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A m  -The first total synthesis of some cnrbapenem antibiotics having 

amethyl group at  the 6P position of the carbapenem nucleusisdescribed. 

Ever since the discovery of thienamycin, a variety of carbapenem antibiotics have appeared in the 

literature directed toward improvement of the chemical and biological stability of the highly strained ring 

system.la Among them, lp-methylearbapenemslb have attracted considerable interest as a promising 

candidate for enhancing the stability toward renal dehydropeptidase-I. With the aim a t  such stabilization, 

we introduced a methyl group into the fib position of the carbapenem nucleus. Here we report the first total 

synthesis of ( f )-6P-methylcarbapenem derivatives and their antibacterial activity. 

The enolate imine condensation between methyl propionate 1 and N-trimethylsilylimine 22 gave a 5:l 

mixture of racemic cis- 3a and trans-p-lactam 3b3 in 4651% yield. The cis-trans mixture was converted to 

N-t-butyldimethylsilyl derivative 4 in 93% yield. Direct aldol condensation of the enolate derived from 4 

with excess acetaldehyde gave an 80.9% yield of 5 as a mixture of diastereoisomers. Omnolysis of N,O- 

bisprotected 6 followed by oxidation of the resulting aldehyde 7 gave the carboxylic acid 8. After oxidative 

decarboxylation with lead tetraacetate, we obtained the important key intermediate 9 (mp 51-58 "C)4a as an 

epimeric mixture at  the C-1', accompanied by removal of the N-protecting group. For the relative 

configuration between substituents at  the C-3 and C-4, Reidedb, Georg,4e and HarW have independently 

pointed out that oxidative decarboxylatiou of 3-(l'-t-butyldimethyIsilyloxy)ethyl-4-carboxy-2-azetidinone 

results in exclusive introduction of an acetoxy group at  the C-4 from the less hindered side opposite the 

bulky suhstituent at  the C-3. This procedure gave 9 from 5 in a 20% overall yield. 
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Scheme 1. Reagents and conditions. i ,  LDA, THF,  7 0  'C-room temp then HCI, ii, l&BuMe2SiCI, Bt3N, cat N,N-dimethyl- 
aminopyridine, CH2CIZ, OaC - room t emp ,  lil, 1.35 mol of LDA, 10 mol oCMeCHO, THF, - 78'C then 2.7 moi of AeOH: iv, 
t-BuMe2SiCi, imldarole, DMF, room temp., 15 h: v, 03 ,  CH2CiZ. -78 OC then Me2$ vi, pyridinmm diehromnte, DMF. 0 
'C-room temp., 15 h, ~ i i ,  P ~ ( O A C ) ~ ,  CU(OAC)~, DMF-AcOH, 70 'C, 0.5 h, viii, HzC=C(OSiMe2t-Bu)-C(N21-C02PMB. eat. 
Znlz; i r ,  eat. Rhz(OAe)4, PhH,  80 "C, x, nq. IICI, McOll; xi, lPhO)zl'(0)Ci, i-PrzNEt: xii. R'SH, iLPrzNEt, riii. AICi3. 
anisole, CHzCIz-MeNOz. 
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The Lewis acid-mediated reaction5 of the acetate 9 with the silyl en01 ether6 of p-methoxybenzyl 

diazaacetoacetate resulted in stereospecific replacement of the C-4 acetoxy group to give the diazoester 

104h7 (46.51%) which was cyclized8 into two chromatographically separable hicyclic keto-esters l l a  (8SY- 

isomer) and l l b  @R*-isomer) in 51.8% and 30.6% yields, respectively. The stereochemistry a t  the C-8 of 

l l a  and l l b  could be determined from the IH nmr spectra4b.g of carbapenems, i.e., the C&CH(OH)- 

doublet signal in the 8R*-isomer was always observed in a higher field than that  in the 8S*-one. The CH3- 

CH(0SiMez.t-Bu)- signal in l l b  was observed a t  6 1.183 (d, J = 6.0 Hz), whereas 6 1.267 (d, J = 6.0 Hz) was 

observed for l l a .  From these findings, the 8s:-isomer was assigned to l la and the 8R*-isomer to l l b .  

Careful treatment of l l b  with aq. HC1-MeOH a t  room temp. for 27.5 hl0 afforded the desired 8R*-epimer 
CHCI, 

12b ( v ,=, 1760 cm-' as  the major product with some recovered l l b  and ring-opened 13. Desilylation of 

10 followed by cyclization gave an  inseparable mixture (crystals) of major 12a and minor 12b,4b,g,ll in a 

ratio reflecting that of l l a  to l l b ,  in 80.5% yield from 10 via 14. They were also obtainable from a crude 

mixture of 118 and l l b  upon exposure to the HC1-MeOH mixture in high yield. 

The crude keto-ester 12b derived from l l b  having the natural configuration a t  the C-8 position which is 

required for biological activity, was readily converted into carbapenems bearing the C-2-thia substitution 

pattern (16, foam, 82.2%; 17, mp 150-154°C 66.2%; 18, mp 160-166'C, 29.8%) via enol-phosphate 15  

(93.4%).8,12 Final deprotection of these esters by treatment with aluminum trichloride and anisole under 

mild conditions13 gave carboxylate derivatives 19,20 and 21, as  powders, respectively, in moderate yields. 

As anticipated, the chemical stabilities of 19,20 and 21 increased relative to the thienamycin series. How- 

ever, their antibacterial activities (in vitro) against both gram-positive and -negative bacteria diminished 

relative to thienamycin. At  present, i t  can only be said that  the reduced antibacterial potency may result 

from the methyl substituent a t  the C-6 causing inactivation of the p-lactam carbonyl due to its inductive 

effect as well as  making i t  difficult for the compound to approach the appropriate receptor sites due to its 

steric effect. . 
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