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Abstract: A series of twelve highly active aminomethyl-THF 1B-methylcarbapenems 3a—1 were synthesized.
Of these, carbapenems 3a—f demonstrated a spectrum of antimicrobial activity comparable to those of imipenem
and meropenem with the exception of only moderate anti-pseudomonal activity. Most importantly, they
demonstrated moderate intrinsic oral activity against an E. coli infection in mice. © 1997 Elsevier Science Ltd.

Introduction

Until recently, imipenem’? was the only carbapenem available for clinical use in the United States. Of
all the B-lactam antibiotics in clinical use, it has the broadest spectrum of antimicrobial activity against aerobic
and anaerobic Gram-positive and Gram-negative bacteria, including many resistant clinical isolates. It is not
only highly stable to hydrolysis by most serine B-lactamases, but also an effective inhibitor of these serine [3-
lactamases. However, imipenem has four drawbacks. First, it is highly sensitive to renal dehydropeptidase
(DHP) inactivation, thus requiring co-administration with cilastatin, a dehydropeptidase inhibitor. Second, it
has convulsive potential, particularly in patients with impaired renal function and underlying CNS disease.
Third, it is not orally active. Fourth, it has a half-life of only one hour. The second generation carbapenem,
meropenem, which has antimicrobial activity very similar to that of imipenem and was recently approved for
use, addresses the first two concemns.!” Therefore, our objective has been to develop the next generation of
carbapenems, equal in activity to the clinically effective parenteral carbapenems, imipenem and meropenem, and

having pharmacokinetic advantages such as oral activity and longer half-life.

The structure-activity relationships of imipenem and meropenem are well documented.™* The 6a-

hydroxyethyl group is responsible for high stability to hydrolysis by most serine B-lactamases and for high
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serine PB-lactamase inhibitory activity, thus distinguishing imipenem and meropenem from classical f-lactam
antibiotics such as penicillins and cephalosporins. The 1B-methyl group of meropenem is responsible for both
the high chemical stability as well as stability to hydrolysis by renal dehydropeptidases, thus distinguishing !
meropenem from the first generation carbapenem, imipenem. In looking for sites for further structural
modification, the 2-position appeared to be the only place that would allow considerable variation without
compromising the antimicrobial activity and therefore, became the target of our investigation. Since hundreds of
substituted tetrahydrofuranylthiols can be readily obtained by the modification of carbohydrates, extensive
efforts were directed toward the synthesis of novel THF 1B-methylcarbapenems with pharmacokinetic and/or
microbiological advantages, resulting in aminomethyl-THF 1B-methylcarbapenems 3 as the major synthetic 5
targets. These dipeptide-like compounds were made with the objective of obtaining carbapenems with enhanced
activity against Gram-negative bacteria and with oral activity, both mediated through the use of peptide

transport systems.” Here we report the synthesis and structure-activity relationships of aminomethyl-THF

1B-methylcarbapenems 3.°
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A series of ten positional and configurational isomers of azidomethyl and PNZ-protected aminomethyl
tetrahydrofuranylthiols 4a-1 were synthesized % ® PNB-protected carbapenems 2a~1 were synthesized by
the reaction of phosphate ester 1 with the thiols 4a-1 in acetonitrile in the presence of N,N-
diisopropylethylamine. Zwitterionic carbapenems 3a-1 were synthesized by reductive hydrogenation with
10% palladium on charcoal at pH 6. Under these conditions, the azido moiety was reduced to the primary
amino group and the PNB and PNZ moieties deprotected (Scheme 1). Carbapenems 3a-b are each a mixture of
diastereomers. A mixture of diastereomeric carbapenems 3i and 3j obtained from the reaction of the phosphate

ester 1 with the racemic thiol 4i—j followed by hydrogenation of the PNB-protected carbapenem 2i~j was
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successfully separated by C,, reverse phase chromatography; carbapenems 3k and 31 were similarly prepared.

The assignment of stereochemistry of carbapenems 3i-1 is tentative. The most interesting and optically pure

carbapenem 3f (CL191,121) was synthesized from diol 5 in seven steps in 15% overall yield as illustrated in

Scheme 2. Diol § ([0]*p = +47°¢1; ¢ = 1.1% in H,0)” was obtained in two steps from 2-deoxy-D-ribose. Since

the ditriflate of the diol § is chemically unstable, the triflate group was introduced one at a time to provide a

higher overall yield.
I R
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Scheme 1: (a) 4/HProNEt/CH,CN, rt; (b) Hp/10%Pd on C/pH 8.0, 1t
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Scheme 2: (a) 1 equiv. T1,0/Py/CH, 3 -20 °C; (b) nBuNN , -20 °C; (¢) KSAc/MeCN, 0 °C;
(d) MeONa/MeOH, 0 °C; (e) 1/H°r, ﬁ Et/CHLCN, nt; (f) H/10 .Pd on IpH 6.0, 1t
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Results and Discussion

As shown in Table 1,* twelve aminomethyl-THF 1B-methylcarbapenems 3a—1 exhibited antimicrobial
activity against a spectrum of Gram-positive and Gram-negative bacteria, including those producing specific B-
lactamases. In the 3,5-disubstituted series, the stereochemistry of the substituents on the THF ring had little
effect on the antimicrobial activity. These 3,5-disubstituted compounds 3a—e were almost equally active.
Against Gram-positive and Gram-negative microorganisms, they demonstrated a spectrum of activity
comparable to those of imipenem and meropenem with the exception of only moderate anti-pseudomonal
activity. Decreased activity in P. aeruginosa (ATCC 27853) appeared to be due to poor uptake through OprD
protein channel.**® Loss of the OprD protein channel in P. aeruginosa (GC 1544) markedly affects the activity
of imipenem but has little effect upon the antipseudomonal activity of the compounds 3a—e. However, in the
2,3- and 3,4-disubstituted series, the stereochemistry of the substituents on the THF ring had a pronounced
effect on the antimicrobial activity. The activity between cis and trans compounds could differ as much as 16
fold, with cis compounds more active than the trans compounds. Among these compounds, carbapenem 3f
(CL191,121) had the best activity against Gram-positive organisms, particularly against E. faecalis. Most
importantly, the compounds 3a, 3b, and 3f demonstrated moderate intrinsic oral activity (ED50 = 2-4 mg/kg)
against an E. coli infection in mice and were about 20 times more efficacious than imipenem when dosed orally %
None of the compounds exhibited acceptable activity against methicillin-resistant S. aureus (GC2220); none
exhibited activity against E. faecium or X. maltophilia. As expected, these THF 1B-methylcarbapenems all
demonstrated better stability than imipenem to hydrolysis by hog renal dehydropeptidase and do not require

coadministration with a dehydropeptidase inhibitor.

Synthesis of peptidic prodrugs of aminomethyl-THF 1B-methyl carbapenems 3 is the subject of the

following communication. '°
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