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ABSTRACT: A general synthesis for optically active penems is described. Penems undergo 

a novel thermal isomerisation reaction. 

Won-classical B-lactams, exemplified by thienamycin', olivanic acidl and the Woodward's 

novel synthetic "penem" have all been described as potent antimicrobial agents. 

Recently, Several Papers have appeared on the syntheses of Cs-substituted penems'+-a, A Merck 

group9 has also announced a chiral synthesis forpenems, which is now established to be 

inoperativelO-ll. In this communication, we wish to report a general chiral synthesis for 

novel Cs-carbon substituted penems. 

The relatively inexpensive and readily available 6-amino penicillanic acid (1) (6-APA) 

was diazotized and brominated using a modified12 Clayton procedure13. The crystalline methyl 

ester (2) was obtained (-70%) by esterification of the dibromo penicillanic acid with methyl 

iodide in the presence of K2C03 in DMF. Introduction of a hydroxyethyl group at Cs was 

achieved by following the Merck procedurel'+. The desired BR isomer (3) was crystallized 

(ethylacetate-hexane) in pure form from a mixture of four possible isomers (55-60%). Hydro- 

genation of (3) with 10% Pd/CaCO, afforded a mixture of cis and trans penams. The trans 

isomer (4)15 was separated by silica gel chromatography ('60%). The hydroxy group in (4) was 

next protected as its TCE derivative (5) l6 (CCl3CHz-0-COCl + pyridine in CHzClz). The fully 

protected Penam (5) was then chlorinated I7 (2.5 equivalents of Clz/CClb) at -2O'C to get the 

azetidinone (6)l* in nearly quantitative yield. Ozonolysis of (6) in CH2C12 at -7O'C yielded 

the oxamide (7)lg, which readily reacted with excess (3-6 molar equivalents) potassium ethyl 

trithiocprbonate (EtSK + CSz in EtOH) to give the non-crystalline azetidinone trithiocarbonate 

(8)20 in'80-85% yield. In practice, conversion of (5) to (8) could be easily con- 

ducted without isolation of intermediates (6) and (7). 

Azetidinone (8) readily added to ally1 glyoxylate to generate the diastereomeric carbinol- 

amides (9)3,7**. Conversion of (9) to the bromo derivative (10) was carried out by reacting 

with mesylbromide and triethylamine in CHzClz at O'C. The highly reactive bromide (10) 
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(unstable to storage) was immediately reacted with triphenylphosphine3.7.8 in DMF (2 hrs) 

yielding the phosphorane (11)12 in an overall 50-55% yield from (8). Cyclisation to the penem 

was achieved by heating in either toluene or xylene. 

Scheme 1 

(1) =Z=NH2. z’=H, R=H (3) 
(2) *Z=Z’= er, R’CH3 

(4) I?‘= H 

(5) R’ * COOCH2CCl3(TCE) 

COOR2 

(S)=Y=OH.R2=CH2-CH=CH2 

(10) * Y=Br. R2= CH2-CH=CH2 

(12) 

X 

COOMe 
CH3 

(6) R’= TCE. x=3( 

(7)R’= TC+x=O ‘“’ 

(13) 

In the above cyclisation process, an unusual isomerisation was observed. In addition to the 

trans penem (12) (major component), a cis penem was also isolatedzl, the ratio of which 

depended on the temperature and duration of heating. When either of the pure isomers (12)22 

or (13)23 was heated, a similar equilibrium was established2‘+. It was, at this stage, unclear 

to us at which carbon center has the isomerisation occurred (at Cs or Cs)25. 

Both the trans and cis penems (12) and (13) were then deprotected, first by zinc reduc- 

tion to remove the TCE group (desthioethyl penemz6 was isolated as a byproduct), followed 

by the McCombie procedure27 for allyloxy cleavage. Whereas the trans penem (14) showed 

remarkable antimicrobial properties, the cis penem (15) was devoid of any significant 

activity12. 

The biological activity profile of (14) and (15) was in agreement with the observation 

made by Woodward and co-workers for Cs unsubstituted penems. In the same paper4, Woodward 

also stated "5R configuration in penems is the sole essential stereochemical requirement for 

antibiotic activity . . . . this requirement may be obscured by the presence of other chiral 

centers". We have now synthesized a few 55 penems having chiral substituents at Cs and Cs. 

For example, enantiomer of (14) was synthesized as shown in Scheme 2. 



SCHEME 2 

The 8s bromohydrin (16) (a byproduct from Grignard reaction) was reduced with tri-n-butyl 

tin-hydride2a to get predominantly the cis isomer (17). The hydroxy group in (17) was pro- 

tected as its TCE derivative, and then converted to the azetidinone (18), following the 

general procedure. The phosphorane (19), prepared from (18), was cyclised to a mixture of 

trans and cis penems2g. Both were deprotected to afford the corresponding sodium salts (22) 

and (23). [Trans penem (20) is the enantiomer of (12).] In a similar manner, (24) was also 

prepared. The cis isomer (23) showed good antimicrobial activity, whereas (15) was "inactive" 

Penems (22)30 and (24) were also found to be inactive. 

These observations lead us to believe that 5s isomers of penems will have little micro- 

biological activity irrespective of the chirality at other centers, and that the corresponding 

5R isomers are entirely responsible for the observed activity31. 
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