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PCT/ EP96/ 01880 ESTERS OF CARBAPENEMS
This invention relates to novel antibacterial conpounds, processes for
their preparation, pharmaceutical and veterinary conpositions
conpri sing t%‘%ﬂ&g their 5 use in antibacterial pEigpssvysse

Car bapenens such as i m penem the conpound of fornula (A):

[err] ESTERS OF CARBAPENEMS

(A have a potent, broad spectrum of antibacterial activity

(see US 3 950 357 and This inventib rélﬁeﬁtolrﬁﬂel&ﬁﬂbacthnbdonqmdnd’s‘oﬁmc&asﬁor their

car bapenens howev. %fgmg . t he
enzyme frenal deh eptl ase f ?@%E?E an t m P%stcwghﬁgﬁémw

i n chenot her ap@. 'I'sﬁ penem this problem may be overcone by
t-he. co- a&:hrbapenémsa&ucbm infipemami, e icbmpound of fdshddial(A):

Stability towards DHP-1 may al so bgoi Hpay ted by chem cal nodification of

15 the carbapenem nucl eus, for insga¥c& hy incorporating a 1[err]-nethyl

sub8titutent, as in f t he conpound of
formula (B): [err] (ﬁzkm

o
(B) (see Shih D.H et ar. , Heterocycles, 1984,21, 29 and
Sunagawa M et aL, 20 J.Antibioti®%H 1990, 43, 519). More
recently, this has been extended to a 1ferr]- agynoal kyl

substituent (see EP 0O

An alternative ap & @ﬁé‘%z? S’ta%;fﬁﬁwb%gtﬁﬁalsaggﬁ& (%TES,U§89BQ|§5'I_L3% Ilises
2- 10 SW%B@@MM%@@&@MM@OW&M@ beyulnespble to

l2J-S hit % gaz5 32/I7 and rolysxsbytheenzméﬁﬁﬁﬂﬂ@dﬁfﬁ%ﬁﬁd&s&ﬁ(%ﬁpgg%tﬁsu%%tﬁéﬁns@?lm
489, EP 0 010 51 cih SReRobPAPY, 3 the,casé Bt imjpegeds, s problat iy, c%) by e co-
2- (subst i t ut ed) neadminiseation:nf an inhibitoseflHBtl.et al, J. Antibiotics, 41, 1988,
78?“)) - smbﬂn@lfoﬁaaenﬁpll ﬁ@ﬁaﬁ@ﬂ? mMaI-@ckgﬁcrﬁﬁucaﬂ' hﬁﬁiﬂeﬁﬁ‘&t of
nunber o rrg{rbe omati c car ves
I ncl udi ng dia ter 5%8“*&“8?’?82%}1’% f%ﬁf%&&?anﬁ%mmﬁng %@m"%@ém’aﬁf’k
case of the pyrazﬂwy@mnmmdmm:mmecm@ndopm@h@hpound is
attached to the carbapenem nucl ett®© Hhrp thBﬁ@Uﬁ"h)@n

BWa H

B)
(see Shih D.H. ez al., Heterocycles, 1984, 21, 29 and Sunagawa M. et al.,

20 1. Antibiotics, 1990, 43, 519). More recently, this has been extended to a 1p-
aminoalkyl substituent (see EP 0 433 759, Bristol-Meyers Squibb).

An alternative approach to imparting improved stability to DHP-1 utilises 2-
carbon'substituted carbapenems, for instance, 2-aryl, 2-heteroaryl and 2-
heteroaromatic carbapenems (US 4 543 257, US 4 260 627, US 4 962 101,

25 US 4978659, EP 014 493, EP (414 489, EP 0 010 316 and EP 0 030 032 Merck &
Co) and 2-(substituted)methyl carbapenems (Schmidt e al, J. Antibiotics, 41, 1988,
780).

UK Patent 1 593 524, Merck & Co. discloses & number of 5-membered

heteroaromatic carbapenem derivatives including diazolyl and tetrazolyl compounds.
’ 30 However, in the case of the pyrazolyl derivatives the heterocyclic compound is
attached to the carbapenem nucleus through the C-4 position.



WO 96/ 34868

PCT/ EP96/ 01880 Ot her structural nodifications
i ntroduced at position-2 include a substituted Vi nyl
group -C(Rerr])=CHR[err] in which, for instance, R err] is hydrogen or
met hyl and Riygydela4d6d hydr ogen or | owepCHER$OISBEP O

yarogen, | ower alkel O AR AT O postion 3 fcls s bSUE e

5  al koxycar bonyYnYlE=e® Wbééw g‘éﬁﬁ’t“%ﬂ‘é"é‘u&?&%ﬁ@g‘”} ‘Hﬁ}dﬁg Redtnce
of a 1[err]- hydrogenorloweralkyl(EMWIIO&Mawa)enRaameUmsnb@tedfrmat|on
does ot however R I bﬁeﬂﬂl&‘}rattm%b t lower alkory cyano.mtr‘%andl‘éﬁép' ity

| nt er nat i onal ag‘ﬁgﬂﬂ% ?@8236\5)37 Siyn 94/ 023/ ngcﬂll ea%senceo?a?g-s

of the general
i*n which R is: methyl substituent, such a2 modificdtion ﬂpes not however appear to imiast DHP-1

wher ei n Rerr] is hydrogen optionally substituted
(err])al kyl or optl naII stltut ﬂ err] ®
i s hydrogen, optional ﬁ? é%ﬂar? P 0, PRTIGRAAI3ET dessribes cam uted
aryl; or ofthegenem]ztbmulﬁz[(@)'r] and Rlerr] together forman eptionally
substituted 5gr 6 nenbered heterocyclic ring wth or

d Rerr] is
ublstg't uted by fluoro, a hydroxy
3 protected by a readily
an am no
y renovabl e am no

wi t hout additional heteroatons;

(err])allkyl which is unsubst i t ut ed or
group which is gg
renovabl e hydroxy protecting group, by
group which is optionally protected by @&

25 protecting group; R aehydrogen or nethyl; and
-CJerr]Rerr] is carboxy or a carboxylate aniof# or the group Rerr] is a
readily renovabl e carbg@@y protecting group.
30 in which R is: -2

R

?-—
~
15 4 “ﬁ;
wherein

R% is hydrogen, optionally substituted (Cj.g)alky! or optionatly substituted aryl;
RBis hydrogen, optionally substituted (C 1-6)alkyl or optionally substituted aryl; or

20 R and RP together form an optionally substituted 5 or 6 membered heterocyclic ring
with or without additional heteroatoms;

RE€ is (C1.g)alkyl which is unsnbstituted or substituted by fluoro, a hydroxy group
which is optionally protected by a readily removable hydroxy protecting group, or by
an aming group which is optionaily protected by a readily removable amino

25 protecting group;
Rd is hydrogen or methyl; and
-CO;R¢ is carboxy or a carboxylate anion or the group R€ is a readily removable
carbdxy protecting group.

30



WD 96/ 34868

PCT/ EP96/ 01880 According to the present invention, there
is provided the conpound of formula (1): [err] 5
wherein Ris selected fromthe group consisting of isobutyryloxymnethyl,
(5-methyl - 2- wooemsses 0X0-1, 3-di oxol en-4-yl)nethyl, and benzmyimEpogomsdy! .
Particul ar conpounds in accordance with the present invention are:

i sobut yryl oxynet hyl (5R, 1- eth I-5 met pyrazo] -3-yl]-6- R) - 1-
10 hydroxyet hyl ] - car bé’ﬁ@‘ﬁﬁ% mé‘elxl’m“ dthecol‘npoultd(ojf
(5- et hyl - 2- oxo- 1 férmitilofp| en- 4- yI)rret hyI (5R 6S) - 2-[ 1- et hyl -

nmet hyl pyrazol -3-yl]-6-[ (1R) - 1- hydr et hyl ] - car bapen- 2- em 3- car boxyl at e,

and benzoyl oxynmet hyf (5R,

6S) - 2-[ 1- et hyl - 5- net hyl pyr azol ,) - 6-[ (1 R)-1- Me

hydf oxyet hyl ] - car bapen- 2- em 3- Far byl at 15 rnce each

car bapenem conpound of the present | ' for use

i n pharmaceutical conpositions, it wjll d that is provided
in* substantially pure for eag‘{aSO%pure nor e
suitably at |east 75% pu and prefgrably at |east 95% pure (% are

on a w/wt basis). Inpure preparations of the conpound nmay be used
for preparing the nore pure fornms used in the 20 phar maceut i cal

conposi ti ons. Preferably, whenever possible, Uéach conpound of the

present inventi on whereibR4s smdtedmm mat;gﬂiublcaﬁs ﬁfisobuty:yloxymemyl (sMhemyB2Cch

conpound of this i
recrystallised frg%ggggﬁig%&g‘%? P%%@B st aI I | sation may be
present in the sla&@mmedsmm&mﬂmmmtmmmwes wi thin

its E cope S;JCP sol vat e&obﬁymdxgmbmyl (5R, 35)—2~t11€thﬁ05rﬁs@t u@qﬁrr&m-wnsst-u(mpm i on
may be crystalihis vent s cont ai ni ng
water. In suchbcaz\gdﬁv\%‘{@ﬁf'&?ﬁ% 8’35@3 present in the crystalline
product. This inventi ofﬁ-mnelvha@smhﬁrﬁpm ybmeihal GRoSh2-Ohethyk-T hydr ates.
]'cl'he c?r ?agepem agtmdm oﬁglm%l[(dn)woiy&i%;gh—&r& ?Qféﬁ?-ﬂichi% ?

ornmul ated for adm nistra
veteri nary, 30 med gﬁx&%@%ﬁgﬁ}eﬂg écmégy 03::}‘0%126'

known in the art M@mxyethyi}—carbm@re@h atboxylatBer anti bi otics, and the

i nvention thensfore i nsindéegh\shiblpehein ﬁﬂ%f@:epxesentmvdﬂﬁéﬁiﬁﬁﬁﬁﬂddd@use

conposi tion conpriys L, 30ualh bohRdst uconS‘Wﬁl“be 355368 3t s prind
substantially pure form, for example at least 50% pure, more suitably at least 5%
pure and preferably at least 95% pure (% are on a wt/wt basis). Impure preparations
of the compound may be used for preparing the more pure forms used in the
20  pharmaceutical compi')sitions. Preferably, whenever possible, each compound of the
present invention is obtained in crystalline form
When each compound of this invention is allowed to crystallise or is
recrystallised from organic solvents, solvent of crystallisation may be present in the
crystalfine product. This invention includes within its scope such solvates. Similarly,
25 the compounds of this invention may be crystallised or recrystallised from solvents
containing water. In such cases water of hydration may be present in the crystalline
product. This invention includes within its scope stoichiometric hydrates.
The carbapenem antibiotic compounds according to the invention may be
formulated for administration in any convenient way for use in human or veterinary
30 medicine, according to techniques and procedures per se known in the art with
reference to other antibiotics, and the invention therefore includes within its scope a
pharmaceutical composition comprising an antibiotic compound according to the
present invention together with a pharmaceutically acceptable carrier or excipient.
-3-




present invention together with a pharnmaceutically acceptable carrier or

exci pi ent. -3 - WO
96/ 34868

PCT/ EP96/ 01880 The conpositions nmay be formulated for adm nistration
by any suitaw‘ﬁ“?} such as oral, parenteral or tppiERe01ss0

I t h
compos. 1 ons may B2 Paﬁﬁ%@%f'%mﬂ Ry 5 bt BY Shileble rouce syenod "
| ozenges, creans ,lmsrmﬂmmwon&mmﬁéh%r@mw is;pagtiquias! meelmder al
sol utions or 5 'Ihsuammioﬁmay tednl the form pd tabRES cpesled, powdnrs) lgranules,

2dri i Strat! on Tieohieel bkl SR preparmionsDLER BT e el anAR KRR "

conventi onal ex0|p|e syrup
acaci a, gelati®, %MS!QBF Teblﬁga@emwle&fer Q5a)j adiministragion may m;mtmt dose

fil lbe[ SI for exa“?i‘e&d%hma!ﬂ ttconﬁﬁilobﬁv@héﬁﬂbxmﬁaiwswﬁwmaﬁ Apénts,
sorbitol or nesi um
stearate, tac, pff ye¥'ﬁél’ﬁ~e*xmtﬂ?%ﬁa P, s fabanh & oS PTG
exanpl e potato st filem, fopexampledpstoss) wgok Maizagiare taxehieplejum phosphate, serbitelors odi um
| auryl sul phate. %ﬁn&;&b&l&hﬁ Iﬁbﬁc&% fop @k ifip mi(ﬁiuﬁihtéaﬁambqﬂ@eu@idnc

e g 7 St Ul 6 @ ol Yanh B RGRDIe NPl

t he
enul si ons, syr upsSush as sodium la@ryl)sulpgate oﬁmglets@apmquéma teimethodyweld ¢

fS or hr leconsfjI | tuti ORnoMd #h mﬂﬂﬁrphmntaaédﬁeﬂ practice. SOfal ﬁéﬂz@pmpmﬁdrﬁ rr??fb@fiﬁth!dsﬁ

uc i quid prepa ontain conv 1tives such as
suspendi ng agent S{b{}#‘ ?nfg g’g%lfesﬁ%ﬂlo Y %%ﬁpﬁﬁl&é’eﬁoruﬁl%ss mgfol%gg@ps or
syrup, gelatin, helisigsx presented ssedrypuodveidpnreconstimgion with seater onpthet ni um
st ear ?t eI trlf Osditable vakidled@fnebRd Sach llidlﬁ: prépdationshiag conthifl Go@Ridrdal T Or
exanple lecithin 0

vehi cl es (which n%‘?‘ﬁ‘ui‘géﬁ‘%e‘“é‘éﬁpﬁ‘fd“‘%%%% et% %’m%%%&z@a ?5‘?1@@#& @‘?"1"“ oily
esters, glyceri neSyrgp.@glptindydryeshy! Ce’bﬂ@t earhoxmethpisellulose, aluminium stearate
preservatives, fopel®xapdbgenaRt hmble@ﬁts,wm?mgdgyﬂé , FEORRMBRASShRN, scrbitdd C

acid; and, if ent | ents.
Suppositories wl fog %‘ﬁ%ﬁ% r??gca&%nﬁ/ ORI re}'ﬁt vF oﬁ1§¥ %‘n'ggfé‘slﬁaégdjé%% for
cocoa-butter &0 ot¥mpleplmond picoily esters, glycerine, propym g}ysalem@mmcohd

adni ni sg r at :j on, Ibmm f@kce&aﬂplefncatm oPPropIpRArcX§bénzodte 61 sdgbic 8id; dnasif
conpound and a s r

deggndl ng 8é g&(n\?)é%&&nﬁ!e W nce@nﬁ%ﬁ&’u%-{ Ie"lé:ﬁe el gﬁ‘er
suspended or di sseqqyg@pqnnlqungosntorybase,q&ma-@uttqr,qrpﬂxgr@yqeﬁge sol utions the
conpound can be di SSO|Fﬁ¢ateﬁteYﬁh&huimn¢ﬁ)ﬂﬁﬁitdxﬁtmosage formsarprép a!rédafnhsmg

sterilised befreyl Hnbé%dlhal;;bgs },;%E %aiéhé‘% gﬁmﬁﬂ%’% 83&%35&9@@

Advantageously agen oca anae preservatl
buffering agents Omthe vebigleigad goncemsration used, m@e@ékﬂrévwdpé op dissoheed in the

stability, the covghage.t] ;ﬁﬂﬂg Bslutions the cofnpB@fican bé aissdlvddlih mmfﬁr&tg&mnvn al
and the wat er re”?ﬁ’deﬁ %f’b%lhxg%ng“iumblelvml]p{'mg&é%:ﬁesgal er1s

then sealed in the

i njecti on may be W‘%éﬂ‘ b%‘ﬁﬁﬁ%@awchqm%v%?ﬂqwfm@em
Par ent er al 30 cﬁn&ﬁﬁmlvem&:mwemepwamﬂo&m&wﬁmmabdmpdsmbnwmanner

excent that the CORIAG: oy B VESATBE i ARG T 2
i ssol ved and ste i i on.
The conpound can b@p@ixmmwssyné&%mmwae@m@n@panymgml@imrm ore
suspendi ng i n t heinjéclibh iy be Bipplied toAeooaRBE PR IKIuI pridr SoniseA Phrafiferad!

LR8Nt 1S BTl bépaia 5P RSy tnd e ko' il R oFhpouna
35  issuspended in the vehicle instead of being dissolved and sterilisation cannot be
accomplished by filtration. The compound can be sterilised by exposure to ethylene
oxide before suspending in the sterile vehicle. Advantageously, a surfactant or
wetting agent is included in the composition to facilitate uniform distribution of the
compound.

o 4-



conpound. -4 - WO
96/ 34868

PCT/ EP96/ 01880 The conposition may contain fromO0.1%to 99.5%
by wei ght, preferably from 10- 60% by weight, of the active material,
dependi ng onylgygskdE hod of adm ni stration. © \Were thepcoEpsmoIssdons

conprise dosage unlts | 500
ngngf t he act |gve | ent pb%&mﬁﬁ%%g%ﬁﬁé&éﬁ#t&%‘#ﬁb?w&ﬂn;ﬁetf:faﬂi?éc%
treatment will &%BYV’%@EQ@“’FI“%‘{CW 890 nihe methed of admigistralions g e
gdul td pﬁt IWMreMmpoﬁuqhtcoi@nk@dosaéeamxwaémmmﬂm&emlmmday

ependi ng on the sages
coErespogd to appf?(gé(ll nma e o{ﬂ%%@u%ﬁﬁ}éﬁﬁﬁé{;@wdﬁ%\;%éﬂnﬁ@%&%&aﬁfﬁ@fﬁﬂt hg
dosage is frof 1 tegtmugt pél p@&yablyrangefrom 100mgt¢ 8gcpsrdgvf95§ra@@rag§a§wtab|y
gi ven by admi ni st@ﬁemmymmaao&gpiomm&(ﬁsoomgpénda?me@emgbnﬂmml n a

24-h d T
al t hgﬂgr;hpelrlnoprac ] ?g&ﬁ%n)ﬁ({' osaHg %%agre uenﬁ{?%o pgnd n,ﬂgp}okﬁaie@l%%
wil1 be nost suitHB |M&wrm.mmblyaa@¢°sawsmm 62 REEAgY.wi th the age,

mi ght handh res mmx;odoshﬁiﬂs piitabB given Wy admiidisteing/d compeRn@6L@ME ONS

en the physjci gk

di fferent frequency o#’ se&gﬁﬁ s‘?g&%ﬂhougﬂé@dggg \%26"%383%@1’%@?@ Wi t hin
the scope of t hi Jimesada zh in practice, the dosags and nex oirdministrasion whighe

i ndi cat ed when a%l%'ﬂﬁﬂﬂﬁltaﬂ&fémmﬂVﬂﬂéllp@lﬁbntﬁlxllvarywmeﬂéTi | wbigh&hdi N t he

above nenti oned resent, inoventi o | so

i ncl udes a net hoggsi’sg i%r %ﬂe’gﬁté‘?ﬂ PF“? nnqeeoglq%%?ﬁg wflﬁnﬁ;epﬂysw%wg]n@og%&
ani mal s whi ch nethighsr exieper @@sgeamlarm@qrerttufwgmcy ebadmiaistration. |Spcipdosage

ef fective anognt ;egmama-awnhnmm ammﬂv@ﬁoﬁ he present invention of the

formul a I ect. the
i nvention al so érz)w des 1%18:115 S&S&é}{&; ““’J“'ﬁ%‘fw&‘ﬂamsﬁd QfgrfpﬁﬁYeé'u?ll for
t he manufacture @dm@mﬂ@awenbovnemen@mmqwemen al i nfection. 25

The conpounds of the Hhé%ﬁ@énth%ﬂﬁﬁﬂﬂibﬁélndﬁ&%&tﬁoddf)&eﬁﬁ BieiekiMFinfe0@bissh 2

broad range of Gpam.po an egati.ve ria e used to
Creat a0 O BepSRenpag Bbich sRRo RS st lﬁﬂam%P

i munoconpr or?0s e ¢ffgetivecamoynt of an antibiotic compopndoffbe preseny invention Qfshﬁsfomm
conpounds of theanventlon are of value in the treatment of skin,

soft tissue, respirat a d yrinary tract . .infecti in_h ns 30
and may al so be used ?‘bxﬂ‘g’ﬁ 5‘3?&&?’??% gxetmnéﬂsomovxaes%rlheuseétm
particul ar advantcemeouid ofiformuia (Ihfar thermanufaptuse of amedicament fof sreating bacterial

I nvention is theijpfestianbi | ity to [err]-Iactanase enzyrres and they are

therefore effgctive errl]-lactanma
The present i ventlon%ﬁﬂgﬁg&gﬁﬁh{'ﬂ scléxtmvg%%ogx %?%'B‘“?%@f 8?) of a
35 conpound of fhepadm Crowmposifive md Gramseagativebae fsaymflnwbsmsedwma

benzoyl gxy][re]E hyl ,vlvxde | oﬂtuctéham&em ifchidig BEse ih hﬁﬁ\hhé&m%ﬂﬁﬂ&d exsll tng
compound of f ormil a xAPiibE e, ahgsérﬁvoaﬂm%véﬁo%&%ﬁgf% fhe. )
wherein Xis a | é@ﬂm@t of skin, seft issue,Jespirntorgetimet angh uringny tract infectipys in humans
brom ne or i &4 N&nd may-also be used to treat mastitis in cattle.
A particular advantage of the antibacterially active compounds of this
invention is their stability to B-lactamase enzymes and they are therefore effective
against B-lactamase producing organisms.
The present invention further provides a process for the preparation of a
35 compound of formula (I) wherein R is isobutyryloxymethy! or benzoyloxymethyl,
which process comprises treating a corresponding compound of formula (I), wherein
R is an alkali metal cation, with a compound of formula XCH>,OCOCHMe; or
XCH»OCOCgHj5, wherein X is a leaving group such as halogen, more particularly
bromine or iodine.
-5-



- 5- ' WD 96/ 34868

PCT/ EP96/ 01880 The reaction is typically carried
out at between 0 and 60 C, for exanple at anbi ent
tenperature, under an inert, for exanple argon, atnosphere, in a suitable
organi ¢ sol violegadses exanpl e, N-nethyl pyrrolidin-2-one. O IrCT/EPS6/01881

sNol \éentth | acet mmmmwﬁmwatmmwnmmfwtmﬁt fleand {\Ih

I Metnyl aceta rese 1 NV, ur er
provi des a pr ocerspgﬂ’feg”e &%ﬂb‘ﬁnofmgmﬁeggg -3 %nosphem,lﬁg gﬁ%&nd of
formula (1) wher ergane siobre(lﬁinmxmplezNamhﬂpm@ﬂwzrpem Qther spitahle salvent
ml ch process conpitbdi@mchil €N} NOGimathyF mmdrmwmaﬂﬁdceﬁ?ﬂ@rwl a (lj) f
formil a: [errf Them@tﬁ%e&%n?h@%mﬁ&g?%v&%is?gwm §» b such
as hal ogen, nor e cpmpoundaf Sormplawhesein & is (Hmetyl-2-oxo-1,3-dioxolen-4-yDmethyl,
The reaction is tm%mﬁmﬂhgabmﬁmmg&@a&mf&nﬂ@m, neren e at

anbi ent tenper at | bl e gan s for exanpl e,
N- et hyl pyrrol i di fan aftaff el cAltonwilh °%‘“%‘H‘@?M‘;§ﬁ’ “the presence of an

aci d- bi ndi ng agent, such as 2,6-lutidine. Ohpr - suitable
aci d-bi ndi ng agents include pyridine and diisppropyl et hyl am ne. O her
15 suitable solvents include N, N -dixeh m de and N,

N -di nmet hyl acet am de. @onpounds of fornula (1)
wherein Ris an alkali netal cation,, such\as é sodi um

are described in International Patent Appli n No. PCT/ &B94/02347, and
her ei nbel ow in Preparation 1. The conpound of

formula I CH err] OCOCHVe[ err] (iodonethyl i sobutyr%t e) and 20
i odonet hyl bdfzoarhereinX ipa legviag group spehpnmhplogens slorepasticwlarlypreming of indineyi g
t he Thé reat@inSik §ipitally attieddut avbeitwEenl (Gand®0|C, fst@esample at hose

killed th d
ih: orgrre![ Eyl geﬁ;‘%‘af‘m Cage%mr%masmtaaleo mxcm@k@f&@&%ie Nﬁﬂ&{@ﬁ&z&.@“
i sobutyric acid @ro %ﬁﬂdﬂmﬂ%&é@ "pinding agen. wxh a3 Sfdutidje. Other’
chl orosul phat e ( Buitdbls atid-bindia| agen&'iﬂélhﬁt yeidirie W diisopiopyRihyladtide. Othel 1984) ) .

25 The foll Wi ng. t

Goner al 1 net et PABIAMReiR in d*%wé‘?-éﬁa% ?}?&%E{Zﬁ“hﬂ%‘h@%ﬂ%&m

sul phat e Poundéﬁﬁf@@PhéBtWBW gbotugh BHn under
reduced pressur e sudifigare dettibéd/in Intemational Pmnt@@phed&aﬁuoapewcmwm and

(S:P;gm:gogggphy o%&ﬂwﬁ%ﬁ%ﬁﬁgﬂ Ii/br ck silica gel 60, particle
The compound of formula ICHyOCOCHMe (iodomethyl isobutyrate) and
20 iodomethyl benzoate can be prepared from the corresponding chlorides via the
Finkelstein reaction, which is well known to those skilled in the art.
Chloromethyl isobutyrate and chloromethyl benzoate can be prepared by
esterifying isobutyric acid or benzoic acid respectively with chloromethyl
chlorosulphate (Binderup et al., Synthetic Commun., 14(9}, 857-864 (1984)}.
25 'The following Examples illustrate the present invention further:

General Instructions - Solutions were dried using anhydrous magnesium sulphate
and solvents were removed by evaporation under reduced pressure using a rotary

30 evaporator. Column chromatography on silica gel used Merck silica gel 60, particle
size <0.063mm.
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PCT/ EP96/ 01380 Exanple 1 | sobut yryl oxynet hyl - (5R,

6S) - 2- (1- et hyl - 5- et hyl pyrazol -3-yl)-6[ (1R) - 1- 5

hydr oxyet hyl ] car bapen- 2- em 3car boxyl at e The product from
Preparati on iydefis¢gy. 0.61 nmol) was dissolved in N PCT/EP96/01880

nmet hyl pyrrolidi n-2-one (2 m). A solution of isobutyryloxynethyl iodide-
(360 ny, 1.6 mEg in N-nmethyl pyrrolidin-2-one (0.5 m) was added to
this solution at FXUWP tenperature under argon and after 0.5 h the

reaction m xture was dlluted wi th ethyl acetate (15 m) and the

sol ution was washsobutyiyloxyniethiyl{(SR,65)2-(Tiethyl S methyipyrazol-3-yl)-6-[(IRpIu| f at e
solution (15 §) 2%nBicafbdxiatérl ) . The organic extract was
dried (Na[err]SO err]) and concentrated to an oil which was purified by
chr omat ogr aphy on silica gel eluting with an acetone/tol uene

gradi ent ni xture The prodictiframPadparasion I §200s04,i051 mmol) was dissolvedsn N-

recfrystal lised frag n-%h@ . Afsmﬁénam;rggp q .6
yel T ow m croneedl es Foun 405 1899.
Clerr]H err] N er r P8O2M g&ﬂm dm%‘ [‘“’5 ‘@PPP roghls g

3019, 1772 anth 17@hpetature under argdn a:{dam} 0.5Dhe reactips mixta@ wasidituted with ethylz ) |
1.36 (3H d, J6. 1ad=.'a)e mﬂPm{d?ﬂés Kva%v)d&)edmﬂawateré@xiﬁnﬁi/—,'ﬂ%ﬁdm% 9 Hz),

2,29 (3 5) 2 o (e SSBG g a b ag‘i?ﬁﬁw‘ﬂ?& T GLSAD., BBk Criggc Sxragves,

315 é 7 Hg) Hz) - Ozdnedz(mﬁmnd (cmmra)md 6 waﬂg g:las porified by) chram@agréphy.ond,
an 1 Elutin w:th ixture to yield a pale yellow solid

E gRMétS;] y|6 [ ( %i? 1- Whi &%(,gpﬁg Z@n uﬁxyl ether to afford the title compound as pale

et hyl - 5- net hyl - pyydbwlmi%ropbetﬂmrﬁﬁ@mg m%hnﬁp dav-8u;y(Fostrnd: M+, 405.18990di um

(5R,363)-g-[(|R)£1- %li %s Y3458, %19%7%%5@ -ch

en o- car nox at e (0} I W

2, 6- Y\ Gti dis %M@‘%ﬁ%ﬁt‘%@d?mﬁf %‘zw“"v@ﬁ L3S,

4- br omonet hyl - 5- rrhfxaym,n,msmmmﬁn@.zmmﬂsepm@l fizrsssmﬁoddms 6.5

I keda and.G Fgukpgy odéilie:m Ji’bafsf% !564%?1{ dd6)9821%4!1Hz 408(2H€§, D\
Bhyer

(198m] 0 tetrany ﬁﬁaﬁﬁeé}ﬁi@ﬁewa{&é@“éégﬁﬁm é’%{{ﬂx

was re- extracted with ethyl acetate and the conbl ned ethyl acetate
| ayers were washeBxanple 2 water, followed by saturated brine solution,
and then dried (MgS err]). The filtered 35 solution was stored in a

refrigerator gyer RinyiAthrblCdRNaIRALYIRARPASE, 65)-6-[(R)-1-hydroxyethyl]-2-(1-
ethyl-5-methyl-pyrazel-3-yl)carbapen-2-em-3-carboxylate

Sodium (5R,65)-6-[(R)-1-hydroxyethyl]-2-(1-ethyl-5-methylpyrazol-3-yl)carbapen-2-
em-3-carboxylate (300 mg) in N-methylpyrrolidinone (4 ml) was treated with 2,6-
lutidine (ca. 30 mg) followed by 4-bromomethyl-5-methyl-1,3-dioxol-2-one (290

30  mg) [F:Sakamoto, S. Ikeda and G. Tsukamoto, Chem. Pharm Bull. 32, (6), 2241 -
2248 (1984)] in tetrahydrofuran (1 mi). The mixture was stirred for 1.25 h. Ethyl
acetate and water were added and the layers separated. The aqueous layer was re-
extracted with ethyl acetate and the combined ethyl acetate layers were washed with
water, followed by saturated brine solution, and then dried (MgSOy4). The filtered

35 solution was stored in a refrigerator overnight and then evaporated and
chromatographed on silica gel (230 - 400 mesh ASTM) (2.5 x 12 cm column),
loading in CHyCl, / hexane, and eluting with ethyl acetate. Fractions containing the
product were combined and evaporated to give a colourless solid which was
recrystallised from acetone to give crystals of (5-methyl-2-oxo-1,3-dioxolen-4-
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chromat ographed on silica gel (230 - 400 nmesh ASTM (2.5 x 12 cm col umm),
loading in CHerr]C[err] / hexane, and eluting with ethyl acetate.

Fractions containing the product were conbi ned and evaporated to
give a colourless solid which was recrystallised fromacetone to
g| ve crystal sv@;aj‘@snet hyl - 2- oxo- 1, 3- di oxol en- 4- PCT/EP96/01880

%3&96(81! 6S)-6-[(R)- l—hydroxyethyll-z-( 1-ethyl-5-methylpyrazol-3-yl)carbapen-
PCT’ EP96/ 01880 3-%%&:5?3}3 H’S R4$S) 5 %;cr%(g%) 3605, 2975, 1823, 1776,

1- hyd t hyl 2 -
O | e 4y Tahy 17213 558, 1%&% & Pl Ay GRS e

2975, 1823, 1776, ldm3mol‘1cﬂm713746$m2,6057(2/hm em3164); IRCHCIHABG (3Hnd, J1182

E
5605 ({err]/ oNT SRl *;‘ Giida 73 ﬁ%’gm %963"1‘3’5654)
5- 6.2 Hz), 1.40 pdR( Hddaf 15 %931 .foHz@d( &1 H!»)’ 1(H, J(%ad& s)

583(7) fﬁ? 2)61 (11871»&),190&(323 q;im3Hz24716&463(5(2mn),853€(>023ﬁingl;ﬁquHg)lmf 16

S 4.30 (2H m), ﬁ&b%%ss'dgvs)?’?ﬁ F&‘g‘d(ﬁﬁ;"%’z‘@%’(’“@ ). 6.88 (1H $) ppm

Found (El ns) rﬂzrﬁélzl {eh Exarrpl e 3 10 Benzoyl oxynet hyl
i3 ylpyrazol 3-yl)-6-[(IR)-1-

(5R, 6S)-2-(1- jf’
hydr oxet hyl ] cal’bapen- 2- em 3-¢

oxyl a rom
Preparation 1 (20 W"Wﬁ&?‘)%&tﬁ@tﬁ'%?ﬂm 31‘5‘5‘ (f 1R)-1-
met hyl pyrrolidin- Zm@ﬂiﬁa}‘bﬂmné’o?mﬁr@ﬁbwl%nzoyl oxymet hyl iodide (336
ng, 1.28 nmmol) in N-nmethyl pyrrolidin-2-one (0.5 m) was added to

this solution at fme oauczﬁomm;[swmt 14260 MBIRE1 ﬁmwmﬁsatv i N- 5 h the

reacti on m xt ilu

sol uti on was g,-onfzgz@) §’f?|"§u°“85/?e§’g‘§ﬁ’€éﬁ?“e Y ‘omd%’ Hgﬁe

solution (15 n1) mmbllihléﬁmﬁwlwaouin-ﬂmnnéoﬁﬁﬂ)\n&s)addéﬂtetbsgﬂmonaemmact was
20 dried (Na[err] gﬁﬂéﬂtﬂr}euﬁd&' Wb%@xﬁi@rﬁéﬁ&'ﬁmﬁﬂﬁﬁbdﬁﬁ&d%ﬂi&ﬂﬁd by

chr omat ogr aphy on elutin a et e

gradi ent nixture Pf?‘??gsdnslguﬁgﬁ%g@@ Mw‘r’}' &ra@ﬁﬁ}“wm&

recrystallised frmmmm@sw)mmmmmmmmma fmebegamomwnwaas a

white solid (543 WHed Q& Mooﬂ&ﬁ&é&? {o'ah 6il WHiGHRSS pubdli &r&xﬁé
err]Herr]Nerr err . Ire 1743

%21 ]1[740 ]1%02 ]ﬂgﬁ‘%&’-‘ ing wifh 204 sl""“fé@?if gﬁf’ °IVJ§}‘§‘1(6H

m, 1.70 (1H, d, 3vhich wns)ecrfsmnfseq ﬁbh)apet&nd:ﬂe‘bﬂﬂﬂﬂledmaffbmm¢itl8compaundas-k)

3.30 (1H, dd. J8 e S (03 :ﬁvM% 248 b, @2751“3@3'

%755 7.61 (1H, m”%ﬁ?@‘%&g;ﬁ) mq‘éﬂ;é %57 3#2 ?’Pep‘aﬁatlon

So@5umy(CDCl3) 1.34 (6H, m), 1.70 (1H, d, 4. 9Hz),225 (3H,s) 3.19 (1H, dd, J2.4, 6.3
(5R 65)-6-[ (R) - 1- myssiraoav@tah s, s @; 148 eizh 8l 6aX1 8B4 V0| BZ9H2)34.07 (2H, q, J7.2
yl) car bapen- 2- em g C3r ROXNT AL 6 20 o, $), 7.42-7.48 (2H, m), 7.56-7.61 (1H, m), and 8.10
(2H, d, J7.1 Hz) ppm.

30 Preparationl

Sodium (5R,65)-6-[{R)-1-hydroxyethyl])-2-(1-ethyl-5-methylpyrazol-3-
YDcarbapen-2-em-3-carboxylate

(2) Ethyl 1-ethyl-S-methylpyrazole-3-carboxylate
35

N-Ethylhydrazine oxalate (12 g) in glacial acetic acid (100 mI) was cooled in an ice-
bath and treated with ethyl 2,4-dioxovalerate (11.24 ml). After addition was complete
-8-



(a) Ethyl 1-ethyl-5-nethyl pyrazol e-3-carboxylate 35

N-Et hyl hydrazi ne oxal ate (12 g) in glacial acetic acid (100 m) was cool ed
in an ice- bath and treated with ethyl 2,4-dioxovalerate (11.24 nl).
After addition was conplete

- 8- V%}g%/_;%&% i PCT/EP96/01880

ce. a5 i the ni g mixtile e Rt Kbl Slptfuti; Bher O IBTBE nOkdifeiast ! O
Cohy! bydr Azt ne. o Matg i Hissolye nsploble g Mytarrefne datagh The Rbxuie wag spirreq fos a,
and then poured i furthen@dhangd thea pog®d inth Waterbaan 00 mbé ethybacetate (ca0T00ml) anthd
solid Klerr] Co[e”sl»h gcéeswi&%ﬁn 34664, with stimiag, unfil M8 H%'deu&heﬂ%‘rwas

neutral . After ation ﬁhe aqu OMGI ?S'lef{?? ‘e"é(\bf"é g@\é\ﬁetgyl

ethyl acetate. 5Th§e
(MySO err]), and tatesate extraststwere éntd/@ﬁg&(wl and\ke salvepisiremoved to leave an oil.

Wih e grad ot " Coribd °“"ﬂ?°qegeﬂ“?“a‘“?{ CHa a0 drdBHAE villa fadikge 0
to 1:1) gave et hyl"'l“ii%f’ﬁ lgcetatelhex ﬁ%‘f‘ Py 2cft @6&31 (fé?’%%‘ki/’ll’a? I3 an 0|I
(13.2 q): [err] ( Gidteyipyriolec3-cirpoxylad as mmsw:apmag (CHpCll,) 7117, 844630339,

[err] (CDA [ernh) IndSrioXh-1t ; £3% (ark tﬂ??ﬁﬂ o 525 Ga,
Vi e o s it 77 L A o et o o

182. 1055). Cot) yN3Op reqmire omABRIDEB)r azol e- 3- car boxylic aci d 15
Ethyl 1-ethyl-5-nethyl pyrazol e- 3-carboxylate (10.93 g) in ethanol (70 nl)

was treated Lgﬂmﬁ&h}i&y@m}gg& PboRfiduedvat er (30 nl), and the

m xture was sti rr and heated under reflux for 6 h. The ethanol was
renoved using a rotary evaporat or and ethyl acetate/water were added.
The pH of the m xture was adjusted to 3.0 and the | ayers were

separated. The_aqueous |ayer was re-extracted with ethyl acetate. 20 The
Combi ned et hy 15 ac S d-otySrmaethlpyreesle - catboay e (1D B8 stharaldZomi) was

NaHCO err]. The treated Withi®ROK (3.69 £)s Follonvied by vapes (30ad])] idahembace v&ﬁbﬁ:e(ﬁnd

th H th

The M xture was ¢ A AaEd dnfecipa@Efr 6 b. The MHholtAS rdfSIE shile b MpBubibdrllr |
conbi ned extract s%%ﬂcﬁcﬁéﬁl"(%m#‘ﬂeﬂ ZheipH phhemixwre WW}UStedm310@§ﬂdue
was tri turat ed WI the layees Eeyepwiste @RtractedWitilethl £061a@) |

{2{ H (éSDQ Lor 2P) B&ﬁﬁ&l&?@%@é@é lﬁylig “'5“?4'%?%35&@9‘4?‘* %%%ﬁ@@grﬂe
J7.3 Hz), 6.61 (1NaECQusRragtvAspaured st excess acis angth H was then adjusted 0 3, ind
Clerr] H err] N err NaCkwag added to the Solutian. TTheé. thiXthize was then repeatedly extracted with

(¢) N- Met hoxy- N- meeiiy] acheafd, BN me cOmbiikd Sitfads Wefe Fied MO htifevaporated. The
residue was triturated with diethy! ether to give the acid as a solid (5.65g);  Umax
25 (CHaClp) 2754, 2598, 1698, 1498, 1464, 1387, and 1233 cm-1;  §(CDCl3) 1.40
(3H, t, J 7.3 Hz), 2.32 (3H,s), 4.19 (2H, q, J 7.3 Hz), 6.61 (1H.,s) ppm; (Found m/z
154.0740. C7H1gNoO; requires m/z 154.0742).

:u l

(c)N-Methoxy-N-methyl-1-ethyl-5-methylpyrazole-3-carboxamide

30 1-Ethyl-5-methylpyrazole-3-carboxylic acid (5.25 g) in dry dichloromethane (100 mi)
containing N, N-dimethylformamide (0.26 ml) was cooled in an ice-bath and treated
with a solution of oxalyl chloride (3.27 ml) in dichloromethane (25 ml), added
dropwise. The mixture was stirred in the cold for 25 min, and then aliowed to warm
to room temperature, when evolution of a gas was observed. After 10 min the solvent

35 wasremoved by evaporation in vacuo and toluene was added and removed (x 2) to

-9.



30 1- Et hyl - 5- met hyl pyrazol e- 3-carboxylic acid (5.25 g) in dry

di chl oronet hane (100 m) contai ning N, N-di net hyl formam de (0.26 ml)
was cooled in an ice-bath and treated with a solution of oxalyl
chloride (3.27 m) in dichloronethane (25 m), added dropwi se. The

m xture was gdegksi N the cold for 25 min, and then al | oWeHCI/EPIGAISSD

to reom t enper at uénsure\afty Fesival HIC aad oxélyEchitile had bevhsenyved. Thé restiltahPadid n t he

sol vent 35 was 3R SHhs Wi URBR Il Gibnlofoniéifisié e eaRE it ggdded and

removed (x 2) to
VD 96/ 34868 dimethylhydroxylamine hydrochloride (3.61 g). The mixture was cooled i m an ice-

PCT/ EP96/ 01880  bath andtreatedewitnpyridiei (6.0ah). Hhe nfixtdreonss|then alloived icﬂm hadmhee n
renmoved. The rgsu mﬂ;ﬁ W Eifer | F,Esh:a

di chl or onet han% a%g'i‘?% o?égth %E&QG (ﬁ?rﬁ@%&’ r oxyI am ne
hydr ochl ori de (3. 'gleggamq- yasihangirigd Me8 O amdicwaporated o Jeave an oil. Bhispvasnd
treated with pyri e chrofdatographdd or dilicagek loading maxcmmmahdnevmd elxmn Wwiith etliyl

room 5 VSR Gl elin ynlted gwamaagg.ras@h IR

washed with bri c laye err]) and
evaporated to Iea@lﬁﬁwﬁzﬂilﬂ%a t he chromat ographed on silica

ﬁel | oadi Pg ig ?vﬁﬂ(crgmbmzmdm ,U489)0 445, tlb’?ﬂ?idM?Scm‘l ODT»L.43 /
exane m xtures V I r ? o
hydroxamat e (5. 2 gﬁgém?ﬁ@ 20 ! f‘“%ﬁéﬁ‘@* {ff@@gé f‘é%?&-ml
1489, 1445, 1379, %(B#GMFPBMWUP )rcqpmmle H t, J7.3
Hz), 2.29 (3H, s), 3.42 (3H, s), 376(3H s) 4.13 (2H, q, J73Hz)

6.49 (1H, s); (Fo(d)ﬁ-MeM—]lQa‘thﬂlismet}@Merr]N[err]qerr] requires mz
197.1164). (d) 3-Acetyl-1-ethyl-5-nethyl pyrazol e 15

N- Met hoxy- N- et hyl - 1- et hyl - 5- net hyl pyrazol e- 3-carboxam de (3.12 g) in dry
tetrahydrofuran (60 m) was cooled in an ice-bath and treated wth a 3.0M

| ut f

stirring for 15 ANEhoN TREREE BN ASpto it Shobtanid T 0T 11
(100 m) and 5M a&ﬁ@wgofm(mmvwmol%manwe-bﬂhmmmm@%mmnaés
then evapor at ed tﬁeﬂxwﬂgnasﬁiwmzﬁmntdm(ﬁcbmt) h Agter stieringo¥ 1 5Hth® ixture

ayor was 1 o- oxt r SIS SR S mBbdaT 0108 mEind N B FahERC D ARUTRE

extracts were dr|wbe%§qwmwmw@@l@wvemmwmdmga g)

!

whi ch sol i di f2ed mxxtureof@xﬁhl&foﬁfbﬂiaﬂ&Wdt&rahhsitﬁkﬁeebﬁhﬂkﬁér]sb ak&1iva, thel bbo
23 3, o g&%@w iwmkﬁ'&éé (%wmmné@@’%z i 44 (31
(1H,s); (Found: qtszlemd tqle;vs@qmlr(%?ﬁsi zvhlcbzom;d

on standing; Vyax (CH2C12) 1680 1446, 1425, 1380, 1324, 1208, and 945 cm-1; §
(CDCl3) 1.44 (3H, t, 77.3 Hz), 2.30 (3H, 5}, 2.53 (3H, 5), 4.13 (2H, q, J 7.3 Hz,),
25  6.51(1H,s); (Found: m/z 152.0949. CgH1yN,O requires m/z 152.090).

(e) (35,4R)-4-[(1-ethyl-5-methylpyrazol-3-yl)carbonylmethyl}-3-{(R)-1-tert-
butyldimethylsilyloxyethyl]azetidin-2-one

30 3-Acetyl-1-ethyl-5-methylpyrazole (3.51 g) in dry tetrahydrofuran (THF) (150
ml) under an argon atmosphere was cooled in an acetone / solid carbon dioxide bath
and then treated with a 1M solution of lithium bis(trimethylsilyl)amide (50 ml). The
mixture was stirred for 45 minutes and then (3R, 4R)-4-acetoxy-3-[(1R)-1-ters-
butyldimethylsilyloxyethyl]azetidinone (6.6 g) was added as a solid under a blanket

-10-



(e) (3S,4R) -4-[(1-ethyl-5-methyl pyrazol -3-yl)carbonylnethyl]-3-[(R)-1-tert-

but yl di net hyl si |l yl oxyet hyl ] azeti di n-2-one 30
3-Acetyl -1-et hyl -5-net hyl pyrazole (3.51 g) in dry tetrahydrofuran (THF)
(150 m ) under an argon atnosphere was cooled in an acetone / solid

carbon di oxi Qfo f@ﬁ?‘ and then treated with a 1M sol ut iperEPbedisgehi um
bi s(trimethylsi inl erhe i xtithe) wasTstifred in the coldifert 351 Subirated bqueons dohoribm

m nut es and then %{19

but yl di met hyl si | y %asﬁaze cféi‘%%g%&%@%@yﬂ &&g anddtgeanxmrew oafb‘a'eunder a
bl anket toroom temperature. A little waterwas added and the Jaygrs were separated \\»
96/ 34868 and the agueous layer was re-extracted with ethyl acetate. The combined ethyl

PCTI EPOI 01880s  acerntextdlid Yhee JHedWith WofimthR Brind HE S fhd dvabliied ! 4 For

3.5h. Saturated agueous anmnon S fol |l oned by
ethyl acetate, a matography; P%S%S%I elugingwithethyl acetatpfexane SHxturssgave the

tenperature. A |ififd ®nphfd (mg)adﬂ (Gﬂﬁtl )”@41'1;’3%5@16’78[ B78CPIS pdmiB38 cm

dth |
orhyl 8 acer an & B 6Ll 038 ol LIOURETE A, 1 MR
evapor at ed. 26&1&3%)%(1&2 déM 18& 48 Hz)séﬂ lﬁﬁlﬁgd%ftw &yt Hz).
acet at o/ hexang) m K501, dAVS.5d)¢7.0 Ha), 4.06 1485 cpupnyad1 (G165 653 (H, 9.

E?r{]eﬁﬂ*%%{)a]Feir?fok%da%%”?gﬁ%s%aﬁ{@f’%ép&g g RN

(3H, t,J 7.3 2. 89 H, & 4.9 Hz), 3.15
(1H dd, J 10.0 8!"&4“1‘ WM’%&%@%@HKW&W -531319@'!@3'1%%) 4.06 - 4.25
(4H, m, 6. 11 (1HDcarborylmethyll3-[(R)-1-fert-butyldiptethyisilyloxyethyl.26X0azetidinyl}-2-
Clerr]Herr]Nerr ﬁ;‘ﬁ{cﬁaﬁeqwes mz 379.2291). (f) Allyl (2R and
2S) - 24{(3S, 4R) - 4- 5- met hyl pyrazo] - 3-
yl ) carbonyl netfhyl ]-3-[(R)-1-tert-butyl di nmethylsilyl oxyethyl]-2-oxoazef di nyl
}-2- hitir oxyacet at e. 15
(3S,4R) - 4-{(1- Et hyl - 5- et hyl pyrazol - 3-yl ) car bonyl methyl ] -3-[(R)-1-tert-
but yl di met hyl si | yl oxy eB8#R)-44Ck-EdiylhS-methylpyt@zob3-g))carhonyimethyl]- GHRx 1 -veat-e
hydrate (1.66 tyldfin . AL 168 a
Dean and Stark apbuarl%\o uesﬂl 32%& n ]ﬂj%%n@-éne‘%ﬁr ?jgggo 5te'h9¢flr|a h.uS
T.1c. of the rea FrRed oY m G é“‘a?efﬁ Md‘@gﬂed
to conpletion, soamamespheredf aggopdan3.sh.cLhg.of thegredction migmreshgwed the reaciohied
and the m xtuse VR hEadtPrceldidts coipletion, sOMmor dilyl gxbeiylﬂéhyarﬂe (imnngasur e
was cool ed the Iuene was remye Ee(}lugl sa JyLl'h«(z and
2S)-2-{(3S, 4R) - 4- ﬂdﬁd the Mixtire was heate 4 min mixture was
et hyl - 5- et hyl pyremlﬂd,&ewlymwmmmwgﬂvesn{démﬂlmend2s)-2~{(38.4R)-4-[(1-
but yl di met hyl si | yiyiys2ineitlylpyfez8K9$ W [Qgyacet ate, which was

d 25 th t .St 3681, 35 1758, ,1676,
1448, '2376 1326, DuyidE é’%ﬁﬁmﬁ&&é o112 Exdatehi ’Lﬁr{ hieh k

droxyacétate was used in

25  the next stage; Omax (CH2Cly) 3681, 3518, 1758, 1676, 1448, 1376, 1326, 1209,
1148, 1092, 954, and 836 cm-1; (CDCl3) inter alia 0.035 (8), 0.061 (s) (together
6H,), 0.858 (s), 0.865 (s) (together 9H), 1.21 (d, J 6.2 Hz), 1.24 (d, J 6.2 Hz),
(together 3H), 1.44 (3H, t, J 7.2 Hz), 2.31 (3H, s), 2.95 - 3.00 (I1H, m), 3.25 - 3.64
(2H, m), 6.53 (s), 6.56 (s) ppm.

30  (g) Allyl 2-{(3S,4R)-4-[(1-ethyl-S-methylpyrazol-3-yl)carbonylmethyl]-3-[(R)-1-
tert-butyldimethylsilyloxyethyl]-2-oxoazetidinyl }-2-(tri-n-
- butylphosphoranylidene)acetate.

Allyl (2R and 25)-2-{(35.4R)-4-[(1-ethyl-5-methylpyrazol-3-
35  yhcarbonylmethyl]l-3-[(R)-1-tert-butyldimethylsilyloxyethyl]-2-oxoazetidinyl }-2-
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1148, 1092, 954, and 836 cnferr]; [err](CDCl[err]) inter alia 0.035 (s).

0.061 (s) (together 6H,), 0.858 (s), 0.865 (s) (together 9H), 1.21
(d, J6.2 Hz), 1.24 (d, J6.2 Hz), (together 3H), 1.44 (3H, t, J7.2
Hz), 2.31 (3H, s), 2.95 - 3.00 (1H, m, 3.25 - 3.64 (2H, m, 6.53
(s), 6.56 (s) 30 (g) Al lyl ' PCT/EPY6/01880
2-{(3S,4R) - 4- [ (1- enyu Qarhddfr i Ge-aBovd prépudtiony in ey M]a@s f)Ehdérargon

tert-butyl di met hyl
but yI phosphor anyl i %‘g%é oRaff i uBie i 2.kl 1 dg rﬁg o by thionyl
2S) - 2-{(3S, 4R) - 4- [qmo:eder@msnlaremwmm stigred ag«20°C for 30 minutes, and then

yl.) car bonyl met hyl | alfoviekif whrrh €5 foofilLtbyipethtatel dny ifitietelt) washinie i fesiducowity THF(R2MY |

)96}23 4868 5 ml). The filtrate was evaporated in vacuo, toluene (70mlwwas added and rerr\/tped in

PCT/ EP96/ 01880 vacuo pydithe fepiduel oil way dried drvacuenTheeil wasnthen kemep tldn) in
dry THF (125 m) Uﬂiéﬁin@ﬁ%ﬁundermugmmgﬁkﬂaﬂmﬁﬂfﬁiﬁ-w diph ed
34

wth 2 6 lutidine gl o 20 Yalla % 6-Lutiding (1588t bWiften adiba™ ) -

The m xture was st

al lowed to war m t oandsbermixtasevasstimed fong further 30 minutesa The mixtueavasdilniad withi ¢ h
ng g 20 g 5 mi)zj ethiSacktate!, h&k&d\mﬁxaﬁ?p%ﬂMMe,\aaauﬁedmgw € Aftépm ) was
added and renoved i v re u n cuo.
The o | et et SRTeLpf the S fPecBhe cAfog RGN oo RiomatBetapton 54 sy 46

at mosphere, and t r elgtigiwith ethyk acptafelmexang|mi %ma@emepmpmwml)%ﬂw

m xture was stirregh thohrextsiage.2, 6-Lutidine (1.59 n) was then added

and the m xture was stirred for a further 30 m nutes. The m xture was
diluted with 10 ethyl acetate, washed with water, then with brine, and

Cleae™

dried (MgSO err]). After renoval of the ethyl acetate the crude
product was Chrl% t ographed on silica gel, eluting with ethyl
acet at e/ hexane xtures to give the phosphorane whi ch was used in

t he next stage.

2-{(3S, 4R) - 4- [ (1- eﬂﬁﬁllysM&W@E&ﬂﬂ&m@ﬂm&%wmm&mm-
hydr oxyet hyl | - 2- ox hpdr®iy 2)okoqietidinyl)o2i tri-Sba

The phosphpor ane prepared ove was taken up in 1,4-dioxan (60 m) and 20
treated with 5SMHCO (20 m). After 1 h the mxture was carefully treated

with ca. 40 m saturated aqueous NaHCO err], followed by solid

NaHCQ err] until the le'hwa% 5 I ) lpyeparedabovewastakenupin 1,4-dioxan (60 ml) and
20  treated with SM HCl (20 ml). After 1 h the mixture was carefully treated with ca. 40

ml saturated aéueous NaHCO3, followed by solid NaHCO3 until the pH was slightly
alkaline. Saturated brine was added and the mixture was extracted twice with ethyl
acetate. The combined extracts were dried (MgSO4) and evaporated. The residue
was chromatographed on silica gel, eluting with ethyl acetate/hexane mixtures to give

25  the hydroxy compound, (2.60 g), Ymax (CH2Cl2) 3454, 1741, 1667, 1606, 1448,
1403, 1379, 1155, 1087, 953, and 811 cm~1.

(i) Ally}l (5R,6S)-6-[(R)-1-hydroxyethyl]-2-(1-ethyl-5-methylpyrazol-3-
30 yDcarbapen-2-em-3-carboxylate
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al kaline. Saturated brine was added and the m xture was extracted tw ce

wi th ethyl acetate. The conbi ned extracts were dried (MgSgJ err]) and
evapor at ed. The resi due was chromat ographed on silica gel, eluting
with ethyl acetate/hexane m xtures to give 25 the hydroxy conpound, (2.60
g), [err] (CHyprogbidsgerrl) 3454, 1741, 1667, 1606, 1448, PCT/EPILADIS)
1379, 1155, 1087, 953, l& 28[{38 Jm[-&[(ll}eth yl-5-methylpy &\((L razol-3-y¥l)chrbOhyhilethyl}-3-[(R)-1-
(56561 (R 1- Iyl 1 I b s MG coaceil 2.6 ), i

- 12- VWO 9doinens ml) contammg hydroquinone (20 mg) was heated under reflux in an

SCE' é 529 2{? ;) 1[8(8(3 armaunosphere £6¢ 4 1) allowed to stand for 64 h, and then heated under reflux for

hydr oxyet hyl ] - -oxoazefﬁ%ﬁ%'f &g&f ﬁb%{"hc é‘{r%‘gﬂ;?&%gm 2 6

g}, ~in t ol uafrsiixcexeldpmyle@m@amar& m aggpptelhexanpeat ed

Ender dr ?L I uxhl nt anmixtures; 1: lasg@m 3@8mmmoanf6fgea&x)rsona%dweeihﬁ%ah@m& pdveb4

, an en heate r

cool®ed and then |§£§§%S%}’ﬁg‘%;‘ *géo'ﬁ@hﬂ ((%l%d@;% 2%78 lﬁlilel(#k Zﬁ'e

(particle size 0.0W310l168%m; Mnei(ﬁtﬁ) Ynmi32h.5de/dm mab&m’tléﬁwéﬁ

mxtures; 1:1;1(6: 4 35(@.168:&),939«(25@}!&) e:ﬁ&@ﬁ);iﬁodm\aegls%ms
r

e o5, ) 30 EE 43 PRI £ (1B, 10 EhEhIA 0 k)
[err] (Et OH)/ nm 3219. 38({395 HF),drrﬂse(ﬁH}w'{ EHZ} dd[ﬁer&qo (2H, 68 - 4.90 (2H, m), 5.27

Eegglgfaﬂd[egg]) %ﬁ m, &pptbx 8.9 ca 12 H3), 1946 (ml a :Ea JcHr?}ﬁ'?)sd@tm ¢ mH .
3.28 (1H, dd, J 9 )Wﬁﬂéﬁﬁﬂ?@& Nggw‘lg"%m’égég 1 4. 08
(2H, q,J73Hz)416-430(2H m, 4.68 - 4.90 (2H, m, 5.27

(1H, m approxi:l J ca. 12 Hz), 5.46 (m approx d, J ca. 17 Hz), 5.93 -
6.08 (1H, m, 7.00 (1H, s) ppm [Found niz 345.1693.

Cerr]Herr]Nerr ]@IMﬁmr(mmmﬂk-hﬁmxmﬂm.z-u-eﬂryl-s-memyl-pjxjmla;di um

(SR 6S)-6-[ (R) - 1- ?‘W M“‘%’&}m - met hyl - pyr azol - 3-
car boxyla

yl ) car bapen-2-em

Allyl (5R,65)-6-[(R)-1-hydroxyethyl]-2-(1-ethyl-5-methylpyrazol-3-

20  yDcarbapen-2-em-3-carboxylate (267 mg) in dichloromethane (3ml) and ethyl acetate
(3 ml) under argon was treated with sodium 2-ethythexanoate (183 mg), followed by
triphenylphosphine (24 mg), followed by tetrakis(triphenylphosphine)palladium(D)
(35 mg) and the mixture was stirred for 45 min. Diethyl ether (100m?) was then
added, and after stirring for 90 minutes, the mixture was centrifuged. The residual

25  solid was dried under a stream of argon, and then in a desiccator. The solid was then
taken up in water containing sodium chloride and chromatographed on DIAION
HP20SS resin, eluting with water, followed by water/THF mixtures; 1%, 2%, and
3%,THE. Fractions were monitored by HPLC, and those containing the product were
combined, reduced in volume and freeze-dried to give sodium (5R,68)-6-[(R)-1-

30  hydroxyethyl]-2-(1-ethyl-5-methylpyrazol-3-yl)carbapen-2-em-3-carboxylate as a
solid (168 mg); Vyax(KBr) 1761, 1608, 1577, 1381, 1225 cm~1; Apyax(H2O)nm 298

. (e/dm3mol-lcm-1 8,531); 8(Dy0) 1.26 (d, J ca. 6 Hz), 1.27 (d, J ca. 7 Hz) (together
5H), 2.23 (3H, s), 3.17 (2H, approx d, J ca. 9 Hz), 3.44 (1H, dd, J 2.9 & 6.0 Hz),
4.04 (2H, q, J 7.3 Hz), 4.15 - 4.25 (2H, m), 6.41 (1H, s) ppm.

-13-



Allyl (5R 6S)-6-[(R)-1-hydroxyethyl]-2-(1-ethyl - 5-met hyl py |HL“ HEL” Ill
yl ) car bapen- 2-em 3-carboxyl ate (267 ng) in dichl oronet hane
et

acetate (3 m) under argon was treated with sodi um 2- yI hexanoate
(183 ny), followed by tri phenyl phosphine (24 ng), followed by
tetrakis(tri W&osphl ne) pal | adi un{ 0) (35 ng) and pichapégoisgsr € Was
stirfed for 45 m Di et hyl ether (100m) was then added, and after
stirring for 90 m s, the mixture was centrifuged. The residual 25
solid was dried under a streamof argon, and then in a desiccator. The
solid was then taken up in water containing sodiumchloride and

chr omat ogr aphed on DI Al ON HP[err]SS resin, eluting with wat.er,

fol l oned by wafer{ THF Aicsinpod,of formubifr): and 3% THF. Fractions were
nonitored by HPLC, and those contabPHi ng the product were conbi ned,
reduced in volume and freeze-driegto give sodium (5R 6S)6-[(R)-1- 30
hydr oxyet hyl ] - 2- ( 1- et hyl - 5- net razol - 3-yl ) car bapen- 2- e%& car boxyl ate
as a solid (168 mg); [ ] (*Br) 17 1, 1225
cnerr]; [err](Herr]O/nm 298 errjcnferr]8,531);
[err](Derr]O 1.26 (d,J ca. 6 Hz), .2 ca. Q Hz} (together.

5H), 2.23 (3H, s), 3.17 (2H, appro/d,—t)“ 9 Hz), N3¢45f(1H dd, J 2.9 &

6.0 Hz), 4.04 (2H, q, J 7.87%), - 4.25N2H, M), 6.41 (1H, s)
ppm - 13-

VD 96/ 34868 Co.R

PCT/ EP96/ 01880 5. 1. (B conpound of formula (I):
[err] wherein R is selected from the Sﬁéﬁn&s fihg 6F iSOBUBEYISE itV (5ASety1QUD

oxo- 1. 3-a oxol en- 51 BRI bt e smt 10

2. Isobutyryloxymethyl (5R, 6S)-2-1-ethyl-5-methylpyrazol-3-y1}-6-[{1R)-1-
hydroxyethyl}-carbapen-2-em-3-carboxylate,

. 3. (5-Methyl-2-0x0-1,3-dioxolen-4-yl)methyl (5R, 6S)-2-{1-ethyl-5-
15 methylpyrazol-3-y1]-6-[(1R)-1-hydroxyethyl]-carbapen-2-em-3-carboxylate.

4, ;Benzoyloxymethyl (5R, 68)-2-[1-ethyl-5-methylpyrazol-3-yI]-6-[(IR)-1-
hydroxyethyl]-carbapen-2-em-3-carboxylate.

20 5. A pharmaceutical composition comprising a compound according to any one
of the preceding claims together with a pharmaceutically acceptable carrier or
excipient.

6. A method of treating bacterial infections in humans and animals which
25 method comprises administering a therapeutically effective amount of a compound
according to any one claims 1 to 4,

7. Use of a compound according to any one of claims 1 to 4 for the manufacture
of a medicament for treating bacterial infection.

30
8. A process for the preparation of a compound of formula (I) as defined in
claim 1 wherein R is isobutyryloxymethyl or benzoyloxymethyl, which process
comprises treating a corresponding compound of formula (I), wherein R is an alkali

-14-



6S) - 2-[ 1- et hyl - 5- net hyl pyrazol -3-yl]-6-[ (1R)
hydr oxyet hyl ] - car bapen- 2- em 3- car boxyl at e.
(5- Met hyl - 2- oxo- 1, 3-di oxol en-4-yl ) et hyl (5R, 6S)-2-[1-ethyl-

15 net hyl pyraw%ﬁ“ ]-6- (1R) 1- hydr oxyet hyl ] - car bapen- 2- emicﬁmgmxnbate
4, Benzoyloxy

65)-2-[1- et hyl - yc[ %,r a?mﬁorn%of[fm\% XfﬁgOCOCHMez or XCH;0COCgHs,
hydr oxyet hyl ] - car @%%%Pyl at e. 20 5. A
phar maceutical conposition conprising a conpound according to any one

of the preceding (‘4 ai ”BAgﬁQ&E & %&MM%@B&S&G&M%&@C&F&A@%@EM rier

or d of

treating bacterd alclgips bYYbW ﬁﬁsﬂlﬁ"ﬂﬁ’h@‘%ﬁd ~fioxelens4-yhmethyl, which process 25
met hod conpri ses asbaiphises tfeatigla Cortespondi tompatddyof €brirfuld (I) Whare R is 2f alianli

2. Isobutyryl oxymet hyl (SR N R A R

conpound one clains 1 to 4.

7. Use of a con%%%ln t‘gll(‘:’corg’lC p%g&g?lf;ﬁg%[ewoﬁ,cl ains 1 to 4 for the
manuf act ur e of a nedi canenf for treating bacteri al

i nfection. 30 8. A process for the
preparation of a conpound of formula (| XCHs ed in

claiml1l wherein Ris isobutyryloxynethyl or\benzoyl oxynethyl, which process
conprises treating a correspondi ng conpound of fgrmula (1), wherein Ris an

al kal i - 14-

WD 96/ 34868 o

PCT/ EP96/ 01880 nmetal cation, with a conpound of formula
XCH[err]OCOCHNb[ef??“ﬂPxﬂéﬂP@WFFGEﬂﬂierr]H[err] wherein X
is a |l eaving group. : A process for the preparation of
a conpound of fornmula (I) as deflned in 5 claiml wherein Ris

(5- net hyl - 2- oxo- 1, 3-di oxol en-4-yl ) net hyl , which process
conprises treating a correspondi ng conpound of forrmula (1), wherein Ris an
al kal i metal cation, with a conpound of forrmula: [err]
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m'éir“ei n X is a |leaving group.
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