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Technical Field b The present invention relates to a novel carbapenem
compound and a  pharmaceutically acceptable salt thereof, which are useful
as agents for the  prophylaxis and treatment of bacterial infectious
diseases. More particularly,  the present invention relates to a novel
carbapenem compound and a  pharmaceutically acceptable salt thereof, which
have sufficient antibacterial 10 activity and which permit oral-absorption;
an oral antibacterial agent  containing said compound as an active
ingredient; and an intermediate  compound for the production of said
carbapenem compound and a salt thereof. Background Art Many compounds
having a carbapenem skeleton have been found as  15 agents for treating
infectious diseases, from which some carbapenem  compounds having superior
antibacterial activity have been put to practical  use or under development
for practical application. For example, a  carbapenem compound of the
formula (A) 20 OH CI-3 CON(CH6)2  HgC N S NH (A)  .O 26 CO2H has been put
to practical use and used in the clinical situations. This  carbapenem
compound has a broad antibacterial spectrum and potent  antibacterial
activity, and is free of instability to renal dehydropeptidase, which  has
been considered to be a drawback of conventional carbapenem compounds. 30
It is a superior characteristic of this compound that it can be
administered  solely without using a stabilizer. However, these carbapenem
compounds show poor absorption from the  



digestive tract,.which limits their clinical administration route to
injection  alone. An oral agent is easy.and convenient to administer as
compared to 35 injections, and highly utilizable in clinical situations.
Thus, there is a need for  the development of a carbapenem compound for
oral administration, which  *167167* 11 1 1 1 1 1 1 I I I I I 1 1 1 11 1 I
I I I 1 1 1 1 1 1 l U l l I I i l l! *ACTION* has potent antibacterial
activity and broad antibacterial spectrum, and which  shows superior
absorption from the digestive tract. It is therefore an object of the
present invention to provide a carbapenem  compound which has superior
antibacterial activity and which shows superior  6 absorption from the
digestive tract Another object of the present invention is to provide use
of said  carbapenem compound. A yet.further object of the present invention
is to provide an intermediate  suitable for the production of said
carbapenem compound. 10 Disclosure of the Invention - The present inventors
have conducted intensive studies in an attempt to.  achieve the
above-mentioned objects, and found that a novel carbapenem  compound of the
following formula (I) and a pharmaceutically acceptable salt  thereof show
superior absorption from the digestive tract, have sufficiently 16 potent
antibacterial activity and are extremely useful as oral antibacterial
agents. Further, the present inventors have found a novel intermediate
compound usable for the production of said compound, which resulted in the
completion of the present invention. Accordingly, the present invention
provides the following.  20 (1) A carbapenem compound (I) of the formula
(I) OH CHs FO  CON  H3C R 25 N 3 N~ 1111 < O R2  CO2R' wherein  R1 and R2
may be the some or different and each is a modifying group  



30 hydrolyzable in the body; R8 and R4 may be the same or different and
each is a lower alkyl; or R3 and R4 form a cyclic amino together with the
adjacent nitrogen atom,  and a pharmaceutically acceptable salt thereof.
(2) The carbapenem compound of (1) above, wherein R1 and Re may be the 35
same or different and each is a modifying group hydrolyzable in the body,
and  Re and R4 may be the same or different and each is a lower alkyl, and
a 2 pharmaceutically acceptable salt thereof. (3) The carbapenem compound
of (1) above, whereinR2 is 5-methyl-l,3- dioxolen-2-on-4-ylmethyl and Ra
and R4 are each methyl, and a  pharmaceutically acceptable salt thereof. 5
(4) The carbapenem compound of (1) above, wherein R1 is pivaloyloxymethyl
and R' is 5-methyl-1,3-dioxolen-2-on-4-ylmethyl,.and a pharmaceutically
acceptable salt thereof. (5) The carbapenem compound of (1) above, wherein
Ri and R2 are each  pivaloyloxymethyl, and a pharmaceutically acceptable
salt thereof. 10 (6) The carbapenem compound of (1) above,.which is
selected from the group  consisting of pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-
(5-methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3 yltbio}-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2 -ene-3-carboxylate, 15 pivaloyloxymethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1 R)-1-hydroxyethyl]-1-
methylcarbapen-2-ene-3-carboxylate, pivaloylozymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-
(5-methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6- [(1 R)-1 20
hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate hydrochloride,
pivaloyloxymethyl (iR,5S,6S)-2-{(3S,5S)-[5-N,N-diethylaminocarbonyl-1-(5-
methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3 ylthio}-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, pivaloyloxymethyl
(lR,5S,6S)-2-{(3S,5S)-[5-N,N-methylethylaminocarbonyl- 25
1-(5-methyl-1,3-dioxolen-2-on-4 yl)methyl]pyrrolidin-3 ylthio}-6-[(1R)-1- .
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-(1-pyrrodinylcarbonyl)-1-(5- 



methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6- [(1 R) -1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, 30 pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-(1-piperidinylcarbonyl)-1-(5- methyl-
l,3-dioxolen-2-on-4-yl)methyljpyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, and pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-(1-azetidinylcarbonyl)-1-(5-
methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1  35
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, and a pharmaceutically
acceptable salt thereof.  .3 (7) An antibacterial agent comprising the
carbapenem compound of (1) above,  which is represented by the formula (I)
or a pharmaceutically acceptable salt  thereof as an active ingredient (8)
The antibacterial agent of (7) above, which is for oral administration.  6
(9) A carbapenem compound of the formula (II) OH Cti3 R3   CON R a  . C---L
H3 3  10 N N~  O R2  CO2R6  wherein R' is a modifying group hydrolyzable in
the body; 15 R8 and R4 may be the same or different and each is a lower
alkyl; or R3 and R4 form a cyclic amino together with the adjacent nitrogen
atom;  and R is a hydrogen atom or a carboxyl-protecting group,  and a salt
thereof. 20 (10) The carbapenem compound of (9) above, which is selected
from the group  consisting of p-nitrobenzyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocabbonyl-l-(5-
methyl-l,3-dioxolen-2-on-4-y1)methyl]pyrrolidin-3-yitbio)-6-[(1 R)-1=
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate and 25 sodium
(lR,5S,6S)-2-((3S,5S)-[5-N,N-dimethylamin'carbonyl-l-(5-methyl-
1,3-dioxolen-2-on-4-yl)methyl]pyrrnlidin-3-ylthio)-6-[(1R)-1-hydroxyethyl]-
1- 



methylcarbapen-2-ene-3-carboxylate,  and a salt thereof. Each term used in
the present specification is explained in the following.  30 The modifying
group hydrolyzable'in the body at R' and R2 is preferably  hydrolyzed in
intestine or blood, and is exemplified by optionally substituted  aryl
(e.g., phenyl, tolyl, xylyl, indanyl and the like), 1-alkanoyloxyalkyl, 1-
alkoxycarbonyloxyalkyl, phthalidyl, 5-methyl-1,3-dioxolen-2-on-4 ylmethyl
and the like. Particularly, 1-alkanoyloxyalkyl, 1-alkoxycarbonyloxyalkyl
and 35 5-methyl-1,3-dioxolen-2-on-4-ylmethyl are preferable. The optionally
substituted aryl is preferably non-substituted or  -------------- 4
substituted by 1 to 3 substituents which may be the same or different
Examples of the substituent include alkyl having 1 to 4 carbon atoms such
as  methyl, ethyl and the like. The number of the carbon atoms of the
alkanoyl moiety of 1 5 allcanoyloxyalkyl is preferably 2 to 10, more
preferably 2 to 7, and it may be  linear, branched or cyclic. The number of
the carbon atom of the alkyl moiety  is preferably 1 to 3, more preferably
1 or 2. Examples of 1-alkanoyloxyalkyl include acetoxymethyl, propionyloxy-
methyl, n-butyryloxymethyl, isobutyryloxymethyl, pivaloyloxymethyl, n- 10
valeryloxymethyl, 2-methylbutyryloxymethyl, isovaleryloxymethyl, n
hexanoyloxymethyl, 3-methylvaleryloxymethyl, neohexanoyloxymethyl, 2-
methylhexanoyloxymethyl, 2,2-dimethylvaleryloxymethyl, neoheptanoyl-
oxymethyl, cyclohexanecarbonyloxymethyl, cyclohexylacetoxymethyl, 1-
acetoxyethyl, 1-propionyloxyethyl, 1-n-butyryloxyethyl,
1-isobutyryloxyethyl, 16 1-n-valeryloxxyethyl, 1-pivaloyloxyethyl,
1-isovaleryloxyethyl, 1-n- hexanoyloxyethyl, 1-cyclohexanecarbonyloxyethyl
and the like. The number of the carbon atom of the alkoxy moity of
1-alkoxycarbonyl- oxyalkyl is preferably 1 to 10, more preferably 1 to 7,
and it may be linear,  branched or cyclic. The number of the carbon atom of
the alkyl moiety is 20 preferably 1 to 3, more preferably 1 or 2. The
1-alkoxycarbonyloxyalkyl is exemplified by 1-methoxycarbonyl- oxyethyl,
1-ethoxycarbonyloxyethyl, 1-n-propoxycarbonyloxyethyl, 1-
isopropoxycarbonyloxyethyl, 1-n-butoxycarbonyloxyethyl, 1-sec- 



butoxycarbonyloxyethyl, 1-t-butoxycarbonyloxyethyl, 1-pentyloxy 25
carbonyloxyethyl and 1-cyclohexyloxyc arbonyloxyethyl. The lower alkyl at
R3 and R4 is a linear or branched alkyl having 1 to 6  carbon atoms, which
is exemplified by methyl, ethyl, propyl, isopropyl, butyl,  isobutyl,
sec-butyl, t-butyl, pentyl, isopentyl, neopentyl, t-pentyl, hexyl,
isohexyl, neohexyl and the like. Particularly, methyl, ethyl, propyl and
butyl  30 are preferable. . . The cyclic amino formed by R3 and R4 together
with the adjacent nitrogen  atom is a cyclic amino having 4 to 6 carbon
atoms. Examples of the above- mentioned cyclic amino include azetidinyl,
pyrrolidinyl, piperidinyl and the  like. 85 The carboxyl-protecting group
at R include, for example, t-butyl, t-amyl,  benzyl, p-nitrobenzyl,
p-methoxybenzyl, diphenylmethyl, p-nitrophenyl, d  5 methoxymethyl,
ethoxymethyl, benzyloxymethyl, methylthiomethyl, trityl,
2,2,2-trichloroethyl, trimethylsn`1y1,
diphenylmethoxybenzenesulfonylmethyl,  dimethylammoethyl and the like. Of
these, p-nitrobenzyl, p-methoxybenzyl  and diphenylmethyl are particularly
preferable. 5 The carbapenem compound (I) and carbapenem compound (II) may
form  pharmaceutically acceptable salts. Inasmuch as carbapenem compound
(I) and carbapenem compound (11)  have a basic group, they can form acid
addition salts. The acid. used for  forming such acid addition salt is
subject to no particular limitation as long as 10 it is pharmaceutically
acceptable. Examples of the acid include inorganic  acids such as
hydrochloric acid, sulfuric acid, phosphoric acid and nitric acid,  organic
acids such as oxalic acid, fumaric acid, maleic acid, citric acid, tartaric
acid and methanesulfonic acid, and the like. When carbapenem compound (II)
has a carboxyl group (i.e., when R is a  15 hydrogen atom), a salt can be
formed at said carboxyl group. Examples of the  salt at carboxyl group
include alkali metal salts (e.g., sodium salt,- potassium  salt and the
like), alkaline earth metal salts (e.g., calcium salt, magnesium salt  and
the like), organic base salts (e.g., triethylamine salt, dicyclohexylamine
salt,  pyridine salt and the like), and the like. 20 The preferable
examples of the. c arbapenem compound (I) and  



carbapenem compound (11) are the following. pivaloyloxymethyl
(lR,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-
(5-methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(iR)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, 25 1-pivaloyloxyethyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-
.(5-methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, 1-acetoxyethyl (1
R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-(5-
methyl-l,3-dioxolen-2-on-4 yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1 30
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate,
1-isopropoxycarbonyloxyethyl (1R,5S,6S)-2-((3S,5S)-[5-N,N-dimethylamino-
carbonyl- l
-(5-methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6-
[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate,
1-ethoxycarbonyloxyethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylamino- 35
carbonyl-l-(5-methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6-
[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, 6
1-cyclohexyloxycarbonyloxyethyl (1R,5S,6S)-2-{(33,5S)-[5-N,N-dimethyl-
aminocarbonyl- l -(5-methyl-1,3-dioxolen-2 -on-4-yl)methyl]pyrrolidin-3-
ylthio)-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate,
(5-methyl-1,3-dioxolen-2-on-4-yl)mettiyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N 5
dimethylaminocarbonyl-1-(5-methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-
3-ylthio)-6-[(1 R)-1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate,
p-nitrobenzyl (1R,5S,6S)-2-{(3S,55)-[5-N,N-dimethylaminocarbonyl-l-(5
methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidia-3
ylthio)-6-[(1R)-1-hydroxy- ethyl]-1-methylcarbapen-2-ene-3-carboxylate,  10
diphenylmethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-(5
methyl-l,3-dioxolen-2-on-4
yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-hydroxy-
ethyl]-1-methylcarbapen-2-ene-3-carboxylate,  p-methoxybenzyl .(1
R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-(5
methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(1 R)-1- 15
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate,
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-(5-methyl-1,3
dioxolen-2-on-4-yl)methyl]pyrrolidin-3 ylthio)-6-[(1R)-1-hydroxyethyl]-1-
methylcarbapen-2-ene-3-carboxylic acid, 



pivaloyloxymethyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1- 20
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl]-1-methyl-
carb apes-2 -ene-3-carb oxylate, 1-pivaloyloxyethyl
(1R,5S,6S)-2-[(3S,SS)-(5-N,N-dimethylaminocarbonyl-1-
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6- [(1 R)-1-hydroxyethyl]-1-methyi-
carbapen-2-ene-3-carboxylate, 25 1-acetoxyethyl
(1R,5S,6S)-2-[(3S,55)-(5-N,N-dimethylaminocarbonyl-l-
pivaloyloxymethyl)pyrrolidin-3 ylthio]-6-[(1R)-1-hydroxyethyl]-1-methyl-
carbapen-2-ene-3-carboxylate 1-isopropoxycarbonyloxyethyl
(1R,SS,6S)-2-[(3S,5S)-(5-N,N-dimethylamino-
carbonyl-l-pivaloyloxymethyl)pyrrolidin-3
ylthio]-6-[(1R)-1-hydroxyethyl]-1- 30 methylcarbapen-2-ene-3-carboxylate,
1-ethoxycarbonyloxyethyl (1 R,SS,6S)-2-[(3S,5S)-(5-N,N-dimethylamino-
carbonyl- l -pivaloyloxymethyl)pyrrolidin-3-ylthioJ-6- [(1
R)-1-hydroxyethyl]-1- methylcarbapen-2-ene-3-carboxylate,
1-cyclohexyloxycarbonyloxyethyl (1R,55,6S)-2-[(3S,5S)-(5-N,N 36
dimethylaminocarbonyl-l-pivaloyloxymethyl)pyrrolidin-3 ylthio]-6-[(1R)-1-
hydroxyethylJ-l-methylcarbapen-2-ene-3-carboxylate,  7 i I
(5-methyl-1,3-dioxolen-2-on-4-yl) methyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-
dimethylaminocarbonyl-l-pivaloyloxymethyl)pyrrolidin-3 ylthio]-6-[(lR)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, p-nitrobenzyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1- 6
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl]-l-methyl-
carbapen-2-ene-3-carboxylate, diphenylmethyl
(lR,SS,6S)-2-[(3S,SS)-(5-N,N-dimethylaminocarbonyl-1-
pivaloyloxymethyl)pyrrolidin-3 ylthio]-6-[(1R)-1-hydroxyethyl]-1-methyl-
carbapen-2-ene-3-carboxylate, 10 p-methoxybenzyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-l-
pivaloyloxymethyl)pyrrolidin-3 ylthio]-6-[(1R)-1-hydroxyethyl]-1-methyl-
carbapen-2-ene-3-carboxylate,
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl- l-pivaloyloxymethyl)-
pyrrolidin-3 ylthio]-6-[(1R)-1-hydr+oxyethyl]-1-methylcarbapen-2-ene-3  15
carboxylic acid, 



pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-
(5-methyl-l,3-dioxolen-2-on-4 y1)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyethylj-1-methylcarbapen-2-ene-3-carboxylate hydrochloride,
pivaloyloxymethyl (lR,5S,6S)-2-{(3S,5S)-[5-N,N-diethylaminocarbonyl-l-(5-
20 methyl-l,3-dioxolen-2-on-4 yl)methyl]pyrrolidin-3
ylthio}-6-[(1R)-1-hydroxy- ethyl]-1-methylcarbapen-2-ene-3-carboxylate,
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-methylethylaminocarbonyl-
1-(5-methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1-
hydroxyethyl]=1-methylcarbapen-2-ene-3-carboxylate, 26 pivaloyloxymethyl
(lR,5S,6S)-2-{(3S,5S)-[5-(1-pyrrolidinylcarbonyl)-1-(5-
methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-(1-piperidinylcarbonyl)-1-(5-
methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1- 30
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, and pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-(1-azetidinylcarbonyl-l-(5- methyl-1, 3
-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6- [(1 R)-1- hydroxyethyl]-
1-methylcarbapen-2-ene-3-carboxylate, and the like. The carbapenem compound
(1),and a pharmaceutically acceptable salt 86 thereof, and carbapenem
compound (II) and a pharmaceutically acceptable salt  thereof can be
produced by any of the following production methods 1 to 4. d  8 Production
Method 1 OH CHs Rs  CON `  HsC R  b ' O N NR2 Ta)  CO2H Ri-X (EII)  to OH
CHs Rs  CON<  W.  



HsC N S N 2 (1)  15 O R  C02R1 wherein R1, R2, R3 and R4 are as defined
above, and X is a leaving group such as  a halogen atom (e.gi, chlorine,
bromine and iodine), alkanesulfonyloxy (e.g., 20 methanesulfonyloxy,
ethanesulfonyloxy, propanesulfonyloxy and  butanesulfonyloxy),
arylsulfonyloxy (e.g., phenylsulfonyloxy and  tolylsulfonyloxy), and the
like. Compound (I) can be obtained by dissolving compound (Ha) (compound of
formula (II) wherein Rs is hydrogen atom) in a solvent which does not
interfere  25 with the reaction (e.g., dioxane, acetonitrile,
tetrahydrofuran, chloroform, methylene chloride, ethylene chloride,
benzene, ethyl acetate, N,N'- dimethylformamide, N,N'-dimethylacetamide,
.dimethyl sulfoxide and mixtures  thereof), and reacting the compound with
about 1 - 5 times, preferably about  1 - 2 times, the molar amount of
compound (III) in the presence of a base. 30 The base to be used is subject
to no particular limitation, but it is  preferably an inorganic base such
as sodium hydrogencarbonate, potassium  carbonate and the like, an organic
base such as triethylamine and  diisopropylethylamine, and the like. The
reaction temperature is not particularly limited, but the reaction is  35
preferably carried out at a relatively low temperature to suppress side
reaction,  which is generally -30 - 40'C, preferably -20 - 0'C. While the
reaction time Dd  9 varies depending mainly on reaction temperature, the
kind of reaction reagents  and the like, it is generally from 30 minutes to
a dozen hours or so. Where necessary, compound (Ha) can be introduced into
a reactive  derivative'thereof such as alkali metal salt (e.g., sodium
salt, potassium salt  5 and the like), alkaline earth metal salt (e.g.,
calcium salt), triethylamine salt, dicyclohexylamine salt, pyridine salt,
and the lie, and reacted with compound  (III). . Production Method 2 OH
CF13 Rs  10 CON C  



R4  HSC N S NH  O CO2R1  15 R2-7C (V) 20 OH CH3 R3  CONC a  H3 S -j~ R  N N
0 R2  25 CO2R' wherein R', R'; R3, R4 and X are as defined above. Compound
(I) can be obtained by dissolving compound (IV) in a solvent  which does
not interfere with the reaction (e.g., dioxane, acetonitrile,
tetrahydrofuran, chloroform, methylene chloride, ethylene chloride,
benzene, 30 ethyl acetate,.N,N'-dimethylformamide, N,N-dimethylacetamide,
dimethyl  sulfoxide and mixtures thereof), and reacting the compound with
about 1 - 5  times, preferably about 1- 2 times, the molar amount of
compound M.  Compound (IV) can be obtained by reacting the carboxylic acid
disclosed in  Japanese Patent Unexamined Publication No. 233076/1985 and
the like, and 35 compound (III), in the same manner as in Production Method
1: This reaction can be also carried out in the presence of a base. The
base I  10 to be used is subject to no particular limitation, but it is
preferably an inorganic  base, such as sodium hydrogencarbonate, potassium
carbonate and the like,  or an organic base, such as triethylamine,
diisopropylethylamine and the like. The reaction temperature is not
particularly limited, but the reaction is 6 preferably carried out at a
relatively low temperature to suppress side reaction,  which is generally
-30 - 40'C, preferably -20 - 0'C.. While the reaction time  varies
depending mainly on reaction temperature, the kind of reaction reagents  



and the like, it is generally from 30 minutes to a dozen hours or so.
Production Method 3 10 OH CHs  H3 Re  N  O 16 CO2R5 R3  CON< R4  HS N (VII)
20 R2 OH CHs Rs  CON < 4  25 H3C R S  O N N 2  R C02R5  wherein RR, Re, R4
and R are as defined above and R' is alkanesulfonyl, such  30 as
methanesulfonyl, ethanesulfonyl, propanesulfonyl, butanesulfonyl and the
like, arylsulfonyl, such as phenylsulfonyl, tolylsulfonyl and the like,
dialkylphosphoryl, such as dimethylphosphoryl, diethylphosphoryl,
diisopropylphosphoryl, dibutylphosphoryl and the like, or diarylphosphoryl,
such as diphenylphosphoryl, ditolylphosphoryl and the like. 36 Compound
(II) can be obtained by dissolving compound (VI) disclosed in  Japanese
Patent Unexamined Publication No. 12676/1996 and the like in a  11 solvent
which does not interfere with the reaction (e.g., dioxane, acetonitrile,
tetrahydrofuran, chloroform, methylene chloride, ethylene chloride,
benzene,  ethyl acetate, N,If-dimethylformamide, N,N'-dimethylacetamide,
dimethyl  



sulfoxide and mixtures thereof), and reacting the compound with about 1 - 5
5 times, preferably about 1- 3 times, the molar amount of mercapto compound
(VU) in the presence of a base. The base to be used is subject to no
particular limitation, but it is  preferably an inorganic base, such as
sodium hydrogencarbonate, potassium  carbonate and the like, or an organic
base, such as triethylaniine, 10 diisopropylethylamine and the like. The
reaction temperature is not particularly limited, but the reaction is
preferably carried out at a relatively low temperature to suppress side
reaction,  which is generally -30 - 40'C, preferably -20 - 0C. While the
reaction time  varies depending mainly on reaction temperature, the kind of
reaction reagents 15 and the like, it is generally from 30 minutes to a
dozen hours or so. The starting compound (VII) for the synthesis of
compound (II) can be  obtained in the following manner. Production Method
of compound (VII) Rs R3  20 CON <Ra CO N <  RCS RCS N NH  R$ removal of R8
25 R3  CON < R4  RCS. e.-X M N \ z (~  30 R  R3 CON< Ra.  removal of R7 HS
N  35 \RZ (VII)  12 wherein R2, R3, R' and X are as defined above, R' is a
thiol-protecting group  and R' is an amino-protecting group. 



Compound (VII) can be obtained by removing R8, which is an amino-
protecting group of compound (IX) disclosed in Japanese Patent Unexamined
5 Publication No. 233076/ 1985 and the like, by a method known per se to
give compound (X), reacting compound (X) and compound (V) in the same
manner  as in Production Method 2 to give compound (XI), and removing R',
which is a  thiol-protecting group by a method known per se. As the thiol-
and amino- protecting groups,'the protecting groups generally known in the
pertinent field  10 can be used. Production Method 4 OH CI-6 R3  CON <R4 N
NH (Vq  15 CO2R6  20 R2-X M OH CI-6 R3  25 CON R 4  H3 S -a N  O R2  CO2W
30 Wherein R', R', R' R and X are as defined above. Compound (II) can be
obtained by reacting compound (VIII) disclosed in  Japanese Patent
Unexamined Publication No. 233076 / 1985 and the like, and  compound (V) in
the same manner as in Production Method 2. Where necessary, the carbapenem
compound (II) thus obtained can be  36 converted to a carboxylic acid
derivative wherein R3 is hydrogen atom by  removing carboxyl-protecting
group, according to a conventional method. d  13 While the method for the
removal of a protecting group varies depending on the  kind thereof, a
method generally known in this field can be used. The carbapenem compound
(I) and carbapenem compound (II) can be  purified as necessary according to
a conventional method, such as 



5 recrystallization, preparative thin layer chromatography, column
chromatography and the like. Alternatively, it can be purified as salts
thereof,  where necessary. The carbapenem compound (I) and carbapenem
compound (II) can be  converted to a pharmaceutically acceptable salt
thereof by a method known per  10 se. The objective compound (I) and
compound (U) of the present invention  preferably have a configuration of
compound (Ia) and compound (IIb) below.  OH CH3 15 CON CRa  HgC 0 R2  CO2R'
20 wherein R1, R', R3 and R4 are as defined above. OH CH3 R3  CON<  HgC. S
R  25 N N~ O 2  CO2Rs wherein R', R3, R4 and R are as defined above. The
carbapenem compound (I) and a pharmaceutically acceptable salt  30 thereof
are promptly absorbed in blood by oral administration, and  metabolized
into a carbapenem compound of the formula (I) wherein R1 and R2  are
hydrogen atom, or a pharmaceutically acceptable salt thereof,. and show
high concentration in blood. In addition, carbapenem compound (I) upon
conversion into a 35 pharmaceutically acceptable salt thereof shows
enhanced solubility in the  digestive tract, which in turn further improves
absorption effect, and thus,  T 14 absorption property. Therefore, an agent
for the prophylaxis and treatment of infectious  diseases comprising
carbapenem compound (1) or a pharmaceutically.  acceptable salt thereof
shows superior action by oral administration as 



5 mentioned above, and can be generally administered as an oral
preparation.  This agent for the prophylaxis. and treatment of infectious
diseases can be  produced by diluting the compound with pharmaceutical
excipients by a  method known per se. Examples of usable excipient include
starch, lactose,  sugar, calcium carbonate, calcium phosphate and the like.
10 Moreover, this agent for the prophylaxis and treatment of infectious
diseases preferably contains an organic acid, whereby carbapenem compound
(I)' and a pharmaceutically acceptable salt thereof are caused to have
higher  solubility in the digestive tract, thus facilitating absorption
thereof into blood. The organic acid may be any as long as it is
pharmaceutically acceptable,  15 and is preferably exemplified by organic
carboxylic acids such as maleic acid,  fumaric acid, tartaric acid, citric
acid, succinic acid, malic acid, oxalic acid,  mandelic acid, malonic acid,
benzoic acid and the like. The organic acid is  generally added in an
amount of 0.01- 20 moles, preferably 0.02 - 2 moles, per  mole of
carbapenem compound (I) or a pharmaceutically acceptable salt 20 thereof.
Further, this agent for the prophylaxis and treatment of infectious
diseases may contain other additives on demand, such as binders (e.g.,
starch,  gum arabic, carboxymethylcellulose, hydroxypropylcellulose,
crystalline  cellulose and the like), lubricants. (e.g., magnesium
stearate, talc and the like), 25 disintegrators (e.g.,
carboxymethylcellulose calcium, talc and the like), and the  like. After
adding various ingredients, the obtained mixture is formulated into  a
dosage form suitable for oral administration, such as capsules, tablets,
fine  granules, granules, dry syrups and the like, by a method known per se
to give  an agent for oral administration, which is for the prophylaxis and
treatment of  30 infectious diseases. While the dose of carbapenem compound
(I) and a pharmaceutically  acceptable salt thereof varies depending on the
administration target, symptom,  and others, when, for example, the
compound is administered to treat  suppurative diseases of an adult, the
daily dose is about 1 - 40 mg/kg body 35 weight, which is orally
administered 1 to 4 times a day. Said carbapenem compound (I) and a
pharmaceutically acceptable salt  15 thereof may be administered in
combination with other antibacterial substance,  such as antibacterial
drugs (e.g., peniclllins, aminoglycosides, cephalosporins  



and the like) or a therapeutic agent for systemic symptoms caused by
bacterial  infection (e.g., antipyretic, analgesic, antiinflammatory drug
and the like). 6 The properties and production methods of the compounds of
the present  invention are explained by way of Examples, to which the
present invention is  not limited. Example 1 p-Nitrobenzyl
(lR,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-(5- 10
methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen=2-ene-3-carboxylate
(2S,4S)-2-N,N=Dimethylaminocarbonyl-4-mercapto-l-(5-methyl-1,3-
dioxolen-2-on-4-yl)methylpyrrolidine (867 mg) was dissolved in acetonitrile
(11  ml), and a solution of p-nitrobenzyl
(1R,5S,6S)-2-diphenylphosphoro-6-[(1R)- 15
1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate (1.5 g) and
diisopropylethylamine (1.05 ml) in acetonitrile (15 ml) was dropwise added
under nitrogen atmosphere at -40 - -30C. The mixture was stirred at the
same temperature for one hour, and ethyl acetate (200 ml) was added. The
reaction mixture was washed with saturated brine (100 ml) and dried over 20
anhydrous sodium sulfate. Ethyl acetate was evaporated under reduced
pressure and the residue was purified by silica gel column chromatography
to  give 1.0 g of the title compound. 1H-NMR(DMSO-d6 ) 8ppm:1.. 06(d, J=7.
5Hz, 3H), 1. 16(d, J=6. 5Hz,  3H), 1. 30-1. 80(m, 1H), 2. 02(s, 3H), 2.
50-4. 30(m, 9H). 2. 82(s, 25 3H).'3. 01(s. 3H), 3. 57(s, 2H), 5. 01 (d,
J=5. OHz, 1H), 5. 25, 5. 50(ABq,  J=13. 5Hz, 2H), 7. 67, 8. 22(ABq, J=8.
5Hz, 4H). Example 2 Sodium
(lR,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-methyl-
1,3-dioxolen-2-on-4-yl)methyl]pymolidin-3-ylthio)-6-[(1
R)-1-hydroxyethyl]-1- 80 methylcarbapen-2-ene-3-carboxylate p-Nitrobenzyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-
methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate (730 mg) was dissolved
in a mixed solution of tetrahydrofuran (22 ml) and 0.1 M phosphate buffer
(pH 86 7.0, 33 ml); and 10% palladium carbon (550 mg) was added. The
mixture was  hydrogenated at room temperature for 2.5 hours. The reaction
mixture was  16 



filtered through Celite and the filtrate obtained was washed with diethyl
ether  and concentrated under reduced pressure to about 5 ml. The obtained
solution was subjected to chromatography on Dia Ion HP-21 (manufactured by
Mitsubishi Chemical). After concentration under reduced pressure, the 5
residue was lyophilized to give 300 mg of the title compound.  IR(Nujol, cm
1):3385, 1815, 1750, 1600. 1H-NMR(DMSO-d6 ) 8 ppm:1. 05(d, J=7. 5Hz, 3H),
1. 15(d, J=6. 5Hz,  3H),.1. 20-1.'70(m, 1H), 2. 03(s, 3H), 2. 50^4. 20(m,
9H), 2. 81(s,  3H), 3. 01(s, 3H), 3. 60(s, 2H), 4. 40- 5. 50(br, 1 H). 10'
Example 3 Pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-
(5-methyl-l,3-dioxolen-2-on-4 yl)methyl]pyrrelidin-3-ylthio)-6-[(1R)-1-
hydro xyethyl]-1-methylcarbapen-2-ene-3-carboxylate Sodium
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-(5- 16
methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyethyl]-l-methylcarbapen-2-ene-3-carboxylate (500 mg) was dissolved
in N,N-dimethylformamide (2.5 ml) and the mixture was cooled to -59C.
Pivaloyloxymethyl iodide (350 mg) was added, and the mixture was stirred
at'  the same temperature for one hour. Ethyl acetate (100 ml) was added
and the 20 reaction mixture was washed with 5% brine'(100 ml) and dried
over anhydrous  sodium sulfate. Ethyl acetate was evaporated under reduced
pressure and  the residue was purified by silica gel column chromatography
to give 370 mg of  the title compound. IR(Nujol, cm 1) :3400, 1820, 1755,
1640. 25 1H-NMR(DMSO-d6) Sppm:1. 00^-1. 30(m, 15H), 1. 30-1. 80(m, 1H),  2.
03(s, 3H), 2. 50-4. 30(m, 9H), 2. 82(s, 3H), 3. 01 (s, 3H), 3. 55(s,  2H),
5. 00(d. J=5. OHz, 1H), 5. 70, 5. 87(ABq, J=5. 5Hz, 2H). Example 4
Pivaloyloxymethyl (1R,5S,6S)-2-{(3S,SS)-[5-N,N-dimethylaminocarbonyl-l- 30
(5-methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-yithio).-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate  (1) Sodium
(lR,SS,6S)-2-[(3S,5S)-5-N,N-dimethylaminocarbonylpyrrolidin-4-
ylthio]-6-[(1R)- 1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate (580
mg) was suspended in N,N-dimethylformamide (2.9 ml) and the mixture was 85
cooled to -50C. Pivaloyloxymethyl iodide (520 mg) was added, and the
mixture  



was stirred at the same temperature for one hour. Ethyl acetate (150 ml)
was  17 added and the mixture was washed with 5% brine (150 ml) and dried
over  anhydrous sodium sulfate. Ethyl acetate was evaporated under reduced
pressure and the residue was purified by silica gel column chromatography
to  give 350 mg of pivaloyloxymethyl (1R,SS,6S)-2-[(3S,5S)-5-N,N-dimethyl 6
aminocarbonylpyrrolidin-4-ylthio]-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-
2-ene-3-carboxylate. =H-NMR(DMSO-ds ) 8ppm:1. 02-1. 30(m, 15H), 1. 30-1.
80(m, 1H),  2. 50^-4. 40(m, 1OH), 2. 87(s, 3H), 2. 99(s, 3H), 4. 90' 5.
10(m, 1H),  5. 70, 5. 85(ABq, J=6. OHz, 2H). 10 (2) The compound (330 mg)
obtained in,Example 4 (1) was dissolved in N,N- dimethylformamide (1.7 ml)
and the mixture was cooled to 59C. (5-Methyl- 1,3-dioxolen-2-on-4-yl)methyl
bromide (190 mg) and triethylamine (0.11 ml)  were added, and the mixture
was stirred at the same temperature for 1.5 hours.  Ethyl acetate (150 ml)
was added and the mixture was washed with 5% brine 15 (100 ml) and aqueous
layer was extracted twice with ethyl acetate (150 ml).  The ethyl acetate
layers were combined and dried over anhydrous sodium  sulfate. Ethyl
acetate was evaporated under reduced pressure and the  residue was purified
by silica gel column chromatography to give 230 mg of the  title compound.
20 IR and 1H-NMR matched with those in Example 3.  Example 5
Pivaloyloxymethyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-l-
pivaloyloxymethyl)pyrrolidin-3 ylthio]-6-{(1R)-1-hydroxyethyl]-1-
methylcarbapen-2-ene-3-carboxylate 25 Pivaloyloxymethyl
(lR,58,6S)-2-[(3S,5S)-5-N,N'-dimethylaminocarbonyl-
pyrrolidin-4-ylthio]-6-[(1 R)-1-hydroxyethyl]-1-methyloarbapen-2-ene-3-
carboxylate (400 mg) obtained in Example 4 (1) and pivaloyloxymethyl iodide
(290 mg) were reacted in the same manner as in Example 4 (2) to give 190 mg
of  the title compound. 30 1H-NMR(DMSO-ds)8ppm:1. 02-1. 30(m, 24H), 1.
30^-1. 80(m, 1H),  2. 50-4. 40(m, 1 OH), 2. 87 (s, 3H), 2. 99 (s, 3H), 4.
'90^-5. 10(m, 1 H),  6. 70, S. 85(ABq, J=6. OHz, 2H). Example 6 



Pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1- 36
(5-methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate hydrochloride 18
Pivaloyloxymethyl (1R,5S,6S)-2-{(3S,58)-[5-N,N-dimethylaminocarbonyl-
1-(5-methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate (1.49 g) obtained in
Example 3 was dissolved in ethyl acetate (30 ml) and the mixture was cooled
to 6 5C. A solution (0.35 ml) of hydrogen chloride dissolved in 2-propanol
at  8.68N was added, and the mixture was stirred at the same temperature
for 15  minutes. The resulting crystals were collected by filtration and
washed with  ethyl acetate and then with diethyl ether to give 1.2 g of the
title compound.  IR (Nujol, cm 1) :3355, 1825, 1770, 1740, 1660. 10
1H-NMR(D2 O) 8 ppm:1..10.-1. 40(m, 6H), 1. 19(s, 9H), 1. 70-2. 10(m,  1H),
2. 19(s, 3H). 2. 80^3. 20(m, 1H), 2. 99(s, 3H). 3. 09(s, 3H), 3. 30  ^-3.
70(m, 2H), 3. 80-4. 10(m, 2H), 4. 10-4. 50(m, 5H), 4. 80-5. 00  (m, 1H), 5.
86, 5. 96(ABq, J=6. OHz, 2H). The compounds of Examples 7 to 11 were
synthesized in the same 15 manner as in any one of Examples 1 to 5 and
their properties were determined.  Example 7 Pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-diethylaminocarbonyl-l-(S- methyl- l ,
3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6- [(1 R)-1-
hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate 20 1H-NMR(DMSO-d6
)8ppm:1. 10-1. 30(m, 21H), 1. 30^1. 80(m, 1H),  2. 03(s, 3H), 2. 50^4.
30(m, 13H), 3. 56(s, 2H), S. 10(d, J=5. OHz, 1H),  5. 66, 5. 86(ABq, J=5.
5Hz, 2H). Example 8 Pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-methylethylaminocarbonyl- 25 1-(5-methyl- l
,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(1 R)-1-
hydroxyethyl]-1-methylcarhapen-2-em-3-carboxylate  1H-NMR(DMSO-d6 )6ppm:1.
10 1. 30(m, 18H), 1. 30-1. 80(m, 1H),  2. 05(s, 3H), 2. 50-4. 30(m, 11 H),
2. 93, 3. 03 (s, a, 3H), 3. 58 (s, 2H),  5. 05(d, J=5. OHz, 1H), 5. 68, 5.
87(ABq, J=5. 5Hz, 2H). 30 Example 9 Pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-(1-pyrrolidinylcarbonyl)-1-(5- 



methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6- [(1 R)-1-
hydroxyethylj- l -methylcarbapen-2-em-3-carboxylate 1H-NMR(DMSO-d6 )
8ppm:1. 00-1.- 30(m, 15H), 1. 30-1. 80(m, 1H),  35 1. 80-2. 10(m, 4H), 2.
05(s, 3H), 2. 60^-4. 30(m, 13H), 3. 58(s, 2H),  5. 07(d, J5. OHz, 1H), 5.
67, 5. 83(ABq, J5. 5Hz, 2H). T  19 Example 10 Pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-(1-pipeTidinylcarbonyl)-1-(5-
methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3 ylthio}-6-[(1R)-1-
hydroxyethyl]-l-methylcarbapen-2-em-3-carboxylate 5 1H-NMR(DMSO-d6
).8ppm:1.'00-1. 30(m, 15H), 1. 30-1. 80(m, 7H),  2. 03 (s, 3H), 2. 50^4.
30(m, 13H), 3. 57 (s, 2H), 5. 10(d. J=S. OHz, 1 H),  5. 66, 5. 83 (ABq,
J=S. SHz. 2H). Example 11 Pivaloyloxymethyl (1R,5S;
6S)-2-{(3S,5S)-[5-(1-azetidinylcarbonyl)-1-(5- 10
methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate 1H-NMR(DMSO-d6 ) 8ppm:1.
00^-1. 30(m, 15H),' 1. 30-1. 80(m, 1H),  2. 05(s, 3H), 2. 50-x4. 50(m.
15H), 3. 57(s, 2H), 5. 05(d. J=5. OHz. 1H),  5. 68, S. 85(ABq, J=5. 5Hz,
2H). 15 The following comounds were obtained by the method described in any
of  the above-mentioned Examples 1 to S. (1) 1-pivaloyloxyethyl
(1R5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-
(5-methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carbozylate 20 (2) 1-acetoxyethyl
(1R,5S,6S)-2-{(3S,SS)-[5-N,N-dimethylaminocarbonyl-l-(5-
methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1 R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate  (3)
1-isopropoxycarbonyloxyethyl (1R,SS,6S)-2-{(3S,5S)-[5-N,N-dimethyl-
aminocarbonyl- l -(5-methyl-1,3-dioxolen-2-on-4-yl)methyl)pyrrolidin-3 25
ylthio)-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate  (4)
1-ethoxycarbonyloxyethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethyl-
aminocarbonyl-l-(5-methyl-1,3-dioxolen-2-on-4-yl)methyllpyrrolidin-3-
ylthio}-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate.  



(5) 1-cyclohexyloxycarbonyloxyethyl (1R,5S,6S)-2-{(3S,5S)-[5-NN-dimethyl 30
aminocarbonyl-l-(5-methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-
ylthio)-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate  (6)
(5-methyl-1,3-dioxolen-2-on-4-yl)methyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-
dimethylaminocarbonyl- l -(5-methyl-l,3-dioxolen-2-on-4-yl)
methyl]pyrrolidin- 3
ylthio}-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate 35 (7)
diphenylmethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-(5-
methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1- 20
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate  (8) p-methoxybenzyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-
(5-methyl-1,3-dioxolen-2-on-4-yl)methyljpyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate 5 (9) 1-pivaloyloxyethyl
(1R,55,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-l-
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1 R)- l -hydroxyethyl]-1-
methylcarbapen-2-ene-3-carboxylate  (10) 1-acetoxyethyl
(1R,55,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-l-
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1 R)-1-hydroxyethyl]-1 10
methylcarbapen-2-ene-3-carboxylate (11) 1-isopropoxycarbonyloxyethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethyl-
aminocarbonyl-l-pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate  (12)
1-ethoxycarbonyloxyethyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylamino 15
carbonyl-l-pivaloyloxymethyl)pyrrolidin-3
ylthio]-6-[(1R)-1-hydroxyethyl]-1- methylcarbapen-2-ene-3-carboxylate  (13)
1-cyclohexyloxycarbonyloxyethyl (1R,5S,6S)-2-[(3S,58)-(5-N,N-dimethyl-
aminocarbonyl-l-pivaloyloxymethyl)pyrrolidin-3 ylthio]-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate 20 (14)
(5-methyl-1,3-dioxolen-2-on-4-yl)methyl (1R55,6S)-2-[(3S,5S)-(5-N,N-
dimethylaminocarbonyl-l -pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1R)-1-
hydroxyethylJ- l -methylcarbap en-2 -eue-3-carboxylate (15) p-nitrobenzyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-l-
pivaloyloxymethyl)pyrrolidin-3-ylthioJ-6-[(1R)-1-hydroxyethyl]-1- 25
methylcarbapen-2-ene-3-carboxylate (16) diphenylmethyl
(1R,5S,6S)-2-[(3S,5S)-(S-N,N-dimethylaminocarbonyl-1- 



pivaloyloxymethyl)pyrrolidin-3 ylthio]-6-[(1R)-1-hydroxyethyl]-1-
methylcarbapen-2-ene-3-carboxylate (17) p-methoxybenzyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-l- 30
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(lR)-1-hydroxyethyl]-1-
methylcarbapen-2-ene-3-carboxylate  (18)
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-l-pivaloyl-
oxymethyl)pyrrolidin-3-ylthio]-6-[(1 R)-1-hydroxyethyl]-
l-methylcarbapen-2- ene-3-carboxylate 36 Then, the following oral
absorption tests were conducted to clarify the  superior property of the
compound of the present invention. d  21 Experimental Example I (oral
absorption test) The compound of the present invention (compound of Example
6, 20  mg/kg) was orally administered to dogs (3 per group) and urinary
hydrolyzed   carbapenem compound (A) concentration at 0-3, 3-6 and 6-24
hours later was 5 measured by a paper disc method using test bacteria
Escherichia soli NIHJ and  nutrient agar medium (Difco). The urinary
recovery percentage was  determined. The results are shown in Table 1.
Table 1  10 Test urinary recovery (%)  compound 0-3 hr 3-6 hr 6-24 hr 0-24
hr  16 Example 6 10.3 2.4 0.3 13.0  Experimental Example 2 (oral absorption
test) The compound of the present invention.(compound of Example 6, 20
mg/kg) was orally administered to dogs (3 per group) and plasma hydrolyzed
20 carbapenem compound (A) concentration at 0.25, 0.5, 1.0, 1.5, 2.0, 3.0,
4.0 and 6.0 hours later was measured by a paper disc method using test
bacteria  Escherichia coli NIHJ and nutrient agar medium (Difco). The
urinary recovery  percentage was determined. The results are shown in Table
2 and Table 3. Table 2  26 Test concentration in plasma (g/ml)  



compound  0.25 hr 0.5 hr 1.0 hr 1.5 hr  30 Example 6 5.06 6.56 7.60 7.67 'd
22 Table 3 Test concentration in plasma (pg/ml)  compound 5 2.0 hr 3.0 hr
4.0 hr 6.0 hr  Example 6 5.92 3.68 1.92 0.43 10 The carbapenem compound (I)
and a pharmaceutically acceptable salt  thereof of the present invention
show superior absorption from digestive tract  by oral administration, and
sufficient antibacterial activity against a wide  variety of bacterial
species. Thus, they are extremely useful as agents for the  prophylaxis and
treatment of infectious diseases, particularly bacterial 15 infectious
diseases. Said agents for the prophylaxis and treatment of  infectious
diseases can be used as agents for the prophylaxis and treatment of  the
diseases caused by bacteria (e.g., suppurative diseases, respiratory
infectious diseases, inflammatory diseases of biliary tract, urinary tract
infection and the like) in warm-blooded animals inclusive of human (e.g.,
dog, 20 cat, cow, horse, rat, mouse and the like). This invention is based
on application Nos. 25671 / 1997 and  248903/1997 filed in Japan, the
contents of which are incorporated hereinto  by reference. T d  23 .11
WHAT IS CLAIMED IS 1. A carbapenem compound of the formula (I) OH CHs Rs  6
H9C I.-ICON <R4  O N S --ON "-'R2  C02R' 10 wherein 



Ri and R2 may be the same or different and each is a modifying group
hydrolyzable in the body; R$ and R'' may be the same or different and each
is a lower alkyl; or R$ and R4 form a cyclic amino together with the
adjacent nitrogen atom,  16 or a pharmaceutically acceptable salt thereof.
2. The carbapenem compound of claim 1, wherein R1 and R2 maybe the some  or
different and each is a modifying group hydrolyzable in the body, and R3
and  R4 maybe the same or different and each is a lower alkyl, or a
pharmaceutically  20 acceptable salt thereof. 3. The carbapenem compound of
claim 1, wherein R2 is 5-methyl-1,3- dioxolen-2-on-4-ylmethyl and R8 and R4
are each methyl, or a .  pharmaceutically acceptable salt thereof. 26 4.
The carbapenem compound of claim 1, wherein R1 is pivaloyloxymethyl  and R2
is 5-methyl-1,3-dioxolen-2-on-4 ylmethyl, or a pharmaceutically  acceptable
salt thereof. 30 5. The carbapenem compound of claim 1, wherein Ri and R2
are each  pivaloyloxymethyl, or a pharmaceutically acceptable salt thereof.
6. The carbapenem compound of claim 1, which is selected from the group
consisting of 36 pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-
(5-methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3 ylthio)-6-[(1R)-1 ced
24 I hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, .
pivaloyloxymethyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1 R)-1-hydroxyethyl]-1-
methylcarbapen-2-ene-3-carboxylate, 6 pivaloyloxymethyl
(lR,5S,6S)-2-((3S,5S)-[5-N,N-dimethylaminocarbonyl-1- (5-methyl-
l,3-dioxolen-2Ton-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1 R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate hydrochloride,
pivaloyloxymethyl (1R,5S,6S)-2-((3S,5S)-[5-N,N-diethylaminocarbonyl-1-(5-
methyl-1,3-dioxolen-2-on-4 yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1 10
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, pivaloyloxymethyl
(lR,5S,6S)-2-((3S,5S)-[5-N,N-methylethylaminocarbonyl- 



1-(5-methyl-1,3-dioxolen-2-on-4 yl)methyl]pyrrolidin-3 ylthio)-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, pivaloyloxymethyl
(1R,5S,6S)-2-((3S,5S)-[5-(1-pyrrodinylcarbonyl)-1-(5- 15
methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, pivaloyloxymethyl
(1R,5S,6S)-2-((3S,5S)-[5-(1-piperidinylcarbonyl)-1-(5-
methyl-l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3 ylthio)-6-[(1R)-1-
hydroxyethyl]- 1-methylcarbapen-2-ene-3-carboxylate, and 20
pivaloyloxymethyl (1R,5S,6S)-2-((3S,53)-[5-(1-azetidinylcarbonyl)-1-(5-
methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrnolidin-3 ylthio)-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate,  or a pharmaceutically
acceptable salt thereof. 25 7. An antibacterial agent comprising the
carbapenem compound of claim 1,  which is represented by the formula (I),
or a pharmaceutically acceptable salt  thereof as an active ingredient 8.
The antibacterial agent of claim 7, which is for oral administration. i  25
9. A carbapenem compound of the formula (U) OH CHs Rs  .-ICON ` 6 HsC S R
N R2  C02R5 . wherein  10 R2 is a modifying -group hydrolyzable in the
body; R8 and R4 may be the same or different and each is a lower alkyl; or
R8 and R4 form a cyclic amino together with the adjacent nitrogen atom;
and Rs is a hydrogen atom or a carboxyl-protecting group,  15 or a salt
thereof. 10. The carbapenem compound of claim 9, which is selected from the
group  consisting of p-nitrobenzyl
(1R,5S,6S)-2-{(33,5S)-[5-N,N-dimethylaminocarbonyl-l-(5- 



20 methyl- l,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate and . sodium
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-methyl-
1,3-dioxolen-2-on-4
yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-hydroxyethyl]-1-
methylcarbapen-2-ene-3-carboxylate, 25 or a salt thereof.. 26 ABSTRACT A
carbapenem compound of the formula (I) 6 OH CHs Rs  CON <  H3 S *NI N  O 2
10 CO2R' wherein each symbol is as defined in the specification, and a
pharmaceutically  acceptable salt thereof. The carbapenem compound (I) and
a pharmaceutically acceptable salt  thereof of the present invention show
superior absorption from digestive tract  16 by oral admini on, and
sufficient antibacterial activity against a wide variety of bacterial
species. Thus, they are extremely useful as agents for the  prophylaxis and
treatment of infectious diseases, particularly bacterial  infectious
diseases. Said agents for the prophylaxis and treatment of  infectious
diseases can be used as agents for the prophylaxis and treatment of 20 the
diseases caused by bacteria (e.g., suppurative diseases, respiratory
infectious diseases, inflammatory diseases of biliary tract, urinary tract
infection and the like) in warm-blooded animals inclusive of human (e.g.,
dog, cat, cow, horse, rat, mouse and the like).  27 REPLA SHEETS SO
Description: paged .21. to paged ? ~~ fT35 ~' 9  Clthm(a) :paged 4 to
paged`! e. FOS wing(s) :paged . e- to paged.:.. _ tract :paged A.to
paged-Z..' 1 Substitute sheet 7 September 1999  DATE OF RECEIP'T'... CATION



CARBAPENEM COMPOUND, USE THEREOF AND.  )W.MMEDiATE -COMPOUND THEREFOR
Technical Field The present invention relates to a novel c:arbapenem
compound and a  pharmaceutically acceptable thereof; which are useful as
agents - for the  prophylaxis and treatment of bacterial infectious
diseases. More particularly,  the present invention relates to a novel
carbapenem compound and a  pharmaceuticafy acceptable salt thereof, which
have sufficient antibacterial  activity- and which permit oral absorption;
'an oral aat<'bacterial agez3t  containing said compound as an active
ingredintt .and an intermediate  compound for the production of said
carbapenem compound and a salt thereof Background Art Many compounds having
a carbapenem skeleton have been found as  agents for.treating infectious
diseases, from which some carbapen m  compounds having superior
antibacterial activitphave been put to practical.  use or under development
for practical application. For .wimple! a  carbapcnem compound of the
formula (A) OH CH3 REPLACER~ENT SHEET  coN(CH 08 SEP 1999  (A)  N NH' b
C02H  has .been put to practical:use and.used m the.cliaic al situations.'
This  carbapenem compound has abroad antibacterial spectrum and potent
antibacterial activity, and is free of instability to renal
dehydropeptidase, which has been considered to be a drawback of
conventional carbapenem compounds.  It is a superior characteristic of this
compound that it can be administered  solely without using a stabilizer.
However, these carbapenem compounds show poor absorption from the
digestive tract, which limits their clinical administration route to
injection  alone. An oral agent is easy and convenient to administer as
compared to  injections, and highly utilizable in clinical situations.
Thus, there is a need for  the development of a c arbapenem compound for
oral administration, which 2 Substitut4 sheet - 7 September 1999  



has potent antibacterial activity and broad antibacterial spectrum, and
which  shows superior absorption from the digestive tract It is therefore
an object of the present invention to provide a carbapenem  compound which
has superior antibacterial activity and which shows superior  absorption
from the digestive tract Another object of the present invention is to
provide use of said  . -carbapenem compound. A yet further object of the
present invention is to provide an.intermediate  suitable for the
production of said carbapenem compound. Disclosure of the Invention The
present inventors have conducted intensive studies in an attempt to
achieve the above-mentioned objects, and found that, a novel carbapenem
compound of the following formula M and a'pharmaceutically acceptable salt
'thereof show superior absorption f om the digestive tract, have
sufficiently  potent antibacterial activity and are extremely useful as
oral alitibacteria  agents. Further, the present inventors have found a
novel intermediate  compound usable for the production of said compound,
which resulted in the  completion of the present invention. Accordingly,
the present invention provides the following.  (1) A carbapenem compound
(1). of the formula OH . ' 'CH3 REPLACEMENT .S"t  CON<  H : R4 08 SEP 1999
N .~ S 3 CNN  O C02R1  wherein Rl and RZ may be the same or different and
each is a modifying group  hydrolyzable in the body; R3 and R4 may be the
same or different and each is a lower alkyl; or R3 and R4 form a cyclic
amino together with the adjacent nitrogen atom,  and apharmaceutically
acceptable salt thereoL (2) The carbapenem compound 'of (1) above, wherein
R1 and"RZ may be the  



same or different and each is a modifying.group hydrolyzable in the body,
and  R3 and R4 may be the same or different and each is a lower alkyl, and
a ;ed THIS'SHEET HAS BEEN  REPLACED 3 Substitute sheet - 7 September 1999
pharmaceutically acceptable 'salt thereaf (3) The carbapenem compound of
(1) above, wherein RZ is 5-methyl-2-oxo-1,3- diaxoleu-4-ylmethyl and R3 and
le are each methyl, and a. pharmaceutically acceptable salt thereof (4) The
carbapenem compound of (1) above, wherein RI is pivaloyloxymethyl  and R2
is 5-methyl-2-oxo-1,3-dioxolen=4-ybnethyi, and a pharmaceutically .
acceptable salt thereof. (5) The carbapenem compound of (1) above, wherein
Rl and Rx are each  pivaloyioxymethyl, and a pharmaceutically acceptable
salt thereof (6) The carbapenem compound of (1) above, which is selected
from the group  consisting of pivaloyloxymethyl
(1R,5S,6S)-2-((3S,5S)-[5-NN-dimethylaminocarbonyl-1-
(5-methyl-2-oxo-1,3-diaxolen-4-yfethplIpyrrofidia 3-yltbio}--[(1R)-1
4ydroxyethyl]-1-methpicarb2pen-2.6m-3-c oapla , pivaloyloaymethyl
(1R,5S,6S)-2-[(3S,5S)-(S-NN dimethy]aminocarbonyl-l-
pivaloyloaymethyl)Pyrrolidin-3-yithio]-6-j(IR)-1-hydrexyethyl]-1-
methyicarbapen-2-es-3-carboxylate, .  pivaloyloxymethyi
(1R,5S,6S)-2-((3S,5S)-[5-N,N dimethylaminocarbonyl-l (5-methyl-2-oxc-1;
3-diaxolea-4.yl)methyl]pymlidin 3-yhWo)-6-[(1R)-1-
hydroxvethyi]-l-methylcarbapes-2-em-3-carboxylate hydrochloride,
pivaloyloaymethyl (1R,5S,6S)-2-((3S,SS)-[5-NN-diethylaminocarbonl-l-(5
methpl-2-oxo-1,3-dioxolen-4yl)mctlgllpY=Ol d a-3-ylthiO)-6-[(1R)-1
hydro~rpethyl]-1-methyicarbapen-2-em : 3-carboxylate, pivaloyioaymethyl
(IR,SS,6S)-2-((3S,SS)-[3=NN-iaethylethplaminoear~onyl  1=(5-methyl-2-6zi
r-1,3-dioxolea- -yl)meth hdin-3-yltbio}-6-[(1R)-1-
I~gdroaytthYl]-1-methyicarbapen-2-ea-3arboxy]ate, pivaloyloxymethyl
(IR,SS,6S)-2-((3S,5S)-[5-(l-pyrrodinyicarbonyl)-1-(5- methyl-2-oxo -1,3-di
osolen-4-yl)methyl]pyirolidin-3-ylthio}-6-[(1R)-1-
hydroxyethyi]-1-methyicarbapen-2-ea-3-carboxylate, 



pivaloyloxymethyl (IR,SS,6S)-2-((3S,5S)-[S-(1-piperidinyicarbonyl)-1-(S-
methyl-2-oxg-1,3-&oaolen-4-y1)methyl]py=Udin-3 ylthio)-6-[(114-1-
hydroxyethyl]-1-meduicarbapea-2-es-3-carboxylate, and pivaloyloxymethyi
(IR,5S,6S)-2-((3S,5S)-[5-(1-azetidinylcarbonyl)-1-(5-
methyl-2-oxo,.1,3-dio=lcn-4-ynmethyl]pyrrolidin-3 pltbio)-6-[(1R)-1-
hydroxyethyl]-1-methyicarbapen-2-en-3-carboxylate,  and a aceuticafy
acceptable salt thereof TO' SNEET HAS BEEN.  08 SEP 1 REPLACED 4 Substitute
sheet - 7 September 1999  C (7) An antibacterial agent comprising the
.earbapenem compound of (1) above,  which is represented by'the formula (I)
or a pbar*^aCeuticafy acceptable salt  thereof as an active ingredient (8)
The antibacterial- agent of (7) above, which is for oral  (9) A carbapenem
compound of the formula'.(II) OH CH3 "3  CON  H3 R4 N MENTL  S. REPLACE  2
CO _ 0 8 SEP 1999  wherein Rx is a iaodifyyinig group hydrolyzable in the
body; R3 and R4 may be the same or different and each is a lower alkyl; or
R3 and R` form a cyclic arn' together with the adjacent. nitrogen atom;
and Rs is. a hydrogen atom or a carboxyl=protecting group,  and a salt
thereof. . . (10) The carbapenem compound of (9) above, which is
selected'froxa the group  consisting.of p-nitrobenzyl (1R;
5S,6S)-2-{(3S,5S)-[S-N;N-dimethplanzmocarbonyl-l-(5-- methyl
2-oxo-1,3-&oxolea-4-yl)methyl)pyxrolidin-3-ylthio}-6-[(1R)-.1- 



hydroxyedUll-1-methyicarbapen 2-ea-3-carboxplate and sodium
(1R,5S,6S)-2-{(3S,5S)=[5-NN-dimethylaminocarbonyl-l:-(5-methyl-
2-oxo-l,3-diosolen=4-yl)methyl)pprrofidia-3- Ithio}-6-[(1R)-1 h
droxyethyi]-l  methylcarbapen-2-em-3-carboxylate,. and a salt thereof. '
Each term used in the present specification is explained in the following.
The modifying group hydrolyzable in the body at RI and R2 is preferably
hydrolyzed in intestine or blood, and is exemplified by optionally
substituted  aryl (e.g., phenyl, tolyl, xyiyl, indanyl and the like),
1-alltanoyloxyalkyl, 1- alkoxycarbonylooxyalkyl; phthalidyl, 5-methyl
-2-oxo- l,3-dioxolen-4-ylmethyl  and the like_ Particularly,
1-alkanoyioxyalkyl, 1-alkoxycarbonploxyalkyi and
5-methyl-2roxo-1,3-dioxolen-4-ylmethyI are preferable. The optionally
substituted aryl is preferably non substituted or  tTHIS SHEET HAS BEEN- -
- - ,~ 'REPLACED 5 Substitute sheet - 7 September 199  substituted by 1 to
3 substituents which may be the same or different  Examples of the
substituent include alkyl having 1 to 4 carbon atoms such as  methyl, ethyl
and the like. The number of the carbon atoms of the alkanoyl moiety of 1-
a11aaoyloxyalkyi is preferably 2 to 10, more preferably 2 to 7, and it may
be.  linear, branched or cyclic. The number of the carbon atom of the alkyl
moiety  is preferably 1 to 3, more preferably 1 or 2. Examples of
1=allanoyloxyalltyl include acetoaymefihyl, propionyloxy- methyi,
n-butyryioxymethyl, isobutyryloaym.ethyl, pivaloyloxymethyl,. n-
valcryloxymethyl, 2-methyibutyiyioxymethyi, isovaleryioicymethyl, n-
hexanoyloxymethyl, 3-methylvaleryloxymethyl, neohexanoyloxymethyl, 2-
methylheaaaoy1oxymethyl, 2,2-dimethylvalerylaxymethyl. neoheptaaoyl-
oxymethyi; cyclohes mecarbonyloxymethyl, cyclohezylacetoxymethyl, 1-
acetoxyethyl, 1-propionyloxyethyl, 1-n-butyryloxyethyl,
1-isobutyryioxyethyl,  1-n-valerploxyethyl, 1-pivalayloxyethyl,
1-isovaleryloxyethyl, 1 n- hexanoy1oxyethyl, 1-eyclohexanec arbonyloxyethyl
and the like. The number. of the carbon atom of the alkoxy moity of
1-alkoxycarbonyl- oxyalkyi is preferably 1 to 10, more preferably 1 to 7,
and it maybe linear,.  



branched - or cyclic. The number of the carbon atom of the alkyl moiety is
preferably 1 to 3, more preferably. 1 or 2. The 1-alkoxycarbonyloxyalky1 is
exemplified by 1-methoxycarbonyl- oxyethyl, 1-ethoxycarbonylaayethyl, 1
n-propoxycarbonyloxxyethyi, 1- isopropoxycarbonyloxyethyl,
1-n-butoxycarbonyloxyethyl, 1-sec- butoxycarbonyloxyethyl,
1-t-butoxycarbony1oxyethyi, 1-pentyloxy- carbonyloxyethyl and
1-cyr1,ohexyloxycarbonylaxyethyL The lower alkyl at R'F and R` is a linear
or branched aftyl having 1to 6,  carbon atoms, which is exemplified by
methyl, ethyl, propyl, isopropyl, butyl,  isobutyl, sec-butyl, t-butyl,
pentyl, isopentyl, neopentyi, t pentyl, hexyi,  isohexyl, neohexyl and the
like. Particularly, methyl, ethyl, propyl and butyl  are preferable. The
cyclic ammo formed by R3 and R4 together with the adjacent nitrogen  atom
is a cyclic amino having 4 to 6 carbon atoms. Examples of the above-
mentioned cyclic amino include azetidinyl, pyrrolidinyi, piperidinyl and
the  like. The carboxyl-protecting group at Rs include, for example,
t-butyl, t-amyl,  benzyl, p-nitrobenzyl, p-methoxybenzyl, diphenylmethyl,
p-nitrophenyl, REPLACEMENT SHEET  d THIS SHEET HAS B M 8 SEP IM  -REPLACED
.6 Substitute sheet - 7 September 1999  methoxymethyi, ethoxymethyl,
beazylaxymethyi, methplthiomethyi, trityi,  2,2.,2 trichloroethyl,
triraethyLslyl, dipheny]metboxybeazeuesulfonylmethyl,  dimedWla*akwethyl
and the Isere.: Of these; p-nitrobenzyl, p-methoaybeazpl  and
diphenyimethyi are particularly Preferable The carbapenem comcpound'(I) and
carbapencm compound (II) may form  pharmaceutically acceptable salts,..
Inasmuch as cairbapenem ixmapound- (I) and carbapeaem compound (II) .  have
a basic group, they can form acid addition salts. The acid used for
forming such' aid addition salt.] S. subject to no particular iimitafidn as
long as  it is pharmaceutically acceptable.- ' Examples of the acid indude
inorganic  acids such as hydrochloric acid; sulfuric acid, phosphoric acid
and nitric acid,  organic acids such as aoali v acid, fiimaric' acid;
aaieic acid, rilric.acid, :tart iic  



acid and methanesulfonic acid; and the hie. . When c axbapenem compound
(II) has a carbmryl group (.e, when RS is a  hydrogen atom), a salt can be
formed at said carboxyl group. F xamples of the  salt at carboxyi group
include alkali metal salts (eg., sodium salt, potassium  salt and the
h-lpe),.alkaline earth.nietal salts. (eg., calcium salt, magnesium salt
and the hoe), organic base salts (e.g., tciethyiami ie salt,
dicydohesylamine salt,  pyridine salt and the lie), and the like. . The
preferable examples of the carbapenem compound (1) and  carbapeneat
compound (II) are the.foIlawing.  . pivaloyl yl
(112.SS.6S)-2-43S5s)-[5-NN-dimethylaminocarbonyi-l-
(s-methyl-26=-1,3-&=ole : -yl)3nc& ljpyrrohain-3-yitbio)-G l(LR}-1-
hydroxyethyij-1-metdyicarbapea-2-ia 3-carboxyiate, 1 pivaloylazyei
(1R,5S,6S)-2-1(3S,SS)-15-N,N ocarbonyl-1-
(5-methyl-2-oxo-1,3-dioso1en-4pi)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-
hpdio~yethylj-l-methylcarbapen-2-eW.-3-carboxylatc, . 1-aceto#etbyl
(1R,5S,6S)-2-((3S,5S)-[5-N,N-&mcthplamino arbonyl 1-(5- methyl-
2roxa-1,3-dioiolea-4-pi)methyi]pyrroiidin-3-ylthio}-6-[(1R)-1-
hydroxyethyfJ-1-methylcarbapen-2-em-3=carboxyiats,
1-isopropoxycarbonyloxyethyl (1R,SS,6S)-2-{(3S,SS)-[S-N,N-dimethylamino-
carbonyl-l-(5-methyl-2roxa-1,3-diamlen-4-yi)methyljpyrrolidin 3-ylthio)-6-
[(1R)-1-hydroxyethyl]-1=methylcarbapea-2-eff-3-carlwaY I
l-ethoxycarbonyloxyethyl (IR,5S,6S)-2-13S,5S)-[5-N,N-dimethylamino-
carbonyl-l-(S-methyl-2-oxo-1,3-dioxolen 4-yi)methyl]pyrr&lidia 3 yltbio)-6-
[(1R)-1-hydroayethyl]-1-methyicarbapea-2-em-3-carboxylatc" REPLACEMENT
SHEET  08SEP1999 7 Substitute sheet - 7 September 1999
1-cyclohexyloxyc2rbanylaxyethy1 (1RSS,6S)-2-{(3S,SS)-[5-NN-dimethyl
aminocarbonyi-l-(S-u yl2-oxo-1,3-dioxolen-4---1`)methyljppxrolidin-3-
yYthio}-6-[(1R)-1-hydroxyetthyl]-1 methylcarbapcn 2-e 3-carboxylate,.
(:5-methyl-2-oxo-1.3-dioxolen-4-yl)methyi (1R,5S,6S)-2-{(35,53)-[5-N,N
dimethyiaminocarbonyl 1-(5-methyl-2-oxo-1, 3-dioxo len-4-y1-
)methyl]pyrrolidia  3-ylthio)-6-[(1R)-1-hydroayethyi]-1
methylcarbe#cn-2-em-3-carboxylate,  p-nitrobenzyi
(1R,5S,6S)-2-((3S,SS)-[5-N,N-dimethylamiaocarbonyl-l-(5 methyl 2-oxo-1,
3-dioxo ten-4-y 1)me hYllpynnIidiri-3-ylthio)-6-[(1R)-1-hydraxy- 



ethyl]-1-methyic ubapen-2-em-3-carboxylate, diphenylmethyl (IR,SS;
6S)-2-{(3S,SS)-[S-N,N-dimetpiaminocarbonyi-l-(S- methyi-2-oxo-1,
3-dioxolen-4-j1mcthyiJpyrrolidin-3-ylthio)-6-[(1R)-1-hydroxy- ethyl]-1
methy1carbapea-2-em-3-carboxylate, p methaxybenzyl
(1R,5S,6S)-2-43S,5S)-[S-N,N-dimethylamsnoc-arbonyl-1-(5- .
methyl-2-oxo--1,3-dioxolen-4- cthyi]py=lidin-3-ylthio}-6-((lR)=1=
hydraxyethyl]-1-metthylcarbapcn 2-en-3-carboxylate, (1R,5S,6S)-2-((3S,5S)
[5-NN-dimethplaminocarbonyi-l-(S-methyl-2-oxo-.  1,3-dioxolen-4-srlcdgl
py=hdin ytthio)-6-I(lR)-1-hy&ccgyet'A-1- methylcarbapcn-2--em-3-carboxylic
acid, pivaloyloxymcthy3 (1R,5S,6S)-2-[(3S,SS)-(5-NN-dimeeLyL
mt*+ocarbonyl-l- .pivaloyioaymethyl)pyaol d
-3-9ithio]-6-j(IM-Ia?ydraxyethyi]-1-mcthyl- carbapea-2-em-3=c -bgiylate. 1
Pivaloyloxyethyl (IR,5S,6S)-2-[(3S,5S)-(S-N,N-dimethylamamocarbonyl-l-
pivaloylnxymethy4r yrrolidi 1-3-yithioj-6-[(IR)=1-hyd-eaayethyl]=1-methyl .
carbapen-2-er-3-carboxxlate, . 1-acetoxyethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dime aminocarbonyl-1-
Pvalogloxy~edipl)gyrodia-3-ylhio]--j(IR)-1 hydroayethyi]-1 methyl-
carbapen-2-em-3 -boxilate 1-isopropoxycarbonyioxyethyi
(1R5S,6S)-2-[(3S,SS)-(S-N,N-dimethyiami" -
carbonyl-l-pivaloylaxymethyl)pyxrohdin-3-ylthio]-6-[(1R)-1-hydroxyethyi]-l-
methylcarbapen-2 -em-3-ca-boxylate, . 1-ethoxycarrbonyloapethyl
(IR,5S,6S)-2=[(3S,5S)-(5-NN-dimethylamiao- carbonyl
1-pivaloploxymethyi)pynolidin-3-yltbio]-6-[(1R)-1 hydroxyethyl]-1-
methylcarbapen-2 -em-3-carboxy late, 1-cyclohexyloxycarbonyloxyethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N- dimethylaminocarbonyl- l -p
ivaloyloxpmethyl)pyrrolidin-3-yltbio]-6- ((1R)-1-
hydroxyethyl]-1-methyicarbapen-2-es=3-carboxy late , nrnl A~`~F" -~~1A~
i'SLT-L'1 Poi~.ro 08 SEP 1999 8 Substitute sheet - 7 September 1999
(5-methyl 2-oxo-1,3-dioxolen 4-rl) methyl (1R,55,6S)-2-[(3S,SS)-(5-N,N
dimethyiaminocarbonyi-l pivaaloyloxymethyl)pyrrolidin-3 ylthio)-6-[(1R)-I-
hydroayethyi]-1-methylcarbapen-2 -em-3-carboxy late,. 



p-nitrobenzyt (1R,5S,6S)-2-[(3S,SS)-(5-N,N-dimethylaminocarbonyl-l-
.pivaloyloxymcdgl)pyrrolidm-3-yltlno]-6-[(IR)-1-hydroxyethyl]-1 methyl-
carbapen-2 -3-mrbo*v-late,'  diphenylmethyl
(IR,SS,6S)-2-[(3S,SS)-(5-N,N-dimathylaiamocarbonyl 1-
pivaloyloxymethyl)py=rolidin 3 ylthio]-6-[(1R)-1-hydremyethylj-l-methyl-
carbapen-2-ez-3-carboxylate,  p-methoxybenzyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1- pivaloylo
medgi)pymolid n-3-ylthioj-6-[(1R)-I hydroyethyl]-1-methyl--
carbapen-2-em-3-arboxylate.
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyi-l-pivaloyloxymethyl)-
pyrmlidin-3-yithioj-6- [(1 R)-1-hydroayethylj-1-methylcarbapeu-2 -ex-3-
carboxylic acid, pivaloyloayinethyl
(1RSS,6S)-2={(3S,5S)-[S-N,N-dimethylaminocarbonyl-l- (5-methyl-2-oxo-l ,
3-d i oxo l en-,4-~-1)methyl]pyn ohdin-3-ylthio) -b-[(1R)-1-
hydi-axyethyi]-3 methyicarbapea-2 -em-3-carboxy late hydrochloride,
pivaloyioxymethyi (IR,5S,6S)-2-((3S,SS}-jS-N,N-diethylam3inocarbonyi-1-(5-
33iethyl-2-oxo-1,3-dioxolen-4-y1)m
yl]pYtrolidin-3-ylthio)-6-[(11R)-1-hydroxp- ethyl]-1-n ethylcarbapen-2
-ez-3- boxylate.  pivaloyloxymethyl (1R5S,6S)-2-((3S,5S)-[5-N,N
=aethylethyiaminocarbonyi- -(5=methyl^2-oxo-1, 3-d ioxo len-4-y
l)methyl]py=rolidin-3-yitbio}-6-[(IR)-1-
hydroxycthYi]-1-mefhylcarbapen-2-em-3-carboxylate, . pivaloyloxymethyi
(IR,5S,6S)-2-{(3S,5S)-[5-(1-pyrrolidiuylcarbonyl)-1-(5- methyl
2-oxo-1,3-dloxolen-4-1)m yl]pyr=Hdin-3-y t o)-6-[(1R)-1- hydrogyethyl]-1
methylcarbapen-2-em-3-carboxylate. pidaloyloxymethyi
(1R,5S,6S)-2-{(3S,5S)=[5-(1-piperidinylcarbonyl)-1-(5- methyl-2-oxo-1,
3-dioxo len-4-y 1)methyl]pyrrolidin-3-yithioj-6-[(1R)-1-
hydroxyethylj-l-methylcarbapen-2-em-3-carboxy late, and pivaloyloxymethyl.
(IR,5S,6S)-2={(3S,5S)-[5-(1-azeti&nylcarbonyl-1-(5- methyl-2-oxo-1,
3-dioxolen-4-v1)mcthyl]P9iiolidi n-3-ylthio)-6-[(1R)-1- hydroxyethyl]-1
methylcarbapen-2-e r3-carboxylate; and the hike: The carbapenem compound
(F) and a pharmaceutically acceptable salt  thereof, and carbapenem
compound (II) and apharmaceutically acceptable salt  thereof can be
produced by-any of the following production methods 1 to 4. PLACEMENv SHEET
LO8SEP99j 



9 Substitute sheet - 7 September 1999  Production Method 1 OH CH3 R3  CON<
H3 S-~  R N~R2  O (Ila)  CO2H . 1. RIB ~ OH 3 3  CON  R4 H3 C~' S N 2  m
CO2R1. wherein R=, Re, R3 and R4 are as defined above, and X is 'a leaving
group such as  a halogen. atom (e.g., cblorane, bromine and iodine),
alanesulfonylo$y (e.g.,  metha*esulonyloxy, ethanesuifoiiyloxy,.
propanesulfonyloxy and  butanesulfonyloxy), arylsulfonyloxy (e-g..
phenylsuffonyloxy and  tolyLsulfonyloxy), and the like. Compound (1) can be
obtained by dissolving compound (IIa) (c ompoumd of  formula (II) wherein
Rs is hydrogen atom) 'in a solvent which does not interfere  with the
reaction (e.g., dioxane, acetonitxile, tetrahydrofuraa, chloroform,
methylene chloride, ethylene. chloride, benzene, ethyl acetate, N,N
dimethy1f amide, N,N -dimethylacetamide, dimethyl -sulfoxide and mixtures
thereof), and reacting the compound with about 1 - 5 times, preferably
about  1 - 2 times, the molar amount of compound (BI) in the presence of a
base. The base to be used is subject to no particular limitation, but it is
preferably an inorganic base such as sodium hydrogencarbonate, pots siu
carbonate and the lfise, an organic base such as triethylamine and
diisopropylethylamine, and the lie. The reaction temperature is not
particularly limited, but the reaction is  preferably carried out at a
relatively low temperature to suppress side reaction,  which is generally
-30 -.401C, preferably -20 - 01C. While the reaction time BE P LACE 0S SEP
I 



10 Substitute sheet - 7 September 1999  varies depending mainly on reaction
temperature, the ldnd of reaction reagents  and the like, it is generally
from 30 minutes to a dozen hours or so. Where necessary, compound Pa) can
be introduced into a reactive  derivative thereof such as alkali metal salt
(e.g., sodium salt, potassium salt  and the hke), alkaline earth metal salt
(e.g., ,calcium salt), tiiethylamine salt,  dicyclohexylamine salt,
pyridine salt, and the like, and reacted with compound  Production Method 2
OH CH3 R3  H3 S ,NHY... ~.  O C02W ~r r.  REPLAc-Ep UT SHEET  Rz x 0 8 SEP
1999 .  OH CH3 R3 CON'  H3 R  'S N .N  C 00 C02R  whercbi R1, R2, R', P and
Xare-as defined' above. Compound (I) can be obtained by dissolving compound
(IV) in a solvent  which does not interfere with the reaction (e.g.,
dioxane, acetonitcile,  tetrahydrofuran, chloroform, methylene chloride,
ethylene chloride, benzene,  ethyl acetate,N,N -dimethyiformamide, N,N
-dimethylacetamide, dimethyl  sulfoxide and mixtures thereof), and reacting
the compound with about 1- 5  times, preferably about 1- 2 times, the molar
amount of compound M.  Compound (IV) can be obtained by reacting the
carboxylic acid disclosed in  Japanese Patent Un_xaniied Publication No.
233076/ 1985 and the like, and  compound (III), in the same manner as in
Production Method 1. 



This reaction can be also-carried out in the presence of a base. The base
11 Substitute sheet - 7 September 1999  to be used is subject to no
particular limitation, but it is preferably an inorganic  base, such as
sodium hydrogeacarbonate, potassium carbonate and the like,  or an organic
base, such as triethylamine, dasopropylethylamine and the like. The
reaction temperature is not particularly limited, but the reaction is
preferably carried out at a relatively low temperature to suppress side
reaction,  which is generally -30 - 40C, -preferably -20 - 0C. While the
reaction time  varies depending mainly on reaction temperature, the land of
reaction reagents  and the like, it is generally from 30 minutes to' a
dozen hours or so.  Production Method 3 OH CH3  H3 R6  C02R5 CON `R3
REPLACENEENT A~  HS 08 SEP 1999  N\ .OH CH3 R3  CON < 4  H R  3 N. 5 N.,.
(14. C'Q2R5  wherein R', R3, R` and R6 are as defined above and R6 is
alkanesulfonyl, such  as methanesulfonyl, ethanesulfonyl, propanesulfonyl,
butanesulfonyl and the  like, aryisulfonyl, such as phenylsulfonyl,
tolylsulfonyl and the like,  dialkyiphosphoryl, such as dimethylphosphoryl,
diethyiphosphoryi,  diisopropylphosphoryl, dibutyiphosphoryi and the like,
or diaryiphosphorpl,  such as diphenylphosphoryl, ditolylphosphoryl and the
like. Compound (U) can be obtained by dissolving compound (VI) disclosed in
Japanese Patent Unexamined Publication No. 12676/1996 and the like in a  I
12 Substitute sheet - 7 September 1999  solvent which does not interfere
with the reaction (e.g, dioxane, acetonitrde,  tetrahydrofiuan, chloroform,
.methylene chloride, ethylene chloride, benzene,  ethyl acetate,
N,N-dimethylforasamide, N,N--dimethyiacrai de, diethyl  



sulfoxide and mixt * .thereof); and reacting the compound with about 1 - 5
times, preferably about 1- 3 .times, the molar amount of mercapto compound
(VII) in the presence of a base. The base to be used is subject to no
particular limitation, but it is  preferably an inorganic base, such as
sodium hydrogencarbonate, potassium  carbonate and the like, or an organic
base, such as triethylamine,  diisopropylethylamine and the like. The
reaction temperature is not particularly limited, but the reaction is
preferably carried out at a relatively low temperature to suppress side
reaction,  which is generally -30 - 401C, preferably 20 - 0C. While the
reaction time  varies depending mainly oa inaction temperature, the kind of
reaction reagents  .2nd the like, it is generally from 30 minutes to a
dozen hours or so. The starting compound (VII) for the synthesis of
compound. (II) can be  obtained in the following manner. Production Method
of compound (VII) R3 3  ON`R4 CON R4  R7S 07 R7S N ~Ra oms  (1) EPLACEMENT
SHEET  R3 CON [O8 SEPIM R 4 R?S  R2-X ('V) N ~R2 /R3  CON<  removal of R7
HMS N ~R2 (VII) 13 .Substitute sheet - 7 September 1999   wherein Re, R2,
R` and X.are as defined above, RT is a thiol-protecting group and R8 is an
amino-protecting group. 



Compound (VII) can be obtained by removing R3, which is.an amino-
protecting group of compound (DC) disclosed in Japanese Patent Unexamined
Publication No. 233076/1985 and the like, by a method known per se to give
compound (X), reacting compound (X) and compound (V) in the same manner  as
in Production Method 2' to give compound (7C), and removing R', which is a
thiol-protecting group by a method known per se. As the thiol- and amino-
protecting groups, the protecting groups generally, known in the perrtinent
field  can be used. . Production Method 4 ' OH. CH3 R3  CCON<  H3C R4 N / S
NHS R? -X ('~} REPLACEMENT SHEET  [SEP 1999  OH CH3 R3 ON< R4  H3.C N. N  O
Z  CO2R5 - R . Wherein R2, R3, R` R3 and X are as deigned above. Compound
(II) can be obtained by reacting compound (VIII) disclosed in  Japanese
Patent Unexamined Publication No. 233076 / 1985 and the like, and  compound
(V) in the same manner as in Production Method 2. Where necessary. the
carbapenem compound (II) thus obtained can be  converted to a carboxylic
acid derivative wherein R3 is hydrogen atom by  removing
carboxyl-protecting group, according to a conventional method 14 Substitute
sheet - 7 September 1999  While the method for the.removal of a protecting
group varies depez ding on the  kind thereof, a method generally known in
this field can be used. The carbapenem compound (1) and carbapeuem compound
(II) can be  purified as necessary according to a conventional method, such
as  recrystalliration, preparative thin layer chromatography, column  



chromatography and the .lice. Alternatively, it can be purified as salts
thereof,  where necessary. The carbapenem compound (I) and carbapenem
compound (II) can be  converted to a pharmaceutically acceptable salt
thereof by a method known per  se.. . The objective compound (1) and
compound (II) of the present invention.  preferably have -a configuration
of compound (Ia) and compound (Itb) below.  OH CHI R3 CON<  H3 R  N (Ia.) O
Fe  Co2R' wherein R1, Re, R3 and R4 are as. defined .above 08 SFP 1999  OR.
CH3 3 R. [~~ CON<a H3 R  3 N N (jab)  C O 11%.R2  CO2R5 wherein R2, R3, R4
and R5 are as defined above. The carbapenem compound (I) and a
pharmaceutically acceptable salt  thereof are promptly absorbed in blood by
oral.a in;stration, and  metabolized into a carbapeneai compound of the
formula (I) wherein R2 and Rz  are hydrogen atom, or a pharmaceutically
acceptable salt thereof, and show  high concentration in blood.. In
addition, carbapenem compound (I) upon conversion into a  pharmaceutically
acceptable salt thereof shows enhanced solubility in the  digestive tract,
which in turn further improves absorption effect, and thus, 15 Substitute
sheet - 7 September 1999  absorption property. 



Therefore, an agent for the prophylaxis and treatment of infectious
diseases comprising carbapenem compound' (I) or a pharmaceutically
acceptable salt thereof shows `superior action by oral administration as
mentioned above, and can be generally as an oral preparation. This agent
for the prophyla is and treatment of infectious diseases can be  produced
by diluting the compound with pharmaceutical ezcipients by a  method Iowa
per se. Examples of usable eacipient include starch, lactose,  sugar,
calcium carbonate, calcium phosphate and the like. Moreover, this agent for
the prophylaxis and treatment of infectious  diseases preferably contains
an organic acid, whereby carbapenem compound  (I) and.a pharmaceutically
acceptable salt-thereof are caused to have higher  solubility in the
digestive tract, thus facrlitatiag absorption thereof into blood. The
.organic.acid maybe any as long as it is pharmaceutically acceptable,  and
is- preferably exemplified by organic carboxylic acids such as malefic
acid, .  fumaric acid, tartaric acid, citric acid, succ inic acid, rake
acid, oxalic acid,  mandelic acid, malonic acid, benzoic acid and the like.
The organic acid is  generally added in an amount of 0.01 -20 moles,
preferably 0.02 - 2 moles, per  mole of carbapenem compound (I) or 'a
pharmaceutically acceptable salt  thereof. Further, this agent for the
prophylaxis and treatment of infectious  diseases may. contain other
additives on demand, such as binders (e.g., starch,.  gum arabic,
carboxymethylceUulose, hydroaypropylcellulose, crystalline  cellulose and
the like);. lubricants (e.g.; magnesium stearate, talc and the hike),
disintegr-ators (e g., car boxymethylce]lulose calcium, talc and the like),
and the  like. After adding various ingredients, the obtained mixture is
formulated into  a dosage form suitable-for oral administration, such as
capsules, tablets, fine  granules, granules, dry syrups and the like, by a
method known per se to give  an agent for oral a minitrtion, which is for
the prophylaxis and treatment of  infectious diseases. While the dose of
carbapenem compound (I) and a pharmaceutically  acceptable salt thereof
varies depending on the ad-ministration target, symptom,  and others, when,
for eatample, the compound is allpiinistered to treat  suppurative diseases
of an adult, the daily dose is about 1- 40 mg/kg body  weight, which is
orally rninistered 1 to 4 times a day. Said carbapenem compound (I) and a
pharmaceutically acceptable salt 
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thereof may be min sacred in combination with other antibacterial
substance,  such as antibacterial drugs (e.g., penicdlins, aminoglycosides,
cephalosporins  and the lice) or a therapeutic agent for systemic symptoms
caused by bacterial  infection (e.g., antipyretic, analgesic,
antiinflammatory- drug and the hlce). The properties and production methods
of the compounds of the present  invention are explained by way of
Examples, to which the present invention is  not limited. Example I
p-Niirobeuzyi (1R,5S,6S) 2-{(3S,5S)-[5-NN-dimethylammocarbonyl-1-(5-
methyl-2-oxo-1,3-dioxolen-4- y 1)methyl]pymlidin-3-ylthio}-6-[(1R)-1-
hydroxyethyi]-1-methylc2rbapen-2 -em-3-carboxylate
(2S,4S)-2-N,N-Dimethylaminocarbonyl-4-me capto-1-(5-methyl-2-oxo-
-1,3-dfoxofen-4-yI)methylpyrrolidine (867 mg) was dissolved in acetonitrile
(11  mI), and a solution of p-nitrobenzyl
(1R,5S,6S)-2-diphenylphosphoro-6-[(1R)- 1-hydroxyethyi}-1
methylcarbapen-2-ea-3-carboxylate 11.5 g) and d isopropylethylamine (1.05
ml) in acetonitnle (15 ml) was dropwise added  under nitrogen atmosphere at
-40 - -30C. The mixture was stirred at the  same temperature for one hour,
and. ethyl acetate (200 mI) was added. The  reaction mixture was washed
with saturated brine (100 ml) and dried over  anhydrous sodium sulfate-
Ethyl acetate was evaporated under reduced  pressure and the residue was
purified by silica gel column chromatography to  give 1.0 g of the title
compound. 1H-NMR (bMSO-d6) S ppm:1.. 06 (d. J=7. 5Hz, 3H). 1: 16(d. J=6.
5H6- 3H).-1. 30-1. 80(m, 1H), 2. 02(s, 3H), 2. 50-4. 30(rn, 9H), 2. 82(s,
3H), 3. 01 (s, 3H), 3. 57(s, 2H) 5. 01 (d. J=5. OHz, 1H), 5. 25; 5. 50(ABq,
J=1_t3...5Hz. 2H), 7. 67,.-8..22(ABq. J=8. 5Hz, 4H). Example 2 Sodium
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylamiuocarbonyl-l-(5-methyl- 2-oxo-1,
3-dioxolen-4-y1-)methyl]par'olidm-3-ylthio}-6-[(1R)-1-hydroxyethyl]-l-
methylcarb apen-2 -en-3-cau-boxy late p-Nitrobenzyl
(fRSS,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-(5- 



methyl-2-oxo-1,3-dioxolet -4-yl)methyl]pyrrolidin 3 ylthio)-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-e8-3-carboxylafie (730 mg) was dissolved in
a mixed solution of tetrahydrofuran (22 ml) and 0.1 M phosphate buffer (pH
7.0,33 ml), and 10% palladium carbon (550 mg) was added. The mixture was
hydrogenated at room temperature for 2.5 hours. The reaction mixture was
RfPLACEMEK'T .'_ET . 1r01lSSEP1994 17 Substitute sheet - 7 September 1999
f iltered through Ceiite and the filtrate obtained was washed with diethyl
ether  and concentrated under reduced pressure to about 5 ML The obtained
solution was subjected to chromatography on Dia Ion BP-21 anufachn-ed by
Mitsubishi Chemical). After concentration under (educed pressure, the
residue was lyophilized to give 300 mg of the title compound. IR(Nujol,
crri 1) :3.385, .1815, 1750; 1600. 1H-NMR(DMSO-d6) appm:1. 05(d, J=7. 5Hz,'
3H), 1. 15(d. J=6. 5Hz,  3H)', 1. 20-1. 70Cm. 1H). 2'03(s, 3H), 2. 50--'4.
20(m, 9H). 2. 81 (s,  3H), 3. 01(s,.3H); 3. 60(s, 2H), 4. 40-5. 50(br, 1H).
Example 3 Pivaloyloxymethyl
(IR,SS,6S)'2-((3S,SS)-[5-N,N-diaiethylaminoearbonyi-l-
(5-methyl-2-oxo-1,3-dioxolen-4-yl.)mctbyl] yrrohc 3 y thio}-6-F(1R)-1-
hydrpxyethyl]-lmethylcaibapea-2-e -3-carboxylat Sodium
(1R,5S,6S)-2-{(3S,5S)-[5-NN-dimethylaminocarbonyl-l-(S-
methyl-2-oxo-l,3-dioxolen;4-yl e hylhVmh 3-yio -UIR)-1-
hydroxyethyl]-1-methyicarbapen-2-e$-3-carboxylate (500 mg) was dissolved.'d
in NN-dimethylformamide (2.5 ml) and the mixture was cooled to -5C.
Pivaloyloxymethyl iodide (350 mg) was added, and the mixture was.stirred at
the same temperature for one hour. Ethyl acetate (100 ml) was added and the
reaction mixture was washed with 5% brine (100 ml) and dried over anhydrous
sodium sulfate. Ethyl acetate was evaporated under reduced pressure and
the residue was purified by s ica gel column chromatography to give 370 mg
of  the title compound. IR (Nujol, crri 1) :3400, 1820, 1755, 1640.
1H-NMR.(DMSO-d6 ) Sppm:1. 00-1.;50(m, 15H), 1. 30^-1. 80(m, 1H),  2. 03(s,
3H). 2.50---4. 30(m, 9H). 2-82(s. 3H);:3., 01 (s. 3H).. 3: 55(s.  2H).
5.*00(d. J=5. OHz, 1H). 5. 70. 5. 87(ABq., J=5. 5Hz, 2H). 



Example 4'  Pivaloyloxpmethyl (1R,5S,6S)
2-((3S,5S)-[5-N,N-dimetylamiaocarbonyl-l- (5-methyl 2-oxo-l:3-dioxolen-4-
yl)me hyl]pyrrohd n-3 ylthio}-6-[(1R)-1- hydroxyethyll-1 methylcarbapen-2
-ev-3--carboxy late (1) Sodium
(IR,SS,6S)-2-[(3S,5S)-S-NN-dimethylaminocarbenylpyrrolidin-4-
ylthioJ-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-es-3-carboxYlate (580
mg) was suspended in NN-dimethylformamide (2.9 ml) and the mixture was
cooled to -5C. Pivaloyloxymethyl iodide (520 mg) was added, and the mixture
was stirred at the same temperature for one hour- Ethyl acetate (150 ml)
was R.: ;"j'z:,f'!T SWEET  [;SEP1999 18 Substitute sheet - 7 September 1999
added and the mixture was washed with 5% brine -(15o ml) and dried over
anhydrous sodium sulfate. Ethyl acetate was evaporated under reduced
pressure and the residue was purified by silica.gel column chromatography
to  give 350 mg of pivaloyloxymethyl (IR,SS,6S))2-[(3S,5S)-5-N,N-dimethyl-
amaaocarbonylpyrrolidin-4-yltbio]-6-[(1R)-1-hydroxyethyl]-1-methyicarbapen-
2-ea-3-carboxylate. 1H-NMR(DMSO-d6 ) 8ppm:1. 02~1. 30(m, 15H), 1. 30^-1.
80(m,.1H).  2. 50.^-4. 40(m. 10H), 2. 87(s. 3H)., 2. 99(s, 3H). 4. 90-5.
10(m, 1H);  5..70, S. 85(ABq; J=6. OHz, 2H). (2) The- compound (330 mg)
obtained in Example 4 (1) was dissolved in N,N- dimethylformamide (1.7 ml)
and the. mixture was cooled to 5C. (5-Methyl
2-oxo-l,3-dioxolen-4-yl)methyl bromide (190 mg) and liiethylamine (0.11 ml)
were added, and the muxt re was scared at the same temaper tare for 1.5
hours.  Ethyl'acetate (150-ml) Was added and the mixture was washed with S%
brine  (100 ml) and aqueous layer was extracted twice with ethyl acetate
(150. ml).  The ethyl acetate layers were combined and dried over anhydrous
sodium  sulfate. Ethyl-acetate was evaporated under reduced pressure and
the  residue was purified by silica gel column chromatography to give 230
mg of the  title compound. . IR and 'H-NUR matched with those in Example 3.
Example 5 Pivaloyloxymethyi
(1R,5S,6S)-2-[(3S,5S)=(5-N,N=dimethylamiaocarbonyl-l-
pivaloyloxymethyl)pyrrolidin-3-ylthio)-6-[(1R)-1-hydroxyethyl]-1- .  



methylcarbapen: 2 -ev-3-carboxy late Pivaloyloxymethyl
(1R,5S,6S)-2-[(3S,5S)-S-NN-dimethylaxniuocexbonyl- PyWlid?n-`l`y thiol-6-I(
R); -hydroxy th i}-1-methgk rb2 Cn-2- ar3- carbaxylate (400 mW obtained in
Example 4 (1) and pivaloyloxymethyi iodide  .(290 mg) were reacted in the
same-manner as in-Example 4 (2) to give 190 mg of  the title compound.
1H-NMR(DMSO-d6) S.ppm:1. 02-1.30(m, 24H), 1. 30-1. 80(m, 1H),  2. 50-4.
40(m, 101-1), 2. 87(s, 3H), 2. 99(s. 3H), 4. 90^-5. 10(m. 1H).  5. 70, 5.
85(ABq, J=6. OHz, 2H). . Example 6 .  Pivaloyloxymethyl
(IR,5S,6S)-2-{(3S,5S)-[5-N,N dimethylaminocarbonyl-l- (5-methyl-2-oxo
1.3-dioxolen-4-vl)methyl]pyrrolidin-3-yltbio)-6-[(1R)-1-
hydro$yethyl]-1-methylcarbapen-2-em-3-carboxylate hydrochloride REPLACEMENT
SHEET  08SEPI* 19 Substitute sheet - 7 September 1999  Pivalcyloxymethyl
(lR,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl
1-(5=methyl-2-oxo-1,3-dioxolen-4-yl')methyihyYn-Olidia-3 ylthio)-6-[(lR)-1-
hydmsyethyl]-1-methylearbapen-2-e-3-carboxYlate (1.49 g) obtained in
Example 3 was dissolved in ethyLacetate (3(Y ml) and the mixture was cooled
to  5C. A solution (0.35 ml) of hydrogen chloride dissolved in 2-propanol
at  8.68N was added, and the mixture was stirred at the same temperature
for 15  minutes. The resulting crystals were collected by filtration and
washed with  ethyl acetate and then with diethyl ether to give 1.2 g of the
title compound.  IR(Nujol, cm 1) :3355, .1825. 1770, 1740, 1660..
1H-NMR(D2 O) 8 ppm:1. 10-1. 40(m, 6H)..1. 19 (s, 9H), 1. 70-2. 10(m.  1H),
2. 19(s, 3H)., 2. 80-3..20(m, 1H), 2...99(s. 3H), 3. 09(s, 3H)..3. 30
---3. 70(m, 2H), 3. 80^-4. 10(m, 21-1), 4.10-4. 50(m, 5H)., 4. 80---5. 00
(m, 1H), 5:,86, 5. 96(ABq, J=6. OHz, 2H). The compounds of Examples 7 to 1
i'were synthesized in the same  manner as in any one of Examples 1 to.5 and
their properties were determined.  Example 7 PPvaloyl(xymethyi
(1R,5S,6S)-2-((3S,SS)-[5-NN-diethylaminocarbonyl-l-(S- methyl-2-oxo-1, 3-d
ioxo len-4-yr)methylrpyrrolidin-3-ylthio)-6-[(1M-1- 



hydroayethyl]-1-methyicarbapen-2=em-3-carboxylate .  1H-NMR(DMSO-d6)
8ppm:1. 10^-1. 30(m, 21 H), 1. 30-1. 80(m. 1H),  2. 03(s, 3H), 2. 50-4.
30(m, 13H), 3. 56(s, 2H), S. 10(d, J=5. OHz, 1H),  5. 66, S. 85(ABq. J=5.
5Hz, 2H). Example 8 . Pivaloyloxymethyl
(iR,5S,6S)-2-{(3S,5S)-[5-N,N-methylethyla uinoearbonyl-
1-(5-methyl2-oxo-1';3=dioxoien-4-tij)m 9ljP9rolidin-3-yithio]-6-j(1R)=1-
hydroayethyl]-1methylcarbapea 2-em-3-carboxylate 1H-NMR(DMSO-.d6 ) 8 PPM:
1. 10-1. 30(m, 18H), 1. 30^-1. 80(m, 1H),  2. 05(s, 3H), 2. 50-4. 30(m,
11H). 2. 93, 3. 03(s. s, 3H), 3. 58(s. 2H),  5. 05(d. J=5. OHz, 1H), S. 68,
5. 87(ABq, J=5. 5Hz, 2H). Example 9 Pivaloyloxymethyl
(IR,SS,6S)-2-{(3S,5S)-[5-(1-pyrrolidinylcarbonyl)-1-(5- methyl-2-oxo -1,
3-d i oxo l en-4-y 1)methyljpyrrolidin-3-ylthio)-6- [(1 R)-1-
hydroxyethyl]- l -methylcarb ap en-2 -em-3-carboxylate 1H-NMR(DMSO-d6 )
6ppm:1. 00-1. 30(m, 15H), 1. 30^-1. 80(m. 1H),  1. 80-2. 10(m. 4H). 2.
05(s, 3H), 2.50-4.30(m, 13H), 3. 58(s. 2H),  r r i r<<.R KEE =SEP-:7 20
Substitute sheet - 7 September 1999  5. 07(d. J=5. OHz, 1H), 5. 67, 5.
83(ASq, J=5. 5Hz, 2H). Example 10 Pivalaylozymethyl
(1R,5S,6S)-2-{(3S,5S)-[5'(1-piPeridinyicarbonyi)-1-(5-
methyl-2-oxo-1.3-dioxolen-4yI}methyl]pyrrolidin-3 yltbio)-6-[(1R)-1-
hydraxyethyl]-1-methyicarbapen 2-em-3-carbaaylate 1H-NMR(DMSO--d6) dppm:1.
00-1. 30(m.. 15H), 1. 30-1. 80{m, 7H),  2. 03(s, 3H). 2. 50-x4. 30(m, 13H),
3-.-57(s, 2H), 5. 10(d, J=5. OHz, 1H),  5. 66, 5. 83 (ABq,' J=5. 5Hz, 2H).
Example 11 . Pivaloyloxymethyi
(1R,5S,6S)-2-f3S,5S)=[5-(1-azbddinyicarbonyl)-1-(5- methyl-2-oxo-1, 3-:d i
oxo len-4y 1)methyl]pyrrolidin-3-ylthio)-6- [(1 R)-1
hydraayethyl]-1-methylcarbapen 2-eta-3-carboxylate 3H-NMR(DMSO-d6 )
Spprn:l. 00-1.* 30(m; 15H), 1. 30--1. 80(m, 1H),  2. 05(s, 3H). 2. 50---4.
50(m, 15H), 3. 57 (s,.2H), 5: 05(d, J=5. OHz, 1H),  5. 68, 5. 85(ABq. J=5.
5Hz. 2H). 



The fofowing. camounds were obtained by the method desc r bed in any of
the above-mentioned Mca=ples '1 to S. (1) .1-p v l yi
(IR,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylamino6axbonyl-1-
(5-methyl-2-oxo=1,3-dioxolen 4-y1)methyl]Py lidin-3-yifto)-6-[(IR)-i-
liyclrnayathyl]-1-methylcarbapea-2-em-3 r-boxylate (2) 1-acetoxyethyl
(1R,5S.,6S)-2-{(3S,SS)-[5-NN-dimetlYylaminocarbonyl-l-(5-
methyl-2-oxo-1,3-dioxolen-4-yI1)methpl]pyrrohdin 3-ylthio}-6-[(lR)-l-
hydrozyethyl]-1 methylcarbapen-2-es-3-mrboxylate . (3) 1
isopropoxycarboayioayethyi (IR,5S,6S)-2-{3S,5S)-[5-NN-dimethyl-
aminocarbonyi-l-(5-methyl=2-oxo-1,3-dioxolen 4-y L)methyl]pyrrolidin-3--
ylthio}-6-[(lR)-1-hydroxyethyl]-1-methylcarbaperi=2 3-carboxylate  (4)
1-ethoxycarboayioxyethyl (1R;5S,6S)-2-{(3S,5S)-[S-N,N-dimethyi
minocarbonyl-l-(S-methyl-2-oxo-1,3-dioxolen-4-y1)3n 3'1]Py=OHdia 3
ylthio)-6-[(1R)-1-hydroxyethyl]-1 methyicarbapea-2-em-3-carboxylate (5)
1-cydohexyioxycarbonyloxyethyi (1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethyl
aminocarbonyl-l-(5-methyl-2-oxo-1,3-dioxo1ep-4 yl.)methyl]pyrrolidin-3-
ylthio)-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen 2-e -3-carboxylate (6)
(5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-
dimethylamM ocarbonyl-- l -(5-methyl-2-oxo-1, 3-d i oxo l epi-4-y
l)methyl]pyrrolidin-
3-ylthio)-6-[(IR)-1-hydroayyethyi]-1-methylcarbapen-2-em-3-mrboxylate  (7)
dipheny]methyl (1RSS,6S)-2-((3S,5S)-[5-NN-dimethylainino rbaaryi-1-(5 REPL/
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methyl-2-oxo-1, 3-dioxo len-4-r1)methylhlyrmlidin-3-ylthio)-6-[(1R)-1
hydroxyethyl]-1-metbyylc=b ap en-2 -em-3-carboxY late -(8) p-methoxybenzyl
(1R,5S,6S)-2-((3S,SS)-[5-N,N-dimethylaminocarbonyl-l- (5-methyl
2-oxo-1,3-dioxolen-4- r1)medWI]Py olid 3-yltbio}-6-[(IR)-1-
hydroayethyij-1-taethylcarbapen-2 -em-3-carboxy late  (9) 1
pidaloyloayethyi (lRSS,'6S)-2-j(3SSS)-(S-NN-dimethylaminoearbonyl 1-
piwaloyloaynaethyl)pyrrolidin-3-ylthioJ-6-((1R)- 2 -hydraxyethyij- l -
raetbylcarbapen-2-ea-3-carbbXgilate (10) i-acetoxyethyl
(1R,SS,6S)-2-[(3S,5S)-(5-N,N-dimethyla' ocarbonyl-l-
pivaloyloxymethyl)pyrrolidin 3-ylthio]-6-[('1R)-1 hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate 



(11) 1 isopropoxycarbonyia~yethyI (1RSS,6S)-2-[(3S,5S)-(5-N,N-(#methyl-
aminocarbonyl-l-pivaloyioxymethyl)pyrrolidin 3-yltbio]-6-[(1R)-1-
hydroxyethylJ-1 methylcarbapen 2-em-3-carboxylate (12)
1-ethoxycarbonyloxyethyl (1R,5S,6S)-2-[(3S,5S)-(5-NN-dimethylamino-
carbonyl-1 pivaioyloayethyl)pyrrolidia-3-ylthio]=6-[(1R)-1-hydroxyethyl]-1-
methylcarbapen-2-em-3-earboxylate (13) 1-cydoheay1oxyrarbonylcasyethyi
(1R,5S,6S)=21(3S,SS)-(S-N,N-dimethyl- aminocarbonyl-l-piv
oyloaymethyl)pyrnohdin-3. ylthioj-6-:[(1R)-1=  hydroxyethyl]-1
methylcarbapen-2-ea-3-~carboxylate (14) (5-methyl
2-oxo-l,3=dioxolen-4-yl)methyi (1R,5S,6S)-2-[(3S,5S)-(5-NN
dimethylaminocarbonyl lpiwaloyloaymethyi)pyrrolidin-3-ylthio]-6=[(1R)-1-
hydroapethyiJ-1 methylcarbapen-2-em-3-carboxylate (15) ,p-nitrobenzyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimetbylam;nocarbonyl-l-
pivaloyioxym.ethyl)pyrrolidm-3-ylthio]-6-[(11-1-hydraapethA-1-
methy1carbapen-2-em-3-carbol slate  (16) diphenylmethyi
(1R,SS,6S)-2-j(3S,SS)-(S-NN -dimethyiaminocarbonyl-1-
pivaloyioxymethyl)Pyrrolidiu-3-ylthio]-6-[(1R)=1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxy late (17) p-methoxybenzyi
(lX5S,6S)-2-[(3S,SS)-(5-NN-dimethylaminoaarbonyl.1-
pivaloyloxymethyl)pyrroiidiu-3-ylthio]-6-[(1R)-1-hydroxyethyl]-1-
methylcarbapen-2 -em-3-carboxy late (18)
(1R,SS,6S)-2-j(3S,5S)-(5-N,N-dimethylaminocarbonyi-1 pivaloyl-
oaymethyl)pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyll-1-metbylcarbapen-2-
em-3-carboxylate Then, the following oral absorp ' conducted to clarify the
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superior property of the compound of the present invention. Experimental
Example I (oral absorption test) The compound of the present invention
(compound of Exam le 6, 20  mg/kg) was orally .to dogs (3'per group) and
urinary hydrolyzed  carbapenem compound (A) concentration at 0-3, 3-6 and
6-24 hours later was  measured by a paper disc method using test bacteria
Escherichia co& NIHJ and  nutrient agar medium (Difco). The urinary recov
y. percentage was 



determined. The results are shown in Table 1.  Table 1 Test urinary
recovery (r6)  compound 0=3 hr 3-6 hr 6-24 hr 0-24 hr  Example 6 10.3 2.4
0.3 13.0.  Experimental Example 2 (oral absorption test) The compound of
the present invention (compound of Example 6, 20  mg/kg) was orally
adxniniste red.to dogs (3 per group) and plasma hydrolyzed .  carbapenem
compound (A) conceatti ation at 0.25, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0  and 6.0
hours later was measured by a paper disc method using test bacteria
Fscheridzia c oil NIHJ and nutrient agar medium (Difco). The results are
shown in Table 2 and Table 3_ . Table 2 Test concentration in plasma (/m1)
compound 0.25 hr 0.5 hr 1.0 hr 1.5 hr  Example 6 5.06 6.56 7.60 7.67
RAP.; , .._ .._. 0 8 SEP WW'. 23 Substitute sheet - 7 September 1999  Table
3 Test concentration in plasma (pg/ml)  compound 2.0 hr 3.0 br 4.0 hr 6.0
hr  >iample 6 5.92 3.68 1.92 0.43 The carbapenem compound (l} and a
pharmaceuticafy acceptable salt  thereof of the present invention show.
superior absorption fig digestive tract  by.oraladTo , and sufficient
antibacterial activity against a wide  variety of bacterial species: Thus,
they are c4tremely useful as agents fo; the  prophybuds and treatment of
infectious diseases, particularly bactc=i 1  infectious diseases. Said
agents for the prophylaxis and treatonent of  infectious diseases can be
used as agents for the prophylaxis and treatment of  the diseases caused by
bacteria (e.g., suppurative diseases, respiratory  infectious diseases,
inflammatory diseases of bi]iary tract, urinary tract  



infection and the like) in warm-blooded animals inclusive of human (e.g.,.
dog,  cat, cow, horse, rat, mouse and the 'Mce). This invention is based on
application Nos. 25671/1997 and .  248903/1997 filed in Japan, the contents
of which are incorporated hereinto  by reference. . REPLACMEWT SHEET
08SEP1999 24 Substitute sheet - 7 September 1999  WHAT IS CLAIMED IS 1. A
carbapenem compound of the formula  OH CH3 CON ~R REPL ACEM ,a z; :7  R'4
H3 N S N m 08 SEP '1499  O ~R2 C02R'  wherein Rl and RZ maybe the same or
different and each is a modifying group  hydrolyzable in the body; R3 and
R4 may be the same or cerent and each is a lower alkyl; or R3 and- R'` fay
a' cyclic amino together with the adjacent nitrogen atom,  or a
pharmaceutically acceptable salt thereof 2. The carbapenem compound of
claim 1, wherein R= and Re may be the same  or different and eacb.. is a
modifying group hydrolyzable in the body, and R3 and  R'c maybe the
same-or.different and- each is a lower al yl, or a pharmaceuticafy
acceptable salt thereof . 3. The carbapenem compound of claim 1, wherein Ra
is 5-methyl-2-6xo-I, 3- 'dioxolen-4-ylmethyl and R3 and R` are.each methyl,
or a pharmaceutically  acceptable salt thereof - . 4._ The..c arbapenem
compound of c3aim:1, wherein R; is pivaloyloxymethyl  and Ra is
5-methyl-2-oxo-l,3-dioxolen-4: ylmethyl, or a pharmaceutically  acceptable
salt thereof 5. The carbapenem compound of claim 1, wherein Rl and RZ are
each  pivaloyloxymethyl, or a pharmaceutically acceptable salt thereof 6.
The carbapenem compound of claim 1, which is selected from the group  



consisting of pivaloyloxymethyl
(1RSS,6S)-2-((3S,5S)-(5-NN-dimethyiaminocarbonyi-l- (5-methyl-2-oxo-1,
3-dioxo len-4-y 1)methyl)py=rolidin-3 ylthio}-6-[(1R)-1 gEEt~  ?HIS ~ ~ ~..
25 Substitute sheet - 7 September 1999  ydrox
ethyl]-1-methylcarbapen-2-em-3-carboxrlate, pivaloyioxymethyl
(11`L,SS,6SY2-[(3S,5S)-(5-NN-dmmethylaminocarbonyl-l- pivaloyloaymCthpi)py
rolidin-3-yltbioj-6-[(1R)-1-hydroayethyi]=1 mefihytca rbapes . 2
-ea-3-carboxr l ate , pivaloyloxymethyi (1R5S,6S
-2-{(3S,5S)-[5-NN-dimethy]amiaoc arbonyi 1-
(5-methyl-2-oxo-1,3-dioxolen-4-ylme by1 yrrolidin-3-yithio)-6-j(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate. hydrochloride,.
pivaloyloxymethyl (1R,SS,6S)-2-((3S.SS)-[5-NN-&ethylamia"arbonyl-l-(5-
methyl-2-oxo-1,3-dioxolen-4-yi)ne yljpyri'olidin-3-ylthio}-6
hydroxyethyl]-1-methylcarbapen-2 -em-3-carboxy late:, pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,SS)-[5-N,N methyiethylamiuocarbonyl- 1-(5-methyl-2-oxo-1,
3-d ioxo len-41l)methyl]pyrrolidin-3-y1tbio)-6-[(1R)-1-
hydroayethyl]-1-methylcarbapea: 2:-eu-3-car boxylate
pivaloyioxymethyi.(1R,SS,6S)` 2-{(3S,5S)-(5-(1 pyrrodiaplcarbonpT)-1-(5-
methyl 2roxo-1,3-dioxolen-4-yl]methyllpyrrolidin 3-pltbio)-6-[(1R)-1-
hydroayethyl -l-methylc arbapea-2 -em-3-c-arboxylate, pivaloyloxymethyl
(1R,SS,6S)-2-g3S,5S)-[5-(1-pipe idmyicaxbonyl)-1-(5- methyl-2roxo-1,
3-dioxo len-4-yl)methyl]pyr.rolidin-3-ylthio}-6-[(1R)-1-
hydroxyethyi]-1-methyicarbapen-2-em-3-carboxylate, and . pivaloyI6xymethyl
{1R,5S,6S)-2-((3S,5S)-[5-(1-azetidinylcarbonyl)-1-(5- mc&yl-2roxo-1,
3-dioxo len-4-y l)methyl]pytrolidia-3-ylthio}-6-[(1R)-1-
hydroayethyi]-1-mediylcarbapen-2 -em-3-earboxylate:; or a pharmaceutically
acceptable salt thereof. 7. An antibacterial agent comprising the
carbapenem compound of claim 1,  which is represented by the formula (1),
or.a pl~armacci?ticaIly acceptable. salt  thereof as an active ingredient
8. The antibacterial agent of claim 7, which is for oral administration;
THIS SHEET HAS BEER, -REPLACED  
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9. A carbapencm compound of the formula (II) 'OH CH3 3  CON  H R4 N S N, O
R - C02R5 whcrein  R3. is a modifying group hydrolyzable in the body; Ra
and le may. be the same. pr different and each.is a lower alkyi; or Ra and
R4 form a cyclic amino together with the ad jaceiat'nitrogeu atom;  and Ra
is a'hydrogen atom or a carboxyl-protecting group,  or a,salt thereof 10.
The carbapenem compound of claim 9, which is selected from the group
consist;ag of. p-nitrobenzpl (1R,5S,6S)-2={(3S,SS)-{5-N,N-d3m bony1-l-(5-
methyl-2-oxo-1,3-dioxolen-4yl thyl)pyaDlidm-3-yltbio)-6-[(1R)-1-
hydroayethyl]-1 methylc arbapen-2-em-3-carboxylate and sodium
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-methyl-
2-oxo-1,3-dioi-oleo-4-91)mctbyl)pprrolidin-3
ylthio},6-[(IR)-l-hydroxyethy3]-1- methylcarbapcn-2-em-3-carboxylate:,   or
a salt thereof. RED'!   0SSEPWW  THIS 'SHEET HAS BEEM -REPLACED 27
Substitute sheet - 7 September 1999,  ABSTRACT A carbapenem compound of the
formula '(I) OH CH3 Ra  NCB  



H3 j S m  CC 2Rl . wherein each symbol is as defined in the specification,
and a pha***+a+,ticalty  acceptable salt thereof. . The carbapemem compound
(I) and a.pbarmaceuticafy acceptable salt  thereof of the prescat'iaveatioa
shoal superior absorption from digestive tract  by oral administration, and
- ,f' lden antibacterial activity against a wide  variety of bacterial
species. Thus, they are ext re~ely useful as agents far the  prophylaxis
and treat mt'of infec-Eious diseases, particulaziy bacterial  infectious
diseases. Said agents for the prophylaxis and treatment of  infectious
diseases can be used as agents for the prophylaxis aid treatment of  the
diseases caused 'by bacteria (e_g , suppurative diseases, respiratory
infectious diseases, inflammatory diseases of biliaiy tract, urinary tract
infection and the hike) in warm blooded animals inclusive of human (e.g.,
dog,  cat, cow, horse, rat, mouse and the like).   RtPLACEMENT S F`T
O8SEPX" I REPLACEMENT SHEET IAQS  15 MAR 2001 Substitute sheet - 15 March
200j  -2 has potent antibacterial activity and broad antibacterial
spectrum, and which shows  superior absorption from the digestive tract. It
is therefore an object of the present invention to provide a' carbapenem
compound  which has superior antibacterial activity and which shows
superior absorption from the 5 digestive tract. Another object of the
present invention is to provide use of said carbapenem  compound. A yet
further object of the present invention is to provide an intermediate
suitable  for the production of said carbapenem.compound. 10 Disclosure of
the Invention The present inventors have conducted intensive studies in an
attempt to achieve the  above-mentioned objects, and found that a novel
carbapenem compound of the following  



formula (I) and a pharmaceutically acceptable salt thereof show superior
absorption from  the digestive tract, have sufficiently potent
antibacterial activity and are extremely useful 15 as oral antibacterial
agents. Further, the present inventors have found a novel intermediate
compound useable for the production of said compound, which resulted in the
completion  of the present invention. Accordingly, the present invention
provides the following.  (1) A carbapenem compound of the formula (I) 20 OH
CH3 R3  CONCR4  H3C s m  N N O R2  C02R wherein  R' is a modifying group
hydrolyzable in the body; 25 RZ is selected from a group consisting of aryl
optionally substituted by I to 3  alkyl group(s) having I to 4 carbon
atoms, 1-alkanoyloxyalkyl, 1 I  REPLACEMENT SHEET Substitute sheet - 15
March 2001  15 MAR 2001 -3  alkoxycarbonyl-oxyallcyl, phthalidyl and
5-methyl-2-oxo-1,3-dioxolen-4- ylmethyl; R3 and R4 may be the same or
different and each is a lower alkyl; or R3 and R4 form a azetidinyl,
pyrrolidinyl or phthalidyl group together with the adjacent  5 nitrogen
atom; or a pharmaceutically acceptable salt thereof. (2) The carbapenem
compound of (1), wherein R3 and R4 may be the same or different  and each
is a lower alkyl. (3) The carbapenem compound of (1), wherein R2 is
5-methyl-2-oxo-l,3-dioxolen-4- 10 ylmethyl and R3 and R4 are each methyl.
(4) The carbapenem compound of (1), wherein R' is pivaloyloxymethyl and R2
is 5- 



methyl-2-oxo-1,3-dioxolen-4-ylmethyl.  (5) The carbapenem compound of (1),
wherein Rl and R2 are each pivaloyloxy-methyl.  (6) The carbapenem compound
of (1), which is selected from the group consisting of  15
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5
methyl-2-oxo-l,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}
-6-[(1R)-1-hydroxyethyl]-1- methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1
R)-l-hydroxyethyl]-l-methylcarbapen-2-em- 20 3-carboxylate,
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5 N,N-dimethylaminocarbonyl-l-(5-
methyl-2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-l
-hydroxyethyl]-1- methylcarbapen-2-em-3-carboxylate hydrochloride,
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-diethylaminocarbonyl-l-(5-
25
methyl-2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1-hydrox
yethyl]-l- methylcarbapen-2-em-3-carboxylate, pivaloyloxymethyl
(1R,5S,6S)-2- {(3S,5S)-[5-N,N-methylethylaminocarbonyl-1-(5-
methyl-2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio) -6-[(1
R)-1-hydroxyethyl]-1- methylcarbapen-2-em-3-carboxylate, REPLACEMENT SHEET
15 Ma Substitute sheet 15 March 2001  -4 pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-(1-pyrrolidinylcarbonyl)-l-(5-
methyl-2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}
-6-[(1R)-1-hydroxyethyl]-1- methylcarbap en-2-em-3-carboxylate,
pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-(1-..piperidinylcarbonyl)-1-(5-methyl- 5
2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(IR)-1-hydroxyethyl]
-1- methylcarbapen-2-em-3-carboxylate, and pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-(1-azetidinylcarbonyl)-1-(5-methyl-
2-oxo-l,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio) -6-[(1R)-l
-hydroxyethyl]-1- methylcarbapen-2-em-3-carboxylate; 10 or a
pharmaceutically acceptable salt thereof. (7) An antibacterial agent
comprising the carbapenem compound of (1), which is  represented by the
formula (I), or a pharmaceutically acceptable salt thereof as an active
ingredient, in combination with other additives. (8) The antibacterial
agent of (7), in an oral administration form.  



15 (9) A carbapenem compound of the formula (II) -OH CH3 R3  CONY R4  H3C S
~  PN N 2 O R  C02R 5 wherein  20 RZ is selected from a group consisting of
aryl optionally substituted by 1 to 3  alkyl group(s) having 1 to 4 carbon
atoms; 1-alkanoyloxyalkyl, 1- alkoxycarbonyl-oxyaikyl, phthalidyl and
5-methyl-2-oxo-1,3-dioxolen-4- ylmethyl; R3 and R4 may be the same or
different and each is a lower alkyl; or 25 R3 and R4 form a azetidinyl,
pyrrolidinyl or phthalidyl group together with the adjacent  nitrogen atom;
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1 5 MAR 2001 -5 and  R5 is a hydrogen atom or a carboxyl-protecting group;
or a salt thereof. (10) The carbapenem compound of (9), which is selected
from the group consisting of.  5 p-nitrobenzyl (1R,5S,6S)-2-{(3S,5S)-[5
N,N-dimethylaminocarbonyl-l-(5 methyl-
2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}
-6-[(1R)-l-hydroxyethyl]-1 methylcarbapen-2-ern-3-carboxylate and sodium
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-(5-methyl-2-oxo-
1,3-dioxolen-4-yl)methyl]pyrrolidin
3-ylthio}-6-[(1R)-l-hydroxyethyl]-l-methylcarbapen- 10 2-em-3-carboxylate;
or a salt thereof. (11) A pharmaceutical composition comprising the
carbapenem compound of (1) or a  pharmaceutically acceptable salt thereof,
and a pharmaceutically acceptable excipient.  (12) Use of the carbapenem
compound of (1) or a pharmaceutically acceptable salt 15 thereof in the
production of an antibacterial agent. Each term used in the present
specification is explained in the following.  



The modifying group hydrolyzable in the body at Rl and R2 is preferably
hydrolyzed in intestine or blood, and is exemplified by optionally
substituted aryl (e.g.,  phenyl, tolyl, xylyl, indanyl and the like), 1
-alkanoyloxyalkyl, l-alkoxycarbonyloxyalkyl, 20 phthalidyl,
5-methyl-2-oxo-l,3-dioxolen-4-ylmethyl and the like. Particularly,
l-alkanoyl- oxyalkyl, 1-alkoxycarbonyloxyalkyl and
5-methyl-2-oxo-l,3-dioxolen-4-ylmethyl are  preferable. The optionally
substituted aryl is preferably non-substituted or substituted by 1 to 3
substituents which may be the same or different. Examples of the
substituent include alkyl  25 having 1 to 4 carbon atoms such as methyl,
ethyl and the like. The number of the carbon atoms of the alkanoyl moiety
of 1-alkanoyloxyalkyl is  preferably 2 to 10, more preferably 2 to 7, and
it may be linear, branched or cyclic. The  number of the carbon atom of the
alkyl moiety is preferably I to 3, more preferably 1 or 2. Examples of
1-alkanoyloxyalkyl include acetoxymethyl, propionyloxy-methyl, n- 30
butyryloxymethyl, isobutyryloxy-methyl, pivaloyloxymethyl,
n-valeryloxymethyl, 2- methylbutyryloxymethyl, isovaleryloxymethyl,
n-hexanoyloxymethyl, 3-methylvaleryl I REPLACEMENT SHEET Substitute sheet -
15 March 2001  t 5 MAR 2001 5A- oxymethyl, neohexanoyloxy-methyl,
2-methylhexanoyloxymethyl, 2,2-dimethylvaleryl- oxymethyl,
neoheptanoyloxymethyl, cyclohexanecarbonyloxymethyl, cyclohexylacetoxy-
methyl, 1-acetoxyethyl, 1-propionyloxy-ethyl,
1-n-butyryloxyethyl,.l-isobutyryloxyethyl,  1-n-valeryloxyethyl,
l-pivaloyloxyethyl, 1-isovaleryloxyethyl, 1-n-hexanoyloxyethyl, 1- 5
cyclohexanecarbonyloxyethyl and the like. The number of the carbon atom of
the alkoxy moiety of 1-alkoxycarbonyloxyalkyl  is preferably 1 to 10, more
preferably 1 to 7, and it may be linear, branched or cyclic.' The  number
of the carbon atom of the alkyl moiety is preferably 1 to 3, more
preferably 1 or 2. The 1-alkoxycarbonyloxyalkyl is exemplified by
1-methoxycarbonyloxyethyl, l- 10 ethoxycarbonyloxyethyl,
1-npropoxycarbonyloxyethyl,1-isopropoxycarbonyloxyethyl,1-
n-butoxycarbonyloxyethyl, 1-sec-butoxycarbonyloxyethyl,
1-t-butoxycarbonyloxyethyl, 1- pentyloxycarbonyloxyethyl and
1-cyclohexyloxycarbonyloxyethyl. The lower alkyl at R3 and R4 is a linear
or branched alkyl having 1 to 6 carbon  atoms, which is exemplified by
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,  15 t-butyl,
pentyl, isopentyl, neopentyl, t-pentyl, hexyl, isohexyl, neohexyl and the
like. 



Particularly, methyl, ethyl, propyl and butyl are preferable. The cyclic
amino formed by R3 and R4 together with the adjacent nitrogen atom is a  4-
to 6-membered cyclic amino. Examples of the above-mentioned cyclic amino
include  azetidinyl, pyrrolidinyl, piperidinyl and the like. 20 The
carbonyl-protecting group at R5 include, for example, t-butyl, t-amyl,
benzyl,  p-nitrobenzyl, p-methoxybenzyl, diphenylmethyl, p-nitrophenyl,
REPLACEMENT SHEET 15 MAR 2001 substitute sheet - 15 March 2001  -24 WHAT IS
CLAIMED IS 1. A carbapenem compound of the formula (1) OH CH3 R3  CON~W
H3C S F-N N  O ~R  CO2R' 5 wherein  R' is a modifying group hydrolyzable in
the body, R2 is selected from a group consisting of aryl optionally
substituted by I to 3  alkyl group(s) having I to 4 carbon atoms,
l-alkanoyloxyalkyl; I 10 alkoxycarbonyl-oxyalkyl, phthalidyl and
5-methyl-2-oxo-1,3-dioxolen-4- ylmethyl; R3 and R4 may be the same or
different and each is a lower alkyl; or R3 and R4 form a azetidinyl,
pyrrolidinyl orphthalidyl group together with the adjacent  nitrogen atom;
15 or a pharmaceutically acceptable salt thereof. 2. The carbapenem
compound of claim 1, wherein R3 and R4 may be the same or  different and
each is a lower alkyl. 20 3. The carbapenem compound of claim 1, wherein R2
is 5-methyl-2-oxo-l,3-dioxolen- 4-ylmethyl and R3 and R4 are each methyl.
4. The carbapenem compound of claim 1, wherein R' is pivaloyloxymethyl and
R2 is  5-methyl-2-oxo-1,3-dioxolen-4-ylmethyl. 25 



H1S SR~Y~~'~G REPLACEMENT. SHEET 15 MAR 2001 Substitute sheet - 15 March
2001  - 25  5. The carbapenem compound of claim 1, wherein R' and R2 are
each pivaloyloxy- methyl. 6. The carbapenem compound of claim 1, which is
selected from the group consisting  5 of pivaloyloxymethyl
(IR,5S,6S)-2-{(3S,SS)-(5-N,N-dimethylaminocarbonyl-l-(5-
methyl-2-oxo-1,3-dioxolen-4-yl)methyl)pyr olidin-3-ylthio)-6-[(1R)-1
hydroxyethyll-1- methylcarbapen-2-em-3-carboxylate, pivaloyloxymethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-l 10
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl]-1-methylcarb
apen-2-em- 3-carboxylate, pivaloyloxymethyl
(IR,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-
methyl-2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1
hydroxyethyl]-1- methylcarbapen-2-em-3-carboxylate hydrochloride, 15
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-diethylaminocarbonyl-1-(5-
methyl-2-oxo-1,3-dioxolen-4-yl)methyl]pyr
olidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate, pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-methylethylaminocarbonyl-l-(5-
methyl-2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}
-6-[(IR)-1-hydroxyethyl]-1- 20 methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-(1-pyrrolidinylcarbonyl)-1-(5-
methyl-2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio)
-6-[(IR)-1-hydroxyethyl]-1- methylcarbapen-2-em-3 -carboxylate,
pivaloyloxymethyl
(IR,5S,6S)-2-{(3S,5S)-[5-(1-piperidinylcarbonyl)-1-(5-methyl- 25
2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(IR)-l-hydroxyethyl]
-1- methylcarbapen-2-em-3-carboxylate, and pivaloyloxymethyl (1R,5S,6S)-2-
{(3S,5S)-(5-(1-azetidinylcarbonyl)-1-(5-methyl-
2-oxo-1,3-dioxolen-4-yI)methyl]pyrrolidin-3-ylthio }-6-[(1 R)-l
-hydroxyethyl]-1- methylcarbapen-2-em-3-carboxylate; 30 or a
pharmaceutically acceptable salt thereof. REPLACEMENT SHEET 1 5 MAR 2001
Substitute sheet - 15 March 2001  



-25- 'll  7. An antibacterial agent comprising the carbapenem.compound of
claim 1, which is  represented by the formula (I), or a pharmaceutically
acceptable salt thereof as an active  ingredient, in combination with other
additives. 5 8. The antibacterial agent of claim 7, in an oral
administration form.  9. A carbapenem compound of the formula (ii) OH CH3
R3  .ON~R4  H3C N N  O \R2  CO2R5 10 wherein . R2 is selected from a group
consisting of aryl optionally substituted by I to 3  alkyl group(s) having
1 to 4 carbon atoms, 1-alkanoyloxyalkyl,1- alkoxycarbonyl-oxyalkyl,
phthalidyl and 5-methyl-2-oxo-l,3-dioxolen-4- 15 ylmethyl; R3 and R4 may be
the same or different and each is a lower alkyl; or R3 and R4 form a
azetidinyl, pyrrolidinyl or phthalidyl group together with the adjacent
nitrogen atom; and  20 RS is a hydrogen atom or a carboxyl-protecting
group;  or a salt thereof. THIS SHEET HAS BEEN  REPLACED REPLACEMENT SHEET
26A Substitute sheet - 15 March 2001  1 5 MAR 2001 10. The carbapenem
compound of claim 9, which is selected from the group consisting  of
p-nitrobenzyl
(1R,5S,6S)-2-{(3S,5S)-[5-NN-dimethylaminocarbonyl-l-(5-methyl-
2-oxo-1,3-loxolen-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(1R)-1-hydroxyethyl]-
1- 5 methylcarbapen-2-em-3-carboxylate and sodium
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-l-(5-methyl-2-oxo- 



1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio) -6-[(1
R)-1-hydroxyethyl]-1-methylcarbapen- 2-em-3-carboxylate; or a salt thereof.
10 11. A pharmaceutical composition comprising the carbapenem compound of
claim 1 or  a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable excipient.  12. Use of the carbapenem compound
of claim 1 or a pharmaceutically acceptable salt 15 thereof in the
production of an antibacterial agent. REP ACEMI-EN j c, (,' L..~I III
Substitute sheet - 6 June 200,1   , a~ ~~'L~i r; ~ 465165 i -- - --~J
alkoxycarbonyl-oxyalkyl, phthalidyl and 5-methyl-2-oxo-l,3-dioxolen-4- - -
--- --- -ylmethyl; R3 and R4 may be the same or different and each is
alkyl; or R3 and R4 form a azetidinyl, pyrrolidinyl or phtha4idOgroup
together with the adjacent n  5 nitrogen atom; or a pharmaceutically
acceptable salt thereof. (2) The carbapenem compound of (1), wherein R3 and
R4 may be the same or different  and each is a lower alkyl. (3) The
carbapenem compound of (1), wherein R2 is 5-methyl-2-oxo-l,3-dioxolen-4- 10
ylmethyl and R3 and R4 are each methyl. (4) The carbapenem compound of (1),
wherein R' is pivaloyloxymethyl and R2 is 5-
methyl-2-oxo-1,3-dioxolen-4-ylmethyl. (5) The carbapenem compound of (1),
wherein R' and RZ are each pivaloyloxy-methyl.  (6) The carbapenem compound
of (1), which is selected from the group consisting of  15
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5
methyl-2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio} -6-[(1
R)-1-hydroxyethyl]-1- methylcarb apen-2-em-3-carboxylate, pivaloyloxymethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-l-
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1
R)-1-hydroxyethyl]-1-methylcarbapen-2-em- 20 3-carboxylate,
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-
methyl-2-oxo-1,3-dioxolen-4-yl)methyl] pyrrolidin-3-ylthio } -6-[(1
R)-1-hydroxyethyl]-1- 



methylcarbapen-2-em-3-carboxylate hydrochloride, pivaloyloxymethyl (1
R,5S,6S)-2- {(3S,5S)-[5-N,N-diethylaminocarbonyl-l-(5- 25
methyl-2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1-hydrox
yethyl]-1- methylc arb ap en-2-em-3 -carboxyl ate, pivaloyloxymethyl
(1R,5S,6S)-2-{(3 S,5S)-[5-N,N-methylethylaminocarbonyl-l-(5-
methyl-2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio }
-6-[(1R)-1-hydroxyethyl]-1- methylcarbapen-2-em-3-carboxylate, oa o.a .3..
to o = <'d `.. laik 2. ar`c ^-"d 2.6  7" Qv U." p''`v`o.~ ..... to paged
..... DATE 0 ' RECE1?T ................... "INI 0 6 JUN c0u1 Substitute
sheet - 6 June 2001  4  pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-(1
-pyrrolidinylcarbonyl)-1-(5
methyl-2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio} -6-[(1
R)-1-hydroxyethyl]-1- methylcarb apen-2-em-3-carbox ylate,
pivaloyloxymethyl (1R,5S,6S)-2-{(3
S,5S)-[5-(1-piperidinylcarbonyl)-1-(5-methyl- 5
2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio)-6-[(IR)-1-hydroxyethyl]
-1- methylcarbapen-2-em-3-carboxylate, and pivaloyloxymethyl (1R,5S,6S)-2-
{(3S,5S)-[5-(1-azetidinylcarbonyl)-1-(5-methyl-
2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio) -6-[(1
R)-1-hydroxyethyl]-1- methylc arbapen-2-em-3-carboxylate; 10 or a
pharmaceutically acceptable salt thereof. (7). An antibacterial agent
comprising the carbapenem compound of (1), which is  represented by the
formula (I), or a pharmaceutically acceptable salt thereof as an active
ingredient, in combination with other additives. (8) The antibacterial
agent of (7), in an oral administration form.  15 (9) A carbapenem compound
of the formula (II) OH CH3 / R3  CONCR4  H3C / S (II)  N N  



0 \ 2 R  C02R 5 wherein  20 R2 is selected from a group consisting of aryl
optionally substituted by I to 3  alkyl group(s) having 1 to 4 carbon
atoms, 1-alkanoyloxyalkyl, I- alkoxycarbonyl-oxyalkyl, phthalidyl and
5-methyl-2-oxo-1,3-dioxolen-4- ylmethyl; R3 and R4 may be the same or
different and each iss. a lower alkyl; or 25 R3 and R4 form a azetidinyl,
pyrrolidinyl or phthaliddyl.group together with the adjacent  A  nitrogen
atom; p 6 Jl_;i~ Uu1 Substitute sheet - 6 -June 2003  -24 WHAT IS CLAIMED
IS 1. A carbapenem compound of the formula (I) OH CH3 R3  CON<R4  H3C S (I)
N N O R2  CO2R1 5 wherein  R1 is a modifying group hydrolyzable in the
body; R2 is selected from a group consisting of aryl optionally substituted
by 1 to 3  alkyl group(s) having I to 4 carbon atoms, 1-alkanoyloxyalkyl, 1
10 alkoxycarbonyl-oxyalkyl, phthalidyl and 5-methyl-2-oxo-1,3-dioxolen-4-
ylmethyl; R3 and R4 may be the same or different and each is a lower alkyl;
or  giperidinyl  R3 and R4 form a azetidinyl, pyrrolidinyl or-phthalld
group together with the adjacent A  



nitrogen atom; 15 or a pharmaceutically acceptable salt thereof. 2. The
carbapenem compound of claim 1, wherein R3 and R4 may be the same or
different and each is a lower alkyl. 20 3. The carbapenem compound of claim
1, wherein R2 is 5-methyl-2-oxo- l,3-dioxolen- 4-ylmethyl and R3 and R4 are
each methyl. 4. The carbapenem compound of claim 1, wherein R' is
pivaloyloxymethyl and R` is  5-methyl-2-oxo- l ,3-dioxolen-4-ylmethyl. 25 C
-1 -T k $utute sheet - 6 June 2001  0 6 "UM 2001 -26- 7. An antibacterial
agent comprising the carbapenem compound of claim 1, which is  represented
by the formula (I), or a pharmaceutically acceptable salt thereof as an
active  ingredient, in combination with other additives. 5 8. The
antibacterial agent of claim 7, in an oral administration form.  9. A
carbapenem compound of the formula (II) OH CH3 R3  CON~R4  H3C / S (II)  N
O 2  R  CO2R5 10 wherein  R2 is selected from a group consisting of aryl
optionally substituted by t to 3  alkyl group(s) having 1 to 4 carbon
atoms, 1-alkanoyloxyalkyl, 1- alkoxycarbonyl-oxyalkyl, phthalidyl and
5-methyl-2-oxo-1,3-dioxolen-4- 15 ylmethyl; R3 -and R4 may be the same or
different and each is a 1 wer alkyl; or pi per R3 and R4 form a azetidinyl,
pyrrolidinyl or phthalidyl group together with the adjacent  nitrogen atom;



and  20 R5 is a hydrogen atom or a carboxyl-protecting group;  or a salt
thereof. 


