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SYNTHETIC CARBAPENEM ANTIBIOTICS Ill.1 1-METHYL THIENAMYCIN
David H. Shih,* Lovji Cama and Burton G. Christensen

Merck Sharp & Dohme Research Laboratories, P. O. Box 2000, Rahway, New Jersey 07065

Abstract. Total syntheses of 1o and 1B-methyl thienamycin are reported. 1p-Methyl thienamyein
the antibacterial activity of thienamycin and is highly resistant to hydrolysis by DHP-I enzyme.

Thienamyein? is one of the most potent naturally oceurring broad spectrum f-lactam antibiot
its intrinsic chemical stability is insufficient to allow its development as a clinical drug candidate.
synthetic structural modification of thienamycin produced a chemically stable product, imipenem,:
has the antibacterial activity and potency of the parent, but like other naturally occurring carbape
is readily metabolized by renal dehydropeptidase-I (DHP-D, thus necessitating the co-administraic
DHP-I inhibitor.4 Therefore, the design of a metabolically stable and efficacious carbapenem an
became a major objective of our program. In the pursuit of this objective, we have engaged in an ex
program of conventional side chain modification® as well as studies directed toward more fund
modification of the nucleus.6

Herein we report the total synthesis and stereochemical assignments of lo-methyl thienamyein
1p-methyl thienamyein (2). The biological properties of these two isomers reveal a major breakthr
the design of DHP-I resistant carbapenem antibiotics.

The key synthetic intermediate, 1p-methyl keto ester 3, which was reported previously,l we
to prepare 1[-methyl thienamycin as shown in Scheme I. The cysteamine side chain of 1p-
thienamyecin was introduced by a displacement reaction of 1B-methyl enol phosphate 4 with N-(p-nitrol
oxycarbonyl)aminoethanethiol under conditions similar to those employed previously in the carbapenen
(diisopropylethylamine/acetonitrile, r.t.).7
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Scheme 1

3 4 R=O0P({0)(OPh),
§ R=SCH,CH,NHCO,PNB

Preparation of lxmethyl keto ester 9 from 6 was carried out under conditions similar to those used
for the preparation of 3 (Scheme II). Treatment of 6 under Masamune's conditions followed by desilylation
with 8N hydrochloric acid afforded the chain extended B keto ester 7, which was diazotized with

polymer-SO2gNg in acetonitrile in the presence of triethylamine to give diazo intermediate 8. Treatment of

Scheme I

CO2PNB

10 R=0S0,CF5 9
11 R=SCH,CH,NHCO,PNB

8 with rhodium acetate yielded the bicyclic keto ester 9. However, the formation of lo-methyl enol
phosphate from lomethyl keto ester 9 was very sluggish and subsequent displacement of the phosphonate
with the same mercaptan was also difficult. Therefore, the preparation of lo-methyl thienamyein from
keto ester 9 required a less hindered and more reactive leaving group. Trifluoromethylsulfonate 10
(trifluoromethanesulfonic anhydride/diisopropylethylamine in acetonitrile, -20°) was sufficiently reactive.
Hydrogenolysis of § and 11 (40 psi hydrogen, 10% Pd/C in THF/phosphate buffer) followed by Dowex 50x4
(sodium form) purification gave the desired 1p- and lo-methyl thienamyeins, respectively.

The stereochemical assignments of these compounds were based upon the correlation of the key
intermediate 61 with an authentic sample synthesized independently by a stereocontrolled route from 12,1b
the structure of which was established by X-ray crystallography. These correlations are summarized in
Scheme IlI. Treatment of 12 with two equivalents of Jones reagent (acetone, r.t.) gave azetidinone
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carboxylie acid 13, which upon saponification with sodium hydroxide yielded sodium salt 14, whose proton
NMR spectrum was identical to the product derived from 6 by acidie desilylation (6 N HCI, in methanol/water
solution, r.t.) followed by neutralization with sodium hydroxide and lyophilization.

Scheme III

Isomers 1 and 2 proved to be significantly different in both antibacterial activity and DHP-I
susceptibility. The 1(3-methyl thienamyecin is biologiecally more active than thienamyecin and more
significantly, it is highly resistant to enzymic hydrolysis by DHP-I. The la-methyl isomer is rather resistant
to DHP-I hydrolysis but its antibacterial activities are very much decreased. These findings have opened
new opportunities to design a variety of metabolically stable carbapenem antibioties based upon the 1B-
methylearbapenem nuecleus.l,8
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Spectra Data: Proton NMR chemical shifts in ppm (200 MHz NMR in CDClg, TMS as internal standard
unless otherwise specified). 1: UV )‘g&g 293 nm; NMR (D20): 3.12 (d, 3 H, J = 8.0 Hz, lo-Me), 3.18
(d, 3 H, J = 6.0 Hz, CH3CHOH), 2.75-2.98 (m), 3.22 (quintet, 1 H, J = 8.0 Hz, Hy), 3.35 (dd, 1 H,
J = 3.0 and 6.0 Hz, Hg), 3.70 (dd, 1 H, J = 3.0 and 8.0 Hz, Hs), 4.10 (quintet, 1 H, J = 6.0 Hz, Hg).
2. UV AI;ZQ?( 294 nm; NMR (DgO): 1.06 (4, 3 H, J = 7.8 Hz, 1p-Me), 1.14 (d, 3 H, J = 6.4 Hz,
CH3CHOH), 2.70-3.26 (m), 3.32 (dd, 1 H, J = 3.0 and 6.0 Hz, Hg), 4.06 (dd, 1 H, J = 3.0 and 9.5 Hz, Hs)
and 4.12 (m, 1 H, H). 5 IR (CHCIg: 1770 and 1724 eml; UV AELOH 322 and 285 nm; NMR: 1.26
(d, 3H, J=6.4 Hz, 1p-Me), 1.37 (d, 3 H, J = 6.4 Hz, CH3CHOH), 2.94-3.10 (m, 2 H, SCHg), 3.28 (dd,
1H,J=2.5 and 6.5 Hz, Hg), 3.49 (m, 3 H, NCHy and H;), 4.24 (dd, 1 H, J = 2.5 and 9.0 Hz, Hj), 4.25
(m, 1 H, Hg), 5.21 (s, 2 H, NHCOOCH9), 5.24 (d, 1 H, J = 3.2 Hz, COOCHy), 5.54 (d, 1 H,J = 3.2
Hz, COOCH9), 7.52 (d, 2 H, J = 8.0 Hz, PNB), 7.68 (d, 2 H, J = 8.0 Hz, PNB), 8,23 d, 4 H J=28.0
Hz, PNB). 7: 300 Hz NMR: 1.26 (4, 3 H, J = 6.8 Hz, 1o-Me), 1.34 (d, 3 H, J = 6.0 Hz, CH3CHOH),
2.79 (dg, 1 H, J = 6.8 and 8.0 Hz, CHCHjy), 2.83 (dd, 1 H, J = 2.0 and 7.0 Hz, Hg), 3.64 (s, 2 H,
CH9COOPNB), 3.78 (dd, 1 H, J = 2.0 and 8.0 Hz, Hy), 4.18 (m, 1 H, CH3CHOH), 5.28 (s, 2 H, benazylic
protons), 5.98(s, 1 H, NH), 7.55 (d, 2 H, J = 7.8 Hz, PNB), and 8.28 (d, 2 H, J = 7.8 Hz, PNB). 8: 1.24
(4, 3 H, J =6.8 Hz, 1o-Me), 1.36 (d, 3 H, J = 6.5 Hz, CH3CHOH), 2.93 (dd, 1 H, J = 2.0 and 6.5 Hz,
Hj), 3.64 (dg, 1 H, J = 6.8 and 8.1 Hz, CH3CH), 3.91 (dd, 1 H, J = 2.0 and 8.1 Hz, Hy), 4.19 (m, 1 H,
Hs), 5.40 (s, 2 H, COOCHy), 5.90 (s, 1 H, NH), 7.58 (d, 2 H, J = 7.2 Hz, PNB) and 8.31 (d, 2 H, J = 7.2
Hz, PNB). 9: NMR: 1.29 (d, 3 H, J = 6.8 Hz, 1o-Me), 1.41 (d, 3 H, J = 7.0 Hz,CH3CHOH), 2.38 (dq, 1 H,
J = 6.8 and 8.0 Hz, Hy), 3.25 (dd, 1 H, J = 2.0 and 6.8 Hz, Hg), 3.75 (dd, 1 H, J = 2.0 and 8.0 Hz, Hs),
4.36 (quintet, 1 H, J = 7.0 Hz, Hg), 4.85 (s, 1 H, Hp), 5.28 (d, 1 H, J = 13 Hz, benzylic proton), 5.39 (4,
1 H, J = 13 Hz, benzylic proton), 7.58 (d, 2 H, J = 8.1 Hz, PNB), 8.29 (d, 2 H, J = 8.1 Hz, PNB).
11: UV ALCOH 392 and 285 nm; NMR: 1.35 (d, 3 H, J = 6.4 Hz, lo-Me), 1.39 (4, 3 H, J = 8.0 Hz,
CH3CHOH), 3.04 (t, 2 H, J = 8.0 Hz, SCH9), 3.30 (dd, 1 H, J = 3.0 and 6.0 Hz, Hg), 3.40 (m, 3 H, CHgN
and Hy), 3.83 (dd, 1 H, J = 3.0 and 7.0 Hz, Hs),4.27 (m, 1 H, Hg), 5.22 (s, 2 H, NHCOOCH2PNB), 5.30
(d, 1 H, J = 14.5 Hz, COOCHg), 5.52 (d, 1 H, J = 14.5 Hz, COOCHyg), 7.54 (d, 2 H, J = 8.0 Hz, PNB),
7.70 (4, 2 H, J = 8.0 Hz, PNB), 8.26 (d, 4 H, J = 8.0 Hz, PNB). 14: 300 MHz NMR (D90): 1.14 (4,
3 H, § = 8.0 Hz, 1o-Me), 1.28 (d, 3 H, J = 6.4 Hz, CH3CHOH), 2.26 (dq, 1 H, J = 8.0 and 9.0 Hz,
CH3CH), 3.00 (dd, 1 H, J = 5.4 and 2.1 Hz, Hg), 3.70 (dd, 1 H, J = 9.0 and 2.1 Hz, Hy) and 4.19
(quintet, 1 H, J = 6.4 Hz, CH3CHOH).
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