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Technical Field b The present invention relates t

conpound and a. pharnmaceutically acceptable salt tiR&LOL. SANL CH. 816 WSkabdd =....

as agents for the prophylaxis and treatnent of b |nf d%topaged—
ates to a_pove

di seases. -More particularly, I
car bapenem conpound and a phar mﬁﬁfﬁs&pt abl e salt thereof, which
have sufficient anti bacCARBAPENEMICOMPOUND; USEMHEREQEANDt or al ealé}sgrgtgm;ﬂ) -9

an oral antibacteri al age ﬁﬁébﬁ‘ré'dﬁm?y as an acti've «
i ngredi ent; and an internediate coEou e production of said -

car bapenem conpound and a salt t [ |=BP;'itkground Art Many conpounds
having & car bw&h&hmmm@m&«we&bapenﬁcagpmaﬁaat reating

i nf ecti ous | seas r superi or
ant | bacy or PAFEEREEeel AU LI E-GE DRER AR LSO ST BUPOL O
for practi pxephylasis mmqvépfbwmﬂénfe owﬁlmrﬁﬂer@mﬂﬁ&adm t he
forml a (AhepreskhtGhventioaefitey & a el burbapbhdncompudafi@@H has been put
to practlca apenem
conpound hgkﬁéﬁﬁeggwg%{%bg&f&g%ggta*%l?nhgl%gé eflelé? %aci ePi al
activitlp aeldvitysard whichipermit ol ahsogption; apipsnl antihagk 4¥ase, which has
been consi d&ﬁtﬂduﬁg)shﬂ&mﬁ’oahﬁaﬁhndcmem@ammﬂahdmrth&dmwonpounds 30

is a superiog CAP e
adm ni- sterggm W&F&?Eﬁ‘@{)ﬁaﬁ%ﬁg?f@&%a | zer. ‘}—%?&?/ﬂe&ra tEese g’ar.bapenem
' conpounds show poor absorption f F3fkgraund )

Many compounds having a carbapenem skeleton have been found as

15 agents for treating infectious diseases, from which some carbapenem
compounds having superior antibacterial activity have been put to practical
use or under development for practical application, For example, a

carbapenem compound of the formula (A)

20 .
' CON(CHg)2
(&)

NH

COH

26
. has been put to practical use and used in the clinical situations. This
carbapenem compound has a broad antibacterial specirum and potent
antibacterial activity, and is free of instability to renal dehydropeptidase, which
has been considered to be a drawback of conventional carbapenem compounds.
30 Itis a superior characteristic of this compound that it can be administered
solely without using a stabilizer. :

However, these carbapenem compounds show poor absorption from the
digestive tract, which limits their clinical administration route to injection '
alone. An oral agent is easy.and convenient to administer as compared to

36 injections,l and highly utilizable in clinical situations. Thus, thereisa need for
the development of a carbapenem compound for oral administration, which
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—di-gestive—tract—wheh—t+mts—thetrr—cHmcat—admmrstrattom Toute 1o

I njection alone. An oral agent is easy.and convenient to adm nister as
conpared to 35 injections, and highly utilizable in clinical situations.
Thus, there is a need for the devel opnent of a carbapenem conpound for -
oral .admnistration, which *167167* 11 11111 1 1 | | | | 11111 1 |
112121212121 U0l 1 111l 1! *ACTIO\N has potent antibacteri al
activity and broad anti bacterial spectrum and which shows superior
absorption fromthe digestive tract. It is therefore an object of the

present i ru@dtéit Mbaéaﬁhﬂmwamh@emmumﬁ]nﬂecﬂﬂmmmhwhbhperi or

anti bacterial acti m.gjg SedgLdeor 6 absorption fromthe '
di gestive ﬁggs% M{"Ih&e(br'g%%:l f th resent inventjon is to provide use
of said car bipstberefosepn ¢hi "N?’étprf’tfpf wention taprogidea.carBapenem | nventi on
is to prOVdoﬁﬁ:o&Iﬁdlvﬂiﬂi ﬂEdsa;bm«anﬁba&ﬁalfmhvtthanquﬂhmhm ssipesiar d

car bapeﬁem (o10) %u ég% & of the Invention - The present inventors
have co 1%t enS| ve '

I'es T n an attenpt tg agp:&lﬁgethe
above- nent i oné@oﬂlﬁf@blefrw PreeRd inveation 1 fo\RIpvide, 1se, compound of the
fol | owi Nng deebépdnem(dgmputthda phar maceutical |y acceptable salt thereof show

' b | , el il 6 pot ent
superior a Sohit?h\%r_{‘ %R%fﬁi éﬁf@n&é&ﬁ%ﬁmﬂﬁﬂ&vﬁ!&aﬂiﬁt&ﬂk&iﬁé poten

anti bacteri al are useful as,oral antibacteri al
agents. Fufditable WF@W@E@%‘F‘ PM%@P%&%%%&W% novel internediate
conpound usabl e for the pronlndomeoftbqwiqmund which resulted in the
conpl eti on of &hdu%&!&%%&ﬁklétu&w&&&h tfpvention

E)Ir;)vbelea_ltsahe fo OWI ng A car g&te%rg)oung s&A%ef heR];LO;glcil 22,
may be t hecaﬂpmmdrofdhé fcﬂbwmg ﬁmtlube(a‘.)randsa phamneiickytieajlypcoensable salt
thereof show superior absorption from the digestive tract, have sufficiently
16 potent antibacterial activity and are extremely useful as oral antibacterial
agents. Further, the present inventors have found a novel intermediate
compound usable for the production of said compound which resulted in the
completion of the present invention.
| Accordingly, the present invention provides the following.
20 (1) A carbapenem compound (I} of the formula (I)

OH CHs 7 R
)\ CON <R Y
. HsC | / S O
2 - F—N< N -
' " CO,R'
wherein
. R'and R? may be the same or different and each is a mod.ifying group
30 hydrolyzable in the body;
R® and R* may be the same or different and each is a lower alkyl; or

R® and R* form a cyclic amino together with the adjacent nitrogen atom,
and a pharmaceutically acceptable salt thereof. : .
(2) The carbapenem compound of (1) above, wherein R* and R? may be the -

36 same or different and each is a modifying group hydrolyzable in the body, and
R® and R* may be the same or different and each is a lower alkyl, and a




730 hydrolyzable in the body; R8 and R4 nmay be the same or different and
each is a lower alkyl; or R3 and R4 forma cyclic am no together with the
adj acent nitrogen atom and a phar maceutical |y acceptable salt thereof.
(2):<The carbapenen1conpound of (1) above, wherein Rl and .Re may be the 35
sane or different and each is a nodifying group hydrolyzable I n the body,
and Re and R4 may be the same or different and each is a | ower alkyl, and

a "2 'pharmaceutical |y -acceptabl e salt thereof. (3) The carbapenen1conpound
of (1) above, whereinR2 is 5- neth | -1, 3- di oxol en-2-0on-4-yl nmethyl and Ra
and R4_arePB&EH erticplly acgeptab gﬂﬁﬁ%@utlcally acceptable salt thereof. 5
(4) The cafd)aerasbasememicnmiundiof (Hxboee, wierein R? i85-insthyl-1a3-0y | oxymet hyl

and R is . ¢ Y BB phar maceutically .
accept abl e S%EJ}%%&EIG% ‘?‘E %%re car apenemcgollr'rf)%gpgn ' (1) above, wherein
&mﬁﬂﬁ/

R and R2 ®barmgeenticlly thereofand a pharmaceutical |y accept abl e
sal t thae@)%&a&ﬁdpeﬁbmmﬁﬁmmﬂm )amspawmbreihlé‘hbpmmﬁtymﬁ i's

B e St

(5- net hyl - creol- 4 yI)rrethyI]pyrroI [ d| n-3 yltbhio}-6-[(1R)-1-
?i/gr 2?2&?’5 ) Thi- dairbdpénear dianpound of ¢T)eabdve, anliain RY énd RSai eaghoy| oxyrmet hyl
pi val oyI ox;??vaﬁﬁ%y%r ro [ an%W‘%%%@%Lﬂé% oxyet hyl ] - 1-

net hyl ci¢ e@s@amn& the group

(1R, 5S, 68) camhé&fg&S) [ 5-N, N-di net hyI am nocar bonyl -I

e Lo e foac ik

pi val oyl ox{PrE fdiogolens-on-4-yhmethy] HRdcarbonyl - 1- (5-
met hyl -1 | 3&@@&@.@1}%%@5:}:%3@%-@%%3 yIth| 0}-6-[ (1R) - 1-

(R s B2 §§‘%§§“’?’§f ’hf T‘QS%ﬁ“f S*mﬁ‘ﬁfé”“a'?%&'ﬁ‘#“‘%%%m e
1- ( 5- met hyIP ayloRyeshdjpyprobdiny metﬁylklw thi o}-6-[(1R)-1-
hydr oxyet hﬁdthilcaﬂiabyhmemm&xgh& 3 car boxyl at e, pival oyl oxynet hyl
(1R, 5S, 69) - Z5ilhIdyiorythethyt (1R, 5, 65P2U(BE! SHMENM ! dimétHyRminocarbonyl-1-
(5-methyl-1,3-dioxolen-2-on-4-yl)methyljpyrrolidin-3-ylthio}-6-[(1R}-1-
20 hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate hydrochloride,
pivaloyloxymethyl (1R,58,6S)-2-{(38,5S)-[5-N,N-diethylaminocarbonyl-1~(5-
methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-yithio}-6-|(1R)-1-
hydroxyethyl]-1-methylcarbapm—2-me—3-carboxylate, '
: pivaloyloxymethyl (1R,5S,68)-2-{(35,5S)-[5-N, N-methylethylaminocarbonyi-

26 1-(5-methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6- [(1R)-1-

hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, -
pivaloyloxymethyl (1R,5S,68)-2-{(3S,5S)-[5-(1-pyrrodinyicarbonyl)-1-(5-
methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate,

30 pivaloyloxymethyl (1R,5S,68)-2-{(38,58)-[5-(1-piperidinylcarbonyl)-1-(5-
methyl-1,3-dioxolen-2-on-4-yljmethyljpyrrolidin-3-yithio} 6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, and |

pivaloyloxymethyl {1R,58,68)-2-{(3S,58)-[5-(1-azetidinylcarbonyl)-1-(5-
methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1-

86 hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, _
and a pharmaceutically acceptable salt thereof. - ——

) : 1




rmfh"l-l 3-di-oxe-ep—2—of—4 yl}lchllyljpyIIUIIUI T3~ yl T O) O- [(J. R - 1-
hydroxyethyl] 1- nethylcarbapen 2- ene- 3-car boxyl ate, 30 plvaloyloxynethyl
(1R, 58S, 6S) - 2- {(38 5S)-[ 5- (1- pi peri di nyl carbonyl) - 1- (5 nmet hyl -

|, 3-di oxol en-2-on-4-yl)methyljpyrrolidin-3-ylthio)-6-[(1R)-1- .

hydr oxyet hyl ] - 1- met hyl car bapen- 2- ene- 3- car boxyl ate, and pi val oyl oxynet hyl
(1R, 5S,6S)-2-{(3S,5S)-[5-(1-azetidinyl carbonyl)-1-(5-

met hyl -1, 3-di oxol en-2-on-4-yl)met hyl ] pyrrolidin-3-ylthio)-6-[(1R)-1 35
hydr oxyet hyl ] - 1- et hyl car bapen- 2- ene- 3- car boxyl ate, and a pharnmaceutically
accept abl q?ﬁﬂh lantiba¢teqhl agmBu(n?ﬁnﬁﬂg et whepeaenaéomgamd afdb)atbose,ng t he

car bapenem pound, of 'of'Q BLAREMY 8éeB¥atidISatf Or Mul a (1)
or a phar Wy acceypt ab e sa ereof as an active ingredient (8)
The anti batbmofwaageﬂve@srw bove, Whl ch is for oral administration. 6

(9) A cara anSsdaberidl dgedt dofifr) dbovenﬁlﬁd(isltbr&dl@dmhﬁﬁatom\l Ra . G--L
H3 3 1 gf(@% nodi fyi ng group hydrol yzable in
t he body; ? Iﬁggar?ﬁn st W%Egggﬁgujgfmgl fferent and each is a | ower

al kyl; or R3 and R4 forma cyclic amno together- with the adjacent nitrogen
atom and R i's ®HydrogerCktkd om or a carboxyl - pgetecting group, and a salt
thereof. 20 (10) |The carbapenem conpound N zzbove, which is sel ected
zyl R

nocabbonyl - < ( 5-

fromthe groglp 0
(1R, B5S, 6S)-28¥3S, 5 5 />
met hyl -10, 3- di oxol eny2=oW~d4y 1) net hy IF%I di n- 3- bio)-6-[(1 R) 1=

hydr oxyet hyl ] - 1- mephyl car bapen- 2- ene- 3- carvoxyl ate-: and 25 sodi um
(IR 5S,6S)-2-((3S,59)-][5- Ncll}sﬁnethyl am n' car bonyl - | - (5- net hyl -

1, 3- di-oxol en- 2- on- 4- yI)rrethyI]pyrrnI idin-3-ylthio)-6-[(1R)-1- hydroxyethyl]
1- ' wherein

R? is a modifying group hydrolyzable in the body;
15 R*and R* may be the same or different and each is a lower alkyl; or
' R®and R* form a cyclic amino together with the adjac_ent nitrogen atom;
and
R® is a hydrogen atom or a carboxyl-protectmg group,
. and a salt thereof.
20 (10) The carbapenem oompoun_d of (9) above, which is selected from the group
consisting of '
p-nitrobenzyl (1R,58,68)-2-{(3S, SS) [5-N N-dnnethylammocarbonyl-l (5-
methyl-1,3-dioxolen-2-on-4-yljmethyl]pyrrolidin-3-ylthio}-6- -[(1R}-1-
hydroxyéthyl]- 1-methylcarbapen-2-ene-3-carboxylate and
26 sodium ( 1R,58,6S)-2—{(33,SS)-[5-N,N-dimethylaminbcarbonyl-_1 -(5-methyl-
1 ,3-dioxolen-2-on-4-yl)mqmyl]pymlidin-S-yiﬂxio}-G-[(lR)-'1 -hydroxyethyl]-1-
methylcarbapen-2-ene-3-carboxylate,
and a salt thereof.
Each term used in the present specification is explained in the following.
30 The modifying group hydrolyzable in the body at R* and R? is preferably
hydrolyzed in intestine or blood, and is exemplified by optionally substituted
aryl (e.g., phenyl, tolyl, xylyl, indanyl and the like), 1-alkanoyloxyalkyl, 1-
alkoxycarbonyloxyalkyl, phthalidyl, 5-methyl-1,3-dioxolen-2-on-4-ylmethyl
and the like. f‘articularly, 1-alkanoyloxyalkyl, 1-alkoxycarbonyloxyalkyl and
86 S5-methyl-1,3-dioxolen-2-on-4-ylmethyl are preferable.
The optionally substituted aryl is preferably non-substituted or

-_
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net hyl car bapen- 2- ene- 3-carboxyl ate, and a salt thereof. Each termused in
the present specification is explained in the following. 30 The nodifying
group hydrolyzable'in the body at R and R2 is preferably hydrolyzed in
intestine’or blood, and i,s exenplified by optionally substituted aryl
(e.g., ‘phenyl, tonI xylyl, indanyl and the |ike), 1-al kanoyl oxyal kyl, 1-
alkoxycarbonyloxyalkyl, phthalidyl, 5-net hyl - 1, 3- di oxol en-2-o0n-4 ylnethyl
and*the like. Particularly, 1- alkanoyloxyalkyl 1- al koxycar bonyl oxyal kyl
and 35 5-nethyl -1, 3-di oxol en-2-on-4-yl meth are preferable The optlonally

subst i t ut cBbifyted ?Yﬂrfef%wahﬁtst“ﬁﬁmbaﬁsﬂ dhe gpme or different. _ __ .
substi t ut eldxdii)‘plés bOthe mb&tumummmﬂnkﬂtmv&;g beo 4 eartkvaratoms sdch ker ent

Exanpl es ]ﬂm I el Nclude al kyl having 1 to 4 carbon atoms such
as et hyl’, Eh?ﬁy afl'%l fke. The nunber of the carbon atoms of the

al kanoyl ~noi efhregum] %‘%M%%BWGM‘PRW%M*@PW? b to 10, nore
pLef er agl yalﬂnﬁdylﬁzyamymslﬁrembme to10p frvire pbafaablyaim eddcit may behe nunber of
t he car 0 qlgﬂ referably
1 or rhnﬁga?es ofﬁ%F noyloxy b+§ﬂ &ﬁé ace ogig% ‘E plonyloxy-
nethyl n3@&????#@&}&%?h9¥“°P§ﬁ%ﬁ¥ 5 ynethyl plvaloyloxynethyl n- 10
\éal eryl f)xymet tmhmp?cmmmkbubmwamyymme acetﬁgﬁﬂ:l@lywmlohyih, | n
exanoyl o B h%ﬁ thyl, 2-
nethylhexano bu é%@i%&%b. ﬁ§ng¥kp63§né§ﬁ%9%¥ ohept anoyl -
oxymet B9 vvéwlo&mmy &WMPWWMW lcmm& »met hyl ,  1-
acet ogyet Mydzandylpkyapéethply lsahymyh&lezylbxymmw lhybmabmkyme&xyl 2- vl
1-1 sobutyryl gt hy
1- |sovaleryk ye%ﬁxzwo%ﬁh éxan§§¥k§§ E@I Sf 10 egénecgrbonyloxyethyl
and the || ®ymethyd laectommsthyindi ty of
1-al koxycaa&ewb&nynmypi-dp}ﬁnyl&ypﬂgf al’-ﬂlhluj:yrgflokyethﬂ 1ABslutpividagetyl,y 1 to 7,
and it jgay, pr C f the carbon at om of
t he al kyI Qneval&Qﬁ:%'%tByE lgé}gaggr&eﬂ 1o rmr e %lé@gr ably 1 or 2. The
1- al koxyca#‘%ﬁyyle PEQEM%F vl oeditBs iksr bonyl - oxyet hyl ,
1- et hoxycar bonweambawfm&eﬂbpn@pmmmdaﬂkyimm lof/ L sallloxycarbonyl-
| SOpr opOXY&AiGNId Sreferibly 1. to 10D nitht PYAERLRONYS P)URE # Yhay He Bidar,
branched or cyclic. The number of the carbon atom of the alkyl moiety is
20 preferably 1 to 3, more preferably 1 or 2.
The 1l-alkoxycarbonyloxyalkyl is exemplified by 1-methoxycarbonyl-
oxyethyl, 1-ethoxycarbonyloxyethyl, 1-n-propoxycarbo:iyloxyethyl, 1-

isopropoxycarbonyloxyethyl, 1-n-butoxycarbonyloxyethyl, 1-sec-
butoxycarbonyloxyethyl, 1-t-butoxycarbonyloxyethyl, 1-pentyloxy-
26 carbonyloxyethyl and 1-cyclohexyloxycarbonyloxyethyl.
The lower alkyl at 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. Particdlarly, methyl, ethyl, propyl and butyl .
30 are preferable.

The cyclic amino formed by R’ and R* together w1th the ad_]acent nitrogen
atom is a cyclic ammo having 4 to 6 carbon atoms. Examples of the above-
menttoned cyclic amino include azetidinyl, pyrmhdmyl piperidinyl and the
like.

36 The carboxyl-protecting group at R® include, for example, t-butyl, t-amyl,
" benzyl, p-nitrobenzyl, p-methoxybenzyl, diphenylmethyl, p-nitrophenyi,
' d




25
car bonyl oxyet hyl and 1 cycl ohexyl oxyc arbonyloxyethyl The | ower al kyl at
R3 and R4 is a linear or branched al kyl having 1 to 6 carbon atons, which
S exenpllfled by nethyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, "t-butyl, pentyl, isopentyl, neopentyl, t-pentyl, hexyl, .
| sohexyl, neohexyl and the |ike. Particularly, nmethyl, ethyl, propyl -and
but yl 30 are preferable. . . The cyclic amno forned by R3 and R4 together
with the adjacent nitrogen atomis a cyclic amno having 4 to 6 carbon

at orts. . Exazd@exfihethy caloaymetiyBtichoylogmethyl momyititomettyl detydz et | di nyl
{
1 AT b bl o

p- met hoxy belimgthylamisg lmﬁgﬂhkep Qfﬁvgmmmbwlspr%fthm&m

et hoxynet hydnd &3 xmhﬁ@meﬂhﬂybmm hyl, trityl,

2,2,2-trichlor th le%I

di phenyl thox%%céreng rréﬁ(lll&?/&nd ?Ir?%?%nﬂ gmlllm} ([grlln yt he l i ke.

t hese, p- nunmmwﬂpamﬁ%bl? and di phenyl met hyI are parti cul arI y

Freferalﬁl e. 5 w Wﬁbﬂnﬂ)ﬂ)&hﬂdﬁﬂ:}d}&p&ﬁ&ﬁgﬁﬁbﬁﬁduﬂﬂ (1) (rjray
orm ar m conmpoun
phar RGeS dldaa npgu gp%?&nﬁ%& RddiBASIHEN AR &4 Baaepe conp

(1) and carpapenem n formacid

aye a5| c rouE‘Hu
addi ti on sdprmingmyeh &&d&d%ﬂ%ﬁb‘? SuPEF B‘HE'%“‘QE taF &SRt s
subj ect 160 if plRirinacehtidally iapedptablan m:ﬂplagofaheh&dlmclmdemmceut ically

accept abl e. tr%{aré ﬁ‘#uﬁg% hgé’dii% a%ﬁ!éiﬁlﬁi‘t!ﬁ@ ad,

hydr ochl orlaE:mEae(lm (flh sulffuric ac&g p 0S h(‘):irdin y c‘?} ri aal d° organic .
aci ds such ofganig arids syeh as oxalieac %‘F'f"“’a%‘f‘ cf ctarcfdg * tartaric
acid and m&mmﬂéﬂm&uﬁmdacﬂndndmm:«e When' car bapenem conpound (11)

has & car boxy! vitBebdpdien ngE‘)ﬁas&@aﬁ%ﬂﬁ fledMnerPRERI4 can be

o o0 T Rarosmatond St M A

li'’ke), al kadailtrat oaahdxiyl gmuglmdaﬂe alkékngptal sadtisde- smsedmm salhpotassiom salt  and
the like), semhgnetaltéahawgl eau&an §a{ magileSined &f1exy! ani ne

ot e oo e . Al
pyridine salt and the ]Jke), and the like.
20 The prefemble examples of the carbapenem compound () and
carbapenem compound (II) are the following:
pivaloyloxymethy! (1R,5S,68)-2-{(3S,58)-[5-N,N-dimethylaminocarbonyl-1-
. (5-methy1—1,3-£oxolm-2-on-4-y1)methyl]py:rolid.in—3-ylthio}-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, _

26 1-pivaloyloxyethyl (1R,58,6S)-2-{(3S,58)-[5-N,N-dimethylaminocarbonyl-1-
{(5-methyl-1,3-dioxolen-2-on-4-yl)methyllpyrrolidin-3-ylthio}-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate,

1-acetoxyethyl (1R,5S,6S)-2-{(3S,58)-[5-N,N-dimethylaminocarbonyl-1-(5-
methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3 -ylihio}-6-[(1R)—1-
30 hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, ' '
1-isopropoxycarbonyloxyethyl (1R,5S,6S)-2-{(3S,5S)-[5-N, N-dxmethylammo-
carbonyl-1-(5-methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6-
[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate,
1-ethoxycarbonyloxyeﬂ1yl (lR 58,68)-2-{(3S,5S)-[5-N, N-d1methylammo-
35 carbonyl-1-(5-methyl-1,3-dioxolen-2-on-4-yljmethyl]pyrrolidin-3-ylthio}-6-
' [(lR)-l-hydroxyethyl]-l-methylcarbapen-2—ene-3-carboxyiate,




carbapenem conpound (11) are the follow ng. pival oyl oxymet hyl

(I R 5S,65)-2-{(3S,5S)-[5-N N dinet hyl ani nocar bonyl -1 -

(5-net hyl -1, 3-di oxol en- 2-on- 4-yl ) net hyl ] pyrrol i di n- 3- ylthio}-6-[(iR)-1-
hydroxyethyl] 1- met hyl car bapen- 2- ene- 3- car boxyl at e, 25 1- pi val oyl oxyet hyl
(1R 5S, 6S) - 2 {(3S, 5S)-[5-N, N-di net hyl am nocar bonyl -

. (5-net hyl -1, 3-di oxol en-2-on-4:yl ) net hyl ] pyrrolidin- 3 ylthio)-6-[(1R)-1-
hydroxyet hyI] 1 nmet hyl car bapen- 2- ene- 3- car boxyl ate 1- acet oxyet hyl (1

R, 5S, 6S) - 2-{ 38 58) ‘5-N, N-di et hyl am nocar bong E

met hyl -1, 3- do® BicarbopyiomEethyl (LBA.68) 2l Sésir%ml‘&ﬁneetwm) 1 30
hydr oxyet hyddm'ﬂ;cﬁ% T45-bakyl- 1,3 Aisxolenc24o0R 0k yljdkthyllpyrrolidin-3-

L-i sopr OPOW&ﬁ‘éy@R&PM%MyeM PRiFIcRbkbee 33k SaboRisleet hy! ani no-

car bonyl

_(5-mret hyl - 1{Smethyid,3dioxolsm-2-opr4-ymethyl H;Rﬁ%ﬁﬁh?ﬁ@ §ﬁ)t[ﬁn1‘b¥ 6-
[ (1R) - 1- by ddigneyiglinirocarbvayhy} (Satdihyie!) 3 AickiderB2 GR-DY; hdm-

car bonyl -1 T4 ?ﬁyﬁ‘@yﬁhﬁﬂx‘%ﬁ%ﬁ%—ﬁe&ﬁ ﬁ%" yrro‘f“‘e‘a. n"gmylnf hio}-6-

[ (1R) - 1- hydr exly@phml (R:63.69)- 86{(3§a?§’d1{5‘21. Mpey -5

1-cycl ohexyﬂnewmréamaxbleﬁsa%ﬂ#ym&hﬁ -8G3Gid}o-{1R= thhﬂsxyet hyl -

am nocar bon é ﬁ%{ %ISO B, -on- 4- yI ) et hyl ] pyrrolidin-3-

yl thio)-6-[ 1 Hr 0X carbapen- 2- ene- 3- car boxyl at e,

(5-nmet hyP-1 an!xeoxlmeéhvlz(lB %{@-‘558 lsvmm@mq@s@mﬁ -N,N 5

di met hyl am,a 1-b Aioxdleh 2-6814bH thd)=6L [ YR)- IBiy pyrrolidin-
3-ylthio)-6; X Icar bapen 2- ene- 3-car oxyI ate,

p- ni t r obenz$ eﬁgi%ﬁé E%?b %‘%’EX %g di met h I am nocar bonyl -1 -(5

met hyl - |, 3- diporetheryengyl (AR\AS, 68t 2r{(B3SP)- %er&ﬂan laminocarbonyl-1- (5-

yI't hi 0) - 6- [dadRy1-1;3 utidiconesi-2-6i Ay jmekhyihiyisd }Qs-gmeyﬁ. car boxyl ate, 10
di phenyllget@droéee%rﬁgl_ﬁg ;l-cgl(bﬁeég)_m{és_%ow hyl am nocar bonyl -1 - (5

met hyl
yl ) net hyl'] py (¥R P8 &SH23(38, 59 (5N A-dimethylaminasaghopyl-1-(S-methyl-1,3-
ethyl]-1- ned;bx&leﬁ-ab:&pm&ahﬁ]p}:ﬂaﬂheswmq-s [(m)mhh@oxjaahglwl- (1
R, 58 6S) - 2- ,% %ﬁ,}, Sy iEfgocar bonyl -

| o n-

i A L BB st 1

(1R 5S, @8) - ﬁv@@ﬁmﬂnwmmmmm@ﬂmabafmmahma-mm+ 1,3
di oxol en- 2- &1}54%&] Mgﬁuyurgwwdel din-3 ylthio)-6-[(1R)-1-hydroxyethyl]-1-

et hy car b AP e sryets (RS, ééi—2aﬁé§158) -(5-N,N-dimethylaminocarbonyl-1-
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1R}-1-hydroxyethyl]-1-methyi-
carbapen-2-ene-3-carboxylate, : '

25  1-acetoxyethyl (LR,5S,68)-2-{(3S,58)-(5-N,N-dimethylaminocarbonyl-1-
pivaloyloxymethyl)pyrrolidm-3-ylthio]-6-[(lR)-l-hydroiyethyl]-1-methyl-

_ carbapen-2-ene-3-carboxylate
1-isopropoxycarbonyloxyethyl (1R,5S,68)-2-[(3S,5S)-(5-N,N- dJmet.hylammo-
_ carbonyl-1-pivaloyloxymethyl)jpyrrolidin-3-ylthio]-6- [(lR) l-hydroxyethyll -1-

30 methylcarbapen-2-ene-3 carboxylate,

' _ 1-ethoxycarbonyloxyeﬂ1yl (1R,58,68)-2-[(3S,5S)-(S5-N, N-dJ.mcthylammo-
carbonyl-1 -pwaloyloxymethyl)pyrrohdm 3-ylthio]-6-[(1R}- 1-hydroxyethyl] 1-
methylcarbapen—2-ene-3 -carboxylate,

1-cyclohexyloxycarbonyloxyethyl (1R,58,6S)-2-[(3S, SS) {5-N,N-
" 85 dimethylaminocarbonyl-1-pivaloyloxymethyl)pyrrolidin-3-yithio}-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate,




pi val oyl oxyrret hyl ) pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl]-1-nethyl-
carb apes-2 -ene-3-carb oxylate, 1- pivaloyloxyethyl

(1R 5SS, 65) - 2 [ (3S, SS)-(5-N, N-di net hyl am nocar bonyl -

pi val oyl oxymet hyl )pyrrolidin-3-ylthio]-6- [(1 R -1- hydroxyet hyl ] - 1- net hyi -
car bapen- 2- ene- 3-car boxyl ate, 25 1-acet oxyet hyl _

(1R, 5S, 6S)-2-[(3S, 55) - (5- N, N- di et hyl ami nocar bonyl - | -

pi val oyl oxynet hyl ) pyrrolidi n-3 ylthio]-6-[(1R)-1-hydroxyethyl]-1-nethyl -
car bapen- 2- %Ie%hsﬂf’lr @ialdﬂoﬁ&m-ianltﬁﬁ?:wxmﬁbwsﬂz@mw -N,N-

(1R, SS; 69) ; -q&éx ,@ﬁymhdm-s-ylthm] -6-[(1R)-1-

car bonyl -I qﬁ@‘%&by d""lirery[l

yl t hi o] - pj&ﬁ;yexhﬁka-m@ﬂpﬁsh?%}% Wﬁﬂ&%apen 2- ene- 3- car boxyl at e,
1- et hoxycar YA [IR,56 53)22?@56@) (3-1\{ N2fEmbyldbindedvbdhytet-hy| anmi no-

Ry 1- Ry r#m%t% o SO M RE Pababols By ey

1- cycl ohexgarbapeaaRisnnsd- ga@emﬂyﬂe (1R, 55,6S)-2-[(3S,55)-(5-N,N 36

ﬂ' (Treg lea?hm ijﬂ%bﬁﬁwxyll (1R|5568)y2-{138,58}- (B N)piniethylidindeaybdryl-a} - 6- [ (1R) - 1-
(5ot by - brvaiegfe amrekﬁ-%f%ﬁ?ﬁ@-%ﬁﬁﬁyﬁﬂ PRsSeR Ry st o

di net hyl arrmtbea&b@@lﬂ -3-cboBY boxyrret hyl )pyrrolidin-3 ylthio]-6-[(IR)-1-
hydr oxygyt hy Mﬁaukmm)aqasss)wmmahymnﬁnmmmnzw .

éll\lfal5§y|6§2( i{o&% 5%?3?’(%%@%&-?“% ?qwmépoxyet hyI ]-1-methyl-

car bapen- Zcﬁbépgl' Rey1at phenyl net hyl
(IR SS, 6S) - 1R GS%S)E)[(&@SS) ﬁ-mmmme;hﬁmnmmﬂmmyl-pmoyloxymeﬂlyl)-

ESELBZL"E*E%% %*%?i‘llﬁfwdﬁ’#%h}ﬁ B dabuplbauabiyl - ey

(1R 5S, ¥s) cgrbpyyis axid,_ (5. N, N- di et hyl ani nocarbon -1 -

pi vgl oy! Oéyrﬁquhéwmll(ﬂ?ﬁs:ﬁ@ﬂ m&ﬁﬁwmeﬂu‘dmweﬁwﬂl-l met hyl -
?irR ggegs) @Hﬁ@rg‘i ngieﬂ Q.eon-4-y1 metlllgl]pyrx{roc gﬁl-S-ylthxo}—lq [(1R)a1|-oyI oxymet hyl ) -
pyrrolidinh ??&%ﬂ?%%ﬁﬁ% Bapen-2-ene-3 15
car boxylic qﬂvaloyloxymethyl (1R, SS 68)-2-{(38 58)-[5-N,N-diethylaminocarbonyl-1-(5-

20 methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6- [(1R})-1-hydroxy-
ethyl}-1-methylcarbapen-2-ene-3-carboxylate,

pivaloyloxymethyl (1R,58,68)-2-{(3S,58)-[5-N, N-methylethylaminocarbonyl—
1-(5-methyl-1,3-dioxolen- 2-on-4—yl)methyl]py1rohd1n-3-ylth10}-6 [AR)-1-
~ hydroxyethyl]-1 -methylcarbapen-2-ene-3-carboxylate,

26 pivaloyloxymethyl (1R,58,68)-2-{(3S,58)-[5-(1- pyrrohdmylcarbonyl) 1-(5-
methyl-1,3-dioxolen-2- qn-4-yl)methy1]pyrrohdm-3-ylthm}-6—[(1R) 1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate,

pivaloyloxymethyl (1R,58,68)-2-{3S,58)-[5-(1-piperidinylcarbonyl)-1-(5-
inethyl—l 3- d10xolen—2-on-4-yl)methyl]pyrrohdm—3-ylttuo}-6-[(lR)-1-

30 hydroxyethyl]- 1-methylearbapen-2-ene-3-carboxyiate and

pivaloyloxymethyl (1R,58,6S)-2-{(3S,5S)- [5-(1-azetdmylcarbonyl-1 (5-
methyl-1,3- d10xolen-2-on-4-yl)methyl]pyrrol1dm- -ylthio}-6-[(1R)-1-
hydroxyethyl] 1-methylcarbapen—2-e.ne-3-carboxylate, and the like.
The carbapenem compound (I)’ and a pharmaceuhcally acceptable salt
86 thereof, and carbapenem compound (If) and a pharmaceutically acceptable salt

thereof can be produced by any of the following production methods 1 to 4.

-
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pi val oyl oxynmet hyl (1R, 5S, 6S)-2-{(3S, 5S)-[5-N, N-di net hyl am nocar bonyl -
(5<nethyl -1, 3-di oxol en-2-on-4 yl1)nethyl]pyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyethylj-l net hyl car bapen- 2- ene- 3- car boxyl at e hydrochl ori de,

pi val oyl exynet hyl (IR, 5S, 6S)-2-{(3S, 5S)-[5-N, N-di et hyl am nocar bonyl -1 - (5-
20 nethyl -1, 3-di oxol en-2-0on-4 yl)nethyl]pyrrolidin-3

yl t hi 0}-6-[ ( 1R) - 1- hydr oxy- et hyl]-1-net hyl car bapen- 2- ene- 3- car boxyl at e,
pirval oyl oxynmet hyl (1R, 5S, 6S)-2-{(3S, 5S)-[5-N, N-net hyl et hyl am nocar bonyl -

1- (5-nethyl -1, 3-di oxal en- 2-on-4-yl )net hyl ] pyrrolidin-3-ylthio}-6-[(1R)-1-
hydr oxyet h§ —E“%Mh%’a‘r bapen- 2- ene- 3- car boxyl ate, 26 pi val oyl oxynet hyl
(IR 5S, 6S)-2-{(3S, -[ 5- (1c rrolidinyl carbonyl)-1-(5-

met hyl -1, 3- di oxol - ﬁ{m&thyl]pyrrolldln yIthlo) 6-[ (1R)-1-

hydr oxyet hyl ] - 1- hyI carb -ca te, pival oyl oxynet hyl

(1R 5S,69):2-{ : y| CRr bonyl ) RL- ( 5-

nmet hyl - I, 3- di oxol en- 2} olidin-3-ylthio}-6-[(1R)-1- 30
hydr oxyet hyl ] - 1- et cﬁﬁgﬁxyl ate, @#)d pival oyl oxynet hyl
(1R 5S, 6S)-2-{(3S, 55)-[5- (1} azetidi nyl carbdhyl -1-(5- nethyl-1, 3

-di oxol en-2-on-4-yl)met hyl ]|@@sH ol i din-3-ylthio}-6- [(1 R -1- hydroxyet hyl ] -
1- net hyl car bapen- 2- ene- 3- car boxyl ate, and the |ike. The carbapenem conpound
(1),and a.pharnmaceutically a cept able salt 86 thereof, and carbapenem

conmpound (I1) and a pharnac §Ily(nél:cept able salt thereof can’ be :
produce® by any of the foI I OWI ng productlon methods 1 to 4. d 8 Production
Method 1 OH CHs Rs__ CON ° Iag b' ONNR2 Ta) CRHR -X (EIl) to OH
CHs Rs COn w ©QH R? |
i con<
R4
HgC '
NG o

16

wherein R}, R?, R? and R* are as defined above, and X is a leaving group such as
a halogen atom (e.g:, chlorine, bromine and iodine), alkanesulfonyloxy (é.g.,

20 methanesulfonyloxy, ethanesulfonyloxy, propanesulfonyloxy and
butanesulfonyloxy), arylsulfonyloxy (e.g., ‘phenylsulfonyloxy and
tolylsulfonyloxy), and the like. .

Compound (I) can be obtained by dissolving compound (IIa) (compound of
formula (IT) wherein R® is hydrogen atom) in a solvent which does not interfere

25 with the reaction (e.g., dioxane, acetonitrile, tetrahydrofuran, chloroform,
methylene chlbride, ethylene chloride, benzene, ethyl acetate, N,N'-
dimethylformamide, N,N'-dimethylacetamide, dimethyl sulfoxide and mixtures
thereof), and reacting the compound with about 1 - 5 times, preferably about
1 - 2 times, the molar amount of compound (Ill) in the presence of a base.

30 The base to be used is subject to no particular limitation, but it is
preferably an inorganic base such as sodium hydrogencarbonate, potassium
carbonate and the like, an organic base such as triethylamine and
diisopropylethylamine, and the like.

The reaction temperature is not particularly hmted but the reaction is

36 preferably carried out at a relatively low temperature to suppress side reaction,
which is generally -30 - 40°C, preferably -20 - 0°C. While the reaction time

-
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HsC NS N2 (1} —15-0-R—C02R— , ,
above, and X is a |eaving group such as a halogen atom (e.gi, chlorine,
brom ne and iodine), al kanesul fonyl oxy (e.g., 20 nethanesul f onyl oxy,

.et hanesul f.onyl oxy, propanesul fonyl oxy and butanesul f onyl oxy), ,

aryt sulfonyl oxy (e.g., phenylsul fonyl oxy and tolylsulfonyloxy), and the

| i ke. -Conmpound (I) can be obtai ned by dissolving conpound (Ha) (conpound of
formula (11) wherein Rs is hydrogen atom in a solvent which does not
interfere 25 with the reaction (e.g., dioxane, acetonitrile,

L et rahydr Oédﬁ{e%raepé‘ﬂ'&iﬂﬁ ﬁlfaﬁlﬂyfbnli‘aidﬁbhcﬁiﬁpdatmj tthe kiwd Jﬁ&tlem:nl;hizmtﬂle .
enzene, et et gt.e 1 oG VAN | s of kgt hyl acet am de,
st it R el a4 i (PG Moo of o8

. di met hyl m ereor ), reacti ng the compound W th
about "1 - 5 t iWiere ngeessenyagomppawed, flia) can bo introduced fnfe aEspchive; punt  of
conmpound :( §érvative tHepbofBLEE @8 @kedil matabade{e.g3 Osolhem lsaltepdtasdtemusadtd i s subj ect

to no particuylar..limtation..b h Ll pL.&sf: agll'é[ 'lﬁ%ﬁﬁ' base such
as sodi mﬂ%hﬁd&fh??ﬁ%t@p’%%%éﬂt%gb?%%ate ’a%tﬁ_ e [l %&’ an organic
base such disyclohexylapineselt, pymdinessalts apd ghs/diles, apd seacted with gompeund ke, The
reaction tggperature is not particularly limted, but the reactionis 35
pr ef er abl yp(ﬁlgl‘gd 0 édit a relatively low tenperature to suppress side
reaction, 'T%“*S' nérally -30 - 40'C, preferably -20- 0'C. Wile the
reaction time Dd gy varies gigpending mainly on regction tenperature, the
ki nd ofjgr eaction rjeagents fJand the |ike, |§g@ gnerally from30 mnutes to
a dozen hours or Wher s <(g~ ) can be introduced into
a reactive dHgCvatiV N alch/as al kali netal salt (e.g., sodium
salt, potassiumsalt J 5., he Ti , _anial i ne eart et al salt (e.qg.,
calciumsalt), tri eoﬁyl am ng salt, dicCycl ohexylam ne salt, pyridine salt,
~and-the lie, and reacted w Sé:,orrpound (111). . Production Method 2 OH
CF13 R515 10 CON C 2 T . ' : -

l RZX (V)

Ha

wherein R?, R?; R?, R* and X are as defined above.

Compound (1) can be obtained by dissolving compound (IV) in a solvent
which does not interfere with the reaction {e.g., diokane, acetonitrile, '
tetrahydrofuran, chloroform, methylene chloride, ethylene chloride, benzene,

30 ethyl acetate, N,N-dimethylformamide, N,N'-dimethylacetamide, dimethyl
sulfoxide and mixtures thereof), and reacting the compound with about 1 -5
times, preferably about 1 — 2 times, the molar amount of compound (V).

 Compound (IV) can be obtained by reacting the carboxylic acid disclosed in
Japanese Patent Unexamined Publication No. 233076/1985 and the like, and

36 compound (I}, in the same manner as in Production Method 1. .

This reaction can be also carried out in the presence of a base. The base

10



R4 HSC NS NH OCXRRL 15 R-/C (V) 20 0HCHS R3 CONCa H3I'S-j~ R NN
0 R 25 C2R wherein R, R; R3, R4 and X are as defined above. Conpound
(1) can be obtained by di ssol vi ng conpound (I1V) in a solvent which does
not .interfere with the reaction (e.g., dioxane, acetonitrile,

t et rahydT of uran, -chlorof orm nethyl ene chloride, ethylene chloride,

benzene, 30 et .hyI acetate,. N N -di net hyl formam de, N, N-di net hyl acet am de,

di rethyl sul foxi de and m xtures thereof) and reacting the conpound with
about 1 - 5 tines, preferably about 1- tinmes, the nolar anount of
conmpound M to %hwunaummw@ammlanm@m@uﬁéaemﬂgammmw ic acid
di scl osed Iﬂudéﬁwﬁﬁeocﬁ&hﬁﬂid:’owafﬂdmﬁ PobsisRiakh carboblgte adBhéGie285 and
the like, and 35.con undFé EQ | hes e@sm Prgg %lon Met hod
1: This reagﬁaﬁﬁ% P aa s L@’E}m 5&’?91‘81’3@ ) The
base | 10 to bthersactionstempsratyre isnatpaptieulardy limiter; bat theironctiopuis it is

pr ef er ablgy ﬁfbféraﬁrygﬁﬂhé‘d AR refitivlly ISw saﬂpamdwd& Waaaﬁéa%uoﬂot assium

car bonat e an i ke ot riet m ne,

di i sopropyl & ‘%‘Ilgrﬁeﬂ%mgﬁdgq Flga Rg&&?%g %@acq.é a’?‘gﬁﬁé Eé“ g?enot
particul arl yamsrﬂqpeudmnmamb@nrmqmmpsr@uméhemnlofmhpnedaggub at "a
relati V€| y hﬂWﬁ@ﬁE@ﬁﬁk%ﬁe@yWB@%ﬁnﬁt&&oh&ﬁ%ﬁ%m Hdoch is generall y

-30 - 0'C.. Wiile the reaction tine varies
dependl ng WQF#‘VE %&?on tenperature, the kind of reaction reagents
e}

H

Hs
- 16 ©
20
OH R®
CON< .
25 HsC™ R
SN~ a

CO.R®

wherein R?, R?, R* and R® are as defined above and R® is alkénesulfonyl, such
30 as methanesulfonyl, ethanesulfonyl, propanesulfonyl, butanesulfonyl and the
like, arylsulfonyl, such as phenylsulfonyl, tolylsulfonyl and the like,

" dialkylphosphoryl, such as dimethylphosphoryl, diethylphosphoryl,
diisopropylphosphoryl, dibutylphosphoryl and the like, or diarylphosphoryl,
such as diphenylphosphoryl, ditolylphosphoryl and the like.

36 - Compound (II) can be obtained by dissolving compound (VI) disclosed in
Japanese Patent Unexamined Publication No. 126761996 and the like in a

11



—and the | i ke —tt—s—genreratyp—ttom30—-rutes—to—adozen hoturs—or—so:
Production Method 3 10 OHCHs H3 Re N O 16 CO2R5 R3 CON< R4 HS N (VI1)
20 RR OHCHs Rs CON< 4 25 HBCR S ONNZ2 R C2R5 wherein RR Re, R4
and R are as defined above and R is al kanesul fonyl, such 30 as

met hanesul f onyl, ethanesul fonyl, propanesul fonyl, butanesul fonyl and the

| i ke, aryl sul fonyl, such as phenyl sul fonyl, tolylsulfonyl and the |ike,

di al.kyl phosphoryl, such as di met hyl phosphoryl, di et hyl phosphoryl’,
diisopropylphosphoryl di butyl phosphoryl and the |ike, or diarylphosphoryl,
such as di pj Qﬂﬂ:ﬁf&&&h'otnﬂé&&h%ﬂhﬂﬁﬁ@ (8] didink] ktord@igompOLNG

(I'1) can be obt olvin nd di sclosed bl Japanese
Pat ent Unex@g W#@d“’ W‘q‘i@%@i{%%é #i%'l (g |ﬁ&m 11 sol vent
whi ch does aﬂmmmﬂemmmummmﬂm%@mné@%ﬂt onitrile,
tetrahydr Ofﬂﬁﬁde%h%&&%mmm%a%amﬂg%& d8mp6ihy Wethcabolt 21 5le,

Gnechyio ‘i, o 5 B 0 i Bl o o

(VII) in the presence of a base.

The base to be used is subject to no particular limitation, but it is
preferdbly an inorganic base, such as sodium hydrogencarbonate, potassium
carbonate and the like, or an organic base, such as triethylamine, "

10 diisopropylethylamine and the like.

The reaction temperature is not particularly limited, but the reachon is
preferably carried out at a relatively low temperature to suppress side reaction,
which is generally -30 - 40°C, preferably -20 - 0°C. While the reaction time
varies depending mainly on reaction temperature, the kind of reaction reagents

16 and the like, it is generally from 30 minutes to a dozen hours or so.

The starting compound (VII) for the synthesis of compound (II) can be
obtained in the following manner.
Production Method of compound (Vii)

<Ra . i
20 CON CON< .
" RS —» R’s
N : 8 NH -
\Ra removal of R ,
o . &
256
_ R?
CON <n‘
X (V) RS N
: 2 XD
30 N | -
Ra 1\
c0N<R .
—
. _removal of R’ HS . N
35 | . \Rz (VID
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sulfoxide and m xtures thereof), and reacting the conpound with about 1 - 5
5 ti'mes, preferably about .1- 3 tinmes, the nolar anount. of mercapto conpound
(VU) in the presence of a base. The base to be used is subject to no
particular limtation, but it is preferably an inorganic base, such as
sodlun1hydrogencarbonate pot assi um carbonate and the like, or an organic
base, such as triethylaniine, 10 diisopropylethylanine and the |ike. The
react i on tenperature is not particularly limted, but the reaction is
preferably-carried out at a relatively |low tenperature to suppress side

reaction, whiereih R?sRYd&iand X gre agdefined: QQW?J%%P%%WPW“HW le the

reaczlon tlaﬁ'aR'\igﬁiI%&lﬁ ; u}a@gﬁuply on reaction terrperature tthetki nd of
reaction reagents el utes to a
dozen hours or ‘g g{ll ng %%%b%%eﬁﬁ@ﬁ%ﬁ H%e s nt ;ﬂégl s_of
conpound (prqtegtmgwupaﬁpamnean fX) discloged eRRipedn Met hod

of conpayN@ubitdtionRo.FB30286/ (B8S aRpteie, by aRﬁ&hBﬂ?&anNlﬁermtdieval of R8

N 35 |\ Re CORPPund B RAER b iy i 1 el IR0 O s
t hi ol - pr ot estin Rgodyratiop M@qdnmlmammmm&mmmsuﬁvmch isa
thiol-protecting group by a method known per se. As the thiol- and amino-
protecting groups, the protecting groups generally known in the pertinent field
10 can be used.

Production Method 4
OH Che R®
con<
16 Hg al
N NH ‘(Vm)
’ 20 Rz_x (v)
Ra
o5 CON <R \
N -
. \R2

30 Wherein R3, R?, R* R® and X are as defined above.
Compound (II) can be obtained by reacting compound (VIII) disclosed in
Japanese Patent Unexamined Publication No. 233076/1985 and the like, and
compound (V) in the same manner as in Production Method 2.
) Where necessary, the carbapenem compound (II) thus obtained can be
" 86 converted to a carboxylic acid derivative wherein R® is hydrogen atom by
' removing carboxyl-protecting group, according to a conventional method.
. I
d

13



_Compaound (M) can—be—ebtarred—y—renoving—RE—wch—s am amno-
protecting group of conpound (IX) disclosed in Japanese Patent Unexam ned
5 Publication No. 233076/ 1985 and the like, by a nethod known per se to
gi ve conpound (X), reacting conpound (X) and conpound (V) in the sane
manner - as in Production Method 2 to give conpound (XI), ‘and renoving R,
which i's a thiol-protecting group by a nethod known per se. As the thiol-
and. am no- protecting groups,'the protecting groups generally known in the
pertinent field 10 can be used. Production Method 4 OH CI-6 R3 CON <R4 N

NH (Vi VMrShloval éndifig bh the R2 CO2W
30 $/\hgre| W%mg&og&h bﬁa%te sgel ;R;éhesl&p odljﬁ% (I'l') can be

€ e, as def g
obt ai ned ?é‘&?ﬁ?@]@‘%@hﬂ §Ffbe"?liﬁ ose Jua anese Pat ent
Unexani ned PulThecatbapenéio.cozgeoad () m@smm%@ﬁpk@ndgﬁ@nd’&mound (V) in

the same ﬁ&gﬁh&e&@w G AR tHRldadertionilhemodpansisas y, Lhe car bapenem
t hus obtained ca

conpound ( 36 convert t O garboxylic acid
der i vat Pvereg@tallizatien, E}llé'ﬁelﬁﬁfrﬁhﬁo n%%yhgo carboxyl - prot ecting
gr oup, accmdm@mmmmdﬂmonmmemﬁ@nh%?wqd@&w&&fﬂ@d for the
renoval of og.RrRLeGLINY group varies depending on the kind thereof, a .

nmet hod general y kn Wn in this fi n em,corrpound |
(I') and car baﬂle"ﬁ 8 ﬁmf'?? fé‘ﬂa’é& pur| red asﬁnlg%fegggl‘%?} according to
a convent i mmbrtaétdmﬂha@mua y acceptable salt thereof by a method kn OWnPer

10 se
The objective compound (I) and compound (II) of the present invention

preferably have a configuration of compound (la) and compound (IIb) below.
| OH

R
CON
15 H d ' <R4
3 , _
' N . (1a)
20 wherein R?, R?, R* and R* are as defined above.
OH R®
CON <R \
HsC ™.
2 ) N (k)
> o R2

wherein R?, R?, R* and R® are as defined above.
The carbapenem compound (I) and a phamiaceuﬁcally acceptable salt
30 thereof are promptly absorbed in blood by oral administration, and
metabolized into a carbapenem compound of the formula () wherein R* and R?
are hydrogen atom, or a pharmaceutically acceptable salt thereof, and show
high concentratlon in blood. :
In addmon, carbapenem compound (I) upon conversion into a
36 pharmaceutically acceptable salt thereof shows enhanced solubility in the
’ - digestive tract, which in turn further improves absorption effect, and thus,

T . i
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5 recrystallization, preparative thin layer chromatography, colum

chromat ography and the like. Alternatively, it can be purified as salts

t hereof, where necessary. The carbapenem conpound (1) and carbapenem
corrpound (Fl) can be converted to a pharmaceutically acceptable salt

t hereof -by a nmethod known per 10 se. The objective conpound (1) and
conpound (U) of the present invention preferably have a configuration of
conrpound (la) and compound (I1b) below. OHCH3 15 CONCRa HgC 0 R2 CX2R
20 wherein Rl, R, R3 and R4 are as defined above. OH CH3 R3 CON< HgC. S
R 25 N N~ absgrptiofopropefiprein R, R3, R4 and R are as defined above. The

car bapenem conpgiffore! an taropb@r sahhsﬁaﬁﬁe@iﬁ%ﬁcﬁads 30 ther eof
are pronptly. absorbed N od b oraI |str§t|oﬁé and.. net abol i zed

into a car FAFEAERF f°8f°rﬁ9f‘"3‘ Ay R are
hydr ogen atm@blMSMthpepoamebbalsdmthenm and show
hi gh congenhefidgea dﬁ?,v@mdﬁb h} upon

cnhanced Sol ubiTiA SEeC o HBe PP AR Fepite W@%@%&%m& | pr oves

absor pti on mbftectd byndiutingithe compbhngdiwith phammqentpﬂreky:pw‘ﬁllmbyhor e, an agent

R
S o i g8 e

shows super
Moreover, this agent for the prophylaxis and treatment of infectious
diseases preferably contains an organic acid, whereby carbapenun compound
(I) and a pharmaceutically acceptable salt thereof are caused to have higher
solubility in the digestive tract, thus facilitating absorption thereof into blood.
The organic acid may be any as long as it is pharmaceutically acceptable,

16 and is preferably exemplified by organic carboxylic acids such as maleic acid,
fumaric acid, tartaric acid, citric acid, succinic acid, malic acid, oxalic acid,
“mandelic acid, malonic acid, benzoic acid and the like. The organic acid is
| generally added in an amount of 0.01 — 20 moles, preferably 0.02 — 2 moles, per
mole of carbapenem compound (I} or a pharmaceutically acceptable salt
20 . thereof. ,

Further, this agent for the prophylaxis and treatment of infectious
diseases may contain other additives on demand, such as binders (e.g., starch,
gum arabic, carboxymethylcellulose, hydroxypropylcellulose, crystalline
cellulose and the like), lubl_'iéanta (e.g., magnesium stearate, talc and the like),

26 disintegrators (e.g., carboxymethylcellulose calcium, talc and the like), and the
like. After adding various ingredients, the obtained mixture is formulated into
a dosage form suitable for oral administration, such as capsules, tableﬁa, fine
granules, granules, dry syrups and the like, by a method known per se to give
an agent for oral administration, which is for the prophylaxls and treatment of
'80 infectious diseases.

While the dose of carbapenem compound (I) and a pharmaceutically
acceptable salt thereof varies depending on the administration target, symptom,
and others, when, for example, the compound is administered to treat

' suppurative diseases of an adult, the daily dose is about 1 ~ 40 mg/kg body
86 weight, which is orally administered 1 to 4 times a day. _
| Said carbapenem conipound (Ij and a pharmaceutically acceptable salt
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preparation. ThIS agent for the prophyIaX|s and treatnent of infectious
di seases can be produced by diluting the conmpound wi th pharnaceuti cal

exci pients by a nmethod known per se. Exanples of usable excipient include
st.arch,. l'act ose, sugar, cal cium carbonate, cal ci um phosphate and the |ike.
10 Nbreover this agent for the prophylaxis and treatnent of infectious

di seases preferably contains an organi c acid, whereby carbapenem conpound
(1" and a pharnaceutically acceptable salt thereof are caused to have

hi gher 'sold{gig ' éyhgﬁ&agx%m'&&bM&h,mm&ﬁﬁﬂaam B@bsS&Y, Pt i on

thereof into ni¢c acid be a s l.on t 1S :

phar naceut |S(‘:1§11I3? %@éﬁfﬁﬁ\ ‘g""‘gs 58 o RE ‘}:@b‘w %‘ﬁ?ﬁﬁ%’ organi c

car-boxylit aaﬂwlsmu)cdi-aamemﬁeancagmtdqrsybtmcsymammbcmpdbybectadhh citric

aci d, sucm %?Hjé F@t]l!déﬁe‘%c] |Aﬂh,ﬂ§élﬂm ragl@ bﬁdagéﬁ{e mal oni ¢ aci d,
e or

benzoi c aC|

an|c acj d ene | added |n an
amount of 0. OlThQGf?RFF'é%saffﬂf %‘? s“i“%‘b‘ﬁ’é% “"’?@‘X

car bapenemiggéitivnnde (ek;)laﬁfed&ypab@ofﬂbﬂniplesalté whivhcthp patsest mtuzmxst her eof .
Furt her, thﬁo'%m_?&t for the prophylaxis and treatnment of infectious

di seases may contain other additives on demand, such as binders (e.g.,
starch, gu Yc, carboxynethyl cel | ul ose, hydroxypro yIceIIquse

cryst al line pNitrobbreyt (1R;55 68)324{(»38@&[5%1@39@@9 onddn®si um

st ear at n{i.‘l‘.ﬁ!} Ain03-51 1 - 1R 1-

car boxyﬁet hyl:ﬁng?‘# {ljlggd&glﬁ%!(i xl1]-42ﬁ)t a| c 1a h%e % and )t he |ike. After
addi ng vari ’FX? Yé]d} y?“'ﬁlép ?ﬁ? is fornulated into a
dosage form suu(zs,bsmmn-mmmml-@mmm lab-mewlileés, tablets,
fine gr a”%ﬁfole&badﬂih—%mc@iﬂd gjﬁ' rhg) Svds! digsolvest @awbxhl&delﬂh‘p}’m per SS
to give an agent ral. a |st 0 yl.axi s an
treat ment ords WFHP@@PP(?@? ga P%’V\?T?gpm(fgié’h %pcar't‘)ig{gﬂﬁem conpound
(1) and1& pmmmyuapmymymmmeneamaerMfl & avd depending-on the
adm ni Strat ;0 L&{yﬁ%ymﬁﬂHJ(W”sml)aﬂdcabm (18/d)was Wm t he

P
conpound is a steredtotre r dult, the
daily dose ¥R4€f gefatnmgpw b%dée ahhe’%f e‘\?ﬁ‘?%ﬁ |s o i%|
adni ni st er eshnie temmmneﬁn'amddyur»% thyl arg rpdded.) 'QWd a

phar maceut i gaktigh AEARE WRS Graﬁﬂédmt&5aﬁh&feﬁd§mmobmlﬁﬁhﬂ diied everd in
i ugs' (20, shdtrdt Pyl M Bt acBi il per ospﬁf‘?ﬁfs@‘w‘“ ot
pressure and the residue was purified by mhca gel umn chromatography to
give 1.0 g of the title compound.
H—-NMR(DMSO—d, ) § ppm: 1. 06(d, J=7. 5Hz, 3H) 1. 16(d J=6. SHz,
3H). 1. 30~1. 80(m, 1H), 2. 02(s, 3H), 2. 50~4. 30(m, 9H), 2. 82(s,
26 3H), 3. 01(s, 3H), 3. 57(s, 2H), 5. 01 (d, J=5. OHz, 1H), 5. 25, 5. 50(ABq,
J=13. 5Hz, 2H), 7. 67, 8. 22(ABq, J=8. 5Hz, 4H).
Example 2
Sodium (1R,58S,68)-2-{(38,5S)- [5 -N,N-dimethylaminocarbonyl-1-(5-methyl-
1,3-dioxolen-2-on-4-yljmethyljpyrrolidin-3-ylthio}-6- [(1R)-1-hydroxyethyl]-1-
30 methylcarbapen-2-ene-3-carboxylate
_p-Nitrobenzyl (1R,5S,6S)-2- -{(3S,58)-[5-N,N-dimethylaminocarbonyl-1-(5-
methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-yithio}-6-[(1R)-1-
hydroxyethyl] 1-methy1carbapen-2—ene-3-carboxylate (730 mg) was dissolved
in a mixed solution of tetrahydroﬁn-an (22 ml) and 0.1 M phosphate buffer (pH
36 7.0, 33 ml), and 10% palladium carbon (550 mg) was added. The mixture was
hydrogenated at room temperature for 2.5 hours. The reaction mixture was

Sl mie T,

I
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and-the Iike) or a therapeutic agent for systemc synptoms caused by -
bacterial infection (e.g., antipyretic, analgesic, antiinflammtory drug
and the like). 6 The properties and production met hods of the conpounds of
the present invention are explained by way of Exanples, to which the
present invention is not limted. Exanple 1 p-N trobenzyl

(IR 5S,6S)-2-{(3S,5S)-[5-N, N-di net hyl am nocar bonyl -1-(5-. 10 .

met hyl -1, 3- di oxol en-2-on-4-yl ) nmethyl ] pyrrolidin-3-ylthio)-6-[(1R)-1-

hydr oxyet hyl ] - 1- met hyl car bapen=2- ene- 3- car boxyl at e

(2S, 4S) - 2- Njlbtérea tietolgh Deliteodrat tharﬁlﬁnﬁbdhmmaﬂtvmlwdshemwdwﬂaﬂether

di oxol en- 2- ] tonitril
(150 S Sl ool SRl coton 711
(1R, 5S, 6S) - %Mﬂmmm‘m&?ﬁﬁ& H[B(t‘lﬂfp y gn Dia Jon HP-21 (manufactured by

é hydroxyeltmtbﬂ:h;khnehhyicam bﬂpafboacm&ncmdwmli&am) rq)tgand dded
i i sopro was dropw se adde
underpnl te?/o en at msgﬁmw%ﬁ Wé?%‘gﬁé ' ﬂé:{IeJHM/as sti rreg at the
sane t enper B(biuieliasm dsAB8Ro AR SahdS@t HPO-acet ate (200 M) was added. The
reacti on m XH+RMRABMEG-RAL ) Bipbh:1a08(atLrd7bsHA3H)Y, 0Q 18 (4, 326, §Hied over 20
anhydr ous s%qtqnédu,fla:,@( Etlnylza?‘f(tsgbgl)vgs Sy,q‘pgbr(tt egrﬁngeé.lgeduced

pressure an 'he Tesidu |ca hm" ch 0natography
to give 1.8HYy H01(se3th+3EREmFng. 49 Hﬁ\lﬁﬂ(‘lﬂ\/s d6 ) 8ppm1.. 06(d, J=7.
5Hz, 3Hup- 1Exdkﬁ6lda J=6. 5Hz, , 1. 30-1. 80(m 1H), 2. 02(s 3H),

2.
S0 i oo s gt P ooy (7,
Sz, 4H). nethyl-3,3=digrolgn- -on—4—yl)mcthyl]pymhdm-3-ylth10}-6 -laR)-1- '
(IR 5S, 69) Ry&bﬂﬁt@-i{xﬂe&bﬂaﬁb érBeakbxbiaby | - 1- ( 5- met hyl

1, 3- di oxol en- 2- @@g 995;8! ?
R) - 1- hyggoxye%g& i&;i%ggtd% ca #%enlg-ene- -car(ﬁu‘}q e p Ni t robenzyl
(1R, 5S, 48) -me xplon ‘RP i
met hyl - 1, 3- mymﬁamylpimmymmw «}:wswai-uw&mé@btdsg)@asﬁmm- 1-
hydr oxyet hyinl 5 -G8 i1 fMAaRE0 (225 &l & &oofitd 1305vas di ssol ved
(pH 86 7.0 aﬂwn r%affts&faﬂé%mwa“eéﬁ %e%yulra&”ga%a%@t The <
m xture wasﬂlehpdmctg@m&mmr enohour NEthy octate (300 2olpwhoadded ardstheeact i on
m xtur € 208 Sreaéffon mixture was washed with 5% brine (100 ml) and dried over anhydrous
sodium sulfate. Ethyl acetate was evaporated under reduced pressure and

D

the residue was purified by silica gel column chromatography to give 370 mg of
the title compound.
IR(Nujol, cm™) :3400, 1820, 1755, 1640.

26 'H—NMR(DMSO~—d, ) § ppm:1. 00~1. 30(m, 15H), 1. 30~1. 80(m 1H),
2. 03(s, 3H), 2. 50~4. 30(m, 9H), 2. 82(s, 3H), 3. 01(s, 3H), 3. 55(s,
2H), 6. 00(d, J=5. OHz, 1H) 5. 70, 5. 87(ABq J=5. S5Hz, 2H).

Example 4 :
Pivaloyloxymethyl (1 R,SS,6S)-2-{(38,SS)-[5-N ,N-dimethylaminocarbonyl-1-

30 (S-methyl-l,3-dioonen-2-on-4-y1)methyl]pyrrolidit_1—3ﬁlthio}.—6-[(lR)-1-
hydroxyethyl]-1-methylcarbapen—2-eﬁe-3-carboxyiate .

- (1) Sodium (1R,58,68)-2-{(38,55)-5-N,N-dimethylaminocarbonylpyrrolidin-4-
ylthio]-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate (580
mg) was suspended in N,N-dimethylformamide (2.9 ml) and the mixture was

86 cooled to -5°C. Pivaloyloxymethyl iodide (520 mg) was added, and the mixture
was stirred at the same temperature for one hour. Ethyl acetate (150 ml) was

17



filt ered through-Celit-e—ard—the—frtrate—obtatnet—was washed with diethyl
et her. and concentrated under reduced pressure to about 5 m. The obtained
sol uti on was subjected to chromatography on Dia |on HP-21 (manufactured by
M t-subi shi. Chemi cal). After concentration under reduced pressure, the 5
resi-due was |.yophilized to give 300 ng of the title conpound. [IR(Nujol, cm
1):3385, 1815, 1750, 1600. 1H NI\/R( DMSO-d6 ) 8 ppm 1. 05(d, J=7. 5Hz, 3H)
1. 15(d, J=6. 5Hz, 3H),.1. 20-1.'70(m 1H), 2. 03(s, 3H), 2. 5074. 20(m
9H), 2. 81(s, 3H) 3. Ol(s 3H), 3. 60(s, 2H), 4. 40- 5. 50(br, 1 H. 10

Exanpl e 3 Piy

(1?{@5665) i@é“@@%ﬁ’“‘% %‘%ﬁ%"&% °ﬁsf)’?1)°nddn°d°m

(5-met hyl -1 mlmmsewnzlewf%ew afptq Wﬁémﬂfﬁ- ted undepreduced [ (1R) - 1-
hydro xyeth Mmmaﬁmm@mﬁwwmwmmmmphym :

et hyl 13 BESOAREH B %%Eﬁk*‘fﬁr%fﬂﬂg@%ﬁ; ,@f (a1

hydroxyethyIHPmOWEb?%M caghapedr ssol ved

in N, Ndi rretMJ.mWZ 5 rr1) and the m xture was cooled to -59C.

Pi val oyl oxymgh hyly,dh @i _(‘%5,08 .agd@@,ma{g_,)t he O~ WEiesnst i rred
erature

h 2 100, i dded
and ttheezéa%b?r”&ﬂmtm@"%a%” i 9585'%4?&7%083%?'3 d dried

over anhydr ®aigo, sodsMIBa.u.ll:f:m eHzEZIHyI acet ate was evapor at ed under reduced
pressure,an RMeaSidi oA iR mat ogr aphy
to give é@oqzrfg ;ﬁ’é’g?l #@ﬁ%%ﬁd&% N&J %ﬁql)%%‘f,c 34510191" lq20 1755,
1640. 25 1H¢mﬂm5ﬂ@%¥’ ‘mgéﬂ Méﬁﬁ%“ 'm"l 30t °§t¥?m 1H), 2.
03(s, 3H), 2 3-aﬂ>x41man¢m4 ﬂ)i)u;th&l brdide (Bﬂ)ms)ihnd(ltxeﬂwlaxeiﬂ)e (031m88(s, - 2H),
5. 00(d. J=§, 1ED.%S Same t&npesibure fo¥ A[héurd

Plvaloyloxy

(5-met hyl - | %h&%ztﬂt%ﬂs'? ‘%%;ﬁ{‘}’ﬁiﬁﬁg)“]‘%v%ﬁ R B ne%%"ta‘ﬁ’itﬁ)%g’%'-‘%nﬁqil T

hydr oxyenhyl(}eanﬂmwdwbamﬂ wae eutracted tios yHitht ethyl(apptatnthisg

(:tRh'SS] 6?[(2“’& (i Blybta ¥ OB MR DAVCE YR oty (580
i 0 r 0X en: 2- ene oxyl at e
?/rg) was suspEate P@lﬁlaﬁf%%@%% ‘fgﬁ Zﬁaﬁﬂ‘etaﬁg%ir'n xtﬁre was 85
cooled to -%ﬁdu&mbuyﬁg&mgdlmmtm tp gvRRI) mgwfithene

m xture title compound.
20 IR and 'H-NMR matched with those in Example 3.
Example 5
Pivaloyloxymethyl (1R,5S 6S)-2 [(3S,5S)-(5-N, N-d1methy]ammoearbonyl—1-
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-{(1R)-1-hydroxyethyl]-1-
methylcarbapen-2-ene—3-carboxy1ate |
25 Pivaloyloxymethyl {1R,58,68)-2-[(38,5S)-5-N, N—dlmethylammocarbonyl- .
pyrrolidin-4-ylthio]-6-[(1R})- 1-hydroxyethyl}-1-methyloarbapen-2-ene-3-
carboxylate (400 mg) obtained in Example 4 (1) and pivaloyloxymethyl iodide
(290 mg) were reacted in the same manner as in Example 4 (2) to give 190 mg of
the title compound. .
30 'H—NMR(DMSO—dg) &ppm:1. 02~1. 30(m, 24H), 1. 30~1. 80(m. 1H),
2. 50~4. 40(m, 10H), 2. 87_(3, 3H), 2. 99(s, 3H), 4. 80~5. 10(m, 1H),
6. 70, 5. 85(ABq, J=6. OHz, 2H). '
Example 6
Pivaloyloxymethyl (1R,58,68)-2-{38,5S)- [S-N,N-mmethylammocarbonyl-l-
86 (5-methyl-1,3-dioxolen-2-on-4-yljmethyl]pyrrolidin-3-ylthio}-6-{(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate hydrochloride

—— = -~ ~ .
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was stirred at the sanme tenperature for one hour. Ethyl acetate (150 mi)
was- 17 added and the mixture was washed with 5% brine (150 nl) and dried
over anhydrous sodium sulfate. Ethyl acetate was evaporated under reduced
pressure and the residue was purified by silica gel columm chromatography
to give 350 ng of pi val oyl oxynmet hyl (1R, SS, 6S)-2-[(3S, 55)-5-N, N-di nethyl 6
am nocar bonyl pyrrolidin-4-ylthio]-6-[(1R)-1-hydroxyethyl]-1-nethyl carbapen-
2-ene- 3- carboxyl ate. =H NVR(DMSO-ds )y 8ppm 1. 02-1. 30(m 15H), 1. 30-1.
80(m 1H), 2. 507-4. 40(m 1O0H), 2. 87(s, 3H), 2. 99(s, 3H), 4. 90' 5.
18(m ll(;i) 5. Pzglloyﬁaxyﬂﬁ% ﬁﬁB@R'SSﬁS)%S m»[&&ﬂ-d@etﬁiﬂanmw 4 (??07 I
obt ai ne |r1 ATRLE-1 wﬁsz_hs;sﬁﬂ{ t] (@ [ngm e

and the m re s .cooled to, 59C. -2-0n-4-yl ) met hyl
br oni de (13@%@ fﬂ%’i‘ﬂﬁ?’?ﬁ?%zmeg\é“i‘#’)’mﬁfé’r@ 498 obtainetiiny he i xture
was sti rre(EmmplhamrdissoMenathnacMe(aoEﬂ}m&ﬂwmﬁnhyImbhﬂQo(150 m )
was adde t s‘ﬂg?ﬂy\eﬁ] and aqueous
| ayer . vvagl ?)?ra'gtgglgl\%vhm%ggsqﬁ? Yﬁ acefate 5%28&%%52 &’}%éme%% acet ate

| ayers wer &8 WRsad the gams tegperaturs f °E Syl .
acetate mmﬁmr&hedemﬂﬂmgmystﬁlmwdrqmﬂs&udbyﬂﬁaﬁheandmﬂufwﬁas purified

b il &2 d.
55 TR and SRRl E‘%w* J"tﬁﬂt“ﬂ"o@e“f'%‘%? 52 g8 ol shbBompblad, COTPOUN
Pi val oyl oxyREVHel °('1 3%5%8 325,138 59) Q\I-dl met hyI ami nocar bonyl - | -

pi val oyIm)xyl‘mHuMI)tﬂy;obB pdmm 319-1~'t1h|401m66{-01ﬂ2) 19¢dh i) oAy 202, | 1H0Km,

met hyl car ba,n_gn;z ﬁqfaé Wﬁaﬁﬁgz51 iy Vel (%Oéi‘lfreﬁ.hdé(s. 3H), 3. 30
? nof

(IR 58,69)-2-T(3 m'nocar ,
pyrrol i di.n-23y a "{’(q_o'F?)4 18&']d¥5' yv&t WOTP: f'OX’é‘t FW o4r BApEn 99- ene- 3-
car boxyl at eln§, 404D, 15y )860 5. 8161(ABq; -m—Bxahqal 2H (1) and pi val oyl oxynet hyl i odi de

(290 ng) were kRACLA oﬁﬂdJ g & the &liet O Ji ve 190 ng -
of the title conpqu H N gDI\/BO pm 1 02 1 30 m 24I;|l)
3H) 4

S0n- 1. #b( paaier 45 anggnnof Banmpien | 6o el the prapertiwers
" 90N - 5 10(Bramipléy, 6. 70, S. 85(ABg, J=6. OHz, 2H). Exarrpl e 6
Pivaloyloxymethyl (1R,58,68)-2-{(3S, SS) -[5-N,N-diethylaminocarbonyl-1-(5-
methyl-1,3-dioxolen-2-on-4-yljmethyl]pyrrolidin-3-ylthio}-6- [(lR) 1-
hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate
20 H—NMR(DMSO—ds ) §ppm:1. 10~1. 30(m 21H), 1. 30~1. 80(m 1H),
2. 03(s, 3H), 2. 50~4. 30(m, 13H), 3. 56(8, 2H), 5. 10(d, J=5. OHz, 1H),
5. 66, 5. 86(ABq, J=5. 5Hz, 2H).
Example 8 )
: Pivaloyloxymethyl (1R,5S,6S)-2-{({3S,5S)-[5-N,N-methylethylaminocarbonyl- -
26  1-(5-methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1-
' hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate '
H—- NMR(DMSO—d, }dppm:1. 10~1. 30(m, 18H), 1. 30~1. 80(m, 1H),
2. 05(s, 3H), 2. 50~4. 30(m, 11H), 2. 93, 3. 03(s, s, 3H), 3. 58(9 2H)
5. 05(d, J=5. OHz, 1H) 5. 68, 5. 87(ABq, J=5. SHz, 2H).
30 Example 9 '
Pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-(1-pyrrolidinylcarbonyl)- 1-(5-
methyl-1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-em-3- carboxylate
'H—NMR(DMSO—dg ) § ppm:1. 00~1. 30(m, 16H), 1. 30~1. 80(m, 1H),
35 1.80~2. 10(m, 4H), 2. 05(s, 3H), 2. 50~4. 30(m, 13H), 3. 68(s, 2H),
5. 07(d, J=5. OHz, 1H), 5. 67, 5. 83(ABq, J=5. S5Hz, 2H).
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£umJ.o;¢ox;uxeLh5¢—é+R—5€—6§)—2—H€8-55)*ﬁ5rthrdwmthﬁam nocar bonyl - 1- 36
(5-nethyl -1, 3-di oxol en-2-on-4-yl)methyl ] pyrrolidin-3-ylthio}-6-[(1R)-1-
hydr oxyet hyI] 1- net hyl car bapen- 2- em 3- car boxyl at e hydrochl ori de 18

Pi val oyl ox?/rret hyl (1R 5S, 6S)-2-{(3S,58)-[5-N, N-di net hyl am nocar bonyl -
1-(5-nmet hyl- 1, 3- di oxol en- 2-on-4-yl ) net hyl ] pyrrolidin-3-ylthio)-6-[(1R)-1-
hydr oxyet hyl ] - 1- met hyl car bapen- 2- ene- 3-carboxyl ate (1.49 g) obtained in
Exanple 3 was dissolved in ethyl acetate (30 mM) and the m xture was cool ed
to 6 5C. Asolution (0.35 m) of hydrogen chloride dissolved in 2-propanol
at 8. 68N V%?‘é'g‘g ﬁ and the mxture was stirred at the same tenperature
for 15 mn eresultlgg éstaswere col | ected byflltratlon and

washed with Pirlnyloxgmethyl 1 Ra8,68i2rf(3R,29)- a7 Lergemidiayicarbonyllsie 1.2 g of the
t1 Lﬁ :\K/R E:%gpoaedz 1.1ld?diokum12-oﬁ~m)alhetgﬁﬁﬁnohaﬂﬁa—yhﬂm6 [11%2)0,7-0126010%0 m
2. 19(s, 9@0‘%%%%&1 #{’"“% & ‘k%s? %éf“‘“ CIORED) 0 A3
70(m  2HP, H—YMRIDMSPmds 2idppra: 1. ﬂ?‘a %Qf{'m %H)‘ 39"6(7"')(m 1H), 5.
86, 5. 96( ABloa(k;BH) Oklz5024). 30The 1361 PBLSTES, W)ESanpltﬁsJi’St@-li.ﬂmere

synt he5|zed I Q. t SB[ 3S |n any one of Exanples 1 to 5 and
their proper’ug%s vver@rgacf'e'gj% m ne}g 2'-6 npl e 7 Pival oyl oxynet hyl

(1R, 5S, 6S) - Exqmpg it S) - [ 5- N, N- di et hyI am nocar bonyl -1-(S- nethyl - |
3- di oxol en- 2-ped, Qdyizmii)hyig,sw&s»-lzb{(BS)SSj—[ﬁHn#azdidlﬁylc@x(bbnﬁ)d1(5- '
) gppm 101 g e st 2R e %’b‘gﬂmh%@‘* N o Sona.
30(m 13H),k mﬁbyll émeﬂlsmﬁlﬁean'%%‘ - 5. 66, 5. 86(ABg, J=5.
5Hz, 2H). EXWHI#DDISOA-dyDé’)ppn‘BUh9b~1 30(m, 15H),'1 30~1. 80(m, 1H),

(1R 55, 6S) -3 054> 5Hy [éoNd\Fsmmw ofh 3! 871%A Boaska J?-5)510|G|5 @, hyl - |

, 3-di oxol en-2-0 ne hyI rrolidin-3-ylthio)-
hydr oxyet hyBj 6§~$ﬁa@ ’2%3 car boxyl at e 1H- NVR( DVBO- d6 ) 6ppm 1.
10 1306 18mwmoﬁagm0¢mwmquaww@mm@mo§@mﬂmm(qﬁ 11 H).,

o i‘;’ o thelsho ﬂ@m&mﬁ& pld1 @l 5 05(d J=5. O, 1H, 5 68, 5.
(1(R 58, 6S) - B {1(13?13%)’9["?%1 ?%gg’rﬁ%’ %ﬁ?&r%&%ﬂgﬁy@ G‘“‘“m"”nyl‘l‘
(5-methyl-1,3-dioxolen-2-on-4-yljmethyljpyrrokidin-3 -yithio}-6-[(1R}-1-
hydroxyethyl]-1 -methylcarbapen-2-ene-3-carboxylate
20 (2) 1-acetoxyethyl (1R,58,68)-2-{(38S,58)-[5-N,N-dimethylaminocarbonyl-1-(5-
methyl-1,3-dioxolen-2-on-4-yljmethyl]pyrrolidin-3-ylthio}-6-[( 1R)-1-
. hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate
(3) 1-isopropoxycarbonyloxyethyl (1R,5S,68)-2-{38,5S)-[5-N,N-dimethyl-
_ aminocarbonyl-1-(5-methyl-1,3-dioxolen-2-on-4-yl)methyl|pyrrolidin-3-
95  yithio}-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate
(4) 1-ethoxycarbonyloxyethyl (1R,58,65)-2-{{38,5S)-[5-N,N-dimethyl-
aminocarbonyl-1-(S-methyl-1,3-dioxolen-2-on-4-yljmethyl]pyrrolidin-3-
ylthio}-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate
(5) 1-cyclohexyloxycarbonyloxyethyl (1R,58,68)-2-{(3S,5S)-[5-N,N-dimethyl-
30 aminocarbonyl-1-(5-methyl-1,3-dioxolen-2-on-4-ylmethyljpyrrolidin-3-
ylthio}-6-[(1R)-1-hydroxyethyl}-1-methylcarbapen-2-ene-3-carboxylate
(6) (5-methyl-1,3-dioxolen-2-on-4-yljmethyl (1R,58,6S)-2-{3S,5S)-[5-N,N-
dimethylaminocarbonyl-1-(5-methyl-1,3-dioxolen-2-on-4-yl)methyl}pyrrolidin-
3-ylthio}-6-](1R)-1-hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate
36 (7) diphenylmethyl (1R,5S,68)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-
methyl-1,3-dioxolen-2-on-4-yljmethyl}pyrrolidin-3-ylthio}-6-[(1R}-1-
-
|
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met hyT -T, 3-di oxol en-2-on-4-yl')nethyl | pyrrolidin-3-ylthio)-6- [(1 R)-1-
hydr-oxyet hyl j - | -met hyl car bapen- 2- em 3- car boxyl at e 1H NVR( DMSO- d6 )
8ppm 1. 00-1.- 30(m 15H), "1. 30-1. 80(m 1H), 35 1. 80-2. 10(m 4H), 2.
05(s, 3H),. 2. 60"-4. 30(m 13H), 3. 58(s, 2H), 5. 07(d, J5. OHz, 1H), 5.
67, 5. 83(ABq J5. 5Hz, 2H). T 19 Exanple 10 Pival oyl oxynet hyl.
(1R 5S, 6S5)-2-{(3S, 59) - [5 (1- pi peTi di nyl carbonyl) 1-(5-
met-hyl -1, 3- di oxol en-2-on-4-yl)nmethyl ] pyrrolidin-3 ylthio}-6- [(1R) 1-
hydr oxyet hyI]-I met hyl car bapen-2-em 3-carboxyl ate 5 1H NVR(DVSO-d6

. 8ppm 1. Ohydro@él@mi]-nﬁldyhﬁ@‘ba&n& eae(awaer#y,latez 03 (s, 3H), 2. 5074.
30(m 13H), -4 83 (ABq,
30(m 13t Zg;n i@d@b@@flb %.@ﬁ ;jf:v N%H&h;;%@@arbﬁnyﬁf’
6S) - 2-{( 35S, ( 34 oxol Ay &?ﬁ 1~“Uylﬂu°}'6 [(1R)-1-
met hyl -1, 3- &ydmﬁyeﬂhyﬂ—bmeﬂay}@b@dwﬂiepyﬁcﬂrbdxyhta ylthio)-6-[(1R)-1-
hydroxyet Y lrdy- 11+ M&@] ). 8ppm1
007- 1. 30{4(1 (6)1 ka?&i:?ﬂﬁ 80(’65)ra 5%2'%( g?tdﬁn%i %{}X,%ﬁ
15H), 3. 57P§Vdmthléwh§’ns3' Yitheo) '61IH)R) -1-Bydrg I-d5( ABg, J 5 5Hz
2H). 15 The niathyloaibagen-@remerdieartmxglatht ai ned by the nmethod described in any
Of o L® 300V IRALIORRHEAIEE08) 3198, 85y (6N NlaibloM N L Rsloly. 1

(1R5S, 6S) -2-{(3S,55) - | b- ocar
(5t by -1 PR b T RSBl ) - 6. [ (1R) - 1
hydroxyelmyln}etﬁylnmtblapbﬁapehiep&mﬂmsyhté carbozylate 20 (2) 1-acetoxyethyl

1R, 5S,6S
ol hyl -1, ) ﬁ ﬁ"‘%ﬁaﬁ%ﬁ i oy %rrgizf%'t@%éls)ﬁt (g)qo*’.‘%‘-'[h("i R)-1-
hyd th EfRigoga P= ‘ i

1y| ;8);;)(gpoi?vdrdme&bﬂﬂyﬂeﬂ;&lca(rhﬁ;éﬁ&&ﬁ)—&edrb&ﬁd%) [ 5-N, N-di et hyl -
am nocar bonyj z 1l_embxy: Meﬂe&yﬁll@%ﬁ)— g ﬁx%)mgt&le bl di n-3

I th 6- ZF)Q d t - 3- | at 4
1 el oy GOk by IR Kt )
am nocar bonykethylcarbmpein2-ere, - 2-on- 4 yI )met hyl | pyrrolidin-3-

yl thio}-6-[ (ddpr- éyéi&ﬁ&ﬁ&iéf&bﬂ&lyl&y@&&hw:&@s B8PSI(38;5H) 95N, RafiheMyhAt e.
aminocarbonyl-1-pivaloyloxymethyl)pyrrolidin-3-ylthio}-6-|(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate - '

20 (14) (5S-methyl-1,3-dioxolen-2-on-4-yljmethyl (1R,58,6S)—2-[(SS,SS)-(S'-N,N-
dimethylaminocarbonyl-1-pivaloyloxymethyl)pyrrolidin-3-ylthio}-6-[(1R)-1-
hydroxyethyl}-1-methylcarbapen-2-ene-3-carboxylate
(15) p-nitrobenzyl (1R,SS,6$)-2-‘[(SS,SS)-'-(S-N,N-diﬁxethylaminocarbonyl-l-

_ pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl]-1- -
26 methylcarbapen-2-ene-3-carboxylate
' (16) diphenylmethyl (1R,58,6S8)-2-{(38,5S)-(5-N,N-dimethylaminocarbonyl-1-
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1R})- 1-hydroxyethyl]-1- -
meﬂxyléarbapen-Z-ene—3-carboxylate _
(17) p-methoxybenzyl (1R,5S,68)-2-[(3S,58S)-(5-N,N-dimethylaminocarbonyl-1-

30 pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-{(1R})-1- hydroxyethyl]-l-
methylcarbapen-2-ene-3-carboxylate
(18) (1R,5S,68)-2-[(3S,58)-(5-N,N-dimethylaminocarbonyl-1-pivaloyi-
oxymethyl)pyrrblidin-s-yltlﬁo]-ﬁ-[(lR)-1-hydroxyethyl]-'l_-methylcarbapend-
ene-3-carboxylate

35 Then, the following oral absorption tests were conducted to clarify the

~ superior property of the compound of the present invention.
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- R-55-65—2—{{3S555—15-NN-di-ret-hyl 30
am nocar bonyl - I - (5-net hyl -1, 3-di oxol en-2- on-4-yl ) met hyl ] pyrrolidin-3-
yl t hi 0) - 6- [ (1R) - 1- hydr oxyet hyl ] - 1- met hyl car bapen- 2- ene- 3- car boxyl ate (6)
(5-met hyl - 1, 3- di oxol en-2-on-4-yl)nethyl (1R, 5S,6S)- 2-{(38, 55)-[5-N, N
di et hyl am- nocar bonyl - | -(5-methyl -1, 3-di oxol en-2-on-4-yl)
met hyl | pyrrol idin- 3
yl thi 0}-'6-[ (1R) - 1- hydroxyet hyl ] - 1- met hyl car bapen- 2- ene- 3- car boxyl ate 35 (7)
di phenyl rret hyI (1R, 5S, 6S) - 2- {(38 58) [5 N N-di met hyl am nocar bonyl -1 - (5-

met hyl -1, %rm% /| din3y|thio} 6-[ (1R -1- 20

hydroxyet hy - 1- rreﬁ&rll P -2- ene- - ca oxyI ate 58) rret hoxybenzyl

(1R, 58S, 6S) - 2- {(lhscsspopsdnf ecn .

ﬁ, 5dm3t hylth @)mlmﬂamyﬂehrwubgé mr@&uﬂlaﬂdanﬂiﬂhﬁr@kﬂlﬁ) 1-th |
roxye ShEads oxye

ydroxyet hyl 1’ ”%élséy/on?@! %\%K@gc& ge’i&x‘l? 544930&3?4%%2} yethy

(1R 55, 6S)-2- LrTlam nocaf
pi val oyl éxymmwc} pyﬂmpmdlﬁc gw;hqqﬂ%qxswkacﬂﬂya Wﬂ?’&ﬂ@?‘y@?ﬁ{/ﬁd 1-
met hyl car bammeat@g@—;ﬁe jat Bhe Glifhry

Areaoeiy pyretitage was
E)ll\?aisgylfsgi;/% pyrro;%""%lll %lerﬁ%ﬁy'fl gBF(C?r %)ngl h;/droxyet hyl]-1 10

met hyl car bapen- 2 ene- 3- carboxyl ate (11) 1-isopropoxycarbonyl oxyet hyl
(1R 5S,69)-2-[(3S,59)-(5-N, N-di netTable 1 '
am nocargony! - | - pi val oyl oxynethyl )pyrrolidin-3-ylthiol-6:[(1R)-1-
hydr oxyethyl | - 1- net hyl cag bapen- 2- ene- 3- car box Iate (12)
1- et hoxycar bpny| deget hyl (1R 5S, 63)“‘2‘%’("8%"’98 (5 N, N- di net hyl gmi no 15
Carbonylrl-p Va:lnq;duﬂxlyms; rlyllpyl o3
yl thio]-6-[( &R) - 1- hydr oxyetd -ﬁl%r %ed By| 4ar gasr 2t en@,—_ﬁ;ﬁ@r bdxyl ate (13)
1- cycl ohexyl pxycar bonyl oxyet (1R, 5S, 6S)- 2-[ (3S, 5B) - (5- N, N- dilnet hyl -
am nocar bony[-T - pr val oyToxymat hyl) pyrrolidin-3 ylthjo]-6-](1R)-|1-
hydr oxyeﬁhyl -Exansplay8 caf bapeh- 2-ene-234car box@l&at e PO (18)0
(5-methyl -1, B-dioxolen-2don-4-yl )imethy| (ARS5 69)-2L[ (35 55)-(5-N, N
dlrrethylam car bonyl - | va yrroI|d|n3yIth|o] 6-[(1R) - 1-
hydr oxyet hyE’SP alf“"“% @ﬁ) {9’%#% Amgﬂg%ﬁgtﬁar boxyl ate (15) p-nitrobenzyl
(1R, 5S, 69) - 2- [ (TbS, &Bﬁl)po(xﬁd if Ishqume@ntynmtngdmmi ¢f Example 6, 20 _
pi val oyl oxy ia%lmrm} mﬁhﬁn&wédttb atmcblﬂsﬁshwnlyzad 25
rrethylc - 2- ene- carb | at e t@g’?’bé @y15203040
(1R, 5s F %@%ﬁ@% F?Fé‘?ﬂ il rf'{ﬁ
and 6.0 hours later was measured by a paper disc method using test bacteria
Escherichia coli NIHLJ and nutrient agar medium (Difco). The urinary recovery

percentage was determined. The results are shown in Table 2 and Table 3.

Table 2
25
Test © . concentration in plasma (ug/ml)
" compound _
' 0.25 hr 0.5 hr 1.0 hr 1.5hr
30 Example 6 5.06 6.56 7.60 7.67
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pi val oyl oxynet hyl ) pyrrolidin-3 ylthio]-6-[(1R)-1-hydroxyethyl]-1-
met hyl car bapen- 2- ene- 3- car boxyl ate (17) p-met hoxybenzyl

(1R 58S, 6S) - 2-[ (3S, 55) - (5- N, N- di et hyl ami nocar bonyl -1 -~ 30 -

pi val oyl oxynet hyl) pyrrolidin-3-ylthio]-6-[(lIR)-1-hydroxyethyl]-1-

met hyl car bapen- 2- ene- 3- car boxyl at e

(18)

(1R, 5S,69)-2-[(3S, 5S)-(5-N, N-di net hyl am nocar bonyl - | - pi val oyl -
oxymet hyl )pyrrolidin-3-ylthio]-6-[(1 R) -1-hydroxyethyl]-

| -met hyl carb

conpound of
absorption t

6, 20 ny/kg
hydr ol yzed

hour s Iaher.
Escheri chi a
recovery per
Table 1- 10
hr 16 Exanp

test) The conpound of the present

apen- 2-

t he present

ene- 3-car boxyl ate 36 Then,
absorption tests were conducted torstla@d fy the

Exanple |

| cvbipppedem (

st) The conj
wastest al | y

inven

n (conpou

Wﬁ*‘sﬂp) )

+

Was 5 neasur
5oli NI HJ an

UIIPUUIIU

d By fir

nutri g

\I“\} \JUI_I\.:
apeg
nt agar 1

Il. fafT UTT

b | edi d_mi)’?m

v e g

5i ng g t@ﬁ%

co).

Ej

Cent age was

T eBstanmysle NG Y

ed. The T
(%GSCOH

determn
r eca9o2ry

e 6 10.3 2

esults ar
pound20- 3

0.3 13 Exper |

npent al FEx

a)
-

shown 1 n
hr 34% hr
nple 2 (or

4

the follow ng oral
superior property of the

invention. d 21 Experinmental

ound of the present

adnlnlsﬂ¥E¥ﬁPWQPQ&d§§’

(oral
of Exanple
urinary

nd 6-24

teria. -
nary

ble 1.

24 hr 0-24
absor ption

i nventi on. (conpound of Exanple 6, 20

ng/ kg) was orally adm nistered to dogs (3 per group) and plasnma hydrol yzed

20 car bapenem Theratipenén @mpmnur(mahdrapuarﬁzaa&m&n& acdqﬁablésﬁl,t 2.0,

s§ nut PI emﬁ&{:ﬁt

dhagteritbactiviy

4.0 and

bacterla émb

herlcﬂldggg%?

2

uri nary recexem) dﬁ@?@@ﬂ?@bé“ﬁb§m@é
2 and Tabl evatiety afhetetial 3peciest muapmeyraat emclyplsemlms @gexth Yor the

prophylaxis and treatment of infectious diseases, particularly bacterial

15

Fé“ ﬁo

infectious diseases. Said agents for the prophylaxis and treatment of

3.0,

t est
gtThe
wn in Table

infectious diseases can be used as agents for the prophylaxis and treatment of
the diseases caused by bacteria (e.g., suppurative diseases, respiratory
infectious diseases, inflammatory diseases of biliary tract, urinary tract
infection and the like) in warm-blooded animals inclusive of human (e.g., dog,

.20

cat, cow, horse, rat, mouse and the like).

This invention is based on application Nos. 25671/1997 and
248903/1997 filed in Japan, the contents of which are mcorporated hereinto
by reference.
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22 Table 3 Test concentration in plasma (pg/m) conmpound 5 2.0 hr 3.0 hr
4.0 hr 6.0 hr Exanple 6 5.92 3. 68 1.92 0.43 10 The car bapenem conmpound (1)
and a pharpaceutically acceptable salt thereof—ef—the present invention
show superior absorption fromdigestive tract by oral adnministration, and
sufficient antibacterial activity against a wide variety o' bacteri al
species. Thus, they are extrenely useful as agents for the Hprophyl axis and
treatment of infectious diseases, particularly bacterial 15 infectious
di seases. S@iAr RS gér t he prophyl axis and treatnent of infectious
di seases can be use E‘agﬂggents for the prophyl axis and treatnent of the
di seases cdus WW&E%‘%P"("@ &\ ve di seases, respiratory
i nfectious di seases, inflammt ory d| seases of biliary tract, urinary tract
i nfection and th@,.l,l ke) ircMgrm bl ooded ani mal s_gncl usive of human (e.q.,
dog, 20 cat, cow,| horse, rpt, nouse and t %@). This invention is based
on appll'?:atlonbbls\ : filed in Japan, the
contents of Weech ar nto by referqpce. T d 23 .11
WHAT IS CLAIMED | S Qndoftheforrrula(l)C]—lG—lsRs 6
HOC |.-1CON <R4 O B8 wherein

" 10 wherein .
R! and R? may be the same or different and each is a modifying group

" hydrolyzable in the body;
R® and R* may be the same or different and each is a lower alkyl; or
R®and R* form a cyclic amino together with the adjacent nitrogen atom,

16 or a pharmaceutically acceptable salt thereof.

2. The carbapenem compound of claim 1, wherein R* and R? may be the same
 or different and each is a modifying group hydrolyzable in the body, and R® and
R* may be the same or different and each is a lower alkyl, ora pharmaoeuﬁcaﬂly
20 acceptable salt thereof.

3. The carbapenem compound of claim 1, wherein R? is 5-methyl-1,3-
dioxolen-2-on-4-ylmethyl and R® and R* are each methyl, or a .
pharmaceutically acceptable salt thereof.
26 .
4. The carbapenem compound of claim 1, wherein R is pivaloyloxymethyl
and R?is S-methyl-i,3-dioxolen-2-on-4-ylmethyl, or a pharmaceutically
acceptable salt thereof.

30 5. The carbapenem compound of claim 1, wherein R* and R? are each
pivaloyloxymethyl, or a pharmaceutically acceptable salt thereof.

6. The carbapenem eompoﬁnd of claim 1, which is selected from the group
consisting of

36 plvaloyloxymethyl (1R,58,68)-2-{(38,58)-[5-N N-dmethylammocarbonyl-l-
(5-methyl-1,3- dioxolen-2- on-4—yl)met.hy11pyrrohdm—3-ylth.lo}-6 [(1R)-1-
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R—and RZ may be the sane or different and each is a nodifying group
hydrol yzable in the body; RS and R' may be the sane or different and each

is alower alkyl; or RS and R4 forma cyclic amno together w he
adj. acent ;ni trogen atom 16 or a-pharmaceuti cal W t her eof .
2: The' car bapenem conpound of claim1, wherein and R2 maybe the sone. or

~different and each is a nodifying group hydrolyzgble in the body, and R3
and- R4 maybe the same or different and each is a lower alkyl, or a
pharmaceutically 20 acceptable salt thereof. 3. The car bapenem conmpound of

;lr Z.I (ranagh mn:gtydﬁxyetﬁﬂplsmsﬂggahbdmh-ﬁmdgmgmggf yl rrztrgi;lﬁyggg RgGazd R4
el - RnifAbd | :

The car baperé}yn%]eﬂr%our%yo(? ai 921[(39% } | S ﬁioyl oxynet hyl and R2

i s 5-met hyPlWQIW@YQWBﬁnAs ﬂ - SeilR)' hg!:mﬁwé Utically acceptable.

sal t thereﬁ{eth Aarbapdih2-atrerdhepborylateonpound of claim 1, wherein R and R2

are _each eﬁl”@émﬁ%ﬂéh §SP6?)32 ﬁ?% Wﬂtw Qfhbth ﬁ%ﬁg&q.m,@qual t thereof.

6. Th b S
consi gt fﬁé (%fneegl&' HFQ;S? egxeBrhy) methylh:ymhd&;.sa.%%no}.é ?& ;_59 mthe group
(1R 5SS 65) ng &h5@)1 -fbeHyldurbégei hyhe:d-cusbaryhata piyddochloride,

(5- et hyl 3- Qs &hi%(éiﬁé r’% ﬂfﬁ_&gﬁ-@#ﬁrl@hﬁ&hﬁaﬁlﬂ&maﬂd@ (g( 1R)-1 ced
Slﬂfvgl giﬁggﬁﬂ. {dieolrn- 9}3 4 yp %)13 i Carm ﬂbﬁ%r}l nocar bonyl - 1-

pi val Oyimxhyﬂfd&ykthpumﬁbﬂ@ﬂmBapdﬂ-Men}-aﬁeqrwnytel hydr oxyet hyl ] - 1-

T A 8 e

|, 3- di oxol énﬁzmewykrlﬁ ?1591%@/14% W%}Pﬁ‘

-hydroxyet hry nena—ac—ea:baxxmmte hydrochl ori de, o

I val oyl b | -1-(5-
et hyl - 1, 3 oo %%10%&?@ rseetise %59145 i.“a%'“"ﬁ.gg@ IR 1 10
hydr oxy hwqth_xlhsérqn} %-Bzﬂa’é AL ﬁﬁ'&é, Toyl oxynet hyl

(IR 58S, 6S) M&:ﬁ&tﬁt})k{:ﬁtﬁﬂ&rb&pmﬂm»ﬂ embnxmuebonw
pivaloyloxymethyl (1R,58,638)-2-{(38,58S)- -[5-(1-piperidinylcarbonyl)-1-(5-

methyl-l,3-dioxolen-2-on-4-yl)methy1]pynolidin-3-ylthio}-6-[(1R)-1-
hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate, and

20 pivaloyloxymethyl (1R,5S,68)-2-{(38,58)-[5-(1-azetidinylcarbonyl)-1-(5-
methyl-1, 3-dioxolen-2-on-4 4-ylmethyljpyrrolidin-3-ylthio}-6-[(1R)-1-
hydroxyethyl]- 1-methylcarbapen—2 -ene-3-carboxylate,
ora pharma.ceutxcally acceptable salt thereof. '

25 7. An antibacterial agent cbmpi'ising the carbapenem compound of claim 1,
which is represented by the formula (I), or a pharmaceutically acceptable salt

thereof as an active ingredient.

| 8. The ahtibacterial agent of claim 7, which is for oral administration.
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—A—{5—rethy—13=tdtoxotremr—2=—on—4—ytmethyrtpyrrordrm=3—ytttmo)=6-{(1R) - 1-
hydr oxyet hyl ] - 1- met hyl car bapen- 2- ene- 3- car boxyl ate, pivalo t hyl
(1R, 5S, 6S)-2-((3S,5S)-[5-(1-pyrrodinyl car bonyl )‘T’(“T—TTS:QQQ%LIE
met hyl -1,.3-di oxol en-2-on-4-yl)nethyl]pyrrolidin-3-ylthio)-6-[(1R)-1-
hydroxyet'hyl ] - 1- met hyl car bapen- 2- ene- 3- car boxy| aﬁe, pi val oyl oxynet hyl
(1R, 58S, 69)-2-((3S, 59) -1 5-(1-pi peridinyl carbonyl)-1-(5-
met Ryl -1, 3- di oxol en-2-on-4-yl)methyl ] pyrrolidin-3 ylthio)-6-[(1R)-1-
hydr oxyet hyl ] - 1-net hyl car bapen- 2- ene- 3- car boxyl ate, and 20 .
pi val oyl oxyne ulbeptRe ugd of the fesh 1- azeti di nyl car bonyl ) - 1- ( 5-
met hyl -1, ?}di é%nq 2%?0%%3)7?)3?rm hyl ] pytrl{r?glnl‘ din-3 ylthio)-6-[(1R)-1-
hydr oxyet hyl] - 1- met hyl car bapen- 2- ene- 3- car boxyl ate, or a phar.maceutically
acceptabl e salt t@Hreof. 2 . An anti bacterial gfgent conprising the
car bapenem conpoufd of claijm11, which is men(sent ed by the formula (1),

or a pharnmac a ep\abl e sa ereof @' an active ingredient 8.
The ant i%act al age¢nt |of ' A\ Whi¢h is for or adm ni stration. i 25
9. A car.bapenem co i the for N%z OH CHs .-ICON-° 6 HSC S R

i

N R2 CO2R5 . wherefn 10 is anodify -group hydrolyzable in the
body; R8 and R4 may be the G@RR or different and each is a | ower alkyl: or
R8 and R4 forma cyclic am no together with the adjacent nitrogen atom -
and Rs is whepeimogen atom or a carboxyl-protecting group, 15 or a salt :
t hereof 19 1@# The car hgpeR&IllyiY @eUp thylfolydabBleTh he Bbdgh is sel ected fromthe
group congjsti of p-nitrobenzyl- .. . .
(1R 55,69 12 9{‘§3§ 55 BB bR e AL oF different and each i3 a Jower allel; or

an

form a cyclic amino fogether with the adjacent nitrogen atom;

and |
. R® is a hydrogen atom or a carboxyl-protecting group,
16 or a salt thereof.

10. The carbapenem comi)ound of claim 9, which is selected from the group
consisting of ' .
p-nitrobenzyl (1R,SS,6S)-2-{(38,SS)-[S-N,N-diniethylaminoéarbonyl—1-(5—
20 methyl-1,3-dioxolen-2-on-4-yljmethyl]pyrrolidin-3-ylthio}-6-[(1R)-1-
'hydroxyethyl]-1-methylcarbapen-2-ene-3-carboxylate and .
sodium (1R,5$,68)-2-{(3S,SS)-[S-N,N-dimeﬂlylaminom'bonyl-1-(5-methyl-
1,3-dioxolen-2-on-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl}-1-
methylcarbapen-2-ene-3-carboxylate,
26 or a salt thereof. '

26




20 nethyl- T, 3-dioxol en-2-on-4-yl)nmethyl|pyrrolidin-3-ylthio)-6-](1IR)-1-
hydr oxyet hyI] 1- met hyl car bapen- 2- ene- 3- car boxyl ate and . sodi um
(1R, 5S,69)-2-{(3S,5S)-[5-N, N-di net hyl am nocar bonyl - 1- ( 5- net hyl -
1, 3; di.oxpbl en-2-0n-4
yf)rret"hyl ]pyrrolidin-3-ylthio)-6-[(1R)-1- hydroxyet hyl ] - 1-
met hyl car bapen- 2- ene- 3-carboxyl ate, 25 or a salt thereof.. 26 ABSTRACT ‘A
carbapenemconpound of the fornmula (1) 6 OH CHs Rs CON < H3S*NI N 02
10 CO2R wherein each synbol is as defined in the specification, and a ;
pharmaceutically acceptabl e ABSITRACTer eof . The car bapenem corrpound (1) and
a pharmaceutically acceptable salt - thereof of the present invention show
superior absorption fromdigestive tract 16 by oral admni on, and
sufficient anthEedepenan caepprynd ¢of thefersuladlyi de variety of bacteri al
species. Thus, they are extrenely useful as agents for the prophylaxis and
treat ment of infectppus disegsgs, particularly bacterial infectious
di seases. Said agen{s for thd prophyl axis ang QX ment of infectious

-3 P %and treatnment of 20 the .
pur dti ve -di seases, gyespiratory
seg of biliary tract, urinary tract
animg?s inclusive of huran (e.qg.,
] sg and the like). 27 REPLA SHEETS SO

dog, cat, cow, horse, rat,
Descripm'on paged . 21. to payett ? ~~ fT35 ~ 9 dthn{a) :paged 4 to

paged | ©: wheRlR S he%?d*;ﬁ%gp*%%%&nﬁﬁ@&a%ﬁﬁ 0 camon
acceptable salt thereof.
The carbapenem compound (I) and a pharmaceuucally acceptable salt
thereof of the present invention show superior absorption from digestive tract
16 by oral administration, and sufficient antibacterial activity against a wide

variety of bacterial species. Thus, they are extremely useful as agents for the -
prophylaxis and treatment of infectious diseases, particularly bacterial

- infectious diseases. Said agents for the prophylaxis and treatment of

infectious diseases can be used as agents for the prophylaxis and treatment of

20 the diseases caused by bacteria (e.g., suppurative diseases, respiratory
infectious diseases, inflammatory diseases of biliary tract, urinary tract
infection and the like) in warm-blooded animals inclusive of human (e.g., dog,
cat, cow, horse, rat, mouse and the like').
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OUND THEREFOR- -

AN - MVEDFATE—COVP
vention relates to a novel penem
y accept abl e thereof; whi chqﬁrdo%

“ahd treatnent of bacteri al i nl @R ous
the present |bn\(ent| o_ re tef to 3, N
r fraceut i = CepEabte- s whi ch
havg sufficient anti nial petivit and _whi.ch perm.t oral absorpt I on;
' an omgﬁ&m}ggﬂﬁﬁm?f S@E@Jﬁ‘lﬁ‘g&smﬂ coppound -as an active
ingredintt .and an Intemmmwwm msamea&mamnu on of said
car bapenem corrpound and a:sal ngo@gﬁ -Many conpounds havi ng
a car bapenem skel et.on ‘have™ ~Tou agents: reating infectious

di seases, from which song- car bapeTeqtlumbﬁpm.mds haV| ng superi-or

antibacterial agiivit ) devel opnent
pr:13 YR AKEREE Bellils th 5@ Lrbberient SmBbuti 451 2

for practical car bapcnem conpoun of the
formul a (Aphmmﬂzm@mssﬁ MWW‘S(% N NH b
Q02H has Wﬂ%&tdmwmmclm papticdhdtpat i ons. '

;Ei?bag?elr)l f PR gt%?" ﬁglgiséfrezrﬂ’g?{“ ns?%ﬁﬁty ?o reg"‘H‘Fnaand potent

dehydropeptphaasemwﬁﬂaﬂriam%@e o
convention WQQ@%ﬁ&%W&bMaﬁﬂMWEHSUC of this

conpound ‘that it .can, oe adm njstered,. sol el th usi ng.a.stabilizer.
However , tmﬁﬁmﬁﬁf o) W'EB% V{% cggﬁt 1§=xmgd"a'ﬁ‘ﬂ‘the
di gesti ve thMm@WM@MMM%WW o -

injection al one An oral .agent iga@amdurdsitconveni ent to adninister as

conpared to tlons hi ghl tiliza n.clinical si ti ons.
Thus, there |s Wﬁs&ﬁn%ﬁ/é%’ g#gﬁm % kl"""’:'dtoarrf‘gound for -
oral adm n.mwmmmw@@;mmmchmemb@amwgg :
compounds having supmor anﬁba.ct:nal activity bave been put to practical.
use or under devdopmmt for practical apphmhon. For exzmplc,

czrbapcnamcompcundoftheformn]a(.&)

CEPLACEMENT SHEET

Ha @

hasbwnpmtopract@luse andusedmthechmalsmma:hons. Th:s ,
carbapenem compound has a'broad anﬁbactmal spectrum and poten:t
anﬁbactmal activity, and is free of mstabihty to renal dehydropeptidase, which
has been considered to be a drawback of conventional carbapenein compounds.

* Itis a superior characteristic of this compound that it can be administered

. solclyw:ﬂzoutusmgastabihza' - : -

However, these w.rbapenun eompounds show poor absorption from the

digestive tract, which h:mfs their élinical admmstraton route to chctmn

alone. Anoral agentis easya.nd convenient to admm:steras compared to
mjectxons, and h:gh'ly utilizable in clinical sitnations. Thus, there is a need for
the d dcvdopmcmt of a2 arbape.nem compound for oral adm:msu‘atlon, which



has potent antibacterial activity and broad antibacterial spectrum and "
whi ch : shows superior absorption fromthe digestive tract It is therefore
an oljf ect of the present invention to provide a carbapenem conpound which
has superior antibacterial activity and which shows superior absorption

fromthe digestive tract Another objecly of,hd ufUﬁ‘?e%‘?L7§é’ Iap 1i9@9t0

provide use of said . -car bapenem corrpou

present invegption is [ & cte3ith L8 or 40
production ngé; car enem Cco Eﬂ B @ﬁbsure ofpf%%"ﬁ Fhie t“’a?(’)cr%1 The
present mveﬁh@ﬁ%w ﬁ%ﬂ’@PE MWst‘Iﬁﬁtes in an attenpt to -
achi eve the abovewm&am%e&;bac&&he RdehOiitentidioto @vmw&z& &apenem
corrpound of the fol orrrula a'. phar.maceu acc tabl e salt
't her eof sho®P% B'é?c} W&Fﬁ%&ﬁ% %‘E %h V%
sufficientl yabgupbmﬁamthmbgmvalh'aatt ivity and are extrenely useful as

oral alitibact erig,thagesbs of B HRSEnt fbentiSs e brivixeatossshiave found a
novel internediate conpound usable for .the production of said conpound,

whi ch resul t SRFPRRERTRC i-on of the preseént invention. Accordingly, -
t he present |nvemyemruHcﬁubﬂetSoﬂﬂaepi-edghbmvaghon(ﬂﬁop%oﬁdblmﬁﬁﬂ&m&mound
(1) of the W}E S" . R4 08.SEP 1999

N.~ S 3 CNN ?ﬁ%\?ﬁ ereln émutnﬁﬁe same or di fferent "and
each is a nodifying group hydtisrpsars ef H88y: R3 and R4 may be the
sanme or differenth aﬂnﬁﬁmn&mmteﬁa%smm&M €dcl i c
am no toget her vmt t e ad .trog aphar: ceutlcal |y

acceptable sa ereo e ca apenem co oun 57e, wherein
Rl and"RzZ rrayorggoqufbof the fo owmgfozmula () and aphannaceuucally acceptable salt

. ‘thereof show supcnor absorptxon from the dxgest:we tract, have sufﬁamﬂy
o potent antibacterial activity and are at:remcly useful as oral aritibacterial
agents. Further, the present inventors have found a novel intérmediate
compound usable for the production of said compound, w]:uch resulted in the
' complet\on of the present mvcnt;on,

. Accordingly, the present invention prmd&s the fo]lowmg
(1) A mrbapcnem compound (I} of the formula {I)

REPLACEMFNT SeE _3

c/l\ : ' <,R4 ' 08 SEP 1999 :
: : N, . o T
RZ
wherein .
R* and R? maybe the sameord:.ﬁ'crmt and each:Samodeymg group
hydrolymble in the body;

. R*and R* maybcthesameord:ﬂ'ermtand&ach:saloweraﬂqi,or
R®and R* form a cyclic amino together with the adjacent nitrogen atom,
and a pharmaceutically acceptable salt thereof.

(2) The carbapenem compound of (1) above, wherein R* and’ R may be the

' samé or different and each is a modifying group hydrolyzablc in the body, and

R* and R* may be the same or different and each is a lower alkyl, and a

»  [THIS'SHEET HAS BEEN]
‘REPLACED




same_or different and each.lsa—ree-Hy-peg—gr-oup—hydrol yzable—nthe-bedy;-
and R3 and R4 may be the sane or different and each is a | ower al kyl, and

;ed TH S SHEET HAS BEEN REPLACED 3 Substitute sheet - 7 Septenber 1999
phar maceutical |y acceptable "salt ther eaf (3) The carbapenem corrpound of
(1) above, wherein RZ is 5-nethyl - 2- oxg | el ?_ R3 and
|l e are each nethyl, and a. pharnmaceuti €al$5=3 cH SE (4) The
car bapenem conpound of (1) above, wherein Rl is pival oyl oxymet hyl and R2
i's 5-methyl - 2- gxrda aep&blyl:aktthynepf.and a pharnmaceutically . '

accept abl e sal ersqfs :!Qﬁ ggwwﬁzqgsﬂm S\ - lvy:erel n
R--and Rx are é%tlﬁ p| VEF%W oxy Eﬁé/l an a phar naa%éjtlcal I?baccept abl e

salt thereof ( whi ch'i-s sel ected
hwga&emlﬂwwt hyI

fromthe group

1R, 5S, 69) - 2- 5 N '
ES nmet hyl. )2 oiz‘??hﬁ I'a o?%%?%gﬂ Eyrrofl I a | tDi o __{jmethyl
dydr oxyet hyl ] - 4adi? ipSenethPp2msiz] Sriigeleny4ryia av?zi‘ly gl;;ﬁfé H
(1R 5S,69)-2-] @eg&Mﬂmt hy}ami nocar bonyl -1 -

| oyl t | i di a2l leady
pi val oyl oayne Pyrro | mﬁgg} unh%l‘blﬁ\?%%oyl oxymeﬁ:yl

nmet hyi car bapen

(1R 5S, 6S) - 2- (@ﬁﬂmmmm raserRtpble sl therer{| - 2- oxc- 1;
3- di axol ea- 4. ylg) il 90)1) Gbbre] Riicks is selected ffom the group
hydr oxvet hyi]-T- th I'c rbapes- - em 3- car boxyl at e hydrochl ori de,

pi-val oyl oaynet ﬁﬂs‘fé S,.6S) - 2- ((3S, SS) = [ 5NN dl ‘et-hyl-ani nqcar bonl - | -

met hpl - 2- oxo- 1, wmmmw(;m@maws W@Wm-ﬂl'
hydr o~r pet hyl ] éﬁﬁ-&ﬁrp ?ﬁisu&ats—ymby&*laﬂdayrret hyl

(IR SS,69)-2-((39, S NKE j agt Iet 1=( 5- et hyl - 2- 6zi
r-1, 3-di oxol ea?yd Ff‘aL 5T 'e W
| ~gdr oaytthVl]- medoﬁmmtbﬂdé&szs,@'a sa év’-dgpqgwgmmmﬂ-

(IR SS, 6S) - 2-( ﬁaﬂlslyhma]-bqayd))l-ﬂyc(rﬁxyqﬂumw “oxo -1,3-di
osolen4y|)rre§ ;Ei: (%gll |n Je- 6-[(1R) - 1- -

- -carbox | at e,
vaaloyloxymeﬂly’l (1R,SS 68)-2-{(38 5S)- s-N,N-dnnethylammocmbonyl-l-

. (S-methyl-2-ox0-1,3-dicoxoleri-4-yljmethyllpyrrolidin-3-yithio}-6-[(1R)-1-
hydroxyethyi]- 1-methy1c2rbapen—2-cm-3-mrboxylate hydrochloride,
- pzvaloyioxymethyl (1R,5S,65)-2-{(3S,5S)-[5-N,N-diethylaminocarbonyl-1-(5-
' ~2-0%0-1,3-dioxolen-4-yljmetizyl]pyrrolidin-3-yithio}-6-{(1R)-1-
hydrozycthyl] l-mcthylm:bapcn-2-em-3-w‘boxylatc . :
- pivaloylaxymethyl (1R,5S,65)-2(3S, 5S)-[5-N, N-methylethylammoarbonyl—
? 1-(S-rnethyl-2-6x6-1, 3—dmxolcn—4-y1)meﬂ1yﬂpyrrohdm-3-y1thw}-6-[(lR)-1-
r | ' hydroxyethyl]-1-methyléarbapen-2-ea-3-carboxylate,
! S pivaloyloxymethyl (1R,5S ,65)-2-{3S, 58)- [&(l-pymdmylcarbonyl) -1-(5-
‘ methyl-2-oxo-1,3-diaxolen4-ylmethyllpyrrolidin-3-yithio}6-[1R)-1-
hydroxyethyl]- -methylwhapm—Z-en-}mrboxyiate
pivaloyloxymethyl (1R,5S,65)-2~{3S,55)-[5-(1-piperidinyicarbonyi)-1-(S-
" methyl-2-oxg-1, 3—dio$:olcn—4~y1)methy1]15ymlidin-3-y1thio}-6-[(lR)-._l-
hydroxyethyl]— -methylcarbapen-2-en-3-carboxylate, and -
pivaloyloxymethyl (1R,5S,65}-2-{3S, 58)-[5-(1-azetidinylcarbonyi)- 1-(5-
~ methyl-2-ox0-1 3-dioxolen-4-yl)methyljpyrrolidin-3-ylthio}-6-{(1R}-1-
. hydroxycthyl]— -methylcarbapen-2-en-3-carboxylate,
accutuzl]y acceptable salt thereof, .

hydr oxyet hyi ] -

- TS SHEET HAS BEEN.
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pi val oyl oxymet hyl (IR SS, 6S)-2-((3S,5S)-[S-(1-piperidinyicarbonyl)-1-(S-

met hyl - 2- oxg- 1, 3- &oaol en-4-y1) net hyl] py=Udi n-3 ylthio)-6-[(114-1-

hydrgxyet hyl ] - 1- medui car bapea- 2- es- 3- car boxyl at e, and pi val oyl oxynet hyi

(IR 5S,6S)-2-((3S,5S5)-[5-(1-azetidinyl carbonyl)-1-(5- -

net hyl - 2- oxo, . 1, 3-di 0=l cn- 4-ynnet hy| ] pyr rubstitute $hpet L7 SeplerhbédiR) 999

hydr exyet hyl ] - 1- net hyi car bapen- 2- en- 3- carboxyl ate, and a aceuticaly

accept abl e ¢alan mm&&mﬁ&b@&&&ﬁp%&amaﬁo@bst itute

Sggret)a;oenem co%%?ﬁa;&?gﬁw@ Qﬁ 1°S represe'g’?lgcf‘ %‘?ﬁtn ¢$| a (I)

or a pbar*’\ ?tsalt .thereof as an active ingredient (8)
The anti bact(&)rnalantﬁgethbab&gé&)ofmwwe%mﬂ for bofdl @ndhisttHon/\ Car bapenem

corrpound of S g 9&1 3 H3 R4 N MENTL S. REPLACE 2
0.8 SEé)%%‘%%FEI 'S gﬁ?aa% yyihig group hydrolyzable in the

body R3'and R4 may be the sane or dlfferent ‘and.each is a | ower al kyl; or
R3 and R forma c@#lic ar n'CHzoget her W|th the adjgcent. nitrogen atom
and Rs is. a hydro en atom.qr: a car boxyl = group, and a salt
thereof. : . (10 nem conp ) ove, which i's .-
sel ect ed' f roxdiahe gr Lstd of pkni trobenzyl [TaER; CEMENT ou7 1
5S, 6S)-2-{(3S,5S5).- [ S Bk ' c onyl -1 -(5-- \ - ‘
2- 0x0- 1, 3- &oxol ea-4-Ql ) et h

Ld.
hpt anz

)py;roll - 3 WPt hi o} - 6-| (ER4 Szp 999 l
COR’ | | |
R is a:tnod.tt'ymg group hydrolymble in the body'

R*and R*  may be the same or different and mchzsaloweraﬂcyl, or .
R*andR* forma cychq ammo.togethcr with the adjacent nitrogen atom; .
RS 1s a hydrm atom or a wrboxyi—protecb.ng group, B
and a salt thercof. .
(10) The tnrbapmm compound of 9) above wh:.ch is selcctcd from the group
consisting .of . . o
p-nitrobenzyl (1R,58S,685)-2-{3S,55)- [S-N,N-dmcthylammomxbonyl- -{5-
methyl-2-ox0-1, 3-d10xolm—4—yl)methy1]pyrrohdm—3—y1th10}-6 -[(1R)-1-
hydroxyethyi]-1 -mcthylwbaptm-2-en -3-carboxylate and -
soditm (1R,5S,65)-2-{(3S,5S)-{5-N,N-dimethylaminocarbonyl-1 -(S-mcthyl—
2-oxe-l, 3—d.10x01m-4-y1)methyﬂpyzrohdm-3~y1thm}-6v[(lR}-1 hydroxycthyi] -1-,
'methylm.rba.pm-2~en-3-wrboxyla1:e '
and a salt thereof ' _ _ i
Each term used in the present specification is explained in the following.
The modifying group hydrolyzable in the body at R* and R® is preferably
hydrolyzed in intestine or bloed, and is exemplified by opt.ona]ly substituted
aryl (e.g., phenyl, tolyl, xylyl, indanyl and the likc) 1-alkanoyloxyalkyl, 1-
alkoxycarbonyloxyalkyl, phthalidyl, S-methyl -2-oxo-1 3—dJoxolm-4-y1methyl
and the like. Particularly, 1- aﬂ:anoyloxyalkyi, l-alkoxymrbonyloxyalkyl and
S-methyl-2-oxo-1,3-dioxolen-4-yimethyl are preferable.
The optionally substituted aryl is preferably non-subsﬁtutcd or

| TTHIS SHEET HAS BEEN
meeme—em =4 | REPLAGED -




rlIIII 1 rm+ h\,Lnnr | PP e |

ceroapeT—z2"tt S=—c-art UU)\}JI ate d.IIU bUUI utm

(1R, 5S, 65) - 2-{(3S, 58) =[ 5- NN- di net hyl ani nocar bonyl -1 : - (5- et hyl -
2- 0xo0-1, 3-di osol en=4-yl ) et hyl ) pprrofidia-3- Ithi o} 6-[(1R) -1 h
dr ofyet hy| ]-1 methyl carbapen-2-em 3-carboxyl ate,. and a salt thereof.

Each termused in the present speC|f|§at ) i
The nodi-fying group hydrolyzable in t o
hydrolyzed in intestine or blood, and_ is exenp I|f|ed B& g ional ly

subst it ut edbstimped brlgo 3 ﬂb@ﬁ?%mt% whisk, mﬁﬂ’ﬁl ¢ FRARY % he 1ike),

1-al ltano |thc &nbadt&ewmmﬁmmﬁmmlglaytﬂ platbloal atopk sush pet. hyI

- 2-oxo- | ox I ﬂ?( hyI and the.like Partlcularly

1-al kanoylnb a ‘T(oxycar bonpl ox aI kyi and

5- et hyl - 2r ox'@hG_me@poa‘bﬂherfz@%m a5t frhe optionally

substi t ut egi.ay ?, !{yﬁ@@lel&h&dﬁﬁeﬁrdblya tot 7T Hinf iShialy beHAS BEEN-- -
I'tute

Ssub;tledgﬁl‘:‘ré’é r?ﬁ I ¢ h%ﬁ%‘é’%?% eren%‘ 2DEg?ra %‘H%u%"‘ gby 1t0_

substltueﬁgptﬂabhﬁawx,)motmﬁvgﬂmtlmr& carbon atons such as nethyl, ethyl
and the Ilike. E:Iggrﬂg m@gm&;mm&kgmﬁoxﬁm ety of 1-
Ei?'/l

allaaoyl oxyal B,@;v%g’ b %o%%%%y%%&%ia’?on{ o?n?hlet amg'

be. |inedpeth
noi ety i&amtﬁbfsmﬁhﬂz-metﬁﬁbum@mﬂaﬂabmlmeﬂa%ahpl es of

1= gl ![anoyl ; ngéml Qﬂﬂb@ﬂethwtzhyl ,

n- but yryi oxyne S0 ry a M iva .

val cryl OXWMCWW WP aé' %cy hyI n-
hexanoyl| owmqabwmmym Fﬁdﬁ@k@ﬁ@%ﬂ% thyl, 2-
net hyl heaaigg%gl? ﬁ,x?é Y-ty lhsébutﬁgmﬁﬂﬁﬁow
oxynet hyi cyc %tﬁgf %Jog Ii E],ni CVY,C ?hez [, 0xy et hyl , 1-
acet oxyet hyr &Y%?ﬁ% [ﬁ??%‘m ije '

1- |sobutyrbmng§&6iyﬁhyl, nmmmmmmethylapﬂmc foxyet hyl, -
1-isoval eryl O%)éghmﬂb %fa;c &ﬁasaﬂav&ewﬂefmhxylmwbﬂmm&rhwﬂnyl oxyet hyl

1l owycapaiig = g b b pertpr Py B B ) (o
and it naylrenthedemrgyclic. The number of the carbon atom of mme
preferably 1 to 3, moreprefcrablylor2 '
The 1 a.lkoxytnrbonyloxyaﬂ:yi is exemplified by l-mcthoxymrbonyl-
| oxyethyl, 1-ethoxycarbonylaxyethyl, 1-n-propoxymrbonyloxyethyi, 1-
isopropaxycarbonyloxyethyl, 1-n-butoxycarbonylozyethyl, 1-see-
 butaxycarbonyloxyethyl, 1-t-butoxycarbenyloxyethyl, 1-pentyloxy-
carbonyloxyethyl anid 1-cyclohexyloxycarbonyloxyethyl.- _
Thelowcra]kylatR’a.ndR‘xsalmearorbranchedalkylhmngl 10 6.
carbon atoms, which is exemplified by methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, t-butyl, pentyl, isopentyl, neopentyl, t—pentyl, hexyl,
isohexyl, neohexyl and the like. Particularly, methyl, ethyl, propyl and butyl
are preferable.
The cyclic amino formed by R® and R* together with the adjacent mtrogcn
" atom is a cyclic amino ha.vmg 4t0 6 ca:rbon_ atoms. Examples of the above-
mentioned cyclic amino include azetidinyl, pyrrolidinyl, piperidinyl and the
like. - . " ' . o -
The carboxyl-protecting group at R® include, for example, t-butyl, t-amyl,
benzyl, p-mtrobenzyl p-mcthoxybmzyl diphenylmethyl, p-mtrophenyl
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“branched - or cyclic. The nunber of the carbon atomof the alkyl noiety is
preferably 1 to 3, nore preferably. 1 or 2. The 1-al koxycarbonyl oxyal kyl is
exenplified by 1-nmethoxycarbonyl - oxyethyl, 1-ethoxycarbonyl aayethyl, 1
n- pr opoxycar bonyl oxxyet hyi, 1- isopropoxycarbonyl oxyet hyl,

L-n-but oxycarbonyl oxyethyl , 1-sec- bul@xgibeliaitylsReste! Moptomber 1999
1-t-but oxycar bonyloxyet hy| 1- pent yl oxy- Car bonyT OXyet Ny '

é}cﬁii’ngﬂgﬁw’%ﬁﬁa e ”‘%%%‘ bl tetintloh .sé’%’qn% 3 by
net hyl , et 32 ﬁmﬁb&qﬁm@wmhmmbum

pentyl, is Ta)ﬂd,thkmmmﬂzéex m@b&jﬂ@hﬁt&?ﬁ% and the
like. butyl _are prefera The

cyclic a%&ﬁé&@@ﬁﬁ%&ﬁ@%wﬂwd t he. adj acent nitrogen atom

s a cycljl o anﬂhemmcmﬁomﬁbméd wbapl cxfml N:pmpsd undm)rm.ayadhﬁﬁel 4
ment i one iépﬁ!rinﬁcé\‘ ﬁ.ﬁ%g@s% i ny pyrrolidinyi, piperidinyl an
the Iike. e_carb nyP ecting groupdgb Rs include, for exanple, .
t-butyl, t-amDasmRgss sBisermmendil) sed e areren compennchf) et hyl |

p- ni tropherbdve W&Eﬁ‘mﬂ aditf &dSHbh kaldS Thdvadd Slskd kY REPLACED
.6 Substlt e she ot Bl =t hox

beazyl axyrre v, EPF?%% gﬁ%é% JE}WH c%orné%%gs

triraet hyLstﬁPhﬂm@me@b&eM@ﬂfﬂmm mdmmquakmet hyl
and the 1 saidis sich ddWEBocBIoc andBétric acid

di phenyi.met hyi_.ar.e..partjcul ar Preferable g’t ar M.CO ound () and
car bapencm ﬁ‘ﬁ'&%ﬁ"ﬁ%’ﬂ?ﬁ% m ?@%‘fﬁ’c‘ﬂ%ﬁ%&&gﬁtﬁﬁ’s, .

| nasnuch a@ccth m@m \)healﬂ!d—‘- car bapeaem conpound (11) . have
a basic group, WhieYesBApbitint \cafipduad Ce.dwﬁ&?fPM

}‘8:]31 gg Suﬁ:r}dggl d &ddatlo sal% k S. S‘j‘t#”éf ; aﬁartl Iar | taarlngﬂdgs
i norganic MQMgmnmmmmwfsmgumm Rﬂlmnmrl c acid
and nitric éﬁ&dmemplmeﬂ&%@uaww_g ¥al@tintsalf, ichaBH dsfirm 881k d;
aai ei ¢ aci d, fbl ey, %Pg'a%ucbééierstmm( meﬂ;yiammem:tt,d;cydohmylammssan, _
pyridine salt and the Hke}, and the lke. :
'Iheprcferable examples ott'the wbapman compound (1) and
. mbapenmcompomd(ﬂ)amﬂ:efonawmg' .o '
plvaloyloxymeﬂ:yi (IR,SS, 53)-2-{(33,53)-[5'N,N-dmeﬂlﬁamm°myl-1-
(S-methyi-2~xa-1 3—d10xolm~4—yl)meﬂzy1]pyuohdm—3—yithm}—6-[(lR)—l-
hydmxyethyl] 1—methy1mrbapm—2-en—3—czrboxylatc,
 1-pivaloyloxyetiyt (1R,5S,65)-243S, SS)—[S-N,N—dmeﬂ:ylannnomrbonyl-l-
(S-methyl-z-oxo-l 3—dmxole:n—4—y1)methy1]pyrrohdm ylth:Lo}-G-[(lR) -1-
hydroxyethyl]-1-methylcarbapén-2-éw-3-carboxylate,
1-acetoxyethyl (1R,5S,65)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-
methyi-z-oxo-1,3-d1m1m+yi)methyi]pymhdm-3-ﬁﬁnxo}-6-l(lR)-1-
hydroxyethyi]-1 —methylcarbapcn-2-em-3-carboxy1216, .
1 zsopropoxymbonyloxyefhyl (1R,58,65)-2-3S,55)-[5-N,N-dimethylamino-
' carbonyl-1-{5-methyl-2-oz0-1 3—dmxolen-4~y1)methy1.]pynjohdm—3-ylthm}-6-_ :
[(1R)-1-hydroxyethyi]-1-methylcarbapen-2-eir-3-carboxylate,
1-ethoxycarbonyloxyethyl (1R,5S,65)-2-{3S,55)-[5-N,N-dimethylamino-
carbonyl-1-{S-methyl-2-ox0-1,3-dioxolen- 4-yljmethyllpyrrelidin-3-ylthio}-6-
[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-en-3-carboxylate,
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xbapenem conpound
(I'l') has a carbnryl group (.e when RS is a hydrogen atom, a salt can be
formed at said carboxyl group. F xanmples of the salt at carboxyi group
incltide al kali metal salts (eg., sodiumsalt, potassium salt. and the

h-1pe), .al kaline earth.nietal salts. (_Fg Sl @i § & stal.;g EEEB-?- '+§’g§al t-
and the hoe), organic base salts (e.g.

di cydohes Iam ag(_jN

pr e1¥er abl >e1 exarr%rgéﬂ%fybfg a%ﬁ’éﬁn[f%%%ﬁ'ﬂ% a? céﬁg!l%éﬁeat

e. carﬁa
conpound (|| podrecarbeadri hwﬂmj- ~oxo-1pBwlddxolen-47¥
(112, tSﬁ I68)26 111)51- y nﬁﬁt@?ﬁafm%érzwbmme
g;dggxygt hyi j (%_W@%d%w']dgﬁé Bﬁn%?%)%geéfpﬂgfk-, S%éﬁ %_BPI ’\/aﬁg@yel

(1R, 5S, 6S) - 2m®yss;mmmtkbﬁ-mm|-2—m—1 3—dmxolen—4-y ymethyllpyrro

(5- et hyl - 2- L0y et &l—ﬁ-eﬁ—ylﬁrmx@a [(1R)-1-
T e e

2r oxa- 1, 3- di aiemhﬁa—ébcopi Brttishn} oy metistfpperaligitie i lahiob O (LR -y droxy-

hydr oxyet hyf xy| ats, '
D o L S te s A BT o
car bony io
|[(1tF?1 1-hy d[) m@tﬁﬁ%ﬂrﬂ,mzbwnmmp&m g?aﬁw [(1Rt)-h1 ]l:xydroxy

et hoxycar !k@é“r@!@% S %_ i me am no-
car bonyIy %%0%& 8‘3‘ xol en é[%%ge hyl re&li yl a b| o) 6-
[ (1R) - hydr o@ﬁ%@ﬂﬁ%ﬁ%&ﬁb&p‘@é '%‘F%B‘%R“"%Eﬁg '
fHEEII 02235 |P n-&‘bsgm¥%g%gﬁ£w}¥ e 3 S) ptg;[(lNRllLl(; i met hyI
am nocar bonyi * ?“%%M 0X %Boxo?_%gbo{él%% Y%Lf@g &J(l di n- 3-
yYt hi 0} - 6- [ ( 1A} Rﬁ%@r%ﬂ?%@ﬁhﬁ‘f‘a’i% Y%t e,
(:5-nethyt- 21%%1&4&@%%%4%[(@‘5@7@@{7@%3‘) [5-N,N -

di me';]hlyl amn ;T 3-di OXﬁ | en-4-yZ- :
ISP omesintyiageel o AT
(1R 5S, 6S) - 2pivbEIBFRtTNy oIy hiRBANR b bYgesy B I=TRYT2- oxo- 1,
3- d| ox0 't en- &%&Eﬁ@@h%&ﬂlbﬂil“ 3- yIth| 0)- 6- [(1R) 1- hydr axy-
-p:valoyloxyethyl (1R,5S, 68)-2-[(38 5S)- (5—N,N~dmethylzmmrbonﬁ-1- '
Pwaloyiﬂxymethyl)mhdma-ﬁthm}-&[(lm -1-hydroxyethyi]- 1-mcthyl- -
carbapen-2-en-3-carboxylate, -
1-acetoxyethyl (1R,5S,65)-2-[(38,5S)-(5-N, N-dnneﬂ:ry]ammoarbonyi—l-
Pﬂaloyioxymcfhﬁmhdm-&yﬁhol-ﬁ[(lm-l hyﬂmx)’dhﬁ]- -mcthyl-
mrbapen-2-em—3-carbmlate: '
1- zsoprapoxymrbonyioxyefhyl (1R,58,6S})-2-[(3S8,55)-(5-N, N-d:mcthylzmmo— .
. carbonyl-1 —vaa.!oyloxymethyi)pyrrohd.m-3-yithm]-6-[(1R)—1-hydmxyethyi]—1-
methyl@rbaPm'fz-em-Ii—mrbonlate o
- 1-ethoxycarbonyloxyethyl (1R,SS,65)-2-[(3S SS) -(5-N,N-dimethylamino-
carbonyl-1-pivaloyloxymethyljpyrrolidin-3 -y1thm]-6-[(1R}-1-hydmxyethy1]-1-
methylcarbapen-2-en-3-carboxylate,
1-cyclohexyloxycarbonyloxyethyl (1R,5S,6S)-2-[(38,55)-(5-N,N-
dimethylaminocarbonyl-1 -vaaloyloxymethyl)pyrrohdm-s-yltbm]-é-[(1R)-1-
hydroxycthyl] l-methyimrbapcn—’-’—em-?:-carbo:ulate

R.rP! QI"‘PF’I' - QHFE[ |
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etnhyl - I-met hyi c. ubapen- 2- em 3- car boxyl ate, di phenyl nethyl (IR SS; ™
6S) - 2-{(3S, SS) - [ S- N, N- di et pi ami nocar bonyi -1-(S- nethyi - 2- oxo- 1,

3-di gxol en-4-j Inct hyi Jpyrrolidin-3-ylthio)-6-[(1R)-1-hydroxy- ethyl]-1
met hylcar bapea- 2- em 3-car boxyl ate, p net haxybenzyl

(1R 5S, 65)-2-43S, 55) - [ SN, N di net hyl angnogatytRGiaysivebt ¢ I September 1999
met hyl - 2- oxo- -1, ~3-di oxol en- 4- cthyl]py lidrn-3-y I O - b-

[nédrN ﬁxet h%/Ih] RN %Efoamadosﬁx& cRHDAHR 8E%S (21R§§§sﬁ§-1221~1.(|(3§ I58)

i me am nocar.bo plen-4-srlc
py=hdin ytt hP %&W%W% sﬁm%@ﬁﬂ% ﬁ’{@R}C%\T bogyl ic
acid, pival othdmzvethyﬂ- W&Qé&&%ﬁw di meelyL .
nt *+ocar bonyl - | 3@,?’

-3-9ithio]- >EIS pthé a(xﬁ’eth _i(hﬁ )ﬁ. car gthg- - ml-éa—c-%)glylate 1
Pi val oyl oxyet i/l(’@sa Eﬁ’@iw nyI -1-
pi val oyl nxynebh&&pcua-g-s-@hrb&n&ul t hi OJ - 6 [(I R) =1- hyd- eaayet hyl ] =1--met hyl-

(iR 2ees 5 | (aéﬁé%%?@%%as 2 ESHR Y- diethytaminocarboryl-1-
Pval ogl oxy~edpp} eéhﬂwméin3ﬂm1-6ﬂ(¥@dlﬁmwh]ﬂ]il -mrestigit -

car bapen- 2-e exid-ai-e-cdrbbsdpeppoxycar bonyi oxyet hyi
(1R5S,69)-2-[(3S

Carbony 1 - pi vl w%@ﬁm@?ﬂ%%&%%aa@%sa- sﬁm«heammowamw yi]-1-
met hyl car bapepival Jpprplidines-yithiol&i- [ bRly b-aw divam
(IR 35S, 69) - 2=k4rdap hyl am ao- carbonyt -

vl ol o TR gg%;%ﬁ s b e W@%M-
(1R, 58S, 6S) - 2- PY@S‘J@)E-"-M-&[(m)fkwmwdfmgmmbam‘z‘em"3‘ -
i val oyl oxprret BpbRytid &id,di n- 3-yl tbi o] -6- ((1R)-1-

ST Bl %ﬁ%&%@%%ﬁ%@ﬁ@%@ R e o =
(5- net hyl 2- ofometizdd-aneol, diako lehj4-nidmiethylipyRoBdincHyithiol-636 RIS)~ ( 5 N, N .
di met hyi am nopad:RePsthyll-1PinkaQYbDAB LY L PYSS Rlé Slzodnidddal 0) - 6-[ (1R) -1 -
hydroayet hyi ] - L:iRb Al ARARER <5, 688 38 HY RN I ingiaminocarbonyl-1-(5-
methYI-Z-oxo-l 3-dioxolen-4-yl)methyllpyrrolidin-3-yithio}-6-[(1R)-1-hydroxy-
ethyl] -1-methylcarbapen-2 —en-3-carbo:ulate; :
- vaaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)- [S-N,N-methylefhylamnoczrbonyl-
R O (5-mcthy1~2—oxo~1 3-d10xolen-4-yl)methyl]pymhdm— -ylth:.o}-é—[(lR) -1-
o _hydroxycthyl]—l-mcﬂaylmrbapm-Z—em-:i-carboxvlate, _
vaaloyloxymeﬂ:yl (1R,58,68)-2-{(3S,55)-[5-(1-pyrrolidinylcarbonyl)- 1-{5-
m°thyl°2-oxo-1 3-d10xolexr-4~yl)Ine‘thyf_IPYrrohdm-3°ﬂth1°}-5 [(1R)-1-
_'hydroxyethyl]- -mcﬂ:ylmrbapm-2-er3-carb0ﬂ late. -
pivaloyloxymethyl (lR 58,68)-2-{(3S,5S)-[5-(1 -piperidinylcarbonyl)- 1-(5-
methyl-2-oxo-1, 3-dioxolen-4-y ljmethylipyrrolidin-3-ylthio}-6-[(1R)-1-
hydraxyethyl}-1 -methylw.:bapm—2-em-3-mrbonlate. and
vaaloyloxymethyi (1R,5S 6S)~2-{(3S 5S)-[5-(1-azetidinylcarbonyl-1- (5-
' 'methyl-z-oxo-l 3-dioxolen-4-y] Jmethyllpyrrolidin-3-yithio}-6-[(1R)-1-
hydroxyethyi}-1 -mcthylwbapcn-Z—en—Ii-carboxylate and the like.
The catbapenem compound (I) and a pharmaceutically acceptablc salt
thereof, and carbapenem compound (1) and a pharmaceutically acceptable salt
thereof can be produced by-a;_ny of the following production methods 1 to 4.
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p-nitrohenzyt (1R-68-68)—2—+35-5S=(5—NTrdrmettytam nocar bony1 2

. pi val oyl oxym:dgl )pyrrolidm3-yltlno]-6-[(IR)-1-hydroxyethyl]-1 net hyI -
carbapen-2 -3-nrbo*v-late,' diphenyl nethyl
(IRSS, 6S)-2-[(3S, SS) - (5-N, N-di mat hyl ai armcarbonyl 1-
pi val oyl oxynet hyl ) py=rolidin 3 ylthio t hyl -
car bapen- 2- ez- 3- car boxyl ate,- .p-net hokyb%iéﬁ?amjshug 9”%’&’;{1%5& |19§§
(1R, 5S, 6S5)-2-[(3S,59)-(5-N, N-di net hyl ami nocar bonyl - 1- pi val oyl o
medgi ) py nolRrdduetibmyMethodil- 6-[ (1R)-1 hydroyet hyI ]-1-met hyl - -
car bapen- 2-em 3- ar boxyl at e. - '
(1R 5S,69)-2-[(3S -(5-N, & net hyl ami nocar bonyR3l - pi val oyl oxynet hyl ) -
pyrntidin-3-yit h| oj| - 6- - 1- hydr oayet hyIGON: t4hy| car bapeu- 2 -ex- 3-
car boxylic aci ' ) R
(1RSS, 65) - 2={ ('35, 59) - |
3-d i oxo | en-,4-~- 1§

@

dyn m'no-'arbonyl-l- (5- et hyl - 2-oxo-1 ,
pyn ohdi 10) -b-] ) - 1-

hydi - axyet hyi] - 3 net®yi car bapea- 2 -em 3-car %%xy | ate (ﬁ%)‘(}r ochl ori de, : :

pi val oyi oxymet hy| (IR 5S, 6S) @21.((38 SS}-j S-N, N-di et hyl an8i nocar bony| 1-(5-

33i et hyl - 2- oxo- 1, 3-di oxol en-4-y1) m

yl ] pYtrolidin-3- yIth| 0)-6-[(L4IR)-1- hydr oxp- ethyl]-1-n et hyI carbapen 2

-ez-3- boxylate. pival oyl ox }ﬁl (@GS, 6S) -2- ((3S,55)-[5-N,N

=aet hyl et hyi am nocar bonyi - - (5=net hyl *2-o0x0-1, 3-d ioxo |len-4-y

| ) met hyl ] py=rolidin-3-yithio}-6-[(IR)-1- : . :

hydr oxyct hYi] - 1- nef@ml car bap&iis2- em 3- car boxyl at e, g3 -pi val oyl oxymet hyi

(IR 5S,6S9)-2-{(3S,5 ) [5-(1-dyrrolidiuyl carbom 1 (5- methyl”

2- oxo-1, 3-dI oon e r =Hdi n- 0)-6-[ CRR) - 1- hydr ogyet hyI] 1
met hyl car bapen em3 ¢ar ho -S al oyl oxynet hyi ° _
(1R, 5S, 6S) - 2- {(3S, 5S) FF5—Ni-gFperi di ny nyl )-1- (5- (Pethyl 2- 0x0- 1,
3-di oxo len-4-y 1)rretQ1yl]pyrroI|d| n- 3-yi.t hi oF 6-[ (1R)-1-

hydr oxyet hyl j -1 - net hyl-car bap piem 3-carboxy |ate, and pi-val oyl oxymet hyl .

(IR 5S,69)-2={(3S, 58) [5-(1- azetl&nyl car bonyl - 1-(5- net hyl - 2- oxo- 1,

et ons b B R S s et o) ke 4 et B B B b
(F) and a mBmgeﬁutdm:@H gycﬁhﬁﬁplbthhﬁneahd 1od::he)r gsenesmfonyiorp dpgnem
S?ggﬁggg E)IyI gg;%ﬁ%@?&&i#gr Fﬁﬁh g pr oc{ucf I %n wggﬁlox&?gﬁzﬁ PE,%\?:ER/EI\I\/ SHEET
LOBSEPQQj - ~butanesulfonyloxy), enylo: o
S tolylsulfonyloxy), and the Hke. .
Compound @ can be obtamed by d:ssotvmg compound (a) (compound of
formula (1) wherein R® is hydrogen atom) in a solvent which does not interfere -
with the reaction (e.g., dmxane, acetonitrile, tetrahydrofuran, chlorofoxm,
methylene chloride, cﬂ:ylenc chloride, benzene, ethyl acetate, N,N-
dnncthylformamde NN -dxmeﬂ:zylacctam:de, dimethyl sulfoxide and mixtures
thereof), and mctmg the compound with about 1 - 5 times, preferably about
1 - 2 times, the molar amount of compound (IM) in the presence of a base.
The base to be used is subject to no particular limitation, but it is
preferably an morgamc base such as sodium hydrogencarbonate, potassium
carbonate and the like, an organic base such as methylamme and
diisopropylethylamine, and the like. :
The reaction temperature is not particularly hmted but the reaction is
‘preferably carried out at a relatively low temperature to suppress  side reaction, -
which is gcnerally -30 - 40°C, preferably -20 - 0°C While the reaction time




g SUbST1IUT € sheet - 7 Septenber 1999 Production Method 1 OH CHER3 CO ™ -
H3 SS~ RNR2 O(lla) CR2H. 1. RB~OH33 CON RAH3C' SN2 m
C2RL. wherein R=, Re, R3 and R4 are as defined above, and X is '"a | eaving
group such as a halogen. atom (e.g., cblorane, brom ne and iodine),

al anesul fonyl 0$y (e.g., metha*esul onylgp bsﬁt&t&%’%ﬂtfvis t

pr opanesul f onyl oxy and but anesul fonyl oX onyloxy (e-g

phenyl suffoqé! @gg %gl Xgﬁ erdfifle! :ggﬁgg ) can be
obt ai ned by sso |ni(% U% E C on&arrfgl IJf.dlgﬁorrru a %%g erein
Rs i s hydrogmd hewsfasse: with the -
reatr:]t:on (eh wh@aaaamﬁgebﬁﬁ &d@la)bﬁibﬁhitﬁbdifddﬁ&ﬂto&féa@&@émm

met hyl ene ¢ e. e e acetat e N .

di met hy1f aréeﬁ’vagﬁ Y]lh?f gﬁl’&ﬁ W#ﬁgm Xt ur es

t her eof ), aradxdr'@aéﬂﬁehgﬂﬁﬂm @eﬁboaﬁalmlt(@ab@émumwﬁ tietarlamimesadt,abl y
about 1 - ZtjdiShexylahfndBi fnd 80U Enk Bactkd withGopiRRaACe Of a
base. The basgjto be used |s subj ect ?o no partlcul ar- limtation, but it is
preferably afi nor gani ¢ base such as sodi um hydrogencar bonate, pots siu
carbonat.e arRiotisetidnfMethod 2n or gani ¢ base such as triethyl am ne and

di i sopropylethylamne, and the lie. The reaction terrperat ure i s not
particularly limte ,H but. t h teaction is preferaﬁby carried out at a

relatively |ow tenpgrature t suppress si de on, - which is generally
-30 -.401C, prxﬂ ' ' e rea_ct._l_. A tinme BE P LACE 0S SEP

! @

mr.mr SHEET
rs—-

whcn:nR‘ R’ R, R‘ananreasdeﬁnedabove.

Compound {T} can be obtained by dissolving compound (IV) ma solvent
which does not interfere with the reaction {e.g., dioxane, acetonitrile,
tetrahydrofuran, chloroform, methylene chloride, ethylene chloride, benze:ne,
ethyl acetate, NN -d:methy]formam;dc, N,N —dJmcthylacctadee, dimethyl

' sulfoxide and mixtures thereof), and reacting the compound with about 1 -5
times, preferably about 1 -2 times, the molar amount of compound (V).
Compound ({IV) can be obtained by reacting the carboxylic acid disclosed in
Japanese Patent Unexamined Publication No. 2330761985 and the like, and
compound (1), in the same manner as in Production Method 1.

* This reaction can be also-carried out in the presence of a base. The base



mai nly on-reaction
tenperature, the |dnd of reaction reagents and the like, it is generally
from30 mnutes to a dozen hours or so. Where necessary, conpound Pa) can
be introduced into a reactive’ derivative t hereof such as alkali netal salt
(e.g., sodiumsalt, potassium salt ,g t e hke al kalj ne earth bal salt
(e.g.; ,calciumsalt), tiiethylamne s 1t

pyridine salt, and the |ike, and react ed with corrpound Producti on Met hod 2
OH CH3 R3  H3tode waqkis subject tonepayticylay Emitrgion, Rut i3 prefepbiypn iporganis 8 SEP

1999 . OH. Gwsﬂm\hsswuﬁmﬁoghc&bﬁawPG&&&m\mmte%dﬁ%m@ P and

z(ia{/;a aﬁ gefsgln d. -ab V?cllllasﬁbes &_F)GP mﬁ_ae iolgt al Eqdu % ssol \(/‘t @‘corrpound

di oxane, acet oni t'%lelreamqﬂemmﬁlm mmtpmwmmemmrl de,

et hyl ene chi Oﬁf&&abl P RAZ e out A 1KlatRe9 i Sxhpdatuste sH&é'l-eQ N

- di et hyl acet €, g%l?ﬁrgézhyi‘g %om de ng tfi}ereof oéleactl ng
t he conpound le(i/% %Em"c he nol ar
amount of conmmd@hdﬁgmmwrmmmmthﬁ@bpfrmﬁbnﬂ@g&be

carboxylic acith feile0fad ghfleral P RARE %ﬁ&&é@%yﬁh&é{‘h&&%f%' | cation No.
233076/ 198?/'9?%33 t he |ke and conpound (II1), i-n the same manner as in

Pr oducti on

OH
Hs
ge
o Y
| 08 SEP 1999

. R3

con

Mg R

' N;_. @, -

wherein R, R?, R* and R® are as defined above and RS is alkanesulfonyl, such

. as methanesulfonyl, ethanesulfonyl, propanesulfonyl, butanesulfonyl and the
like, arylsulfonyl, such as phenylsulfonyl, tolylsulforyl and the ke,
dialkyiphosphoryl, such as dimethylphosphoryl, dieﬂlylphospho:yl ;
d.nsopropyiphosphoxyl, di'butyiphosphor_yi and the like, or dlazylphosphoryi
such as diphenylphosphoryl, ditolylphosphoryl and the like.

Compound (M) can be obtained by dissolving compound (VI) dlsclosed in

Japanese Patent Unexamined Publication: No. 12676,/1996 and the like ina



Thi S reactron can be also-carried out in the presence of a base. The base
11 Substitute sheet - 7 Septenber 1999 to be used is subject to no
partiscular limtation, but it is preferably an inorganic base, such as
sodi um hydr ogeacar bonat e, potassi um carbonate and the like, or an organic

base, such . as triet hyI am ne, dasopr opy{ 2t Suybstitirtecshvat - l7hssﬂfeh1ber'ﬁl999
r eactsi on terrperature is not particularly Ti mted but the reaction IS

pr ef er abl y caLp 8 %8 si de
reaction, ~ whit c q"&Lﬁ&e}‘}'lgr 5%%&&'@%@ era fé]J es%%&ro@iﬁéﬁlé t he
reaction ti rreteﬂvévd@%mp ﬁ@ ?:cﬁﬁhﬂéﬂﬁ) ebenzaae,l and of
reacti on reag&s acewd N Ne-ditnkethy] adinyethylasetatride, rmﬁe& o' a
dozen hours o Pr. du t|on Met d

REPL ACENEENT ﬂ‘ﬁ% “E'é\’ﬁ%’%gth %g%“ﬁ%ghag‘%\} 5% N. ,

(14. C @R5 mss,enmfemblynboum —hHmRs, thegnolar aofoumé of ZisowaPta comReuDS

al kanesul f ony %‘&i’b daesdel fonyl, ethanesul fonyl : propanesul fonyl,

but anesul f ony nd the ke, [ su,l fonyl ch’ a hen f onyl

t ol yl sul fonyl anc?btef}b‘sf’ltﬂb “saﬁé#/ ?% %ﬁ'i?ﬁf' phosphor yl,
di et hyi phosphﬁﬂmablychnmomaﬁqbpﬁu)spbhnylspdnhmbhy&nghmwbm patdssitim | i ke,
or diaryiphos sphoryl and the
i ke. Conpoun%}?% an%be (#élglhﬂg i%lb\%%age&n%%h ¢ ) disclosed in
Japanese Pat efiisog No 12676/ 1996 and the like in a |
12 Substitute shemem&&ef&qﬁ%n&%ﬁotﬁ&uwmmmnmdﬂﬁ&hae&dﬁah%fere

Wné?h;rgneegﬁwaaéséﬁ% ene c%@%ogenzgne - e?%t e, %%'Ofor

N, N- di net hyl f |\§0 .o the reaction time
' varies dcpmdmgmamlyonmchon tctnpaam:'e ﬂ:e kmd of reaction r&gmts

_andthe]ike 1t1sgencza]1yﬁ'om30mmutcstoadozmhoursorso
| The starting compound (VII) for the synthesis of campaund (@) can be
obtained in the following manner.
Production Method of comppund (v

. . L . R
' . N R4 . o | 3 . .CON.<R4
RS, S ——> RIs — _

Ngs removalof R®
B | . | REPLACEMENT SHEET
| o R | 08 ser e
: S \ C-ON<R4' ' '
— g —C( |
. RXW - N :
R3
coN<
removalfR7 0 TN )

\Rz v



d with about 1 -5~ -

times, preferably abbﬁt 1- 3. 'Ei nmes, the nolar anmount of nercapto conpound
(VIl) in the presence of a base. The base to be used is subject to no
parti*cular limtation, but it is preferably an inorganic base, such as

sodi um hydr ogencar bonat e, potassium cl at.e .an Lp_e.ll ' SamBbr 79 rgani c
base,, such as triethylamne, dii sopro ' e

reactlonterrperatu i,s not part |cularlc{ limted, but the reaction is -
preferably cEeeneyROMR B 2pd $evEeRpSrnttislootecting graws si de
reaction, mﬁ@k'meﬂm@bfqmctﬁ@godﬂ)lc preferably 20 - 0C. Wiile the

reaction tine & g@'! PI ture.  the kind of
reacti on reagents ﬁ.:énm@fﬂlg |s§generaH F&’gm’%@g nutes to a
dozen hours mo@@ngmeémp@nédﬁ@ m?@%ﬁ&t@yﬁm@
conpound. (| PyblcafioR No. 2BEAT6/1985 And ke fild, bgvd t%waANEt hod

of conpound (VI 07 R?S ~Ra_.0Nns CENMENT
SHEET R3 C&&?&”%M%W Rﬁ%ﬁ“‘%“ﬁ“ %@ BB & 5O of R7
HVE N ~R2 (wsmmdumwqu&mmmm@@dMMrmeénngae R2,
R and X ar euad el sahQVSy a Bkt Endwil pbr S Oh8ehd BobAHRAAG R8 1S an
am no- prot eC}I)I Q&hgrg%gups, the protectmggroups gena'allyhmwnmthe pertinent field

can be used. - :

Production Method 4

OH.

B J\ ' C-ON<R“-'
e (vIm
NH '
o .
X W . { REPLACEMENT  SHEET
08 SEP 199

Wherein R?, R?, R‘R’ananreasdeﬁned above.

.Compound (II) can be obtained by reacting compound (VIII) d:sclosed in
Japanese Paterit Unexamined Pubhmtxon No. 233076/1985 and the like, and
compound (V) in the same mannef as in Production Method 2.

Where necessary, the carbapenem compound (I} thus obtained can be
converted to a carbaxylic acid derivative wherein R® is hydrogen atom by
removing @rbo:iyl-pmtecﬁng group, according to a conventional method.



Conmpound (VI1) can be obtained by renoving R3, which is.an amno-"""""
protecting group of conpound (DC) disclosed in Japanese Patent Unexam ned
Publ ication No. 233076/1985 and the |ike, by a nethod known per se to give
conmpound (X), reacting conpound (X) and conpound (V) in the sane manner as

i n Production Method 2' to give corrpouq\q %ﬁ%ﬂw s a

thiol =protecting group by a nethod known per se I of - am no-

protecting gr the in ups netal | knawn .in the perrtinent:

field can bewtl@gah %‘g%%'t ] Oﬁ&R)EFR ﬁaz‘g&@%éﬁ W?%‘%‘ BF N/ S

NHS R? - X (' M@:@Em ammmmww4 H3.CN N O

Z CX2R5 - R. Wiy CddibEgend?s colp otfdd 7)) c,g %n gonpound
sed I'n apa

(I'l) can be obtain d reactin oun di sc nese
Pat ent Unexan?‘ﬂfedﬁugﬁf)' z‘é‘ﬁ'ﬁ’aa‘?@f&?&g‘b @“’i"g ‘ﬁ’gsfl fR&S and conpound
(V) in the smmm@m&mmwmwmssary. t he .

car bapenem c EEB-GHfﬂoérIa% Qs &3RAL0oxy1 i c
aci d derivative wherei hﬁs ﬁ%r ogen atom a?jg ren%él ng aélm}[’

car boxyl - pr ot CRECREEFHIP:, accor ding to a conventlonal met hod 14 Substitute
sheet - 7 Septenhere 6&%& edih | OmigtRmide ﬁhaﬂdf&ﬁéﬂ&eﬁﬁaﬁm pbuld () RPhect i ng
e

Thi's 1ol canthered g P%%é%%%%@ﬁ R @ﬁﬁ%&%" A BSpound

(I'l') can be %rlfled .as necessary according to a conventlonal met hod, such .
as recrystallir ghiewbjediiveRaiionnd (f)ana &é‘é%ﬁnﬂhﬂ?%@%é%!m&ﬁhklﬂ“
. prefcrably have a conﬁgm-anon of cozm:pound {1a) and compound (IIb) below.

. . N ’ R
e o aCoN
(e) : \R2 - S
, | REPLAC.
. whamnR‘ R’ R’andR‘areasdeﬁnedabove. i 0 _ .
' . _ 08 SEP 999
. : ) R:
| con< 4L—-
" - (ﬁb)
Re) M~g2

wherein R?, R®, R* and R° are as defined above.
The carbapenem compound (I) and a pharmaceutically acceptable salt
thereof are promptly absorbed in blood by oral admiinistration, and |
metabolized into a carbapenen compound of the formula (I) wherein R?and R®
are hydrogen atom, or a pharmaceuhmﬂy acocpinblc salt thereof, and show
high concentration in blood. : '
In addition, carbapenem compound () upon conversion into a
pPharmaceutically acceptable salt thereof shows enhanced solubility in the
digestive tract, which in turn further improves absorption effect, and thué,



led as salts-
t hereof, where necessary The carbapenen1conpound (1) and carbapenem
conmpound (I1) can be converted to a pharmaceutically acceptable salt
t hereof by a nethod known per se.. . The objective conpound (1) and

conmpound (I1) of the present i nvent I on %Lef erabié/ !hayg -6 ﬁ&g g@rg ation
of conpound (la) and conpound (Itb) bepo (la.) O
Fe ©o2R wherein Rl, Re, R3 and R4 are ‘as.. defined .above 08 SFP 1999 OR
CH3 3 R | zb&ﬁ@nm N N(Jab) CO11%R2 CX2R5 wherein R2, R3, R4

and R5 are as dgf rﬁé&lmd:n{bt)mfdwoas

phar maceuti cal ly accepta_.bl e aIt thereof I ed in blood by’
oral . a in; st¥3@Seh Wﬁ%ﬁﬁ Wﬁ@gfﬂé’peneal conpgund of the

formul a (I ) Wﬁbbs&&tﬁa@oﬁhms@qﬂr@g@mbyemladﬂmﬁmﬁpmut ically
acceptabl e 3a %:&wtxﬁﬁr %@&MWM@& r&fatiod. N

addi tion, car enem cor?pound (I) upon conve nto a har maceutical |y
accept abl e sal't t foK HpRTOR ‘:P# {/lmk#f’ dﬁ%’?ﬁ?s tract,
which int urﬁaﬁw@mmebmtmpmmummw &Substitute
S heEt - S%Bctgggﬁm 329 sg.b%}'ﬂgg oPﬁ%@é Hmplmt imnclude starch, lactose,
sugar, calcium czrbonatc calcium phosphate and the like.
. Moreover, this agent for the prophylaxis and treatment of infectious
-diseases preferably contains an organic acid, whcreby wrbapmem compound
{I) and- a pharmaceutically aweptable $alt thereof are ‘caused to have higher
solubihty in the digesl:ve tra.ct, thus fadhiatmg ahsorptxon thereaof into blood.
The:- orgamc acid may be any as long asit is phazmaccutmlly acoepfable, |
and is preferably exemplified by organic m‘boxyhc acids such as maleic acid,
fumaric acid, tartaric acid, citric acid, succinic aud malic acid, oxalic acid,
| ‘mandelic acnd malomc ac:d benzoic acid and the Kke. The organic acid is
genera]ly addedin an amount of 0. 01 20 moles, preferably 0.02~2 moles, per
mole of a.rbapcnem compound (I) ora pharmaceuﬁm]ly accepmble salt
thereof.
Further, this age.nt for the prophylax:s and u'mtnmt of mfecttous
m may ¢ontain other add:.trvcs on danand, such as bmders (e.g., stzrch, '
gum arabic, carboxymethylcellulose, hydroxypropylce]lulose, crystalline
ccllulose and the like), lubricants (e.g.; magnesium stearate, talc and the like),
d.lsmteg:rators (c.g mrboxymethylceﬂulose calcium, talc and the like), and the
like. After addmg various mgredn:ms the obtained mixture is formula.ted mto
a dosage form suitable for oml administration, such as @psulw tablets, fine
granules, granul&s, dry syrups and the like, by a method known per se to give
an agent for oral adm:mstrahon., wh1ch is for the prophylaxis and u'&tment of
infectious d:m ’ _
While the dose of carbapenem éompound @) and a pharmaeeuﬁcally
acceptable salt thereof varies depending on the administration target, symptom,
and others, when, for example, the compound is adm:mstcred to treat
suppuratwe diseases of an adult, the daily dose is about 1 — 40 mg/kg body
weight, which is orally administered 1 to 4 times a day.
Said carbapenem compound (I) and a pharmaceutically acceptable salt

S




Therefore, an agent for the prophylaxis and treatnment of infectious
di seases conpri sing carbapenem conpound' (1) or a pharmaceutically
accept abl e salt thereof shows "superior action by oral administration as
menti oned above, and can be generally as an oral preparation. This agent

for the prophyla is and treatnment of ifpgegubstititdshsatScr se feriser Togluced
by did uti ng t he corrpound wth phar maceut i m—emmvﬁ'r—r@t'ﬁ_d'l owa
per se. I nc t act os su

cal ci um carb I'L? i J“'Eingm %E:‘ %mé Lfﬁ%lﬁ‘%ﬁé?%r Stht’gg‘écgent f or

t he prophyl amqfh aﬁdﬂ@mm{qum@m WQ,MDMt ai ns

Scceptabl ¢ aﬁ‘?‘%"“i‘ f ?‘?“*fréi:t ; T AT S
acceptabl e sa reo useq to haye e ubi | i y in e
di-gestive trEgget GP%’qugﬁ&Pﬁé’F%gf“ B The
.organic.acid m@mmdwmmmpﬁmm@mmm&e and
is- prefera &{rg%f &%PMXW*ﬁé%ggrggg gfic .
acid, . fubn%%éf%&am etx?artarl c acid, citric acid C Inic.acld, rake

acid, oxali cn%]%‘&‘ ‘mandel i.c. acid, mal oni ¢ acid, benzoic acid and the |ike.
The organi c Exarfpled general I y added in an amount of 0.01 .-20 rml es,

preferably O. '
phar maceut cal%'y acc?ﬂ%gﬁ%esgéa)tj%% L{,;;Qﬁ,bgﬁm% E&%E?c%ygmev& §56r the
pr ophyl axi s BeEFiRegoipdtiioss lepidimeyipyae -[(é-&rt ain ot her
addi tives onhﬁ&agyuﬁm mcﬁeﬁﬁchtﬁmﬁsz.gﬁ.ggcﬂboﬁlaech gum ar abi c,

carboxynethylce 0a eylcel ul cryst: IIquse and
the like);. | ub'r{l cant s ]?%m&gnﬁﬁ esl um %‘Pgarfgtﬂemig ?él‘; Mg"’ﬁ Pke),

di si nt egr - at stdl(nelgr‘i-vBmcﬂmmdwﬂaéﬂ dsplysship acstanitaiiel 1tlhe like),
and the I|i km) Ah 8 Qrsol o & |6$P123d1phb®1§m@hﬁﬁ516fﬂﬁi)ure S
formul ated i I-t able-f ra stration, such as
capsul es, g'{hgpr&y?&%gg‘legra F:H grgrﬁﬂg?"&iﬁ te&rr%é “BRd the like, by. a -
met hod knomdlmr@ mdintacetonitzile15mBwastdropwise addedh i s for
the prophyl Wgﬁemph&awf-esbmushdma&em%azttftacdose of .

b f :
varies depending e %Mt : aS“*m n%"?%at.oﬁ&'?ﬁ?w“get %ﬁ%%ﬁ%ﬂei%mn

f or eat anpl BEAAFVe di seases
of - an adul t mmwmawwmwmmmu ch is
orally rni n'ﬁxte%ﬁ‘i 4‘&&&@%&%&%‘&&%@%@&9&%&&@% and a

phar maceut i cal | ¥ accie tab £ salotLm

‘H—NMR(DMSO-—-d‘ ) 8ppm: 1., 06(d, U=7. 5Hz. 3H), 1. 16(d J=6. 5Hz,
3H),-1. 80~1. 80(m, 1H), 2. 02(s, 3H), 2. 50~4. 30(m, 9H), 2. 82(s,
3H), 3. 01(s, 3H), 3. 57(s, 2H); 5. 01(d, J=5. OHz, 1H), 5. 25; 5. 50(ABq,
J=18..6Hz, 2H), 7. 67,8. 22(ABq J=8. 5Hz, 4H).
‘Example 2 o
Sodium (1R,58,65)-2-3S, SS)-[S-N,N-dJmethyiammowbonyl-l (S-methyl-
2-ox0-1, 3-dmxolen-4-y1)meﬂ1y1]pyn‘ohdm—3-y1th10}-6—[(1R) 1-hydroxyethyl]-1-
methylmrbapen-2-en-3-carbo:ulate
p-Nitrobenzyl (IR,SS,6S)-2-{3S,5S)-[5-N, N-dmethylammmbonyl- -5
methyl-2-oxo-1, 3-d1oxolen-4~yl)methyllpy:rohdln-3-y1tb10}-6 [(1R)-1-
hydroxyethyl]-1-methylcarbapen-en-3-carboxylate (730 mg) was dissolved
in a mixed solution of tetrahydrofuran (22 ml) and 0.1 M phosphate buffer (pH . .
© 7.0, 33 ml), and 10% palladium carbon (550 mg) was added. The mixture was
bydrogenated at room tcmpcra.turé for 2.5 hours. The reaction mixture was
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thereof nay be mn sacred in conbination with other antibacteri al
substance, such as antibacterial drugs (e.g., penicdlins, am noglycosides,
cephalosporins and the lice) or a therapeutic agent for. systentc synptons

caused by bacterial infection (e.qg., ﬂn | pyre ich. qua; g f.e?n or 1999

antiinflammtory- drug and the hlce). nmet hods
of the compounds of the present invention are explained b

Exanpl es, to fSitiredtiiroaghCetitand theofitiadm obtainedFrasy WashedFi leﬁqm'

p- Nihi lrobeuzylaf{‘%&ééén&?led%ﬂc{é&é@ed[ Frediirditd bt SEID CRidetgined- ( 5-

met hyl - 2- oxo- I-0xol en-4 net

hydr oxyet hyi ]*’luti‘@tm #%%%%5%38?3?’29&% 2 &&M@dﬂy

(2S, 49) - 2- N, Wwarmwm@mdqwan%ﬂaﬁ

- 1, 3- df oxof e?};éd%)vgg 804 7ofrm3ﬂﬂa%oﬁps&a&ved in acetonitrile
(11 m), an sol ut -n| _

(1R 5S, 69) - 2-1R(Nuiohyarp §§ﬁ§r8855[ ??ﬁ? 9y dr oxyet hgll} 1
met hyl car bapeni2-\gargpmsdedy ) dipprd:T. DY, ard. Hzs 8P opyT Slchyd=abd Bidz. (1. 05

m) in aceton H{nl.‘e 4oLy (WasHSr 2pys e @.@d@dsou.rw%o@,tg@g@ @i@osphere at
-40 - -30C e Xture was stirred at , s%g@{ ﬁlﬂperature for one hour,
ﬂ‘?e

and. et hyl ao@lﬂht% Q"Z‘GOSH'I))%\E Qls, &y 4 m xture was washed
wi th satur at egkdmpies (100 nl) and dried over - anhydrous sodium sul f at e-

U 1164 by i PR e e e i L.
conmpound. 1H¥ @xo)) 3-giomplen-f-yl )“96“?5?"3”]3&“ %”@1}5\8{85? 1I6( d. J=6.
5H6- 3H). ' xyemj-l -thbbhylcarb#}itns? —eatd-carBoxy Fabe 4. 30(rn 9H) 2. 82(s,
f?l_t g 01 ( S, @dd:?amé?i,(s"g 65%{(%@,5%} jé-gz,m&uﬁeth -2 Sogl u%0( ABg,
(1R 5S, 68) 2- wmemfmsﬂ;mmmwm%@eﬁf%ﬂ%aﬁg) 7l - 2-o0x0-1,
et hyl carb. ;‘p%"“’w""h,ﬁ“;: !@g‘g e Errioon o sl -
2 An-3- o0 4
(fRSS, 65) - 2{ gﬁ?g t%ytﬁﬂ\noaﬁegoazé - (B was stirred at
‘the same tcmpa'am:re for one hour. Ethyl acetate (100 ml) was added and the
mcuonmxturewaswashedmths%bnne (100 ml) and dried over anhydrous
sodium sulfate. - Ethyl acetate was cvaporatcdtmda'reduced pressure and -
the mdue was purified by silica gel column chromatogra:phy to grve 370 mg of
‘the title compound. : -
IR(Nujol, em™):3400, 1820, 1755 1640
’H-—NMR(DMSO—d‘ ) Gppm 1. 00~1. 30(m, 15H), 1. 30~1 80(m 1H),
" 2, 0a(s, 3H) 2. so~4 30(m, 9H), 2. 82(s, 3H), 3. 01(s, 3t), 3: 55(s,
2H), 5. 00(d, J=5. OHZ. 1H) 54 70, 5. B7(ABq J=56. SHz, ZH)
Example 4
Pivaloyloxymethyl (1R,5S, 68)-2-{(33 SS) [5-N, N-d:methyla:mnoca:bonyl—l-
(S-methyl-2-ox0-1, 3—d10xolen—4-yl)methyl}pyrrohdm—3—y1th10}-6-[(lR)-1-
hydroxyethyl}-1-methylcarbapen-2 -em-3-carboxylate
(1) Sodium (1R,5S,65)-2-[(3S,58)-5-N, N-d:methydammomrbonylpyrrohdm—-‘%—
yithio}-6-[(1R)- 1-hydroxyethy]] 1-methylwrbape:n-2 -en-3~carboxylate (580
mg) was suspcnded in N,N-dmethyli‘ormamldc {2.9 ml) and the mixture was
cooled to -5°C. - Pivaloylaxymethyl iodide (520 mg) was added, and the mixture
was stirred at the same tc:hpgattm for one hour. Ethyl acetate (150 ml) was
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met hyl - 2- oxo-1, 3-di oxol et -4-yl)nmethyl]pyrrolidin 3 ylthio)-6-[(1R)-1-

hydr oxyet hyl ] - 1- net hyl car bapen- e8- 3- car boxyl afie (730 ng) was dissolved in
a m xed solution of tetrahydrofuran (22 m) and 0.1 M phosphate buffer (pH
7.0,33. m), and 10% pal | adi um carbon (550 ng) was added. The m xture was"

hydrogenated at roomtenperature for 2 $ebstitute IShbet € FCBeptemibiex 1989 was
RfPLACEMEK' T .' ET . 1r011 SSEP1994 17 Substitute sheet - % Sept enber 1999
ft |hI ter eddt hr Q&g&i&?ﬂ%&nﬂiﬁ-&d bazwdwmm%e@%mﬁ ggeavb;_rh &b'?l et hél
ether and con rate nder,.r.e [ ure to u e ai ne
sol ution was ?‘ﬁ% em%ﬁ?% g%igb% % ﬁsaaﬁgﬂ“%#’ifd -ed by
M t subi shi ChpmsgutqandAﬂ:eerwd@nmpmﬁ@hbmﬁa@gﬂmml cpxmanogaphwte

resi due was I t[(gg ssmmmdﬂgﬁ{( Nuj ol ,

G R R B R LI

20(m 9H). 286-3-mrbo:6l‘bt¢ 3. Ol(s 3. 60(s, 2H), 4. 40-5. 50(br, 1H).
Exanpl e 3 Pi val NRARY S pp - _ _
(IR 8s 69" o ((HENUEERSY e ) dpmri |%2m 153905, 180, 1 30~1. 80(m, 1H),

(5. 1ot hyl - 2. oRo 50~ szbnéwuzywﬁc@ﬁm s/?ﬁsoﬁt*¥34y99msa}1m(m 1
hydr pxyet hyl ] sl.7ef By 88 (ABRABFR6208RIZ; 2HTAr boxylbat Sodi um .

1R, 5S, 6S) - 2-
Eret hyl - 2- z)xo fé)ﬁgﬁ%&%@iﬁﬁ%&ﬁx{aﬁ%ﬁﬂh %5@ dissolved in N,N-
hydr oxyet hy| ] dimetby¥gnmamide b ﬁl,n_lle&dshems@;rym GO@ \d&ﬁﬁethsbol ved.'d -
i n NN-di net hYIzidibmﬁﬁolé&%Bﬁéthaﬁﬂm&ﬁl @.1 P&y

Pi val oyl oxyrret

was add and t m Xt ur strrred at
the sane terrper%ét Ur e for one OUE. R YT A e%?m ?ﬁpﬁa%“ﬁgg‘y\gg&é’ﬁnd t he
reaction mi xt Bthyliagetateld EQMMMM@QMMMPﬂWérMydrOUS

tsﬁdl um sgl f at g00Rk])) L@b&i@%wﬁyi&aﬁﬁf&sdﬁ%dﬁm ftﬁ?yﬁéﬂaﬂ:@%kﬂlﬁ ggg
e resiaue e co [0 0.glve ng
oThe Bl & %Xm,ﬁe%%. JE e Vi 3bsiipbs sodim

TH N}\/ge( tD:v}sloe Coa)tes M@Mﬂmdgmgmma@rgh 2. 03( s,
3H) . 2.50-- --4r¢c&ﬂ.(d’ﬂra:9§‘ﬂr.tﬁea1%2£iﬁqn§éﬂ)obhﬁnn gzaisﬁxyto &Veéébsngofaﬂ):
5.*00(d. J=5. u@i@omw}ndﬁ 70.. 5. 87(ABq., J=5. 5Hz
‘IR and 1H-NMR matched wrth those in Exa.mple 3.

Exampie 5 :

. Pivaloyloxymethyl (1R,5S,65)-2-[(3S, SS)-(S-N N—dnnethylammow-bonyl-l-
-vaaloyloxymeﬂ:yl)pyrrohdm -yithio}-6- [(lR)- -hydroxycthyl] -1- ’
methyica:bapm-z -er3-carbo:cllate . '

' Pivaloyloxymethyl (1R,5S,6S)-2-[(3S,5S)- S-N,N-dnnethylammombonyi

' pymhdm-‘!*-ﬁthm]-é-[(lR) 1-hydroxyr:ﬂlzi}-1-meﬂnylmrbapm-2-er3-

.. carboxylate (400 mg) obtamed n Example 4 (1) and ptvaloyloxymcthyl iodide
{290 mg) were reacted in the memannm‘a.smExample‘tQ}togwc 190 mg of
the title compound. '

- 'H=NMR(DMSO—d, ) 8.ppm: 1. 02~1. 30(m, 24H) 1. 30~1. 80(m, 1H),
2. 50~4. 40(m, 10H), 2. 87(s, 3H), 2. 99(s, 3H), 4. 90~5. 10(m 1H),

5. 70, 5. 85(ABq, .J—6 OHz, 2H).

Example 6 -

Pivaloyloxymethyl (1R,5S,6S)-2-3S,55)-[5-N,N-dimethylaminocarboryl-1-

(S-methyl-2-ox0-1, 3-dioxolen-4-y]jmethylilpyrrolidin-3-ylthio}-6- [(1R)-1-
hydroxyethyl]-1 -methylcarbapcn-Q-cm-3-carboxylate hydrochloride
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Exanple 4' P \LaLc"' m'pwz:th,' HR-5565) Lo

2-((3S,59-[5-N, N-d| nmet yl am aocar bonyl -1 - (5-nethyl 2-oxo-1:3-di oxol en-4-

yl)Yme hyl]pyrrohd n-3 ylthio}-6-[(1R)-1- hydroxyethyll-1 net hyI car bapen- 2

-ev-3--carboxy late (1) Sodium

(IR 'SS, 6S)-2-[(3S,59S)- S—NN-dlrrethyIa oabenl rroI

yl thi 0oJ-6-[(1R)-1-hydroxyethyl]-1- rret MMM (580
ng) Was suspended | n NN di net hyl f or mam de ) and the m xture was

cool ed to -5C. M@l@m@yﬂdﬂﬁyﬂsﬁﬁeﬁ-ﬂ&»§§2f§'ﬁd§%ﬂm@ﬁ@ﬂhe m xture

was SRtI r_red;lig_,#l E’_%‘ Eplg«%&ﬁmygﬁgrrm?lh-s ?&W}-sqg&q.atée glﬁg m)1999
\ggZed and th%drﬁm%’g vﬁ& W ‘HE'SWB’P’P:\ teﬁ %gélr%?%%ndnd??eg osrer |

anhydr ous sndampl&mmmetbﬁm&e Mﬂﬁéﬁmmed

pressure an g?ﬁ] h?tﬁ.&@n pﬁ;ﬁrz@m&t ogr aphy
to give 356 p| va‘l%oy oxym?, hyI (I R. SS 6&# ! 3S 5S) - 5- I met hyl -

anaaocarbon§4 carbapen4_
2- ea- 3-car bgﬁﬂﬁﬁ&e W@tﬂﬁ pmacﬂadhﬁﬂmuaﬁ@nﬂ%h&dwith 307-
80(m . 1H). ﬁﬁa&gmﬁ%ﬂ@@ M g P Bl ihontd 905

@

10(m 1H); (2) The- corrpound (330 nm)
obt ai ned i n‘ﬂiNMtFﬂJ %mj) 5vvg§2§r 343PvEd4¥n N, N di et hyl formamide (1.7 m)
and the. m xture was coolwsbd.0o 5C. - (5- Met hyl

2- oxo- 1, 3- d'ﬁ-ﬁg“%@ﬁg)ﬁ@ hyl W«Q{“ﬂ?(n(% rqg).‘gquglllj |ﬁtjaLLgm@§.S(O 11 )

wer e added Wwas scar ed r_tare r 1.5

e
hours. . Et hyH)a%el%(seMB@ APT-3020 Hddé’a §n89£=’n ﬁ‘)@t&?g SniHd v Sfed with S%
brine ( 10043 Y7 R mqusoas)amym(rwm-i)emt n@et4d5q (. GHWI4L IB0et$1YA0. acet at e

(150. m). ch?E? ?fAFBJ aja_eé'so%rﬁ, conbi ned and dried over anhydr ous
ace

sodi um suI was evapo.rat ed ugdef redé;:e ressure and

the residue vva'Eﬂwm pauadsief Expmples 7yl 1108k to give 230
my of 'the M&@WedW1ﬂmwwm@amle 3.

Exanpl e 5 Pg\éal gél.,oxyrret hyi
(1R 5S, 69) 5S) =(5- N, N=di rret%_ﬁl ani aocar tz&r%%

pi val oyl oxynéﬁﬂ?ﬁmﬂﬁdiﬁ‘sﬁaﬁ)t B3F>8- N
methyl-2-oxo-1, 3—d1oxolen-4-yl)methyl}pyxrohdm—S—yltho}—G—[(lR) -1-

hydroxyethyl]-1-methyicarbapen-2-em-3-carboxylate

IH—NMR(DMSO—dg ) 8 ppm:1. 10~1. 30(m, 21H), 1. 30~1. 80(m, 1H),
2. 03(s, 3H), 2. 50~4. 30(m, 13H), 3. 56(s, 2H), 5. 10(d, J=5. OHz, 1H),
5. 66, 5. 85(ABq, J=5. 5Hz, 2H). . '
Examplea )

Plvaloyioxymcthyi ( 1R.,SS 68}-2-{(38 SS)-[S-N,N-mcthylethylammomrbonyi-
1- (S-me’thyi—z-oxo-l,3-dmxoien—4-yuhnethyllpyrrohdm-S-ylthm}-G-[(lR) +1-
hydroxyethyl]-1 -methylw:bapen—Z—em-s-@rboxylate
1{—~NMR(DMSO—d, ) § ppm:1. 10~1. 30(m, 18H), 1. 30~1. 80(m, 1H),
2. 05(s, 3H), 2. 50~4. 30(m, 11H), 2. 93, 3. 03(s, s, 3H), 3. 58(s, 2H),

~ 5. 05(d, J=5. OHz, 1H), 5. 68, 5. 87(ABq J=5. 5Hz, 2H).
Exampie 9 .

Pivaloyloxymethyl {(1R,5S 68)—2—{(38 5S)-[5-{1- pynohdmylmrbonyl) -1-(5-
methyl-2-oxo-1,3-d 10xolen-4—yl):nethyl]py:rohdm—3—ylth10}-6 [(1R)-1-
hydroxyethyl}-1-methylcarbapen-2-em-3-carboxylate
1H—NMR (DMSO—d ) & ppm:1. 00~1. 30(m, 15H), 1. 30~1. 80(m, 1H).
1. 80~2. 10(m, 4H), 2. 05(s, 3H), 2. 50~4. 30(m, 13H), 3. 58(s, 2H),
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met hyl car bapen: 2 -ev-3-carboxy |ate Pival oyl oxynet hyl ' o
(1R, 5S,6S)-2-[(3S, 5S) - S- NN-di et hyl axni uocexbonyl - PyWid?n-"1"y thiol-6-1(
R); -hydroxy th i}-1-methgk rb2 Cn-2- ar3- carbaxylate (400 mWobtained in
Exanmple 4 (1) and pival oyl oxynmethyi iodide .(290 ng) were reacted in the
same- manner as in-Exanple 4 (2) to gl\@%ﬂ'ﬂuﬂshdeheﬁﬁ tenmben1999d.

1H NMR(DVSO-d6)  S. ppm 1. 02-1.30(m 24H), 2. 50-4.

40(m 101- 1), 8_éd8j=(=g oﬁé{sz? 5984 Ss. @i JggAsﬁz éﬁjm 1H). 5. 70, 5,

85(ABg, J=6, anpl e- 6 Pi val oyl oxynet hyl

(IR 58S, 6S) - 'PB%‘:S’S) [5-N, N di net hyl ami nocar bonyl -1 - (5- net hyl - 2- oxo

1. 3- di-oxol en-Hivalbyiseih ydh]wwmssse)-a-{@a/ss)qsq; }ﬁp@rﬁdﬂ}lcéfbonyi 1-(5-

hydr o$yet hy !&E n )g[pﬂ}yﬁggg%ﬁ ﬁ'{% r|de REPLACENMENT
SHEET 088Eé BQE stl %2 s%_é ep er é@ E’ﬁi/gl cyl oxynet hyl '
(IR 5S, 6S)-

1- (5=net hyl 4g_mmapﬂsa.oapb%pﬂx il obnet mmmm |ﬁ|@a-31ybb’(vh0)n~@ [(IR)-1-

o s BB, 8 R i 0 P8 A B BRI BB BT oot e
to 5C A s&l 66 5n80ABE, d1=)5 &Hzh @i ogen chl ori de di ssol ved in 2-propanol
at 8. 68N wasamgieed  and the mxture was stirred at the same tenperature

vashed wi i BrRTesEReRTb SSRGSt ia iRl L 2°G Of the

title corrpommn:yl-z-a(&lujsedmxodén-i-)yl)n&?oﬁﬂ]pym 3931&69}-&-7(&8}-1—1660

1H NVR( D2 ]_1191 OH) . 1. 70-2. 10(m 1H),
2. 19(s, 3 9 :
-3, 70(m ’21‘4)"‘"‘%‘Q %304‘ ?H?mﬂ ‘29“‘4(3%(5"hq)5§8(ﬂr%§§451 g@"’sﬁ”’ 5. 00
(m 1H), 5: 2865(s. 3BB(2AE5;p~A.-50(ﬂ-|ZSH2m 5Tt 250 O5dd, @#SEbaizpné& 71to01l
I 'were synt Be%bzgda‘s Qe\,s.zyr% er as in any one of Exanples 1 to.5 and

(1R Esp%‘éf L | (s Bpeig %%"a%&sﬂmﬁ%'e% it etted dERhe boempef 1 30
| oxo | en- ymie amdeyrhmm@l Examplds {tb5. 0) - 6- [(1M 1~
(1) 1-pivaloyloxycthyl (1R,5S,65)-2-{3S,5S)-[5-N,N-dimethylaminocarbonyi-1-
(5'meﬂlyl-2-oxo-l 3—d10xolen~4~yl)meﬂ:yl]pyn'ohdm3-ﬁth1°}'6'[(IR)-I-
" Hydroxyethyl}-1 -methylmbapm-z-em—sa-carbowlate .

(2) 1-acetoxyethyl (1R,58S,65)-2-{3S,58)-[5-N,N-dimethylaminocarbonyl-1-(5-
-methyl-Z-oxo-l,3-dioxolen-4-yl')1nﬁﬂlyl]i’3npﬁdin'3-ﬁfhi°}‘5'l(lR)-'l-‘
-hydn';xyethyl]—l-méﬂny'iw-bapcn&—eré—mrbo:wlate _ :
(3) 1-isopropoxycarbonyloxyethyl (1R,5S,68)-2-{(3S,5S)-[5-N,N-dimethyi-
aminocarbonyl-1-{5-methyl-2-oxo-1,3-dioxolen-4-ylymethyllpyrrolidin-3-
yithic}-6-[(1R)-1- hydmxyeﬂayl]—l—methyl&zbapm-2—en-3wbenlate

. (4) 1-ethoxyearbonyloxyethyl (1R;5S,6S)-2-{3S,55)-[5-N,N-dimethyi-
amin 1-1-(S-methyl-2-oxo-1, 3-d10xolen—4-yl)methY1]P71T°hdm
yithio}-6-[(1R)-1-hydroxyethyl]- l-methylwl'bapcn‘2-er3-carbomlate
(S) 1-cyclohexyloxycarbonyloxyettiyl (1R,5S,65)-2-(3S,58)-{5-N, N-dimethyl-
aminocarbonyl-1-{5-methyl-2-oxo-1, 3-dioxolen-4-yljmethyllpyrrolidin-3-
yithio}-6-[(1R)-1-hydroxyethyl]- 1-mcthy1@rbapm-2-em-3~mrbo:ulate
(6) (5-methyl-2-oxo~1,3-dioxolen-4-yljmethyl (1R,5S,6S)-2-{(38,55)-{5-N,N-
dimethylaminocarbonyl-1-{5-methyl-2-oxo-1,3-dioxolep-4~y I)methyl}lpyrrolidin-
3-yithio}-6-[(1R)-1-hydroxyethyl}- 1-methylcarbapen-2-en-3-carboxylate
(7) diphenyimethyl (1&53,63)-2-{(38,SS]-[S-N,N-dimeﬂzylaminoarbonyl-1-.(5—




hyareayethyH—trethyrcarbapemr—2=——enmrS=carboxytate—3H-NVR( DVBO- d6)
8ppm 1. 107-1. 30(m 21 H), 1. 30-1. 80(m 1H), 2. 03(s,. 3H), 2. 50-4.
30(m 13H), 3. 56(s, 2H), S. 10(d, J=5. OHz, 1H), 5. 66, S. 85(ABg. J=5.
5Hz, *2H). Exanple 8 . Pival oyl oxynet hyl _
(|R58 6S) - 2- {( 3S, 58) [5NI\|—m€=thert22(Jg
1- (5-,net hyl 2- oxo- 1' ; 3=di oxoi en-4-tij) I =1-

hydroayet hyl ] - et hyl car.bapea 2- em 3- car.box te dé ) 8 PPM
1. 10-1. 30(nR® ~oxg-1 %dx%quen*éov( Mﬂé"ﬁe’@rﬁ;’% (ﬂ%?so 4. 30(m
11H). 2. 93, Bydiesfethylpl-miéthylcarbapdhR-eniScarbokyla@®5(d. J=5. OHz, 1H), S. 68,

(5I RSE(SAE(%) % §¥%€Mfﬁ;%d§ﬂy¥$ﬁtonyl) 1 ghmoﬁ;}/r Eyoxo -1,

3-di oxol e mﬂ}h.‘v’b?mo‘ﬂyii‘fiwﬂmﬂerﬂm

gzgkoiyeggylll h}gié’o 13@ goﬁansazmmﬁeeyl ate 1H NVR( DMBO- d6 )
Myﬁ@qm( SsEyLIG S ﬁﬁ:&é&@

(s)ﬁg:u?:?e shiammmh@gﬁt@owim lmqth , 5. ,17 20

83(ASq, J=5. é);@,gl Ccatidiabdl ayl ozymet hyl

et hyl - 2- oxco- OB} &c%%eé %Pﬁig;?}%é%%\éﬁ??ﬁfyﬁd@ ORGEE 1y

hydr axyet hyl ] pivalepioxyrhethyipyreslidinGn _ VSO - d6) dppm 1.

00-1. 30(m. 5@,1@1,1, A 2 03(5 3H. 2. 50-x4. 30(m 13H),

ExamS)l?(esllz.H) B.lgln 10 (1R.5:>s é5:2{iss, %%)-i Dot 2H.

(1R, 5S, 6S) - 2- m&o@)bopﬂ—x-‘ dydesymetoy; -§-yétbzol16e[(h1§)l-12 oxo- 1, 3-:d i
ox0 | en-4y 1) npirhfeiy{ ohdey &ﬁf am@a-swma@) 1

Soprn 1 obe 109 ?%&fﬁhfoh o baﬁ%” e?aﬁt@%hfﬁ#%@%?@ Solgo g,

50(m 15H), wrﬁans@d-pmtmgswp @-mitb:se]-& [(1R}-1 EsirosyetBﬂI-ABq J =5.

SHz. 2H). methylcarbapen-2-em-3-carboxylate P
(13) 1-cyclohexyloxycarbonyloxyethyi (1R,5S,65)-2-[(3S,55)- (5-N,N-dimethyl-
ammocarbonyl—1-p:valoyioxymethy1)pyn'ohdm-3-y1thm]-6-[(lR)-1- '
hydroxzyethyl}-1 -methylw.rbapm—Z -en-3-carboxylate : :

(14 (S-methyl"2-oxo-1 3-dioxolen-4—yl)methyl (1R,5S,65)-2-[(3S, 55)'(5'N N‘
dnnethyiammowi:onyl—ldpmloyloxymeﬂnyl)pyrrohdm-&ylﬂno]é [(lR) -1-
hydroxyethyl]—l-mcthylcarbapm-2-em—3-@rboglate g
(19 p—nm'obcnzyl (1R,5S, 6S)-2-{(3S, SSHS-N,N—dlmethylammow-bonyl—l-

, pivaloylaxymethyljpyrrolidin-3-yithiol-6-[(1R)-1 -hydroxyethyl]-1-
methyl@rb@m-z-er?ﬁ—carboxﬂate
(16) d1ph¢my1methy1 (1R,5S, 65)-2-[(38 SSHS-N,N-dmerhy]ammowbonyl-l-
p:valoyicxymethyl]pyrmhdm 3-yithio}-6-[(1R)-1 -hydroxyethyl}-1-
methylcarbapen-2-en-3-carboxylate: '
(17) p-methoxybenzyl (1R,5S,65)-2- -[(3S, SS)-(S-N,N-dnneﬂ:lylammomrbonyi-l-

waloyloxymethyl)pyrmhdm-s-ylthm]é {(lR)-l—hydroxyethyI]-l-

methylcarbapen-2 -en—3-carboxylate
(18) (1R,58,6S)-2-[(3S,5S)-{5-N,N-dimethylaminocarbonyl- l—piva'loyl-
oxymethyljpyrrolidin-3-ylthio]-6-[(1R}-1- hyd:oxycthyl]— -methylmbapen-2-
en~3-carboxylate

Then, the following oral absom‘:nn_tcstswm conducted to clarify the
' REPLA’F"Z’\IT SHEET
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The—fofowing. canounds were obtal ned by the nethod desc r bed in any of
t he above-nentioned Ma=ples '1to S. (1) .1-p v | vyi

(IR, 5S,6S)-2-{(3S,5S)-[5-N, Ndinet hyl am no6axbonyl - 1-

(5- et hyl - 2- oxo=1, 3-di oxol en 4-yl)nmethyl]Py lidin-3-yifto)-6-[(IR)-i-
l'i ycl rnayat hyI] 1- met hyl car bapea- 2- emg3 rghriiteishes) 71S5eptemnbsy ¢989|
(1R, 5S.,69)-2-{(3S, SS)-[5- NN-di rretIYyI am nocar bonyl -T-

met hyl - 20x013d|oxolen4yll)ne rrohdin, 3- lthlo} 6[(IR)-I-
hydr ozyet hyl PURETIATRFP LY oA ‘%%WF‘E’P ‘%
i sopropoxycaehpeﬁnaﬂyleﬁizynpl(ﬂR(&sl WMS) [ 5- NN- d| met hyl -

i o 20['?1 A ﬁ%ﬁxyﬁﬁqﬁ?%@#&@ﬁﬂw&@ﬁ O

1- et hoxycar b&rg/ 0gsIS PSTEIQUP) RO HRAY kiyAro

ml ngca; bon[yl(cuﬁmdw Inpdusi ga) lco&odmwﬂh m—ayma&wb %as( )
ylthio)-6-[(1R)- roxyet: | car r te.(5

1- cydohexyi oﬂ%ﬁ%ﬂ é %’J iﬁ@é’%%@?g{%@ g%’? '
anmi nocar bony butri¢-aget nediga 3Thi} WA FCGORErY. PEASEHiags Wasr ol i d| n 3-

yl thio)-6- [(h&m&:ﬂwr?ﬁa%dsﬂs&ﬂﬂm@men 2-e -3-carboxyl ate (6)
(5-met hyl - 2- oxo-1, 3-di oxol en-4-yl)nmet hyl (1R 5S, 6S)-2-{(3S,5S)-[5-N, N

di met hyl anmvt ocar bonyl - - | (5 met hyl -2-o0xo0-1,'3-d i oxo | epi-4-y

| ) met hyl ] pyrrolidin- - : “Table 1 '
3-ylthio)-6-[(lR-1-hydroayyethyi]-1-nethylcarhapen-2-em 3-nrhoxyl ate (7)
di pheny] net hyl (1RSS 68) 2t ((38 58) [.5- NN-di met iyt ai ni no, T baaryi-fl- (5 REPL/.
CEMEj JT SHEE/ {EP7 T899 21 Substltu‘F’én?WéB?"v“-’? ept enber 1999 '
rrethyl-2-0xo-],c3mﬂomd) |cl-—ﬁv |_1_;|| Llry::n:yl o=y Lili.u)fa-[(
hydr oxyet hyl | 41- net byyl c=b a@dg l egléhcarbog_\ﬁ‘;lﬁt el - (@opnpet
(1R, 5S,6S)-2-({(3S, SS)-[ 5-N N-di net hyl am nocgr bonyl - | -| ( 5- et hyl
2-0x0-1, 3-di ofoTen-4- r1) rrechij ﬂ)l 1d 3-yl{bro}-6-[(]|R)-1-

hydr oayet hyi j - 1Exaﬁplwlecar papes- 2 -{em 2:-«ar boxyOldhte ['(9) 1B.0

pi dal oyl oayetHyi (I RSS '69)-2-} (% 5S) - (S- NM m m=f hvl naemhnnyl 1-

D o oA kel b Sl Lhedsla (G - 2 hvr axvet i - |
(1R SS, 69) - 2- [(BMG)EM&WWMQPW of Example 6,20
pi val oyl-oxy el fyyl) Rud bRlydatiRitd-l 10 hos B(pet Brovp) i plxseh ytduiszed
nmet hyl carbapen 2- em3 carbox&l&te tration at 0.25, 0.5, 1.0, 1.5, 2.0,3.0,4.0
and60houmlatawasmmstmdbyapapad:scmethodusmgtestbactma
, Eschena‘aaaohNH—Uananmtagarme&mﬂ)ﬁ'co) Theresultsare '

R -1
hpxybenzyl

shown in Table 2 and Tablc 3.. :
“Table 2 .
Test concentration in plasma (p.g/ mi)-
compound - ' .
0.25hr 0.5 hr 1.0br 15hr
Example 6 506 | 656 | - 760 | - 767

[ Rer
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am nocar bonyl - | - pi val oyi oxynet hyl )pyrroi idin 3-yl tbi o]-6-[( ELR) -1-
hydr oxyet hyl J- 1 net hyl car bapen 2-em 3-carboxyl ate (12)

1- et hoxycar bonyl oxyet hyl
1 plvaloyloayethyl)pyrrol|d|
nmet hyl car bapen- 2- em 3- ear boxyl at e (13)
S, 6S) =21(3S, SS) - (S- N, N-di net hyl -
oyloaynethyl)pyrnohdln 3. ylthioj-6TablelR) - 1=

car bonyl -

(1R

t J:\\ll

(1R, 58S, 6S) - 2- [(3s 55) - (5- NN-dl rret.hyl ani no-
él t 2: =6-[ ,
am nocar bonyI - I - p| %

hydr oxyet hyl ]-1

met hyl car bapep-

20xo|3d|o><ole--yl) t hyi R, 5S, 6S) .z 2- 85)

di met hyl am nogar b | pi al oyl oaymdﬁ%'% %Fﬁnﬁ(%éﬁﬁlﬁ\‘hl o] 6=[|( 1R) - 1-
hydr oapet hyi J} lcomgdwpdc ar @'p'en—?—errrz—ca'r'b'o S R Sl tTobgnzyl
(1R 5S, 6S)-2-[(3S, 59) - (5- a N-glpmet byl ang goclar boowke | -|  6.0hr

pi val oyi oxym et hyl ) pyrrol ijdm 3-yl thi o] -6-[ (J11- 1- hydr gapet hA- 1--

met hylcar bapep-2-em 3-carfjol slate]l (16) dijphenyl metiy1 _

(1R SS, 6S) - 2- | (Eiannse- 6S- HIN -Bioget hyi 3régnociar bai82 - 1-| 043 -

pi val oyi oxymethyl )Pyrrolidiu-3-ylthiol-6-[ (MR =1-hydroxyethyl]-1-

nmet hyl car bapen- 2-em 3-car boxy late (17) p- met hoxybenzy|
(1 X5S, 65) - 2-[(3S, SS) - (5- NN-di net hyl am noaar bonyl .

pi val oyl oxymet hyitheputiapendin eotnpdurid {)]and- 4ﬁﬂ£)nabehyidﬂm<gmman:}e dalt

(1R Lo o ba%%g g@ w&gﬁd@%ﬁsﬁ am ocar%bny 1‘9}0' vaﬁ?‘fuwmﬂ

(1R SS, 6S)
oaynet hyl ) pyiserad %V’rd(?ar bapen- 2-

em 3-car boxy&aa:tzq W&péﬁ&.omﬂg ﬂreglaraba@ezpdy wsafid wstagentsdfocttar i fy t he

REPLACE V\ENT mﬂarzy@&&%(ﬁber 1999
superi or pro% Ph§ ?Qﬁ‘he corrpounégjéégﬁé presen? |qr%\élent| on peri ment al
haRFIREY RS aRd BRRIZEAE of nvent i on

Ex le |
(cggoﬁnd éfwwmwmmﬂﬁgm(ﬁm@mm and

urinary hydrg| k%g@gw repifdtolds 3. 3-6 and
u ap d| nethod usi'n
Eﬁﬁm)mmmg

6-24 hours later, was_ -neas test bacteri a
Escherichi.a nary recov
y. percent agnfavaen and the like) in warm—blooded animals inchisive of buman (e.g., dog,
) cat, cow, horse, xat, mouse and the Tke). .
This invention is based on apphm:hon Nos. 25671/1997 and :
248903/1997 ﬁledea.pan,thccontmts ofwhmharemcorpomiedhu'cmto
by reference.

REPLACENENT SHERT
-~ l
1

08 SEP 999

..




determ ned. The results are shown In Table 1. Table 1 Test urinary
recovery (r6) conmpound 0=3 hr 3-6 hr 6-24 hr 0-24 hr Exanple 6 10.3 2.4
0.3 13.0. Experimental Exanple 2 (oral absorption test) The conmpound of
the present invention (conpound of Exanple 6, 20 ng/kg) was orally

adxniniste red.to dogs (3 per group)- gumel‘gf%gwyzsdpmmb@aﬂlg@genem
conpeund (A) ‘conceatti ation at. 0.25, 520, 6.0

hour s Iater a paper di sc rret hod usi ng-t cteria
Fscheridzia C ol F@m%nutrl ent agar nmedium (Difco). The results l\e
shown i n Tabl-e fpcarhgpares sompound gf #bthe rpala Oconcentration in pl asma (/ ml)
conpound 0.25 hr 0.5 hr 1.0 hr ‘1.5 hr Exanple 6 5.06 6.56 7.60 7.67.
RAP.; , . .. _- 0o SEP V\Y/\(r_;H 23 Substitute sheet s 7 Sept 1999 Table
3 Test concentratl nin plama(pg/n1) co EOhr 3.
hr > anple 6 5%68 . .43 "E%hle ﬁg)rrpound
phar maceuti ca cceptfabl NT - f the present
superior absorption fi ' y.oral adTo , aldf suftic t7999 1
antibacterial actividy. ar™gey of bacterigl ' ' :
they are-c4trenmely useful a ag(?nts f.o; the prophybuds a
I nfecti ous di seases, partchJQiRl y bactc=i 1 infectious diseases.
agents for the prophyl axi s and treatonent of infectious diseases can be
used as ‘agerWReTE® the prophyl axis and treatnent of the diseases caused by
bacteria (e.RandRPppuUr abiaybiheaastser mﬁéﬂtntaﬁd)ég&:hisrﬁﬁmﬁjfgimg ghrgpases,
i nfl ammat ory -di seases cﬂy&%ﬂnﬁﬁi@ﬁo&i’” nary tract

R’a.ndR‘ _ maybetheameorthﬂ'mtand&chmaloweralkyl or

R*and'R* fomacychcammotogethu'thhthc ad_]acentnm'ogcna.tom

or a pharmaceutically acceptable salt thereof.

2. The carbapenem compound of claim 1, wherein R* and R? may be the same

: ordx&'mtanda.chxsamod:fymggrouphydrolyzab]cmthcbody and R®and
R* may be the same. or different and: cachis alowu:a]kyi, orapharmaoeutmlly .
acceptable salt thereof.

3. The mrbapenem compound of claim 1, wherein R*is S-methyl-2-oxo-1, 3-
‘dioxolen—4-yimethyl and R® and R* are. mch methyl, or 2 pharmaceutically
aweptablc salt tha‘con‘: '

4. The wbapmem campound of daJm,l whm‘t.-m Rlis: prvaloyloxymethyl
and R? is 5-methyl-2-oxo-1, 3—dloxolen-4-ylmefhﬂ. ora pha:maceutwﬂy
acceptable salt thereof.

S. The axlbapmcm'compound of daim 1, wherein R* and R® are each
pjvaloyloxymethyi,' or a pharmaceutically awept'able salt thereof.

6. The carbapmcm compound of cla:.m 1, which is selected from the group
consisting of
pivaloyloxymethyl (1R,5S 63)-2-{(38 5S)-[5-N, N-d.nncthylamnocarbonyl-l-
~ (S-methyl-2-oxo-1, 3-d10x_olen-{!-y1)methy1]pyrrohdm-3—ylth10}-6 [(1R})-1-




: q i : i _7; : . wi—huran (€. g. .
dog, cat, cow, horse, ratz @iig_e and the "Mce). This invention is based on
appl i cati on Nos: and . 248903/1997 filed in Japan, the contents
of which are incgrporated hereinto by reference. . REPLACVEWI SHEET
08SEP1999 24 Subgtitute sheet - 7. Septg - -

car bapenem corrpound of the formula

H3 NS NmOQ08 SEP '1499 O ~R2. CO2R_ wherein RI and Rz rraybe the same or
di fferent arfrdeerentivy- hmmﬁfbﬁgcg?mmmabl e in the body; R3 and

R4 may be thepialioaymetiyt (IR, 58,6Spa<{3S,58)454 I R fay

a' cyclic-anm. Eﬂk Iy or a
phar maceut i @ﬁ@%%@%ﬁi %%fﬂimnirﬁg car bap rr?.em conmpound of
claimi, V\heneﬁhmicﬂﬂ?m Rexdppriggrletee sane or different and eacb.. is a
modi fyi ng gr oggajW 1R, 55,65 g.{(asgss -[BN/NRBmathylarkinocarbyhel- I-he ,
sane-or.diff %ﬂﬁ? ?%CL. '%4 ﬁ%&hﬂ;ﬁ ;a3 gkgigg?r@ﬁﬁ%lcafy
accept abl e s‘ T-(o) g I A ape c;knso i'm 1, wherein Ra
i s 5-nethyl lﬁrdﬁmethyl]sl-m sarbepent2 yémitarpoxy hRdroghldriRe, ar e. each net hyl
or a phgr W?C egivaﬁ%!xym am,s@ '6@)-@5{‘3*8 Sé}qs@nﬁ-d:emyﬁmmaae%oﬁﬁar.(ppenem '
conpound of ¢ er.el a.is
5- net hyl - dastgvfnéﬂa?i@o ’ﬁ’qﬂﬂv )ﬁbe %ﬁi&rﬁyn? vl y acceptable
salt ther eomwmmammwmswmm 1, wherein R and RZ are
$ﬁch plbval OVW};& f 11@59%8 ﬁq(a@tssh 8N -ﬂ&@kﬂi’jﬁ:ﬂ:ﬁ%&bo&@ﬁr eof 6.

e car bapencil COMRgUNG 815 Sl B ML inah S AL SR IE. 07 0P

hydroxyethyl]— -methy]mrbapcn—2 -en-3-carboulate ’

. pivaloyloxymethyl (IR,SS, 65)-2-{(33 58)-{5-(1-pyrrodinylcarbonyi)- 1-(5-
methyl-z—oxo—l.3-d10xolen—4-yl)mcthy1]pyrmhdm-3—y}:thm]—6 [(1R)-1-
hydroxyethyl]-1-methylcarbapen-2 -en-3-carboxylate, . _ '

pivaloyloxymethyl (1R,5S,65)-2-{{3S,5S)-[5-{1-piperidinyicarbonyi)-1-(S-
methyi-2-oxo-1,3-dioxolen-4-ymethyllpyrrolidin-3-yithio}-6-[(1R)-1-
hydroxyethyl}-1-methyicarbapen-2 -em-3-carboxylate, and . :
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5~(1- azeudmylmbonyi)-l (5-
mCthyl—Z-oxo-l.3fd10xolen-4~y1)methy1]pyrrohd:n—3—yltbo}-6 (1R-1-
hyd:oxyethyi]_i-l-meﬂiyiarbape'na -em-3-carboxylate;
or a pharmaceutically acceptable salt thereof.

7. An antibacterial agent comprising the carbapenem compound of claim 1,
 which is represénted by, the formula (f), or @ pharmaceutically acceptable salt
thereof as an active ingredient. '

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

THIS SHEET HAS BEEN |
'REPLACED
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consi sting of pival oyl oxynet hyl

(1RSS, 69) - 2- (( 3S,-5S)—(5—NN-t-fret-hy-am nocar bony| -1 - (5-nmethyl -2-o0xo0-1, ,
3-dioxo Il en-4-y 1)nethyl)py=rolidijn-3 ylthio}-6-[(1R) -1 gEEt~ ?2HS ~ ~ ~..
25 Slbstitute sheet - 7 Septenber “1999 ydr ox

et hyl ] - 1- net hyl car bapen- 2- em 3- car boxrzeatsubsmmalgmwxquﬁinber 1999 '
(11 E, SS, 6SY2-[(3S, 5S) - (5- NN- dnmet hyl ami nocar bonyT -T- pi val oyl oayntt hpi ) py
rolidin-3-yld, bwm@a{,&&&d@yﬂﬁaa’yﬁ&lijﬁhmfl hyt ca rbapes . 2

-ea-3-carboxr | ate ,” pival oyl oxynethyi (1R5S, 6S
-2-{(3S,5S9) - [ 5- NN\-di rrethy]a Egc arbonyi 1-

(5- et hyl - 2- oxo- 1, i oxolen yl me byl yrrolidin; 3yithi 0)-6-j (1R -1-
hydr oxyet hyl ] - 1- net hyl car bapgn- 2- em 3- car box@QON<€. hydrochl ori de, .
pi val oyl oxynet A 1R, ((3S.S “NN- &et am a"ar bonyl -1 - (5
met hyl - 2- oxo- 1, $-di oxo ‘tol irdi n-3-yl thj 0} -6

hydr oxyet hyl ] - 1 ‘met h J/':a'rN n-2 -em Nb.oxy | at e: val oyl oxynet hyl
(1R, 5S, 6S) - 2-{(3S, SSy-[ 5- N, N\net-hyi et hyl am Rcar bonyI 1- (5- et hyI 2-o0x0-1,
3-d ioxo |en- 41I)n'ethyl]pyrrqjozm5n3y1tb|o) 6-[ (1R -1- - .

hydroayet hyl]-1-nmet hyl carbapea: 2:-eu-3-car boxylate :
pi val oyi oXymehdrgin (1R, SS, 6S) ° 2-{(3S, 55)-(5-(1 pyrrod| apl.car boin) 1- (5-

met hyl 2r ox 3- di oxolen; 4. mé[ @gg llg)ﬂquE 0)-6-[(1R) - 1-
hydr oayet hyﬁ?-ll -methyl ¢ aﬁ)a a- Qszn -c-ar ox%téf %Ival oyl oxymet hyl
(1R SS, 6S) - Xyl BS) - [ sugyibe, %&W cach 5 2 feper,alkd e%o- 1,

3-di oxo | en- I#ayﬂ:)mét hytfdr:m(&dyaudmm&togéﬁhl&&}ﬂ:ﬁh[e&féw&tm&o ma:om :
hydr oxyet hy| - et hyi carbapen 2-em 3-.car boxyl ate, and . pi vaI oyl 6xymet hyI

{1R, 5S, 6S) - 2-{(3S, 5S) - 1- azetl di nyl carbonyl )-1-(5-_ nc&yl - 2r oxo0-1,

3-di oxo len®-y | )net h%? GFWW;?{@HWW@HP» :
hydr oayet hyldr-alsﬂfﬂiml’ bapen-2 -em 3-earboxyl ate:; "or a pharmaceuticall y
acceptable salt thereof. 7. An antibacterial agent corrprl sing the |

car bapenem conpound of . claim1l1, .which.is repr esente the fornula (1),
or.a pl ~ar meki ﬁhem@eas@emm@ afglaim 94 %A &eorn e gm9gPedi ent
8. The anti hasiktinglofagent of claim 7, -whi ch IS for oral -adm ni stration; .

TH'S SHEET HAG BESBensyREH 46%88)-2-435,55)-{5-N N-dimethylaminocarbonyl-i-(5- -
methyl-2-0x0-1, 3-d1oxolen-4~yl)mcthyllpyn‘ohdm-3-ylﬂno}—6-[(lR)-1-
hydroxyethyi}-1 -methylmapm-2-em-3-mrb0ﬂlateand o :

sodium (1R,58,68)-2-3S, 55)-[5-N,N-dimethylaminocarbonyl-1-(S-methyl-
2-ux0-1, 3—d10xolen-4~yl)meﬂwl]py:mhdm-3-ylﬁno}-6 [(1R)-1 hyﬂroxyethyl]—l-
me‘ﬂ:ylmrbapcn—2~er3-carboxylata,

ora.a]:tthcreof._ o o oo :
= || 08 SER 99
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REPLACENENT SHEET T [ 9ssEPR1-.1000-26—SrHasi-+i-ti-e—sheet——7Septenber 1999

9. A carbapencm conpound of the forrmula (I1) "OHCH3 3 CON HRA NS N, O
R - C02R5 whcrein R3. is a nodifying group hydrol yzabl e in the body;, Ra '
and J/ e may. be the sane. pr different and each S a | ower al kyi; or Ra and
R4forma cyclic amno together with cejat’ niit and ‘Ra
S a hydrogen atom or a carboxyl - protgé~| Sot 0 7 SSi bt 3509 of 10.
The ‘tar bapenem conpound of claim9g, which is sel ected fromthe group _
consi st;ag of. p-nitrobenzpl (1&35'9?69)' 2={(3S, SS) - {5-N, N-d3m bony1- I-(5-
met hyl - 2- 0x0- 1, 3-di oon en- 4yl thyI)pyaDllde yltbio)-6-[(1R)-1- _
hydr oayet hyl ] - 1 rre Ic ar bapen- 2- ate and sodi um

(1R 5S, 6S)-2-{ (3% M%‘%ﬁ] "%étﬁgnyl 1- ( 5- et hyl -

2- oxo- 1, 3-di oi - oleo491)rrctbyl)pprrolld|n3 S : o
ylthio},6-[(IR)-I- hydr@pgyet hy3] €y net hyI car bapcn- 2 f 3- car boxyl ate:,  or
a salt thereof. RED! "THE'S ' SHEET R - REPLACED 27 - -
Substitute sheet - 7 99, . ~A ca enem conpound- of "t he -

formula ' (1) CH CH3 o

whe:rem ar_‘n symbol:s as deﬁnedm the spcaﬁatzon, and aphamaceutxmny
acceptablcsalttheteof. : : :
The mbapmemcomyound(l)andapharmaceutwﬂyacccptablc salt =
-thaeofoftheprwentmvcunonshowsupmorabsorphon&omdzgwuveuact
byoraladmnns&a.uon,andsuﬁumtanﬁbactmalacuv:tyagamstawxde
" variety of bacterial species. 'l‘hus,thcyareexumdyusefulasagcntsforthe
prophylaxxsa:ndtmtmmt‘ofmfechousd:smm parﬁculaﬂybactmal
infectious diseases. Sa:dagmmforﬂ;eprophylamsandt-wimmtof
mfechnusdmssmnbcusedasagentsfarthcpmphylansandt&tmcntof
the diseases caused by bacteria {e.g., suppurahved:s&as& mp:rai:ory
mfwumdmmﬂmmammdbﬂmxytact,mmarytact
mfectonandthe lke) in warm-blooded animals inclusive of human (e.g., dog, '
cat, cow, horse, nt,mouseandthe]ike) '

REPLACEMENT SHEET
plabeehiciot i

08 SEP W99 |




H3 ] Sm CC 2R . wherein each synbol 1s as derined in the specification, -
and-a ‘pha*** +a+, tical ty _ag ble salt thereof. . The Sggggime conpound
(1) and a. pbar able salt thereof of t a"t(‘%n aveati oa
shoal superi or m-gi gestive tract by oral mfl ratlon and
- ,f" lden ant e Al [ y against a % t

speci eg. Thus, §%me£@§r |y useful agﬂﬂiﬁtut‘é%r Bt¥Y18 MQ% XI S
and treat nt' of [ ases, parti culaziy bacterial infectious

di seases. Said agents, for the p ophyl axi s.2and treatnent of infectious
di.seases can b useu TSAYENTS for the prophylaxis aid treatnent of the

di seases caused 'by bacteria (e g , suppurative diseases, respiratory

i nfectious di ammﬂbaétamaémwaﬁhﬁeﬁsaﬁb@&termkpeadrutn,taha%chlammry tract

i nfection and the hi ke&) i n_warm bl ooded ani mals inclusive of human (e.g.,
dog, cat, cofPAEybsoPich fromtficdigestive thaft | ike). ~ RIPLACEMENT S F' T
OBSEPX" |  REPLACEMEhTth&ekokelad db§at ofithe ﬁféﬁn@iﬂ%ﬁ&' RSprb¥itd EcabiPelen coké‘»poh@& ch
200] -2 has %ﬁ(ﬁnt anti bacterl al - act|V|ty and_broad anti bacteri al

spectrum and @ﬁsilWSﬂ\%”n@EPﬁE’F‘PJ@F ﬁ%@ﬂ&@@@?‘ﬂ%ﬂ@?‘ﬁ@a@w&@ﬂmact I t
i s therefore aigesive@@bt. of the present invention to provide a' carbapenem
conmpound whi ch has superl or antibacterial activity and which shows
superior absor pti off"PtheAb: ieﬁ@fﬁh"d?r@sé%ttlp‘(@“t’? i5de proyide psraf sgid carbapengmt he
present inventpmpound. t 0 provi de use of said carbapenem conpound. A'yet
further object of the present invention is to provide an internediate
suitable for the ﬁryﬁﬂiﬁép?fcﬂlﬂeﬁ\mfé%ﬂM%%%E%&ﬁ%mﬁéa%m@@e@@éllut&bbre of
the I nventi on fhige fib mmofwéege“ gpegiaduct ed i ntensive studies in an
attenpt to achieve the above-nentioned objects, and found that a novel

car bapenent®onpound of the foll owPisglosure of the Invention

The present inventors have conducted intensive studies in an attempt to achieve the

above-mentioned objects, and found that a novel carbapenem compound of the following

formula (T) and a pharmaceutically acceptable salt thereof show superior absorption from

the digestive tract, have sufficiently potent antibacterial activity and are extremely, ﬁseful
15 as oral antibacterial agents. Further, the present inventors have found a novel intermediate

compound useable for the production of said compound, which resulted in the completion

of the present invention. , . ' |

Accordingly, the present invention provides the following.
(1) A carbapenem compound of the formula 0))

20
OH
R3
CON< R4
H;C
/ . ?
O/ \Rz
wherein
R! is a modifying group hydrolyzable in the body;
25 R? is selected from a group consisting of aryl optionally substituted by 1 to 3

alkyl group(s) having 1 to 4 carbon atoms, 1-alkanoyloxyalkyl, 1-



absorption from the digestive tract have sufficient I y potent
anti bacterial activity and are ext r enel y useful 15 as oral antibacteri al

agents. Further, T ntors have found a novel i nternedi ate
conpound useabl gf WEW ?tﬂ'\ ijon of said oun re%’u in the
conpletion of t hekpresent I nvgnt]i on. Accor tion

provi des the fol| op h§. MAR 203A c4r bapenem corrpound of the formula (1) 20 OH
CH3 R3 CONCR4 H3C s m N N OJRA (I)ZR\Agtereln R is a nodifying group
hydrolyzabl e in fhe body; 25 RZ ils selected froma group consisting of aryl
optional ly subst+ttt-ed—by—+—+e6—8- al kyl group(s) having | -to 4 carbon

Phren 2001 0°Yner Souseboo L AR S Bbe bt wisalale., 1°

5- net hyl - 2- oxo- 1, 3- di gkekiafy- 4- yl nmethyl; R3 and R4 may be the sarre or

different and £ 4 al k azetidi nyl,
pyrrolidinyl d% a"gﬁi haf¥® H&f}%f%%o %ﬁa?%m%m%ﬁ%ﬁﬁ %@éi"ent 5 nitrogen
atom or a phrtad®iut f&ﬂld&ammyﬁbh(hnﬂ@kphmﬁdvmupt@géthéfmthdma;ﬁq%Mem
conpound of5 (1), whereln and R4 may be the sane or different and each
Is a lower~al kyl. (3) TRE= carlﬁapenem conmpound of (1), wherein R2 is

5- net hyl -2-ox&-alphannhcamb.l@mweptabtbs}1t|¢mdwﬂ and R3 and R4 are each nethyl. -
-(4) The car ba&?nﬁt carggg)eggnqg:or(r)t{:oug&})f (lme?éirpRﬂnd'ﬁ‘ &dy‘ﬁ@ltﬂyéaﬁéxmt and R2

IS 5-
and each is a lower alkyl.

(3) The t:arbapcmem compound of (1), wherein R? is 5-methyl-2-oxo-1,3-dioxolen-4-
10 ylmethyl and R® and R* are each methyl.
(4) The carbapeném compound of (1), wherein R! is pivaloyloxymethyl and R%is 5-
methyl-2-0x0-1,3-dioxolen-4-yimethyl. :
(5) The carbapenem compound of (1), wherein R! and 1_12 are each pivaloyloxy-methyl.
(6) The carbapenem compound of (1), which is selected from the group consisting of
15 . pivaloyloxymethyl (1R,5S,6S)-2- {(38,5S)-[S-N,N—dimethylaminocatbonyl—l~(5-
methyl-2-oxo-1,3-dioxolen-4-ylymethyl]pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,SS,GS)-Z-[(3S,SS)—(S-N,N-dimeﬂlyiaminocarbonyl.-1- _
pivaloyloxymethyl)pyrrolidin-3-ylthio]-6-[(1R)-1-hydroxyethyl]-1 -methylcarbapen—2¥em-
20 3-carboxylate, _ '
pivaloyloxymethyl (1R,SS,6S)-2- {(3S,SS)-[S-N,N—dimcthylaminocarbonyl-1-(5-
methyl-2-ox0-1,3-dioxolen-4-ylymethyl]pyrrolidin-3-yithio}-6-[(1R)-1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate hydrochloride, |
pivaloyloxymethyl (1R,5S,68)-2-{(3S,5S)-[5-N,N-diethylaminocarbonyl-1-(5-
25 methyl-2-oxo-1 ,3-dioxolen-4-yl)methyllpyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5 S)-[5-N,N-methylethylaminocarbonyl-1-(5-
methyl-2-oxo-1,3-dioxolen-4-yl)methylJpyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1- -
methylcarbapen-2-em-3-carboxylate, ' -




net hyl - 2- oxo- 1, 3- di oxol en-4-yl methyl. ~ (5) The car bapenem conpound of (1),

wherein R and R2 are each pi val oyl oxy-methyl. (6) The carbapenem conpound
of (1), which is s roup.consisting of 15
pi val oyl oxynet hyl , SHEE®] 5S) - [ 5- N, N- di et hyl ami nocar bony! - 1- (5

met hyl - 2- oxo- I, 3- difoyol en- 4- yI'YWeyhyl ] pyr r olguBstints ¥hbét £15 March 2001

-6-[ (1R) - 1- hydr oxy¢t y 15 NAan cpr bapen- 2=€m 3-carboxyrate,

pi val oyl oxynmet hyl {1R 5S 69) - 2- ?I( B 5S) - (5- N, N-di et hyl am nocar bonyl - 1-

pi val oyl oxynmet hyl ) pyrrol i din-3=yFt hji o] - 6-B(1 ' _
R) - | - hydr oxyet hyl ] ~F=wet+hylcarhaper- 2- em 20 3-car boxyl at e, :
pival oyl oxynet hyl (1R, 5S, 68) 2-{(3S,59)-[5 N, N-di net hyl am nocar bony!l -I (5- .

met hyl - 2- oxo- 1, 3- Cbmﬂi@)ﬂ@t)‘lr@tbyl QIMS:QEHZBKBSﬁ}lﬁk(ﬂl—pSH?ﬂldﬂwla}'b‘ﬁwD(Ma) !

SR e T .

meﬂxylcazbap-Z-em-3-carboxylate

Vethyl] 1< et hyi cirpER st BSOS Su Bt pieighnbleahamiay -5 kel
e 25k kit o
R) - 1- hydr oxyeP§ FFW ('fﬁ;b(?é em3 car boxyl ate, REPLACEMENT SHEET

15 Ma Substitute Sﬂﬂeﬂbyi&{yxﬂdﬁ{ RZSB)&S)—%{(SS,BSB[S%IL@W&MW}'I)-I -(5-methyl-

1R 58S, 6S) - 2- S,.5S i di

ot hy - 2- bxo- 23S SUarI e b PR QR Y Brgpretoy)-1

- 6- [I(lRI) 1- hydrﬁmymfbhyén]-z-ém-m%xyﬁ&r bap en-2-em 3-carboxyl ate,

i val oyl oxyret

Ui 58 6825 oY Sebagmgeepically acoopble SIUBHSPE ar bony! ) - 1- (5- et hyl - 5
210xo 1h3l di ogglmaéhmbﬁgahwbmﬁsﬁiglmk m&pyﬁeﬁuoajpol ﬁnd&ﬂ(&wh:dhydr oxyet hyI ]
- nmet hyl car bapen-2- em 3- car an al o

(IR 5S, 69) - 2- {?P% enied Dy e f %mag r?ﬁ"‘rﬂ?’?‘%‘ﬁﬂﬁ?‘y gp("g’l%%%“f“mm“
zhoégoi(yet ﬂ;/lo 1 tﬂhb carb hmrom&mh%m?:?byl(t Ih:a?Ze -60[f)rlRZa-|

- y -

phar maceutlcahy acte ?ﬂt%“ggq ‘tzf@ E'oﬂ“mt‘v‘?m}éﬁ“‘a‘ﬁ?’} Heterial agent
conpri si ngls hgg)car Azptagdieneomppound of the(fdgmulaiiyich is represented by the
formula (1), or a pharmaceutically acceptable salt thereof as an active

ingredient, in conbination with other additives. (8) The anti bacteri al
agent of (7), in an oral-Oddm ni strael_gn form

H,C

CO,R®

wherein
20 R is selected from a group consisting of aryl optionally substituted by 1t0 3
alkyl group(s) having 1 to 4 carbon atoms; 1-alkanoyloxyalkyl, 1-
alkoxycarbonyl-oxyalkyl, phthalidyl and 5-methyl-2-oxo-1,3-dioxolen-4-
ylmethyl;
R’and R* may be the same or different and each is a lower alkyl; or
25 R*andR* form a azetidinyl, pyrrolidinyl or phthalidyl group together with the adjacent

nitrogen atom,




PNNZOR 002R5Wnere|n

20 RZ is sel ected froma group consisting of

aryl optlonal |y substituted by 1 to 3 alkyl group(s) having 1 to 4 carbon
atons; 1-al kanoyl oxyal kyl, 1- al koxycarbonyl --oxyai kyl, phthalidyl and
5rrethy| 20x013ﬂh—9x-el-en-4——-y-l—n®¥-nyl; RBa]g\d,R4 be the sa r
different and each i|REBLACEMENTRISKHEET| or t 2 yl,
pyrrol-idinyl or pht rlal T dyl - group tegether with the adjacent nitrogen atom
THIS SHCG-E t 1P.' BH~ | ?W@VE\IT SHEE}' Substitute sheet - 15 March 2001
1 5 MAR 2001 -5 and 5.1s a hy ro;eh at om or a carboxyl - protecting group;
or .a salt thereof. C bm. conpound of (9), which is selected
fromthe grou conS| sting of S p-nitrobenzyl (1R 58, 6"8)-2-{'(38, 55)-[5

N, N- di et hyl a dnocar bonyl -1-(5 net hyl - ‘

2- ox0- 1, 3- di ordl en- 4- yda)mfdgyh}atpmrdralcmﬁoxyl-@royéchhggr}mp, .

_6-[(1R) - - hyd t h
(1R[ gss %S) > {%}’%é’&_)

1, 3- di oxol en- @&oy| ) Thetcamw
3y|th|o} s lR)-I
a salt thereof.P

Q 2-
Qn(}'rl]l Scatbon:

conpri sing t

1 met hyl car bapen-2- ern- 3- carboxyl ate and SOdI um
N, N- di met hyl am nocar bonyl - | - (5- net hyl -
ymrccinpdmﬂ of (9), which is selected from the group consisting of:

PR e RSt oA ARV

2- 0XO0-

c(%r lﬁ%}/ll at e;

car bapenem copjereH3-didxoleh)4- ﬂbm@yl]ﬂy&oﬂtﬁnée;ﬂﬁmﬁ%&ll@dcmbmyﬂakt t her eof ,

Compound of - (BHEFEeRAmI A

E%?etxm‘{)l ent.

(12) Use of the carbapenem
accept able salt 15 thereof

in the

production of an as&ﬂiubﬁ(aRﬁsL&SD-Za{ms;sS)-[E-al;N -dimethylarsindcarbonyh e (methgl2-oxo-

speci fi cati on, iy, QLS DfSefhobiiSs
2-em-3-carboxylate;

10

or a salt thereof.

(11)

'Jix?-%-'y?tmo?%:[al{)-l-hydroxyethyl]-l-methylcarbapen-

A pharmaceutical composition comprising the carbapenem compound of (1) or a

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable excipient.

(12)
15

thereof in the production of an antibacterial agent.

Use of the carbapenem compound of (1) or a pharmaceuﬁcally acceptable salt

Each term used in the present specification is explained in the following.
The modifying group hydrolyzable in the body at R! and R? is preferably
hydrolyzed in intestine or blood, and is exemplified by optionally substituted aryl ke.g.,
. phenyl, tolyl, xylyl, indanyl and the like), 1-alkanoyloxyalkyl, 1-a]koxycarbonyldxya]kyl,

20

phthalidyl, 5-methyl-2-0x0-1,3-dioxolen-4-ylmethyl and the like. Particularly, 1-alkanoyl-

oxyalkyl, 1-alkoxycarbonyloxyalkyl and S-methyl-2-oxo-l,3-dioxolen—4;ylmethyl are

preferable.

The optionally substituted aryl is preferably non-substituted or substituted by 1 to 3

25

substituents which may be the same or different. Examples of the substituent include alkyl
having 1 to 4 carbon atoms such as methyl, ethyl and the like. ' .

The number of the carbon atoms of the alkanoyl moiety of 1-alkanoyloxyalkyl is .
preferably 2 to 10, more preferably 2 to 7, and it may be linear, branched or cyclic. The

number of the carbon atom of the alkyl moiety is preferably 1 to 3, more preferably 1 or 2.

Examples of 1-alkanoyloxyalkyl include acetoxymethyl, propionyloxy-methyl, n-

30

butyryloxymethyl, isobutyryloxy-methyl, pivaloyloxymethyl, n-valeryloxymethyl, 2-

methylbutyryloxymethyl, isovaleryloxymethyl, n-hexanoyloxymethyl, 3-methylvaleryl-



The nodi fying group hydrolyzable in the body at R and RZ Ts preferably
hydrolyzed in intestine or bIood and is exenplified by optionally
substituted ar; , tolyl, xylyl, indanyl and the.like), 1
- al kanoyl oxyal onyl oxyal kyl, 20 phthalidyl,

5- net hyl - 2- oxof | [3=01 ox0| en 4 | et hyl and tggbgﬂthﬁ srPe%"th‘aUM%F&leom

| - al kartioyl - ox kyE r bonyl oxyal kyt—amd

5- met hyl - 2- oxo |oxolen 4- | methyl are preferable.. The optionally
substi tuted ar Y- fnon- subst i-tS&t-ed or substituted by 1 to 3
substituents whi : _ me or different. Exanples of the
substituent include alkyl 25 having 1 to 4 carbon atons such as nethyl,
et hyl and t he oxyinethyll" h@hmbyﬂpxpmembeZmﬂmeaioqIInyméthybe,zahﬂﬁaﬁﬂyheﬂypl ety

TSl e e o

al kyl i ety |meqmrl,elf-mmb'9thyl I'Proalonﬂbxﬁelﬂwmﬁlﬁ@rylﬂyﬂyl ZFIS@GWBWE@L

putyr 1 oxymet hyt eiyRios, PRTHBITTL 1isBalRyPRRN frReradoptoryetiy, 1-

n- \éal eryl lox§/n%fiﬁhqxaﬂecmnﬁqiybwymlmmkty&wgﬁvgl eryl gx%rret Py![ oot '
Nn- hexanoyl oxynet ny a upsiirtute sneet -
15 March 2001t 5%&“&%{5?% “g%ﬁ%?rﬂ?ﬁ' ‘ﬁ%’é}ﬁ&?&ﬁb | o&oxyearhoRyloxyalkyl
2- et hyl hexanoyprsfcmgt hgol 1,0 ﬁlp&-p:lcfambly)dlwal ardyd mawm:hmlanched or cyclic.” The

neohept anoyl o clohex | acet ox

met hylp 1- gce@é@et glﬂs?% Tﬁ; pre tIeraXfyl to , More pr ferably 1 or%
1-n-but yryl oxyet hyﬂ‘heﬂ-aﬂmimrbpnylbmmhxdxmpﬂﬁeatyalmdmmdyydxyemyl 1-

| - pi val oyl g dweég{m et h n noyl oxyet hyl , 5

cycl ohexanecar W% ’r}dn' > °n§#?f9 é§°PBP°¥Wé‘bea¥lﬁﬁﬁthé1’dm of

t he al koxy m)|nehlyomhemﬂdqu@lylal-bw:l}dt@oyya-bMoxybtﬁylPI—&B@tbﬂﬁJaﬁboﬁ%lbﬂre@t@l joore
preferably 1 tg.? ong%g? | tloma ?% rang!ged or clic Aunber
of the carbonP4 ReE 5?"%?1 . 8¥°$°tﬁe§y P’%‘P’S?'e 1fo 3, nore |
preferably 1 or 2. THiower ko R mdmhyhmmbkmbndhsd ﬂkﬁﬂiﬁhhﬁﬂ%’Gbélrbon '
1- met hoxycarb 0 et r.bon
1- npr opoxy;: gr %g%iyk g’%@e’ éxiemfmli%dgbﬁ’ r‘%‘%)oa %@P’B’ }ld %"‘?{1 isobutyl, sec-butyl,
n- but oxycatdorkplutykpentyl Iisop&t)ﬂateob&nltylnypbalyh(hBWI dyghexylyeohexyl and the like.
1-t - but oxycar hapy. e arbonyl oxyet hyl and
1- cycl ohexyl oxyca&%ﬁﬁﬁﬁx}ﬁtﬁ%&mﬁéﬂ%ﬁ T%ng&t R3 and R4 is a |inear
or t Er ianc hteﬁ ial kyl gl'izlcyvgc imino fermed by R an@.RbtﬁgethW‘hﬂlhh¢ sd;m@trmdmg‘fge?nbmf I
met hyl , ethy sec- hu utyl,
lert yl, i soper;tzg/u@y?’eof)llggﬁgﬁtg i!%ﬁ"iizém%f?ﬁp::ﬁgﬁ? E"“?B’ﬁa&%ﬂeg ?ﬁ%’& melpde ¢ he

i ke. pyrrolidinyl, piperidinyl and the like

20 The carbonyl-protecting group at R® include, for example, t-butyl, t-amyl, benzyl,
p-nitrobenzyl, p-methoxybenzyl, diphenylmethyl, p-nitrophenyl,



Particularl \

. The cyclic
am no forrred by R3 and R4 toget her with the adjacent nitrogen atomis a 4-

to 6-nmenber.ed C) I'es of the above-mentioned cyclic am no
i nclude azeti df REPLAQEMENJI BHEEW] . piperidinyl and the Iike. 20 The

car bonyl -protecti fig group at : nclude foL e q L MbtcH 2 I
benzyl, p-nitrpbg hpxlybenzyl , diMMyl .
REPLACEMENT SHEET 1% MAR 22(1515 supstitute sheet - 15 March 2001 -24 WHAT I's
CLAIMED | S 1. A|carpbapenemco nd of thg fornula (1) OH CH3 R3 CON-W -

H3C S.F-N N O {tR_CPR. 5 ‘n R is a nodi fyag—group—hydretyzabl e ih
the body, R2 is selected from a.gsoup consisting of aryl optionally

substituted &&&@@ group(s) having | to 4 carbon atons,

| - al kanoyl oxyéfdﬁi . xycar bonyl - oxyal kyl ;7 pht hal i dyl and

5- et hyl - 2- oxp- 1, 3 edrbapehenin eshapophdref thy formiia (Bnd R4 may be the sane or
different and each is a lower alkyl; or R3 and R4 forma azetidinyl,
pyrrolidinyl orphthalidyl group together with the adjacent nitrogen at om.
15 or -a pharmaceutical |l yObiccept abl esgal t thereof. 2. The carbgpenem
conmpound of claim1, whefein R3 and A may be the sane or ferent and
each is a | ower alkyl. 3. The caifbapenem conpound 4, wherein R2
i s 5-nethyl-2-o0xo- R4 are each nethyl.

4. The car bapenem %P?)rrpound pi val oyl oxya}at hyl and
R2 is 5-nethyl-2-o0xo0-1, 3-di

o _ R2
CO.R'
5
wherein
R! isa modlfymg group hydrolyzable in the body;
, R2 | is selected from a group cons1stmg of aryl optlonally substituted by 1 to 3
, alkyl group(s) having 1 to 4 carbon atoms, 1 -alkanoyloxyalkyl; 1-
10 alkoxycarbonyl-oxyalkyl, phtha.hdyl and 5-methy1—2-oxo-1 3-dioxolen-4-

ylmethyl; ‘
R.3 and R* may be the same or d1fferent and each is a lower alkyl; or
R_3 andR* form a azetidinyl, pyrrohdmyl_ or.phthalidy! group together with the adjacent
nitrogen atom,
15 or a pharmaceutically acceptable salt thereof

2. The carbapenem compound of claim 1, wherein R? and R* may be the same or
different and each is a lower alkyl.
20 3. The carbapenem compound of claim 1, wherein R%is 5-methyl-2-oxd-l,3-dioxolen-

4-ylmethy] and R? and R* are each methyl.

4, The ca.rbapenerﬁ compound of claim 1, wherein R! is pivaloyloxymethyl and R?is
5-methyl-2-oxo-1,3-dioxolen-4-ylmethyl.
25




R~Y~~"~G REPLACEMENT. SHEET 15 MAR 2001 Substitute sheet - 15 March

2001 - 25 5. The nd of claim1, wherein R and R2 are
each pival oyl oxy- mRBEPLACEMENThSHEET papenem conpound of claim 1, which is
sel ect.ed fromthe gyoffp-consisting} p of pival oyl oxynet hyl

(I'R 5S, 6S)-2-{(3S, S§) (Z xmdgm Ny| ani noc & bekitte shéet - 15 March 2001
nmet hyl - 2- oxo- 1, 3- di ¢x -yl thyl) pyr ofTOIM-S= RO =6-TTIR]- 1

hydr oxyet hyl | - 1- mef hytcartaperm2=tn} 3- car boxyl at e, pi val oyl oxynet hyl

(1R 55 6S)-2-[(3S, 5$) - (5- N, N-di met hy] ani n2garbonyl -1 10

pi val oyl oxymet hyl ) pyrrolidin-3-ylthito}-6-[(1R) -1+ hydroxyet hyl]-1- rret hyl car b
apen-2-em 3-car boxyl ate, pival oyl oxynet hyl :

(IR 5S, 6S)-2- §(3S, ﬁﬁ)mfbﬁp&&cﬁodmﬁemdmdfamnmmdmﬂm‘ arid K*are each pivaloyloxy-

met hyl - 2- oxo- 1 ﬂeoxol en-4-yl ) met hyl ] pyrrolidin-3-ylthio}-6- [(1IR)-1
hydroxyethyl]“T t hyl car bapen- 2- em 3- car boxyl at e hydrochl ori de, "15

pi val oyl oxynet hyl (1R, 5S, 6S)-2-{(3S,5S)-[5-N, N-di et hyl am nocar bonyl - 1- (5-
met hyl - 2- oxo- 1, 3-dj oxol en-4-yl ) ne

olidin-3-ylth 0} GW%W?"MFD(B’RV@{#] Fa}./m 4. which is selected from the group consisting

met hyl car bapépf 2- em 3- carboxyl at e, pi val oyl oxynet hyl

et hy T 2-0xo- 1. 3. dPSAE lé’w%?’fﬁ?eﬁ.%%ﬁ%ﬁ"&%(?ﬁ%eshma&mwbonw- 15-

-6-[(I1R)-1- hydreﬂfymiohuil J3=diox; ﬁ@ﬂﬁﬂ-ﬁylm}?@gmpmy&aiﬁm yiJ-1-
pi val oyl oxyrret éR 58i 68) 2- {( S 5S)-[5-(1-pyrrolidinyl carbonyl)-1-(5-
nmet hyl - ZOXOP ]pyrroI|d|n3yIth|o)

-6-[(1R)-1- hydrOxyﬁfvﬁwlbxﬁnemtmmes)bagmsgy@m&mﬁaambmydoahaonym-

plvaloylox

(1 R 55 69 10 prsleyiesmptsyipymslifier dhim b Dok prdomeiul fuppyicartapen-2 o
2-oxo-1, 3-di ogc&aﬁbaxﬁaﬁgl ) met hyl ] pyrrol I di n-3-ylthi o} 6-[ (IR -1-hydroxyet hyI ]
-1- et hyl car bapen-2-em 3- car hox 5S, 69S) -
(35759 (50 1- nocrraogresab i 165 a8 Rl NN ameh mlocatbonyiits:
2- 0x0- 1, 3-di om@mwnwbmm ﬁaedhygpﬁmﬁdmtmﬂﬁb}}e-ﬁim -1 hflirokyethyl]-1-
- hydroxyet hyl ]-1-  net héhcar bape n em 3-car hoxyl ate; 30 or a
phar maceut i casby; H&W‘%RE& » ACEMENT SHEET 1 5 MAR 2001
Substituteisheet - p&EloWkﬁbetﬁﬁQﬂk,ss 6S)-2-{(38,5S)-[5-N,N-diethylaminocarbonyl-1-(5-
" methyl-2-o0x0-1, 3-d10xolen—4—yl)methy1]pyrrohdm-3-ylt‘mo}-6-[(1R)-l-hydroxyethyl] -1-
methylcarbapen-2-em-3-carboxylate, _
piva.loyloxyrﬁethyl (1R,58,68)-2~ {(3S,SS)—[5-N,N-methylethylaminocarbdnyl~1-(5-
methyl-2-0x0-1,3-dioxolen-4-yl)methyljpyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-
20 methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,5S,68)-2- {(3S,5S)-[S-(l;pyrrolidinylcarbonyl)-1-(5-
méthyl-2-0xo0-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]}-1-
methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,58,6S)-2-{(3S,58)-[5-(1-piperidinylcarbonyl)-1-(5-methy}-
25 2-oxo-1,3-dioxolen-4-yDmethyl]pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1- '
methylcarbapen-2-em-3-carboxylate, and
piva.loy_loxymethyl (1R,58,6S)-2-{(3S,5S)-[5-(1-azetidinylcarbonyl)-1-(5-methyl-
2-0x0-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio} -6-[(1R)-1 -hydroxyethyl]-}-

methylcarbapen-2-em-3-carboxylate;

30 or a pharmaceutically acceptable salt thereof.



- - -conpound of
claim1, which is represented by the formula (1), or a pharmaceutically
acceptabl e salt theregf _as-—ap-aet .Eég i ngredient, in conbinati-on with other

addi tives. 5 8. The|REPLAGEMENT SHEBGEnt of claim7, in an oral

admi ni‘stration form —A car bapehefn conpoynd of the for1 i CH3
R3 .ONR4 H3C NN )h@ MARCRR® 10 wher ei RUDSIRH. - L group -
consi sting of aryl -dptli:onall'y substji{uted by I to 3 i Vi ng

1 to 4 carbon atons, Hearmoygtoxyal Kyl , 1y al koxycar bonyl - oxyal kyl g

pht halidyl and 5-metlyl - 2- oxo-1 -3-di-éxol en-4- 15 ylmethyl; R3 and may be
the same or different and each is a lower alkyl; of R3 and R4 forma

azeti di nyl, rrolj.djn i dy: : ) iR cladde1 ackiasent

it rogen at ont and\ Yokl Btk Bliofbg Gle bul i Ohou of SRE 1 CES
group; or a mpiesentaddydlf formuk ), SHEPMirkARutFtlY accrptEbla SHOhREF] 38@EREINE SHEET

26A Substi tut . - - INRLEH +o MAR 2001 10. The car bapenem
conmpound of cﬁﬁllse?r']%gﬁmvw“#n? I sf‘glélfg@%reag&lprégm the group consisting of
p- ni tr obenzyl L . ,'. S : :
(1R, 5S, 6S) <2-{ ( 3S, =[5~ d%g |a-ig[’a,' ‘P‘pﬁﬂﬁl&g“"? hyl - _

2- oxo- 1, 3- Isoxé'l en-ﬁ%ﬁl .%é:% %B;tr"?%‘ I dln%)%?é thi o) -6- ?gc%n 1- hydr oxyet hyIl ]-

1- 5 net hyl car bapen-2-em 3-car boxyl at e and sodi um

(1R 58S, 6S) - 2- § (3S, 25k Lindh MiflidtEl ByheBrmaREPONy! - | - (5- met hyl - 2- oxo-

OH
H,C
e
o)
CO,R®
10 -
wherein . .
R? is selected from a group consisting of aryl optionally substituted by 1 to 3

alkyl group(s) having 1 to 4 carbon atoms, 1-alkanoyloxyalkyl, 1-
a]koxycarbonyl—éxyalkyl, phthalidyl and 5-methyl-2-oxo0-1,3-dioxolen-4-
15 ylmethyl;
RlandR* may be the same or different and each is a lower alkyl; or
'R3 and R* form a azetidinyl, pyrrolidinyl or phthalidyl group together inth the adjacent
nitrogen atom; |
and
20 R is a hydrogen atom or a carboxyl-protecting group;
' or a salt thereof.

et

‘THIS SHEET HAS BEEN 1.‘1_
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I, 3-dioxolen-4-yl)methyl | pyrrolidin-3-ylthio) -6-[(1

R) - 1- hydr oxyet hyl ] - 1- met hyl car bapen-. 2- em 3- car boxyl at e;- ‘or a salt thereof.
10 11. A phar macelljt > alasala pu..conpri sing the carbapenem conpound of
claiml or a phar fCEMENS[ SHEEt abl e sal t ther eof and a

c-eptable §alrt Ib 1nereot _tnrne

: REP ACEM-ENj c, (,' L..~l 11

a~ ~~"L~i r; ~ 465165 i -'>-~u

al koxycar bonyl - ohthalldyl and 5-net hyl - 2- QX -1, 3-di oxol en-H- - -
--- --- -ylnethyl; R3-and R4 nay be the same or dlfﬁerent and each is
alkyl; or R3 apd Rend &fﬂﬁb&eﬁ?&ﬁp@hﬂ&’éﬁclﬂ@r @hich isidlected FORIRAGHE WhSisting
together with the adjacent' n° 5 nitrogen atom or a pharmaceutically
accept abl e sapf thereof (2) The - carbapenen1conpound of- (1), wherein R3 and

R may be e Samey sl ssHAKS9SY) SN BB Ysabii o) ey

car bapenem corrpoun f erein

S 0XO0- di oxol en- 4-
yl mét hyl and R@xaﬂeﬁﬂnx@lwe‘i—w@nthm M&ylﬂW'iﬁRb&ﬁéﬁ@W@@ﬂbbund of (1),

wherein R 4 fﬁtﬂﬂ@c‘a% y_gﬁtj‘n is b-
et hyl - 2- oxo- 3-di ongR<

5) The car bapenem cogound of (1)

wherein R and RZ Sﬂd@%ﬁ(ﬂﬁ &&-K?gé%ér@%@@ymﬂ@h@%ﬂﬂ gestbyh2cxepound |
of (1 whi ch 4i [0 0, I - -

pi V<(31I Z)yl oxynmet F?fﬁléfdll Zﬂ%l%l @ﬁggﬂ%m?@ R ?j? %gt hy)(e nloglaetrhglc‘);ﬁuyrpen (5
met hyl - 2- oxo- 2:¢-3 fcatooxdttes - yl ) met hyl ] pyrrol i di n- 3- ylthio} -6-[(1

R) - 1- hydr oxye l{’u %&1 % t hyl carb apen-2-em 3- car boxyl at e, pival oyl oxynet hyl
(1R, 5S, 69S) - F ; 5- N, N- di net hyl-ami nocar bonyl -1 -

pi val oyl ox&ﬂmthyl)pyrrolldln 3-ylthio]-6-[(1

R) - 1- hyd tyhy!
4 by ocrety |\l et S AR ot ot i 1.
Met hyl - 2- oxo- B phamagsusically wcwm@qeo@yndgphmc@nwm%mp}abhwppmt :
R) ~1-hydroxyethyl]-1-

12.  Use of the carbapenem compound of claim 1 or a pha:maceuhcally acceptable salt

15 thereof in the production of an antibacterial agent.



o s b e et

73~ car boxyl ate hydrochl oride, pival oyl oxymet hyl (écs

................... "INl O 6 JUN cOul Substitute
pi val oyI oxymet hyl (1R 58, 6S) - 2-{(38, 58_) -[5-(1

ne ek

R|BE g LIaEN | ani nocar bonyl -1 -(5- 25

mgt iyl - 2- 0xp<1 3 dloxolen4y|)rrethy|]pyrrolld|n3y|th|o} 6-[ (1R) - 1- hydr ox

yet hyl ¢ slaguretity r| arb ap en-2-em3 -carboxyl ate, pivaloyl oxymethyl

({R|5S 857 2- {(3|E 5S) - [ 5- N, N-met hyl et hyl am nggBstey shbet 5-6 June 2007

mgt ;" er e ""3.:",4 -4-yl)nmethyl ] pyrrolidin-3-ylthio }

-G Al grioseyigi hyl ] - 1- net hyl car bapen- 2--em 3- car boxyl ate, oa o.a .3..

to]o[F < d Taﬂk ar’c ~-"d 2.6 7"-& U" p' Vo~ ..... to paged
gt

- pytr of T arnytrar
methyl - 2- oxo- 1, 3- di o "PréF‘ yI)nethyI]pyrrolldl n- 3- yIth| o} -6 [(1
R) - 1- hydr oxyet ﬁVTﬁ Icarb apen-2-em 3-car box yl ate,

pi val oyl OXylPétdﬂ&NR‘( 1thdySelf satne driifferent and each is a lower alkyl; or

S, 55)-[ 5- (1}@ per i,di nyI car bonyl ) - 1- ( 5-.met hydiRergliny] ) .

2- 0x0- 1, 3- di &n- 4 8m) prazetiginy W’FB!W“GYWKP%W@IQ‘E’-tP%ﬁ‘W—“ﬂ“’fﬂ}aP@%%Fé% hyl ]
-1- net hyg car bapen 2188 gg,l;,poxyl ate, and pival oyl oxynet hyl (1R, 5S, 6S)-2-
{(3S,55)-[5-(1-azetidiny carbonyl )-1-(5-nethyl -

2- 0x0- 1, 3- dicorphamateyticety aeneplaplersplbtheggof- 3- vl t hi 0) -6-[(1

har mveut 3 1 SiebapdfEly tefihe BRTT vl & SRR OAY B e aite B eBiprey

conpri si ng tané eaclrisapewenalicdnpound of (1), which |s represent ed by the

formula (I ar naceut i cal €.S eof active
i ngr edi eElt) (?%EFBBF}%I% et”leWOWPPHn‘L%/%@S 6‘?”[‘}\/ ? a{rﬁa ﬁlﬁé@F%r i al
agent of 1q 7)y1mbmrmdm3adndqdraraeaihwhﬂn form 15 (9) A car bapenem conpound

of the formula CH3 / R3 CONCR4 H3C, /[ S (Il1) NN 5.
4T ecarbapenem compound of (1), wherein R" is plvaloyloxymethyl and R® is 5-

methyl-2-0x0-1,3-dioxolen-4- ylmethyl.
(5) The carbapenem compound of (1), wherein R' and R? are each pivaloyloxy-methyl.
(6) The carbapenem compound of (1), which is selected from the group consisting of
15 pivaloyloxym_cthyl (1R,58,6S)-2-{(35,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-
methyl-2-o0x0-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,5S,6S)-2-[(3S,5S)-(5-N,N-dimethylaminocarbonyl- 1-
pivaloyloxymethyl)pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-em-
20  3-carboxylate,
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-dimethylaminocarbonyl-1-(5-
methyl-2-0x0-1 ,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate hydrochloride,
pivaloyloxymethyl (1R,58S,6S)-2-{(3S,55)-[5-N,N-diethylaminocarbonyl-1-(5-
25 methyl-2-o0x0-1 ,3-dioxo1cn-4-yl)methyl]pyrrolidin—3-ylthio }-6-[(1R)-1-hydroxyethyl]-1-
raethylcarbapen-2-em-3-carboxylate,
pivaloyloxymethyl (1R,5S,6S)-2-{(3S,5S)-[5-N,N-methylethylaminocarbonyl- 1 -(5-
methyl-2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1- -

methylcarbapen-2-em-3-carboxylate,




0\ 2R Q2R 5 wherein 20 R2 is selected froma group consisting of aryl

opt i }E’]'rd‘lf}/ ‘s.u@;‘fal @u_l,@- by I to 3 alkyl group(s) having 1 to 4 carbon

at ompiEili ﬁ-k*aﬁb J_crx_ya- kyl, |- al koxycarbonyl - oxyal kyl, phthalidyl and
5-met h{l - 2- oxo- 1, 3-d| okol en-4- ylmethyl: R3 and R4 nay be the sane or

di ffewentg@n\ﬂy@qgﬂ I si a lower alkyl; or 25 and Rd for 3,82 L di nyl,
pyrralildi nyl or phthal jddyl.group together w4t Pate une ogen
at om 63171~ UUL Substitute sheet - 6 -June 2003 -24 WHAT | S CLAI MED
| S 1{ A carbapenem conpound of the formdd- (1) OH CH3 R3 CON<R4 H3C S (1)

NNOR CO®2R1 5 wherein Rl is a nodifying group hydrolyzable in the
body; R2 is selected froma group consisting of aryl optionally substituted

?% ;I LSX?’ al kyl P%w%@mm@vgngas 6.‘!307 {(3S$5Mﬂ(ﬁhmxduiy{@iﬂkc&iww -xyal kyl , _ 1
ycar bonyl - oxyal kyl and, 5- et 2- 0XO0- di ox n- 4
yl met hyl ; Renethydt2 monh#dmotené et Tob B S LHon. P)édra‘lr Flal kyl ;
' 8; ougl ngg?h’%ﬁyﬁaﬁpgﬁg Jﬁf%géb%gﬁézet i dinyl, pyrrolidinyl or-phthalld
pivaloyloxymethyl (1R,5S,68)-2-{(3S,58)-[5-(1-piperidinylcarbonyl)-1- (5-methyl-
5 2-oxo-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}-6-[(1R)-1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate, and
pivaloyloxymethyl (1R,5S,6S)-2-{ (3S,SS)-[5-(1-azetidipylcarbonyl)— 1-(5-methyl-
2-o0xo0-1,3-dioxolen-4-yl)methyl]pyrrolidin-3-ylthio}-6-[ (1R)-1-hydroxyethyl]-1-
methylcarbapen-2-em-3-carboxylate;
10 or a pharmaceutically acceptable salt thereof.
(7) An antibacterial agent comprising the carbapenem compound of (1), which is
represented by the formula (I), or a pharmaceutically acceptable salt thereof as an active
ingredient, in combination with other additives.
(8)  The antibacterial agent of (7), in an oral administration form.

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

CON<R4
H,C S
4y
/——N / N\
0 R2
CO.R
wherein
20 R? is selected from a group consisting of aryl optionally substituted by 1 to 3

alkyl group(s) having 1 to 4 carbon atoms, 1-alkanoyloxyalkyl, 1-
alkoxycarbonyl-oxyalkyl, phthalidy! and 5-methyl-2-oxo-1,3-dioxolen-4-
ylmethyl;
R'and R* may be the same or different and e%a.cl}ia 1anl?wer alkyl; or
25 R’andR* form a azetidinyl, pyrrolidinyl 0; phthalidyh group together with the adjacent

nitrogen atom,



L~ ot o cttTss T

ni trogen_at om- »-}E—x);rtﬁ har maceutically acceptable salt thereof. 2. The
.,;e‘m,@"pkgﬁ j_odnd’e;% laim 1, wherein R3 and R4 may be the sane or
d"eacﬁ isiyail ower alkyl. 20 3. The carbapenem conpound of claim

R i8R frethyl - 2- oxo- 1, 3-di oxol en- 4-ylmethyl and R3 and R4 are

thyD 4V’ The cdr hapenem corrpound of cl i N RJuhd 200
—an'd”‘R is b-methyl-2-oxo- | ,3-dioxolen-4-ylInmethyl. 25 C

-1 -T $ut ute sheet June 2001 0 6 "M 2001 -26- 7. An antibacteri al

agent ~the car bapenem corrpound20 claiml1l, which is represented
by. the formula (1), or a pharnmaceutically acceptable salt thereof as an
active ingredient, in conbination with other additives. 5 8. The

anti bacteri é(YHéaéﬁtCIcﬁn\@]aJﬁ] 7, in an oral adm nistration form 9. A

car bapenem gonpo R3 CON~R4 H3C/ S (I1) N
02 R CX2R5 10%‘ ﬂq ehgﬁRéﬂPgﬂHgé%fé}g%gﬂﬂFo a group consisting of aryl

optionally substltut ed by t to 3 alkyl group(s) having 1 to 4 carbon
atons, 1-al kanoyl oxyal kx|, 1- al koxycarbonyl - oxyal kyl, phthalidyl and
5- met hyl - 2- oxo- 1, 3-di ox®l en-4- 15 Whgethyl; R3 -and R4 may be s he sane or

different and each is a|l1 wer alkyl}, or pi per R3 and R4 Ma azeti di nyl,
pyrrolidinyl or phthali group ether with the ad] @4 rogen atom

H;C
S o
O/ \Rz
CO,R’
5
wherein
R is a modifying group hydrolyzable in the body;
R? is selected from a group consisting of aryl optionally substituted by 1 to 3
alkyl group(s) having 1 to 4 carbon atoms, l-alkanoyloxyalkyl, 1-
10 | alkoxycarbonyl-oxyalkyl, phthalidyl and 5-methy]-2-oxo-1,3-dioxolen-4-

ylmethyl; _
R? and R? may be the same or different and each is a lower alkyl; or
_ piperidiny] ' . _
R*and R* form a azetidinyl, pyrrolidiny! or-phthalidy} group together with the adjacent
A .
nitrogen atom;

15 or a pharmaceutically acceptable salt thereof.

2. The carbapenem compound of claim 1, wherein R’ and R* may be the same or

different and each is a lower alkyl.

20 3. "The carbapenem compound of claim 1, wherein R? is 5-methyl-2-ox0-1,3-dioxolen-

4-ylmethyl and R? and R* are each methyl.

4. The carbapenem compound of claim 1, wherein R' is pivaloyloxymethyl and R? is
5-methyl-2-oxo0-1,3-dioxolen-4-ylmethyl.
25



aEd 2]9 R5 is a hydrogen atom or a carboxyl-protecting group; ~or asalt
t her eof .
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7. An antibacterial agent comprising the carbapenem compound of claim 1, which is
represented by the formula (I), or a pharmaceutically acceptable salt thereof as an active

ingredient, in combination with other additives.

5 8. The antibacterial agent of claim 7, in an oral administration form.
9. A carbapenem compound of the formula (II)
OH CHs
PY cony
H,C
o
SN m
O
CO,R®

10

wherein

R? is selected from a group consisting of aryl optionally substituted by 1 to 3

alkyl group(s) having 1 to 4 carbon atoms, 1-alkanoyloxyalkyl, 1-
alkoxycarbonyl-oxyalkyl, phthalidyl and S-méthyl-Z-oxo-l,3-dioxolen—4-

15 ylmethyl;

R?and R* may be the same or different and each is a 18wer alkyl; or

R}*and R*  form a azetidinyl, pyrrolidinyl or phthalidyl group together with the adjacent

nitrogen atom;

and

20 RS is a hydrogen atom or a carboxyl-protecting group;

or a salt thereof.



