; e3e=="z6T] *166166* SPECI FI CATI ON CARBAPENEM DERI VATI VES, UTI LI ZATI ON
THERECF AND | Ns&RWEDI ATE COVPOUNDS OF THE SAME Technical Field The present
invention relates to a novel carbapenem conpound usef ul ?O E%t";"‘eclfef'bOﬁor t he

| B;?PPZL?QWﬂmﬂwmmmm ?ngﬁftb;ﬁ.l %E,fge(:t Logsngi/;eaiar bapenem conpound

havi ng sufficient antibacteri al permtting oral absorption, an

and anRRRPRERM R AR AR RO P 5@*5@%@%@@%&“’%%%@%%% R

Background Apt A nunber of conpoun aving a rarbapenem skel eton have been
heretofore found to be a therapeléchmiad)Biedd f or i nfecti ous di seases, and
sonme of which h ve beenFPut toﬁgractl cal uyse for the superior anti bacteri al

-activity they pr ai£S Je A o8 CarRapengRompQndy ﬁé?ﬁlf‘iﬂc%&l on. For

I e e e S R

'si t uat i opsrtichiiardy, the presemtsinyentipyorgtaiehtoa novel czrdbapemérh@otrgouald.  spect rum

Convent | GREPETIRRE AERRurARAEbEy BB RN P BRerp e Sl s

consi der egtidactefigicigent cirtaimirgothioutpolrtid 865n @ iBEreediditagidar] stic feature

in that it can_be adm ni stered al gne wi thout using a stabilizer. On the

ot her hafrterTRAtiate RRRAYRRRT E¥HPIOGHEIYheMEE SatePsBe gorRaMnc: om t he
digestive tract and is now adm wd@an injection in clinical use. An
oral agent is easily and convenientl'y admnistered and is clinically
extrenely usef Aln\aﬁbmmfpan@dundshmw@mhapeﬁhmﬁfﬂdmm hbbebeeri s a strong

demand for t veI nt of car.ba oun for oral adm pistration)
that has %??ﬁ%@uﬁﬂt élttg cu FEW 3“% SEeS TR WEPF
spect r umwlaas hifebeehliingo prticabiisedds ﬂ'liepéupéﬁof‘ bAfibidieridliaaaeity iyt r act .

* 000p2* 5 Cct ober 200 scl sure of the laueafioa It is therefore an

obj ect ofPOBBRSSHF B2 ‘Pe‘?nrfg‘@% @%?W?ﬁ@%%bﬂ%r%ﬂﬁ%ﬁound havi ng a
superi or éfgd_ggﬁ&h% uﬁﬁ(ﬁ;%éibrﬂﬁgaﬁbow ng superior absorption fromthe

di gestive tr Anot'her object of the present invention is to provide use
of the carbapenem corgggund. yet anot her object of the present invention
is to provide an inteynedi e3 sw tabl e ég)é‘(ége) production of the carbapenem
conpound. The pr ' @g; 3Ent ensi ve studies in an
attenpt to achi evé the n obj ects andaf ound that a novel

car bapenem conpound thelfollowing tornula (1) shows superior absorption

fromthe CO,H

has already been put to practical use in clinical situations. This carbapenem
compound has a broad antibacterial spectrum and a strong antibacterial activity,
and has overcome instability of the conventional carbapenem compound to renal
dehydropeptidase, which was considered a defect of this compound. It has
supeior characteristic feature in that it can be administered alone without using a
stabilizer.

On the other hand, this carbapenem compound shows poor absorption
from the digestive tract and is now administered as an injection in clinical use.
An oral agent is easily and coﬁveniehﬂy administered and is clinically extremely
useful as compared to injections. Therefore, there is a strong demand for the
development of carbapenem compound for oral administration, that has a strong

antibacterial activity and a broad antibacterial spectrum, and that shows
superior absorption from the digestive tract.

LT

*G00002+*



di gestive tract, that the conpound has sufficiently strong anti bacteri al
property and is extrenely useful as an oral antrbacteri al agent He has
~also found a navel internedi ate conpound usable for the p é??ﬁ} hl og %f this
conpound, which resulted in the conpletion of the present eRef 4702
Accordingly, the present invention provides the followng (1) to (10). ( 1)
A car bapenem conpound of the fornmula (1) OH CH3 HsC ~/ S N O CO2R1 R2 CON<
R~ COO R (l) wherein R isWW&ehmwzable in the living body,

o oup of the 1 or i Aere 2t Bllpe BeBP e donfe il Acibapeliti of 12 %
(O 2 (B) co:ﬁp@i@h@ﬁn@@@ﬁpmﬁwmubaﬁmmomﬁl dHoevisspepibr di f f erent and
h i hydr o t | k | kyl h 1to 10
car bon' at oHETR B o 166 Age i arick o AR &ecmf) S BEvE @RS R and K3
are the Sa?ﬁvﬁ'é\ﬁbtafﬁfe%}b@%ﬁe&%ﬁu potnd, |RF\E§ Rk ob%ﬂbf&g%ﬁsgﬁpapenem

conpound of ( 1) above, wherein is piva car bapenem
‘conpound ofnventidn isiepeovidetasy iterRiiste suitable: H’&@tb@ugumctmwl oxyet hyL (5)

The carbap Qun( (1} above, wherein R is
1-et hoxycag%g%?cﬂ:%xye’t ﬁ'H{dG) The car bapenem conpound of ( 1 ) above, which
is a nenber sel e’ﬂu&aprcfserltnmdlmrghwoom&:cktﬂtemsmﬁ stakdieslin wnoatyerabhid
(1R, 5S, 69) N N-.di rbon 5net hyl - 2- oxo-
1, 3- di oxol %ﬁ“ﬁ?@ﬁéﬁ%@?r ?P{ﬁcﬁ%ﬁf{é pdtiats "?Lﬁ%‘?ép
1R) - 1hydr oaotﬁpdsuﬁd oﬂh@nmbwmgabﬁﬂ@h ghewe Sx "bbébsdrpﬁ&) from
1- cycl ohex oxycar bonyl oxyet 55, 6S (3S,53}- [5 N
di net hyl an&’ﬁ Tﬂ% é P@\éﬂ déaﬁﬁlbﬂi@?e%ﬂ}ﬂ?‘wm roperty
yl } et hyl oxygay aﬂ.Y $cBllizdian-ofal antibacterial agent. He has also found a
nx

yl t hi o} - 6- [(1R) 1- hydnxyet hyl ] - 1net hyl car bapen- 2- em 3- ar boxyl at e,
novel intermediate compound usable Jor the production of this compound, which

resulted in the completion of the present invention.
Accordingly, the present invention provides the following (1) to (10).
(1) A carbapenem compound of the formula (I)

R2
CON
< R®
N — COO—R

C02R1 .

wherein R! is a modifier hydrolyzable in the 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)

o0 B

or formula (C)



1- et hoxycar bonyl oxyet hyl (1R, 5S, 6S) - 2-{

(3S,SS)-[5-N, Ndi net hyl am nocar bonyl 1- ( 5- net hyl - 2- oxo- 1, 3- di oxol en- 4-yl ) net
“hyl oxycar bonyl ] pyrrolidin-3-ylthio} -6 [(

1R) - 1- hydr oxyet hyl ] - 1- et hyl car bapen- 2-em . 3- car boxyl at e,5 Qlarabey PO%%net hyl
( 1R 5S,6S5)-2-[(3S,5S)-(5-N, N-di net hyl am nocar bonyl -
acet yl oxynet hyl oxycar bonyl } p5~rolidin-3

yl thio] - %H&QRR?W@%X%Q%%&B&&%%@%%S SO ALP A B &

pi val oyl oxynet h

(1R, 5S, 6$)W®‘4U(CE$,1’SS§ ﬁ@nmldlaﬁmgwm}ﬁ parbanlatorys.- 1pr opi onyl oxymet hyl oxyca
rbonyl ) py, I di 3 X hloJ

R) - 1- hyd %@Eﬁ E‘T 8t TR é%(h‘ib%'ﬁ}‘\?hﬁgﬂrngﬁﬁﬁear%ﬁfaﬁa&% Fxynet hyl
(1R SS, G&ﬂ'&c;[n(a’jﬁéé&léimw&dkﬂet hyl am nocar bonyl - 1i sobut yyl oxymet hyl o~yca
rbonyl ) pyroiidin-3 yIthl 0] - 6- x%é

R} - 1- hy dridxkhe sayPapengat i) 2bqye whersirBXisi nivaloylgnwaetbyl oxynet hy

byt s Wb etk %rﬁ#&ﬁr?%{?ﬁ?%&%ﬂ%ﬁ[ RORA. il o, oxyznet hyl oxye

1R) - 1- hy ¢echoyidxyethyllret hyl car bapen- 2- em 3- carboxyl ate, 3 5 Cctober 2002
pi val oyI

| R 5S, 6S) g)%ﬂ?e(c@é{ﬁ;gnegscq@gptm%g (Al sbavenwherEinRy is. rpthereraebymdxy met hyl oxyca

rbonyl ) pysigethiti n-3-yl thio]-6-[( 1
R) - 1- hydz~oxyet hyl ] - 2met hyl car bape -em 3-car boxyl ate, pival ayl oxynet hyl (
1R, 5S, 6S)6)2He {Isccrmnptm%é M/Mﬁn‘ab-@hb@nwembchldmwﬂrmehw oxynet hy

| oxyrarb [#;n?)ylthlo] -[( 1 R-
| - hydr ox%?%{*g/ﬁyﬁrre yl cat - bapen- 2- em 3- car boxyl at e,
1- cycl ohexselaytquyandiioyly IB,SMS)@-{ (6$ﬁ$$w-®ﬂb@ﬁ:ﬁﬁbdﬁowm -5

Fggzg?ngﬁ%yg%arb %’lfi}?ng %%%%}% nﬁ%’ﬂ"a’k@&%mﬂ% rlliRyicar bapen- 2

-em 3- c~q—@qmﬁ: {H1]- BAtktHyl
glbcl?nils) S_S) 2 g (3S, 5%:bony1oxye%y”ﬁRh¥é%é)rl'zn{?é’éa‘%ls’)ol% %_pl val ayl oxynet hyl oxyca
yl t hio] - %@%Wﬁ yiel phdendses _gﬁ)qaygﬁ% Ba.4-em 3-carboxylate. ('7) An

anti bacteri al "agent conpri SI ng the apenem conmpound of ( 1 ) above of

t he formyﬂ)ale(Chy)lowm p)rmfdldmrér}édn@}ﬁﬁ-[(l@-)l -Iidzoxyethiyijatt eri al agent of
Formil a (i e BBt ea il T 2 00 R (1) O | Gb2R wherein
R2 and R3-ethexydaebergiexyethyll{1R,68,66]-24I(GH, SS)G!S-NN-@:ﬂ@MﬁérrﬁhMbo@- is a
thﬁgr]?g(ranm}la om yl_g_%qg{ 5(5{;@0%%—85&1%;% car bqbc%l,@gro .and R 56_?C)gr%gp4of c
Cct ober 2Q @21\4&3@@;@&&8@ ﬁﬁﬁbtﬂﬁl@ltﬁp&ﬂ@-&ﬁwm 1§teer ent and each is a
hydrogen atomor a | o an, al kyI havi ng 1 to 10 carbon
at ons, plvaloyloxymemyl (lR 3S 6§$—2 [(38 SS) (S-N N-dimethylaminocarbonyl-1-
acetyloxymethyloxycarbonyl)pyrrolidin-3-ylthio}-6-[{ 1R)- 1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,5S,6S)-2-{{3S,55)-(5-N,N-dimethylaminocarbonyl-1-
propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio}-6-[( 1R)- 1-hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-(5-N,N-dimethylaminocarbonyl- 1-
isobutyryloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R})- 1-hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,5S,68S)-2-{(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-
pivaloyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R)- 1-hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylate,




.or a salt thereof. ( 10) The carbapenem conpound of (9) above, which is a
menber sel ected fromthe group consisting of p-nitrobenzyl ( 1R, 5S, 6S)-2-{
(3S,5S)-[5-N, N-di met hyl am nocai - bonyl - 1- ( 5- et hyl 2- oxo- 1, 3-di oxol gn-4-yl) ne
t hyl oxycarbonyl ] pyrrolidin-3-ylthio} -6-[( 1 5 0c1eber 5603

R) - 1hydr oxyet hyl ] - 1- net hyl car bapen- 2- em 3- carboxylate ( 1R 5S,69)-2-{

S R sk )

11~-1-hy ggﬁ ARKEBLEN IR Bhie A ni trobenzyl
(1R, 5S, 6S) 2- (( 559?? -N nethylanrnoca?%%gﬁr 1%ropron);"loxynethyloxyca

r bony| ) pynetbyicathapeniy2-emr xy letel

Thy55, Bep A s A A R Me Re eseeiyr 8 ot yt oxyca

rbonyl) pyutyhtetilixynethyloxycarbonyl lidin-3-ylthio]-6-[(1R)- 1-hydroxyethyl}- 1-
yl t hi 0] - 6- Fﬂ%£§yl hydrgxigthyl]y¥ﬁ§?hylcagbapen g en}éycgrQEfg at e,
‘1R, 5S, 6S /1 ami nocar bonyl - 1prop|onyloxynethyloxycar

¥
li%)nyll) Ezc}r@l ﬂe%??’fy%}ne%’?@ﬂ{?éﬁ%ﬁ5§65%%‘3 asrsééx% wc acid, and (

1R, 5SS, Gs)mﬁe@mﬁmﬁnﬁ mwmmmmmmhﬂm@umz-mmaet hyl c~xy~

E;rgoﬂihﬁﬁéigqﬁ§g? fﬁ?@ ?#Q%ﬁﬁ%&ﬁngd?§'6§FEG¥§¢?cm¥%|d or a salt

ther eof, nghbiofalBirylngesntIRTS 851218/ s NRIRLaGLDECLABLAR. Of ! he

Iaventroa The definitions use present I Cation are explained in

t he fol | dvpiHgloylvmanethyiprysarbo wmw@mmw]@ﬂﬁwvmmwm & R is
f bl bl ood. F~ I h f includ
prefera xﬂtﬁlgéﬁepé?@&n' _F‘LREHO h,_ne or 00 F~xanpl es t hereof include

ﬁ‘ﬂ’

optronally s ed ar phenyl) tolyl, xylyl, indanyl and the
i ke), 1{AlAnaybarkeridl kgtnt consgprising/he dantuapenmyﬁdohyﬂ)ouqamm | dbdyé of

5- met hyl - X0- |oxolen 4 I hyl and the like, with preference gi ven
to 1-alk §¥8&§%ﬁk§ﬁ nonxyaIkyI and

5- et hyl ﬂﬂmecanhb&ctéh@x@@moﬂw,lwmamdfor&ala&r@ﬁbeaecrn 2002 The optionally

substituted aryl" is erab&% an unsubstituted aryl or aryl optionally
subst i t utddd &aF p?r&recemermfl Heeymuig{l) ei n the substituents rnay be the
same or different. Examgmrs of cHje substituent ,ig¥cl ude al kyl having 1 to 4

carbon atonms such as negqyl, ethyl and t ONKé.sThe nunber of carbon atons
g Xyal kyl " % preferably 2 to 10, nore

of the al kanayl noiB1§~of
preferably 2 to 7, which mi~fe | neax-Nbracooed ror cycllc The nunber of
carbon atons) of the al Byl molety_is preferably 1to 3, nore preferably 1

or 2. Fxam_ples of 1- aII~ano§QoR§alkyl i ncl ude acetoxynethyl

propronyl t 3 B?iﬂﬁﬁ
pi val oyl oxymne Hg?gndq{q#% ry oxyﬁggi t%%?% utyy?oxyne 1*21sa

i soval er yiydzagentaiom, omamhe@&mﬁwarbwhmm amd &I)‘Blaf)gl;prm ¢fithe
neohexan%%%ﬁﬁxﬁgthyl 2met hyl hexanoyl oxynet hyl ,

2, 2-di rethylval »yloxynethyl neoheptanoyloxynethyl,

cycl ohexanecar bonyl oxynmet hyl, cycl ohexyl acet oxynet hyl, 1-acetoxyethyl,

1- pr opi onyl oxyet hyl T & utyrQHexyethyI, 1-i sobutyryl oxyet hyl,

1- n-val ei yl oxyet hyl , 1-pi oyl oxyet hyl , (&hsoval eryl oxyet hyl ,
1-n-hexanoy|oxyethy|, 1- cpcl Bhexanecar bonyl oxyet hyl and the |ike. The
nunber of carbon atons) of [fhe al koxy noi ety of "1lal koxycarbonyl oxyal kyl "
IS preferably 1 to 10, norgypreferably 1 to 7, which nay be |inear,
branched or l@f The nunber of carbon atons) of the alkyl noiety is
preferabl ,)nDre preferably 1 or 2. Exanples of ~

1- al koxycar bonyl oxyal kyl " Rhcl ude 1- net hoxycar bonyl oxyet hyl,

1- et hoxycar bonyl oxyet hyl , [L- n- pn~poxycar bonyl oxyet hyl ,
1isopropoxycarbonyloxyeLhy c%;n;gytaxygégbonyloxyethyl)

1- secbut axycar bonyl oxyet hy[,” "I-t - But oxycal - bonyl oxyet hyl ,

1- pentyloxycarbonyloxyethy 1- cycIohexyloxycarbonyloxyethyl and the liKke.
The rower al kyl" at R2, RBR R and R5 is a linear or branched al kyl having 1
to 6 carbon atons, which is exenplified by nethyl, ethyl, propyl,

i sopropyl, butyl, isobutyl, sec-butyl, t-butyl, pentyl, isopentyl,
neopentyl, t-pentyl, hexyl, isohehyl,‘feohearyl and the like. O these,
met hyl , ethyl, propyl and butyl are prieferable. The "alkyl" at R6 is a

| i near, branched or cyclic alkyl having 1 to 10 carbon atons, which is
exenplified by nethyl, ethyl, propyl, isopropyl, butyl, isobutyl, 6 5
Cct ober 2002 sec-butyl, t-butyl, pentyl |sopentyl neopentyl, t-pentyl,
cycl opentyl, hexyl, isohexyl, neohexyl, sec-hexyl, t-hexyl, cyclohehyl,
heptyl isoheptyl, neoheptyl , sec-heptyl, t- heptyl octyr, isooctyl,

o
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Exanpl es of preferabl e carbapenem conpound (1) of the present invention
i nclude the follow ng. Pival ayl oxynet hyl

(1R 5S, 6S)-2-{(3S,5S)-[5-N, N-di met hyl am nocar bonyl - 1- ( 5net 23/ % 03%-

1, 3-di oxol en-4 yl ) et hyl oxycar bonyl ] pyirolidin-3 ylthi o} gr 2002
R) - 1hydroxyet hyl ] - 1- net hyl car bapen- 2- em 3~ar boxyl at e,

1- cycl ohexyl oxycar bonyl oxyethyl ( iR 5S, 6S)-2-~

(3S, 5S) - [\ﬂaeﬂcmdk“rmidl arerthn sametooifferant( Shchetchyis alydrogen atom or a

;lll ?h?lofx L’X%?rl l)fwl w@%wm%&?@%ﬂ@s’em 3- car boxyl at e,

1- et hoxycarpemyinereset hyl ( 1 R 5S, 6S) - 2- ~
(3S,5S)-(5-N, N-di et hyl ar ni nocarbonyl 1- (5-net hyl - 2- oxo-1, 3-cti oxol en-4-yl ) m

“et hyl oxydaP Wb@mnsm eARpaing efi{P)ahoge, (yhich is a member selected from the
1R) - 1- hy ﬁ%{% -gret hyl car bapen- 2- em 3- car boxyl ate, pival ayI oxynet hyl
( 1R, 5S, % ) - [ 5- N, N-di et hyl am nocar bonyl - 1- (5net hyl - 2- oxo-

"1, 3- di oxgh ﬁ.ﬁrdbey&})lmm BSJG&XE@{@$SS)‘[3 N)N dhhetﬂynnﬁnofdatrbdn@}l 1=(8 -rhéthlyl-
1R) - 1hydr oxye 1- net hyl car bapen m 3- ¢ ate |vaI ayloxynmet hyl (
IR SS, 6S)29%9- (I%d@g? cfeﬁ-ﬁff%ﬁ wﬁ 9 t hyl - 2- oxo-

3-di Ox%gﬁﬁ‘o Féﬁ,g Qyérﬁ-@\lc':e{r% -3-yl thi o] 6-[( |
R) 1hydro yet %’H - et Ryl car %gg -em 3- %ﬁ%boxyl ate, 5 Cctober 2002
pi val oyl d¥Ro&, +2—{ (3S,5S)- [S-N N-drnethylammocarbonyl— (S-methyl—Q-oxo-l 3-

gm;luR) 25 ‘ ?o%‘?’&lé}%%?’t%hﬂ?’w%ﬁ%@%ﬁsﬁﬁb”ﬁﬁa‘i‘cﬁ}b&r[‘diz) 1258t Qe hy! oxycar bo

R) - 1- hydnag eyl S-astbepelic ahidmt 3- car boxyl at e, pi val oyl oxynet hyl (

o) gizmangf@&%@w@ﬁém% ARSI g1 et o
R)-1- hydrﬁqs §mggﬂm@_qt%&b¥&1ﬂyi oxynmet hyl (

1R, 58S, 6S)- ﬁ hﬁ gl‘&%h@tﬁﬂ?loﬁ% N-dl ne hylg%%l[]%locar

Ilsobutyrlylb Ptyﬁ;errolldlnByIthloJ 6-(( 1
R) - 1- hydr oxve g%y val oyl oxynet hyl
(1R 5S, 69)-2Z- QXHI%@%%Q@W"{EW am nog?i}; on ch%%l Q;f;# oyl oxynet hyl oxycar
bo nyI ) pyisstaitimloxythegthldryodrbonil pyirolidin-3-ylthio}-6-[( 1R)- 1-hydroxyethyl]- 1-

1- hydro 1net hyl carbapenp- 2- em 3- car boxyl at e, pival oyl oxynet hyl
(1R 5S, 6§f’e')2£‘y[c€}3(}%41:§ v #ﬂi %@F 8y1 ami nocar bonyl - 1i soval er yl oxynet hyl oxyc
arbonyl) (IIR[SS?dSS)CQ §5$] N 9 digndthylaminocarbonyl-1-

R) - 1- hydnxyet hy thy cartiapen-2-em 3-carboxyl ate, pival vyI oxynet hyl
(1R, 5S, as;mpmpy tBvearke Wﬁ’@ﬂﬁ?@&n@ﬂ%’é’?@dﬁ -1ihydeeestiyl met y1 oxynet h

yl oxycar bgpy htgibﬁ-ﬁwﬂob.y adia,[dndlR) -
| - hydr oxyet hyl | - 1net hyl car bape em'3-.car boxyl at e,
1- cycl ohe&3155(%@&&%§Eb65yl&l\ﬂ9meﬂuylammocarbonyl-1—

ot S ShotdidyiR gt Babi iy o BRI A1 Ry 1§ RJethyi] g2V et vl Xy

R) - 1- hydrmﬂgﬁdaybdpeﬁ-zmhylcaﬂ:olaﬂpmm@, em 3-car boxyl at e,

| ~t hoxycar bon

(1R 58S, 6S s% &@%{%ﬂﬂ?ﬂ%%&lﬂ}ﬁ%ﬂeﬁ%ar bonyl 1- pi val oyl oxynet hyl oxyca

rbonyl') pyr r0| i di n-3-yl t higtaificd Heséription of the Invention
R) - 1- hydr oxyet hyl ) - 1net hyl car bapen- em 3-car boxyl ate, pival oyl oxynet hyl (

1R, 5S, 6S) - 2- [ ( 38 Bisfinitionsusechip ammplaumd)mmyl oxymnet hyl ox
ycar bonylﬁ)ﬁ &x?xgl idin-3 ylthio]-6-[( 1
- 1- hydr'oxyetfyi | - 1met hyl car bapen- 2- em 3- car boxyl at e, pi val oyl oxynet hyl

(1R 5S, 65) - 2- [G&S“ﬁﬁ&ﬂ&hﬁ:&yﬁbﬁﬁym&mw@@yw@p@mﬁwl oxymet hyl oxycar

bony! |t hi
R;) kS %1%:13@@%13 t IO SBP{S’gﬁenE’?IBQﬁsé‘l%?le@%??%ﬁ@nagﬁd the Iike.
Exanpl es gfpgptét aah'(eegclsﬁéi?p 9@%&3@1&4&&&&} HealRARSidyaliiyy ent i on

mcludethefollovmn -Ni obe

(IR 5S, egmwcmm,mmﬁﬁ -meihbeamivohtdiakolen-dplthsthyl 5 Oct ober

2002 2- oxo roI|d|n 3-ylthio } -6-[(
1 R)- 1hyd?r6 lﬁﬁ? ﬂ%g%%%g‘?%@g%g%ﬁ%’%%@o yl ate, sodium (

1R, 5S, 6S) glﬁmﬁycarbonyloxyalkyl and S-methyl-2-0x0-1,3-dioxolen-4-ylmethyl.

(3S,5S)-[5-N, N-di rnet hyl am nocar bonyl - 1- ( 5- et hyl - 2- oxol, 3- di oxol en-4-yl ) ne
t hyl oxycar bonyl ] pyrrolidin-3-ylthio} -%-][(

1R) - 1- hydr oxyet hyl ] 1- et hyl car bapen- 2- em 3~ar boxyl ate, p-nitrobenzyl

(1R 5S,69)-2-[(3S, 5S)-(5-N, N-di net hyl am nocar bonyl - 1pr opi onyl oxynet hyl oxyca
rbonyl ) pyrnolidin-3-ylthio]-6-[(

1R) 1- hydr oxyet hyI] et hyI car bapen- 2-em 3- car boxyl ate, p-nitnbenzyl

F 7 A =\



Pnduction Method 1 OH CH3 HsC ~/ S N O C02H OH CHs H3C/ S N O CO2R1 R2 CON
R~ COO R (lla) R-X ~) RR CON< 3 R ~- C00- R (I) wherein R, R2, R3 and
R are as defined above) and X is a hal ogen atom such as 9 5 Cctober 2002
"chlorine) bronmine, iodine and the like, a |eaving group sBchcteper 2002

al kanesul fonyl oxy (e.g., nethanesul fonyl oxy, ethanesulfonyloxy,

pr opanesul f onyl oxy, butanesulfonyloxy and the |i'ke), atylsulfonyloxy
(e.g., phenyl syuhd e sutsstirh e laf-pnigl éﬁérékﬂbdaﬁhﬁsubiﬂﬁht @ drhgyll i ke. The
conmpound (1) is obtai né}é}l |ssolawng corrpound (I'ta) in ea sol vent that

does not optieralyesubstinitad bﬁé tp@aeubsslﬁlqné sy whegtinthe substituentsimay be

benzens. Bt Ryre gE Gt NERPHER S MRS I B Al BRI & i e
“di met hyl catHonoatbhe, suan%amﬂhyl, uﬂgrlhhelﬂe@ﬁke and reaction with compound (111)

I n an equi nol ar to 5-fold ngﬁar anou %}5 eferably about equi nol ar to
bi ol ar anpunt Th¢ RUIheT g AR &tyRs gt otd-be used is free of

‘parti cul %ikakr)mgio&%ﬂcﬁ g E‘fei'e?olf’ﬁ% |rﬁb§gx§%r§hﬁ?§)?g§9|‘g ﬁsrﬁar#ﬁe %%seSOdl um

hydr ogencar bo pot SI um-car bonat e or gamni (e.0.,
tz i et hybaanacied odlcydmprﬁbqhmbdr@ﬁMQnmmmm nﬁharaﬂk}ﬂhmldft_kes and the like.

Wil e the reacti enper.at ur i n particularly limted, the reaction
proceeds 5?6%%@ ﬁ%h#ﬁ?e??yqéw (ﬁ%terature to suppress side reactions,
which is exenpEkirngiésley 1-a3dndyloxyy] intkidemabloxyméfifylt 0 10C. The z~eaction

time varies mainly due to the react]on tenperature Kind of the reaction

reagent @mepiepdonimethysp-fuyRiematiy., sehiyndommathys pivelosisxemethvdl odd
hours.  p valeryloxymethyl, 2-methylbutyryloxymethyl, isovaleryloxymethyl, -

hexanoyloxymethyl, 3-methylvaleryloxymethyl, neohexanoyloxymethyl, 2-
fnethy]hcxanoyloxyme&yl, 2,2-dimethylvaleryloxymethyl,
neoheptanoyloxymethyl, cyclohexanecarbonyloxymethyl,
cyclohexylacetoxymethyl, 1-acetoxyethyl, 1-propionyloxyethyl, 1-n-
butyryloxyethyl, 1-isobutyryloxyethyl, 1-n-valeryloxyethyl, 1-pivaloyloxyethyl, 1-
isovaleryloxyethyl, 1-n-hexanoyloxyethyl, 1-cyclohexanecarbonyloxyethyl and the
like.

The number of carbon atomy(s) of the alkoxy moiety of “1-
alkoxycarbonyloxyalky!l” 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 alkyl moiety is
preferably 1 to 3, more preferably 1 or 2.

Examples of “1-alkoxycarbonylaxyalkyl” include 1-methoxycarbonyl-
oxyethyl, 1-ethoxycarbonyloxyethyl, 1-n-propoxycarbonyloxyethyl, 1-
isopropoxycarbonyloxyethyl, 1-n-butoxycarbonyloxyethyl, 1-sec-
butaxycarbonyloxyethyl, 1-t-butoxycarbonyloxyethyl, 1-pentyloxycarbonyl-
oxyethyl, 1-cyclohexyloxycarbonyloxyethyl and the like.

The “lower alkyl” at R?, R?, R* and R® is a linear or branched alkyl having 1
to 6 carbon atoms, which is exemplified by methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, t-butyl, pentyl, isopentyl, neopentyl, t-pentyl, hexyl, isohexyl,
neohexyl and the like. Of these, methyl, ethyl, propyl and butyl are preferable.

The “alkyl” at R® is a linear, branched or cyclic alkyl having 1 to 10 carbon
atoms, which is exemplified by methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
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-The conpound (Ila) may be converted to a reactive derivative thereof, such
as alkali nmetal salt (e.g., sodiumsalt, potassiumsalt and the |ike),
all~aline earth netal salt (e.g., calciumsalt and the |i

“triethylam ne salt, dicyclohexylan ne salt, pyridine sal o é‘%b??fezppge, and
then reacted with conmpound (I11). Produ~taoa Ildethod 2 OH CH3 HSC S N ~ O
CO2R1L R2 CON R Y-COOR (~1) 10 5 Cctober 2002 OH CH3 H3C/ S N O CO2R1 R2

CON< 3 Rgec-b8H -t bm@reﬁwﬁnsh,,ndagen&s té}jéﬁt}ﬁi @e@peﬁtyqu ed above and Y
is a leaving group such as chlorine, im -nltrophenyl oxy,
2- pheny| x@é@sﬁ; neghexyl, wchwhd&cwlaﬁi@l@hﬁéﬂ hnﬁtyl mélecty&cpwhmyh~ can be

i th 1 ho FERERPET ALY SRPRNM heodB R REE o BhdRE i an) Ch or of or m

“met hyl ene chl oThel roatﬁnggiwpmloafncﬁtglg:bap’zm is ekenblifeeyed-Bu g

N, N-di met h Iforrrg? N, N- di cetg?nﬁ%ﬁ I mef hyl sulfoxide, and a

t her eof ) Wbé%%% a'( ety Brritephenyhol ar
‘anount , Sﬁ‘haﬁ nd (1V) can
be obt ai neﬁfl %eylgg?rig rrann r' as mﬂg{q%tggicﬁ%ﬁ}lhﬂntﬁ %&?%BW%)%?U ng
corrpound tfi¢cHlodoetdivl, mm@ﬂ&b&@phcwhac&mandfonyhnbﬁaﬁ 60- 233076 and the

base to ﬁgﬂﬁ@@&% et Bl O B it b e copteraiant,

~enplifi e ?pg}e@rmlde g., sodium hydrogencarbonat e, pot assi um
car bonate and the I k orgam c base (e.g., triethylam ne, .
di i sopnpy! et hyWaenita mné(mlfmacqmlﬁ,@up dheniiise t he.

reaction hgrem%eﬁaawﬁﬁ ais81tR8h H&%ﬁh@d‘é@ﬂub%a}bdﬁyf &8up! Nbhd £AC4H AR
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 organic base (e.g., triethylamine salt, dicyclohexylamine salt, pyridine
salt and the like), and the like.
Examples of preferable carbapenem compound (I) of the present invention

include the following.

Pivaloyloxymethyl (1R,5S,6S)-2-{ (3S,5S}-[5-N,N-dimethylaminocarbonyl- 1-(5-
methyl-2-oxo-1,3-dioxolen-4-ylmethyloxycarbonyl]pyrrolidin-3-ylthio} -6-[( 1R}- 1-
hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate,
1-cyclohexyloxycarbonylaxyethyl (1R,58,68)-2-{ (3S,5S)-[5-N,N-
dimethylaminocarbonyl-1-(5-methyl-2-oxo-1,3-dioxolen-4-
ylmethyloxycarbonyl]pyrrolidin-3-ylthio} -6-[{ 1 R}- 1-hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylate,

1-ethoxycarbonyloxyethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyli-
1-(5-methyl-2-oxo-1,3-dioxolen-4-yljmethyloxycarbonyljpyrrolidin-3-ylthio} -6-
[(LR)-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate,

pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-diethylaminocarbonyl-1-(5-
methyl-2-axo- 1,3-dioxolen-4-yl)methylaxycarbonyl]pyrrolidin-3-ylthio} -6-[ 1R)- 1-
hydroxyethyl]- 1-methylcarbapen-2-em-3-carboxylate,

pivaloyloxymethyl (1R,58,68)-2-[(3S,55)-{S-N-ethyl-N-methylaminocarbonyl-1-(5-
methyl-2-0xo-1,3-dioxolen-4-yl)methyloxycarbonyl)pyrrolidin-3-ylthio]-6-{(1R})- 1-
hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate,
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-proceeds at a conparatively |low tenperature to suppress side reactions,
which is exenplified by -30C to 40C, preferably -10C to 10C. The reaction
~tinme varies nainly due to the reaction tenperature, |and f t he rgagél on
reagent and the like and is generally from30 mnutes to Qf’éﬂb%n

hours. Productioa Method 3 OH CH3 H3C/ OR$ ~) N O CO2R~ R2 CON R3 (VIl) H5
COO-R 11 5 Cctober 2002 OHCH3 HsC~/ S NOCO2R~- R2 CON< 3 --~ R ~w
COO- R ( Ipiyaleyienysiathytd 1 RS, 63%2-[3RISH-(Er B Nadimpthylaminedaobeyl-dnd R$ i s

i s i R e
Ejfjlegllkl;rlp];lospklcm peRe- éml@):arbdkﬁhiéw phosphoryl (e.g., dinethylphosphoryl,

3 ity oryl d| [ Soprﬁ%'liﬁ(%ﬁ gho@éﬂiﬂfd [ butyI phosphor dr;e/llndaﬁlget Ihleke)
i scl osed RS 5@%&@%@%@@@% neﬁﬂﬁﬂ%ﬁofﬁiﬁﬁt‘“%@r&&% and t he

‘like in ansthylcaruapeha-erdebsamoxylatct, erfere with the reaction (e.g., dioxane,
acetonitrile, tetr 0, | ene chl oride, ethyl ene
chiori de.P W@eﬁﬁﬂﬁ%ﬁ 2 B35 R lﬂﬂwﬂq@vl -1

N, N- di met ‘ﬁﬁ? HaxB A8t f&?ﬁ of ) and
reactlonlél\n*{ rrercapto corrpoun%lb VI 17 in maﬁ#gﬁ%- 0 g nol ar

anount , pnethgicathiapensbem-Fqabenylate, t o 3- foI d rml ar amount in the presence

f b t d
o e S o SRR RS E ( 58- BN B BAL 3 on and 1=
g ar bonat ?mlmdmﬁmcwnpmﬂgﬂ?ﬁ%$ﬂgo])6- IR)SI-?uﬁfﬂﬁixyﬁm ©]] Vl\}:] e th

iiso e nvne n e like), an e like ile the
react Pgﬁy %tﬁ?ﬁ%?“ %Er\én% %8 Tl ar | y limted) the reaction proceeds at
a conpar qwé;@has{yh%ﬁqmgsass;mp@sswm @@&I&tﬁﬁﬁ%&?ﬁd—lm' chis

exenplifiled by -30C preferab Cto 10C. The réaction tine
vari es naSvRiE Iﬂm@ﬁﬁ&’%ﬁlﬂﬂ)%@@&ﬂﬂ@@bﬁ (1Bhé-Tyrresyethy8det i on reagent

and the | [ 30 mnutes to dozen and odd hours. The
r%éﬁy?ﬂ&#n@—@rﬁ ?—l’:éﬁbo;:f

conpound ch'Ts a starting material for the synthesis for conpound
(117, i s pivaipdesgunathylt( hR,SS03)3al(38)5Bja(dAN,N-diftatiklyl atnimcaiixriybd-teft- Compound
(Vi) butylacetyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-{( 1R}- 1-hydroxyethyl}- 1-
methylcarbapen-2-em-3-carboxylate,
1-cyclohexyloxycarbonyloxyethyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-
dimethylaminocarbonyl- 1-isobutyryloxymethyloxycarbony)) pyrrolidin-3-ylthio]-6-
[(1R)-1-hydroxyethyl}- 1-methylcarbapen-2-em-3-carboxylate,
1-ethoxycarbonyloxyethyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-
1-pivaloyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R)- 1-hydroxyethyl]- 1-

methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,5S,6S)-2-[(3S,5S)-(5-N-ethyl-N-methylaminocarbonyl-1-
propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio}]-6-[( 1R}- 1-hydroxyethyi]- 1-
methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-(5-N,N-diethylaminocarbonyl-1-
propionylaxymethyloxycarbonyljpyrrolidin-3-ylthio}-6-[(1R)- 1-hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylate, and the like.

Examples of preferable carbapenem compound (1) of the present
invention include the following.
p-Nitrobenzyl (1R,58,6S)-2-{ (38,5S)-[5-N,N-dimethylaminocarbonyl- 1-(5-methyl-
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12 5 Cctober 2002 R2 R2 CON < CON R oS-~ R3 ~ R oS R3 ~R9 renoval of Rg
(X) . (IX) R2'" CON Rs (~) Rios COOR Y- COOR(~R2CO\I<R3~I) io HS
COO R renoval of R wherein R2) R3, R and Y are as define 8?ove s an
“am no-protecting group and R is a thiol-protecting grou%’ ﬁ%b%roﬁg
(~TIl') can be synthesized by renoving R9, which is an am no-protecting
group of conpound (1X) disclosed in Jp-A-60-233076 and the |ike) by a

meél hod k Peawo- lﬁ-mbvmlén—nq@manhgnmlmmﬂpﬁdol(d@ a3 j‘zlhﬁo}-@é{pmr)]ng conpound (-~
and conp ner _,as jn Production Method 2 to give
corrpound?”é’am’é'ﬁtﬁ’él] ’Fﬁ?a? gp%a'cqﬁnﬁécaé{)‘?’ﬁ’f%ﬁ-prot ecting group by a nethod
known in EHI%HE f _ 1980 hose
general |l y use l%@ﬁ?’;@m?gﬁ@eﬁ ?%ij%ﬁ I el can élﬁ@d%‘ ;X ocPuctlon

-Met hod 4 1md@ﬁ1eﬁg-ﬁmﬂe&bebmﬂ]psmh&r( $ylthio} @-[( 1I€}92Rydibxy€&ﬁ@k}R (V) 13

5 Cctober, 20 N.O CO2R~- R2 CON < 3 R ~- R wherein
R, R, gm %yéq%gqp%: 'cgééﬁaﬁ%o}%fﬁt? ned above.

p—mtrobenzyl (1R,5S,65)-2-((3S,55)-(5-N,N-dimethylaminocarbonyl- 1-
propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[( 1R)-1-hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylate,

p-nitrobenzyl (1R,5S,65)-2-{(3S,5S)-(5-N,N-dimethylaminocarbonyl- 1-
isobutyryloxymethyloxycarbonyl)pyrrolidin-3-yithio]-6-[(1R)- 1-hydroxyethyl)- 1-
methylcarbapen-2-em-3-carboxylate,

sodium (1R,5S,65)-2-[(3S,5S}-(5-N,N-dimethylaminocarbonyl-1-
propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R)- 1-hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylate,

sodium (1R,58,6S)-2-[{3S,5S)-(5-N,N-dimethylaminocarbonyl- 1-
isobutyryloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-{(1R}- 1-hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylate, and the like.

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

Production Method 1

OH CH R?
® con < o3
C >—s __C( (Ila)
N N — COO0—R
o]

CO.H
l R'-X (m)
R2
CON< .

N ~—CO0—R
CO,R!

wherein R}, R?, R® and R are as defined above, and X is a halogen atom such as
9



(I'l') The compound (I1) can be obtained by reacting conmpound (V91) di scl osed
I n JP-A-60-233076 and the |Iike and conpound (V) in the sane manner as in
Producti on Met hod 2. The carbapenem conmpound (I1) thus obt al ned ca &%
“converted to a carboxylic acid derivative wherein R is Hy&3gesr B by
renovi ng the carboxyl -protecting group as necessary by a conventlonal

nmet hod. While the nethod for rerrioving a protecting group varies dependi ng

on the | gRRrhBesRafine, dodiRe AAd tHEHEE, akavmg%guprsuth%stagféﬂysqy &)&ﬂtlh' S flel d

can be used. Production Method 5 OH
: R HS C@cgmmaueéumlmwsema@s@dm ORD, mmwlfonylmw COO- R wherein RI

f d (1 b
obt ai ned@ﬁﬁg@@&@%&%%ﬁfga@ ngfo%g %%héﬁ?mggggﬁn |(n% e(r:?gr ee
"W t h t he tdifisglfdrafoxfyend. medﬁkep(aﬁéthaﬁle& onitrile, tetrahydrofuran,
benzene, ethyl aretate,

chloroform nethylene chlorid ne chl ori de,
N, N-di net hy f OWWC{\( Iings Sgt?é@?fggbé&éﬁ‘aﬂ’ﬂéom@f?%@ Ha) aiselyentle, and a
o L4 e o A e N o T o ™o
3-fol d nohlarofamnumethyiemetchiorjiesstinieae shlogidb Aymzefit etipd seethate, lNeNus ed is free
Py ogenG PGB e 8aY it By BLf ARG e Y MR B AT tBee (e 0.
triethyl #eres) afd f@@ﬁé@ﬂ&ﬂh&ﬁdﬂﬂﬁcﬁfrﬁ (8 in B} leh@ini@ap s -Ide mdldeamansk, t he |ike.
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, diisopropylethylamine, pyridine and the
like), and the like,
While the reaction temperature is not particularly limited, the reaction
proceeds at a comparatively low ternperature 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 is generally from 30 minutes to dozen and odd hours.
The compound (Ia) may be converted to a reactive derivative thereof, 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 (II).

Production Method 2
OH CH R?
® con
HsC S __</\,/ R® (V)
N/ NH
o]

10



MWiile the reaction tenperature is not particularly limted, the reaction
proceeds at a conparatively |ow tenperature to suppress side reactions,
which is exenplified by -30C to 40C, preferably -10C to %ggj Tge ég@ tion

“time varies mainly due to the reaction tenperature, kind GtREer i on
reagent and the like and is generally from30 mnutes to dozen and odd
hours. The carbapenem conpound (~ and carbapenem conpound (11 can be
purified as necessary acc i ng €Hza conventi onal Rfet hod, such as
r~rstailization, preparatine thi/n-1ayer chr Négr aphy, .. col um

chr omat ogr aphy and t hEs€i’ke. 8 sary, it ¢an bdpurified as a salt
t hereof. The preferable co ation ohNme €@fpotRd (1) and conpound (1T)

which are the objects of tthe présent invention arse the follow ng conpound
-(1aJ and conpound (11b). OH CH3CHAsR ~ / S N O CO2R~ R2 CON R COO-R wher ei n

R, R2 f | . < R COOR
wher ei Z\ @h&% @R’%g% grdgggg d@?ﬁ%@%ﬁ%@? @awg%x% %8)‘) %%r bapenem
“conpound dHlgrire, ireidacoelal -yh gritropherloxyn 2 qienplcetapitdl-2-yhbnimobeyandt o bl ood

and conve t%kto a netabolite, i.e., carbapenem conpound wherein, in the
fornula (& is hydrogen atom that shows high concentration 15 5

Cct ober 2002 i mhilcagthouhieMg ean b8 obtsidd hpdistdleinRcoRiplAdiTY) angd treatment of
i nfectious diseases, which conprises carbapenern cofpound (I) shows

super i or Wienbrhatsiees bakiatelssy withythe reactignis-&: dioxane, eectaniiriles general |y
admi ni st §Led A% oA’ @ioRHHH, methylene chloride, ethylene chioride, benzene, ethyl

acetate, N,N-dimethylformamide, N,N—dimethylacetarrﬁdc, dimethyl sulfoxide, and
a mixture thereof) and reaction with compound (V) in an equimolar to 5-fold molar

armount, preferably about equimolar to bimolar amount. The compound (IV) can
be obtained in the same manner as in Production Method 1 by reacting compound
(II) with the carboxylic acid disclosed in JP-A-60-233076 and the

like.

The reaction can be also carried out in the presence of a base. The base to
be used is free of particular limitation and is preferably 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 ot particularly limited, the reaction
proceeds at a comparatively low temperature 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 is generally from 30 minutes to dozen and odd hours.

Production Method 3
OH .
H3C T ) OR® (V)
)
COLR’

R2
CON
ad e
HS N- COO-R

11



-The agent for the prophylaxis and treatnent of infectious diseases can be
produced by dilution wth a pharrnaceutial excipient according to a nethod
known in the field. Exanples of the excipient include st%#ﬁg, éac%8§§,

" sugar, cal aum carbonate) cal ci um phosphate and the |ike. 1388n r the
prophyl axis and treatnent of infectious di seases can contain other
preferable additives where desired, such as a binder (e.g., starch, gum

arabi c, carboxynet hyl c&H ul os€Hzhydr oxyp | celR?ul ose, crystalline
cellulose and the |ike bricant (e, ¢ ,Nré nesi um stearate, talc and
the like), a disirfi&y .8 cfum car bg&yrreunyl cellul ose, talc and
the like), and the like r adnziYNge€0R-mRyredient, the mxtumis

formulated into a suit@ble dosage formsuitable for oral adm nistration,
-such as capsule, tablet, firfeOgfdrticle, granule, dry syrup and the |ike by
.a nethod knawn in the field, whereby an agent for oral admnistration for
the prophylaxis and treatnent of infectious diseases can be produced. The
*dai | y dosehereircRf, iREpRhand Roarp asddfifed abovhj arid R¥isslledrestifémyih@ange accor di ng

toth dm ni st i t t t ik i bout, 1-40 [ k
body wei GREFEEEE TN SHIFSHH R PRER PR e liogat st theaiieh o~ -
purul ent ghiyEeaseyl (ME epBényISlRnGH tilylssidrsl aed tHe lﬁ&}i@l_ibﬁkylft:ﬁos%)hbﬂrlﬁe.%i mes a

day. The carbapenem conpound (1) can be used in conjunction wt t her

subst ancedimethyiphesphantli diggiphospherwl, diiseRror¥phespi®ndn anti bacteri al agent
(penicill} | [ C ' > a

t her apeut@@ﬁg&@ﬁsﬂﬁgxﬁg@é?@%ﬁl&e),scg%@@gé e@'@{}ﬂ B%%@ééﬁlgéﬁ%ﬁé’ect ion (e.g.,
ant i pyr et ditolylphadphesyl@ndaheilighl ogi stic and the like). F~anples The present
invention is explained wi.th respegt to.the.physical property and production
method in the f ICBWWMHLW beggl%ﬂ ‘Eﬂ?‘&}’t&\ 'dt‘s"E‘?ﬁSBpr esent

i nvent i oninl ApaR¥sePitent URERINGINdd Publidatioh ey Bl 146 76RrIShe Bke 21 4 solvent

(3S,5S) -[5-N, N-di net hyl am nocar bonyl - 1- (5- et hyl 16 5 Cct ober 2002

2- oxo- 1, 3that éees nat intefferepatn thegrseionde gy cigkane.qiceioniitls. (atrabydrofumng ( 1

R) - 1hyd e - 212 = -

()28, 4%) r g%ﬁ rﬁ%?%kg%%gggbon%ﬁ-%??g%{bg- - f g&%gl[ %%?Ita-t%-lg’yél, 3-di oxol e
n- 4- yl ) r néipteghyifoymantidn N, Pydimsthydaoetarpidegdimetind suifordde andch iniktmoet oni t nl e (
11 m - nit | -2 dj | h _6-[( |

R)- Thyar oy BT Eoery o e R A PR e St

di i sopr opyogityrhanht) eréfrady mbpuneqerealaet 3old@eademoanntiin thgen

at nospher i.xLhg for one hour at the sanme tenperature, ethyl
acetate (§W%§B%§§g%ded. The m xture was washed with saturated brine (

100 m) and dri ' ' ; hyl acetate was

evaporZat ed undﬁgrb%g%gggﬂgﬁ%g%ﬁ%?r@% g%%cgmﬁﬁ?ﬁr?ﬁé@% silica
TRy B e S T I N LT M RN R N T

2 17( a1, P ergE Hhoe iy esbing; BROR Pt Brufinasnddhe. | txampl ¢ 2
sodi um  like), and the like. ' |

(1R, 5S, 69) = a{n SS,CSS) -[5-N, N-di nmet hyl ami nocar bonyl - 1- (5- met hyl - 2- oxol, 3-di o
xol en- 4-yl ) met AERGHAN FHRSTBIIASTOS PRrtickilasly ligited, the reaction

: B .
3, LU A P OADe 5 B bl i |

met hyl - 2- esemplified by ox30€ht40°C, preferably —10°C to 10°C. The reaction time

1) met hyl b i di.n- 3=yl thi o} -6- - 1hyd thyl ] -.1- met hyl
Viapen. 5 s Bl e resbh el o GGt reaSkoR RGN e 11
t et r ahy dr Btdgrafis geAdraly oo §0Gnih e 44 Sodenf draf of@biodrd), 17 ni). .10%

Pal | adi um carbon (330 ng) was added and the m xture was hydrogenated at

ng 1
r oom t enper at uri@efcomppanid (VI mareivisa starting meterial fanth sforough celite,

and the f} I i i ek r and concentrated under
reduced pérdéé ure Qyﬁ%ﬁ%%?@ ﬁ&g{@g%{ﬂﬁg sol ution was subjected to
chr omat ogPamtuctit MetBbdl D\ CotRpdhndn(®E)f act ured by M tsubi shi Chem cal),
concentrated under reduced pressure and | yophivzed to give the title
conpound ( 130 ng). IR(Nujol, crri 1) : 3393,1819,1767,1707, 1643
1H NVR(DMSO-d6, b ppm : 1.16(3H,d)) 1.4-1.9(IH m, 2.13(3H,s), 2.82(3H,5s),
3.01(3H,brs), 4.5-S.0(3H,n. Exanple 3

12




-pi val ayl oxynmet hyl ( 1R, 5S, 6S)-2-{

(3S,59) -[5-N, Ndi net hyl ar ni nocar bonyl -1-(5 17 5 Cct ober 2002 net hyl
2-oxo- 1, 3-di oxol en-4 yl ) net hyl oxycar bonyl Jpyzrol i di n-3-yl thi OL - 6- [0(2
" 1R) - 1hydr nxyet hyl J- 1- et hyl car bapen- 2- em 3- car boxyl at e Sd@iQatpber 20
(1R, 5S, 6S)-2-{(3S,5S}-[5-N, Ndi net hyl am nocar bonyl -1 - (5met hyl - 2- oxo-
1, 3-di oxol en-4 yl ) net hyl oxycar bonyl ] pyirolidin-3-ylthio} -6-[(

1R) - 1hydr oxyet hylj - 1- ne );I2car bapen- 2- em 3- ~canboxyl ate (%0 ng) was

di ssolved in N, N-di rrramde(6 m) and the n was cooled to 5C.
Pi val oyl 0@6 T odi de Mxt U was stirred at
t he sane g; NFR¥or 1 hr rg,agwgtofﬁsc NH Et hyI acetate ( 150 m)
was added, and the m xture was washed with 5%br|ne ( 100 m) and dried
‘over anhydr ous sodDX)m sul fate. Ethyl acetate was 2evapor at ed under reduced

.pressure and the residue was pur| fied by (J’.\é}qc coI urm chr omat ogr aphy
a:rr

to give the title conmpound (35

"3404, 1821, 1780 1715, 1651. 1H—N @eié:w( ) 22 ol sy, 1.26(3H d),
1.31 (3H d), 1.Y5-COQ;RAVE-2.9(2H, If? 2.8-4.4( 13H,Mm), 4 80(

I|H ), 4.72, 4. 99(2H ABq, J=13. 2Hz) 5.87, 5. 2}(22H P~Bq, J=5. 5Hz) . Exanpl e 4
pi val oyl oxyrret hyl ( 1R 58S, 63)- 2{ CON

(3S, 5S) - [ 5- N_N- di net h memﬂ 2-B88- 1, 3- di oxol en- 4-

yl } met hyl oxyca{:&%%k 1ol i di n NofFOO-R
-6- ((1R) - 1hydr oxyet hyl J- 1- et hyl car bapen- 2- em 3-cai - boxyl ate (1) Sodi um

(1R 5S,69)-2-[(3S,5S)-5-N, 1V-di net hyl am nocar bonyl pyrn~li di n- 4y|thi o]-6-[(1
R) - 1- hydr%ah*nﬂ'&shmmreaéaméme@wa§aﬁaﬁﬁ& }&e&z‘}%(bir&gﬂ

suspended in N, N di'net hyl for mam de (2.3 ‘M) and t he suspefst ot was cool ed
to 5C. PlRlaﬂSﬁﬂéﬁlypmtﬁlmgMMe (819 ng) was added and the mi xture was

dded, and ¢ he e XOTPURE (ER th el By Mo BRERS e e ) o ver
anhydr ousarsindiprotesting grosp dftchyripornd (X} diselasedeinajfon 6@ dA38076 antetiedie,
pressure and 3] ‘igﬂﬂ’ﬁﬁ‘%g ﬁ?éﬁ'{oféﬁgc&ﬁpéhﬁ&?ﬁj ggl colum chronat ography

to give B

1R, 55, 63)raact[dg3c§n’f;§>).xrﬁ ahd combbith@ (V) iird deeskae iHaper 8¢ indPraddcetidd hi o] - 6-[ (1
1~-1hydr oxyet hyI J 1- net hyI cgr bapen 2-em 3- C@I‘ boxyl ate (470

P‘VI’H?h isja thigl- mnteggm)agz 8(2H, M,

1H NVR( Cidf t9 e compopmddlls3nd remavingiR
2. 98(3H, 9%&3&&6&@3«1{%_&4&%@@ Mas tRe Bfo &%@ﬁﬂ;f éﬁ@ (2) The
conmpound ngt obtained in (1) was di ssol vedn thyl'ene chloride (5 1R

5 Cct ober gmﬁallymde@m@@cb@qsemﬂusﬁddcanbe used.
(5-Met hylg 24 andi@xol en- 4-yl) met hyl oxycar bonyl chloride (231 ng) and
triethyl apnﬁgn‘gé%sjli rr*l) were added and the m xture was stirred at the sane
tenperature for 30 min. Ethyl acetate ( 150 m) was added and the mixture
was washed with 5% bri (10Q4d ) and dried ove anhydr ous sodi um sul f ate.
Et hyl acetate was evapdr at ed/Urfder reducgzgﬁ&)k&e ure and the residue was

QS

purified by s>Zic§{ chr ong, glve the title conpound
(140 ng). L~nple %?val hyKi??V

(1R 58S, 6S) - 2-{ (35S, 53)-{) “N'N di et hy¥a¥nocar bonyl - 1 (5rret hyl - 2- oxo-1, 3-di o
xol en-4 yl) et hyl oxycalFbonyl z'folidin-B

yl thi 0}-6-[ (1R) - 1hydr oxyet hy ?- - met hyl car bapen- 2- em 3- car boxyl ate The
conmpound (500 ngt obtained in Exanple 4 (1) was dissolved in

N, Ndi met hyl forn~am de (2.5 m). (9-¥etby-r2(wxo-1, 3-di oxol en~l -yl ) net hyl

pni t nphenyl carbonate (29?7 ng) an trlethylanlne (0 14 M) were added and
the m xture was stirred at roomténperature for 2 hours. To the reaction

m xture was added ethyl acetate ( 150 m), and the m xture was washed with
10%citric acid ( 100 m), 5% aqueous sodi um hydrogencar bonate sol ution (
100 M) and saturated brine ( 100 m)) and dried over anhydrous sodi um

sul fate. Ethyl acetate was evaporated under reduced pressure and the
residue was purified by silica gel colum chronatography to give the title
conpound (350 ng). E~nple 6 1-cycl ohexyl oxycarbonyl oxyethyl ( 1R, 5S, 6S)-2-~
(3S, 5S)-[5-N, Ndi net hyl ar ni nocar bonyl - 1- ( 5- et hyl - 2- oxo- 1, 3- di oxol en- 4yl ) et
hyl oxycar bonyl ] pyrrolidin-3 ylthio} -6-((

11 ~- 1- hydr oxyet hyl ] - 1net hyl car bapen- 2- em 3- car boxyl at e

1- G-cl ohexyl oxycar bonyl oxyet hyl (1R 5%36S)-2-~(3S,5S)-[5-N, N

di met hyl am nocar bonyl | pyr~rolidin-3-ylthio} -6-[( 1

R) - 1- hydr oxyet hyl ] - 1net hyl car bapen- 2- em 3- car boxyl ate (2.0 g) obtained in
the sane manner as in Exanple 4 ( 1) was dissolved in nethylene chloride
(20 mM). Thereto were added

(5 nethyl 2 - 0XO0- 1, 3- dloxolen- -yI)nethonxycarbonyI chlorlde (830 ng) and

~ N M




I

1.
4.
(
(
h
I

S

JAR(Nujol, crri 1) : 3402,1821 ) 1759, 1713, 1647. 1H NVR(CDC 3, 8 ppm)

2. 1( 20H, m, 2.16(3H,s), 2.96(3H,s), 3.06, 3.09(3H,s), 3.0-4.4(7H, rr) :
> gszgg;_li g) g 6.7-7.0(1 H c~. sanple 7 1-ethoxycarbonyl og%tCQXéer 2002
S, 5S5)-[5-N, N-di mret hyl am nocar bonyl 1- ( 5- met hyl - 2- oxo- 1, 3- di oxol en-4-yl ) nmet
| oxycar bonyl ] pyrrolidin-3-ylthio} -6 [(
~- 1- hydr oxyet hyl ] - 1- @Hbapen- 2- em 3- gileoxyl ate

1- Et hoxycar bonyl o 5S, 62)_—{;{,& RrB5-N :
peH-1s II)
1]- 1ret hy¥ car 6QPenR2- em 3- carboxyl ate ( 1.0 g)

di met hyl am nocarb

ylthio}-6-[(1R)-1-hydr

obtained in the sane n8nner fas i-n Exanple 4 (1) was dissolved in
N, N- di met hyl f or mam de (5 rri)C 2R|'hereto wer e added (5-nethyl - 2- oxo-

0-
5-

1
3
y
I

.1, 3-di oxqj, %p{i RERNH art Pialkd epfieavdereRikesal e (606 my) and triethylam ne

(0.29 n1) the m xture was stirred at roomtenperature for 2 hr.

“Theret o was ada’hd cerpping dBtcande obtgiped by reagtidgcamposadt (Ve disdasede was

washed wi.t d nhydrous sodium sul fate.

Eonyl  acdt AFRAT2R0ur PR e Nk B Kol Fad IVE % PRERHERF e oo
purified Hsydlsem@al\@éhw@& um chromat ography to give the title conpound (300
ng). IR(Nujol, _crri . 3404, 1820, 8,1714, 1650 1H-NI\/R(CD013) b ppm :
1..22(3H,t), Eg engm-LomRQUAC ( H)fz%l dl Be somyerteddo R g( 2H, nj |

S In|6§ ggbzo}g cédﬂ@eﬁbh@ewﬂaéuﬁ%ﬁd@gm%&m%ﬂéxﬁb&ﬁgﬂ% nple 8

1R, 5S, 68)ca2bq mamwwesmmgm%aﬁgmalmﬁhogq oWilogleret hyl oxycar
bonyl ) pyr | ]

_1met hyl gé?%.gg n- -en‘é“g—%ér O%u&vﬁ%@%@ﬁ% on the kind thereof, a
(2S, 4S) - Znéthdd [Renreraliy used irothertbcimiluetimtiis fgif oan be used.

pn~pi onyl oxgumat hyI oxyey bonyI pyrrolidine (662 m- was di ssolved in
acet oni t P h’?‘)" and p ni tnbenzyl ( 1 R 5S,6

S) - 2- di phenyl phosphoro- 60H( 1
R - Lhydr oxyet hyl ] - 1- met hyl car apgn 2-em 3-car boxylate (1.15 g) and

di i sopropyl et hyl ar ni ) were d at OC under a nitrogen

at nosphere. After m Xing f r at the sane tenperature, ethyl
acetate (200 m) was ad The m xture was washed with saturated brine (
100 mM) and drzed over S eber 2002 anhydrous sodium sul fate. Ethyl
acet at e was evapor at ed under reduced pressure agﬁl the residue was purified
by silica gel colum chromato~pphy to gi vedm itle conpound (87b m-.

1H NVR(CDC13) 8 ppm :1.14(3Ht), 1. , d), 33(gwAy), 1.7-2.1,
2.5-2.9(3H,m, 2.40(2H c~, 2.8} 43 N9cod-R®-5.8(SH M, 7.64,

8. 20(4H, A2' B2~. ~ple 9 sodium

(1R 5S,6S)-2-[(3S,5S)-5-N, N-di net hyI am nocar bonyl - 1pr npi onyl oxynet hyl oxycar
bonyI )pyrrolidin-3 yI tgw o] - GCI{%%

R) - 1- hydr oxyet hyl ] - t hyl carbapen- 2- eme”oﬁﬁgoxyl ate p- N trnbenzyl

(1R, 5S, 6S) - 2- [(3&,;3‘5(5 di et hy, nocarbBhyl

pnpi onyl oxymet hyl oxycar py$ R=3cpig-hio] - 6-

1R) - 1- hydraxyethyl ] -1 ar bapen 2-em 3~ar boxyl ate (330 ng) was
dissolved in a rr~ixture ofcogﬂahydrofuran ( 17 mM) and 0.1 M phosphate
buffer (pH 7.0, 17 m). 10% Pal | adi um carbon (330 ngj was added and the

m xture was hydrogenated at roomtenperature for 16 hr. The reaction

m xture vgg. RasKegt R g d@%&é%d datRgyd il trate was washed with diethyl

et her and concentrat ed un reduce pressure to about 5 nml. The resultant

sol ution was s(Tihescompound (&m@apb@amlyy demi@n@mmuﬂmm iprganuf act ur ed

G e to gigat EHR GorS pbt nfRRSE Ml hE rea B £ Hlieste DEERRIER, 2 I ceze
1. 10( 3H, tt)ctra.ﬂl d;%ﬁﬁ'dnﬁ&hlorbfo?ﬁ( Eitétd)flenéclﬁoﬂ;de eyl &ﬂ&hﬁé}benfcrﬁ%ﬁ'ﬂ c~,

g ?"3'5 ?E bZ%@gqte,ol\%, 3c%nn 1?01'1’1’1811‘]136,4 R ﬂzylacetannde, r_hyl suﬁ‘omgpl d1 0

(1R, 5S, 68) 525 m@fh il (Vi) ﬁOA}PE iogastaet hyl oxyc
arbonyl)pyrro |d| n- 3 Ith| o] 6-[(1R) - ydm< et hylT] - 1meth carbapen 2-em 3-

carboxylate In the sane manner as in Exanpl e usi ng (2S, 4S) 2-N, N

di met hyl ami nocar bonyl - - 4- mer r apt o- 14

1-i sobutyryl oxymet hyl oxycar bonyl pyrrolidine, the title conmpound was

obtai ned. I H NVR(CDC13, b ppn) :1.17(6Hd), 1.27(3H,d)) 1.33(3Hd),

1.7-2.1, 2.5-2.9(4H,n), 2.8-4.4(13H, ), 4.6-5.8(SH m, 7.64, 8.20(4H, A2
8z~. anple 11 sodium

(1R 58 6S) 2 ((38 58) 5 N N-d| rret hyI am nocar bonyl 1| sobut yr yI oxynet hyl oxyca

a ~ A ~ 1+ 1 NN NN




-met hyl car bapen-2-em 3-carboxylate In the sane manner as in Exanple 9 using
p- ni trobenzyl (1R, SS, 6S)-2

[ (3S, 5S)-5-N, N-di met hyl am nocar bonyl - 1-i sobut yryl oxynet hgng ¥C1Ff1( bﬂ%}z) pyrro
" lidin-3-ylthio]-6-[( 1 R)-1-hydroxyethyl]-1-nethyl Carbap

3carbohylate) the title conpound was obtai ned. 1H NVR(DMSO-d~, b ppm
1.0-1.4(12H), 1.4-1.9, 2.5-2.7(3H,m, 2.83(3H,s), 3.02(3H, brs),

4. 61- . 8( |34old molaraniodt{t? pref§rablyaaolie edqibirmmilaratb Qpfoirk snivkir Byhount, in the

1R, SS 6Sj - 2-[(3S SE -5- N, N-di met hyl am nocar bonyl - 1pr opi onyl oxymnet hyl oxycarb
onyl ) pyr ATERE 8T 3P 0] - 6- [ ( 1R) - 1- hydr oxyet hyl ]

- 1net hyl car bapgge %a@é"’%o%@&éé%i%)ﬁ*e@b!?ﬁ%hlﬂf‘hmtaﬁon and is exemplified b

(1R, 5S,69)-2-[(3S,595)-5 N-di met hyl am nocar bony| - 1pr opi onyI oxyr%et hyl oxycar
- bonyl ) pyrinesigadicrbase {8.8. hMumIpxergencarbonate, potassium carbonate and the

"0 ssol ved eh OREAT FEEIY B ST ERE APy SRR STl Pytdied ol nd >

“Pi val oyl mpghhyheh@gl de (700 ng) was added and the m'xture was stirred at

the sanme tenperature for 1 hr and at 30C for 1 hr. e;% acetate ( 150 m)
was added and While#hg FeRGORIEMRSEATATE iGPOhPaTicElarlydirpiterh thewepctiond dri ed over

hyd d
P essur o MRS Ao “@‘“ﬁr@?‘?’&. e S B AR eSS b O aphy
to give tda:em;ﬂlﬁdxbbycmWand(CB ,6prefegablyl-RlNQta],0°Gr r Theldeacti@udRe1755)

152 o P R e o b il oind Sy

4. 4( MltkerAnd 1§g€1&(rall3"ﬁ‘6in 3(5nﬁn5tc%(t3|ddﬂ:n 2D dSHIbBgJ. ~tc~unple 13

plvaloyloxynet

1R, 5S, 6S) - 2- [(ﬁeﬁ%nwmwwﬁmmaﬁmm%mmt hyl oxycar
b I

R;)[] ){ %1%;0%%? IF%%II%C %&#C%ﬁn\éﬁ%nglﬁ%%fﬁ gltlceh%;tlt% Sodi um

(1R, 5S, 6Spa¥sfallx8tits)propatakivel shiomatagiaphy) goumaolchdomatbgtapiyo] - 6- [ ( 1
R) - 1- hydr ~ | Jsd- b - | at 31.3
sLspenéeﬁ%ﬁ%ﬁ%ﬁ%ﬁﬁ%%ﬁﬁﬁﬂﬁgﬁﬁ S%%%S{Eﬁ%a SE)ensi og) Wawgscool ed
to SC. Pival oymhsyprefeiatle m&&w&@ommmﬁm&@aﬂn@mmwmm ng at

t he sane 22 5 Oct oher 202te atur ar bonat e
(3.19 g) HRAPHPRISES QP&W E’ﬁfow aﬁaﬁa‘ﬁt er mixing
for one %ﬁpﬁ{n (og). sane terrperature et hyl acetate ( 1050 m ) was added.
The m xture was vvashed wi t h saturated aqueous sodi um hydrogenc~rbonate
solution ( 175 m) a@H5% hgipe (500 m), angedried over anhydrous sodi um
sul fate. Ethyl acetat vapor at ed L@@grﬁreduced pressure and the

resi due was purifi@ casggl_(’c?fumw chiSat oIgraphy to give

pi val oyl oxyr net hyl ( N— COO-R

1R, 58S, 6S) - 2-[(3S, 5S) ¢B- N, Nl di net hyl am nocar bonyl pyrrolidin~l -ylthio]-6-](
|1~ 1hydroxyet hyl] - 1- met hytoarbapen- 2- em 3- car boxyl ate ( 14.2 g) .

"H- NVR(CDC13, b ppm) : 1.22(9H,s), 1.2-1.4(6H m, 1.5-1.8, 2.4-2.8(2H nm,
2.98(3H,s)) 3.02(3H,s), 3.0-4.4(BH,nm, 5.81, 5.95(2H ABc~. (2) The conpound
(9.5 g) ohhateR! IR, RIdndBsardias Hefi@atdvedi chl or omet hane (50 m) and
pr opi onyl oxymet hyI p ni trophenyl carbonate (3.42 g) was added at 5C. After
stirring the m xture atgghe sepie tenperature for, 5 mn and at room
tenperature for 1.5 hr.yThe rpa gtion mxt purified by s~ica gel

col um chr omat ograg{% t he :‘&E'A @ 1.1 gJ. F~anple 14
J (ITb)

pi val oyl oxynet hyl

(1R 5S,69)-2-[(3S,5S)-( ) dlnethylanlnoca - lacet yl oxynet hyl oxycar bo
nyl)pyrrolidin-3 ylthio -6-[
|1 ~-1- hydr oxyet hyl ] - 1nethy|ca#%%pen 2-ern- 3-carboxyl ate The conpound (600

nmg) obt ai whereimRERINRS and&éri:)as@ﬁmﬂ sboeved in N, N-di net hyl fornianmide (3.5
m). Acetyloxynethyl, p-nitrophe ar.bona 200 and trle hyl am ne
(0.16 nl) V\ererﬁ{fd‘}éﬁl?gmn}?ﬁ %ﬂj@ ’%FF&P@&“&%’R é‘lyature for 2
hr. Ethyl ;g&pbal #itd bib88 abi)conbatadethetzdofte] he, sarkk: rﬁn‘ﬂ@@mpw:ﬁd?d with 10%
titric acid (100 nl), 5% aqueous sodi um hydrogencar onate solution ( 100

n) and sﬂhgmenﬂmfom@uéa Rrri9 halseecar atam, dhatrshawnpdgtoersicsndrtion sul f at e.
Ethyl acetate was evaporated under reduced pressure and the residue was
purified by silica gel coI umm chronmat dgr aphy to give the title conpound
(310 mg). IR(Nujol) crri') : 3422,1760, 1724, 1647. 1H NVR(CDC13, b
ppm:1.22(9H,s), 1.27(3Hd), 1. 33(3H, d), 1. 7-2. 1, 2.5-2.9(3H M,
2.11(3H,s), 2.97(3H,d), 3.08(3H,d), 3.1-4.4(7H m, 4.73(I1H m,
5.6-5.8(2H,n), 5.89(2H ABg). 23




-5 Oct ober 2002 anpl e 15 pival oyl oxynet hyl (

1R, 58S, 6S) - 2- ((3S, 5S9) - (5- N, N-di net hyl ani nocar bonyl - 1i sobut yryl oxynet hyl oxyca
rbonyl)pyrrolidin-3-ylthio]-6-[( 1

R) - 1- hydr oxyet hyl ] - 1net hy| car bapen- 2- em 3- car boxyl at e Theb &#tpband00850 nyt
obtained in Exanple 13 (1) was dissolved in dichloronethane (3.5 nl).

| sobut yryl oxynet hyl p-nitrophenyl carbonate (210 m- was added, and the

m xture wasblebd.rred at roomtenperature for 2 hr. Ethyl acetate ( 100 m)
was added, and the m xture was washed with 10%citric acid (_ 100 m), 5%
aqueous sodi um HerneogR AeaRtdon therrephylerns angd treatmemt of nfacious diaeasas,br i ne (

ésgp?r ;t Z%ndeﬁﬁuwgéﬁﬁmﬂméﬂé‘&g% eﬁat%hgﬁrl%ﬁggge%ﬁssM ca gel

-col um chabomm,miam&nmrgamaﬁtblstgentmuyad@musmm&ésﬂamgﬁm agétuj ol , crri
1) : 3385, 1796

1.22(9H, s) , 'é}%%e&} Forfh%g?‘gqlﬁ#)% NF%U? lenp 05&%%Puﬂé+$gseg%g(®4 d),
"3. 09( 3H, d}:rod%c&d Kﬁﬂﬁﬁbﬁh&ﬂaﬁﬁémﬁé‘éeﬁhal écc@m%t%é@df‘dﬁ?g to% 8o ABC~. E-nple

16 pival oyl oxynet

1R, 5S, 6S) kao‘{vv(lszsﬂwel - NExaroplas ofie sh¢ipisohinsbidel stanshy lictogkosugaet hyl oxycar bo

I I
%i%;&?ﬁ@%@?’%%ﬁf& %7\?1’8%481]10%) anrggq héﬁgbaxyl ate The conpound (580 ng)
obt ai ned i n Exargd @ehﬁf&&em@l@&m&a@meﬁtmmaﬁﬁ tvegsdsyah M} .

Pi val ayl oxynet h ni_t r ophe car bon t 200 was added, and the
m xture w& gMpﬁe@%W RVAFT sych,as@xaglq:r Iﬁ@etséﬁféh( 100 m)

was added Fulves dro\kﬁrfu'% tél?ﬁjé
hydr ogenc rbonate soI ut| on ?ﬁfoo n1)9and sa@?ﬁ%ﬁrl ne 1%%@%3? and
dri ed oveandtheaaludrighnhics. magnesivm sigaraie deleand the lke)a[aor ated under

r educed I
chr omat ograp [ )
e R S S s &ﬁtﬂ%ﬁ%
34%2 é??ghﬁ&ﬂ&mxﬁﬂg@clmﬁg&dmhﬁ—mmz ?fobnplau:e)d mtda%ﬁ{thﬁgidg g
1 H 5 H, s
3. 1- El 4(7%‘?"&}8‘”@3}?‘-‘?(3#5&?‘3“’5"%“%“ Ilf-‘h%‘ %&%@? i‘B &BSEE )
Cct ober 29%2 g m&@%@&heﬂnod known in the field, whercbyan agent for oral
1R, 58S, 6S) - Z- [(3 SS) N, N- di et hyl ar ni nocar bon | -
i soval er yRETRHE MM‘W‘EQW‘IWB‘B‘J%&WWS@“W
R) - 1- hydr %;CQ I] 1rret hyI car bapen- 2-em 3-carboxyl ate In the sane nanner as
i n Exanp gﬁ( the title conpound was obtained. 1H NVR(CDC13, b ppn) :
0. 96(6H d) 1. membﬁdosgoﬂeqmmpd)emmma@w&dﬂb,whidﬁlsszbmcﬁﬂd)angﬁ 97(3H, s),
3. 09(3H, d) %g{%‘%%ﬂfe et stitiribRthidesymptdin 3nf et 15 BoBf (24 gl - TPl e

18 pival a;?‘F
(1R, 5S, GSboay{,v(eigEt/iﬁ‘se (dr-ctaNchhhinistiayiba o an eduheaykntiwithatpdratet y| oxynmet hyl o

xycar bonyl ) pyr nol i di.n- 3-

t hi.oJ- 6-
1R) - 1- hyd ¥ KeTein g %mo ( UERERISLIhEReS B89N t he same manner

as in Exanple 1’ﬁaeéé3ﬁaf3éﬂén€c§1ﬁ§§@h@d)c%ﬁb@@§c@ iA®dn xﬁidubmﬁm& S ppm :
0.98(9H,s), 1.22(9H,s), 1.26(3H.d), 1.33(3H d), 1.72.9(SH H)L 2.96(3H, s),

3. 08( 3H, dﬁubMMhmmw@amﬁcwtmuehasep@mmm ABg). sanpl e
19 1-cycl #g Y, e

(1R, 5S, 6S)*2- é g@§ Q@Q&ﬁ?‘ﬁﬁr %%ﬁhyqs mn?l%%%c}gbnmfe) er SO yrycl cﬁmt hyl oxyc
ar bonyl ) pyorrsysteehio sj&nptom caused by bacterial infection (e.g., antipyretic, analgesic,

yl thio] - 6[35_11%Og1sn gﬁxgﬁﬁég.l J- 1- met hyl car bapen- 2- em 3- car boxyl at e

Examples
The present invention is explained with respect to the physical property
and production method in the following by way of Examples which do not limit the
present invention in any way.
Example 1
p-nitrobenzyl (1R,5S,68)-2-{ (3S,58)-[5-N,N-dimethylaminocarbonyl- 1-(3-methyl-
16



Cycl ohexyl o. ~ycar bonyl oxyet hyl

R, 5S, 6S)-2-[(3S,55 - (5-N, Ndi net hyl am nocar bonyl ) pyrrolidin-3 ylthiod

[ (1R) - 1- hydr oxyet hyl ] - 1ret hyl car bapen- 2- em 3- car boxyl at e él. %% o OC%ai ned
in the sane manner as in Exanple 13 (1) was dissolved in Aietodes Aane
(10 m ). Isobutyryl oxynethyl p-nitrnphenyl carbonate (500 ng) was added and
the m xture was stirred at roomtenperature for 2 hr. The sol vent was
evapor at 3-8® ' lofikedrbb pa-ym fihl - chr omat ogr aphy
to give ?%gﬁ?iqf | e ;é%%ﬁ%gny%& ny) . I%ﬂ)— I\/R’?(Ié%cgl\‘gmgi%5 p&pﬁ%ml:ml. 0-2.1(27H, m,
2. 96( 3H, Sydrenetylkl-owtkyicanbapen-@-gna-eabayylats. 73(1 H, m), 5.6-5.8(2H ),

6.7-7.0(1H, c~. J-

(1R, 5S, ESS) - (2: [ é%&%ﬁ’éwﬁﬁ%ﬁ%%%ﬁg%%ﬁ& }'ﬁ'\?}ﬁt‘g}f%%?fet hyl oxycar
‘blonﬁ! ) Py g I,Qldli%&onelrsﬁl—ygmemyloﬁy?rbofylpymudme (719 mg)zwas d%ssolve% in | .
Yare. man sl 1XENEE PrBITCORERY |1 eSS hAGPRE RSB bR el S 5
‘Cct ob I 3 \ 9H,s), 1.2 7 (3H,d),
BETEIE e 5 R R R R M 1 e B T R TS A
H m, 5. 6difsopfadiletylamineq0B800 wert edded-gted°Criendenla mitrpgen dimeospblereowi ng or al
P oper ty iR G GO0 e SRR P hecoe B G des b -ampie 1
(oral absgidelli oThé fStthrdWes aeEREURith Ghtliraedrase 100 iy 8Ad deed bvé00 o/ kg,
conpound of Exanple 13) was orally adm nistered to m ce (3 per group) and

the conceRtiyarots SFdiwcTdRle: o Bt Ppeiats was emperiediupdsr redusethsma was

ar e show TR aR el e Sty Shich U U bR T OB o
m 0. 25 hrmcﬁﬁﬂhrcmn@ohnﬂ:(glhng).o hr Exam | e 139. 54. 81. 90. 60. 2 F~cperi neat ai

mor ko) corpoRREERlaBarnal 22k de ToRbiRal 3ty 208 BE B 8o per ¢ 1
group) anplgte(18ANAR AL6-3i6ISH ), e 8l20tad apenem conpound (A) in plasma

, A
was determ ned at 0?25, 0.5, 1.0, 2.0 and’A%% hours | ater by HPLC. The
results aFe=edn in Table 2. Table 2 Test conpoundAve a concentration in

1-
(1
6-

| ~ : X _ Imd:%nglﬁ}'!ﬁﬁﬁ&érﬁo - Bladd. 3
I ﬁzggt gi g%ﬂl@fgﬁ?%gﬁﬁétj;{d?ﬁgsﬁé Bﬁé enem compound éjlfglo?’l?ﬁgﬁ%r esent
i nvent i onl,3dliexpien-folimethdesiceongipyrelidin-ferldiictee (L R 1thyscexyethyd)r al

Fange of  Bat Oy e e e BB | Compound| i 5@ ex ] er el v usef Ul for
t he prophyl axi p-Nitrbbened{ IR,56,68)-2-{88,655)-{N, NHiseethplan(ipecarbanyfldr-Sy .
(' eat mon TEISE R Ao BT R e ma A iR o by
bact er i a hydregyfeihyl]- bofetyaibapes-O-aat3+eartexlhteBBM Mgl ®ad dissdRed acat

mixture of tetrahydrofuran (17 mi) 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 pressure 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 title compound (130 mg).

IR(Nujol, cm’Y) : 3393,1819,1767,1707,1643

'H-NMR(DMSO-d¢, 6 ppm} : 1.16(3H,d), 1.4-1.9(1H,m), 2.13(3H,s), 2.82(3H,s),

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

Example 3

pivaloyloxymethyl (1R,5S,6S)-2-{(3S,58)-[5-N,N-dimethylaminocarbonyl- 1-(S-
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.cow) horse, rat, nouse and the like), such as purul ent diseases, infection
of 26 5 Cctober 2002 respiratory organ, biliary tract infection, urinary

tract infection and the like. In addition, carbapenem CO%Blmdbé I #@) 'bs
“useful as an internedi ate conpound for carbapenem conpou FIT‘? T 9

application is based on application Nos. 122499/ 1998 and 203730/ 1998
filed in Japan, the contents of which are incorporated hereinto by

NS oo SRR BB TR AR S ey R AR T
a2 T80 oer Skl o et e el o 2T e bapcnom competind. of
g?;i m 1, wherein %%(%Sigg'?ﬁ&gﬁ}éwé&Dﬁ%‘ﬁ%ﬁ@ﬁ@%‘%ﬁ@’ﬁh{qﬁ “a | ower
~al kyl . 3. ThgetsgrbapsneniersRaund)@tihgicdtrbon iic_ﬁ!in@»-yitﬁioé-&[(lR)-l-
_pi val oyl oxymnet hyl . 4. The car bapenem conpound of claim 1] whérein R

cycl ohexyl ohyesrieiyllokyetiicarbspernrien-Sresapeniais (9Proghuasdisasluedhin |
"wherein R il\?,NJdimethylformamide (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 mixture was washed with 5% brine (100 ml) and dried over
_anhydrous sodium sulfate. Ethyl acetate was evaporated under reduced

s 1

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

the title compound (350 mg).

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

H-NMR(CDCl,, 8 ppm): 1.22(9H,s), 1.26(3H,d), 1.31(3H,d), 1.6-2.1, 2.5-2.9(2H,m),

2.17(3H,s), 2.8-4.4(13H,m), 4.80(1H,m), 4.72, 4.99(2H,ABqJ=13.2Hz),

5.87, 5.92(2H,ABq,J=5.5Hz).

Example 4

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

methyl-2-oxo- 1,3-dioxolen-4-yllmethyloxycarbonyl]pyrrolidin-3-ylthio} -6-[(1R}-1-

hydroxyethyl]- 1-methylcarbapen-2-em-3-~-carboxylate

(1) Sodium (1R,5S,69)-2-[(3S,58)-5-N,N-dimethylaminocarbonylpyrrolidin-4-

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

was suspended in N,N-dimethylformamide (2.3 ml) and the suspension was

cooled to 5°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

(1R,5S,6S)-2-[(3S,55)-5-N,N-dimethylaminocarbonylpyrrolidin-4-ylthio]-6-[{1R)-1-

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

IH-NMR(CDCl,, d 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
1R



et hoxycar bonyl oxyet hyl . 6. The car bapenem conpound of claim1l1, which is a
menber selected fromthe group consisting of pival oyI oxymet hyl

(1R 5S,69)-2-{(3S,59)-[5-N N-dinethyl am nocar bonyl - 1- (5net hyl - 2- oxo- 1, 3-di o
" xol en-4-yl ) net hyl oxycar bonyl ] pyrrolidin-3-ylthio}-6-[( 15 Ct°be" 200

R) - 1hydr oxyet hyl ] - 1- met hyl car bapen- 2- em 3- car boxyl at e,

1- cycl ohexyl oxycar bonyl oxyet hyl

(1R, 5S, 6Shi) anfi(c3ble8 ) 5fCe- %Mmﬁ%k@man@@me@wymﬂeﬁ%w%nﬂ oxo-1,3-dio
xol en- 4y|)nethy|oxycarbony| pyrrolidin-3-ylthio}-

1R) - 1- hy detderidecRRY pe) ang the @24 mipyere i te@@dhemmuewas

TR, 5% 65, B adnE B IARARENA Br a0 M, DR TR R Hegio- 1,3 i o

-ol en- 4- yléﬁdammmmewm&ﬂqdmﬂmm/dbmé(momﬂb e.hd@nbﬁ oﬂzeranh ydrous
R -1-hydro th Ef%x Eﬁ% Ica en 2- em[g gr bo | afe. 2. An anti bacteri al
agent co r‘%} e ?ﬁ?@ﬁﬁﬁe Ho g F’ﬁ&'etaﬁ‘é“hérnula

(1-B) as REidaekiays drﬂﬁ&%'s‘ﬂiﬁagcﬁeoﬂﬁﬁ ARbinB RS oyaﬂ E claim7, which
is for oral admnlstratlon A car bapenem conpdu of theforrrula(ll-B)
O—lCHBHs@IHi?’O@dI\ﬂl@@@R~R2CO\IR -~ COO CH2 - -CH3 O'O (II-B) wherein

R2 and are,ipe same or different and each is a lower alkyl, R~ is a
hydr ogen ‘a o oF a protecting group of carboxyl group or a salt thereof.

10. The owé:aﬁemmtaplrmawsjesytzx{(ss 38)95-Niidifheits lamimeR®ongel gnt ed from the
group consi stin

be
(1R 58S, 69}16?213’{ ?3305@ dﬁfsm £ ﬁi)ﬁéﬁWWWPSEXHMMBMtwn@ bxo- 1,
3-di | efvrtbon m&%?eﬂgl&m 3-yl thi 6- 1
R) - Ilﬁi(/gr gl%et Ayl Jﬂe rret hyl car bapen- 2- em 3- cartjtg)!oxylyateI oand sE)éll um
(1|R 58468) 2- { (The composdNHHP mg}rﬁbmnedmzﬁg@mm@ﬂyl) ~wag dissostetdyih NONoxo1, 3- di o
xol en
R) - 1- hydr%%%}ﬁ%ﬁ%ﬁn(gﬁa@b?ﬁg)rb pen gn@? §*§§’§§§‘?‘£‘4‘§1’[“’%PWR car bapenem
conpound mitrophenyfl earbonate( (2OT)mg) afd triethylarhiab ¢0.12 ORlPwehd dded BRAGRAK

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 mi), 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-cyclohexyloxycarbonyloxyethy! (1R,5S,6S)-2-{ (3S,5S)-[5-N,N-
dimethylaminocarbonyl-1-(5-methyl-2-oxo-1,3-dioxolen-4-
yl)methyloxycarbonyl]pyrrolidin-3-ylthio} -6-[( 1R)- 1-hydroxyethyl}- 1-
methylcarbapen-2-em-3-carboxylate

1-Cyclohexyloxycarbonyloxyethyl (1R,58S,6S)-2-{ 3S,5S)-[5-N,N-
dimethylaminocarbonyl]pyrrolidin-3-ylthio} -6-[(1R}- 1-hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylate (2.0 g obtained in the same manner asin
Example 4 (1) was dissolved in methylene chloride (20 ml). Thereto were added
(5-methyl-2-oxo-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

19



HCN~gRII-C) OC028 ~ 06 COCOCORRS5 wherein RL is a nodifier
hydr ol yzable in the living body, R2 and R3 are the sane or different and
.each is a lower alkyl, R4 and R5 are the sane or different and each is a
hydrogen atomor a |ower alkyl and R6 is an al kyl having ® @etolerc2f®én
atoms or a salt thereof. 12. The carbapenem conpound of claim 11, wherein
R2 and R3 are the sane or different and each is a lower all~yl. 13. ~ The

car bapenefsaapertc] Ghded Riitddpresereainy Be rksidhe wa ?Mhﬁea'ﬂwﬁxé 5%114- The

car bapenem conpound of claim 11, wherein R~ is 1 cyclohexyloxycarbony
| oxyet hylcolurgn cimgngiagrraberte giveshe sta go@mpoundieRoImg). wherein R is 1

et hoxycag?@@ﬁlglgﬁelﬁ)%%%%}g?lIt}ggﬁa,rlgal[%gﬁgm conpound of claim1l, which is a

menber s oup~consist ng of pival oyl oxynet hyl

g ;IRi gi,r ?gﬁ.mdi nﬂ_(g_ﬁﬁﬁp@&i % Y glilh?dzi. NROHthip 01 16B1YsH 2063 H 8); 8tod, x0urBihy | oxycar bo
R) - 1- hy dro®yret R fr%?%%&)bégéﬁoﬂ%ﬁiﬁ- car boxyl ate, pival oyl oxynmet hyl (
1R, 5S, 6S)g2s pﬁ§§ 5S) - (5- N, N-di et hyl am nocar bonyl - 1pr opi onyl oxymet hyl oxycar
bonyl) pyrrolfidin-3-ylthio]-6-[( 1 R) -1-hydroxyethyl]-1nethy

| car bapent-2thery@rbambowyetpl eLR_,sssspa-{@s,ssbw-mmmmﬁammymim| (

st SRRt b SRR Bt Y 1 v
R)-1- hydr[gwatrgysdsg?%%}?wﬁah?mwpanm&&ww@t e, pival oyl oxynethyl (

1R, 5S,6S)-2-[( N, N- di et hﬁ_‘lj’arri nocar bongl - 1pi val oyl oxynet hyl oxycarb
onyl ) pyrrol i di A=Ethekyearenydonyetiyl (IR,58,65)-2-{(3S,55)-[5-N,N-

R) - 1- hydr &F%}q? *ﬁﬁi‘gﬁﬂ? - g*_@% ival oyl oxynet hyl
()1R, 58?/6%3%%- , é;%gy S | rre?t‘?él a?ﬂﬁggg{-ggﬁy - ?%‘3’@511‘er y%/oxy?/ret hyl>/o. ~y
car Eolnyl )rpqllhyhtlai'hﬁpﬁn?,@-mm I e (Jl-c_’%)-obml e uxylma;] kgizrh}: -nidtnner as in

met carhapen- 2-em 3- carho, ~ . DI oyl ozynet

R SS, 69 P 4l VRO BT o loBhe BB . Ahereto were

| - t er t butadded e (F-nrethiytel-byd-0Bydiarblenyl-yuethol p-aitfophestyl dirednae [€06

1R) - 1- hydr oxyet h lpl‘ly 1net Q Iggar ad%%‘n- 2-em 3- car boxyl at e,

1- cycl ohe‘?@l c‘ﬁﬂ}ﬂ? é H‘Qﬁ’ the mixture was stirred at room temperature

(1R, 5, 6Sbr 21k 3he3Sh vheds o ey Akt 180 HINARM thd rd-S RO kdlr@ wak Tt hy! Oxy

carbonyl )pyrrolidin-3 ylthio]-6[( 1
R) - 1- hy drwaghedmwitl] S% briner 0@ albapd Aried everanbadrsssysodiuen sulfate. Ethyl

1- et hoxy . :

1R, 58S, 6S) - E’F%)Egégi { gﬂeﬂl(u&dgf Fr%dt%og?gfﬁsr%?ar do%“f|rf§‘8‘|1$¥r"‘8ﬁ“6‘§§%eb?’hy| oxycarb
onyl ) pyr rsilidagiehe@umn chromatography to give the title compound (300 mg).
ylthio]-6-[(1R)-1-hy : l.car bapen- 2-em 3- car boxyl ate. 17. An
ant i bact 3?&1‘5%@%?- 3%%?(5%‘5%&?3}2?%%%%% conpound of claim 11 haring
the for mARNMREDCRS s ppng il YE3HRY e (8RId), 11823MNS, BBl Bke@! e/s-2b, agent of
claim17, which is for oral adm ni St::%t ion. 19. A carbapenem conpound of
the for ma-a-4$EHep, 8HHSHEh 2R FRFRIcHN-»28H, ),@-Zﬂ%%){,qn CO2R ~
COOCOCOR ﬁ&mple 8

p-nitrobenzyl ( 1R,Ss;68)-2-[(3S,SS}—S-N,N—dimeﬂlylanﬁnomrbonyl- 1-
propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)- 1-hydroxyethyl] - 1-
methylcarbapen-2-em-3-carboxylate
(2S,48)-2-N,N-Dimethylaminocarbonyl-4-mercapto-1-
propionyloxymethyloxycarbonylpyrrolidine (662 mg) was dissolved in acetonitrile
(11 ml), and p-nitrobenzyl (1R,5S,68)-2-diphenylphosphoro-6-[(1R)-1-
hydroxyethyl}-1-methylcarbapen-2-em-3-carboxylate (1.15 g) and
diisopropylethylamine (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
20




‘31 a 5 Cctober 2002 wherein R and R3 are the sanme or different and each is
a lower alkyl, R4 and R5 are the sane or different and each is a hydrogen
~atomor a | over al kyl, R6 is an alkyl having 1 to 10 carbon atons and R is
a hydrogen atomor a protecting group of carboxyl group 0P Qceker 2404 eof .
20. The car bapenem compound of claim 19, which is a nenber selected from
the group consisting of p-nitrobenzyl

(1R, 5S, 6 JnIBdr1BSsdif) my Srlfttd\- dthptdeptatewas eeapooatyd ubdeomduayd oxymet hyl oxyca
rbonyl) pyrrolidin-3-ylthiol-6-[(.1.R .. )

- 1- hydr ox&FEBHH F?paﬁé? ﬁ%ﬁlfg%ﬁ %%B{]’(’Qedet?# @%8@39?5% ehropategrrpBefRgTe (

1R 5S, 68)%%%@5{3%% i met hyI am nocar bonyl - 1i sobut yryl oxynet hyI oxyca
rbonyl ) pyrrolidin-3-ylthio]-6-]

"R) - 1- hydr’dieWR(@ﬂClslﬁmpm)l da §n127@rﬁ,@), ¢ 330X ), dtR2. 15 B8E-2(3H,m),

§ %Sngﬁ) S% ?’é@&'{j& ﬂ]%’}'io\lfn)’ QF?@@%mﬁ%%@&%A ,’Lﬁzr opi onyl oxynet hyl oxyca

R) - 1- hydrmwuslyl) 1rret hyI car bapen- 2 em 3-car boxyl ate, and sodi um
(1R, 5S, 69S) - [(38 5S) - (5- N, N- di_ et hy/l ami nocar bonyl 1i sobut yryl oxynet hyl oxyc
i bony! ) SHRIDI SR AR ok 6 - Gimethy rmiocarbony 1

i Rfdﬁigﬁ%@%ﬁﬁﬁ?ﬁﬁﬁw FFErorett k. 4 A anz. A
AU A9L A peg- Xylate

e e SN LR AT
22?22?22?%“2‘“@1‘?9vvf ; @@[ oy sian ooy gl anhpabardploal cal o2l oo

6{ vql gb] XPs! k]aE%Reél]%5&5&5?%%%]@9]%]@%@%“@&]@@]@3@”@#0a] ca]calcalc

glgaggk BBBC%%%hﬁC%hCXﬁ Clj&?d@@]lﬁg%buﬂer (E 8] 17% %’Z‘] ] ca] ca] ca] ca]

]cg]i]c g]ﬂc g] E%lladaim@ﬂ@rdéw 3a}gi #psarided and Mmaitm]m yairogediaterd atabem] ca] ca] ca
R i 1 A St Y?lﬂ‘]) f&’%ﬁg’iﬁ’éﬁ‘%%]véifésﬁega‘flﬁ%ﬂ@aﬁ%ﬁ A S ca) ¢ a] c a]

Cngfﬁ]UfE] mﬁmﬁﬁﬁmm&weﬁwa&da@mhmhﬁal M] : ] ]
A u a al] ca a] ca] cal cal caU] ca] cal] ca] ca
ca] ca] ca] %N%\%r] @fﬁﬁ%@% g] g'%’éﬁ%?&!] ] cal XYYYzYZr
[[LOL 0L [ DiAIONHIPL 1] fHR RS ithvissidnenhitanleataMaa] Gal&al cal cal caj ca
U] ca] ca] ca] ca] ca] ca] c%%g]@ca cal] ca] ca] ca] ca] ca] calUlca]ca]ca]calcalca!l P
' aVadEEReHEEFEsWe geed g e itsfompourd) (838 28 ca] ca] ca] cal cal ca
J ca] cal cahesheatameal cabsa) ¢aledied] eabpH aphosisaksalealsalsal cal cal cal ca

Iff hhh
0] OCg?gr 3B 7, mwRBR2EH o2 8O3 8l 3@@@@]‘&:%]&1@1}5@@5@1&@]&& ca] caU] ca]

ca] cal czll:ca] al.nal ca] ca] ca] ca] ca]ca] ca]ca]ca]calcalcalcalw{|"|,|{k/8Uu{iQ
ZA] ~xsni ] ca] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca] cal] ca] ca] ca] cajcajcalc
aU] ca] ca] p@ﬁ&mﬁmﬂl(mlss&}sm -(3$,58)-5- 0y Netihetiykaninocarbonyl-1-

]Cgang]ZiaI]%lél xsnl (;/\YkeI ll\e%}c@léﬁ):q% g! g! ga}}iaéc]téf%é)uf a] ca ?g} ;;(;] ca] ca]

R~xsni d Zﬁﬁéﬁi %g-]_ga]acga,@@]tgaU] cal ca] ca] ca] cal ca] ca] ca] cal ca] ca] ca]
a caU] c

call ca] c ca] ca] cal] ca] ca] calq al ca &3{

O } &?a} xsni d_zZUndh¢ sahe Masuer &6 da Esame. %HP@E@S;éﬁc&]N;H] ca] ca] cgU] ca] ca] ca]
ca] ca] ca xsnid _Z]ca]ca] ca
[ ca] cal ca %ﬂ%ﬁ%ﬁﬁﬁﬁéﬁﬁﬁﬁ?w%ﬁ%@%@%&fca] al cal cal ca
] ca] ca] ca ]ftﬁ%é;ah% Ut%? corinpound was obtamcd] ] ] | ca] cal
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sodium (1R,5S,65)-2-((3S,5S)-5-N,N-dimethylaminocarbonyl-1-
isobutyryloxymethyloxycarbonyljpyrrolidin-3-ylthio}-6-{(1R)- 1-hydroxyethyl]- 1-
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In the same manner as in Example 9 using p-nitrobenzyl (1R,5S,6S)-2-
[(3S,58)-5-N,N-dimethylaminocarbonyl- 1-isobutyryloxymethyloxycarbonyl)-
pyrrolidin-3-ylthic]-6-[( 1R}-1-hydroxyethyl]- 1-methylcarbapen-2-em-3-
carboxylate, the title compound was obtained.
'H-NMR(DMSO-dg, 8 ppm) : 1.0-1.4(12H), 1.4-1.9, 2.5-2.7(3H,m), 2.83(3H,s),
3.02(3H,brs), 4.64.8(1H,t), 5.5-5.7(2H,m).
Example 12 |
pivaloyloxymethyl (1R,5S,6S)-2-[(3S,58)-5-N,N-dimethylaminocarbonyl- 1-
propionylaxymethyloxycarbonyljpyrrolidin-3-ylthio]-6-[( 1R}-1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate
Sodium (1R,58,6S)-2-{(3S,5S)-5-N,N-dimethylaminocarbonyl-1-
propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[( 1R)- 1-hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylate (913 mg) was dissolved in N,N-
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 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 cﬁromatography to give the title compound (336
.mg). i
IR(Nujol, cm™}) : 3445,1755,1724,1651.
'H-NMR(CDCl,, 8 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).
Example 13
pivaloyloxymethyl (1R,5S,6S)-2-[(35,55)-(5-N,N-dimethylaminocarbonyl-1-
propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R}- 1-hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylate
(1) Sodium (1R,58,6S)-2-[(38,5S)-5-N,N-dimethylaminocarbonylpyrrolidin-4-
ylthio]-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate (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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; Ethyl acetate was evaporated under reduced pressure and the residue
was purified by silica gel column chromatography to give pivaloyloxymethyl
(1R,58,68)-2-((38,55)-5-N,N-dimethylaminocarbonylpyrrolidin<4-ylthio]-6-[(1R)- 1-
hydroxyethyl}-1-methylcarbapen-2-em-3-carboxylate (14.2 g).

'H-NMR(CDCl,, 4 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), 3.04.4(8H,m), 5.81, 5.95(2H,ABq).
(2} The compound (9.5 g) obtained in (1) was dissolved in dichloromethane (50 ml)
and propionylaxymethyl 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 column
chromatography to give the title compound (1.1 g).
Example 14
pivaloyloxymethyl (1R,5S,68)-2-{(3S,58)-(5-N,N-dimethylaminocarbonyl-1-
acetyloxymethyloxycarbonyl)pyrrolidin-3-ylthio}-6-[(1R)- 1-hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylate

The compound (600 mg) obtained in Example 13 (1) was dissolved in
N,N-dimethylformamide (3.5 ml). Acetyloxymethyl p-nitropheny! carbonate (200
mg) and triethylamine (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 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 (310
mg).
IR(Nujol, cm) : 3422,1760,1724,1647.
'H-NMR(CDCl,, 8 ppm): 1.22(9H,s), 1.27(3H,d), 1.33(3H,d), 1.7-2.1, 2.5-2.9(3H,m),
2.11(3H,s), 2.97(3H,d), 3.08(3H,d), 3.14.4(7H,m), 4.73(1H,m), 5.6-5.8(2H,m)},
5.89(2H,ABq).
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"310% & ()ditHloddfethént 3. SpilPD SR o methyl 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
column chromatography to give the title compound (210 mg).
IR(Nujol, cm™) : 3385,1796,1753,1730,1636.
'H-NMR(CDCl,, 8 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(1H,m), 5.6-5.8(2H,m),
5.88(2H,ABq).
Example 16
pivaloyloxymethyl {(1R,5S,6S}-2-{(3S,5S)-5-N,N-dimethylaminocarbonyl-1-
pivaloyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1 R)- 1-hydroxyethyl]- 1-
methylcarbapen-2-em-3 —carboxylate.

The compound (580 mg) obtained in Example 13 (1) was dissolved in
dichloromethane (3.5 ml). Pivaloyloxymethyl 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% agueous
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 colurnn
chromatography to give the title compound (300 mg).

IR(Nujol, cm™} : 3423,1777,1751,1726,1649.
'H-NMR(CDCl;, & ppm) : 1.22(18H,s), 1.26(3H,d), 1.33(3H,d), 1.7-2.1, 2.5-
2.9(3H,m), 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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Example 18
pivaloyloxymethy! (1R,5S,65)-2-{(3S,55)-(5-N,N-dimethylaminocarbonyl- 1-t-
butylacetyloxymethyloxycarbonyljpyrrolidin-3-ylthio]-6-[(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;, 8 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).
Example 19
1-cyclohexyloxycarbonyloxyethyl (1R,5S,6S)-2-{(3S,5S)-(5-N,N-
dimethylaminocarbonyl-1-isobutyryloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-
[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate
1-Cyclohexyloxycarbonylaxyethyl (1R,58,6S)-2-[(3S,5S)-(5-N,N-
_dimethylaminocarbonyljpyrrolidin-3-yithio]-6-{{1R)- 1-hydroxyethyl]- 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). Isobutyryloxymethyl
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).
'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), 6.7-7.0(1H,q}.
Example 20
1-ethoxycarbonyloxyethyl (1R,5S,65)-2-((3S,55)-(5-N,N-dimethylaminocarbonyl-1-
pivaloyloxymethyloxycarbonyl) pyrrolidin-3-ylthio]-6-[(1R)- 1-hydroxyethyl]- 1-
methylcarbapen-2-em-3-carboxylate
In the same manner as in Example 19, the title compound was obtained.
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"11110%98& EXxperkénti{Brample 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 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/ml)
0.25 hr 0.5 hr 1.0 hr 20hr [ 3.0hr
Example 13 9.5 4.8 1.9 0.6 0.2

Experimental Example 2 (oral absorption test)
The compound of the present invention (100 mg/kg, compound of
Example 15) was orally administered to mice (3 per group) and the 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)
0.25 hr 0.5 hr 1.0 hr 20hr | 30hr
Example 15 8.6 10.1 4.8 14 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
compound is extremely useful for the prophylaxis and treatment of infectious
diseases (particularly bacterial infectious diseases]. The inventive agent for the
prophylaxis and treatment of infectious diseases can be used against diseases
caused by bacteria in warm-blooded animals inclusive of human (e.g., dog, cat,

cow, horse, rat, mouse and the like), such as purulent diseases, infection of
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5 This application is based on application Nos. 122499/1998 and
203730/1998 filed in Japan, the contents of which are incorporated hereinto by

reference.
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. OH CH R?
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- R
HsC >—s _C( (I-B)
. N N — COO— CH, CH,
0 \ (

1
COzR o o

T

O

wherein R! is a modifier hydrolyzable in the living body, R2 and R3 are the same
or different and each is a lower alkyl
or a salt thereof.

2. The carbapenem compound of claim 1, wherein R? and R3 are the same or
different and each is a lower alkyl.

3. The carbapenem compound of claim 1, wherein R! is pivaloyloxymethyl.

4, The carbapenem compound of claim 1, wherein R! is 1-

cyclohexyloxycarbonyloxyethyl.

5. The carbapenem compound of claim 1, wherein R! is 1-
ethoxycarbonyloxyethyl.

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

pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-
methyl-2-oxo0-1,3-dioxolen-4-yl)methyloxycarbonyl|pyrrolidin-3-ylthio}-6-[(1R)- 1-
hydroxyethyl]- 1-methylcarbapen-2-em-3-carboxylate,
1-cyclohexyloxycarbonyloxyethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-
dimethylaminocarbonyl-1-(5-methyl-2-oxo-1,3-dioxolen-4-
yl)methyloxycarbonyl]pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyi]-1-
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8. The antibacterial agent of claim 7, which is for oral administration.

9. A carbapenem compound of the formula (II-B)
R
CON <
N — COO— CH, CH,3 (I-B)
CO,R’ o0
0

wherein R? and R3 are the same or different and each is a lower alkyl, R7 isa
hydrogen atom or a protecting group of carboxyl group
or a salt thereof.

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

p-nitrobenzyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl- 1-(5-methyl-
2-o0xo-1,3-dioxolen-4-yljmethyloxycarbonyl]pyrrolidin-3-ylthio}-6-{(1R)- 1-
hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate, and

sodium (1R,58S,65)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl- 1-(5-methyl-2-oxo-
1,3-dioxolen-4-yljmethyloxycarbonyl]pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-
1-methylcarbapen-2-em-3-carboxylate.

11. A carbapenem compound of the formula (I-C)

Oy
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wherein R! is a modifier hydrolyzable in the living body, R? and R? are the same
or different and each is a lower alkyl, R* and R> are the same or different and

each is a hydrogen atom or a lower alkyl and RS is an alkyl having 1 to 10 carbon

atoms
or a salt thereof.
12. The carbapenem compound of claim 11, wherein R? and R3 are the

same or different and each is a lower alkyl.

13. ' The carbapenem compound of claim 11, wherein R! is
pivaloyloxymethyl.
14. The carbapenem compound of claim 11, wherein R! is 1-

cyclohexyloxycarbonyloxyethyl.

15. The carbapenem compound of claim 11, wherein R is 1-
ethoxycarbonyloxyethyl.
16. The carbapenem compound of claim 11, which is a member selected

from the group consisting of:

pivaloyloxymethyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-
acetyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R}- 1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate,

pivaloyloxymethyl (1R,5S,6S}-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-
propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio-6-[(1R)- 1-hydroxyethyl]-1-

methylcarbapen-2-em-3-carboxylate,
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dimethylaminocarbonyl-1 1sobutyrylo*:ymethyloxycarbonyl)pyn‘ohdm-3-ylthlo§-6-
[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate, and
1-ethoxycarbonyloxyethyl (1R,58S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-
1-pivaloyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R)- 1-hydroxyethyl]-1-

methylcarbapen-2-em-3-carboxylate.

17. An antibacterial agent comprising the carbapenem compound of

claim 11 having the formula {I-C) as an active ingredient.
18. The antibacterial agent of claim 17, which is for oral administration.

19. A carbapenem compound of the formula (II-C)

R2
3 cond
H3C S R I1-C
N Vi N R4 ( - )
0 ; \ |

COOCOCO—RS

L
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are the same or different and each is a hydrogen atom or a lower alkyl, RS is an
alkyl havihg 1 to 10 carbon atoms and R7 is a hydrogen atom or a protecting
group of carboxyl group
or a salt thereof.

20. The carbapenem compound of claim 19, which is a member selected
from the group consisting of:
p-nitrobenzyl (1R,58S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-
propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio}]-6-[(1R)- 1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate,
p-nitrobenzyl (1R,58,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl- 1-

" isobutyryloxymethyloxycarbonyl)pyrrolidin-3-ylthio] -6-l [(1R)-1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate,
sodium (1R,58,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl-1-
propionyloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-{(1R)- 1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate, and
sodium (1R,585,68)-2-[(35,5S)-(5-N,N-dimethylaminocarbonyl-1-
isobutyryloxymethyloxycarbonyl)pyrrolidin-3-ylthio]-6-[(1R}- 1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate.



