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Abstract: Synthetic methods for the preparation of the 

racemic carbapenems 11 and 3 and an oxapenam 
16 starting from diazoketone 11 are described. - 

~hienamycin' ( 1 )  and PA 31088-1"' ( 2 )  along with other examnles3 belonqing to 

the carbapenem family of antibiotics isolated from various species of Strepto- 

myces illustrate the diverse structural variations that are possible, even in 
natural sources without affecting the remarkable antibacterial activity of these 

compounds 
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There are three main synthetic routes described in the literature for the con- 

struction of carbapenem ring system ( 2 ) .  Two of these three ap~roaches utilise 
4 

the intramolecular Wittig reaction far the formation of either the 2,3-bond or 

the 1 ,2-bond5 in the final step. The third involves the formation of the 3,4- 
6 bond by carbene insertion . We.report in this communication an alternative 

method for the construction of the above bicyclic ring system through the for- 

mation of the 1,5-bond. 

Development of our present approach was stimulated by the literature observa- 

tion' that the copper (11) catalysed decomposition of ~enicillin-derived diazo- 

ketones (4) resulted in the formation of tricyclic ketones (?) throuqh the in- 
sertion of carbene between sulphur and C5. We were interested in the scope of 



this reaction and investigated the reactivity of several diazoketones derived 

from the monocyclic 4-thioazetidin-2-one-I-yl acetic acid derivative. 

Recently Oida and co-workers8 reported the synthesis of oxapenam derivatives 

from these monocyclic diazoketones. We indepently obtained similar products with 

our diazoketones, but at least in one instance we were successful in isolating 

the desirea carbapenam derivative and this constitutes the subject matter for 

the present communication. 

The novel diazoketone 11 which yielded carbapenem derivatives 11 and 11 was 
9 

synthesised in four steps starting from azedidinone (6) . Treatment of comnound 
(5) with isothiuronium chloridelo 1 in the presence of aqueous sodium hydroxide 
yielded the thioazetidinone 8 in the 60 % yield. 

COOPNB COOPNB 
COOPNB 

o o DLZ n fiL\=/ cocHN2 

0 Compound 8: mp 129-31 C (recrystallised from CH2C12/ether); IR: (CH2C12) 

3405, 1780, 1700, 1520 and 1355 cm-I; NMR (CDC13/DMSO), 2.80-3.05 (IH, m), 

3.35-3.63 (IH, m), 4.98 (IH, dd, J = 2.5, 5 Hz), 5.30 (2H, s), 6.10 (IH, d, 

J = 10 Hz), 7.44 (IH, d, J = 10 Hz), 7.60 (2H, d, J = 10 Hz), 8.24 (2H, d, 

J = 10 Hz), 8.50 (IH, br) p ~ m .  

~lkylation" of compound 8 was carried out methyl bromoacetate using 
finely powdered KOH and tetrahytylamonium bromide in dry tetrahydro- 

furan to give the methyl ester! in 52 % yield. Compound 2 :  mp 98-loo0 C (re- 
c r y s t a l l i s e d f r o m C H 2 C 1 2 / e t h e r ) ;  IR: (CH2C12) 1770, 1745, 1700, 1520, 1350 cm-'; 

NMR (CDC13) 3.20 (IH, dd, J = 16, 2.5 Hz), 3.64 (IH, dd, J = 16, 5.5 Hz), 

3.78 (3H, s), 3.92 (IH, d, J = 20 Hz), 4.35 (IH, d, J = 20 Hz), 5.20 (IH, dd, 
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J = 2.5,5.5Hz), 5.30 (2H, s), 6.12 (lH, d, J = 10 Hz), 7.24 (1H, d, J = 10 Hz), 

7.58 (2H, d, J = 9 Hz), 8.24 (2H, d,  J = 9 Hz) Dpm. 

~ydrolysis'~ of the methyl ester 2 was achieved by treatment with 1 N sodium 

hydroxide solution and the free acid 10 was thus obtained in quantitative yield 
as an amorphous solid. Compound 10: IR (KBr) 3540, 1750, 1735, 1685, 1520 and 
1340cm-'; NMR (DMSO) 3.04 (lH, dd, J = 1 6 ,  2.5Hz), 3.46 (lH, dd, J = 1 6 ,  

5 Hz), 3.68 (lH, d, J = 20 Hz), 4.08 (lH, d, J = 20 Hz), 5.22 (lH, dd, J = 2.5, 

5 Hz), 5.32 (2H. s), 6.12 (lH, d, J = 10 Hz), 7.45-8.30 (5H. m) ppm. 

Finally the diazoketone 11 was obtained in 73 % yield from the free acid 12 

using triethylamine, isobutyl chloroformateand ethereal diazomethane in dry 

CH2C12. Compound - 1 1  : mp 102-104O C (recrystallised from c~~cl~/ether) ; IR 

(CH2C12) 2060, 1765, 1700, 1645, 1520 and 1350 cm-I; NMR (CDC13), 3.08 (lH, 

dd, J = 16, 2.5 Hz), 3.60 (lH, dd, J = 16, 5 Hz), 3.64 (lH, d, J = 19 Hz),4.24 

(1H. d, J = 19 Hz), 5.22 (lH, dd, J=2.5,5 Hz), 5.30 (2H, s), 5.36 (lH,s), 6.30 

(IH, d, J = 10 Hz), 7.26 (lH, d, J = 10 Hz), 7.56 (lH, d, J = 9 Hz), 8.24 (2H, 

d, J = 9 Hz) ppm. 

Decomposition of the diazoketone 11 with a catalytic amount of copper (11) ace- 
tylacetonate in refluxing benzene afforded a racemic diastereomeric mixture of 

carbapenam ketones 2 and 2 (IR (CH2C12) 1775, 1700, 1570, 1520 and 1345 cm-'1 
in 33 % yield in the ratio of 8:l respectively. In addition to compounds 2 

0 and 13, an oxapenam derivative 15 (52 % yield, mn 138-40 , recrystallised from 
C~~Cl~/ether, IR (CHpClp) 1795, 1695, 1645, 1560, 1520 and 1340 em-') was also 

- - - - 
obtained in the above reaction. 

s COOR 

12 R =  PNB - 13 R = PNB - 16 - 
14 R - N a  - 15 R = N a  - 

Compound 2: NMR (CDC1 ) 3.13 (lH, dd, J = 16, 1.7 Hz), 3.41 (lH, dd, J = 18.5, 
3 

1.2Hz), 3.44 (lH, dd, J = 7 . 6 ,  0.8Hz), 3.72 (lH, ddd, J =  16, 5, 1.2Hz), 

3.84 (1H. ddd, J = 1.7, 5, 7.6 Hz), 4.23 (IH, dd, J = 18.5, 0.8 Hz), 5.28 (2H. 

s), 6.08 (lH, d, J = 10 Hz), 7.26 (lH, d, J = 10 Hz), 7.54 (2H. d, J = 9 Hz), 

8.22 (2H, d, J = 9 Hz) ppm. 



Compound 13: NMR (CDC13) 3.26 (lH, dd, J = 18.5, 1.2 Hz), 3.36 (lH, dd, J = 16, 

1.7 Hz), 3.46 (lH, ddd, J = 16, 5, 1.2 Hz), 3.62 (lH, d, J = 6.5 Hz), 4.26 ( l ~ ,  

d, J = 18.5 Hz), 4.28 (IH, ddd, J = 1.7, 5, 6.5 Hz), 5.28 (2H, s), 6.10 (lH, d, 

J = 10 HZ), 7.28 (lH, d, J = 10 Hz), 7.54 (ZH, d, J = 9 Hz), 8.22 (2H, d, J = 

9 Hz) ppm. 

Compound 5: NMR (CDC13): 3.13 (lH, dd, J = 17, 0.5 Hz), 3.57 (IH, ddd, 3 = 17, 

2.5, 0.8 Hz), 3.82 (lH, ddd, J = 16, 1.8, 0.8 Hz), 4.68 (lH, dd, J = 16, 1.8 HZ), 

5.30 (2H, s), 5.73 (lH, dd, J = 2.5, 0.5 Hz), 5.78 (lH, t, J = 1.8 Hz), 5.96 (lH, 

d, J = 10 Hz), 7.08 (lH, d, J = 10 Hz), 7.55 (2H, d, J = 9 Hz), 8.25(2H, d, J = 

9 Hz) ppm. 

Carbapenam carboxylates fi and 2 were prepared by hydrogenolysis of the p- 

nitrobenzylesters 12 and 13 using 10 % Pd/C and were found to be biologically 

inactive. 

TO our knowledge this is the first synthesis of a carbapenam involving the for- 

mation of the 1,5-bond as the ultimate step and extension of this method to the 

biologically active thienamycin analogues is in progress. 
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