a 

stabilized phosphorane 1. However, it has been observed1c9e that certain 2-alkylthio-6-substituted 

penems undergo a novel thermal isomerization, presumably via betaine 3, during the course of the - 
intramolecular Wittig reaction to provide mixtures of 2 and the undesired isomer 4. Thus, as part of 

a derivative program designed to produce “2-SRI’ penem variants, which parallels our efforts in 

carbapenems,4 we have devised a route which minimizes this problem by obviating the need to synthesize 

and cyclize 1 for every derivative, and which, in addition, may provide derivatives unobtainable by the 

Wittig process. 
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Penem 65 was synthesized from the phosphorane azetidinone 5 6 11 ’ by initial silver thiolate formation 

(AgN03, MeOH-CH2C12, pyridine, RT), followed by thioacylation (CICSSEt, CH2C12, pyridine, O’C, 74% 

overall) and cyclization (@Me, 140°C, 40 hr, 59%).7 Exposure of 6 to 1.1 equivalents of m-chloroperoxy- 

benzoic acid in methylene chloride solution at -2O’C resulted predominantly in oxidation of the exocyclic 

MCPBA 

CH& 

-20% 

5 
6 7 

HSR 
I-- iPrpNEt 

Me CN 

sulf ur8 to provide a I:1 mixture of diastereomeric sulfoxides 79 (63% after chromatography), thereby 

setting the stage for displacement reactions of the newly generated sulfinyl group. 
10 Indeed, treatment 

of acetonitrile solutions of 7 with a variety of thiols in the presence of Hunig’s base at -4O’C to -2O’C 

affected a facile transformation to penems 8. 
11 Table 1 summarizes the results of this novel “side-chain 

interchange” process with several representative mercaptans. 

Table 1. Synthesis of Penems 8 

c. -CH2 & NH2 43 

d. - CH2a 74 

c.-CHKHs)CH20H~ 67 

1. -CH2CH20H 69 

L. Unoptimized. b PNB = p-nitrobcnryl. 

t Sepamble diastereomers. 
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Penems 8 were converted into their biologically active forms 91’ by sequential desilylation (Bu~NF, 

HOAc, THF, RT)‘* and deallylation ([Q)3P]4Pd, @3P, Me(CH2)3CH(Et)C02K, EtOAc).13 The p-nitrobenzyl- 

oxycarbonyl protecting group of compound 9b was removed by catalytic hydrogenation (10% Pd/C, 0.1% 

pH 7.1 phosphate buffer) to afford (?I-“thiathienamycin,” 
IC which was subsequently formimidoylated to 

provide the penem analog of N-formimidoylthienamycin (MK-787)J4 Table 2 summarizes the results of 

these transformations. 

Table 2. Deprotection Results. 

R 
Isolated Yield 1%) 

R’= CHpCH = CHL R’= K 

10. -CHOZHS)P 64 61 

b. -CH,CH2NH COoPW 56 72 

1 c. - CHp E 1 73 1 67 NH2 

d. - CH,--QI 32 

I I 
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a. -CH (CH,) CHpOH 84 44 

The penem antibiotics afforded by these procedures were, in general, less active than their 

carbapenem counterparts against a wide variety of microorganisms but were more stable toward the 

dehydropeptidase-I enzyme. The biological results will be the subject of a forthcoming publication from 

these laboratories. 
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