
; e3e==^z6Tj*166166*  SPECIFICATION  CARBAPENEM DERIVATIVES, UTILIZATION
THEREOF AND INTERMEDIATE COMPOUNDS OF THE SAME Technical Field The present
invention relates to a novel carbapenem compound useful as an agent for the
prophylaxis and treatment of bacterial infectious diseases. More
particularly, the present invention relates to a novel carbapenem compound
having sufficient antibacterial property and permitting oral absorption, an
oral antibacterial agent containing this compound as an active ingredient
and an intermediate compound for the production of the carbapenem compound.
Background Apt A number of compounds having a rarbapenem skeleton have been
heretofore found to be a therapeutic agent for infectious diseases, and
some of which have been put to practical use for the superior antibacterial
activity they possess or have been developed for practical application. For
example, a carbapenem compound of the formula (A) OH CHs CON(CH3~2 H3C N ~
S NH (A~ O C02H has already been put to practical use in clinical
situations. This carbapenem compound has a broad antibacterial. spectrum
and a strong antibacterial activity, and has overcome instability of the
conventional carbapenem compound to renal dehydropeptidase, which was
considered a defect of this compound. It has supeior characteristic feature
in that it can be administered alone without using a stabilizer. On the
other hand, this carbapenem compound shows poor absorption from the
digestive tract and is now administered as an injection in clinical use. An
oral agent is easily and conveniently administered and is clinically
extremely useful as compared to injections. Therefore, there is a strong
demand for the development of carbapenem compound for oral administration)
that has a strong antibacterial activity and a broad antibacterial
spectrum, and that shows superior absorption from the digestive tract.
*GOOOp2*   5 October 2002 Disclosure of the laueafioa It is therefore an
object of the present invention to provide a carbapenem compound having a
superior antibacterial property and showing superior absorption from the
digestive tract. Another object of the present invention is to provide use
of the carbapenem compound. A yet another object of the present invention
is to provide an intermediate suitable for the production of the carbapenem
compound. The present inventor' has conducted intensive studies in an
attempt to achieve the above-mentioned objects and found that a novel
carbapenem compound of the following formula (1) shows superior absorption
from the 



digestive tract, that the compound has sufficiently strong antibacterial
property and is extremely useful as an oral antrbacterial agent. He has
also found a navel intermediate compound usable for the production of this
compound, which resulted in the completion of the present invention.
Accordingly, the present invention provides the following (1) to (10). ( 1)
A carbapenem compound of the formula (I) OH CH3 HsC ~/ S N O C02R1 R2 CON<
R ~- COO- R (I) wherein Rl is a modifier hydrolyzable in the living body,
R2 and R3 are the same or different and each is a lower alkyl, and R is a
group of the formula (B) - CH2 ~CH3 O"0 or formula (C) R4 - COCO -R6 ~5 R
(C) 2 (B)   5 October 2002 wherein R4 and RS are the same or different and
each is a hydrogen atom or a lower alkyl and R6 is an alkyl having 1 to 10
carbon atoms. (2) The carbapenem compound of (1) above, wherein R2 and R3
are the same or different and each is a lower alkyl. (3) The carbapenem
compound of ( 1) above, wherein R' is pivaloyloxymethyL (4) The carbapenem
compound of ( 1} above, wherein Rl is 1-cyclohexyloxycarbonyloxyethyL (5)
The carbapenem compound of (1} above, wherein R' is
1-ethoxycarbonyloxyethyL (6) The carbapenem compound of ( 1 ) above, which
is a member selected from the group consisting of pivaloyloxymethyl
(1R,5S,6S)-2-f (3S,5S)-[5-N,N-dimethylanninocarbonyl-1-(5methyl-2-oxo-
1,3-dioxolen~ yl}methyloxycarbonyl]pyirolidin-3 ylthio} -6-[(
1R)-1hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate)
1-cyclohexyloxycarbonyloxyethyl ( 1R,5S,6S)-2- f (3S,5S}-[5-N,N
dimethylaminocarbonyl-1-(5-methyl-2-oxo-1,3-dioxolen-4
yl}methyloxycarbonyl]pyrolidin-3
ylthio}-6-[(1R)-1-hydmxyethyl]-1methylcarbapen-2-em-3-arboxylate, 



1-ethoxycarbonyloxyethyl (1R,5S,6S)-2-{
(3S,SS)-[5-N,N-dimethylaminocarbonyl1-(5-methyl-2-oxo-1,3-dioxolen-4-yl)met
hyloxycarbonyl]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
acetyloxymethyloxycarbonyl}p5~rolidin-3
ylthio]-6-[(1R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1propionyloxymethyloxyca
rbonyl)pyrrolidin-3-ylthioJ-6-[( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate, pivaloyloxymethyl
(1R,SS,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-Iisobutyyloxymethylo~yca
rbonyl)pyroiidin-3 ylthio]-6-[( 1
R}-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate, pivaloyloxymethyl
(IR,55,65)-2-[(3S,5S)-(5-N,N-dimethylarninocarbonyl-1pivaloyloxyznethyloxyc
arbonyl) pyrrolidin-3 ylthio]-6-[(
1R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate, 3   5 October 2002
pivaloyloxymethyl (
IR,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1isovaleryloxymethyloxyca
rbonyl)pyrrolidin-3-ylthio]-6-[( 1
R)-1-hydz~oxyethyl]-1methylcarbapen-2-em-3-carboxylate, pivalayloxymethyl (
1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-tertbutylacetyloxymethy
loxyrarbonyl) pyrmlidin-3 ylthio]-6-[( 1 R)-
I-hydroxyethyl]-1methylcat-bapen-2-em-3-carboxylate,
1-cyclohexyloxycarbonyloxyethyl (1R,5S,6S)-2-[(35,5S)-(5-N,N
dimethylarninocarbonyl-1-isobu tyryloxymethy
loxycarbonyl)pyrrolidin-3-ylthio]-6[(IR)-1-hydroxyethyl]-1-methylcarbapen-2
-em-3-c~rboxylate, and 1-ethoxycarbonyloxyethyl
(IR,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylazninocarbonyl1-pivalayloxymethyloxyca
rbonyl)pyrrolidin-3
ylthio]-6-[(11~-I-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate. ('7) An
antibacterial agent comprising the carbapenem compound of ( 1 ) above of
the formula (1) as an active ingredient. (8) The antibacterial agent of
(7), W hick is for oral administration. (9) A carbapenem compound of the
formula (II) OH CH3 RZ CON < R H3C N ~ s ~'- COO' R (II) O~ I Cb2R~ wherein
R2 and R3 are the same or di$'erent and each is a Iower alkyl, R' is a
hydrogen atom or a protecting group of carboxyl group and R is a group of
the formula (B) '- CH2 ~CH3 O O O or formula (C) R4 - COCO -Rs (C) Rs 4   5
October 2002 wherein R4 and R5 are the same or di$'erent and each is a
hydrogen atom or a lower alkyl and R6 is an alkyl having 1 to 10 carbon
atoms, 



or a salt thereof. ( 10) The carbapenem compound of (9) above, which is a
member selected from the group consisting of p-nitrobenzyl ( 1R,5S,6S)-2-{
(3S,5S)-[5-N,N-dimethylaminocai-bonyl-1-(5-methyl2-oxo-1,3-dioxolen-4-yI)me
thyloxycarbonyl]pyrrolidin-3-ylthio} -6-[( 1
R)-1hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate, ( 1R,5S,6S)-2-{
(3S,5S)-[S-N,N-dimethylaminocarbonyl-1-(5-methyl-2-oxo-1,3dioxolen~l-yl)met
hyloxycarbonyl]pyrrolidin-3 ylthio} -6-[(
11~-1-hydrnxyethyl]-1methylcarbapen-2-em-3-carboxylic acid, ' p-nitrobenzyl
(1R,5S,6S)-2-((3S,5S)-(5-N,N-dimethylaminocarbonyl-1propionyloxymethyloxyca
rbonyl)pyrrolidin-3-ylthio]-6- [( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate, p-nitrobenzyl (
lRy5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1isobutyryloxymethyloxyca
rbonyl)pyrrolidin-3
ylthio]-6-[(1R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate, (
1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1propionyloxymethyloxycar
bonyl)pyrrolidin-3-y lthio]-6-[(
1R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylic acid, and (
1R,5S,6S)-2-((3S,5S)-(5-N,N-dimethylaminocarbonyl-1isobutyryloxymethylc~xy~
carbonyl)pyrnolid.in-3-ylthio]-6-[( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylic acid, or a salt
thereof, particularly a sodium salt thereof. Detailed DesQiption of the
Iaventioa The definitions used in the present speafication are explained in
the following. The "modifier hydrolyzable in the living body" at Rl is
preferably hydrolyzable in intestine or blood. F~xamples thereof include
optionally substituted aryl (e.g., phenyl) tolyl, xylyl, indanyl and the
like), 1-alkanoyloxyalkyl, 1-alkoxycarbonyloxyalkyl, phthalidyl,
5-methyl-2-oxo-1,3-dioxolen-4-ylmethyl and the like, with preference given
to 1-alkanoyloxyalkyl, 1alkoxycarbonyloxyalkyl and
5-methyl-2-oxo-1,3-dioxolen-4-ylmethyl. 5   5 October 2002 The optionally
substituted aryl" is preferably an unsubstituted aryl or aryl optionally
substituted by 1 to 3 substituent(s), wherein the substituents rnay 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 carbon atoms
of the alkanayl moiety of "1alkaxiayloxyaIkyl" is preferably 2 to 10, more
preferably 2 to 7, which may be linear, branched or cyclic. The number of
carbon atoms) of the alkyl moiety is preferably 1 to 3, more preferably 1
or 2. Fxam__ples of 1-all~anoyloxyalkyl include acetoxymethyl,
propionyloxymethyl, n-butyryloxymethyl, isobutyryloxymethyl,
pivaloyloxymethyl, n-valeryloxymethyl, 2-methylbutyyloxymethyl,
isovaleryloxymethyl, nhexanoyloxymethyl, 3-methylvaleryloxymethyl,
neohexanoyloxymethyl, 2methylhexanoyloxymethyl,
2,2-dimethylvaleryloxymethyl, neoheptanoyloxymethyl,
cyclohexanecarbonyloxymethyl, cyclohexylacetoxymethyl, 1-acetoxyethyl,
1-propionyloxyethyl, 1-nbutyryloxyethyl, 1-isobutyryloxyethyl,
1-n-valeiyloxyethyl, 1-pivaloyloxyethyl, 1isovaleryloxyethyl,
1-n-hexanoyloxyethyl, 1-cyclohexanecarbonyloxyethyl and the like. The
number of carbon atoms) of the alkoxy moiety of "1alkoxycarbonyloxyalkyl"
is preferably 1 to 10, more preferably 1 to 7, which may be linear,
branched or cyclic. The number of carbon atoms) of the alkyl moiety is
preferably 1 to 3, more preferably 1 or 2. Examples of ~
1-alkoxycarbonyloxyalkyl" include 1-methoxycarbonyl oxyethyl,
1-ethoxycarbonyloxyethyl, 1-n-pn~poxycarbonyloxyethyl,
1isopropoxycarbonyloxyethyl) 1-n-butaxycarbonyloxyethyl)
1-secbutaxycarbonyloxyethyl, 1-t-butoxycai-bonyloxyethyl,
1-pentyloxycarbonyloxyethyl, 1-cyclohexyloxycarbonyloxyethyl and the like.
The rower alkyl" at R2, R3, R and R5 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, isohehyl, neohearyl and the like. Of these,
methyl, ethyl, propyl and butyl are preferable. The "alkyl" at R6 is a
linear, branched or cyclic alkyl having 1 to 10 carbon atoms, which is
exemplified by methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 6   5
October 2002 sec-butyl, t-butyl, pentyl, isopentyl, neopentyl, t-pentyl,
cyclopentyl, hexyl, isohexyl, neohexyl, sec-hexyl, t-hexyl, cyclohehyl,
heptyl, isoheptyl, neoheptyl, sec-heptyl, t-heptyl, octyi, isooctyl,
neooctyl, sec-octyl, t-octyl and the like. The protecting group of carboxyl
group at R' is exemplified by t-butyl) neopentyl, benzyl, p-nitmbenzyl,
p-methoxybenzyl, diphenylmethyl, p-nitrophenyl, methoxymethyl,
ethoxymethyl, benzyloxymethyl, methylthiomethyl, trityl,
2,2,2trichloroethyl, trimethylsilyl, diphenylmethoxybenzenesulfonylinethyl,
dimethylaminoethyl and the like. Of these, p-nitrobenzyl, p-methoxybenzyl
and diphenylmethyl are preferable. When the carbapenem compound (Il] has a
carboxyl group (when R' is a hydrogen atom), a salt can be formed at the
carboxyl group. The salt at the carboxyl group is, for example, alkali
metal salt (e.g., sodium salt, potassium salt and the like), alkaline earth
metal salt (e.g.) calaum salt, magnesium salt and the like), salt of
organic base (e.g., triethylamine salt, dicyclohexylamine salt, pyridine
salt and the fke), and the flee. 



Examples of preferable carbapenem compound (1) of the present invention
include the following. Pivalayloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5methyl-2-oxo-
1,3-dioxolen-4 yl)methyloxycarbonyl]pyirolidin-3 ylthio} -6-[( 1
R)-1hydroxyethyl]-1-methylcarbapen-2-em-3~arboxylate,
1-cyclohexyloxycarbonyloxyethyl ( iR,5S,6S)-2-~
(3S,5S)-[5-N,Ndimethyla,minorarbonyl-1-(5-methyl-2-oxo-
1,3-dioxolen-4yI)methylbonyl]pyrolidin-3
ylthio}-b-[(1R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxyIate,
1-ethoxycarbonyloxyethyl ( 1 R,5S,6S)-2-~
(3S,5S)-(5-N,N-dimethylarninocarbonyl1-(5-methyl-2-oxo-1,3-ctioxolen-4-yl)m
ethyloxycarbonyl]pyrrolidin-3 ylthio}-6 ((
1R)-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate, pivalayloxymethyl
( 1R,5S,6S)-2-{ (3S,5S)-[5-N,N-diethylaminocarbonyl-1-(5methyl-2-oxo-
1,3-dioxolen-4 yl)methyloxycarbonyl]pyrrolidin-3-ylthio} -6-[(
1R)-1hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate, pivalayloxymethyl (
IR,SS,6S)-2-[(3S,5S)-(5-N-ethyl-N-methylaminocarbonyl-1-(5methyl-2-oxo-
1,3-dioxolen-4 yl)methyloxycarbonyl)pyirolidin-3-ylthio]-6-[( I
R)-1hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate, 7   5 October 2002
pivaloyloxymethyl
(1R,5S,6S)-2-((3S,5S)-(5-N,N-dimethylaminocarbonyl-1acetyloxymethyloxycarbo
nyl)pyrrolidin-3-ylthio]-6-[( 1
R)-1-hydmxyethyl]-1methylcarbapen-2-em-3-carboxylate, pivaloyloxymethyl (
1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1propionyloxymethyloxycar
bonyl)pyrnolidin-3-y lthio]-6-[( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate, pivaloyloxymethyl (
1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-
Iisobutyryloxymethylaxycarbonyl)pyrrolidin-3 ylthioJ-6-(( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate, pivaloyloxymethyl
(1R,5S,6S)-2-((3S,5S)-(5-N,N-dimethylaminocarbonyl-1pivaloyloxymethyloxycar
bonyl) pyrrolidin-3 ylthio]-6-[( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate, pivaloyloxymethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1isovaleryloxymethyloxyc
arbonyl) pyrrolidin-3 ylthioJ-6-(( 1
R)-1-hydmxyethyl]-1methylcartiapen-2-em-3-carboxylate, pivalvyloxymethyl
(1R,5S,6S)-2-[(3S,5S)-{5-N,N-dimethylaminocarbonyl-1-tertbutylanetyloxymeth
yloxycarbonyl)pyrnolidin-3-ylthio]-6-[( 1R)-
I-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate,
1-cyclohexyloxycarbonyloxyethyl
(1R,5S,6S)-2-((3S,5S)-(5-N,Ndimethylaminocarbonyl-1-isobutyryloxymethylaxyc
arbonyl)pyirolidin-3 ylthio]-6[( 1
R)-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate,
l~thoxycarbonyloxyethyl
(1R,5S,6S)-2-((3S,5S)-(5-N,N-dimethylarninocarbonyl1-pivaloyloxymethyloxyca
rbonyl)pyrrolidin-3-ylthio]-6-[( 1
R)-1-hydroxyethyl)-1methylcarbapen-2-em-3-carboxylate, pivaloyloxymethyl (
1R,5S,6S)-2-[(3S,5S)-(5-N-ethyl-N-methylaminocarbonyl-1propionyloxymethylox
ycarbonyl)pyrnolidin-3 ylthio]-6-[( 1
R)-1-hydroxyethyi]-1methylcarbapen-2-em-3-carboxylate, pivaloyloxymethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-diethylaminocarbonyl-Ipropionyloxymethyloxycar
bonyl)pyrrolidin-3-ylthio]-6-[( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-ezn-3-cat-boxylate, and the like.
Examples of preferable carbapenem compound (11) of the present invention
include the following. p-Nitrobenzyl
(IR,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-methyl   5 October
2002 2-oxo-1,3-dioxolen-4-yl)methyloxycarbonyl]pyrrolidin-3-ylthio } -6-[(
1 R)-1hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate, sodium (
1R,5S,6S)-2-{
(3S,5S)-[5-N,N-dirnethylaminocarbonyl-1-(5-methyl-2-oxo1,3-dioxolen-4-yl)me
thyloxycarbonyl]pyrrolidin-3-ylthio} -6-[(
1R)-1-hydroxyethyl]1-methylcarbapen-2-em-3~arboxylate, p-nitrobenzyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1propionyloxymethyloxyca
rbonyl)pyrnolidin-3-ylthio]-6-[(
1R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate, p-nitmbenzyl
(1R,SS,6S)-2-((3S,5S)-(5-N,N-dimethylarninocarbonyl-1isobutyryloxymethyloxy
carbonyl)pyrrnlidin-3-ylthio)-6-[(1R)-1-hydroxyethyl]-1methylcarbapen-2-em-
3-carboxylate, sodium
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1propionyloxyrnethyloxyc
arbonyl)pyrrolidin-3 ylthio]-6-(( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-r~rbo:zylate, sodium
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylarninocarbonyl-1isobutyryloxymethylaxy
carbonyl)pyrrolidin-3-ylthio)-6-[( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carbohylate, and the like. The
carbapenem compound (I) and carbapenem compound (11), which is an
intermediate compound thereof, can be produced by any of the following
methods 1 to 5. 



Pmduction Method 1 OH CH3 HsC ~/ S N O C02H OH CHs H3C / S N O C02R1 R2 CON
R ~- COO- R (IIa) Rl-X ~) R2 CON< 3 R ~- C00- R (I) wherein Rl, R2, R3 and
R are as defined above) and X is a halogen atom such as 9   5 October 2002
chlorine) bromine, iodine and the like, a leaving group such as
alkanesulfonyloxy (e.g., methanesulfonyloxy, ethanesulfonyloxy,
propanesulfonyloxy, butanesulfonyloxy and the li'ke), atylsulfonyloxy
(e.g., phenylsulfonyloxy, toIylsulfonyloxy and the like), and the like. The
compound (1) is obtained by dissolving compound (lIa) in a solvent that
does not interfere with the reaction (e.g., dioxane, acetonitnle,
tetrahydrofuran, chloroform, methylene chloride, ethylene chloride,
benzene, ethyl acetate, N,Ndimethylformamide, N, N-dimethylacetamide,
dimethyl sulfoxide, and a mixture thereof) and reaction with compound (lI1)
in an equimolar to 5-fold molar amount, preferably about equimolar to
bimolar amount, in the presence of a base. The base to be used is free of
particular limitation and is exemplified by inorganic base (e.g., sodium
hydrogencarbonate, potassium carbonate and the like), organic base (e.g.,
tz iethylamine, diisopropylethylamine, pyridine and the hke), and the like.
While the reaction temperature is not particularly limited, the reaction
proceeds at a comparatively law temperature to suppress side reactions,
which is exemplified by -30C to 40C, preferably -10C to 10C. The z~eaction
time varies mainly due to the reaction temperature, kind of the reaction
reagent and the like and is generally from 30 minutes to dozen and odd
hours. 



The compound (IIa) may be converted to a reactive derivative thereof, such
as alkali metal salt (e.g., sodium salt, potassium salt and the like),
all~aline earth metal salt (e.g., calcium salt and the li'ke),
triethylamine salt, dicyclohexylamine salt, pyridine salt and the like, and
then reacted with compound (III). Produ~taoa lldethod 2 OH CH3 HsC S N ~ O
C02R1 R2 CON R Y-COO-R (~1) 10   5 October 2002 OH CH3 H3C / S N O C02R1 R2
CON< 3 R ~- COO- R (I) wherein Rl, R2, R3 and R are as defined above and Y
is a leaving group such as chlorine, imidazol-1-yl, p-nitrophenyloxy,
2-phenylacetonitril-2-yl-iminooxy and the like. The compound (1~ can be
obtained by dissolving compound (I~ in a solvent that does not interfere
with the reaction (e.g., dioxane, acetonitnle, tetrahydrofuran) chloroform,
methylene chloride, ethylene chloride, benzene, ethyl acetate,
N,N-dimethylformamide, N,N-dimethylacetamide, dimethyl sulfoxide, and a
thereof) and reaction with compound (~ in an equimolar to 5-fold molar
amount, preferably about equimolar to bimolar amount. The compound (IV) can
be obtained in the same manner as in Production Method 1 by reacting
compound (III) with the carboxylic acid disclosed in JP-A-60-233076 and the
like. The reaction can be also carried out in the presence of a base. The
base to be used is free of particular limitation and is preferably
~emplified by inorganic base (e, g., sodium hydrogencarbonate, potassium
carbonate and the like), organic base (e.g., triethylamine,
diisopmpylethylamine, pyridine and the like), and the like. While the
reaction temperature is not particularly limited, the reaction 



proceeds at a comparatively low temperature to suppress side reactions,
which is exemplified by -30C to 40C, preferably -10C to 10C. The reaction
time varies mainly due to the reaction temperature, land of the reaction
reagent and the like and is generally from 30 minutes to dozen and odd
hours. Productioa Method 3 OH CH3 H3C / OR$ ~) N O C02R~ R2 CON R3 (VII) H5
COO-R 11   5 October 2002 OH CH3 HsC ~ / S N O C02R~ R2 CON < 3 --~ R ~w
COO- R (IIj wherein R2, R3, R7 and R are as defined above, and R$ is
alkanesulfonyl (e.g., methanesulfonyl, ethanesulfonyl, propanesulfonyl,
butanesulfonyl and the like), arylsulfonyl (e.g., phenylsulfonyl,
tolylsulfonyl and the like), dialkylphosphoryl (e.g., dimethylphosphoryl,
diethylphosphoryl, diisopropylphosphoryl) clibutylphosphoryl and the like)
) diarylphosphoryl (e.g., diphenylphosphoryl, ditolylphosphoryl and the
like). The compound (Il) can be obtained by dissolving compound (VI)
disclosed in Japanese Patent Unexamined Publication No. 8-12676 and the
like in a solvent that does not interfere with the reaction (e.g., dioxane,
acetonitrile, tetrahydrofuran, chloroform, methylene chloride, ethylene
chloride, benzene, ethyl acetate, N,Ndimethylfornlamide,
N,N-dimethylacetamide, dirnethyl sulfoxide, and a mixture thereof) and
reaction with mercapto compound (VI17 in an equimolar to 5-fold molar
amount, preferably about equimolar to 3-fold molar amount in the presence
of a base. The base to be used is fi ee of particular limitation and is
exemplified by inorganic base (e.g., sodium hydrogencarbonate, potassium
carbonate and the like), organic base (e.g., triethylanaine,
diisopmpylethylanvne, pyridine and the like), and the like. While the
reaction temperature is not particularly limited) the reaction proceeds at
a comparatively low temperature to suppress side reactions, which is
exemplified by -30C to 40C, preferably -10C to 10C. The reaction time
varies mainly due to the reaction temperature, land of the reaction reagent
and the like and is generally from 30 minutes to dozen and odd hours. The
compound (VII), which is a starting material for the synthesis for compound
(I17, is prepared in the following manner. Production Method of Compound
(VII) 



12   5 October 2002 R2 R2 CON < CON RloS-~ R3 ~ RioS R3 ~R9 removal of Rg
(X) . (IX) R2 ' CON `Rs (~) Rios COO-R Y- COO-R (~ R2 CON < R3 ~I) io HS
COO-R removal of R wherein R2) R3, R and Y are as defined above, R9 is an
amino-protecting group and Rl is a thiol-protecting group. The compound
(~TII) can be synthesized by removing R9, which is an amino-protecting
group of compound (IX) disclosed in Jp-A-60-233076 and the like) by a
method known in the filed to give compound (X); the reacting compound (~
and compound (V') in the same manner as in Production Method 2 to give
compound (X~, and removing R' which is a thiol-protecting group by a method
known in the field. As the protecting group of thiol and amino, those
generally used in the technique in this field can be used. Production
Method 4 OH CH3 R2 CON < 3 HsC N ~ S ~ R (VIII) O I C02R~ Y- COO-R (V) 13
5 October 2002 OH CH3 H3 C ~ / S N O C02R~ R2 CON < 3 R ~- COO- R wherein
R2, R3, R', R and Y are each as defined above. 



(II) The compound (II) can be obtained by reacting compound (V91) disclosed
in JP-A-60-233076 and the like and compound (V) in the same manner as in
Production Method 2. The carbapenem compound (II) thus obtained can be
converted to a carboxylic acid derivative wherein R' is hydrogen atom, by
removing the carboxyl-protecting group as necessary by a conventional
method. While the method for rerrioving a protecting group varies depending
on the land thereof, a method generally used in the technique in this field
can be used. Production Method 5 OH . CH3 H3C / OR8 (~I) N O C02R1 R2 . CON
` R HS COO-R OH CHs H3C / S N O C02R1 R2 CON< 3 --~ R ~w COO- R wherein RI,
R2, R3, R$ and R are as defined above. (VII) (I) The compound (1) can be
obtained by dissolving compound (~ in a solvent that does not interfere
with the reaction (e.g., dioxane, acetonitrile, tetrahydrofuran,
chloroform, methylene chloride, ethylene chloride, benzene, ethyl aretate,
N,N-dimethylforznamide, N,N-dimethylacetamide, dimethyl sulfoxide, and a
mixture thereof) and reaction with mercapto compound (VII) in an equimolar
to 14   5 October 2002 5-fold molar amount, preferably about equimolar to
3-fold molar amount, in the presence of a base. The base to be used is free
of particular limitation and is exemplified by inorganic base (e.g., sodium
hydrogencarbonate, potassium carbonate and the like), organic base (e.g.,
triethylamine, diisopropylethylarnine, pyridine and the like, and the like.



While the reaction temperature is not particularly limited, the reaction
proceeds at a comparatively low temperature to suppress side reactions,
which is exemplified by -30C to 40C, preferably -10C to 10C. The reaction
time varies mainly due to the reaction temperature, kind of the reaction
reagent and the like and is generally from 30 minutes to dozen and odd
hours. The carbapenem compound (~ and carbapenem compound (IIj can be
purified as necessary according to a conventional method, such as
r~rstailization, preparative thin-layer chromatography, column
chromatography and the like. Where necessary, it can be purified as a salt
thereof. The preferable configuration of the compound (1) and compound (1T)
which are the objects of the present invention arse the following compound
(IaJ and compound (IIb). OH CH3 HsC ~ / S N O C02R~ R2 CON R COO-R wherein
RI, R2) R3 and R are as defined above. OH CH3 S N O C 02R' R2 CON < R COO-R
wherein R~, R3, R' and R are as defined above. (Ia) (IIb ) The carbapenem
compound (I) after oral administration can be rapidly absorbed into blood
and converts to a metabolite, i.e., carbapenem compound wherein, in the
formula (I~, Rl is hydrogen atom, that shows high concentration 15   5
October 2002 in blood. Hence, an agent for the prophylaxis and treatment of
infectious diseases, which comprises carbapenern compound (I) shows
superior action mentioned above by oral administration and is generally
administered as an oral agent. 



The agent for the prophylaxis and treatment of infectious diseases can be
produced by dilution with a pharrnaceutial excipient according to a method
known in the field. Examples of the excipient include starch, lactose,
sugar, calaum carbonate) calcium phosphate and the like. The agent for the
prophylaxis and treatment of infectious diseases can contain other
preferable additives where desired, such as a binder (e.g., starch, gum
arabic, carboxymethylcellulose, hydroxypmpylcellulose, crystalline
cellulose and the like), a lubricant (e.g., magnesium stearate, talc and
the like), a disintegrator (e.g., calcium carboxymethylcellulose, talc and
the like), and the like. After adnzix;ng each ingredient, the mixtum is
formulated into a suitable dosage form suitable for oral administration,
such as capsule, tablet, fine particle, granule, dry syrup and the like by
a method knawn in the field, whereby an agent for oral administration for
the prophylaxis and treatment of infectious diseases can be produced. The
daily dose of carbapenem compound (>], which is subject to change according
to the administration target, symptom and the like, is about 1-40 mg/kg
body weight/dose for oral administration to an adult patient with a
purulent disease, wherein the administration frequency is 1 to 4 times a
day. The carbapenem compound (1) can be used in conjunction with other
substance having an antibacterial activity, such as an antibacterial agent
(penicillins, aminoglycosides, cephalosporins and the l>ke) or a
therapeutic agent for systemic symptom caused by bacterial infection (e.g.,
antipyretic, analgesic, antiphlogistic and the Iike). F~amples The present
invention is explained with respect to the physical property and production
method in the following by way of Examples which do not limit the present
invention in any way. I~ample 1 p-nitrobenzyl ( 1R,5S,6S)-2-{
(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-methyl 16   5 October 2002
2-oxo-1,3-dioxolen-4-yl)methyloxycarbonyl)pyrrolidin-3-ylthio} -6-[( 1
R)-1hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate
(2S,4S)-2-N,N-Dirnethylaminocarbonyl~-merrapto-1-(5-methyl-2-oxo1,3-dioxole
n-4-yl)rnethyloxycarbonylpyrrolidine (719 m~ was dissolved in acetonitnle (
11 ml) and p-nitrobenzyl ( 1 R,5S,6S)-2-diphenylphosphoryl-6-[( I
R)-1hydroxyethyl]-1-methylcarbapen-2-em-3-carboxyIate (1.15 gJ and
diisopropylethylamine (0.38 ml) were added at 0C under a nitrogen
atmosphere. After mixing for one hour at the same temperature, ethyl
acetate (200 mI) was added. The 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 the title compound (911 m~ .
1H-NMR(CDC13, b ppm) :1.27(3H,d), 1.33(3H,d), 1.7-2.1, 2.5-2.9(2H,m),
2.17(3H,s), 2.8-4.4(l3H,m), 4.6-5.6(SH,m), 7.64, 8.20(4H,A2' &1~. Example 2
sodium
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-methyl-2-oxo1,3-dio
xolen-4-yl)methyloxycarbonyl]pyn olidin-3-ylthio} -6-[( 1
R)-1-hyriroxyethyl]1-methylcarbapen-2-em-3~arboxylate p-Nitrnbenzyl (
1R,5S,6S)-2-.( (3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5
methyl-2-oxo-1,3-dioxolen-4
yI)methyloxycarbonyl]pyrrolidin-3-ylthio}-6-[(1R)-1hydroxyethyl]-1-methylca
rbapen-2-em-3-carboxylate (330 mg) was dissolved in a mixture of
tetrahydrofuran ( 17 ml) and 0.1 M MOPS buffer (pH 7.0, 17 ml). 10%
Palladium carbon (330 mg) was added and the mixture was hydrogenated at
room temperature for 16 hr. The reaction mixture was passed through celite,
and the filtrate was washed with diethyl ether and concentrated under
reduced prossure to about 5 ml. The resultant solution was subjected to
chromatography using DIAION HP-21 (manufactured by Mitsubishi Chemical),
concentrated under reduced pressure and lyophivzed to give the title
compound ( 130 mg). IR(Nujol, crri 1) : 3393,1819,1767,1707,1643
1H-NMR(DMSO-d6, b ppm) : 1.16(3H,d)) 1.4-1.9(lH,m), 2.13(3H,s), 2.82(3H,s),
3.01(3H,brs), 4.5-S.0(3H,m). Example 3 



pivalayloxymethyl ( 1R,5S,6S)-2-{
(3S,5S)-[5-N,N-dimethylarninocarbonyl-1-(5 17   5 October 2002 methyl
2-oxo- 1,3-dioxolen-4 yl)methyloxycarbonylJpyzrolidin-3-ylthio} -6-[(
1R)-1hydrnxyethylJ-1-methylcarbapen-2-em-3-carboxylate Sodium
(1R,5S,6S)-2-{(3S,5S}-[5-N,N-dimethylaminocarbonyl-I-(5methyl-2-oxo-
1,3-dioxolen-4 yl)methyloxycarbonyl]pyirolidin-3-ylthio} -6-[(
1R)-1hydroxyethylj-1-methylcarbapen-2-em-3-~canboxylate (960 mg) was
dissolved in N,N-dimethylformamide (6 ml) and the nvxture was cooled to 5C.
Pivaloyloxymethyl iodide (700 mg) was added and the mixture was stirred at
the same temperature for 1 hr and at 35C for 12 hr. Ethyl acetate ( 150 ml)
was added, and the mixture was washed with 5% brine ( 100 mI) 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 the title compound (350 mg). . IR(Nujol, crri') :
3404,1821,1780,1715,1651. 1H-NMR(CDC13, b ppm) :1.22(9H,s), 1.26(3H,d),
1.31 (3H,d), 1.6-2.1, 2.5-2.9(2H,m), 2.17(3H,s}, 2.8-4.4( l3H,m), 4.80(
lH,m), 4.72, 4.99(2H,ABq,J=13.2Hz), 5.87, 5.92(2H,P~Bq,J=5.5Hz). Example 4
pivaloyloxymethyl ( 1R,5S,6S)-2-{
(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5methyl-2-oxo- 1,3-dioxolen-4-
yl}methyloxycarbonylJpyrolidin-3 ylthio}
-6-((1R)-1hydroxyethylJ-1-methylcarbapen-2-em-3-cai-boxylate (1) Sodium
(1R,5S,6S)-2-[(3S,5S)-5-N,1V-dimethylaminocarbonylpyrn~lidin-4ylthio]-6-[(1
R)-1-hydroxyethylJ-1-methylcarbapen-2-em-3-c~rboxylate (S30 mg) was
suspended in N,N-dimethylformamide (2.3 ml) and the suspension was cooled
to 5C. Pivaloyloxymethyl iodide (819 mg) was added and the mixture was
stirred at the same temperature for 1 hr. Ethyl acetate ( 150 ml) was
added, and the 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 pivaloyloxymethyl
1R,5S,6S)-2-[(3S,5S)-5-N,N-dimethylarninocarbonylpyzrolidin-4-ylthio]-6-[(1
1~-1hydroxyethylJ-1-methylcarbapen-2-em-3-carboxylate (470 mg).
1H-NMR(CDCl3, 8 ppm) : 1.22(9H,s), 1.2-1.4(6H,m), 1.5-1.8, 2.4-2.8(2H,m),
2.98(3H,s), 3.02(3H,s), 3.0-4.4(BH,m), 5.81, 5.95(2H,ABq,J=5.5Hz). (2) The
compound (497 mgt obtained in (I) was dissolved in methylene chloride (5 1R
5 October 2002 ml) and cooled to 5C.
(5-Methyl-2-oxo-1,3-dioxolen-4-yl)methyloxycarbonyl chloride (231 mg) and
triethylamine (0.14 ml) were added and the mixture was stirred at the same
temperature for 30 min. Ethyl acetate ( 150 ml) was added and the 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>Zica gel column chromatography to give the title compound
(140 mg). L~mple 5 pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5methyl-2-oxo-l,3-dio
xolen-4 yl)methyloxycarbonyl]pyirolidin-3
ylthio}-6-[(1R)-1hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate The
compound (500 mgt obtained in Example 4 (1) was dissolved in
N,Ndimethylforn~amide (2.5 mI). (5-Methyl-2-oxo-1,3-dioxolen~l-yI)methyl
pnitmphenyl carbonate (29? mg) and triethylamine (0.14 ml) were added and
the mixture was stirred at room temperature for 2 hours. To the reaction
mixture was added ethyl acetate ( 150 ml), and the mixture was washed with
10% citric acid ( 100 ml), 5% aqueous sodium hydrogencarbonate solution (
100 ml) and 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 the title
compound (350 mg). E~mple 6 1-cyclohexyloxycarbonyloxyethyl ( 1R,5S,6S)-2-~
(3S,5S)-[5-N,Ndimethylarninocarbonyl-1-(5-methyl-2-oxo-1,3-dioxolen-4yl)met
hyloxycarbonyl]pyrrolidin-3 ylthio} -6-((
1I~-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate
1-G~clohexyloxycarbonyloxyethyl (1R,5S,6S)-2-~(3S,5S)-[5-N,N
dimethylaminocarbonyllpyr~rolidin-3-ylthio} -6-[( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate (2.0 g) obtained in
the same manner as in Example 4 ( 1) was dissolved in methylene chloride
(20 ml). Thereto were added
(5-methyl-2-oxo-1,3-dioxolen-~-yl)methyloxycarbonyl chloride (830 mg) and
triethylamine (0.50 ml), and the mixture was stirred at room temperature
for 2 hr. Thereto was added ethyl acetate ( 150 ml), and the reaction
mixture w-as washed with 5% brine ( 100 ml) and dried over anhydrous sodium
sulfate. Ethyl acetate 19   5 October 2002 was evaporated under reduced
pressure and the residue was purified by silica gel column chromatography
to give the title compound (680 mg). 



IR(Nujol, crri 1) : 3402,1821 ) 1759,1713,1647. 1H-NMR(CDCl3, 8 ppm) :
1.0-2.1(20H,m), 2.16(3H,s), 2.96(3H,s), 3.06, 3.09(3H,s), 3.0-4.4(7H,m),
4.5-5.2(4H,m), 6.7-7.0(lH,c~. sample 7 1-ethoxycarbonyloxyethyl
(1R,5S,6S)-2-~
(3S,5S)-[5-N,N-dimethylaminocarbonyl1-(5-methyl-2-oxo-1,3-dioxolen-4-yl)met
hyloxycarbonyl]pyrrolidin-3-ylthio} -6 [(
lI~-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate
1-Ethoxycarbonyloxyethyl (1R,5S,65)-2-{(3S,5S)-[5-N,N
dimethylaminocarbonyl]pyrrolidin-3
ylthio}-6-[(1R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate ( 1.0 g)
obtained in the same manner as in Example 4 (1) was dissolved in
N,N-dimethylformamide (5 ml). .Thereto were added (5-methyl-2-oxo-
1,3-dioxolen-4 yl)methyl p-nitrophenyl carbonate (606 mg) and triethylamine
(0.29 mI), and the mixture was stirred at room temperature for 2 hr.
Thereto was added ethyl acetate ( 150 ml), and the reaction mixture was
washed with 5% brine ( 100 mI) 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 the title compound (300
mg). IR(Nujol, crri 1) : 3404,1820, I758,1714,1650. 1H-NMR(CDC13) b ppm) :
1.22(3H,t), 1.27(3H,d), 1.32(3H,dj, 1.51(3H,d), 1.6-2.0, 2.5-2.8(2H,mj,
2.I6(3H,s), 2.8-4.4(ISH,m), 4.5-5.2(3H,m), 6.7-7.0(IH,q). E~mple 8
p-nitrobenzyl (
1R,5S,6S)-2-[(3S,5S)-5-N,N-dimethylaminocarbonyl-1pr~opionyloxymethyloxycar
bonyl)pyrrolidin-3-ylthio]-6-j( 1R)-1-hydmxyethyl]
-1methylcarbapen-2-em-3-carboxylate
(2S,4S)-2-N,N-Dimethylaminoc~rbonyl-4-merrapto- 1
pn~pionyloxymethyloxycarbonylpyrrolidine (662 m~ was dissolved in
acetonitrile ( 11 mI), and p-nitmbenzyl ( 1 R, 5S,6
S)-2-diphenylphosphoro-6-(( 1
Rj-1hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate (1.15 g) and
diisopropylethylarnine (0.38 mI) were added at 0C under a nitrogen
atmosphere. After mixing for one hour at the same temperature, ethyl
acetate (200 mI) was added. The mixture was washed with saturated brine (
100 ml) and drzed over 20   5 October 2002 anhydrous sodium sulfate. Ethyl
acetate was evaporated under reduced pressure and the residue was purified
by silica gel column chromato~aphy to give the title compound (87b m~.
1H-NMR(CDC13) 8 ppm) :1.14(3H,t), 1.27(3H,d), 1.33(3H,d), 1.7-2.1,
2.5-2.9(3H,m), 2.40(2H,c~, 2.8-4.4(l3H,m), 4.6-5.8(SH,m), 7.64,
8.20(4H,A2'B2~. ~ple 9 sodium
(1R,5S,6S)-2-[(3S,5S)-5-N,N-dimethylaminocarbonyl-1prnpionyloxymethyloxycar
bonyl)pyrrolidin-3 ylthio]-6-(( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate p-Nitrnbenzyl
(1R,5S,6S)-2-[(3S,5S)-5-N,N-dimethylaminocarbonyl-1
pmpionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(
1R)-1-hydraxyethyl]-1methylcarbapen-2-em-3~arboxylate (330 mg) was
dissolved in a rr~ixture of tetrahydrofuran ( 17 ml) and 0.1 M phosphate
buffer (pH 7.0, 17 ml). 10% Palladium carbon (330 mgj was added and the
mixture was hydrogenated at room temperature for 16 hr. The reaction
mixture was passed through celite, and the filtrate was washed with diethyl
ether and concentrated under reduced pressure to about 5 ml. The resultant
solution was subjected to chromatography using DIAION HP-21 (manufactured
by Mitsubishi Chemical), concentrated under reduced pressure and freeze
dried to give the title compound (128 mg). 1H-NMR.(DMSO-ds, b ppm) :
1.10(3H,t), 1.17(3H,d), 1.17(3H,d), 1.4-1.9, 2.52.7(2H,m), 2.35(2H,c~,
2.83(3H,s), 3.02(31-i,brs), 4.6-4.8(lH,t), 5.5-5.7(2H,m). E~Smple 10
p-nitrobenzyl
(1R,5S,6S)-2-[(3S,5S)-5-N,N-dimethylarninocarbonyl-1isobutyryloxymethyloxyc
arbonyl)pyrrolidin-3-ylthio]-6-[(1R)-1-hydmxyethyl]-1methylcarbapen-2-em-3-
carboxylate In the same manner as in Example 8 using (2S,4S)-2-N,N
dimethylaminocarbonyl--4-merrapto-
1-isobutyryloxymethyloxycarbonylpyrrolidine, the title compound was
obtained. IH-NMR(CDC13, b ppm) :1.17(6H,d), 1.27(3H,d)) 1.33(3H,d),
1.7-2.1, 2.5-2.9(4H,m), 2.8-4.4(l3H,m), 4.6-5.8(SH,m), 7.64, 8.20(4H,A2'
8z~. ample 11 sodium
(1R,5S,6S)-2-((3S,5S)-5-N,N-dimethylaminocarbonyl-1isobutyryloxymethyloxyca
rbonyl)pyirolidin-3-ylthio]-6-[( 1R)-1-hydroxyethyl]-1 21   5 October 2002 



methylcarbapen-2-em-3-carboxylate In the same manner as in Example 9 using
p-nitrobenzyl (1R,SS,6S)-2
[(3S,5S)-5-N,N-dimethylaminocarbonyl-1-isobutyryloxymethyloxycarbonyl)pyrro
lidin-3-ylthio]-6-[( 1 R)-1-hydroxyethyl]-1-methylCarbapen-2-em
3carbohylate) the title compound was obtained. 1H-NMR(DMSO-d~, b ppm) :
1.0-1.4(12H), 1.4-1.9, 2.5-2.7(3H,m), 2.83(3H,s), 3.02(3H,brs),
4.61-.8(lH,t), 5.5-5.7(2H,m). sample 12 pivaloyloxymethyl (
1R,5S,6Sj-2-[(3S,5S)-5-N,N-dimethylaminocarbonyl-1propionyloxymethyloxycarb
onyl)pyrmlidin-3 ylthio]-6-[( 1R)-1-hydroxyethyl]
-1methylcarbapen-2-em-3-carboxylate Sodium
(1R,5S,6S)-2-[(3S,5S)-5-N,N-dimethylaminocarbonyl-1propionyloxymethyloxycar
bonyl)pyrn~lidin-3 ylthio]-6-[( 1
R)-1-hydroxyethylJ-1methylcarbapen-2-em-3-carboxylate (913 mg) was
dissolved in N,Ndimethylfonnamide (6 ml) and cooled to 5C.
Pivaloyloxymethyl iodide (700 mg) was added and the mixture was stirred at
the same temperature for 1 hr and at 30C for 1 hr. Ethyl acetate ( 150 ml)
was added and the mixture was washed with 5% brine ( 100 mlj 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 the title compound (336 _mg). IR(Nujol, crri 1) : 344S,1755)
1724,1651. 1H-NMR(CDC13, b ppm) : 1.14(3H,t), 1.22(9H,s), 1.26(3H,d),
1.32(3H,dj, 1.7-2.1, 2.4-2.8(3H,m), 2.38(2H,, 2.96(3H,d), 3.09(3H,d),
3.0-4.4(7H,m), 4.73( lH,m), 5.6-5.8(2H,mj, 5.88(2H,ABqJ. ~tc~umple 13
pivaloyloxymethyl (
1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1propionyloxymethyloxycar
bonyl)pyrrolidin-3 ylthio]-6-[( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate ( 1) Sodium
(1R,5S,6S)-2-[(3S,5S)-5-N,N-dimethylaminocarbonylpyrrolidin-4ylthio]-6-[( 1
R)-1-hydr~oxyethylJ-1-methylcarbapen-2-em-3-carboxylate (31.3 g) was
suspended in N,N-dimethylfomlamide ( 148 ml) and the suspension was cooled
to SC. Pivaloyloxymethyl iodide (37.2 g) was added and after stirring at
the same 22   5 October 2002 temperature for 1 hr, potassium carbonate
(3.19 g) and pivaloyloxymethyl iodide ( 11.2 g) were added. After mixing
for one hour at the same temperature, ethyl acetate ( 1050 ml) was added.
The mixture was washed with saturated aqueous sodium hydrogenc~rbonate
solution ( 175 ml) and 5% brine (500 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
pivaloyloxyrnethyl (
1R,5S,6S)-2-[(3S,5S)-5-N,N-dimethylaminocarbonylpyrrolidin~l-ylthio]-6-[(
lI~-1hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate ( 14.2 g) .
'H-NMR(CDC13, b ppm) : 1.22(9H,s), 1.2-1.4(6H,m), 1.5-1.8, 2.4-2.8(2H,m),
2.98(3H,s)) 3.02(3H,s), 3.0-4.4(BH,m), 5.81, 5.95(2H,ABc~. (2) The compound
(9.5 g) obtained in (1) was dissolved in dichloromethane (50 ml) and
propionyloxymethyl p-nitrophenyl carbonate (3.42 g) was added at 5C. After
stirring the mixture at the same temperature for 5 min and at room
temperature for 1.5 hr. The reaction mixture was purified by s~ica gel
column chromatography to give the title compound ( 1.1 gJ. F~anple 14
pivaloyloxymethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1acetyloxymethyloxycarbo
nyl)pyrrolidin-3 ylthio)-6-[(
lI~-1-hydroxyethyl]-1methylcarbapen-2-ern-3-carboxylate The compound (600
mg) obtained in Example 13 (1) was dissolved in N,N-dimethylforniamide (3.5
mI). Acetyloxymethyl p-nitrophenyl carbonate (200 mg) and triethylamine
(0.16 ml) were added) and the mixture was stirred at room temperature for 2
hr. Ethyl acetate ( 100 mI) was added, and the mixture was washed with 10%
titric acid (100 ml), 5% aqueous sodium hydrogencarbonate solution ( 100
ml) and 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 the title compound
(310 mg). IR(Nujol) crri') : 3422,1760,1724,1647. 1H-NMR(CDC13, b
ppm):1.22(9H,s), 1.27(3H,d), 1.33(3H,d), 1.7-2.1, 2.5-2.9(3H,m),
2.11(3H,s), 2.97(3H,d), 3.08(3H,d), 3.1-4.4(7H,m), 4.73(lH,m),
5.6-5.8(2H,m), 5.89(2H,ABq). 23  



5 October 2002 ample 15 pivaloyloxymethyl (
1R,5S,6S)-2-((3S,5S)-(5-N,N-dimethylaminocarbonyl-1isobutyryloxymethyloxyca
rbonyl)pyrrolidin-3-ylthio]-6-[( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate The compound (S50 mgt
obtained in Example 13 (1) was dissolved in dichloromethane (3.5 ml).
Isobutyryloxymethyl p-nitrophenyl carbonate (210 m~ was added, and the
mixture was stirred at room temperature for 2 hr. Ethyl acetate ( 100 ml)
was added, and the mixture was washed with 10% citric acid ( 100 ml), 5%
aqueous sodium hydrogencarbonate solution ( 100 ml) and saturated brine (
100 ml) and dried over anhydrous sodium sulfate. Ethyl acetate was
evaporated under reduced pressure and the residue was purified by sMica gel
column chromatography to give the title compound (210 mg). IR(Nujol, crri
1) : 3385,1796,1753,1730, I636. 1H-NMR(CDC13, 8 ppm) : 1.I5(6H,d),
1.22(9H,s), 1.26(3H,d), 1.33(3H,d), 1.7-2.1, 2.5-2.9(4H,m), 2.95(3H,d),
3.09(3H,d); 3.1-4.4(7H,m), 4.73( lH,m), 5.6-5.8(2H,m), 5.88(2H,ABc~. E~mple
16 pivaloyloxymethyl (
1R,5S,6S)-2-[(3S,SS)-5-N,N-dimethylaminocarbonyl-1pivaloyloxymethyloxycarbo
nyl)pyrrolidin-3 ylthio]-6-[( 1
R)-1-hydrnxyethyl]-1methylcarbapen-2-em-3-carbaxylate The compound (580 mg)
obtained in Example 13 (1) was dissolved in dichloromethane (3.5 m1}.
Pivalayloxymethyl p-nitrophenyl carbonate (200 mg) was added, and the
mixture was stirred at room temperature for 2 hr. Ethyl acetate ( 100 ml)
was added, and the mixture wa.s washed with 5,% aqueous sodium
hydrogencarbonate solution ( 100 ml) and 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 the title compound (300 mg). IR(Nujol, crri') :
3423,1777) 17S I,1726) I649. 1H-NMR(CDCl3) b ppm) : 1.22(lBH,s),
1.26(3H,d), 1.33(3H,d), 1.7-2.1, 2.52.9(3H,m), 2.96(3H,s), 3.09(3H,d),
3.1-4.4(7H,m), 4.73(lH,m), 5.6-5.8(2H,m), 5.88(2H,ABq). ~ple 1~ 24   5
October 2002 pivaloyloxymethyl (
1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylarninocarbonyl-1
isovaleryloxymethyloxycarbonyl)pyrrolidin-3 ylthioJ-6-(( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate In the same manner as
in Example 16, the title compound was obtained. 1H-NMR(CDC13, b ppm) :
0.96(6H,d), 1.22(9H,s), 1.26(3H,d), 1.33(3H,d), 1.5. 2.9(6H,m), 2.97(3H,s),
3.09(3H,d), 3.1-4.4(7H,m), 4.73(lH,m), 5.6-5.8(2H,m), 5.87(2H,P~Bq). F~mple
18 pivalayloxymethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-tbutylacetyloxymethylo
xycarbonyl)pyrnolidin-3-ylthioJ-6-((
1R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carbosylate In the same manner
as in Example 16, the title compound was obtained. 1H-NMR(CDC13, S ppm) :
0.98(9H,s), 1.22(9H,s), 1.26(3H,d), 1.33(3H,d), 1.72.9(SH,m)) 2.96(3H,s),
3.08(3H,d), 3.1-4.4(7H,m), 4.73(lH,mj, 5.6-5.8(2H,m), 5.87(2H,ABq). sample
19 1-cyclohexyloxycarbonyloxyethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,Ndimethylaminocarbonyl-1-isobutyryloxymethyloxyc
arbonyl)pyrrolidin-3
ylthio]-6[(1R)-1-hydroxyethylJ-1-methylcarbapen-2-em-3-carboxylate 



1-Cyclohexylo.~ycarbonyloxyethyl
(1R,5S,6S)-2-[(3S,5Sj-(5-N,Ndimethylaminocarbonyl)pyrrolidin-3 ylthioJ
6-[(1R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate (1.00 ~ obtained
in the same manner as in Example 13 (1) was dissolved in dichloromethane
(10 ml). Isobutyryloxymethyl p-nitrnphenyl carbonate (500 mg) was added and
the mixture was stirred at room temperature for 2 hr. The solvent was
evaporated and the residue was purified by silica gel column chromatography
to give the title compound (355 mg). 1H-NMR(CDC13, b ppm) : 1.0-2.1(27H,m),
2.96(3H,s), 3.06, 3.09(3H,s), 3.0 4.4(7H,m), 4.73(lH,m), 5.6-5.8(2H,m),
6.7-7.0(lH,c~. Example 20 1-ethoxycarbonyloxyethyl
(1R,5S,6S)-2-[(3S,5S)-(S-N,N-dimethylaminocarbonyl-Ipivalayloxymethyloxycar
bonyl)pyrrolidin-3
ylthio]-6-[(1R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate In the
same manner as in Example 19, the title compound was obtained. 25   5
October 2002 1H-IVIvIR(CDC13, S ppm) : 1.22(3H,t), L22(9H,s), 1.2 7 (3H,d),
I.32(3H,d), 1.51 (3H,d), 1.6-2.0, 2.5-2.8(2H,m), 2.8-4.4( l SH,m), 4.73( l
H,m), 5.6-5.8(2H,m) ) 6.7-7.0( l H,c~. ~perimental ample The following oral
absorption tests were performed as in the following to clarify the superior
property of the compound of the present invention. F~perimental P.~ample 1
(oral absorption test) The compound of the present invention ( I00 mg/kg,
compound of Example 13) was orally administered to mice (3 per group) and
the concentraion of hydrolyzed carbapenem compound (A) in plasma was
determined at 0.25, 0.5, 1.0, 2.0 and 3.0 hours Iater by HPLC. The results
are shown in Table 1. Table 1 Test compoundAve a concentration in lasma
ml0.25 hr0.5 hr1.0 hr2.0 hr3.0 hrExam le 139.54.81.90.60.2 F~cperimeatai
sample 2 (oral absorption test) The compound of the present invention ( 100
mg/kg) compound of Example 15) was orally administered to mice (3 per
group) and the conoentraion of hydrolyzed carbapenem compound (A) in plasma
was determined at 0.25, 0.5, 1.0, 2.0 and 3.0 hours later by HPLC. The
results are shown in Table 2. Table 2 Test compoundAve a concentration in
Iasma (~g/ml0.25 hr0.5 hrl.Ohr2.O hr3.O hrExam le 158.610.14.81.40.3
Industrial Applicability The carbapenem compound (1] of the present
invention is superior in absorption from the digestive tract by oral
administration and shows suff dent antl'bacterial property against a broad
range of bacteria species. Therefore, the compound is exfiernely useful for
the prophylaxis and treatment of infectious diseases (particularly
bacterial infectious diseases). The inventive agent for the pmphylaxis and
treatment of infectious diseases can be used against diseases caused by
bacteria in warm-blooded animals inclusive of human (e.g., dog, cat, 



cow) horse, rat, mouse and the like), such as purulent diseases, infection
of 26   5 October 2002 respiratory organ, biliary tract infection, urinary
tract infection and the like. In addition, carbapenem compound (II) is
useful as an intermediate compound for carbapenem compound (I). This
application is based on application Nos. 122499/ 1998 and 203730/ 1998
filed in Japan, the contents of which are incorporated hereinto by
reference. 2r   28 I. A carbapenem compound of the formula (I-B) OH CH3 H3C
N ~ S _~ O C02R1 R2 CON R - COO- CH2 CH3 O~O O wherein R1 is a modifier
hydrolyzable in the living body, R2 and R3 are the same or different and
each is a lower alkyl or a salt thereof. 2. The carbapenem compound of
claim 1, wherein R2 and R3 are the same or different and each is a lower
alkyl. 3. The carbapenem compound of claim 1, wherein Rl is
pivaloyloxymethyl. 4. The carbapenem compound of claim 1, wherein Rl is 1
cyclohexyloxycarbonyloxyethyl. 5. The carbapenem compound of claim I,
wherein Ri is 1 



ethoxycarbonyloxyethyl. 6. The carbapenem compound of claim 1, which is a
member selected from the group consisting of pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5methyl-2-oxo-1,3-dio
xolen-4-yl)methyloxycarbonyl]pyrrolidin-3-ylthio}-6-[( 1
R)-1hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate,
1-cyclohexyloxycarbonyloxyethyl
(1R,5S,6S)-2-{(35,5S)-[5-N,Ndimethylaminocarbonyl-1-(5-methyl-2-oxo-1,3-dio
xolen-4yl)methyloxycarbonyl]pyrrolidin-3-ylthio}-6-[(
1R)-1-hydro~,yethyl]-1 5 October 2002   2g _ 5 October 2002
methylcarbapen-2-em-3-carboxylate, and 1-ethoxycarbonyloxyethyl (
1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl1-(5-methyl-2-oxo-1,3-diox
olen-4-yl)methyloxycarbonyl]pyrrolidin-3 ylthio}-6 [( 1
R)-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate. ?. An antibacterial
agent comprising the carbapenem compound of claim 1 having the formula
(I-B) as an active ingredient. 8. The antibacterial agent of claim 7, which
is for oral administration. 9. A carbapenem compound of the formula (II-B)
OH CH3 HsC ~/ S N O C02R~ R2 CON R _-~- COO  CH2 - -CH3 O"O (II-B) wherein
R2 and R3 are the same or different and each is a lower alkyl, R~ is a
hydrogen atom or a protecting group of carboxyl group or a salt thereof.
10. The carbapenem compound of claim 9, which is a member selected from the
group consisting of: p-nitrobenzyl
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-methyl2-oxo-1,
3-dioxolen-4-yl) methyloxycaxbonyl] pyrrolidin-3-ylthio }-6-[( 1
R)-1hydroxyethylJ-1-methylcarbapen-2-em-3-carboxylate, and sodium
(1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-methyl-2-oxo1,3-dio
xolen-4-yl)methy loxycarbonyl]pyrrolidin-3-ylthio }-6-[( 1
R)-1-hydroxyethylJ1-methylcarbapen-2-em-3-carboxylate. 11. A carbapenem
compound of the formula (I-C)   30 - 5 October 2002 OH CH3 R2 CON< 



H'C N ~ g R II-C) O C028 ~ O 6 CO COCO R R5 wherein R1 is a modifier
hydrolyzable in the living body, R2 and R3 are the same or different and
each is a lower alkyl, R4 and R5 are the same or different and each is a
hydrogen atom or a lower alkyl and R6 is an alkyl having 1 to 10 carbon
atoms or a salt thereof. 12. The carbapenem compound of claim 11, wherein
R2 and R3 are the same or different and each is a lower all~yl. 13. ~ The
carbapenem compound of claim 11, wherein Rl is pivaloyloxymethyl. 14. The
carbapenem compound of claim 11, wherein R~ is 1 cyclohexyloxycarbony
loxyethyl. 15. The carbapenem compound of claim 11, wherein Rl is 1
ethoxycarbonyloxyethyl. 16. The carbapenem compound of claim 11, which is a
member selected from the group consisting of pivaloyloxymethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1acetyloxymethyloxycarbo
nyl)pyrrolidin-3-ylthio]-6-[( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate, pivaloyloxymethyl (
1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1propionyloxymethyloxycar
bonyl) pyrrolidin-3-ylthio]-6-[( 1 R) -1-hydroxyethyl]-1methy
lcarbapen-2-em-3-carboxylate,   31 5 October 2002 pivaloyloxymethyl (
1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1isobutyryloxymethyloxyca
rbonyl)pyrrolidin-3-ylthio]-6-[( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate, pivaloyloxymethyl (
1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1pivaloyloxymethyloxycarb
onyl)pyrrolidin-3 ylthio]-6-[( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate, pivaloyloxymethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1isovaleryloxymethylo.~y
carbonyl)pyrrolidin-3-ylthioJ-6-[( 1 R)-1-hydroxyethyl]- I
methylcarbapen-2-em-3-carbo,~ylate, pivaloylo~ymethyl ( 1
R,SS,6S)-2-[(3S,SSj-(S-N,N-dimethylaminocarbonyl-
I-tertbutylacetyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(
1R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate,
1-cyclohexyloxycarbonyloxyethyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,Ndimethylaminocarbonyl-1-isobutyrylo.~ymethyloxy
carbonyl)pyrrolidin-3 ylthio]-6[( 1
R)-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate, and
1-ethoxycarbonyloxyethyl (
1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl1-pivaloyloxymethyloxycarb
onyl)pyrrolidin-3
ylthio]-6-[(1R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate. 17. An
antibacterial agent comprising the carbapenem compound of claim 11 haring
the formula (I-C) as an active ingredient. 18. The antibacterial agent of
claim 17, which is for oral administration. I9. A carbapenem compound of
the formula (II-C) OH 3 'CH CON< Rs H3C N / S -~ R (II_C) O C02R' ~
COOCOCOR Rs  



31 a 5 October 2002 wherein R' and R3 are the same or different and each is
a lower alkyl, R4 and R5 are the same or different and each is a hydrogen
atom or a lower alkyl, R6 is an alkyl having 1 to 10 carbon atoms and R' is
a hydrogen atom or a protecting group of carboxyl group or a salt thereof.
20. The carbapenem compound of claim 19, which is a member selected from
the group consisting of p-nitrobenzyl
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1propionyloxymethyloxyca
rbonyl) pyrrolidin-3-ylthio]-6-[( 1 R)
-1-hydroxyethylJ-1methylcarbapen-2-em-3-carboxylate, p-nitrobenzyl (
1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1isobutyryloxymethyloxyca
rbonyl)pyrrolidin-3-ylthio]-6-[( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate, sodium
(1R,5S,6S)-2-((3S,5S)-(5-N,N-dimethylaminocarbonyl-1propionyloxymethyloxyca
rbonyl)pyrrolidin-3-ylthio]-6-[( 1
R)-1-hydroxyethyl)-1methylcarbapen-2-em-3-carboxylate, and sodium
(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1isobutyryloxymethyloxyc
arbonyl) pyrrolidin-3-ylthio]-6-[( 1
R)-1-hydroxyethyl]-1methylcarbapen-2-em-3-carboxylate.
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