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SPECIFICATION 

CARBAPENEJI DERIVATIVES, UTILIZATION THEREOF AN7· TERMEDIATE COMPOUNDS 
. OF THE SAME 

. . 
· Technical l'ield · · . . 

I 

The present invention relates to a n~·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 Sllflicient 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. 

BadrgnnmdArt 

A number of compounds having a carbapenemskeleton 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 fonnula·(A) 

·OH CHs 

H
3
C. 

~CON(CHsb 

s~im (A) 

C~H 

has already been put to practical _use in clinical situations. This carbapenem 

compound has a broad antibacterial spectrum and a strong antlDa.cterial activity, 

and has overcome instability of the conventional carbapenem compound to.renal 

dehydroPeJ>tjdase, which was considered a defect of this ·compound. It has 

supeior characteristic feature in that it can be administered alone without using a 

st.abilirer. 

On the other harid,. 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 fil1:d 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 admmistration, that has a strong 

antibacterial activity and a broad antibacterial spectrum, and that shows 

superior absorption from the digestive tract. 
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I>isd.osure of the Invention 

It is therefore an object of the present invention to provide a carbapenem 

c0mpound having a superior antiba.Cterial propercy and sh.owing superior 

absorption ftom 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 fom:id that a novel carbapenem 

. compound of the following form~ (I) sbJ?ws superior absorption. from the 

digestive tract, that the compound has sufficiently strong antibacterial property 

and is extremely useful as an oral antl.Dacterial agent He ha.S also found a 

novel intermediate compound usable for the production of this compound, which 

resulted in the completion of thC. present invention. 

Accordingly, the present invention provides the following (1) to (10). 

(1) A carbapenem compound of the formula (I) 

OH 
CHs <R2 

..__.., . ---c(.CON R3 (I) 
s . 

N-COO-R 
HsC 

wherein R1 is a modifier hydrolyzable in the living body, R2 and ~ are the same or 

different and each is a lower alkyl, and Risa group of the formula (B) 

(B) 

or formula (C) 
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wherein R4" and R5 are the same or different and each is a hydrogen atom or a 

lower alkyl and R.6 is an aJk¥l 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 R1 is piValoylax.ymethyL 

(4) The carbapenem compound of (1) above, wherein R1 is 1-cyclohexyloxy­

carbonyloxyethyl. 

(5) The carbapenem compound of (1) above, wherein R1 is 1-ethoxycarbonyl­

m:vefuyl 

(~) The carbapenem compound of (1) above, w~ is a member selected~ the 

group consisting of: 

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

methyl-2-oxo-1,3-dioxolen-4-yl}methyloxycarbonyl)pynolidin-3-ylthio}-6-[(1R)-1-

hydroxyethyij-1-methylcarbapen-2-em-3-car~Jate, 

1-cycloh~~yloxyethyl (1R,5S,6S}-2-{ (3S,5S)-[5-N;N­

dimethylaminocarbonyl-1-(5-methyl-2-oxo-1,3~len-4-

yijmethyloxycarbonyij~-3-ylthio}-6-[(lR)-1-hydroxyethyl]-1 ~ 

methyl~bapen-2-em-3-tar~Jate; . 

1 ~oxycarbonyJmyeth.yl (lR,SS,68)-2-{ (3S,5S}-[5-N,N-dimethylaminocarbonyl-

1-(5-methyl-2-oxo-1,3-dioxolen-4-yl)methyloxycarbonyl)pyrrolidin-3-ylth.io}-6-

((lR)-1-hydroxyethyij-1-methylcarbapen-2-em-3-carboxyJate, 

pivaloym:vmethyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-

ace1yloxymeth.yloxycarbonyl)PYrroJidin-3-:Ylthio]-6-[(1R)-1-hydroxyethyl)-1-

meth.ylcarbapen-2-em-3-carboxy1ate, 

·pivaloy~thyl (1R,5S,6S}-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-
. . . 

propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio)-6-[(lR)-1-hydroxyethyl]-1-

methylcarbapen-2-em-3-carboxy1ate, 

pivaloym:vmethyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-

isobu1y.Iym:vmethyloxycarbony~pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl)-1-

methylcarbapen-2-em-3-carboxy1ate, 

pivaloym:vmethyi (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-

pivaloyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyij-1-

methylcarbapen-2-em-3-carboxyJate, · 
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pivaloyloxymethyl (1R,5S,6S)-2-[(3S,SS)-(5-N,N-dimethylaminocarbonyl-1-

isovalelyloxymethyloxycarbony~pyrrolidin-3-ylthio]-6-[(1R)-l-hydroxyethyl]-1-

methylcarbapen-2-em-3-carboxy1ate, 

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

buty1ace1yloxymethy~bonyl}pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl)• l­

methylcarbapen-2-em-3-carboxy1ate, 

1-cycloh~loxycarbonyloxyethyl (1R,SS,6S)-2-[(3S,5S)-(5-N,N­

dimethylaminocarbonyl-1-isobufylyloxymethy~bonyl)pyrrolidin-3-ylthio)-6-

((lR)-1-h~yl)-1-methylcarbapen-2-em-3-carboxyJa.te, and 

1-ethoxycar~nyloxyethyl (1R,5S,~-2-[(3S,5Sl".°(5-N,N~laminocarbonyl-

1-pivaloyloxymethyloxycarbony~pyrrolidin-3-ylthio)-6-[(lR)-1-hydroxyethylJ-1..; . · · · 

methylcarbapen-2-em-3-carboxylate. 

(7) An an111Jacterial agent comprising the carbapenem compound of (1) above of · 

the fonnuJa (I) as an active ingredient. 

(8) The antibacterial agent of (7), which is for oral administration. 

(9) A carbapenem compound of the formula (Il) 

OH CH3 · R2 

CON< 3 . 
H3C S ·/Y. R ·(II) 

NI ~N-COO-R 

C°'2R7 

wherein R2 and R3. ~ the same or different and each is a 1~ alk¥1, ~~ is a 

· hydrogen atom or a· protecting group of carl>oxyl group and R is a group o:fthe 

fonnu1a{B) 

(B) 

or formula (C) 
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wherein.R4 and R5 are the same or different and each is a hydrogen atom or a 

lower a1k;yl 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-dimethy1aminocarbonyl-1-(5-methyl-

2-oxo-1,3-dioxolen-4-yl)methy~bonyl]pyrrolidin-3-ylthio}-6-[(1R)-1-

hydrm:yet:hyl)-1-methylcarbapen-2-em-3-carboxylate, 

(1R,5S,6S)-2-{ (3S,5SH5-N,N-dimethy1arninocarbonyl-1-(5-methyl-2-oxo-1,3-

dioxolen-4-yl)methyloxycarbonyl]pyrroliclin-~-ylthio }-6-[(lR)-1-~~-1-

methylcarbapen-2.;.em-3-carboxylic acid, · 

p-nitrobenzyl {1R,5S,6S)-2-[{3S,SS)-(5-N,N-dimethylaminocarbonyl-1-

propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio)-6-[(1R)-1-hydroxyethyl)-1-

methylcarba.pen-2-em-3-carboxylate, 

p-nitrobenzyl ( 1R,5S,6S)-2-[{3S,5S).-(5-N,N-dimethylaminocarbonyl-1-

isobutyiyloxymethylaxycarbonyl)pyrrolidin-3-ylthio)~-[(1R)-1-hydroxyethyl)-1-

methylcarbapeii-2-em-3:..carboXylate, 

{1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethy1aminocarbonyl-1-

propionyloxymethy~bonyl)pyrrolidin-3-ylthio]-6-[( 1R)-1-hydroxyethyl]-1-

methylcarbapen-2-em-3~1ic acid, and 

(1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethy1aminocarbonyl-1-

isobufyxyloxy'methyloxycarbony1)pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl]-1-

methylcarba.pen-2-em-3-carboxylic acid, 

or a salt thereof, particularly a sodium salt thereof. 

·Detatted Description of the Invention 

The. definitions used in the present specification are explained in the 

following. 

The "modifier hydrolyzable in the living body" at R1 is preferably 

hydrolyzable in intestine ·or blood. Examples thereof include optionally 

substituted myl (e.g., phenyl, tolyl, xylyl, indany1 and the like), 1 ~a1kanoyloxyallqrl, 

1-alkoxycarbonyloxyalql, phthalidyl, 5-methyl-2-axo-1,3-dioxolen-4-yhnethyl 

and the like, with preference given to 1-a1kanoyloxyalkyl, 1-

alkoxycarbonyloxya]eyl and. 5-methyl-2-oxo-1,3-dioxolen-4-ylmethyl.. 
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The "optionally substituted myr is preferably an unsubstituted aryi or myl 

optionally substituted by 1 to 3 substituent(s), wherein the substituents may be 

the same or different. Examples of the substituent include a1k37l having 1 to 4: 
carbon atoms such as methyl, ethyl and the like. 

The number of carbon atoms of the alkanoyl moie1y of" 1-

a1kanoyloxyalk;yr is preferabfy' 2 to 10, more preferably 2 to 7' which may re linear, 

branched or cyclic. The number of carbon a.tom(s) of the aJk;yl moie1y is 

preferabfy' 1 to 3, more preferably 1 or 2. 

Examples of 1-aJkanoylo~l include acetoxymethyl, 

propim:lyloxymethyl, n-but;yiyloxymethyl, i&>bu1ylyl~thyl, ~yl, 

·· · n-valezyloxymethyl, 2-methylbu~ethyl, isovalefy~ n- · 

hexanoyloxymet;hyl, 3-methylvaletyl~yl, neohexanoyJm;ymethyl, 2-

methyJhexanoyloxymethyl, 2,2-dimethylvaleiyloxymethyl, 

neoheptanoyloxymethyl,.cydohexanecarbonyl~thyl, 

cyclohexylacet~yl, 1-acetoxyethyl, 1-propionyloxyethyl, 1-n­

butyryloxyethyl, 1-isobucyiyloxyethyl, 1-n-valeiyloxyethyl, 1-pivaloyloxyethyl, 1-

isovaletyloxyethyl, 1-n-hexanoYI<>xyethyl, 1-cydohexanecarbonyloxyethyl and the 

like. 

The number of carbon atom(s) of the a1koxy moiety of "1-

aJkoxycarbonyloxyalqr is preferably 1 to 10, more preferably 1 to 7, which may 

be linear, branched or cyclic. The number· of carbon atom(s) of the aJkyl moiety is . 

preferably 1 to 3, more preferably 1 or 2. 

Examples of"l-alkoxycarbon~" include 1-methoxycarbonyl..: 

oxyethyl, "1-ethoxycarbonyloxyethyl, 1-n-propoxycarbonyloxyethyl, 1-

isopropoxycarbonyloxyethyl, 1-n-butoxycarbonyloxyethyl, 1-sec­

butoxycarbonylmqrethy], 1-t-butoxycarbonyloxyethyl, 1-penzylo.x;ycarbonyl­

oxyethyl, 1-cyclohexyloxycarbonyloxyethyl and the like. 

The "lower a:nwr at R2
, R3

, R4 and R5 is ~Jinear or branched aJkyl having 1 

to 6 carbon atoms, which is exemplified by methyl, ethyl, propyl, isopropyl, butyl, 

isobutyl, sec~buzyl, t-butyl, penzyl, isopentyl, neopenzyl, t-pentyl, hexyl, isohexyl, 

neohexyl and the like. Of these, methyl, ethyl, propy1 and butyl are preferable. 

The "alk;yl" at R6 is a linear, branched or cyclic alkyl having 1 to 10 carbon 

atoms, which is exemplified by methyl, ethyl, propyl, isopropyl, butyl, isobufyi, 
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sec-butyl, t-butyl, pen1yl, isopentyl,neopentyl, t~pen1yl, cyclopentyl, hexyl, 

isohexyl, neohexyl, sec-hexyl, t-hexyl, cyclohexyl, hep1yl, isoheptyl, neoheptyl, 

sec-heptyl, t-heptyl, octyl, isooctyl, neooctyl, sec-octyl, t-oclyl and the like. 

The "protecting group of carboxyl group" at R7 is exemplified by t-butyl,. 

neopen1yl, benzyl, p-nitrobenzyl, p-methoxybenzyl, diphenylmethyi, p-nitrophenyl, 

meth~thyl, ethoxyinet:hyl, benzyloxymethyl, methylthiomettwl, trityl, 2,2,2-

trichloroethyl, trimethylsilyl, diphenylmethoxybewmesulfonylmethyl, 

· dimethy1aminoethyl and the like. Of these, p-ni~benzyl, p-methoxybenzyl and 

diphenylmethyl are preferable. 

When the carbapenem compol:IDd (II) has a carboxyl gr:oup (when R7 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., calcium salt, magnesium salt and the 

like), salt of ~c base (e.g., triethylamine salt, dicyclohexylamine salt, pyridirie 

salt and the like), and the like. 

Examples of preferable carbapenem compound (I) of the present invention 

include the following. 

Pivaloyloxymethyl (lR,58,68)-2-{ (38,SS)-[5-N,N-dimethy1aminocarbonyl-1-(5-

methyl-2-oxo-1,3-dioxolen-4-yl)methyloxycarbony~pyrrolidin-3-ylthio }-6-[(lR)-1-

hydroxyethyl]-l-methylcarbapen-2-em-3-carboxylate, 

1-cyclohexy~thyl (lR,SS,68)-2-{ (38,SS)-[5-N,N­

dimethylaminocarbonyl-1-(5-methyl-2-oxo-1,3-dioxolen-4-
. . 

y~methyloxycarbonyl]pyrrolidin-3-ylthio}-6-[(lR)-1-h~thyl]-1-

methylcarbapen-2-em-3-carbmr¥1ate, 

1-ethoxycarbonyloxyethyl (lR,SS,68)-2-{-(38,58)-[5-~,N~ocarbonyl-

1-(5-methyl-2-oxo-l,3-dioxolen-4-yl)methyloxycarbonylJpyrrolidin-3-ylthio }-6-

[(lR)-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboXylate, 

pivaloy~yl ( lR,58,68)-2-{ (38,SS)-(5-N,N-diethylaminocarbonyl-1-(5-

methyl-2-oXo-1,3-dioxolen-4-yl)methyloxycarbonyl]pyITolidin-3-ylthio }-6-[(lR)-1-

hydrm;yethy~-1-methylcarbapen-2-em-3-carboxylate, 

.. pivaloy~yl ( 1R,58,6S)-2-[(38,SS)-(5-N-ethyl-N-methylaminocarbonyl-1-(5-

methyl-2-oxo-1,3-dioxolen-4-yl)methylaxycarbonyijpyrrolidin~3-ylthio]-6-[(1R)-1-

hydroxyethylJ-1-methylcarbapen-2-em-3-carboxylate, 
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pivaloyloxy.methyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-

acetyloxymethylox;ycarbonyijpyrrolidin-3-ylthio]-6-[( lR)-1-hydroxyethyl)-1-

methylcarbapen-2-em-3-carboxyJate, 

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

propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[( lR)· 1-hydroxyethyl)-1- . 

methylcarbapen-2-em-3-carboxyJate, 

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

isobufy.ryloxym.ethyloxycarbonyl)pyrrolidin-3-ylthio)-6-[(1R)-1-hydroxyethyl)'.'" 1-

methylcarbapen-2-em-3-carboxyJate, 

¢vaJ.oyloxym.ethyl ( JR,5S,6S)-2-[(3S,SS)-(5-N,N~thylaminocarbonyl- ~ -

pivaloyloxymethyloxycarbonyl)pyrrolidin-3-ylthioJ-6-[(lR)-1-hydroxyethyij-1-

methylcarbapen-2-em-3-carboxylate, 

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

isovaletyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl)-1-

methylcarl:iapen-2-em-3-carboxylate, 

pivaloyloxym.ethyl (1R,SS,6S)-2-[(3S,SS)-(5-N,N-dimethylaminocarbonyl-1-tert­

but;ylacetyloxyrilethyloxycarbonyl)pyrrolidin~3-ylthio]-6-((1R)-1-hydroxyethyl)-1-

methylcarbapen-2-em-3-carboxylate, · 

1-cydohexyloxycarbonyloxyethyl ( 1R,SS,6S)-2-[(3S,SS)-(5-N,N­

dimethy1aminocarbonyl-1-i~bufylyl~yloxycarbonyl)pyrrolidin-3-ylthio]-6-

[(lR)-1-hydroxyethy~-1-methylcarbapen-2-em-3-carboxylate, 

1-eth~bony~I ·(1R,5S,6S)-2-[(3S,SS)-(S-N,N-dimethy1aminocarbonyl-

1-pivaloyloxym.ethyloxycarbony1)pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl]-1-

methylcarbapen-2-em-3-carboxylate, 

pivaloy1oxymethyl (1R,SS,6S)-2-[(3S,5S)-(5-N-ethyl-N-methylaminocarbonyl-1-

propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R);.1-hydroxyethyl]-1-

methylcarbapen-2-em-3-carboxylate, 

pivaloyloxymethyl (1R,5S,6S)-2;,,[(3S,SS)-(5-N,N-diethy1aminocarbonyl-1-

propionyloxymethylox:Yc8rbonyl)pyrrolidin-3-ylthio]-6-[( lR)-1-hydroxyethyl]-1-

methylcarbapen-2-em-3-carboxylate, and the like. 

Examples of preferable carbapenem compound (II) of the present 

invention include the following. 

p-Nitrobenzyl (1R,5S,6S)-2-{ (3S,5S)-(5-N,N~y1aminocarboiiyl-1-(5-methyl-
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2-mm-1,3-dioxolen-4-yl)methyloxycarbonyl]pyrrolidin-3-ylthio }-6-[(1R)-l­

hydroxyethyl]-1-methylcarbapen-2-em-3~box;ylate, 

sodium (lR,SS,68)-2-{ (3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-methyl-2-oxo-

1,3-dioxolen-4-yl)methyloxycarbonyl]pyrrolidin-3-ylthio }-6-[(lR)-l-hydroxyethyl]­

l-methylcarbapen-2-em-3-carbox;ylate, 

p-nitrobenzyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylamfuocarbonyl-1-

propionyloxymethyloxyc:arbonyl]pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl]-1-

methylcarbapen-2-em-3-carboxylate, 

p-nitrobenzyl ( 1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethyiaminocarbonyl-1-

isobu1;yly~yloxycarbonyl)~lidin-3-ylthio]-6-[(1R)~ 1-hydroxyethyl]-1-

methylcarbapen-2-em-3-carboxylate, · 

sodium (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-

propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio)-6-[(1R)-1-hydroxyethyl]~ 1-

methylcarbapen-2-em-3-carboxylate, 

sodium (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-

~bueyzyl0xymethyloxycarbonyijpyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl]-1-

methylcarbapen-2-em~-carboxyJate, and the like. 

The carbapenem compound (I) and carbapenem compound (11), which is 

an intennediate compound thereo~ can be produced by any of the following 

methods 1 to 5. 

Production Method 1 

OH 

H3C · 
-CH3 . <R2 .....___. -a_· CON . R3 

S . (Ila) 
-COO-R 

· C~H 

i . Rt-x (Ill) 

OH. CH3 . · <R2 
·· CON · 

--- s FY. . R3 . (I) 
~N~COO-R 

H3C 

wherein R1
, R2

, R3 and Rare as defined above, and Xis a halogen atom such as 
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·chlorine, bromine, iodine.and the like, a leaving group such as alkanesulfonyloxy 

(e.g., methanesulfonyloxy, ethanesulfonyloxy,- propanesu1fonyloxy, 

butanesulfonyloxy and the like), aiylsulfonyloxy (e.g., pheD.ylsulfonyloxy, 

toJylsulfonyloxy and the like), and the like. 

The compound (I) is obtained by dissolving compound (Ila) in a solvent 

thatdoes not interfere with the reaction (e.g., dioxane, acetonitrile, tetrahydlufuran, 

chlorofmm, methylene chloride, ethylene chloride, benz.ent::, ethyl acetate, N,N­

dimethylformamide, N,N-dimethyiacetamide, dimethyl sulfoxide, and a mixture 

thereof) and reaction with compound (III) in an equimolar to 5-fold molar amount, 

preferably about equimolar to bimolar aIDC?unt, in the presence of~ base. 

The base to be used is free of particuJar limitation and is exemplified by 

inorganic base (e.g., sodium hydrogencarbonate, potassium carbonate and the 

like), organic base (e.g., triethylamine, diisopropylethylamine, pyridine and the 

like), and the like. 

. While the reaction temperature is not particu1arly liniited, the reaction 

proceeds at a comparatively low temperature to suppress side reactions, which is 

exemplified by· -30°C to 40°C, pfeferably - l0°C to lO°C. The reaction time 

varies main1y due to the reaction temperature, kind of the reaction reagent and the 

like and is generally from 30 minutes to dozen and odd hours. 

Th.e compound (Ila) may be converted to a reactive derivative th~ such 

as a1kali metal salt (e.g., sodium salt, potassium salt and the like), aJkaline earth 

metal salt (e.g., .calcium salt and the like), triethy1amine salt, dicyclohexylamine 

salt, pyridine salt and the like, ·and then reacted with compound (III). 

Pl'oduetiaa Method 2 

OH 
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CH3 . R2 

.. ~CON< R3 (I) 
8 ~N-C00-R· 

OH 

CP2R1 

wherein R1, R2, R3 and Rare as defined above and Y is a leaving group such as 

chlorine, imidaml-1-yl, p-nitrophenyloxy, 2-phenylacetonitril-2-yl-iminooxy and . 

the like. 

The compound (I} can be obtained by diSsolving compound (IV) in a 

solvent that does not interfere with the reaction (e.g., dioxane, acetonitrile, 

tetrahydrofuran, chloroform, methylene chloride, ethylene chloride, benz.ene, ethyl . . . . . . 
acetate, N,N-climethylformamide, N,N-dimethylacetamide, dimethyl sulfoxide, and 

a mixture thereof) and reaction with compound M 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 M~od 1 by reacting compound 

(Ill) 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. ~e base to 

. be used is free of particular limitation and is preferably exemplified by inorganic base 

(e.g., sodium hydrogencarbonate, potassium carbonate and the like), organic base 

(e.g., triethylamine, diisopropylethylamine, 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 

~plified ~ -30°C to 40°C, preferably - l0°C to lO°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 doz.en and odd hours. 

Production Method 3 
··OH 

(VII) 
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___ __J_ ________ ........,iiiiiiiOiiiii ____ ..,......o==;;; _____ ~==----··-··-····-·-···-··---·····- ····-· 

CH3 <R
2 

--c(_
CON R3 

s . (Il) 
-coo-R 

wherein R2, R3, R7 and Rare as defined above, and R8 is alkanestilfonyi (e.g., 
. . . . . 

methanesi.tlfonyl, ethanestilfonyl, propanesulfonyl, butanesulfonyl and the like), 

wylsulfonyi (e.g., phenylsulfonyl, tolylsuJfonyl and the like), diallgrlphosphoryl (e.g., 

dimethylphosphozyl, diethylphosphmyl, diisopropylphosphoiyl, 

c;libutylphosphoryl and~ like), diaiyl~osphoryl (e.g;, diphenyl~osphoryl, 

mt0lylphosph0tyl arid the like). 

The compound (II) .can be obtained by dissolving compgund (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,N­

dimethylfonnamide, N,N-dimethyJa.Cetamide, dimethyl sulfmdde, and a mixture 

thereof) and reaction with mercapto compound (VD) 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 free of particular limitation and is exemplified by 

inorganic base (e.g., Sodium hydrogen.carbonate, potassium carbonate and the 

like), organic base (e.g., triethylamine, diisopropylethylamine, pyridine and the 
. . . 
like), and the like. 

While the reaction temperature is not particularly limited, the reaction 

proceeds at a compara~ low temperature to suppress side reactions, which is 

exemplified by. -30°C to 40°C, preferably -lO°C to lO°C. The reaction time 

varies mainly due to the reaction temperature1 kind of the ~on reagent and the 
. .. 

like and is generally from 30 minutes to do?.ell and odd hours. 

The compound (VIl), which is a starting material for the synthesis for 

compound (II), is prepared in the following manner. 

Production Method of Compound (VII) 

. 12 



. R2 
. CON< ·

3 
. 10 /Y"' R 

R. s~N...;.R9 

(IX) 

Y-COO-R M 

removal of R10 

. 2 
R 

/Y"'CON< 3 
----- R108 ~NH R 

removalofR9 
· (X) 

. R.2 
.. /Y"'CON<R3 

RlOg ~N- COO-R 

R.2 
. CON<R3 

Hs--((coo-R 

(XI) 

(VII) 

. . . 
whereill R2 ,· R3, ·Rand Y are as defined above,.R9 is an amino-protecting group and 

R10 is a·thiol-protecting group. 

The compound· (VII) can be synthesimi by reinoving R9, which is an 

amin.0-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 corilpound M in the same manner as in Production 

Method 2 to give compound (XI), and removing R10 which is a thiol-protecting 

group by a method known in the field. As the protecting group ofthiol and amino, 

those generally used in the technique in this field can be used. 

Production Method 4 

OH 

H3C (VIII). 

C~R7 

! Y-COO-R M 
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OH 

in JP-A-60-233076 and the like and compound M in the same manner as in 
Production Method 2. 

The carbapenem compound (Il) thus obtained can be converted to a 

carboxylic atjd derivative whereiri R7 is hydrogen atom, by removing the 

·. ~bOxyl-~~ ~up~ nece~ by a Cortventional ~thod. While the 

method for reiiioving a protecting group varies depending on the kind thereof, a. 

method generally used in the technique in this field can be used. 

I 

Production Methods 

0R8 (XII) 

C~R1 

. <R2 
• HS-((COO-R ! 

·.· CON R3 
(VII) 

CH3 -£(_CON<~ ......___. . R 
s . · · N-coo-R 

(I) . 

wherein R1, R2
, R3, R8 and Rare as defined above. 

The compound (I) can be obtained by dissolving compound (XII) in a 

solvent that does not interfere with the reaction (e.g., dioxane, acetonitrlle, 

. tetrahydrofuran, chloroform, methylene chloride, ethylene chloride, benzene, ethyl 

acetate, N,N-dimethylformamide, N,N-dimethyJacetamide, dimethyl sulfoxide, and 

a mixture thereof) and reaction with mercapto compound (VII) in an equim.Olar to 

14 



5-fold mo1ar amount, preferably about equimo1ar 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 hydrogencarborui.te, potassium carbonate and the 

like), organic base (e.g., triethylamine, diisopropylethy)amine, 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 

exemp]ified 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 doren and odd hours. 

The carbapenem co11lpound (I) and carbapenem compound (II) can be 

purified as necessaiy according to a conventional method, such as 

reayst:allim.tion, preparative thin-layer chromatography, column chromatography 

and the like. Where necessmy, it can be purified as a salt thereof. 
. . 

The preferable configuration of the compound (I) and compound (Il) which 

· are the objects of the present invention are the following compotind {Ia) and 

compound (llb). 

OH CH3 R2 

_ ~CON(R3 
S ~-Ji- COO-R (Ia) 

HaC 

c~1 

wherein R1
, R2, R3 and Rare as defined above. 

CH3 R2 
_ ~CON<Rs 

s ~N- coo-R (lib) 

OH 

C~R7 

wherein R.2, R.3, R7 and Rare as defined above~ 

The carbapenem compound (I) after oral administration can be rapidly 

absorbed into blood and converts to a metabolite, ie., carbapenem compound 

wherein, in the formula (IV), R1 is hydrogen atom, that shows high concentration 

15 



in blood. 

Hence, an agent for the prophylaxis and treatment of infectious diseases, 
. . 

which comprises carbapenem compound (1) 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 p~tial excipient according to a method 

Im.own in the field. Examples of the ~pient include starch, lactose, sugar, 

calcium carbonate, calcium pb.osphate and the like. 

The agent for the Prophylaxis and treatment of infectious diseases can 

contain other preferable ~tives where desired, ~ch as a binder (e.g., ~' 

gum arabic, carl:Jmr;ymethylcellulose, hydroxyprt>pylcellulose, oyst:alline 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 admixing each ingredient, the mixture is formulated into a suitable dosage 

form suitable for oral administration, such as capsule, tablet, fine particle, granule, 

diy syrup~ the like by a method known in the field, whereby an agent for oral 

administration for the prophylaxis and treatment of infectious diseases can be 

produced. 

. The daily dose of ~penem compound (I), which is subject to change 

according to the administration target, symptom and the like, is about 1-40 mg/kg 

body wcif!jlt/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 anbbacterlal activicy, such as an anti.bacterial agent 

(penicillins, aminoglycosides~ cephalosporins and the like) or a therapeutic agent 

for systemic symptom caused by bacterial infection (e.g., antipyretic, analgesic, 

. antiphlogistic and the like). 

ERamples 

The present invention is explained with respect to the physical property 

and production method in the following byway of Examples which do not limit the 

present inventi911 in any way. 

Example 1 

p-nitrobenzyl (1R,SS,6S)-2-{ (3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-methyl-

16 



2-oxo-1,3-dioxolen-4-yl)methylmy~bonyl)pyrrolidin"'."3-ylthio }-6-[(lR)-1-

hydroxyethyl]-1-methylcarbapen-2-em-3-carboxyJate 

(2S,4S)-2-N,N-Dimethy1aminocarbonyl-4-mercapto-1-(5-methyl-2-oxo­

·1,3-dioxolen-4-yl)methy~nyl~e {719 mg) was dissolved in 

acetonitrile (11 ml) and p-nitrobenzyl (1R,5S,6S)-2-diphenylphosphmyl-6-[( lR)-1.;. 

hydroxyethyl]-1-methyia:u-ba.pen-2-em-3~1a.te (1.15 g) and 

. diisopropylethylamine (0.38 ml) were added at O°C under a nitrogen atmosphere. 

After mixing for one hour at the· same temperature, ethyl acetate (200 ml) was 

added. The mixture wa8 washed with saturated brine (100 ml) and dried over 

· anbYdrous sodium sulfate. Ethyl acdate was eVaporated under reduced 
. . . . . . 

pressure and the residue was purified by silica gel column chromatography to give 

the title C!ID'lpound (911 mg). . 

1H-NMR(CD03, f> 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.z' Bi 1-
Eaample 2 

sodium (1R,5S,6S}-2-{ (3S,SS)~[5-N,N-dimethy1aminocarbonyl-1-(S-m.etl\yl-2-oxo-

1,3-dioxolen-4-yl)methyloxycarbonyl]pyrrolidin-3-ylthio }-6-[(lR)-1-hydroxyethyl]-

1-methylcarba.pen-2-em-3-carboxyla.te 

p-Nitrobenzyl (1R,5S,6s}-2-{ (3S,5S)-[5-N,N-dimethy1aminocarbonyl-1-(5-

methyl-2-oxo-1,3-dioxolen-4-yl)methyloxycarbonyl]~.;.3_y1thio} ~[(lR)-1-

hydroxyethyl]-l-methylcarba.pen-2-em-3-carboxyJate (330 mg) was-dissolved in a . 

mixture oftetrahydrofuran (17 ml) and 0.1 M MOPS buffer (pH 7.0, 17 ml). 100/o 

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 5 ~ The resultant solutiori was subjected to chromatography using 

DIAION HP-21 (manufactured byMit~ubishi Chemical), concentrated under 

reduced pressure and lyophilimi to give the title compourid (130 mg). 

IR(Nujol, cm-1) : 3393,1819,1767,1707,1643 

1H-NMR(DMSO~, l'> ppm): 1.16(3H,d), l.4-l.9(1H,m), 2.13(3H,s), 2.82(3H,s), 

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

Baample3 

pivaloyloxymethyl {1R,5S,6S)-2-{ (3S,SS)-[5-N,N-dimethy1aminocarbonyl-1-(5-
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methyl-2-mar 1,3-dioxolen-4-yijmethyloxycarbonyl]pyrrolidin-3-ylthio }-6-[(lR)-1-

hydroxyethylJ-1-methylcarbapen-2-em-3-carbox¥1ate 

Sodium (lR,SS,68)-2-{ (38,58)-[5-N,N-dimethylaminocarbonyl-l-(5-

methyl-2-0X0-1;3-diaxolen-4-yl)methyloxycarbonyl]pyrrolidin-3-ylthio }-6-[(1R)-1-

hydroxyethyl]-1-methylcarbapen-2-em-3-carbox¥1ate (960 mg) was dissolved in 

N,N-dimethylforman'lide (6 ml) and the mixture was cooled to S°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 mixture was washed with S°/o brine (100 ml) and dried over 

. anhydrous sodium sulfate. Ethyl acetate was.evaporated under redu~ 

pressure and ~e residue·was purified by silica.gel column chromatography to give 

. the title compound (350 mg). 

IR(Nujol, cm-1) : 3404,1821,1780,1715,1651. 

1H-NMR(CDCla, ~ ppm): 1.22(9H,s), 1.26(3H,d), 1.31(3H;d), 1.6-2.1, 2.5-2.9(2H,ni), 

2.17(3H,s), 2.8-4.4(13H,m), 4.80( lH,m), 4.72, 4.99(2H,ABq,J,,;, 13.2Hz), 

5.87, 5.92(2H,ABq,J=S.5Hz). 

Eaam.ple4 

pivaloyloxymethyl (lR,58,68)-2-{ (38,SS)-[5-N,N-dimethylaminocarbonyl-1-(5-

methyl-2-oxo-1,3-dioxolen-4~1)methyloxycarbonyl)pyrrolidin~3-ylthio}-6-[{1R)-1-

hydroxyethyij-1-methylcarbapen-2-em~3-carboxy1ate 

(1) Sodium (1R,58,68)-2-[(3S,SS)-5-N,N~thylaminocarbonylpyrroliclin-4- . 

ylthio]-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboxy1ate (530 mg) 

was suspended in N,N-climethylformamide (2~3 ml)· and the suspension was 

cooled to S°C. 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 · 

(lR,58,68)-2-[(38,58)-5-N,N-dimethylaminocarbonylpyrrolidin-4-ylthioJ-6-[(lR)-1-

hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate (470 mg). 

· 1H-NMR(CD~, 6 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(8H,m), 5.81, 5.95(2H,ABq,J=5.5Hz). 

(2) The compound (497 mg) obtained in (1) was dissolved in methylene chloride (5 
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ml) and cooled tO S°C. (5-Methyl-2-oxo-1,3-dioxolen-4-yl)methyloxycarbonyl 

chloride (231 mg) and triethy1amine (0.14 ml) were adqed 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 suJfate. Ethyl acetate was evaporated under reduced pressure and the· 

residue was purified by silica gel column chromatography to give the title 

compound (140 mg). 

BraunpleS 

pivaloyloxymethyl (lR,SS,68)-2-{ (3S,SS)-[5-N,N-dimethylaminocarbonyl-1-(5-

methyl-:2-oxo-1,3-dioxolen-4-yl)_methyloxycarbonyl]~-3-ylthio }-6-[(lR)-~­

hydroxyethyl]-1-methylcarbapen-2-em.-3-carbm:Ylate 

The compound (500 mgJ obtained in Example 4 (1) was dissolved in N,N­

dimethy1formamide (2.5 µii). (5-Methyl-2-oxo-1,3-dioxolen-4-yl)methyl 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 100/o citric 

acid (100 ml), 5% aqueous sodium hydrogencarbonate solution (100 ml) and 

saturated brine (100 ml), and dried over anhydrous sadium sulfate. Ethyl 

acetate was evaporated under reduced pressure and the residue was purified by · 

silica gel column chromatography to give the title ci>mpound (350 mg). 

Braunple6 

.1-cyclohexyloxycarbonyloxyethyl ( 1R,5S,6S)-2-{ (3S,~)-[5-N,N­

dimethy1aminocarb0nyl-1-(5-methyl-2-oxo-l,3-dioxolen-4-: 

yijmethylaxycarbonyl)pyrrolidin-3-ylthio}-6-[(lR)-1-hydroxyethyl]-1-

methylcarbapen-2-em-3-carboxyJate 

1 ~hexyloxycarbonylaxyethyl (1R,5S,6S)-2-{ (3S,SS)-[5-N,N­

dimethylaminocarbonyl]pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-

methylcarba.pen-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-4-yl)methyloxycarbonyl chloride (830 mg) and 

triethylamine (0.50 ml), and the mixture Wa.s 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 under reduced pressure and the residue was purified by silica gel 

column chromatography to give the title compound (680 mg). 

IR(Nujol, cm-1r: 3402,1821,1759,1713,1647. 
1H-NMR(CD03, ~ 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 .O(lH,q). 

Baam.ple7 

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

1-(5-methyl-2-oxo-l,3-dioxolen-4-yl)methyl.oxycarQonyl]pyrrolidin-3-ylthio }-6-

[(lR)-1-h~thyl)-1-methylcarbapen-2-em-3-carboxyJate 

1-Ethoxycarbonyloxyethyl (1R,5~,6S)-2-{ (3S,5S)-[5-N,N:­

dimethylaminocarbonyl)pyrrolidin-3-ylthio}~-[(1R)~ 1-h.ydroxyethyl]-1-

methylcarbapen-2-em-3-carboxylate (1.0 g) obtained in the same manner as in 

Example 4 (1) was dissolved in N,N-dimethy]formamide (5 ml). Thereto were 

added (5-methyl-2-axo-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 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 was evaporated under reduced pressure and the residue was purified by 

silica gel column chromatography to give the title compound (300 mg). 

IR(Nujol, cm-1) : 3404,1820,1758,1714,1650. 
1H-NMR(CD03, 6 .ppm) : 1.22(3H,t), 1.27(3H,d), 1.32(3H,d), 1.51(3H,d), 1.6-2.0, 

2.5-2.8(2H;m), 2.16(3H,s), 2.8-4.4( 15H,m), 4.5-5.2(JH,m), 6.7-7.0(lH,q). . 

Baam.ple 8 

p-nitrobenzyl (1R,5S,6S)-2-[(3S,5S)-5-N,N-dimethylaminocarbonyl~ 1-

propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(lR)-1-~yl]-1-

methylcarbapen-2-em-3-carboxylate 

(2S,4S)-2-N,N-Dimethy1aminocarbonyl-4-mercapto-1-

propionyloxymethyl.oxycarQonylpyrrolidine (662 mgJ was dissolved in acetonitrile 

(11 ml); and p-nitrobenzjl (1R,5S,6S)-2-diphenylphosphoro-6-[(1R)-1-

h~thyl]-1-methylcarbapen-2-em-3-carboxy1ate (1.15 g) and 

diisopropylethy)amine (0.38 ml) were added at 0°C under a nitrogen atmosphere. 

After mixing for one hour at the same temperature, ethyl acetate (200 ml) was 

added. The mixture was washed with saturated brine ( 100 ml) and dried over 
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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 (876 mg). 

1H-NMR(CDCla, 6 ppm): l.14(3H,t), 1.27(3H,d), 1.33(3H,d), 1.7-2.1, 2.5-2.9(3H,m), 

2.40(2H,q), 2.8-4.4(13H,m), 4.6-5.8(5H,m), 7.64, 8.20(4H~'Bi1· 

BRample9 

sodium (1R,5S,6S)-2-[(3S,5S)-5-N,N-dimethylaminocarbonyl-1-. 

propionyloxymethyk>x;ycarbonyl)pyrrolidin-3-ylthio}-6-[( 1~..; 1-hydroxyethyl]-1-

niethylcarbapen-2-em~-carboxyJate 

p-Nitrobenzyl (1R,~S,6S)-2-[(3S,5S)-5-N,N-:<fimetbylaminocarbon~-1-

propionyloxymethy1oXycarbonyl)pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl]-1-

methylcatbapen-2-em-3-carboxyJate (330 mg) was dissolved in a mixture of 

tetrahydrofuran (17 ml) and 0.1 M phosphate buffer (pH 7.0, 17 ml). 100/o 

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 

alx>ut 5 ml The resultant solution was subjected to chromatography using 

DIAION HP-21 (manufactured by MitsubishiChemical), concentrated under 

reduced pressure and freez.e dried to give the title compound (128 mg). 

1H-NMR(DMSO~, 6 ppm): 1.10(3H,t), 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). 

Emunple 10 

p-nitrobenzyl ( 1R,SS,6S)-2-[(3S,5S)-5-N,N-dimethylaminocarbonyl-1-

isobuzyzyloxymethylaxycarbonyl)pyrrolidiit-3-ylthio]-6-[(1R)-1-hydroxyethyij-1- . 

methylcarbapen-2-em~-carboxylate 

In the same manner as in Example 8 using (2S,4S)-2-N,N­

dimethy1aminocarbonyl-4-mercapto-1 :..isobutyiyloxym.ethyloXycarbonyl­

pyrrolidine, the title compound was obtained. 

1H-NMR(CDCla, 6 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(13H,m), 4.6-5.8(5H,m), 7.64, 8.20(4HA'Bi1· 

Emmiple 11 

sodium (1R,SS,6S)-2-[(3S,SS)-5-N,N-dimetbylaminocarbonyl-1-

isobuzyzyloxymethyloxycarbonyi)pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethy~-1-
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methylcarbapen-2-em-3-carl:m;y1ate 

In the same manner as in Example 9 using p-nitrobenzyl (1R,SS,6S)-2-

[(3S,SS)-5-N,N-dimethylaminocarbonyl-1-isobutyryloxymethyloxycarbonyl)­

pyrrolidin-3-ylthio]-6-[( 1R)-l-hydroxyethyl)-1-methylcarbapen"'"2-em-3-

carl:m;y1ate, the title compound was obtained. 
1H-NMR(DMSO~, 6 ppm): 1.0-1.4(12H), 1.4-1.9, 2.5-2.7(3H,m), 2.83(3H,s), 

3.02(3H,brs}, 4.6-4.8(1H,t), 5.5-5.7(2H,m). 

EBample 12 

pivaloyloxymethyl ( 1R,SS,6S)-2-[(3S,SS)-5-N,N-dimethy1aminocarbonyl-1-

propiony~ethyloxycarbonyl)~lidin-3-ylthio]-6-[(1R)~ 1-hydroxyethyl]-1-

methylcarbapen-2-em-3-carb0xy1ate 

SOdium (1R,SS,6S)-2-[(3S,SS)-5-N,N.;.dimethylaminocarbonyl-1-

propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio)-6-[(1R)-1-hydroxyethyl)-1-

methylcarbapen-2-em-3-carl:m;y1ate (913 mg) wa8 dissolved in N,N-
. . 

climethylformamide (6 nil} and cooled to S°C. Pivaloyloxymethyl iodide (700 mg) 

was added and the mixture was stirred at the same temperature for 1 hr and at 

3D°C for 1 hr. Ethyl acetate (150 ml) was added and the mixture was washed 

with S°/o brine (100 ml) and dried over anhydrous sodium sulfate. 

Ethyl acetate was evaporated under reduced pressure and the residue 

vias purified by silica gel column chromatography to give the title compound (336 

mg). 

IR(Nujol, cm-1) : 3445,1755,1724,1651. 
1H-NMR(CDCla, ~ppm): 1.14(3H,t), 1.22(9H,s), 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), 3.0-4.4(7H,m), 4.73(1H,m); 

5.6-5.8(2H,m), 5.88(2H,ABq). 

EBample 13 

pivaloyloxymethyl ( 1R,SS,6S)-2-[(3S,SS)-(5~N,N-dimethy1aminocarbonyl-1-

propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[( lR)-1-hydroxyethyl]-1-

methylcarbapen-2-em-3-carbOxyla.te 

( 1) Sodium (1R,SS,6S)-2-[(3S,SS)-5-N,N-dimethylaminocarbonylpyrrolidin-4-

ylthio]-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-em~3""carboxyla.te (31.3 gJ was 
suspended in N,N-climethylformamide (148 ml) and the suspension was cooled to 

. S°C. Pivaloyloxymethyl lodide (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 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 hydrogencarbonate solution (175 ml) and 5% brine (500 ml}, and dried 

over anhydrous sodium sulfate. 

Ethyl acetate was evaporated under reduced p:reSsure_ and the residue 

was purified by silica gel column chromatography to give pivaloyloxymethyl 
. . 

( 1R,SS,6S)-2-[(3S,5S)~S-N,N-dimethylaminocarbonylpyrrolidin-4-ylthio]-6-[(1R)-1-

hydroxyethyl]-1-methylcarbapen-2-em-3-carboxy1B.te ( 14.2 _g). 
1H-NMR{CD03, l> ppm) : l.22(9H,s), 1.2-1.4{~H,m), 1.5-1.8, 2.4-2.8(~H,m}, 

2.98(3H,s), 3.02(3H,s), 3.0-4.4(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 at 5°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 colunm 

chromatography to give the title compound_ (1.1 g) •. 

BRample 14 

pivaloym;ymethyl ( 1R,5S,6S)-2-((3S,SS)-(5-N,N-dimethylaminocarbonyl-1-

ace1;yloxymethyloxycarbonyQpyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl]-1-

methylcarbapen-2-em-3-carbmyJate 

The· compound (600 mg) obtained in Example 13 (1) was dissolved in 

N,N-dimethy1formamide (3.5 ml). Ace1yloxymethyl p-nitrophenyl carbonate (200 

mg) and 1riethy]amine (0.16 ml) were added, and the mixture was stirred at room 

temperature for 2 hr. Ethyl acetate (100 ml) was added, and the mixture was 

washed with 100/o 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 (310 

mg). 

IR(Nujol, cm-1
): 3422,1760,1724,1647. 

1H-NM~CD03, l> ppm): 1.22(9H,s), l.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,~), 3.1-4.4(7H,m), 4.73(1H,m), 5.6-5.8{2H,m), · 

5.89(2H,ABq) .. 
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E.Bample 15 
, 

pivaloyloxymethyl ( lR,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-

isobutyzylox;ymethyloxycarbonyl)pyrrolidin-3-ylthioJ-6-[(1R)-l-hydroxyethyl)-1-

methylcarbapen-2-em-3-carboxylate 

The compound (550 mg) obtained in Example 13 · (1) was dissolved in 

dicbloromethane (3.5 ml). IsobuWcyloxymethyl 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,.100/o citric acid ( 100 

ml), 5°/o aqueous sodium hydrogencarbonate solution (100 ml) and saturated 

brine !100 ml) and dried over ~us sodium su~te. Ethyl acetate was . 

evaporated. under reduced pressure and the residue was purified by silica gel 

column chromatography to give the title compound ·(210 mg}. 

IR(Nujol, cm-1
) : 3385,1796,1753,1730,1636. 

1H-NMR(CD03, l> ppm) : 1.15(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,ABq). 

Dmmple16 

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

pivaloylox;ymethyJ.ox;ycal-bonyl)pyrrolidiri-3-ylthio]~[(lR)-1-~yl)~ 1-

methylcarbapen-2-em"-3-car~Jate 

The compound (580 mg) obtained in Example 13 (1) was dissolved in 

dichloromet:h.8ne (3.5 ml). Pivaloylmcymethyl 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 was washed with 5°/o 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 

chromat<>WaPhy to give the title rompound (300 mg). 

IR(Nttjol, cm-1) ·: 3423,1777,1751,1726,1649. 
1H-NMR(CDO~, 6 ppm): 1.22(18H,s), 1.26(3H,d), 1.33(3H,d), 1.7-2.1, 2.5-

2.9(3H,mJ, 2.96(3H,s), 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 17 
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pivaloyloX:YfilCthyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-

isovaletyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyij-1-

methylcarbapen-2-em-3~ 

In the same manner as in Example 16, the title compound was obtained. 
1H-NMR(CDC1a, 6 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). 

Bample18 

pivaloyloxymethyl (1R,5S,6S)-2~[(3S,SS)-(5-N,N-dimethylamiiiocarbonyl-1-t­

butyiace1y~thyloxycarbonyl)~lidin-3-ylthio]-6-[(1R)-1-hydroxyethyl)-1-

· methylcarbapen-2-em-3-carbo:xy1ate 

In the same manner as in Example 16, the title compound was obtained. 
1H-NMR(CDa3, 6 ppm): 0.98(9H,s), 1.22(9H,s), l.26(3H,d), l.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). 

EBample 19 

1-cyclohexyloxycarbonylaxyethyl (1R,5S,6S)-2-((3S,SS)-(5-N ,N-. 

dimethylaminocarbonyl-1-isobufytyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-

[(1~-1-hjrdroxyethyij-1-meth;ylcarbapen-2-em-3-carboxy1ate · 
... 

1-Cyclohexy~yloxyethyl (1R,5S,6S)-2-[(3S,5SJ-(5-N,N-· 

dimethyJaminocarbonyl)pyrrolidin-3-ylthio)-6-[(lR)-1-hydroxyethyl)-1-

methylcarbapen-2-em-3-carboxyJate (1.00 g) obtained in the same manner as in 

Example 13 (1) was dissolved in dichloromethane (10 ml). Isobucyzyloxymethyl · 

p-nitrophenyl 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, 6 ppm) : l.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), 6.7-7.0(lH,q). 

EBam.p1e20 

1-Cthoxycarbonyloxyethyl (1R,SS,6S)-2-[(3S,SS)-(5-N ,N~dimethylaminocarbonyl-1-

pivaloyloxymethyloxyciu-bonyijpyrrolidin-3-ylthio)-6-[(lR)-1-hydroxyethyl)-1-

methylcarbapen-2-em-3-carbox;ylate 

In the 8ame manner as in Example 19, the title compound was·obtained. 
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1H-NMR(CD03, <>ppm): 1.22(3H,t}, 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(lH,q). · 

Experimental Baample 

The following oral absorption tests were perlbrm.ed as in the following to 

clariiY the superior property of ~e compound of the present invention. 

ERpedm.ental Emunple 1 (oral absorption test) 

The compound of the present invention (100 mg/kg, compound of 

Example 13) was orally administered to mice (3 per group) and the crincentraion of . . 

hydrolyzed carbapenem compound (A) in plasma was determined at 0.25, o.5, 
1.0, 2.0 and 3.0 hours later by HPLC. The results are shown in Table 1. 

· Tablet 

Test compound A. concentration in ,. · ;;::; (wz/ml) 
0.25hr O.Shr I.Ohr 2.0hr 3.0hr 

... ile 13 9.5 4.8 1.9 0.6 0.2 

EBperimeatal Emunple 2 (oral absolption test) 

The compound of the present inVention (100 mg/kg, compound of 

Example 15) was orally administered to mice (3 per group) and the concentraion of 

hydrolyzed c:arbapenem 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. 

Table2 

Test compound An,,...,_-w c0ncentration in · • ..... (W?/ml) 
0.25hr O.Shr 1.0hr 2.0hr 3.0hr - , .... ile 15 8.6 10.1 4.8 1.4 0.3 

Industrial Applicability . 

The carbapenem compound (I) of the present invention is superior in 

absorption from the digestive tract by oral administration and shows sufficient 

antibacterial property against a broad range Of bacteria. species. Therefore, the 

compo~d is extremely useful for the prophylaxis and treatment of infectious 

diseases (particularly bacterial infectious diseases). The inventive agent for the 

prophylaxis arid 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 
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respiratoiy organ, biliary tract infection, urinazy tract infection and the like. In 

addition, carbapenem compound (Il) is useful as an intenneclia.te compound for 

carbapenem compound (I). 

This applicati~n is based on application No& 122499/1998 and 

203730/1998 filed in Japan, the contents of which are incorporated hereinto by 

· reference. 
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WHAT IS CLAIMED IS 

1. A carbapenem compound of the formula (I) 

OH CHs <R2 
. --c(-CON Rs . (I) 
H3C S 

-· COO-R 

C~R1 

wherein R1 is a modifier hydroJyzable in the living body, R.2 and R3 are the same or 

different and each is a lower alkyl, R is a group ·of the formula (B) 

or formula (C) 

-c~ CHg 

.. ~ (B) olfo 
0 

R4 
I 

- coco -R6 (C) 

~ 
wherein R4 and R.5 are the same or diiferent and each is a hydrogen atom or a 

lower a1k;yl and R6 is an alk;yl having 1 1:0 10 carbon atoms. 

2. The carbapenem: compound of claim 1, wherein R2 and R3 are the same or 

different and~ is a lower aJk;yl. 

3. The carbapenem rompound of claim 1, wherein R1 is pivaloyloxymethyl 

4. The carbapenem compound of claim 1, wherein R1 is 1-

cyclohex;ylOxycarbonyloxyethyl. 

5. The carbapenem ·compound of claim 1, wherein R1 is 1-

ethox;ycarbonyloxyethyl. 

6. The carbapenem compound of claim 1, which is a member selected from the 
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.group consisting of 

pival~thyl ( lR,SS,65)-2-{ (3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(~ 

methyl.:.2-oxo-1,3-dioxolen-4-yl)methyloxycarbonyl]pyrrolidin-3-yltbio }-6-[(1R)-1-

h~]-1-methylcarbapen-2-em-3-carbOX¥1ate, 

1-cyclohex;yloxycarbonyloxyethyl (1~5S,6S)-2-{ (3S,5S)-[5-N,N­

~ethy1aminocarbonyl-l-{5-methyl-2-oxo-1,3-diox0len-4-

yl)methyloxycarbonyijpyrrolidin-3-ylthio}-6-[( lR)-l-hydroxyethyl]-l­

methykarbapen.:.2-em-3-carboxylate, . 

1-ethoxycarbQnylmr¥ethyl (1R,5S,6S)-2-{ (3S,5S)-[5-N,N.:mmethylaminocai'bonyl­

l-{~-methyl-2-oxo-l,3-dioxf?Jen-4-yl)methy~yl]pyrrolidin-3-ylthio }_-6-
. [(lR)-l~h~ij-1-methylcarbapen-2-em-3-carboxyJate, 

pivaloyloxymethyl (1R,SS,6S)-2-[(3S,SS)-(5-N,N-dimethy1aminocarbonyl-1-

acetyloxymethylaxycarbonyijpyrrolidin-3-ylthio)-6-[(1R)-1-hydroxyethyl)-1-

methylcarbapen-2-em-3-carboxylate, . 

pivaloy~thyl (1R,SS,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-l­

propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio)-6-[( lR)-1-hydroxyethyl]-1-

. methylcarbapen-2-em-3-carboxy1ate, 

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

isobucyxy~tllylaxycartx>ny~pyrrolidin-3-ylthio]-6-((1R)-1-~l)-1-

methylcarhipen-2-em~3-carboxylate, 

pivaloyloXymethyl (1R,5S,6S)-2-[(3S,SS)-(5-N,N-dimethylaminocarbonyl-1-

pivaloyloxymethyloxycarbony1)pyrrolidin-3-ylthio]-6-[(1R)-1 '."hydrmyethyl]-1-· 

methylcarbapen-2-em-3-car~Jate, 

pival~ethyl ( 1R,SS,6S)-2-((3S,SS)-(5-N,N-dimethylaminocarbonyl-1-

isovalelyloXymethyloxycarbonyijpyrrolidin-3-ylthio)-6-((lR)-1-~1]-1-

methylcarbapen-2-em-3<arboxy1ate,. 

pivaloyloxymethyl (1R,SS,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-tert-· 

butylace1yloxymethym;ycarbonyl)pyrrolidin-3..;ylthio]-6-[( lR)-l~hydroxyethyl]~ 1-

m.ethylcarbapen-2-em-3:..carbmcy]ate, 

· 1-cyclohexs:loxycarbonylaxyethyi (lR,5S,6S)-2-[(3S,5S)-(5-N,N­

dimethyJaminocarbonyl-1-isobutyiyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-

[(lR)-1-hydrmyethy~-1-methylcarbapen-2-em-3-carboxyJate, and 

1-ethoxycarbonyk»grethyl (1R,5S,6S)-2-{(3S,5S)-(5-N',N-dimethylaminocarbonyl-
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1-pivaloyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6.-[(lR)~l-hydroxyethyl]-1-

methylcarbapen-2-em-3-carboxyJate. 

7. An antibacterlal agent comprising the carbapenem compound of claim 1 

having the formula (I) as an active ingredient. 

8. The antibacterial agent of claim 7, which is for oral administration. 

9. A carbapenem compound of the formula (II). 

- OH CHs . . <R
2 

·--ccCON.- 3 
H3C R 

S N-COO-R 
(Il) 

C°'JR7 

wherein R2 and R.3 are the same or different and each is a lower aikyl, R7 is a 

hydrogen atom ora protecting group of carboxyl group and Risa group of the 

formuJa(B) 

(B) 

or formula (C) 

R4 
. I 

- COCO-R6 (C) 

I s 
R 

wherein R4 and R5 are the same·or different and each is a hydrogen atom or a 

lower alql and R6 is an alkyl having 1 to 10 carbon atOms, 

or a salt thereof. 

10. The carbapenem compound of claim 9, which is a member selected from the 

group consisting of: 
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p-nitrobenzyl ( lR,SS,68)-2-{ (3S,SS)-[5-N,N-dimethylaminocarbonyl-1-(5-methyl-

2-oxo-1,3-dioxolen-4-yl)methyloxycarbonyl]pyrrolidin-3-ylthi0}-6-[(1R)-1-

hydroxyethyl]-1-methylcarbapen-2-em-3~late, 

(1R,SS,6S)-2-{ (3S,SS)-[5-N,N-climethy1aminocarbonyl~ 1-(5-methyl-2-oxo-1,3-

dioxolen-4-yl)methyloxycarbonyl)pyrrolidin-3-ylthio }-6-[(lR)-1-~yl]-1-

methylcarbapen-2-em-3-carboxylic acid, 

p-nitrobenzyl (1R,SS,6S)-2-[(3S,SS)-(5-N,N-dimethylaminocarbonyl-1-

propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl)-1-

methylcarba.pen-2-em-3-carboxyJate, 

p-nitrobenzyl (1R,SS~6S)-2-[(3S,SS)-(5-N,N~ocarbonyl-~­

isobu~yloxycarbony~pyrmlidin-3-ylthio]-6~[(1R)~ l-h~ij-1~ 
methylcarbapen-2-em-3-carboxyJate, 

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

propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[( lR)-1-hydroxyethyl]-1-

methylcarbapen-2-em~3-carboxylic acid, and 

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

isobu1yiy1oxymethyloxycarbony~pyrrolidin-3-ylthio)-6-[(1R)-1-hydroxyethyl)-1-

methylcarbapen-2-em-3-carboxylic acid, 

or a salt thereof, particularly a sodium salt thereof. 
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