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AbstractÐThe 2a-functionalized 1b-methylcarbapenems 3 were synthesized from the 2-formyl 1b-methylcarbapenem intermediate
5. The best compound in the series of 2a-(hydroxy)alkylcarbapenems, KR-21012, displayed well balanced in vitro and in vivo
activity as a parent compound of oral carbapenem. # 2000 Elsevier Science Ltd. All rights reserved.

Introduction

Since the discovery of (+)-thienamycin1,2 in the early
1980s, the carbapenems have attracted considerable
attention as the most promising b-lactam antibiotics
due to their chemical and metabolic stabilities as well as
their potent antimicrobial activities. For parenteral use,
imipenem,3 panipenem,4 and meropenem5 have been
launched on the market and sanfetrinem cilexetil,6 CS-
8347, DZ-26408 and L-0849 are now under clinical stage
for oral administration. Our objective has been to ®nd a
new oral carbapenem with equal or better activity than
that of sanfetrinem cilexetil or faropenem.10

It has been demonstrated that good antibacterial
potency and stability to DHP-1 are combined in the
related sanfetrinem (1) and faropenem (2) bearing sp3-
hybridized carbon atom at C-2a position. These results
prompted us to design 1b-methylcarbapenems having
acyclic C-2a functionalized substitutents. As part of a
series of investigations,11 this paper describes the synth-
esis and antibacterial activity of 2a-functionalized 1b-
methylcarbapenems 3 related to KR-21012.12

Synthesis

The 2a-functionalized 1b-methylcarbapenems were syn-
thesized from 2-hydroxymethylcarbapenem13,14 (4) as
shown in Scheme 1.

2-Hydroxymethylcarbapenem (4) was oxidizedwithMnO2

to give 2-formylcarbapenem (5)15,16 which was stable in a
refrigerator for weeks. The aldehyde 5 was reacted with
various organometallic reagents, RM(M=Mg, Li), to
provide a diastereomeric mixture of 2a-(hydroxy)alk-
ylcarbapenems(6R, 6S), which were readily separable by
¯ash chromatography. The ratio of 6R and 6S was
in¯uenced by the steric requirement around the nucleo-
philic center as shown in Table 1 and the assignment of
the absolute stereochemistry of 6R and 6S could be
made by the modi®ed Mosher's method.17,18

t-Butyldimethylsilyl group was removed by the treat-
ment with n-Bu4NBr in the presence of KF and AcOH.

Subsequent removal of allyl ester with Pd(PPh3)4 and
sodium 2-ethylhexanoate(SEH) provided the corre-
sponding 2a-(hydroxy)alkylcarbapenems(3R and 3S),
after puri®cation by reverse phase column chromato-
graphy.

Because of the well-balanced antibacterial activity of
2a(R)-(hydroxy)isopropylmethycarbapenem (3Rb), com-
pound 6Rb was transformed to the corresponding
methoxy, acetoxy and carbamoyloxy derivatives,
respectively, as shown in Scheme 2.

Reaction of 6Rb with methyltri¯ate in the presence of
KHMDS provided 2a(R)-methoxy derivatives 8. Acet-
ylation of 6Rb with acetic anhydride gave 2a(R)-acetoxy
derivative and treatment of 6Rb with trichloroacetyl
isocyanate followed by methanolysis in the presence of
silicagel a�orded the corresponding carbamoyl deriva-
tive 9. Desilylation of these derivatives with KF-
nBu4NBr, followed by allyl ester deprotection with
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Pd(PPh3)4, gave the methoxy, acetoxy and carbamoy-
loxy carbapenems(10, 11, 12), respectively.

Biological Properties

In vitro antibacterial activity and DHP-1 stability of the
2a-functionalized 1b-methylcarbapenems are shown in
Table 2. MIC was determined by agar dilution method

using Mueller±Hinton. Puri®ed porcine renal enzyme
was used for mesurement of DHP-1 stability, which is
represented as the relative rate of hydrolysis compared
to imipenem(rate=100). Both sanfetrinem and mer-
openem are listed as reference drugs.

Most of the 2a-(hydroxy)alkylcarbapenems (3) are
exhibited potent antibacterial activity except against P.
aeruginosa. Comparison of stereoisomers (3a-1 and 3a-2,
3b-119 and 3b-220) indicates that theR-isomer shows better
activity than the S-isomer. The 2a(R)-(hydroxy)isopro-
pylmethyl (3b-2) (KR-21012) and 2a(R)-(hydroxy) cyclo-
propylmethyl (3c-2)21 (KR-21011) derivatives showed
well-balanced activity similar to that of sanfetrinem.

Changing the hydroxy group of KR-21012 to the meth-
oxy, acetoxy and carbamoyloxy group was examined in
the hope of improving activity. However, none of these
derivatives(10, 11, 12) showed better activity than the
parent compound, KR-21012.

In order to select the best parent compound for an oral
candidate, pharmacokinetic study and urinary recovery
of KR-21011 and KR-21012 were determined after sub-
cutaneous administration to mice as shown in Table 3.

2a(R)-(Hydroxy)isopropylmethylcarbapenem (3b-2) (KR-
21012) showed superior pro®les than the 2a(R)-(hydro-
xy)cyclopropylmethyl derivative (3c-2) (KR-21011).
Urinary recovery of KR-21012 was better than that of
sanfetrinem.

The in vivo protective activities of KR-21011 and
KR-21012 against S. pyogenes 77A, E. coli 078 and
En. cloacae P in ICR mice were investigated. Com-
pounds were administered subcutaneously 1 h after intra-
peritonial infection with one to ®ve times the minimum

Scheme 1. Reagents and reaction conditions; (i) MnO2, CH2Cl2, re¯ux (70%); (ii) RMgX or RLi, THF or Et2O (50±75%); (iii) KF, n-Bu4NBr,
!KF, n-Bu4NBr, AcOH, THF (80%); (iv) Pd(PPh3)4, SHE, THF (62%).

Table 1. Diastereomer ratio of 2a-(hydroxy)methylcarbapenems (6R

and 6S) in organometallic addition reaction

Entry RM Methoda Solvent Ratio
(6R:6S)

Yield
(% isolated)

1 A THF 60:40 72

2 A THF 84:16 68

3 B Et2O 75:25 60

4 A THF 87:13 65

5 A THF 98:2 63

6 A THF 79:21 70

aMethod A: To a solution of 5 in THF with cooling at ÿ78 �C, was
added organometallic reagent (RM). The mixture was stirred for 1 h at
ÿ78 �C. Method B: To a suspension of lithium metal in Et2O at 0 �C
was added cyclopropylbromide. The mixture was stirred for 2 h at
room temperature, and then treated with 5 in Et2O for 1 h at ÿ78 �C.
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Table 2. In vitro antibacterial activity (MIC, mg/ml) and DHP-1 stability of 2a-functionalized carbapenems

Compound R Sanfe
trinem

Mero
penem

Straina 3a-1 (S) 3a-2 (R) 3b-1 (S) 3b-2b (R) 3c-1 (S) 3c-2c (R) 3d (R) 3e (R) 3f (R) (S)

S.p. 77A 0.049 0.625 0.025 0.007 0.098 0.007 0.013 0.049 0.013 0.007 0.013
S.f. MD 12.50 3.125 12.50 1.563 3.125 0.781 1.563 12.50 0.781 1.563 6.250
S.a. SG511 0.391 0.098 0.781 0.098 0.195 0.049 0.098 0.391 0.098 0.098 0.013
S.a. 285 0.391 0.098 0.781 0.098 0.781 0.049 0.098 0.391 0.098 0.049 0.195
E.c. 078 0.391 0.098 1.563 0.049 1.563 0.098 0.195 0.781 0.195 0.049 0.013
E.c. 1507E 0.391 0.098 0.391 0.049 0.195 0.049 0.195 0.781 0.195 0.195 0.025
P.a. 1771 100 100 100 100 100 100 100 100 100 25.0 0.361
P.a. 1771 M 6.250 1.563 1.563 0.781 3.125 1.563 1.563 6.250 0.781 0.391 0.049
S.t. 0.781 0.391 0.781 0.098 1.563 0.098 0.195 1.563 0.195 0.195 0.049
K.o. 1082 E 12.50 3.125 25.00 1.563 6.250 0.781 3.125 12.50 3.125 1.563 0.049
K.a. 1522 E 0.781 0.391 12.50 0.391 0.781 0.195 3.125 6.250 1.563 0.391 0.049
En.c. P99 0.781 0.781 12.50 1.563 0.781 0.781 3.125 6.250 6.250 3.125 0.025
DHP-1 stability ND ND ND 21 ND 38 ND ND ND 20 32

aS.p.=Streptococcus pyogenes; S.a.=Staphylococus aureus; E.c.=Escherichia coli; P.a.=Pseudomonas aeruginosa; S.t.=Salmonella typhimirium;
K.o.=Klebsiella oxytoca; K.a.=Klebsiella aerogenes; En.c.=Enterobacter cloacae.
bKR-21012.
cKR-21011.

Scheme 2. Reagents and reaction conditions: (i) KHMDS, MeOTf, THF, ÿ78 �C (54%); (ii) Ac2O, DMAP, pyridine (85%); (iii) Cl3CCONCO; (iv)
silicagel, MeOH (75%); (v) KF, n-Bu4NBr, AcOH, THF (80%); (vi) Pd(PPh3)4, 5EH, THF (61%).

Table 3. Phamacokinetic parametersa and urinary recovery of selected carbapenems

Parameter KR-21011 KR-21012 Sanfetrinem Meropenem

Cmax (mg/mL) 18.1 24.98 28.79 7.6
Tmax 0.17 0.25 0.37 0.21
T1

2
(h) 0.31 0.69 0.55 0.24

AUC (mg/mL) 6.86 20.90 27.39 3.29
URb (%) 14.26 25.14 20.49 Ð

aAt a single subcutaneous administration of 40 mg/kg in mice (n=4).
bUrinary recovery by disk method using S. pyogenes 77A (n=4, 0±24 h).
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lethal dose. Activity was calculated by the probit
method from the survival rates for 5 days after infec-
tion. Compound KR-21012 displayed similar protective
activity with sanfetrinem as shown in Table 4.

Through these experiments KR-21012, which has a(R)-
(hydroxy)isopropylmethyl group at C-2 position, has been
selected as the best parent compound for the following
prodrug approach and further evaluation.
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Table 4. In vivo protective activitya of selected carbapenems
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aPD50 (mg/kg) with 95% con®dence limits.
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