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COMMUNICATIONS TO THE EDITOR

A Novel 1/J-Methylcarbapenem, J-1 1 1,225:
Effects of the C-3 and C-5 Stereochemistry of

the Pyrrolidinylthio Side Chain on
Antibacterial Activities

Sir:

Recently, we demonstrated that J-lll,225 (la), J-

114,870, and J-l14,871, novel 1/fonethylcarbapenems
possessing ^raw^-S-substituted-S-pyrrolidinylthio moieties
as side chains at the C-2 position of the carbapenem

nucleus, had good safety profiles and ultra-broad-spectrum
antibacterial activity covering methicillin-resistant
Staphylococcus aureus (MRSA) and Pseudomonas
aeruginosa.1^ These carbapenems showing unique bio-

logical activities could be distinguished by their unusual
C-5 stereochemistry of the side chain, compared with those

of knowncarbapenems possessing a c/s-5-substituted-3-

pyrrolidinylthio side chain, such as meropenem,2) S-46613)
and BO-2727.4'5) Studies of structure-activity relationships

showed that the carbapenems containing trans-(3S,5R)-5-

arylpyrrolidine as a side chain provided better antibacterial
activity than cis-(3S,5S) isomers. In order to investigate

the influence of the C-3 and C-5 stereochemistry of the
side chain on biological activity, J-lll,225 (la) and
its diastereomers lb, lc and Id were synthesized
and evaluated for antimicrobial activity as well as

epileptogenicity (Figure 1)..
Four diastereomers of the side chains 7a~d were

prepared by using commercially available (47? )-hydroxy-
2-pyrrolidone as a starting material (Scheme 1).6)

Condensation of protected pyrrolidone 2 and Grignard

reagent 3 furnished a diastereomeric mixture of carbinol 4,
which was in turn subjected to pyrrolidine formation to
afford (27?)-aldehyde 5a and (25)-aldehyde 5b after

cleavage of dimethylacetal protection and crystallographic
separation. (27?,47?)-Pyrrolidine 5a was converted to

(27?,4i?)-4-hydroxypyrrolidine 6a by the following process:
1) formation of a protected aminomethyl group (step c); 2)
simultaneous removal of TBSand Boc protecting groups by
means of HCl/MeOH treatment; and 3) protection of

pyrrolidine nitrogen with an Alloc-group (step d). After
mesylation of the secondary hydroxyl group of the
pyrrolidine 6a, the resulting mesylate was substituted with
potassium thioacetate and subsequent alkaline hydrolysis
(step e) yielded trans-(2R,4S)-thio\ 7a. Inversion at C-4 in
the pyrrolidine 6a by the Mitsunobu reaction prior to
introduction of thiol function produced cis-(2R,4R)-thio\
7c. In a similar manner, (2S,4R)-pyrrolidine 5b was
converted to cis-(2S,4S)-thiol 7b and also to trans-(2S,4R)-
thiol 7d via C-4 inversion. The resulting thiols 7a~d were
individually coupled with carbapenem enolphosphate 8 and
following deprotection of the adduct by the method of
Guibe et al.7\ yielded carbapenems la~d as shown in

Fig. 1. Synthesis ofJ-lll,225 (la) andisomers lb~d.

(a) /-Pr2NEt, CH3CN, 0 °C.
(b) (PPh3)2PdCl2, n-Bu3SnH, H2O, CH2C12. Alloc: allyloxycarbonyl
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Scheme 1. Syntheses offour diastereomers of side chains, 7a, 7b, 7c and 7d.

Reagents: (a) 4-(MeO)2CHC6H4MgBr 3, THF, 0 °C, then NaBH4, MeOH, -10 °C, (b) i: MsCl, TEA, CH2C12, -60 °C; ii:
/7-TsOH, THF-H2O, r.t., (c) i: NaBH4, MeOH, 0 °C, ii: MsCl, Et3N, CH2C12, -30 °C; iii: MeNH2-MeOH -30 °C; iv: Alloc-Cl,
Et3N, 0 °C, (d) i: HCl-MeOH, 50 °C; ii: Alloc-Cl, Et3N, 0 °C, (e) i: MsCl, Et3N, CH2C12, 0 °C; ii: AcSK, DMF, 70 °C, iii:
NaOH, MeOH, 0 °C; (0 i: DIAD, PPh3, AcOH, THF, 0 °C, ii: NaOH, MeOH, 0 °C.

Table 1. Effects of stereochemistry on in vitro antibacterial activity (MIC; /ig/ml) and epileptogenicity.

Compound la lb lc ld
^-^_ Vancomycin Imipenem

/^-- (3S,5R) (3S,5S) (3R,5R) QR ,5S)
Organism

S. aureus 209? NIHJ JC l <0.006 <0.006 <0.006 <0.006 0.39 <0.006
S. aureus pMS520/Smitha 0.78 3. 13 12.5 6.25 0.78 50
S. epidermidis MB5 \S\& 1.56 6.25 6.25 6.25 1.56 50

E. coli NIHJ JC2 0.025 0.05 0.025 0.012 >100 0.10
P. aeruginosa AK109 0.39 L56 6.25 12.5 >l00 1.56

P. aeruginosa AKR17b 1.56 12.5 >25 >25 >100 3.13

Epileptogenicity ED50: 17iig

(200iig/rat head, n=5) Q/5 5/5 Nr NT /rat head
a Methicillin-resistant. b Ceftazidime-resistant. c Not tested.

Figure 1.
The four stereoisomers, la~d, obtained above were

studied with respect to their in vitro antibacterial activi-
ties against S. aureus, including a MRSA strain
(pMS520/Smith), a methicillin-resistant Staphylococcus

epidermidis (MRSE) strain (MB5181), E. coli and
R aeruginosa, as well as their epileptogenicity, with

imipenem and vancomycin used as reference drugs (Table
!)å 

As for the C-3 configuration, the (3S)-isomers, la and

lb, were significantly more active than the corresponding
(37?)-isomers, lc and Id, not only against P. aeruginosa

including a ceftazidime-resistant strain, but also against the

MRSA strain (pMS520/Smith). Of the two (3S)-isomers,
the trans-(5R)-isomGT la was 4-fold more active than the
corresponding cis-(5Syisomer 1b against MRSA and

P. aeruginosa. In addition, undesired epileptogenicity was
not observed after intracerebroventricular injection of the

trans-(3S,5Ryisomer la at a dose of 200^ug/rat, whereas
the c^-(36r,5/S')-isomer lb produced severe adverse effects
at the same dose.

Several previous reports mentioned the relationship
between stereochemistry of the 5-substituted-3-
pyrrolidinylthio side chain and antibacterial activities
of carbapenems. Sunagawa et al. reported significant
differences in anti-pseudomonal activity among the four
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stereoisomers of 5-carbamoyl-pyrrolidin-3-ylthio carba-

penem and concluded that the czs-isomers [(3iS,5iS)
and (3R,5R)] were more active than the trans-isomQrs

[(3R,5S) and (3S95R)].2) Moreover, Iso et ah investigated
the anti-pseudomonal activity of 5-sulfamoylaminomethyl-
pyrrolidin-3-ylthio- l /?-methylcarbapenem and found that
the (3S)-isomers [(3S,5S) and (3S,5R)] were more active
than the (3i?)-isomers [(3R,5S) and (3R,5R)], with the cis-

(3*S',5iS<)-isomer? namely, S-4661, providing the best

activity.8) In both cases, the trans-(3S,5R) isomer did not
show better antibacterial activity than the cis-(3S,5S)

isomer, unlike J-lll,225 (la), which possesses a trans-
(3S,5R) configuration in its side chain.

In conclusion, J-lll,225 (la), which contains trans-

(36r,5i^)-5-aryl-3-pyrrolidine as a side chain exhibited the

best activity against both MRSA and P. aetruginosa,

compared with three other stereoisomers. In addition, the
trans-(3S,5R)-isomQr la did not cause any appreciable
epileptogenic effect after intracerebroventricular injection
(200 jUg/rat), whereas, the c/1si-(3>S,5iSr)-isomer lb produced
severe epileptogenicity.
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