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Summary : A convenient methodology is described which allows the preparation of 
2-0x0-, 2-thioxo- and 2-iminopenams from a singZe precursor readily prepared from 
peniciZZin G. These penams have been converted into the corresponding 2-hetero- 
substituted penems. 

Most synthesis of penems are still based on the intramolecular thiocarbonyl 

Wittig cyclization developed by Woodward and his colleagues 132 . However this me- 

thodology appears to be not readily applicable to the synthesis of penems 1 bea- 

ring heterosubstituents at C-2. 
3 

such penems. 
4 

We have proposed an alternative approach toward 

It is based on the irreversible quenching of the "enol tautomers" 

2 of penams 3 bearing an exocyclic C=X double bond (Scheme 1). This has been 

already illustrated by the synthesis of 2-alkoxypenems 1 (X=O).5 - 

COOR’ COOR’ 

3 1 

1. Scheme 

We describe here a more general route toward a variety of penams 3 and the - 
corresponding penems 1 from a common intermediate 4 readily prepared from penicil- _ 
lin G. 

Alkylation of compound 56 with bromomalonates 5' (2 equiv. Triton B, DMF, 

-3O'C to 20°C) yielded the NIsubstituted B-lactams 7a (73%) and 7b (65%, two dia- - - 
stereoisomers) (Scheme 2). Hydrolysis of 7 (35% HC104 or 1N HCl, CH30H, 20°C, - 
30 min) liberated quantitatively the G side-chain and the thiol group8 to give 

the compounds 4 which were directly exposed to various bis-electrophiles (Scheme 3). 
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b: RI= tBu ; R2= CH2 NO2 

Scheme 2. ---- 

Reaction of 4b with phosgene (1 equiv.)and thiophosgene (1 equiv.)in the pre- - 

sence of triethylamine (2 equiv. CH2C12, -60°C to O'C) yielded compounds 8 (two 

diastereoisomers, 53% after chromatography, vcEo 1808 cm 
-1 ) and 9 (red solid, two 

diastereoisomers, 
-1 - 

59% after chromatography, v(..~ 1806 cm ). Dibromo-N-methylimi- 

ne reacted under the same conditions with 4a to give the bicyclic compound 10 - 

(20% after chromatography, vcEo 1803 cm-'): 

Hydrogenolysis (Pd 10% on C, AcOEt, 20°C) of the p-nitrobenzyl esters of 8 

and 9 was accompanied by the spontaneous decarboxylation of the resulting acids - 

to yield the known5 2-oxopenam ester 11 (48% after chromatography) and the new' - 
10 

2-thioxopenam ester 12 (35% after chromatography). We had already shown5 that 11 - - 
could readily be converted into 2-methoxypenem 14 on treatment with diazomethane - 
but did not react with methyliodide and triethylamine at room temperature. In con- 

trast 12 readily reacted under these conditions to yield the penem derivative z 

(46% yield after chromatography at -4O"C, unstable at room temperature). 
11 

Hydrogenolysis of 10 under the standard conditions gave consistently 15-25% - 
yield of Z-iminopenam 13. A significant amount of starting material 10 was reco- - - 
vered. Examination of the spectral properties 

12 
of 13 revealed the presence of - 

both 2-iminopenam 13 and 2-aminopenem 16 tautomers in an approximate ratio of 1:2. - - 
This contrasts with the behaviour of 11 and 12 which do not show any detectable - - 
"enol" or "enethiol" content. Clearly, in 13, the extra-strain provided by the 

additional sp 
2 

center is outweighed by the stabilisation resulting from the bet- 

ter conjugation in 16. - 
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