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 |
anubactenalagentoontammgﬂnsoompound asanacuvemgmdlent andan

- intermediate compound for the pmduction of the carbapenem compound.
. BackgroundArt

A number of compounds. having a carbapenem skeleton have been
heretofore found to be a therapeutic agent for infectious diseases, and some of -
which have been put to pracuwl use for the superior antibacterial activity they
possess or have been developed for practlcal apphcauon For example,
mrbapenem compound of the formula (A) '
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has a]ﬁw’dy‘ been put to practical use in chmcal situations. This carbapenem
| compoundhasabroadanubactmmlspecu'umandasuonganubactmalacuwiy,
andhasovemomemstabihty of the conmﬁonalearbapenem compoundtorenal_
dehydropeptldase, which was considered a defect of this compound. It has
'supeior characteristic feature in that it can be administered alone without using a
" On the other hand, thiscarbapenmnlobmpound shows poor absorption

ﬁ'omthedxgesuveimctandlsnowadmnnsteredasanmjecuonmchmwluse
| Anoralagentlseaslyandconvemmﬂyadxmmsteredandlsdnuca]lye:dremely
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useful as compared to mjectlons Therefore, thereis 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 absorptlon from the digestive tract.



" Disclosure of the Invention

- It1sﬂ:creforeanob_]ectofthepresentmvenuontoprowdeacarbapenem _

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 studles inan attempt to

achieve the above—mentoned objects and fo_und that a novel carbapenem
“compound of the following formula (I) shows superior absorptlon from the
digestive tract, that the compound has sufficiently strang antibacterial property
~ and is extremely useful as an oral antibacterial agent. He has also found a |
novel intermediate compound usable for the production of this compound, which
resulted in the completlon of the present invention.

" Accordingly, the present invention provides the following (1) to (10).
(I)Acarbépenern compound of the formula. () |
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wherein R! is amodJﬁerhydrolyzablemthe living body, R*and R? are the same or
different and each is a lower alkyl, and R is a group of the formula (B)
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wherein R* and R® are the same ord1ﬁ'erentandeach1sahydrogen atom or a
lower alkyl and R® is an alkyl having 1 to 10 carbon atoms.
{2) The carbapenem compound of (1) above, whenem R? and R3 are the same or
different and each isa lower alkyl. .
(3) The carbapenem compound of (1) above, whenem R1 is pNa]oylmiymethyl.
(4) The carbapenem compound of (1) above, wherein R' is 1-cyclohexyloxy-
carbonyloxyethyl. | :
(5) The carbapenem compound of (1) above, whmeln R'is l-ethoxycarbonyl-
oxyethyl. -
(6) The carbapenem oompound of(l) above, Wh1ch is armmber selected ﬁ'om the
group consisting of: ' S
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-N, N—dimeﬂly]aminowrbonyl- 1H5-
methyl-2-oxo-1 ,3-d10xolen—4—yl)mcﬂ1ylo:g;carbony1]pyn'ohdm-3-ylﬂno} -6-[( 1R) -1-
hydroxyethyl]- 1—meﬂ1ylwrbapen-2-em—3-carboxy]ate '
1-cyclohexyloxycarbanylozyethyl (1R,5S, 6S)-2-{(3S,5S)-[5-N,N-
dlmethylannnowrbonyl- -(5-methyl-2-oxo-1,3-dioxolen-4-
yl)meﬂlyloxycarbonyllpynohdmﬁ-ylﬂno}-fr[(lR)- -hydroxyethyl-1-
meﬂaylmrbapen—2—em—3—mrboxylate '
1-ethaxycarbonyloxyethyl (1R,58,65)-2-{(3S,5S)-[5-N, N—dnnethylammocarbonyl—
- 1-{5-methyl-2-oxo-1 ,3-d10xolen-.4—yl)methyloxywrbony1]p3nmhdm-3—yltl'no} -6-
[(1R)-1-hydroxyethy]]- 1-methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,5S,6S}-2-[(3S, SS] (5-N, N-dimethylarhinocarbonyl— 1-
aoetyloxymeﬂlyloxycarbonyl]pﬁmhdmﬁ-ylﬂno]-&[(lR)- 1—hydmxyethyl]- 1-
methylcarbapen—2—em—3-carbo:grlate
'pNaloyloxymethyl (1R,5S,6S)-2-[(3S, SS)-(S—N N-dJmeﬂuylanunocm‘bonyl— 1-
pmmmyloxymeﬂlybxywxbonyl)pyxmhdln-3-ylﬂlm16-[(1R)- 1-hydroxyethy}-1-
methylcarba -2-em—3-carboxylate o
pivaloyloxymethyl (1R,58,6S)-2-{(3S, S8} (5-N N-dJmethylammocarbonyl- 1-
: 1sobut5nylo:grmcthyloxymrbony1)pyrrohdm—3-y1ﬂno]-6—[(1R)- 1-hydroxyethyl]-1-
 methylcarbapen-2-em-3-carboxylate, |
. pivaloyloxymethyl (lR 5S 68)-2—[(38 58)-(5-N, N—dJmethylarmnocarbonyl- 1-
' pwaloyloxymeﬂlyloxycarbonyl)pyIrohdm-3-y1t1no]—6-[(1R) 1-hydmxyeﬂ1yl]— 1-
methylcarbapen-2-em-3-carboxylate, | - .



 pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-

isovaleryloymethyloxycarbonypyrrolidin-3-yithiol-6-{(1R)- 1-hydrozyethy]-1-

- methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,5S,65)-2-[(38,55)-{5-N, N—dJmeﬂlylammocarbonyl- -tert-
butylacetylaxymethyloxycarbonyl)pyrrolidin-3-ylthiol-6-[(1R}- 1-hydroxyethyi}- 1- |
methylcarbapen—Q—em—S-carboxylahe
1-cyclohexyloxycarbonyloxyethyl (1R,58,6S)-2- (3S, SS)-(S-N N-
dimethylaminocarbonyl- 1-isobutyryloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-
[(1R\-1-hydrosyethyl]--methylcarbapen-2-em-3-carboxylate, and -
1-ethoxycarbonyloxyethyl (1R,55,65)-2-[(3S,55)-(5-N,N-dimethylaminocarbonyl-
1-pivaloyloxymethylorycarbonylpyrrolidin-3-ylthio}-6-{(1R}-1-hydroxyethy]-1- - -
methylcarbapen-2-em-3-carboxylate.
(7) An antibacterial agent comprising the wrbapenem compound of (1) above of
the formula (I} as an active ingredient.

' (8) The antibacterial agent of (7), which is for oral administration,
(9) A carbapenem compound of the formula (Il)
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wheremR2 andRaarethe&meordlﬂ‘ermtandeaclnsalowera]kyl Risa

' hydrogmatomoraprotecnnggroupofwlbmzylgmup and R is agroupofthe'
formula(B)
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wheremR4 and RS are the same or different and each is a hydrogen atomoora.
1owera1kyiandkﬁisana11q1havm.g'1to10carbonatoms, |
or a salt thereof. | | |
(10) The carbapenem com und of (9) above, which is a member selected from the
group consisting of: -
p-nitrobenzyl (IR,5S, 68)-2—{ (3S,5S}5-N, N—dnneﬂxylannnocarbonyl— 1-(5-methyl-
2-0%0-1,3-dioxolen-4-yljmethyloxycarbonylpyrrolidin-3-yithio} -6-{( 1R 1-
hydrozyethyl}- 1-methylcarbapen-2-em-3-carbaxylate, | |
(1R,5S,65)-2{ (35,55} [5-N,N-dimethylaminocarbonyl-1-(5-methy}-2-ox0-1,3-
| dmlen—4~yl)methyloxywrbonyl]pyrmhdm—3-ylﬂ'no} -6—[(1R)—1 hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylic acid, . '
p-nitrobenzyl (1R,5S,65)-2-(3S,55-5-N, N—dJmethylannnocnrbonyl— 1-
propmnyloxymethyloxymrbonyl)pyrmhdm—S—ylﬂuo]—G—[(1R)- ~hydroxyethyl}-1-
methylwrbapen—Q—em—3—carboxy]ate
p-nitrobenzyl (1R,58,65)-2-(38,55-5-N, N—dlmethy]axmnowrbonyl— 1-
isobutyryloxymethylaxycarbonylipyrrolidin-3-ylthio]-6-{(1R)-1- “hydroxyethyl]-1-
methylwrbapen-2—em—3-carboxylahe o _
(1R,55,6S}-2-[(3S,55)-5-N, N—dlmethy]ammocarbonyl—l—
pmp10nylm;ymeﬂ1yloxymrbonyl)pyn'ohdm-3-ylﬂuo]-6-[( 1R)-1-hydl‘°XYEthyl]- 1-
methylcarbapen-2-em-3-carboxylic acid, and _
(IR,5S,65)-2-[(3S, 555N, N-dimethylaminocarbonyl-1- - |
1sobuty1yloxymeﬂ1ylmwwrbonyl]pynohdm—3-ylﬂno]—6—[(1R] 1-hydmxye'rhyl]— -
methylcarbapen-2-em-3-carboxylic acid, | |
| orasaltthemof parucularlyasodlum salt thereof.
Detailed Description of the Invention
The definitions used i 1n the present specnﬁcauon are explamed in the
following, .
The “modifier hydrolyzable in the living body” at R!i is preferably
hydrolwab]e in mtesune or blood. Examples thereof include optionally
' substituted aryl {e.g., phenyl, tolyl, xylyl, indanyl and the like), 1-alkanoylaxyalkyl,
1-alkoxycarbonyloxyalkyl, phthalldy], 5—methyl—2-oxo—1,3-d10xolen—4—ylmethy1 '
and the like, with preference glven to 1~ allmnoyloxya]kyl 1-
akm&ycarbonylo:qa]kyl and 5—me’rhyl—2—oxo—1 3_—d10xolen—4-yﬁneﬂiyl.- |
5.



 The “optionally substituted aryP is preferably an unsubstituted aryl or aryl
optionally substituted by 1 to 3 substituent(s), wherein the substituents 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. ' |
, Thenumberofcarbonatomsofthea]lmnoylmowtyof“l— .
' alkenoyloxyalkyP is preferably 2 to 10, more preferably 2 to 7, which may be linear,
. branched or cyclic. The number of carbon atom(s) of the a]kyl mmety is
preferably 1 to 3, more preferably 1 or 2. _

Examples of 1-alkanoyloxyalkyl mclude acetoxymethyl,
propionyloxymethyl, n-butyryloxymethyl, isobutyryloxymethyl, plvaloylmrymethyl,
" h-valeryloxymethyl, 2- mﬂmylbutyrylmwmethyl, isovaleryloxymethyl, n-

hexanoyloxymethyl, 3-methylvaleryloxymethyl, neohexanoylo:grmethyl 2-
‘methylhexanayloxymethyl, 2 2-dimethylvaleryloxymethyl, -
‘neoheptanoyloxymethyl, cydohexanecarbonylm&ymcttwl, o
cyclohexylacetoxymethyl, 1-acetoxyethyl, 1-propionyloxyethyl, 1-n- |
butyryloxyethyl, 1-isobutyryloxyethyl, 1-n-valeryloxyethyl, 1-pivaloyloxyethyl, 1-
isovalexyloxyethyl, 1-n-hexanoyloxyethyl, 1—cyclohexanecarbpnyloXyetl‘1yl and the

The number of carbon atom(s) of the alkoxy moiety of “1-
alkoxycarbonylo:qa]kyl” is preferably 1 to 10, more prefembly 1 to 7, which may |
be linear, branched or cyclic. The number of carbon atom(s) of the alkyl moiety is
preferably 1 to 3, more preferably 1 or 2. - |

Examples of *1-alkoxycarbonyloxyalky? include 1- methoxycarbonyl—
oxyethyl, 1-ethogycarbonyloxyethyl, 1-n-pmpmwmrbmylmcyeﬂlyl, 1-
isopropoxycarbonyloxyethyl, 1-n-butoxycarb0ny10xyeﬂlyl, 1-sec-
butoxmrbonyloxyethyl, l-t-butoxycarbonyloxyethyl, 1-pentyloxymrbonyl-

. oxyethyl, l-cyclohmgrlmgrmrbmyloxyeﬂlyl and the like. '

The “lower alkyl” at R?, R®, R“andRslsahnearorbrancheda]lqlhavmg 1
" t0 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 thelike. Of these, methyl, ethyl, propyl and buty! are preferabie.

§ The “alkyl” at R® is a linear, branched or cyclic alkyl having 1 to 10 carbon.
atorns, which is exemplified by methyl, ethyl, propy}, isopropyl, butyl, isobutyl,
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*sec-butyl, t-butyl, pentyl, isopentyl, neopentyl, t-pentyl, cyclopentyl, hexyl,
isohexyl, neohexyl, sec-hexyl, t-hexyl, cyclohexyl, heptyl, ischeptyl, neoheptyl,
sec-heptyl, t-heptyl, octyl, isooctyl, neooctyl, sec-octyl, t-octyl and the like.

The “protecting group of carboxyl group” at K’ is exemphﬁed by t-butyl,
neopentyl, benzyl, p-nitrobenzyl, p-methoxybenzyl d1phenylmethy1, p-nitrophenyl,
methomnethyl ethoxymethyl, benzyloxymethyl, methylthiomethyl, trityl, 2,2,2-
~ trichloroethyl, mmem}dsﬂyL mpherlyhneﬂloxybenzenesulfonylmethyl
- dnncthy]ammoethyl and the like. Of these, p-mtrobenzyl p-metl'loxybenzyl and -
diphenylmethyl are preferable.

' When the carbapenem compound (T has a carboxyl group (when R'isa
hydrogen atom), a salt can be formed at the carboxyl group. The salt at the
carboxyl group is, for example, alkali metal salt (€., sodium salt, potassium salt
and the like), alkaline earth metal salt (e.g., calcium salt, magnesium salt and the
likke), salt of organic base (e.g., triethylamine salt, d1cyclohexylamme salt, pyridine
salt and the like), and the like.

Examples of preferable carbapenem compound (I) of the present invention
include the fo]lomng. '
Pivaloyloxymethyl (1R 58 6S)-2-{ 3s, SS)-[S-N N—dlmethy]annnowrbonyl- 1-(5-
methyl-2-oxo-1 3-d10xolen-4—y1]methyloxycarbonyl]pynohdm—&ylttuo} -6-[( 1R)-1-
hydroxyethyll-1-methyicarbapen-2-em-3-carbaxylate,
1-cycloheXY10:grcarbonylmcyethyl (IR,58,65)-2-{ 3S,55)-{5-N,N-
dimethylaminocarbonyl-1-{5-methyl-2-oxo-1,3-dioxolen-4- =
yl)meﬂlyloxywrbonyl]pymhdm—&ylﬂno}-&[(lR)- -hydroxyethyl]—l—
methylcarbapen—2—em—3-carboxylate _
~ 1-ethoxycarbonyloxyethyl (1R,5S,6S)-2-{ (SS 5S)-[5-N, N—dJmethylammocarbonyl—

- 14{5-methyl-2-ox0-1 ,3-d10xolen—4—y1)methy10xywrbonyl]pynohdm—3—ylﬂno} -6~
 [(1R-1-hydroxyethyl]}-1-methylcarbapen-2-em-3-carboxylate, |

_plvaloylomne’rhyl (1R,58,68)-2-{ (3S SS)-[S-N N—d1ethylannnocarbonyl— 1-(5-
methyl-2-axo-1 3-d10xolen—4~yl)meﬂ'1yloxycarbonyl]pyrrohdm-3—y1ﬂ'uo} -6-[(1R) -1-
hydroxyethyl}- 1—methy1carbapen-2—em—3-carboxylate

. pivaloyloxymethyl (1R,58,68)-2-{(3S,55)-(5-N-ethy-N-methylaminocar bonyk-1-(5-

methyl-2-oxo-1 ,3—d10xolen—4—y1)metl'lylwcycarbony])pyrrohdm-S-ylﬂno]-ﬁ-[( 1R)-1-
hydroxyethyl]- 1-metl'1ylcarbapen-_2—em-3—carboxyla.te, -
7 '



" pivaloyloxymethyl (1R,5S,6S)-2-[(3S,5S)-(5-N, N—dimetl'lylamjnocarbonyl- 1-
aoetyloxymeﬂlyloxycarbonyl)pymhdm-3-ylﬂn0]-6l(lR)- -hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate, :
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-(5-N, N—dlmeﬂlylammocarbonyl— 1-

propionylogymethyloxycarbonyljpyrrolidin-3-ylthio]-6-[{1R)- 1 hydmyeﬁlyll- 1-
meﬂ1y1carbapen-2-em—3-carboxy]ate '
pmaloyloxymeﬂlyl (IR,SS, 6S)-2-[(3S,59)-(5-N, N-dmethylannnocarbonyl— 1-

: 1sobuty1y10xymeﬂ1yloxycarbonyl)py1ro]1dm—3-ylttno]-6-[(1R) 1-hydroxyethyl]- 1-

mcthylwrbapen—Z-em—B—carbo:»gflate

pivaloyloxymethyl (1R,5S,6S)-2-{(3S, SS)-(S-N N-dimethylaminocarbonyl- 1-

plvaloyloxymeﬂiyloxycarbonyl)pyrmhdm%-ylthml-ﬁ-[(lR) l-hydroxyethyll-l-

meﬂ1ylcarbapen—2—em—3-carboxylate

pivaloyloxymethyl (lR,SS 6S)-2-[(3S,55)5-N, N-dlme’rhylammocarbonyl- 1-

1sovalery10xymeﬂ1yloxycarbonyl]pyn‘ohdm—3-ylth10]-6—[(1R)— 1-hydroxyethyi]-1-

methylcarbapen-2-em-3-carboxylate, |

pivaloyloxymethyl (1R,58,6S}-2-[(3S,58)-{5-N,N-dimethylaminocarbonyl-1-tert-

butylacetyloxymethyloxycarbonyljpyrrolidin-3-ylthio]-6-[(1R)- 1-hydraxyethyl}-1-

methylwrbapen—Z—en'l-S-carboxylate ' '
l-cyclohexyloxycarbonyimcyeﬂlyl (1R,58,6S)-2-(3S,5S)-(5-N,N-
dimethylaminocarbonyl- 1-1sobuty1yloxymethyloxycarbonyl)pyn'ohdm-3-ylttno]-6-

B 1R)-1 -hydroxyethyl]-1 -meﬂ1y1ca1bapen—2-em—3—wrboxylate :
1-ethoxycarbonyloxyethiyl (1R,5S,68)-2-{(3S,5S)-{5-N, N—d:methy]aminowrbonyl— '
1 plvaloyloxymeﬂiylmycarbonyl)pwmhdm%ylﬂml-ﬁ-l(lR)- 1-hydroxyethyl}-1-

methylcarbapen-2-em-3-carboxylate,

pivaloyloxymethyl (1R,5S,6S)-2-[(3S, SS)-(S-N-ethyl—N-methylathmocarbonyl- 1- |

proplonyloxyrneﬂlyloxywrbonyl)pymhdm-3-ylthlo]-6-[(lR)- -hydrwtyeﬂlyll-l-

_ methylcarbapm—Z-em—S—carboxylate _ .

: -pivaloyloxymethyl (1R,5S,6S)-2-((3S, 5S)-(5—N N—dlethylanunomrbonyl- 1-
proplonylo:grmethyloxycarbonyl)pynohdJn-S-ylﬂ'uo]-G-[( 1R-1 hydroxyethyl]— -
methylcarbapen-2-em-3-carboxylate, and the fike. | .

' Examples of preferable carbapenem compound (Il of the present

'lnvenuon include the following.

' p-N1tmbenzy1 (1R,SS 6S)-2-{ (SS S5S)- [5-N N—dxmethylarmnowrbonyl— 1- (S-methyl-
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2-ox0-1,3-dioxolen-4-yljmethyloxycarbonyl]pyrrolidin-3-yithio} -6-{(1R)-1-
hydrosyethyll-1-methylcarbepen-2-em-3-carboxylate,
‘sodium (1R,58,65)-2-{(3S,55}-{5-N,N-dimethylaminocarbonyl-1 1-(5-methy}-2-ox0-
| 1,3-diozolen-4-ylmethyloxycarbonyljpyrrolidin-3-yithio} -@[(112)- -hydmxyethyl]—
-meﬂ1ylcarbapen—2—em—3—carbo:grlate
p-nitrobenzyl (1R,5S,6S)-2-{(3S,55)-{5-N,N-dimethylaminocarbonyl-1-
propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R)- 1-hydroxyethy]- 1-
methylcarbapen-2-em-3-carboxylate, @~ |
p-nitrobenzyl (1R,5S,65)-2-{(3S,5S)-(5-N,N-dimethylaminocarbonyl- 1- |
1sobutyty1m:ymeﬂ1yloxycarbonyl)pyrrohdm—3-y1ﬂno]-6-[(lR) 1-hydroxyethyl]-1-
'metl'xylwrbapen-Q-em-S-carboxylate -
sodium (1R,5S,6S)-2-{(3S,5S}-(5-N,N-dimethylaminocarbonyl-1-
pmpmonyloxymcthyloxycarbonyl)pymhdm%-ylﬂm]-ﬁ-l(1R)- -hydromthyll-l-
methylcarbapen-2-em-3-carboxylate, _ ,
~ sodium (1R,5S,65)-2-(3S,55)-(5-N, N-dnnethylarmnowrbonyl—l-
-isobutyryloxymethyloxycarbonyl)pyrrolidin-3-yithio]-6-{(1R)- 1- hydroxyethyl]-l-
methylcarbapen-2-em-3-carboxylate, and the like. .

The carbapenem compound (0 and carbapencm oonipound (1), which is
an intermediate compound thereof, can be produced by any of the following
methods 1 to 5.

Production Method | 1

@

wherein R}, R?, R3andRar¢_asdeﬁned above, and X is a halogen atom such as .
_ . o .



chiorine, bromine, iodine and the like, a leaving group such as aﬂﬁnesulfonyloxy
(e.g., methanesulfonyloxy, ethanesulfonyloxy, propanesulfonyloxy,
butanesulfonyloxy and the like), arylsulfonyloxy (e. g phenylsulfonyloxy,
tolylsulfonyloxy and the like), and the like.
The compound () is obtained by dlssolvmg oompound (IIa) in a solvent
that does not interfere w1t_h the reaction (e.g,, dioxane, acetonitrile, tetrahydroﬁnan,
- chloroform, methylene chloride, ethylene chloride, behzené,'ethyl acetate, N,N-
dlmethylformannde N,N-dimethylacetamide, dimethyl sulfoxide, and a mlxture
thereof) and reaction with compound () in an equnnolar 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, triethylamine, dnsopropylemylamme, pyndlne 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
‘exemplifid by —30°C to 40°C, preferably —10°C to 10°C. 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 compound (Ia) may be converted to a reactive derivative thereoﬂ such
as alkali metal salt (e.g., sodium salt, potassium salt and the like), alkaline earth

' metal salt {e.g., calcium salt and the like), triethylamine salt, dicyclohexylamine
' salt, pyridine salt and the like, and then reacted with compound ().
Production Method 2 | | o

con T,

Y-COO-R (V)
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CO.R - _
wherein R}, R?, R® and R are as defined above andY is aleavmggroup suchas -
chlorine, imidazol- 1-yl, p-nitrophenyloxy, 2—phen_y1aceton111i1—2—yl—mnnooxy and

The compound (I} can be obtained bydlssolvmg oompound (Vlina
solvent that does not interfere with the reaction (e.g., dloxane, acetonitrile,
telrahydrofman chioroform, methylene chlonde, ethylene chloride, benzene, ethyl
acetate, N,N-dimethylformamide, N. N—dlmethylacetaxmde, dimethyl sxﬂfomde and
- amixture thereof) and reaction with compound (V) in an equumolar 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

() with the carboxylic acid disclosed in JP-A-60-233076 and the |

The reaction can be also carried out in the presence of a base. The base to
‘beused is free of particular limitation and is preferably exemplified by inorganic base
| (e.g., sodium hydrogencarbonate potassmm carbonate and the like), orgamc base
(e.g., triethylamine, dnsopropylethylarmne pyridine and the like), and the like.

While the reaction temperature is not pamcularly limited, the reaction
proceeds at a comparatively low temperamre to suppress side reactions, which is
 exemplified by —30°C to 40°C, preferably —10°C to 10°C. The reaction time
varies mainly due to the reaction temperature, kind of the reaction reagent and the
like and 1sgenerallyﬁ'om30 minutes to dozen and odd hours.

Pmduction Method 3 -

o R2
- cond
HS-Cl/ R® (vI)
" \-N-COO-R
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 wherein 2, R, K andRareasdeﬁned above andRslsalkanesulfonyl(eg.,
methanesulfonyl, ethanesu]fonyl, panesulfonyl, butanesulfonyl and the hke),
arylsulfonyl (e.g., phenylsulfonyl, tolylsulfonyl and the like), dlalkylphosphoryl g,
dimethylphosphoryl, diethylphosphoryl, diisopropylphosphoryl,
_ dfbutylphOSPhoryl and the like), dlarylphosphoryl (&g 3 dlphenylphosphoryl,
: dltolylphosphotyl and the like). |
| The compound (I) can be obtained by dissolving compound (V]) disclosed
in Japanese Patent Unexamined Publication No. 8-12676 and the like in a solvent
that does not interfere with the reaction (e.g., dlwcane, aoetomtrile, tetralwdrohran,
chloroform, methylene chioride, ethylene chloride, benzene, ethyl acetate, N, N-
dmleﬂlylformannde, N ,N—d1methylacetanudc, dimethyl sulfoxide, and a mixture
thereof) and reaction with mercapto compound (VII) in an equimolar to 5-fold
" molar amount, preferably about equlmolar to 3-fold molar amount in the
presence of a base.

Thebasetobeused 1sﬁ'eeofpa111cu]arhm1tahonand1sexemphﬁedby
inorganic base (e.g., sodium hydmgenwrbonate potassium carbonate and the
like), orgamc base (e g, methylamme, dnsopropylethylannne, pyridine and the

"fike), and the like,
Whﬂethemcﬁontemperahxrexsnotpa:ﬁcu]aﬂyhnuted theraacuon
proceedsat a oompamuvely low tempemtum to suppress side reactions, Whlch is.
~ exemplified by —30°C to0 40°C, prefexably 10°C to 10°C. Thereactiontime
varies rnamlydueto thereac110ntemperature ]andofthemacuonrwgentandﬂle
like and is generally from 30 rmnutes to dozen and odd hours .
- The compound (VI), which is a smrhngmatenal for the synthesxs for
| compound (IT), is prepared mmefonowxngmanner o
Production Method of Compound (VII)
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o CON<ll:: S CON<11:3
| R.!OS_CN(RQ' ~ removal of R9 RS —CNQ b()
> S,
— RI%S -—C( cor < 3 o)
¥-COOR V) “\-N-—COO-R |

- CON R : '
removal of R1? - - \~N-COO-R | o

wherein R?, R, RandY are asdeﬁned above, R9 isan ammo—protecunggroupand
_ RPisa tlnol-protecbng group.

The compound (VI) can be synthesxzedbyremovng9 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 (X) and cotitpound (V) in the same manner as in Production
Method 2 to give compound (I}, and removing R which is a thiol-protecting
group by a method known in the field. Asthe protectlng group of thiol and amino,
| ﬂlosegenexallyusedmthctechmquemthlsﬁeldcanbeused
Production Method 4

- CON ‘

1 Y- COOR (V)
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wherein R?, R%, R’, RandYameachasdeﬁnedabove
. The compound (If) can be obtained by reacting compound (v dlsclosed
- in JP-A-60-233076 and the hke and compound (V) in the same manner as in
Production Method 2. .
 The carbapenem compound (II) thus obtamed can be converted to a
carboxylic acid denvauve wherein R7 is hydmgcn atom, by removing the
i carboxyl—probechng group as necessmy by a conventional method While the
method for rerioving a protecting group varies depending on the kind thereof, a
method generally used in the technique in this field can be used.
Production Method 5 |

Iy
HiC xi)
3 SN Yan OR®
o | - - .
" COgR! ' S
o CON |
HS N—-coo-R
oH
. con<
HsC
N N—coo—R
o

COgRl

wherein RLRL RS R® and Rareasdeﬁnedabove
The compound (I) wnbeobtamedbyd:ssolvmg compound (XII) ina-
solvent that does not interfere with the reaction g, dloxane, acetonitrile,

tetrahydrofuran, chloroform, methylene chloride, ethylene chlonde, benzene, ethyl -~

" acetate, N, N-dlmethylfonnamlde, N N—dlmethylacetarmde, dimethyl sulfomde, and
a mixture thexeot) and reaction with mercapto compound (VD) i inan equ:molar to
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5-fold molar amount, preferably about equirholar to 3-fold malar amount, in the
‘presence of a base.

The base to be used 1sﬁ"eeofpamcularhrmtanonand1sexemphﬁedby
morgamc base (e.g., sod1um hydrogencarbonate, potassium carbonate and the
like), organic base (e.g., triethylamine, dnsopropylethylamme pyndme and the
like), and the like.

While the reactlon tempelature isnot parucularly hn'nted the raa.ctmn
~ proceeds at a comparatively lo_w temperature to suppress side reactions, wh1ch is
exemplified by —30°C to 40°C, preferably —10°C to 10°C. - 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 (I) and carbapenem compound (II) canbe
purified as necessary aocordmg to a conventional method, suchas
recrystallization, preparative thm-layer chromatography, column chromatography
~ and the like. - Wherenecesséry,itwnbepuﬁﬁedaSasalttlmreof.
The preferé.ble conﬁguraﬁdn of the compound (I) and oompound (II) which
 are the objects of the present invention are the followmg compound (fa) and
compound (Ib).

B con (™
HyC ,C(

/X N— COO-R (t2)
O o

: C02R1

 wherein R, %, R® and R are s defined above. B
OH . cHy 2
=Y e (mb)
- N— COO-R
_ COgR? - -
| wheremR2 R3R7andRareasdeﬁnedabove |
The carbapenem compound (I} after oral adminish*ahon can be rapidly

| absorbed into blood and converts to a metabohte ie., carbapenem compound |
wherein, in the formula (IV), R! is hydrogen atom, that shows high concenu'atlon
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inblood.
| Hence, an agent for the prophylax1s and t'eai:rnent of infectious diseases,
which comprises carbapenem compound (J) shows superior action menttoned
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 pharmaceutial excipient according to a method
known in the field. Examples of the excipient include starch, lactose, sugar,
calcium 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 (eg., stanch
gum arabic, carboxymethyloellulose, hydroxypropylcellulose, crystalline cellulose
and the like), a lubricant (e.g., magnesmm stearate, talc and the like), a
disintegrator (e.g., calcium carboxymethylcellulose talc and the like), and the like.
After admixing each ingredient, the mixture is formulated into a suitable dosage
form suitable for oral administration, such as capstile, tablet, fine particle, granule,
d1ysyrupandthelil«:ebyamethodlmowniriﬂ1eﬁeld wherebjranagentfororal
~ administration for the prophylaxis and treatment of infectious d1seases can be
- produced. '
. The daily dose of carbapenem oompound @, which is sub_]ect to changc
according to the adnnmstrahontarget, symptom and the like, is about 1-40 mg/kg
body weight/dose for oral administration to an adult patient with a purulent
disease, Wherelntheadrrnmsuauonﬁ'equmcymlto4hmesaday |
The carbapenem compound (I) can be used in oonJuncuon with other
substance having an antibacterial activity, such as an antibacterial agent
(penicillins, aminoglycosides; cephalosporins and the like) or a therapeutic agent
for systemic symptom caused by bacterial mfecuon eg., anhpyreuc analgesxc,
‘antiphlogistic and the llke) ' :
The present invéntion is explained with respect to the physical property

and production method in the following by way of Examples which do not imit the

present invention ir_iaziy way. - | o |

Example 1

p—mtrobenzyl (1IR,5S 6S)-2-{ (3S,58)- [S-N N—dJmethylanunomrbonyl- 1 (S-methyl-
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2-0x0-1,3-diozolen-4-yljmethyloxycarbonyl]pyrrolidin-3-ylthio} -6-[( 1R)-1-
hydraxyethyl}-1-methylcarbapen-2-em-3-carbozylate
' (25/49)-2-N,N-Dimethylaminocarbonyl-4-mercapto- 1-{5-methyl}-2-axo-
1,3-dioxolen-4-yljmethyloxycarbonylpyrrolidine (719 mg) was dissolved in
acetonitrile (11 mi) and p-nitrobenzyl (1R,5S,6S)-2-diphenytphosphory}-6-|( 1R)-1-
hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate (1.15 g) and |
. diisopropylethylamine (0.38 m) were added at 0°C under a nitrogen atmosphere.
After mixing for one hour at the same temperature, ethyl acetate (200 mi) was
added. The mxxturewaswashedvvlth saturated brine (100 mi) and dried over

o anhydmus sodium sulfate. Ethyl acetate was evaporated under reduced

. pressure and the residue was purified by silica gel coumn chromatography to glve

the title compound (911 mg. .

1 NMR(CDCl,, 8 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(13H,m), 4.6-5.6(5H,m), 7.64, 8.20(4H,A,’' B,).

Example 2 |

sodium (1R,5S, 6S)-2-{ (3S, SS)-[S-N N—dnneﬂ'ly]ammocarbmyl- ~(5-methyl-2-oxo-

1 3-dxoxolenA—yl)memyloxywrbonyI]pylmhdm-S-ylﬂzm}-6-[(1R) l-hydmxyeﬂ'xyl]-

-methylcarbapen—Q-em—S-carboxylate
p-Nitrobenzyl (1R,55,65}-2-(3S,55)-[5-N, N-dJmethylarmnocarbonyl-l (5-

methyl-2-oxo-1 ,3—d10quen—4~yl)meﬂ_1yloxycarbonyl]pyn'ohdm—3-ylﬂno} -6-[(1R)-1-

hydroxyethyl}-1-methylcarbapen-2-em-3-carbozylate {330 mg) was dissolved ina
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.ptéssure to
about 5ml The resultant solution was subjected to chromatography using

~ DIAION HP-21 (manufactured by Mitsubishi Chemical), concentrated under

reduced pressure and lyophilized to give the tﬂe compound [130 mg)

IR(Nujol, cm™) : 3393,1819,1767,1707,1643 |

 'H-NMR(DMSO-de, & ppm) : 1.16(3H,d), 1. 4-1. 9(1H,m), 2. 13(3H,s), 2.82(3H,3),

3.01(3H,brs), 4.5-5.0(3H,m).

 Example 3 |

pivaloyloxymethyl (lR,SS,'GS)-Z-{(38,55)—[5—N,N—dime‘rhylamino¢arbonyl—1-(5- |
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methy}-2-axo-1,3-dioxolen-4-yljmethyloxycarbanyljpyrrolidin-3-yithio} -6-{(1R}-1-
hydraxyethyl]-1-methylcarbapen-2-em-3-carboxylate ,
Sodium (1R,5S,65)-2-{(3S,5S)-[5-N, N—d:meﬂly]a.tmnocarbonyl-l (5- B
1-2-0%0- 1,3-d1oxolen-4~yl)methyloxycarbonyl]pynohd1n—3—yit1'no} -6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate (960 mg) was dissolved in
N,N-dimethylformamide (6 ml) and the mixture was cooled to 5°C.
Pivaloyloxymethyl iodide (700 mg) was added and the mixture was stirred at the
same temperature for 1 hr and at 35°C for 12 hr. Ethyl acetate (150 ml) was
“added, and the mlxturewaswashedmﬂ'n 5% brine (100 ml) and dried over
_anhydrous sodlum sulfate. Ethyl acetate was evapomted under reduced
pressure and the residue was punﬂed by silica gel column chmmatography to give
. the title compound (350 mg).
 IR(Nujol, cm™) : 3404,1821,1780,1715,1651. |
H-NMR(CDCl,, 5 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), 2.84.4(13H,m), 4.80(1H,m), 4.72, 4. 99(2H,ABq,J 13. 2Hz),
5.87,5 92(2H,ABq,J—5 5Hz).
Eeample 4 ) | | - |
pivaloyloxymethyl (1R,55,65)-2-{ (38,55H5-N,N~dimethylarninocarbonyl- 1-(5-
1-2-a%0- 1,3-dioxolen-4-yl)methylaxycarbonyl]pyrrotidin-3-ylthio} -6-[(1R}- 1-
hydroxyethyl}- 1-methylcarbapen-2-em-3-carboxylate :
(1) Sodium (1R,5S,6S}-2-{(3S,5S)-5-N,N-dimethylaminocarbonylpyrrolidin-4-
ylthio]-6-{(1R})-1-hydroxyethyl]-1- 'rhethylcarbapen—Z-em-S-wrboXylate (530 mg)
- was suspended in N,N-dimethylformamide (2.3 ml) and the suspensmn was
cooled to 5°C. Pivaloyloxymethyl iodide (819 mg) was added and the mixture was
' stirred at the &ametemperaiunefor 1 hr. Eﬂmylacetate(lSOnﬂ)wasadded and
the mixture was washed with 5% brine (100 ml) and dried overanhydrous sodium
sulfate. Ethyl acetate was evaporated under reduced pressure and the residue
was purified by silica gel column chromatography to give pivaloyloxymethyl
(1R,5$,6S)-2-[(SS,SS)-5-N,N-di1neﬂ1ylaminomrbonjlpynolidin—4—jrlﬂdio]—6—[( 1R)-1-
 hydroxyethyl- 1-methylcarbapen-2-em-3-carboxylate (470 mg). -
'_‘H—NMR(CDC_ls, d ppm) : 1..22(9H,s), 1.241.4(6H,1n), 1.5-1.8,2.4-2.8(2H,m),
'2.98(3H,s), 3.02(3H,s), 3.0-4.4(8H,m), 5.81, 5;95(2H,ABq,J-¥5.5Hz).
(2) The compound (497 mg) obt_aj_néd in (1) was dissolved in methylene chloride 5
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ml) and cooled t0 5°C.  (5-Methyl-2-ox0-1,3-dioxolen-4-yljmethyloxycarbonyl
chloride (231 mg) and triethylamine (0.14 ml) were added and the mixture was
stirred at the same ternperature for 30 min. - Ethyl acetate (150 m]) was added
and the mixture was washed w1th 5% brine (100 ml) and dried over anhydrous
sod.tum sulfate. Ethyl acetate was evaporated under reduced pressure and the
residue was purified by silica gel column chromatography to give the title
compound {140 mg). | |

Example 5
- pivaloyloxymethyl (1R,58,6S)-2-{(3S, SS)-[S-N N-dimethylaminocarbonyl-15-
methyl—2-oxo—1 3-d10xolm—4~yl)mcﬂ1yloxycarbonyl]py1rohd1n—3—yltlno} -6-[(1R)-1-
 hydroxyethyl}-1-methylcarbapen-2-em-3-carbaxylate

The compound (500 mg) obtained in Example 4 (1) was dlssolved inN N—

dimethytformaride (2.5 mi). - (5-Methyl-2-oxo- -1,3-dioxolen-4-yljmethyl p- |
nitrophenyl carbonate (297 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).

Example 6 | -
1—cyclohexyloxyw1bonyloxyeﬂ1yl (IR5S, 68)-2-{ (BS,5S)-5-N,N-
dimethylaminocarbonyl-1-(5-methy}-2-ox0-1,3-dioxolen-4-
y)jmethyloxycarbonyllpyrrolidin-3-yithio} -6-[(1R)-1 -hydroxwﬂlyl]-l—
methylcarbapen—2—em—3—carboxylate
1-Cyclohexyloxycarbonyloxyethyl (IR,55,65)-2-{(3S,5SH5-N,N-
dimethylaminocarbonyl}pyrrolidin-3-yithio} -6-[(1R}-1-hydroxyethyl}- 1-

- methylcarbapen-2-em-3-carboxylate (2.0 g) Obiained in the same manner as in
Example 4 (1) was dissolved in methylene chloride (20 ml). Thereto were added
(5-methyl-2-ox0-1,3-dioxolen-4-yljmethyloxycarbonyl 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 was washed
with 5% brine (100 ml) and dried over anhydrous sodium sulfate. Ethyl acetate
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was evaporated undef reduced pressure and the residue was purified by silica gel
column chromatography to give the title compound (680 mg). '
IR(Nujol, cm’Y) : 3402,1821,1759,1713,1647.
11-NMR(CDCls, 8 ppm) : 1.0-2.1(20H,m), 2.16(3H,s), 2.96(3H,), 3.06, 3. 09(3H,s),
3.04.4{7H,m), 4.5-5.2(4H,m), 6.7-7.0(1H,q).
Example 7
1-ethoxycarbonylosyethyl (IR5S, 68)-2-{ (3S, 53) [5-N, N—d1methylam1nocarbonyl-
1-5-methyl-2-oxo-1,3-dioxolen-4-yljmethyloxycarbonyl}pyrrolidin-3-ylthio} -6-
[(IR)-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate
1-Ethoxycarbonyloxyethyl (1R,58,65)-2-{(3S,5S)-{5-N,N-
dimethylaminocarbonyljpyrrolidin-3-yithio} -6-{1R)-1 hydroxyethyll-l- |
methylcarbapen-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-ox0-1,3-dioxolen-4-yl)methyl p-nitrophenyl carbonate (606
ing) and triethylamine (0.29 ml), and the mixture was stirred at room temperature
for 2hr. Thereto was added ethyl acetate {150 ml), 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 theresiduewaspuﬁﬁedby
silica gel column chromatography to give the title compound (300 mg).

IR(Nujol, cmr™Y) : 3404,1820,1758,1714,1650. | . |
'H-NMR(CDCls, 3 ppm) : 1.22(3H,1), 1.27(3H,d), 1.32(3H,d), 1.51(3H,d), 1620,
2.5-2.8(2H,m), 2.16(3H,8), 2.8-4.4(15H,m), 4.5-5.2(3H,m), 6.7-7.0(_1H,q).' |

" Example 8

p—mtrobenzyl(lR,SS 68)-2-[(38 SS]-S-N,N-dnneﬂly]annnocazbonyl-l- |

proplonylwiymethyloxycarbonyl)pynvhdln-3-ylﬂno]-6-[(1R)-1 hydroxyeﬂiyll 1-

methylcarbapen-2-em-3-carboxylate -

- (28, 4S]-2-N N-Dmuethy]armnowrbonyl—4—mercapto— 1- _
pmpmnyloxymethyloxymrbonylpyrrohdme (662 mg) was dissolved i in acetommle
(11 ml), and p-nitrobenzyl (1R,5S,6S)-2-diphenylphosphoro-6-[(1R)-1-
hydroxyethyl}-1-methylcarbapen-2-em-3-carboxylate (115 g and |
diisopropylethylamine {0.38 ml) were added at 0°C under a nitrogen atmosphere.
After mixing for one hour at the same tempm'ature ethyl acetate (200 ml) was
‘added. The mixture was washed with saturated brine (100 ml) and dried over
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anhydmué sodium sulfate. Ethyl écétate was evaporat_ed_ under reduced |
| pressure and the residue was purified by silica gel column chromatography to give |
~ the title oompound (876 mg). | _
'H-NMR(CDCl, 8 ppm) : 1.14(3H,4), 1 27(3H,d), 1.33(3H,d), 1.7-2.1,2.5-2.93H,m),
' 2.40(2H,q), 2.8-4.4(13H,m), 4.6-5. 8(5H,m), 7.64, 8. 20(4H,A_2 By).
Esample 9 |
sodium (1R,5S,65)}-2(3S, SS)-S—N N-dnnemylammmarbonyl- 1-
propionyloxymethylaxycarbonyl)pyrrolidin-3-ylthio]-6-[( 1R)-1 hydroxyeﬂlyl]- 1-
methylcarbapen-2-em-3-carboxylate _

B p—Nltrobenzyl(1_R,SS,GS)-Z-[(SS,SS)-S-N,N-_dﬁnethylanﬁnowbonyL 1-

 propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R}- 1-hydroxyethyll- 1-
" methylcarbapen-2-em-3-carboxylate (330 mg) was dissolved in a mixture of
tetrahydrofuran (17 ml) and 0.1 M phosphate 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 pressure to
about 5ml. The resultant solution was subjected to chromatography us:ng |
DIAION HP-21 (manufactured by Mitsubishi Chemical), concentrated under
reduced pressure and freeze dried to give the title compound (128 mgj.
1-NMR{DMSO-de, 3 ppm) : 1.10(3H,1), 1.17(3H,d), 1.17(3H,d), 1.4-1.9, 2.5-
2.7(2H,m), 2.35(2H,q), 2.83(3H,s), 3.02(3H,brs}, 4.6-4.8(1H,t), 5.5-5.7(2H,m).
Example 10 | o o
p-nitrobenzyl (1R,5S,65)-2-{(3S, 55)-5-N,N-dimethylaminocarbonyl-1-
1sobutyxyloxymeﬂ1y10xycarbonyl]py1mhdm—3—ylﬂrno]-6-[(1R) 1-hydroxyethy1]-1— |

methylcarba; -2-em-3-carboxylate '
' In the same manner as in Example 8 using (2S, 4S)-2—N N-
dimethylaminocarbonyl-4-mercapto- 1-1sobut3uyloxymethyloxymrbonyl—
pyrrolidine, the title oompound was obtained. | _ | o
*H-NMR(CDClg, 8 ppm): 1. 17(6H,d), 1.27(3H,d), 1 333H,d), 1 72, 1,2.5-2 9(4H,m),
2.8-4.4(13H,m), 4.6-5.8(5H,m), 7.64, 8.20[4H,A,’ B,).
Example 11 | |
sodium (1R,55,65)-2-[3S, 555N, N—dunethylammocarbonyl— -
1sobuty1y10xymeﬂlyloxycarbonyl)py1ro]1dm-3-ylﬂrno]-6-[(lR)- -hydm;yemyll- -
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methylmrbapen—Z—em—S—carboxy]ate
In the same manner as in Example 9 using p—mtrobenzyl (IR,SS, 6S)-2-

[(3S,5S)-5-N, N-dJmethylammocarbonyl- 1—1sobutyryloxymeﬂ1y]oxycarbonyl)-_

- pyrrolidin-3-ylthio]-6-{{ 1R}- 1-hydroxyethyl]-1 -methylcarbapen—2—em |
carboxylate, the title compound was obtained. B
'H-NMR(DMSO-de,  ppm) : 1.0-1.4(12H), 1.4-1.9, 2.5-2.7(3H,m), 2.833H,9),
3.02(3H,brs), 4.6-4.8(1H,1), 5.5-5.7(2H,m).

Example 12

pivaloyloxymethyl (IR 5S,65)-2-[(35,55)-5-N, N—dnnethylammomrbonyl—l— |
pmplonyloxymethyloxywrbonyl)pyrmhdm-&ylﬂuo]-@[( 1R)-1 hydmeﬂlyll -1-
methylcarbapen-2-em-3-carboxylate
Sodium (1R,5S,65)-2-{(3S,5S)-5-N, N—dunethylammocarbonyl—l-

propmnyloxymeﬂuyloxywrbonyl)pyrmhdm-s-ylﬂno]-ﬁ—[(1R)-1 hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylate (913 mg) was mssolved inNN-
dimethylformamide (6 ml) and cooled to 5°C. ~ Pivaloyloxymethyl iodide (700 mg)
was added and the mixture was stirred at the same temperature for 1 hr and at
30°C for L 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 the title compound (336

IR(Nujol, cm™) : 3445,1755,1724,1651.

H-NMR(CDCls, 8 ppm) : 1.14(3H,4}, 1.22(9H,9), 1. 26(3H d), 1.32(3H,d), 1.7-2.1,
2.4-2.8(3H,m), 2.38(2H,q), 2.96(3H,d), 3.09(3H,d), 3.04. 4(7H,m), 4.73(1H,m),
5.6-5.8(2H,m), 5.88(2H,ABq). |
Example 13
pivaloyloxymethyl (1R,5S, 68)—2—[(38 595N, N- dlmethylammocarbonyl-l- |
propmnyloxymethylo:gmrbonyl)pyrmhdm—B—ylttno]-ﬁ-[( 1R)-1~ hydxm:yethyl] 1-
methylcarbapen-2-em-3-carboxylate _ , .

(1) Sodium (1R,58,65)-2-[(3S,55)-5-N, N—d1methy1ammocarbonylpyn'ohd1n-4-

ylthlo]-6-[( IR)- 1-hydroxyethyl] -1- methylcarbapen—Q-em—S—wrboxylaie (31.3 g was _
suspended in N,N-dimethylformamide ( 148 ml) and the suspension was cooled to

| 5°C. - Pivaloyloxymethyl iodide (37.2 g) was added and after stirring at the same
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temperature for 1 hr, potassium carbonate (3.19 g) and pivaloyloxymethyl jodide
- (11.2 g) were added. After mixing for one hour at the same temperature, ethyl
* acetate (1050 m}) was added. The mixture was washed with saturated aqueous
. sodium hydrogencarbonate solution (175 mi) 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 pivaloyloxymethyl
(1R,5S,6S)-2-{(3S,55)-5-N,N-dimethylaminocarbonylpyrrolidin-4-ylthio]-6-[ 1R}-1-
hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate (14.2 g).
'H-NMR(CDCl;, 8 ppm) : 1.22(9H,), 1.2-1.4(6H,m), 1.5-18, 2.4-2. 8(2H,m),
2.98(3H,9), 3.02(3H,s), 3.04.4(8H,m), 5.81, 5.95(2H,ABq).
(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 at5°C. 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 silica gel column
chromatography to give the title compound (1.1 g).
Example 14 -
piveloyloxymethyl (1R,55,65)-2-{(3S,55)-(5-N,N-dimethylaminocarbonyl- 1-
_acetyloxymemyluxycarbonyljpyrrohdm-3-yltlno]—6—[(1R)- -hydmxyeﬂ1yl]—1—
methylcarbapen-2-em-3-carboxylate
The compound (600 mg) obtained in Example 13 (1) was d1ssolved in
N N—dJmeﬁlylfonnannde (3. 5 ml). Acetyluxymethyl p-nitrophenyl carbonate (200
mg) andmethylamme(o 16ml)wereadded andthem:xturewassurredaj:room
temperature for 2 hr. Ethyl acetate (100 mi) was added, and the mixture was
~ washed with 10% citric acid (100 ml), 5% aqueous sodium hydrogencarbonate
solution (100 ml) and saturated 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 chromatogmphy to glve the title oompound (310
- IR(Nujol, cm'l) 3422,1760,1724, 1647

'H-NMR(CDCL, 3 ppm): 1.22(0H,s), 1.27(3H,d), 1.33(3H,d), 1.7-2.1,2.5-2.9(3H,m), |
2.113H,), 2.97(3H,d), 3. 08(3H, d,3. 14 4(7H,m), 4.73(1H,m), 5.6-5.8(2H,m),
5.80(2H,ABq). |
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Example 15 o .
pivaloyloxymethyl (1R,5S,6S)-2-{(38,5S)}-(5-N,N-dimethylaminocarbonyi-1-
isobutyryloxymethyloxycarbonylpyrrolidin-3-ylthio]-6-{(1R)- 1-hydrazyethyl}- 1-
methylcarbapen—Z—em—&carboxylate o
The compound (550 mg) obtained in Example 13 (1) was dissolved i in

dichloromethane (3.5 ml). Isobutyryloxymethyl p-nitrophenyl carbonate (210
mg) 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 silica gel
colurmn chromatography to give the title compound (210 mg).

IR(Nujol, cr™)) : 3385,1796, 1753, 1730,1636. |

I NMR(CDCls, 6 ppm) : 1.15(6H,d), 1.22(0H,g), 1 26(3H,d), 1.33(3H,d), 1 721,
2.5-2.9(4H,m), 2.95(3H,d), 3. 09(3H d), 3.1-4.4(7H,m), 4.73(1H,m), 5.6-5. 8(2H,m),
5.88(2H,ABq).

Example 16

pivaloyloxymethyl (IR,58,65)}-2-{(3S, SS)-S-N,N-dnnethy]annnocarbonyl- 1-
pivaloyloxymethylaxycarbonyljpyrrolidin-3-yithio}-6-[( 1R}- 1-hydroxyethyl}- 1-
methyluarbapen—Z—em—S-carboxylate
| | Thecompound(SSOmg)obmmedexample 13 (1) was dissolvedin =~
dichloromethane (3 Sml). Plvaloyloxymeﬂlyl p-nitrophenyl carbonate (200 mg
wasadded and the mixture was stirred at room temperature for 2 hr. E'rhyl

o acetaj;e(lo_Oml)_wasadded andthemnmucwaswashedvnths%aqueous_

 sodium hydrogencarbonate solution (100 mi) 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 mgJ.

- IR(Nujol, cm’) : 3423,1777,1751,1726,1649.

IH-NMR(CDCl, 8 ppm) : 1 22(18H,), 1.26(3H,d), 1.33(3H,d), 17-2.1, 2. 5-
2.9(3H,m), 2.96(3H,9), 3.093H,d), 3.1-4.4(7H,m), 4 73(1H,m], 5.6-5. 8(2H,m),
5.88(2H,ABq).

Example 17
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~ pivaloyloxymethyl (1R,SS, 6S)—2—[(3S SS);(S-N N-dimethylaminocarbonyl-1-

o 1sovalery10xymethyloxywrbonyl)pyrrohdm—3—ylt1no]—6—[(1R)- -hydmxyethyl]- 1-

methylcarbapen-2-em-3-carboxylate

In the same manner as in Example 16, the title o,ompoﬁnd was obtained.
lH-NMR(CD(.ZI?,, 3 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( 1H,m), 5.6-5. 8(2H,m),
5.87(2H,ABq).
Example 18
plvaloyloxymethyl (1R,SS, 68)—2—[(38,58) -(5-N. N—dlmethylammocarbonyl- -t-
butylacetyloxymeﬂiyloxywrbonyl)pymhdm-3-ylﬂm]—5-[( 1R}-1-hydroxyethyl}- 1-
- methylcarbapen-2-em-3-carboxylate

'In the same manner as in Example 16, the title compound was obtained. '
'H-NMR(CDCl;, 5 ppm) : 0.98(9H,s), 1.22(9H,s), 1.26(3H,d), 1.33(3H,d), 1.7-
2.9(5H,m), 2.96(3H,s), 3.08(3H,d), 3.1-4.4(7H,m), 4.73(1H,m), 5.6-5.8(2H,m),
5.87(2H,ABq). | o -
Example 19
1-cyclohexyloxymrbonyloxyeﬂ1y1 (IR,5S, 68)-2 [(3S,55)- (5-N N-
dimethylaminocarbonyi-1 -1sobuty:ybx5nnethyloxycarbonyl)pymhdm—3—ylﬂno]—6— '
- (IR 1—hydroxyeﬂ'1y]] -1-methylcarbapen-2-em-3-carboxylate
| 1-Cyclohexyloxycarbonyloxyethyl (1R,5S,6S)-2-{(3S, 5S)- (5—N N-

dlmeﬂlylmnmomrbonyl)pymhdm-3-ylﬂu0]-6-[(lR)-1 -hydroxyethyi]- 1-

methylcarbapen-2-em-3-carboxylate (1.00 g) obtained in the same manner as in
Example 13 (1) was dissolved in dichloromethane (10 ml). Isobutyrylogymethyl
p-nitrophenyl carbonate (500 mg) was added and the rmxture was stirred at room
temperature for 2 hr. The solventwascvaporatedand thereszduewaspunﬁedby
silica gel column chromatography to gwe the title compound (355 mg).
'H-NMR(CDCl,, 8 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(1H,m), 5.6-5. 8(2H,m), 6.7-7. O(H.g.
 Example 20 ‘
l-eﬂ'loxycarbonyloxyethyl (1R,5S 63)—2-[(38 SS) (5 N N—dlmethylarmnocarbonyl— 1-
plvaloyloxymethyimcarbonyl)pyrmhdm-&ylﬂm]-ﬁ-[(lR)- -hydroxyethyl}-1-
meﬂaylcarbapen—Z-em—S-carbo:wlate -

In the same manner as in Example 19, the title compound was obtained.
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'H-NMR(CDCl,, 8 ppm) : 1.22(3H,1), 1.22(9H,s), 1.27(3H,d), 1.32(3H,d), 1.51(3H,d),
1.6-2.0, 2.5-2.8(2H,m), 2.8-4.4(15H,m), 4.73(1H,m), 5.6-5.8(2H,m), 6.7-7.0(1H,q). :
Experimental Example E - -

| The following oral absorption tests were pexfoxmed asin the fo]lowmg to
claniir the superior property of the compound of the present invention.
' mq:erimenbal Example 1 (oral absorption test)
- The compound of the present invention (100 mg/kg, compound of
_ Exampie 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 later by HPLC The results are shown in Table 1.

- - Table 1.
Test compound [ _Average concentration in plasma (ug/mi)
0.25 hr 0.5 hr 1.0hr 20 hr 30hr
Example 13 9.5 . 48 19 06 | 02

Experimental Example 2 (oral absorption test) | | |
The compound of the present invention (100 mg/kg, compoundof .
" Example 15) 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 later by HPLC. The results are shown in Table 2.

~ Table 2 | _
| Test compound ___Average concentration in plasma (ug/ml)
: 025hr | O0S5hr 10 hr 20 hr 3.0hr
Example 15 8.6 - 10.1 48 14 0.3
Industrial Applicability -

The carbapenem compound (I) of the prment mventlon is supenorm
absorption from the digestive tract by oral administration and shows sufficient
anﬁbactenalpropertyagamstabroadmnge ofbactenaspemes. Therefore, the
| compound is extremely useful for the prophylaxis and treatment of infectious |
diseases (paruaﬂarly bacterial infectious d1sases) The inventive agent for the
- prophylaxis and tneatment 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
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respiratory organ, hiliary tract infection, urinary tract infection and the like, In
addition, carbapenem compound (I} is useful as an mtermed:ate compound for
carbapenem compound {Ij.

This apphcauon is based on apphcahon Nos. 122499/1998 and

203730 /1998 filed in Japan the contents of which are mcorpomted hereinto by
- reference. ' |
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WHAT IS CLAIMED IS

L A carbapenem compound of the formu]a O
OH
| CON<
HsC
a4 -— COO—R
)

002R1
wherein R! 1samod1ﬁerhydmlyzablemﬂ1ehvmgbody, Rland R3arethesamcor
different and each is a lower alkyl, R is a group of the formula (B)

~—CHp_ CHj

N

O\Iro

0

or formula (C)
| rR?
I ., |
— COCO —RS (C)

R5

| wheteinR‘andRsare'ﬂlesameordjﬂ'exmtandw;chisahydrogmatomora
lowera]l<y1andR6isanalkylhaving1t0100arbonatoms. '

2. ’mecarbapenemoompoundofclann 1, wheremRzandR""areﬂlewmeor
d1ﬂ'e1entandeachlsaloweralkyl -

3. The carba'penem compound of claim 1, _whéreih R!is pivaloyloxymethyl.

4, The carbapmem compound of claim 1, wherein Rl is 1-
cyclohexyloxycmbonyloxyeﬂlyl '

5. The carbapenem compound of clalm 1, wherein Rl is 1-
ethaxycarbonyloxyethyl. |

6. The carbapenem compound of claim 1, which is a member selected ﬁ'om._the -
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. D By )

plvaloy]omneﬂlyl (1R 5S 68)-2-{ (3S,55)-5-N, N-dimethylaminocarbonyl-1-(5-
methyl-2-oxo-1 ,3-dioxolen-4-yljmethyloxycarbonyl}pyrrolidin-3-yithio} -6-{(1R})-1-
hydroxyethyl}-1-methylcarbapen-2-em-3-carboxylate, |
1-cyclohexyloxycarbonyloxyethyl (1R,58,68)-2-{ 3S,55-{5-N,N-
dimethylaminocarbonyl-1-(5-methy}-2-oxo-1,3-dioxolen-4-
ylimethylozycarbonyljpyrrolidin-3-ylthio} -6-{( 1R}-1 -hydrw:yethyl]-l-
methylcarbapen-2-em-3-carboxylate, - ' :
1-ethaxycarbonyloxyethyl (1R,5S,65)-2-{(3S,59)-[5-N,N-dimethylaminocarbonyl-
1-(5—meﬂ1yl—2—oxo—1,3-d10xolen—4—yl)methyloxycarbonyl]pyn'ohdm-3-yiﬂno} 6
- [(1R-1 -hydmxyethyll- -methylcarbapen-2-em-3-carboxylate,
pwaloyloxymethyl (IR,58,6S)-2-{(3S,55)-(5-N,N-dimethylaminocarbonyl-1-
acetyloxymethyloxycarbonyl)pyrrolidin-3-yithio]-6-[(1R)- 1-hydroxyethyl]- 1-
methylcarbapen-Z-em—S—carbo:grlate ' :
pivaloyloxymethyl (1R,58,68}-2-{3S, SS)-(S-N N-dimethylaminocarbonyk-1-
pmplonylmymethyloxymrbonyl)pymhdm-&ylﬂmlé-[(IR)_-l -hydroxyethyl]-1-
. methylcarbapen-2-em-3-carboxylate,
 pivaloyloxymethyl (1R,58,65)-2-[(38,55)-(5-N,N-dimethylaminocarbonyl-1-
lsobutyryhxyme&lylmwcarbonyl)pyrmhdmﬁ-ylthml-ﬁ-l(1R)- 1-hydmrweﬂlyll- 1-
meﬂ1y1carbapen—2—em—3-carboxylate
pivaloyloxymethyl (1R,5S,6S5)-2-{(3S,5S)-(5-N, N—dnneﬂlyiarmnowrbonyl- 1-
pwaloyloxymeﬂlylmwwrbonyllpyn'ohdm%-ylﬂm]-ﬁ-[(IR)- -hydmyethyll-l- |
methylcarbapen-2-em-3-carboxylate, = .
pivaloyloxymethyl (1R,58,68)-2-[(3S,55)-(5-N, N—dnneﬂay]annnocarbonyl— 1-
1sova1e1yloxymetl'1yloxywrbonyl)pyrrohdm-3-ylﬂno]-6-[(1R)-1 hydmxyet}wl]- 1-
meﬂay]carbapen—Z—em—&carbo:grlate
pivaloylaxymethyl (1R 5S,6S)-2-[(3S,55)-(5-N, N-d1methy]ammocarbony1— ~tert--
butylacetylaxymethyloxycarbonylpyrrolidin- -3-yithiol-6-[( 1R} 1-hydroxyethyl]- 1- .
nmthylcarbapen—Q—em—3—carboxy1ate
' 1-cyclohexyloxycarbonylaxyethyl (1R,5S,68)-2-{(3S,55)-(5-N,N-
dimethylaminocarbonyl-1 -1sobutyxyloxymethyloxycarbonyl)pyxrohdm-s-ylﬂno]-ﬁ-
[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate, and -
1-ethaxycarbonyloxyethyl (1R,5S,65)-2-{(3S,55(5-N,N-dimethylsminocarbonyl-
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|

1'-pivaloyloxymetl‘lyloxycarbonyl)pyrroljdins—ylﬂlio]-ﬁr[(1R)71—hydroxyéthy1]— 1-
meﬂ1y1¢arbapen2—em—3—carboxylate.

7. An anubactenal agent comprising the wrbapenem oompound of claim 1
havmgthe formula (I} as anacuvemgnedlent.

8. The antibacteﬂalagentofclaim 7, which s for oral administration.

9. Acarbapenem oompound of the formula ()

- OH
. . /'\ CON <
H3C
7N Vs —coo— R
.0
002127

wheminR”andRsareme&amcordiﬂ'erentandeachisaloweréikyl R'isa
' hydmgenatomoraprotecunggroupofcaxboxylgmupandesagroupofthe
fonm.l]a(B)
— CHp CHg |
o{[o R (B)
o
or formula (C)
—COCO—R®¢ (O

R® -
wheremR“andRsarethesameordlﬂ’erentand&chlsahydmgmatomora
loweranqlandRslsanaﬂqlhavmg 1to 10carbonatoms
orasaltmereof '

10. The wrbapenem compound of clalm 9, Wthh isa member selected from the
group cons1stmg of:
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LTI,

p-nitrobenzyl (1R,58,65)-2-{ (3S,5SH5-N,N-dimethylaminocarbonyl-1-{5-methyl-
2-0x0-1,3-dioxolen-4-yljmethyloxycarbonyljpyrrolidin-3-ylthio} -6-[(1R)- 1-
hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate, _ .
 (IR,55,65)-2{(3S,5S)-[5-N,N-dimethylaminocarbonyl- 1-{5-methyl-2-ox0-1,3-
~ dioxolen-4-yljmethyloxycarbonyljpyrrolidin-3-ylthio} -6-|(1R}- lhydroxyeﬂ'lyl]-l-

methylcarbapen-2-em-3-carboxylic acid, :
p-nitrobenzyl (1R,5S,6S)-2-[(3S,55)-(5-N, N-dmlethylazmnocarbonyl— 1-
pmplonyloxymeﬂlylwwwrbmyllpymhdm-&ylthm]-&[(lRl- -hydroxyeﬂlyll-l-
- methylcarbapen-2-em-3-carboxylate,

p-nitrobenzyl (1R,5S,65)-2-{(3S,5S)-(5-N, N—dlmeﬂuylammocarbonyl 1-
lsobutyryioxymethyloxycarbonyllpymhdm-3-ylth10]167[(1R)- -hydroxyethyi]-1-
methylcarbapen-2-em-3-carboxylate, _ .
(1R,5S,6S)-2-[(3S,55)-5-N, N—dlmethylammocarbonyl- 1- |
pmpwnyloxymeﬂlyloxywrbonyl)pymhdm-S-ylthm]-ﬁ-[(lR)- -hydroxyeﬂlyll- 1-

) meﬂlylwrbapen-z-em-&carboxyhcamd and

(1R,5S,6S})-2-{(3S,5S)-(5-N, N-dnneﬂ1ylarnmocarbonyl- 1-
1sobuty1y10xymeﬂ1ylox3n:arbonyl)pyzrohdm—3—ylth1o]-6—[(1R]— -hydroxyethyl]— 1-
meﬂmylcarbapen—2—em—3—wrboxyhc acid, o

* or a salt thereof, particularly a sodium salt thereof.
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