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SYNTHETIC STUDY OF l-SUBSTITUTED CARBAPENEM ANTIBIOTICS 
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: Total synthesis of l-substituted carbapenems is described. %FF The key 
s the reaction of acetoxyazetidinone (1) with ketene silyl acetal (8). 

Since the discovery of thienamycin CL), 1) because of its high 

antibacterial activity and broad spectrum, carbapenem antibiotics have 

attracted much attention. But I is chemically unstable and readily 

metabolized by renal dehydropeptidase-I (DHP-I). 2) In the previous paper, we 

reported the synthesis of RS-533 (1) which is more potent in activity and more 

stable than 1. - On the other hand, D.H.Shih et al. synthesized l-B-methyl- 

carbapenem 3 and found that introduction of a methyl substituent to the l- 

positions of carbapenems was very effective in improving its metabolical 

stability. 3) We have also been interested in biological effect of some 

substituents introduced to the l-position of RS-533. For the effective 

synthesis of 1-B-methylcarbapenems, stereoselective synthesis of B-Me isomer 

6a(R1=CH3, - R'=H) is necessary as the key intermediate, but the Merck group's 
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method (treatment of 3 with 2 equiv. of LDA and MeI) gave a-Me isomer (5a) as 

the major product (5a:6a=4:l).3) 
- 

-- We now report an improved method for the 

preparation of @-Me isomer 6 and the synthesis of l-B- and l-a-methyl RS-533 

(17B and 17~~) as well as other l-substituted carbapenems. 

The key step of our synthesis is the reaction of acetoxyazetidinone 1 

with ketene silyl acetal g in the presence of trimethylsilyl trifluoromethane- 

sulfonate (TfO-TMS).4) The results are summarized in Table I. 
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Table I 

The reactions 

8 

R1,R' 

Me,H 

Me,H 

OMe,H 

Me,Me 

Me,Me 

of 1 with 8 

product yield 

5 and 6 94%(6/5=1/2.6) 

2 and 6 81%(6/5=1.6/l) -- 9 68% 

10 96% - 

10 46% - 

Ketene silyl acetal 8a(R1,R2=Me,H;R3- - -0Me) reacted with 1 in CH2C12 at room 

temperature in the presence of a catalytic amount of TfO-TMS to afford a 

mixture of a-Me isomer (s(R3=OMe), major) and B-Me isomer (&(R3=OMe), 

mlnor). On the other hand, ketene silyl acetal 8b(R1,R2=Me,H;R3=SPh; E:Z=6:1) - 
afforded B-Me isomer (6b(R3=SPh)) as the major product along with a-Me isomer 

(5b(R3=SPh)), these isomers being easily separated by silica gel chromato- - 
graphy or recrystallization. And 8b(E:Z=1:6) afforded a same result. - 

Compound 5b and 6b were separated by silica gel chromatography and were - - 
hydrolyzed (aq.NaOH in MeOH) quantitatively to give llcl and m, respectively. 

According to the Merck method, 3) lla and lit? were converted to 1-a-methyl-2- 

ketocarbapenam (12~4) and l-e-isomer (a), respectively. I-f3-Methyl-2-keto- 

carbapenem (12B) was readily converted to 148 by the condensation reaction 

with 3-(S)-mercaptopyrrolidine derivative (13) almost quantitatively, and gave 

l-B-methyl RS-533 (a)6) 
- 

after deprotection (PNB and PNZ) by catalytic 

hydrogenation (Pd-C in H20-THF) and successive treatment with ethoxy- 

acetimidate in 57% yield. 
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On the other hand, the a-Me isomer (14a) obtained from 120. and 13 Was 

very unstable and could not be isolated. So 12a was converted to 16a by the 

condensation reaction with (S)-mercaptoamidineerivative $) (Y-E). &J 

Was more stable than a, and gave l-a-methyl RS-533 (a) after deprotec- 

tion by catalytic hydrogenation (Y. 51%). 

Analogously, l-methoxy- (20) and l,l-dimethyl-2-ketocarbapenams (21) were 

synthesized from z(R3=STol(m))<nd g(R3=STol(p)), 

- 
respectively. 20 Was 

readily converted to 22 (Y.quant.), which gave 1-methoxy RS-533 (2G6) by - 

catalytic hydrogenation (Y.21%). These 1-methoxy compounds (5, 18, 20, 22 and 

24) could not be separated to give CX- and B-isomers. - On the other hand, 21 

could not be converted to 23 or 25 owing to steric hindrance of the -- 
l,l-dimethyl group. We, therefore, applied Oida's method5) to l-0, and 

synthesized 27. 27 Was cyclized via the intramolecular Wittig reaction to -- 
give 28 in 35% yield. 28 Was treated with KF in aq.CH3CN to afford 2J_ and 

successive treatment with ethoxyacetimidate gave l,l-dimethyl RS-533 (&)61 in 

18% yield. 
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l-S-Methyl RS-533 (176) Is highly resistant to enzymatic hydrolysis by 

DHP-I, and shows strong antibacterial activity and good bioavailability. 

l-a-Methyl X-533 (*), l-methoxy RS-533 (14) and l,l-dimethyl RS-533 (26) 

are also rather resistant to DHP-I but showed relatively weak antibacterial 

activities. The detailed antibacterial activities of these l-substituted 

RS-533 will be reported elsewhere. 
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