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In the previous papers’?, we reported that

carbapenem derivatives having a 5'-substituted
pyrrolidinylthio group at the C-2 position exhibited
broad and strong antibacterial activity. Some of
them also showed high stability to renal dehydro-
peptidase-I (DHP-I). It is known that the plasma
half lives (T, ,’s) of the carbapenems, which are in
clinical use or trials, are almost the same (ca. 1 hour)
in humans®*~*. In order to improve the pharmacoki-
netic properties (especially, T, ,,) without loss of the
excellent antimicrobial activity and DHP-I stability,
we have continued our studies on modifications of
the substituent on the pyrrolidine ring to change the
physico-chemical properties in the series described
above. Recently, many types of carbapenem
compounds which have quaternary heteroaromatic
groups at the C-2 position were prepared, and their
properties were well examined®~ Y. However, there
were few reports on the effects of the substitution

THE JOURNAL OF ANTIBIOTICS

1337

by quaternized aliphatic heterocycles®!%!3, We
wish to describe here the synthesis of a new series
of quaternary ammonium carbapenems (2~4)
(Fig. 1) and the effects of the quaternization on
the antimicrobial activity, DHP-I stability and
pharmacokinetic parameters.

Chemistry

The synthetic routes employed for the title
compounds are similar to those reported before!+?
and the typical procedure is shown in the Scheme.
Treatment of the enolphosphate (5)'* with the
freshly prepared mercaptan (6a) afforded the 2-
substituted carbapenem ester (7a). After quaterni-
zation with methyl iodide, the obtained ammonium
salt was deprotected by catalytic hydrogenolysis
in aqueous tetrahydrofuran to give the desired
carbapenem derivative (2a), which could be purified
by column chromatography on Dianion CHP-20P.
2a: IR (KBrjem™! 3440, 1745, 1640; 'H NMR
(270MHz, D,0) é 1.21 (3H, d, J=7.3Hz), 1.29
(3H, d, J=6.6Hz), 1.72 (1H, m), 2.78 (1H, m), 3.11
(1H, dd, J=4.0 and 12.5Hz), 3.27 (6H, s), 3.20~
3.60 (9H, m), 3.80~4.20 (5H, m), 4.23 (3H, m);
UV /. H,0)nm 299. The mercaptans (6) used
in this work were prepared starting from trans-4-
hydroxy-L-proline in similar procedures as described
in the preceding papers*?.

Biological Studies
The in vitro antibacterial activities (MIC’s) and
the stabilities to DHP-I of the title carbapenems
are shown in Table 1. In the piperazinium series
(2a~2f), all compounds exhibited well balanced
and potent antimicrobial activities comparable to

Fig. 1.
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Table 1. Antimicrobial activity and DHP-I stability of carbapenem compounds.

MIC (pg/ml)

Organism

£ Compound 1 2a 2b 2 2

No.
S.a. FDA 209P 0.10 0.10 0.05 0.10 0.10
S.p. Cook <0.013 <0.013 <0.013 <0.013 <0.013
E.c. NIHJ JC-2 0.05 0.05 <0.013 0.05 0.10
K.p. ATCC 10031 0.025 0.05 <0.013 Q.05 0.025
P.m. GN 2425 0.05 0.20 0.05 0.20 0.10
P.a. TFO 3451 0.78 0.20 0.20 0.39 0.39
S.m. X 100 0.05 0.10 0.05 0.20 0.05
E.c. ML 1410 RP4* 0.05 0.20 0.025 0.20 0.05
P.yv. GN 7919* 0.10 0.39 0.10 0.39 0.20
S.m. GN 6473* 0.10 0.10 0.10 0.20 0.20
DHP-I® T, (minute) 4 160 150 140 ne
MIC (ug/ml)

Organism

© Compound 2e 2 3 4a 4b

No.

S.a. FDA 209P 0.39 0.10 0.05 0.10 0.025
S.p. Cook 0.025 <0.013 <0.013 0.025 <0.013
E.c. NIHJ JC-2 0.025 0.10 0.20 0.10 0.10
K.p. ATCC 10031 0.025 0.025 0.10 0.05 0.20
P.m. GN 2425 0.10 0.10 0.78 0.39 0.10
P.a. TFO 3451 0.78 0.39 1.56 1.56 1.56
S.m. X 100 0.05 0.10 0.39 0.20 0.20
E.c. ML 1410 RP4* 0.025 0.10 0.78 0.20 0.39
Pv. GN 7919* 0.20 0.20 1.56 0.39 0.78
S.m. GN 6473% 0.20 ne 0.39 0.39 0.39
DHP-1* T, ;2 (minute) 320 130 390 340 480

f-Lactamase producing strain.

b Partially purified renal DHP-I of swine!®,

Abbreviations: S.a., Staphylococcus aureus; S.p.,

‘Staphylococcus pyogenes; E.c., Escherichia coli; K.p.,

Klebsiella pneumoniae; P.m., Proteus mirabilis; P.a., Pseudomonas aeruginosa; S.m., Serratia marcescens; P.v.,

Proteus vulgaris; ne, Not examined.

that of the parent compound (1). The quaternization
drastically improved the stabilities to DHP-I as
reported by other groups®™~!¥, especially in the
case of compound 2e. This increase of the DHP-1

stability could not be completely explained by the
mere presence of the positive charge, since com-
pound 1 should also exist as the ammonium form
by protonation in neutral media (pH ca. 7). It is
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Table 2. Pharmacokinetic parameters® of carbapenem compounds 1 and 2a following co-administration with

cilastatin (20 mg/kg each, i.v.) to rats.

Compound nd Ty, CL,° CLJ Va C.e
No. (minute) (ml/minute/kg) (ml/minute/kg) (ml/kg) 60

i 3 10.84+0.6 158+1.6 3.7 245+ 16 1.7+04
1+PBC® 3 13.9+0.3 12.14£0.7 244 +19 4.340.2
2b 3 134+1.5 139+1.1 —-0.4 269 +47 3.340.7
2b+PBCh 3 14.0+0.2 143+1.6 288+ 36 3.5+0.3
¢ Analysis by the one-compartment model.
¢ Number of animals tested.
¢ Total body clearance (Dose/AUC).
! Tubular secretion clearance (4CL,,).
¢ Concentration of the carbapenem in plasma after 60 minutes.
h

Probenecid: dose =40mg/kg.

suggested that the bulkiness around the quaternary
nitrogen atom might be another important factor.
Concerning the further increase of resistance to
DHP-I in the case of compound 2e, the presence
of a carboxyl group, which exists as a carboxylate
anion, might decrease the affinity to the enzyme by
ionic repulsion. Other derivatives, that have an
alkylene spacer between the pyrrolidine ring and
the quaternary heterocycle (compounds 3 and 4),
showed less antipseudomonal activity, whereas they
exhibited greater stability to DHP-I. The latter
observation coincides with the previous studies?2).

Compound 2b showed the most excellent and
well-balanced antimicrobial activity among the
synthesized compounds. We investigated the phar-
macokinetics of compound 2b in rats to compare it
with the parent compound (1). Unlike humans, in
the case of rats, DHP-I is also distributed in their
lung with high activity as well as the kidney, and
the pulmonary DHP-I affects the elimination rate
from systemic circulation of carbapenem'®. To
estimate the clearance of carbapenem without
metabolism by DHP-I, each compound was co-
administered with cilastatin at a dose (20mg/kg
each, iv) which inhibits DHP-I activity sufficiently,
but dose not inhibit renal tubular secretion of a
typical f-lactam compound, such as penicillin G
(data not shown). Plasma concentrations after
intravenous administration to rats were determined
by the bioassay method described for the analysis
of meropenem!® by using Bacillus subtilis ATCC
6633 as the test organism. The pharmacokinetic
parameters of compounds 1 and 2b were calculated
by one-compartment model analysis!” (Table 2).
2b exhibited Jonger plasma half life (T,,,) than
1. Although the T,,, of 1 was prolonged by the
co-administration of probenecid, which prohibited
the tubular secretion in the kidney, such prolonga-

tion of T;,, was not observed in the case of 2b. It
indicated that 2b was disposed mainly by glomerular
filtration in the kidney and this might be due to the
presence of the quaternary ammonium group. As
long-time action might be expected from the
increased T ,, it could be assumed that 2b may have
greater efficacy in vivo.

In conclusion, the title compounds show the
expected improvements in pharmacokinetic pro-
perties. Further evaluation of 2a~2e¢ including in
vivo studies is in progress.

References

1) SunNacawa, M.; H. MATSUMURA, T. INOUE, M.
Fukasawa & M. Kato: A novel carbapenem
antibiotic, SM-7338. Structure-activity relationships.
J. Antibiotics 43: 519~532, 1990

2) SuNacawa, M.; H. Matsumura, T. INOUE, M.
Fukasawa & M. KATO: A new series of carbapenem
antibiotics with 5'-substituted pyrrolidinylthio group
at C-2 position. J. Antibiotics 44: 459 ~462, 1991

3) Nakacawa, K.; M. Kovama, K. Havase & T.
KEesapo: Imipenem, cilastatin sodium, imipenem/ci-
lastatin sodium clinical phase I study. Chemotherapy
(Tokyo) 33(S-4): 357~378, 1985

4) NakasHIMA, M.; T. UEMATSU, M. KANAMARU, M.
TanMA, H. NacanuMa, M. Hisaoka, Y. KAWAHARA
& H. TakaHacl Phase 1 study of panipenem/
betamipron I-single dose study. Chemotherapy
(Tokyo) 39(S-3): 242~ 264, 1991

S) NakasHiMa, M.; T. UeMATSU & M. KANAMARU:
Clinical Phase I study of meropenem. Chemotherapy
(Tokyo) 40(S-1): 258 ~275, 1992

6) KM, C. U; P. F. Misco, B. Y. Lud & M. J. M.
HiTcHcock: Synthesis and in vitro activity of C-2
quaternary heterocyclic alkylthio carbapenems. J.
Antibiotics 40: 1707~ 1715, 1987

7) ScamitT, S. M.; T. N. SaLzmanN, D. H. Suin & B.
G. CHRISTENSEN: The synthesis of 2-(functionalized



1340

8)

9)

10)

11)

12)

THE JOURNAL OF ANTIBIOTICS

methyl)-15-methyl carbapenems. J. Antibiotics 41:
780~ 787, 1988

KM, U. K;; B. Y. Lun, P. F. Misco & M. J. M.
Hircacock: Synthesis and in vitro activity of
1f-methyl C-2 quaternary heterocyclic alkylthio
carbapenems. J. Med. Chem. 32: 601 ~ 604, 1989
Imuta, M.; H. ITaN, H. ONa, T. KoNoOIKE, S. UYEo,
Y. KiMURA, H. Miwa, S. MATSUURA & T. YOSHIDA:
Carbapenem and penem antibiotics. VII. Synthesis
and antibacterial activity of 18-methyl-2-(quaternary
heteroaromatic-thiomethyl)carbapenems. Chem.
Pharm. Bull. 39: 672~ 678, 1991

NaGA0, Y.; Y. NAGASE, T. KUMAGAL H. MATSUNAGA,
T. ABg, O. SHIMADA, T. HavasHr & Y. INOUE: B-
Lactams. 3. Asymmetric total synthesis of new non-
natural 1B-methylcarbapenems exhibiting strong
antimicrobial activities and stability against renal
dehydropeptidase-1. J. Org. Chem. 57: 4243 ~ 4249,
1992

WILDONGER, K. J. & R. W. RarcuLirre: Hetero-
aryliumthio substituted carbapenem derivatives:
synthesis and in vitro activity of 1p-methyl-2-
(dihydropyrrolotriazoliumthio)carbapenems J. Anti-
biotics 46: 1866 ~ 1882, 1993

SunaGawa, M.; H. Matsumura, T. INoug, H.
Yamaca & M. Fukasawa: Synthesis and biological

13)

14)

15)

16)

17

18)

NOV. 1994

properties of 1f-methylcarbapenems with N-methyl-
pyrrolidinylthio group at C-2 position. J. Antibiotics
45: 971~976, 1992

Omn, C. H. & J. H. CHo: Studies on the synthesis and
antibacterial activity of new zwitterionic carbape-
nems. J. Antibiotics 47: 126 ~ 128, 1994

SHIH, D. H.; F. BAKER, L. CAMA & B. G. CHRISTENSEN:
Synthetic carbapenem antibiotics I. 1-f-Methylcar-
bapenem. Heterocycles 21: 29~40, 1984
TakaHAGl, H.; T. HiroTaA, Y. MATSUSHITA, S.
MURAMATSU, M. TANAKA & E. MATSuo: In vitro
dehydropeptidase-I activity and its hydrolytic activity
of panipenem in several tissues in animal species and
their influence on the disposition of panipenem in
vive. Chemotherapy (Tokyo) 39(S-3): 236~241,
1991

Tomio, T.; H. Noupa, T. Konzuki, M. Kato, T.
OxupA & M. Fukasawa: Assay of meropenem in
body fluids and tissues. Chemotherapy (Tokyo)
40(S-1): 114~122, 1992

YaMaoKA, K.; Y. TANIGAWARA, T. NAKAGAWA &
T. Uno: A pharmacokinetics analysis program
(MULTI) for microcomputer. J. Pharm. Dyn. 4:
879 ~ 885, 1981

CamBELL, B. J.: Renal dipeptidase.
Enzymol. 19: 722~729, 1970

Methods



