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SYNTHESIS OF 3-METHYLPHOSPHONYL THIENAMYCIN
AND RELATED 3-PHOSPHONYL CARBAPENEMS
Alex Andrus,* B. G. Christensen and James V. Heck
Merck Sharp & Dohme Research Laboratories, Rahway, New Jersey 07065

Summary: The synthesis and some biological properties of the title compounds, beta-lactam antibiotie
analogs, are described.

The discovery of the carbapenem family of highly potent antibacterial agents, exemplified by
thienamyein,1 has prompted research in a number of laboratories directed toward the synthesis of analogs
with optimized pharmacological properties.2 We have recently described the synthesis of some 3-(5-
tetrazolyl), carboxyl-replaced analogs of carbapenems 2,3 which are stable to renal dehydropeptidase
(DHP-D), an enzyme responsible for the metabolie inactivation of carbapenems in M.‘l Herein we describe

the synthesis and biological activity of a series of 3-phosphonate carbapenem, carboxyl-replaced analogs 3.5
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The methyl phosphonyl group (3, R = CHg) was chosen due to its proven utility as a carboxyl mimic.6
A chiral azetidinone intermediate 47 possessing all three asymmetric centers in the correct configuration,
was exposed to three equivalents of lithium methyldimethylphosphonate8 affording the keto-phosphonate
5a.9 The azetidinone ring is protected from nucleophilic attack by deprotonation of the nitrogen by the

excess reagent. This first reaction is the only earbon-carbon bond formation required in the sequence.
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9aR = GH, R’ = Ph
9bR = CH, R’ = CH,CH,NHCO,pNB
f 9c R = CH, R’ = CH,CN
9d R = CH.Ph, R’ = CH,ON
pNB = p-nitrobenzyl
3aR = CH, R’ = Ph, M = Na
3bR = CH, R’ = CH,CH,NHCO,pNB, M = Na
3¢ R = CH, R’ = CH,CN,M = Na
3dR = CH, R' = CH,CH,NH, M = H
3e R = CH,Ph, R" = CH,CN, M = K

a)

b)
c)
d)

e)

4 —» 5a: nBuli, CH,PO(OCH,),, THF, -78°, then 4; 70%
4 —» 5b: nBuLi, CH,PO(OCH,Ph),, THF, -78°, then4; 53%

5a, 5b —» 6a,6b: p(C,,H,;)C;H,SO,N;,DBU,CH,Cl,; 6a 66%, 6b 71%
6a, 6b —» 7a, 7b: Rh,(OAc),,CH,Cl,; 7a 74%, 7b 74%

7a— 8a: CIPO(OPh),,DBU,CH,CN, -15°
7a,7b —» 8b,8¢c: PhN(SO,Ct,),, DBU THF, -15°; or (CF,50,),0, DBU,THF, -78°

8b—» 9a: HSPh,Et,N; 24% from 7a

8b— 9b: HSCH, CH NHCO,pNB Et,N; 19% from 7a
8b,8c —» 9¢,9d: NaHS,iPr,NEt,DMF, 0°, then CICH,CN, iPr,NEt; 9¢ 26% from

7a, 9d 26% from 8¢

9a.c —» 3a-c¢: nBu,NF,AcOH,THF, then Nal, acetone; 3a 40%, 3b 33%, 3¢ 9%
3b,9d —» 3d,3e: H,, 10% Pd/C, EtOH,THF, 0.1m potassium phosphate

pH7 bufter; 3d 90%, 3e 55%
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The synthetic route from 5a closely follows the Merck carbapenem process.10 Diazo-transfer
proceeded rapidly with p—dodecylbenzenesulfonylazide11 and 1,8-diazabicyclof5.4.0Jundec-7-ene (DBU) as
base. Refluxing 6a with a catalytic amount of rhodium acetate dimerl2 in dichloromethane gave pure
7a after simple filtration. Only one diastereomer at position 3 was formed and, by analogy with the
tetrazole3 and carboxylate ester analogs,6 the phosphonyl group was assumed to be in the o position.
Activation of position 2 for the introduction of the thioether side chain was accomplished by conversion
of 7a to the enol-phosphate 8a. However, no reaction was observed upon exposure of 8a to benzenethiol
and triethylamine in acetonitrile. As we had previously observed in the tetrazolyl series,3 the enol-
triflatel3 proved a more reactive electrophile toward thiols. Treatment of 8a with DBU and freshly
distilled trifluoromethanesulfonic anhydride, followed by exposure with benzenethiol or N-p-nitrobenzyloxy-
carbonyleysteamine gave 9a and 9b, respectively. Addition of sodium hydrogen sulfide to the triflate
solution followed by alkylation of the intermediate thioenolate with chloroacetonitrile, provided 9e. For
this purpose, a superior triflating reagent was N-phenyltrifluoromethanesulfonimide [PhN(SO9CF3)9l, a
stable, crystalline solid.14 This reagent effected triflation at a rate comparable to triflucromethanesulfonic
anhydride, and unlike the anhydride, does not cause polymerization of the tetrahydrofuran solvent. After
desilylation, 9a-¢ were mono-demethylated with several equivalents of sodium iodide in acetone at reflux.
Products 3a-e¢ were isolated by reverse-phase preparative thin-layer chromatography of the evaporated
reaction mixture. Hydrogenation of 3b gave 3-methylphosphonyl thienamyein 3d. A benzyl phosphonyl
derivative 3e was synthesized by the same procedures used for 3e, starting from lithium
methyldibenzylphosphonate and 4. Hydrogenolysis of 9d gave 3e, with no detectable amount of the diacid
phosphonate 3 (R' = CH9CN, R = H).

The 3-phosphonyl carbapenems 3a, 3e-e were stable to DHP-I by an in vitro enzyme assay. However,
their antibacterial activity was considerably diminished relative to the 3-carboxyl and 3-(5-tetrazolyl)
carbapenems.

Acknowledgment. We thank Jean Kahan for antimicrobial assays and Helmut Kropp for DHP-I
susceptibility measurements.
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