EP 0 256 377 Bl Description The present invention relates to a crystalline
car b‘a—penem conpound, and its production and use. The car bapenem conpound in
thistinvention is (4R, 5S, 6S, 8Bp7 sxed79)B13- [ 4- (2-di net hyl am nocarbonyl )- 5
pyrrolidinylthio]-4-nethyl-6-(1 -hydroxyethyl)-1

-azabi cycl o[ 3. 2. 0] hept - 2- en- 7- one- 2-carboxylic acid trihydrate (hereinafter
r ef erbesgriptionas "crystalli ne Conpound A trihydrate") of the formula: OH
[err] [err] 10 [err]
H C The present invention relates to a crystaliine carbapenem compound, and its prpducﬂ(jw aheuge] -

[ err]. [ &he farbapgiemceompeunddn Kisopxentientls (FRGP 68.BRR'S#|Se3-{4r(@dimathdlamingdarbomd)-

antsi nYErplisisiiol-dneinyl & (§-hydiexvety iisassninycle(d 2 henidtenfhiona-2-earkaydlint acid2tihydrateConpound
A (f rEeigiterPEedip shenstafing Gompoptsfs Elhydeted) of thedomdlim i . e. as an anor phous
powder obt ai ned by | yophilization, and its use as an antibiotic agent are
reported in EP 1 8587A However Corrpound A (free of crystal water) in such

non-crystalline Bot gaff|C|entIy stable’Sﬁg deconposes with

decr ease oﬁ é bi ot otency d age over:-a |long period of
time. As Bésult o TEXtRNSi.ve , It has GM/bSﬁq ucceeded in

obt ai ni ng crystalllne Co thydrate with ﬁi purity.
Further, it has n foun hat crys I'ne Conpound A trihydrate is much

nor € stable than that in a n Boegystalline formand suitable for storage.
Be¥i des, Conpound A tri hydr ate can be readily purified through such
crystal | ne form Crystalline Conpound A trihydrate according to the
i nventwhish hasonbrbas @ntiniciobisitspectram [aBd & Btfady ahtimicrobial &ctivifyyand Bj ue6tilia® B antibiotd ew Of
its rAggh purity. For adm nistration by injection, crystalline Conmpound A
t r fohy dr €erepopngyA §@e okcrystab vetera ol anonusteljrerierme th. wi trfnnmrghowscmwudmbamecebybonat e
tvo- me¥aghilizatiosedfid|ity usans ap petibiglicagant ate repertedn EP1186587A toweyarl, Cerowiind A tieatf on,
t hi slﬁs@ ‘é‘t?t%ﬁ I“cﬁ*\'crhﬁ‘sr Pestalijnes fopm (Pt FW'C&"W%'@W%W?SM@MF%? ef tsqueous
%&y& E‘Pl’]els@EEFgM‘feéP '°69 P %q%“meo gi caI sal ine to make an
in 45ec~t;1 FSBJ: 'F r“gv g i "i‘ShEW%' amagound A
tri h an that, | n- mPe for%?/s&g Sr..l ab kIor s?frqgg eéld;ns ?;org;foa h{g ﬂ;%?}}q trE?n toxic
car b purl th§ (h J# tali efo € ong
perio sthilndompolnd A tri y! {ateqc&pﬂgatg 'tr%’]mB 109 P gpaL(Ln{I or @&%@
£1 i NYGBcASE In VR GHRIRRH DUl FaF AdGbGoR b5 s e
ang/ e ﬂf&r&&ﬁﬁc&b&ﬁe@wmﬁr@r riofoXie! datBnddy %arﬂék‘i asl% oy %Iu§IQ pheR
SUpeTlpfefiddr afritibtratioh, tRi§ Pidparatioh Jhay BO@IssokatSih @lphysibfglcalyiaeds &ams%dﬂhﬁsm ved
I N aBudhqste distiledTBeliot Bt PhySKIoGSal WAIING Ito Giaké faf IFBCHENBIS cnbddition. il aagsBusig DI e
or garrystatiel Guenpoyndf lrihyaivatedis layiteCsteblol egh i/ state 6 ial nhiktir® Withvia inbh-Bxid\Bdrinaté]l SCi bl e
or garndsus mixer itsbibis 1veiledle €0 spagmalersa Ingeriaeditimat ed. 40 : Prior to said
co®| i ngFeamdbartiodi df Lorystaline Chmpaigdl Aotibydsatd, Lehi anneca sblatiomion @ domiepmoduct & may be
appr Sjempeuneg | A, isc gentadnandigr aliluted fvitn @ceateramisgibleSorgdmicc soh@atntor abkeoforadoutdh@
Conp&enretraipatednfligmativaly. aogicrysteline Gempayndoh My harHisssivedhinrpayaqireug mediire duchut ,  f or
i nst éﬁc‘f’é‘er B’ "sn'é'&‘i“f"n uﬁH@P"’Eﬁ“f’H& pREq folvant, follawad &y cpelieg sudias dilefion weith or ate

cooled

wat et an? °"t @B‘h‘t‘ﬂ éﬁ?ﬂﬁfza‘f‘f‘g dhe achl eved by adaptﬂat i on of
i e e
f r ric_Or u .
oA @og";n@at e ”{%wﬁ e o o
Com@itiaUasyey dsis t9 oliinGte "W mbi 9,%, are a
Pas ye&fcyr‘t@ﬁntcﬁﬁ bEatiARED5 NG teﬁp&ﬁhrg Withbd d% er syd’i“%de
mMenb hdmBranéfof Rl dréd &ﬁﬁsnﬁﬂsﬁls&;l@argﬁrﬁa&@dﬁﬂomt ﬁrem Wnﬁe I% MR, i n the

agueapslysitdethéritiand] a delk@osb Bedtdteinbrtitardf ot€: 00! i NQ and/ or dilution is not
| mi t at iThe doupound Urakorsent mome atauiis &biuliort & tAS) inifaly oveb@iRg aftlor tdiGioR 36 hét of the
wei ghimitatite bubtsrllyi fromsabbowt 05010l @0 BXSby weight on the basis of the weight of water in said aqueous
60 solution. Such aqueous solution, i.e. a saturated or nearly saturated solution of Compound A, is subjected to
cooling by temperature lowering and/or dilution by incorporation of a water-miscible organic solvent therein
until a supersaturation state is obtained. The starting saturated or nearly saturated solution and the resultant
supersaturated solution may be at any appropriate temperatures and are usually and respectively from
about 20 to 50°C and from about 0 to 20° C. Temperature lowering may be effected at a relatively slow
55 rate, preferably under stirring.
Crystallization of Compound trihydrate A from the supersaturated solution thus obtamed can take place
automatically, for instance, at the surface of a reactor or an agitator therein. Alternatively, it may be
achieved by incorporation of seed crystals therein. .
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wherein Ry is a protective group for amino and R is a protective group for carboxyl (hereinafter referred to
as "Compound B") by sliminating the protective groups Ry and R: stepwise in ah optional order or
sumultaneously in a single step. In general, simultaneous elimination is favored.

55 As the protective group for amino represented by R;, there may be exemplified, for mstance a
benzyloxycarbonyl group optionally substituted with nitro (e.g. benzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
o-nitrobenzyloxycarbonyl), a C3-C; alkenyloxycarbonyl group optionally substituted with. halogen such as
chlorine or bromine (e.g. allyloxycarbonyl, 2-chloroallyloxycarbonyl), a tri(Ci-Cs)-alkylsilyl group (e.g.
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and optionally desalted by treatnent with an adsorptive resin (e.g.
re5|ﬂous gel "HP-20P" nmanufactured by M tsubishi Chenical), followed by
| yophilization to obtain Conpound A in a non-crystalline form Wen the
catal ytic hydrogenation is carried out in a water-containing organic
solvent, the filtrate 45 obtained by filtration of the reaction mxture
for renoval of the catalyst may be subjected to distillation for
evapgration of the organic solvent. In such case, Conpound A can be
crystallized out directly fromthe resultant aqueous concentrate. Thus,
crystalline Conpound A trihydrate is obtainable w thout separation and
i sol ati on of non-crystalline Conpound A, for instance, by -colum
chromat ography or |yophilization. Conpared with said procedure wherein
ngn-¥rystalline Conpound A is once recovered, 50 this procedure is
favorabl e for efficient production of crystalline Conpound A trihydrate,
because non- crystalline Conpound A has a problemin stability as stated
above. b) Wien [err] is a [err] al kenyl oxycarbonyl group (e.g.
allykoxycarbonyl) and R2 is a [err] alkenyl group (e.g. allyl), Conpound B
is treated with a catal ytic anount of tetrakistriphenyl phosphine palladi um
in the presence of an al kenyl group acceptor. As the al kenyl group
acceptor, there nay be exenplified 55 sterically hindered am nes
(e.g. t-butylamine), tri(err )alkylam nes (e.g. triethylam ne,
di i sgpropyl et hylam ne), cyclic am nes (e.g. pyrrolidine, piperidine,
mor phol i ne, thionorpholine), aromatic amnes (e.g. aniline,
N-nmet hyl aniline), aliphatic or alicyclic beta-dicarbonyl -conpounds (e.g.
ac- etylacetone, ethyl acetacetate, 1,3-cyclohexanedione, dinmedone), [err]
al kanecarboxylic acids (e.g. 4
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EP 0 256 377 Bl acetic acid,. propionic acid, 2-ethylhexanoic acid) and
ttheir«al kal.i netal salts (e.g. sodiumsalt, potassiumsalt), etc. These may
be used alone or in conbinati @p.gfE0I¥g gihem preferred are alicyclic beta-
di car bonyl conpounds such as 1, 3-cycl ohexanedi one and di mredone and aromatic
am nes such as aniline and N-nethyl aniline. The al kenyl group acceptor is
enpl oyed usually in an anount of_ from about 6 1.5 to 10 equivalents to
Conmpound B. The anou By ri phenl phosphi ne pal | adi um may be a
catal ytic one %IJ ut to 20 mol %.on the basis of Conpound
B. The treatne%g 1S nor eff ect in an i ( t at room

t efperature or sonewhat |l owerl or hi gher tenperatures such as about 0 to
70[err] (especially T‘THTW() [err] optionally in an inert gas (e.g.
nitrogen, argon). Exanples of thegd t solvent are ethers (e.g. diethyl

et her, tetrahydrofuran, disgxane), aroratic hydrocar- 10 bons (e.g.
benzene, toluene), acetic esters (e.g. ethyl acetate, isopropyl acetate),
hafogenated hydrocar- bons (e.g. methyene chloride, chloroform

1, 2-di chf oroet hane), acetomdJile, etc., anoyg which preferred are acetic
esters, fetrahy@rofgurany n¥t Iyl ene chloride, letc. Their m xtures are al so
usabl e. er~Co ior the reactio hg reaction m xture may be

combi ne th an aj t +of r |and_séipr atReeh i nt o t he aqueous
phase anjd the Oé%gr' t phase. The aqudous phase is washed 15 with
an organf c sol v@rt repeate so as to elimupgate inpurities therein and
then subjected to crystallizQﬂQﬁycﬁ Conmpound A. By this procedure,
crystalline Cowpoundlﬂ’trihydrate i s obtainable without separation and

pu®i fication of non-crystalline Conpound A. In conparison between the above
two procedures, Procedure is generally nore advanjageous than Procedure

a) in us|{ng the h% traggi j nmetal for the catal ys§ and the solvent in
| esser a ug;%,12Q€ E ound B itself is known and can be produced by
(<} s, f i

known pr (%% dijsclppsed jn A@&Z 587A‘ ggd) EP-1 88816A.
' 5

A Pypical exanple | e fol | oW hg schere: 45 50 55 5
EP 0 256|377 Blckﬁ? [err] [edr] 10 [err] [err]

[err] (I 2 30 [ eddor

30

35 (iv) .

(V)

s /IO

45

50
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r 2 45 50 55 EP 0 256 377 Bl X CH 3

3 Jerr] [err] [err] 15 [err] [err] [err]
20 wherein [err] are each as dq%sagg apoEe, X is a protected hydroxyl group
(i.e. a hydroxyl group protecte ' % a protective group for hydroxyl), COY
I s the residue of an active carboxylic ester or anhydride, a protected
t hi ol car boxyl group, a substituted aryl oxycarbonyl group or a
het er oaryl oxycar Bonyl 25 grdelby B is an alkall nﬁ?ﬁ atom R-Ais an

al kyl ating or acy| ating djert and L ig the red ue of an achlye ester for
n&er si ons e above 3he -l actam

hydr oxyl . Iﬂgﬂ ni
A |nert sol vent to gi ve the

compound (1) is tredted
compound (1V) (step conpou s s treated with an al kyl ating
agent (e.g. iodo hane, i od é§$€ aIIyI Lom de, benzyl brom de, nethyl
p-tol uenesul fonate) or an acyl 30 agent (e.g. p-toluenesul fonyl
chl ori de, nethanesulf * chlorrde) to capture the group Y in the forner
wi t W%t he Iatter-(stepe€¥ , followed by treatment with an active
esterifying agent for hydroxyl to give the conpound (V) (step (iii)). Then,
t he conpound (V) is re@?ted W th a@gmercaptan of the /9 la: 35

n

[err] [err] 40 wherei eqr] ig a defined above, cofi”’nec ssary, in the

presgnce of a bagect P t he: ound (I ep ?ray ). The conpound
(Ifl) is then sub?ected tp elim |08 the protective group for hydroxyl
to give Conpound 45 B (siep (Vv n the conversions, the product at

each step is not necese&fily requi\ed to be seB\Taﬁed fronlthe reaction

m xture; nanely, the reaction m xt@@8R,n any step may be as such subjected
to tde reaction in the subsequent step. In the starting beta-|actam
coppound (1), the protective group for hydroxyl represented by X is not

| i 'm t edrhersig dt?e ash gach R \definefl Gheve. ¥ rifca Protpstel hydrewy| gro Fef'P a a!r%x' %Hpbonyr

gr oup chpea!ri 8igl9e VPtQR"Bdm’oS%asé% E&PX | 8 E?m'%s °5§"e g P Lot Me or
di ) u rgaryloxycarbon

It (r)| %IGG °B% 8'5?‘%‘ BRIy, [sea}"ra]'ky'?ﬁ"\?e%g?y > %\greBtoarr\'y o lsgr gtﬁéﬁ dg)?o? f By

subst i CHFEH M WOEAL if Gio oy sbrb i 94143. A | r%LLa/rvw monyl )

a benzz!, %ﬁ'a"“?apra veqr e eﬁa '3f€9r t.)sm Shrho a‘i@ R R yiaES RS

( e. g t)rﬂe(tx ne aII I p-toluenesulfonate) or an acylating

0- ni g, 9)&5{6\9@5 ﬁHﬂ;\/l d\loﬁhen'ﬁlﬁth%WR&f}ZWI&i&é) o Gaﬁd?epml! lgloudl Y in the former with

tri ( er I't % Y sﬁ foﬂﬁv@dllﬂ/ featnbnt withlaHBENS WterifyinigiaBéniol Bydkoxi to give the compound
t - but y|(‘{4l(§i§?.>t(l)f bih, Ye)comPoufidl V5 Isiréadlod WittP® merdBpitanK the Foaria: (€. g. et hoxymet hyl
2- nethoxyethoxynethyl met hyl t hi onethyl ), a tetrahydropyranyl group,

e cH,

CON
\CH3
HS (11)

“\\R

; 40 1l

et

35

wherein R is as defined above, if necessary, in the presence of a base to give the compound (lli) (step (iv)-
). The compound (lll) is then subjected to elimination of the protective group for hydroxyl to glve Compound
45 B (step (v)). In the above conversions, the product at each step is not necessarily required to'be separated
from the reaction mixture; namely, the reaction mixture in any step may be as such subjected to the
reaction in the subsequent step.
In the starting beta-lactam compound (l), the protective group for hydroxyl represented by X is not
limited and may be any conventional one chosen from a C1-Cs alkoxycarbonyi group optionally substituted
s0 with halogen such as chlorine, bromine or iodine (e.g. t-butoxycarbonyl, 2-iodoethyloxycarbonyl, 2,2,2-
trichloroethyloxycarbonyl), a C3-C; alkenyloxycarbonyl group optionally substituted with halogen (e.g.
allyloxycarbonyl, 2-chloroallyloxycarbonyl), a benzyloxycarbonyl group optionally substituted with nitro or
methoxy {e.g. benzyloxycarbonyl, p-nitrobenzyloxycarbonyl, o-nitrobenzyloxycarbonyl, p-methoxybenzylox-
ycarbonyl),a tri(C1-Cs)alkylsilyl group (e.g. trimethylsilyl, triethylsilyl, t-butyldimethyisilyl), a substituted
55 methyl group (e.g. methoxymethyl, 2-methoxyethoxymethyl, methyithiomethyl), a tetrahydropyranyl group,
etc.
When the group COY in the compound (l) represents the residue of an active carboxylic ester or
anhydride, the symbol Y may be a halogen atom (e.g. chlorine, bromine, iodine), a Ci-Cs alkoxycarbonyl
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etc. Wen the e conpound (1) represents the residue of an
acti've carboxylic ester or anhydride, the synbol Y may be a hal ogen atom
(e.g. chlorine, bromne, iodi @)025%[@,94 ! koxycar bonyl 7 EP 0 256 377 Bl
group (e.g. ethoxycarbonyl oxy, isopropyloxycarbonyl, sec-butoxycarbonyl), a
[err] al kanesul fonyl oxy group (e.g. methanesul fonyl oxy) an aryl sul fonyl oxy
gr oupgréup. (8g. athokyehrenyRsy isbmopylopytybonyf set-tudkychrooril),layd: 10l GifiakuRiilshylosy g@G®Up

(€. g. (edi mabthaneniifarypkyl yanoXarylsuiorgioky | ploas plear Y baviyshesuiongogy, y laphaxepor yI oxy

gr oupalkytphepphatyiqdi @ropp (Ho diptethyiphasphelyjoxn disshglphasphoryilosly) Xy dignyiphisphoeylagy group

N- suctegndiptie spholylpivd, leadyeliei indidsesy aroum (dags tNesuceningidoxy, N-ghtbalimidpey). g hetermadhiz ol vl |

t r isaz@eupl (p-g- igpt @ﬂyértﬁﬂs‘t') @dteterprcycipalisyl graue (9. 332-{hoxe)thiagntuinyth p'altle)lﬂgsdwflgﬂ) or

t he |PXEOURNGRY rerFrsenit 8 Riptacion thicksrhexy groyp. dhepprofeativg ergur ﬁprehd@avtm %r oup

t he p‘?' '81‘9 9@'° tfbbsf“H f ith haleg “dégamf‘é!f'r?thﬁl 'R%PF°P§r eyt 'Pi"@ﬁ'a ;9

substtfi I"&g@'ﬁg%p pt' ' W Rppst

hhl praﬂ Iy

2-i odB 0. ¢ flly Sutg *g*r'? '"h'rafeq r“tr 'n %ﬁ"v
0 p =trichloro h T
e Ty ey TR
2 chl O Qctt h Q 3( cg 3;‘ HZeV\f"é sola Jnc}%ﬁ:‘ide nitro
ﬂ?éﬁ)fn rigo) Wlnethyll Ifﬂy |9é aR § s of
p ni tlﬁrﬁlﬂh&@({r methgsiA)arhiBE 8AINh -amidief Batc 1 Q%Y R ds)of thb §6I\%ﬂ{ ’E egu (e
2 Ry rdighiA ethdr. PibkrbMioturaft Bidkansly laromatid ¥ r&EaﬁﬂMAs ( . (Hondend]! ©BBEARY, ! e)cgt\dﬁu'nm dy|) or

t Fe " | dirkietnytd¥nariics, ey isuitoRiad, 3@, FrioSPmi ,4 us@KHIHY 0Pt Bfbihdien.base are an’ al kal i

met al  hyidracthée ésearifying Bgelit fonhipgroblyl ebe [od aShé Y\ yOhaydie) chosenthroriTtiphenyl-

met hydhssphdryltibrivet griotienesuifedyhthisias, inethafesativhyn etdoride.eg. | i t hi um

di i sopr Osydaseriisdble inl the ke iv) mag (b rchosen fignh giobeyds) exernplitied withdtespaat antheletpp (et C. |

an¥ ewndmsp dgmairgapiydbapasesueh eptriptbyiamios; diisopraeyiethy(aming. 4-8mettiyigrihapyriditeh &8~

t-et r ingeicyelertSAPlundecoienae(PBUla ! Griteeabicy¢igid Bloen-Henas(DBN) end bémnﬁtlomaﬁluene)

acet f5fpe {DABCOL When H?Fl’?cb PRigaT sveniupbeaeeistliriieo simetbylfomamide e dimettilguhe  used

soI eI ?P‘dgrm"iyr'?eé' tanally i ordes do aceqlergie thagqaghons yi ng agent for hydroxyl to be
L sgp ¥ 0] o oA SRy 7P mwmpo otmioe ent i de

p ?sol °lfﬂ'tf8?1 B‘H?§rsp’ h p\"?ﬁ??[?’i’%&'ﬂg 63 P' Fiogelhe tap At é‘ usabl e

normally’ use n amou er r *e er\ﬁy qj

' n tt}ﬁ\oﬁ 75263316 %8& gﬁ)éle tg lﬁl e?q steg 1S %enﬁral g I;[u?ve F‘hVF’S?ﬁ’ lg fc t to

' ' SOprﬁJ?%‘vﬁt Xﬁ@ﬁ’o@@twe‘b rf?rt ﬁ |rp%y§ié fhay be Sichi ve ro
di B2 JRic6difd Epbreiing -of ktéNgHaCor ucﬁ? oup y ﬁgéu%égg 3{!% Zgytg aﬁﬁ)@i{bf 5 ene

( DBN)area thgselas? adagdd 16 Yrem&Mal oflth ]prot&%ﬁ? ABCE) the ERdup Ol arfdNaidoner t

sol vepdrolgeis; Bat@ficaedibwn] fdainteRt withi dABkcia)or b BasBR LG BEA. Idls%l’i bdéklEIU ho otfett Xde may
be usebvalddihb iparative)graup 6 hg@bxyt Smaasalishl withaerhdval df @R Grdtéttive ghilp R Fh@bit t he

St epshe(prgtectiee group)Rz. t he reagents including the nmercapto conpound (I1) are to
bessus e dPraglic @ndspresentynavefertesl eprbodimerdsf Uiecin@ntionTacet iluspatiod)e erbwn @h té folidwingr eact i on
i n edwimpiaseioweTdrethy seape iof thisteveatio is okt Jimiteg thepatoretuither, irs BeferentocixaraptesLast of 2
to 4 heq mf\?a?f@m dhe apbreyiationsthavepthé isllowingavpenings: ar e general |y enpl oyed in

anmount of 1 thbeny! !5°‘§’qw val ents. Further, the reaction in each step is

gener al'Py achl"é‘m‘! r&‘tp a terrperature of about -78 to 60 C, preferably of
abBut ¢§¥'§a “TH“‘L gﬁ of the protective group for hydroxyl in the
step ( ¥9Pan appropriate 30 procedure depending on the

kind o U"such prof'egc(fuf’ve group; typical exanples of the conventional
proc%gw;pqeare those as adapted for renoval of the protective group [err] or
t e—prot ective group R2 and al so hydrolysis, catalytic reducti-on,

t r ‘cat ment |y¥9brﬁllbedanpr@&kﬁ & RnBYsifline! QEHIES B, 2'hr§)ea-hlo- drﬁet drlinocAOa! bl e to
ef f egrol@iyRNMEI4-Adthy-B8l-HY Rk I-V-B2aBil A4 mgﬁﬁﬂlg? dan eous‘f]% Wi th

I €D YGumpBindt A) §5.0 g9 WaE tiiss6Red) inOwdter (8T i) 288 C)Endt ER1e® Pk %H Bﬁh gﬁhauppoﬁer r] 35
Pr ac piecipitatianet spsresicaniolnt op caéials wasl ossivas iABRHeS2ST mh Was bdte Mok add fhe

i 15b U gtsultabti migtlrg vk etiredifor 1t iver. fTod prewipia@d iysmE®d Iwer. colideivt e filtratioh Swaskeapathof  t hi s

I nveatstae (90smiand dried atedorh Henmtature butdet e@ligedi phesad ecrremﬁ«ﬁrﬁoa@w £3 god
crystalline Compound A trihydrate.

Elementary analysis for C17H25Ns05S.3H2 0:

Calcd.: | C,46.67%; | H,714%; | N,960%; | S, 7.33 %.
Found: | C,46.32%; | H, 7.41 %; N,9.71%; | S,7.24 %.
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herei nafter shown, the abbreviations have the foll ow ng neani ngs: Ph:

!_?_ggr'c/)él_ g[ oEpt NFd vl er][ hlyl group 40 ACC. al | yl oxycar bonyl group
: - but yl di nme Si I : t-butyl group Ex

| yophili zed product gf ngn-grﬁgﬁlﬁzem 9 P ample 145 A

(4R 5S,6S,8R 2' S, 4' §) - 3-[4- (2-di met hyl am nocar bonyl') - '

pyrrol i digaylaiifé 6dmpburteA i) dréts dslobtaliydlstore/gaid1ib Joldwing powdery X-ray pattern in which

- azabi gy whivdied 1o BliN@Mitensityoiher the exidue aifitzotioplintensityas faten(a8dMphound A) (5.0 g)

was dissolved in water (50 m) at 30 C and cooled in a water bath,

wher eupon preci pitation[ofg 2 STRLE n A Talls was observed. Acetone
(250 1) b adbed t hor b Ere I pes LM oo ML (105 o stirred for 1
hour.* The precipitated ¢rystal® were|collect® by fill tration, washed with
acetone (90 nl) and dri¢d at +®om t efper at ur ¢ under |reduced pressure for 2
hours to give 4.7 g of ¢rystatine Cgnpound R trihydrate. Elementary
analysis for [err] Calcd.: @&1946.67|% H 77.14 % N, .9.60 % S,
7.33% Found: C, 46.32 % 2 . 7.4 % 89.71 4% S 7.24% 8 EP O
256 377 Bl Crystalline A trilhydrat e as obt gi ned above gave the
fol l owi ng powdery X-ray in which I/l 4ndicatles the relative
intensity when the maxi i 4 actign inteng ty is|taken as 100: (Spacing
in I1att|ce) 1/1 (Relatilve infgnsity) 1.81 47 5 1.95
4~4."04 6 2. 1bgg 7 7 1C
2.45 3 2.2%g0 15 12 2. 37 4
2. 39 412.53 286 710 is
2.58 17 2. 662.94 16 7 2.40 15
2. 86 712.94 3.0 916 20
3.01 913.07 3.07 99 3.14 9
3.30 16 3.14 9 ' -
3.30 16
3.35 8
25 344 8
- 3.52 16
3.79 31
3.88 14
3.96 20
30 ' 404 28
4.34 12
4.41 10
457 12
464 34
35 4.80 : 15
5.15 2
5.25 71
5.35 39
6.71 2
./ 40 6.89 100
e 7.88 30
5 Example 2

Crystalline Compound A trihydrate (568 mg) as obtained in Example 1 and sodium carSonate (103 mg)
were charged in a vial, which was then sealed to give an injectionable preparation to be dissolved on the
use. .

804 Example 3

(4R,58,68,8R,2‘S,4'S)-p-Nitrobenzyl-S-[4—(1-p-nitrobenzyloxycarbony|-2-dimethylaminocarbonyl)pyrroli
dinylthio]-4-methyl-6-(1-hydroxyethyl)-1 -azabicyclo[3.2.0Jhept-2-en-7-one-2-carboxylate (content, 78 %; 3.0
g) was dissolved in tetrahydrofuran (177 g), water (240 g) and 10 % palladium-carbon (6.0 g) were added
thereto, and hydrogen was introduced therein at room temperature under a hydrogen pressure of 5 kg/lcm?G
for 5 hours. After removal of the catalyst by filtration, the filirate was washed with water, followed by
distillation under reduced pressure to remove teirahydrofuran. The residue was washed with dich-
loromethane, and the aqueous layer was again subjected to distillation under reduced pressure to remove
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3.35 6 25 3.44

8 3-52 , 16 3.79 31 3.88 14
3. 96 20 30 " 4.04
28 4.34 12 4. 50256 377 B 10 4.57 12
4. 64 34 35 4. 80
15 5. @&organic solvent, whereby an agdedus gdlution of the crude product (472 ) wasbtained. A portion (230 39

6. 71 g) of the aqueous solution Was4ébncentrated by the use of a plain membrane type revefse38mosis

100 7coBdbnsing apparatus under a pré3SurdxBSkgicn2G CThesbailtihg nend@satp AT @) Mast codleg dor at e
(568 sry) amstewdbydioforenl (7i7miEwamgsided theratndolibwel] binstiving i doer. Tek@B/drefyyany(@-&

char gekl wamadged/therbto, folloivehbystisring feerl howaThecbracipitgied, esysials warg eaiiegtesiRylitution,

pr epavaghadorith ttesrabwsiraflirans(@$ q@@nq)ﬁnqdwérogg\éemmturwﬁw@cgd pressure for 2 hours to

(4R, 5680 gR obergtaling Loppaund A BHEHFY| - 3- [ 4- (1

-p-nit robenzyl oxycar bonyl - 2- di net hyl am nocar bonyl ) pyrroli °

di nyIEZiSi'_‘B!r;4 nmet hyl - 6- ( 1- hydroxyet hyl ) -1-azabi cycl o[ 3.2.0] hept 2 en-7-one- 2

-c# box content sol ve
tr o’furan i ce‘o% tt% {né‘é‘ (177
hydr?ﬁ )(Sﬁ%x omgcallé:g dra éﬁ/‘%ﬁ Q! th(a Ect ;t o, and

room errper ure un rogen
pressur kg/[err] for 5 hours. After renoval of the catal yst by
flltr%hgl the filtrate was washed with water, followed by distillation
urider -—r—ed-urced pressure to renove tetrahydrofuran. The residue was washed

Wi th di fhne datleQRERAdI A8 M, Exaifisle | BE vBIRG!REISHahcRInElac/OEacRGR), therd Waj citdined 180

di St i g @k icABtammd €bmBEERAI GE Bihyai RS oM €2000mg @aneelySbhilizedEptodlic? 66 n@icrystaling he

or gangénpeaidwent , wher eby an aqueous sol ution of the crude product (472 @)
wasge obt ai ned. A portion (230 g) of the aqueous sol ution was concentrated by
the ubemplb 6a pl ain menbrane type reverse osnosis condensi ng appar at us under
a pressure of 50 kg/[err] The resulting condensate vvas cooled to 5
C, and {AR5SERHBLEMH- AH‘V" -A-(-akint V%@S"Ym%d'"‘Pﬁé‘?‘é‘t"i?a'bf”m)?y{i ' létl rr| ng for
1 hou’f‘ethyl'é'ﬂk'afﬁ WW‘& 8-’(‘9[%2 hem- '9%%“8{?& t?i‘t irring
f ops 19i9sglRd. In ﬁ 'I( ﬁ% was hed

wi t h Peelp q? 5 f;?‘r p "° a" um r‘ggjuced
pr ess'qg Pgtg mper 3 m)u\(? o%ﬁn?ﬂﬁgeeg strngry (jld-'(?m Sﬂ

| mé aqueous Iayer was separated, washed with ethyl acetate (10 ml x 2) and added portlonW|se to
30 |ce-cooled tetrahydrofuran (20 mi), followed by stirring while ice-cooling for 30 minutes. To the resulting
mixture, about 1 mg of crystals of Compound A (irihydrate) was added, followed by portmwuse addition of
tetrahydrofuran (30 ml). Stirring was continued for 2 hours under ice-cooling. The precipitated crystals were
collected by filtration, washed with tetrahydrofuran (10 ml) and dried at room temperature under reduced
pressure for 5 hours to give 323 mg of crystalline Compound A trihydrate.
35
Example 7

A solution of aniline (149 mg) in isopropyl acetate (4 ml) was refluxed for 30 minutes, followed by
cooling to 30°C. (4R,58,68,8R,2'S,4'S)-Allyl-3-[4-(1-allyloxycarbony!-2-dimethylaminocarbonyl)-
o pyrrolidinyithiol-4-methyl-8-(1-hydroxyethyl)-1-azabicyclo[3.2.0Jhept-2-en-7-on-2-carboxylate (102 mg) and
tetrakistriphenylphosphine palladium (46 mg) were added thereto at 30°C, and the resultant mixture was
stirred at 30°C for 3 hours under nitrogen stream. The. reaction mixture was post-treated in the same
manner as in Example 6 to give crystalline (4R,58,68,8R,2'S,4'S)-3-[4-(2-dimethylaminocarbonyl)-
pyrrolidinylthicl-4-methyl-6-(1-hydroxyethyi)-1-azabicyclo[3.2.0Jhept-2-en-7-on-2-carboxylic acid trihydrate.
45
Example 8

_ In the same manner as in Example 7 but using N-methylaniline (129 mg) instead of aniline, there was
produced crystalline (4R,5S,6S,8R,2'S,4'S)-3-[4-(2-dimethylaminocarbonyl)pyrrolidinylthio]-4-methyl-6-(1-
50 t}ydroxyethyl)d -azabicyclo[3.2.0}hept-2-en-7-on-2-carboxylic acid trihydrate. }
W

Reference Example 1
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In the same manner as in Exanple 1 but using tetrahydrofuran in place of
acetone, there was obtained 152 ng of crystalline Conpound A trihydrate
from 200 ng of the |yophilized Eég@éxsrp qhon-crystalline Conpound A 5
Exanple 5 In the sane nanner as in anpl'e 1 but using isopropanol in place
of acetone, there was obtained 140 ng of crystalline Conmpound A trihydrate
from 200 ng of the Iyophilized product of non-crystalline Corrpound A
Exanpl e 6 HOIR, 5S, 6S, 8R4’ S, 4' ) - Al |yl - 3-[ 4- (1nQ

-al | yl oxycdy bdnyl oxy- 2k di met hyl ami nocar bonyl ) p rroI i di nyI
met hyl - 1- yI~Qeselabi cycl o[ 3. 2. e

(content, % 1.0B3 g) was 25 dissolved In et yI agetate (20.7 nl),
di mredbne (0.33 ded thereto, and argon N ed therein for 5

m nutes, f owed by heating at 30[err] A sol ®Ton of
tetraki striphenyl phosphquﬂmgal | adi um (155 ng) in nethyl ene GQOM(S m )

was dropvm se added thereto at 30 C, and the reaction mxture was stirred at
the %ane tenperature for 3 hours under nltrogen stream Water (10.3 m) was

added thq L300 ety it Ao BEME Mo AN 11 48 s&ﬁy.aa%& ipdfashed w th
et hyl g mas d%:: Z’Ssdu Bidoer fv}Each%l 14Q’ﬁ(§é 3‘3, 3@ imethy
tet rahmﬁ& (10B@) vied RadBa)at r&ﬂ't& Yollsw bisfﬁﬂn Hshau&er&meﬁ a&%n nﬁs&uré
n, DUE € foluerled(5b B wal adtell,] i@wEY B&tdéﬁé%ntrai\mwde edlBeddredelind.Stha kesidtd w&QOAImH

(tTi hydncat e)gevas coddied, chiemeyshyby or tdivew S(esassca[tmpnnﬁéoxm&ynawmf ur an
(30 m phengithiotarbdngetiAR!-aHipiBtycabixgdtiyi-2-8zelidibné (18R GLYIeld,®82600! i Ng. The

preci pi t aBgpdneat @t 'al 50745, 0695] @ed, @sr2py s, ithdor gdoi o, washed with

t et r ahy driNMRu¥ ¢0PClE 0 .331(3H. dndl =d8.2 Be), H34 (BH. oIt & B19eHza 13U 6 2HIMlex88r(8t WBed =
pregeui@! Hor 4% (Abudds Jt=028iaod4.328), A3 (fH. auinteit & 6. H2)ChIfplddrAB.A Erishyih,at e.
35 Exaftft @H7d. A 8P ek 625 GH. ddid 14H). 583 (Hyp.  m 17238k 88§ (1Hame742 6HL 4 nl) was
refluxed for 30 mnutes, followed by cooling to 30[ err]

(4R, 5SReferengs Bxareple2 q) A | y| - 3- [4-(1

-al | yl oxycar bonyl - 2- di nmet hyI am nocar bonyl )- 40

pyrr"’ lidi t hi o] - 4- - 6- (1- hydr oxyeth%/I - azabi cycl LS 2. 0]'hept - 2- en-
7-0n-2-carpoxyd at en( 1 ng) and tetraki st yliphos i pal | adi um (46
ng) were t hers C'&'}ﬁ and the resu t mxt éé\#\éred at
30[err] “for 3Jhoury under rogen stream The-r¢@ mxtur

poststreated {n _they sane manner as.in_fxanple 6 t
(4R, 5S, 6S, &B?Z' S, 4" S)-3\[4-(2-di nmet hyl am nocard%y '_\
pyrrolidinylthio]-4-nmetiggobNZF - hydroxyethyl)-1 COO/\/
- azabi cycl o[ 3. 20 0] hept - 2- en- 7-on- 2-carboxylic acid trihydrate. 45 Exanple 8
In the same manner as in Exanple 7 but using N-methylaniline (129 ny)
i nstead of aniline, there was produced crystalline
(4R, 5S, 6 BBR)- %[(B*M“"B)dw&ﬁe[hm H!ﬂ%jﬂmemyﬂl@ntbmbmwlﬂrbnljyloymrborulmemymfI t hi o] - 4- net
hyl - 6- tzfﬂd'w 9180 81t % eé@lweﬁzﬁﬁp'w’dﬂ @iy 3olgeng [eR vk arRl-chiqroFimetiyigilapea 7Bk y | i ¢
acid t#dd o (ﬁ%ﬂ)e“l’%?] eqt-thaneig) ugder icgsgoojing, folloved by sy & yopmEempqrature for”
40 m nutes The reaction mixture was diluted H@ toluene (300 mi), washed Vj!t% /L Qsitgppjcarbonate
CQSM‘I I é gr)l (300 ml) and aqueous sodium chloride (300 ml x 2) and dried over magn Ifate to give
: 3 3-{(1R)-1-trimethylsilyloxyethyi]-4-[(1R)-1~-phenylthiocarbonylethyl}-1-allyloxycarbon m hyl-2-
azetidinone (16.35 g; vield, 90 %).
IRmax Neat (cm™"): 1765, 1750 (sh), 1700, 1410, 1370, 1250, 1190, 980, 840, 745.
NMR & (CDCl3): 0.15 (9H, s), 1.29 (6H, d, J = 6.9 Hz), 3.08 (1H, dd, J = 2.3 and 7.6 Hz), 3.15 (1H, d,,
45 J = 23 and 6.9 Hz), 3.85 (1H, ABy, J = 17.2 Hz), 4.1 - 4.2 (2H, m), 4.33 (1H, ABy, J = 17.2 Hz), 4.60 (2H,
d,J = 5.6 Hz), 5.2 - 5.3 (2H, m), 5.8 - 5.92 (1H, m), 7.41 (S5H, m).

crystalline

Reference Example 3
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10 (3S,45)-3-[(1 R -1 -Hydroxyethyl]-4-[(1 R -1 -phenylthiocarbonylethyl]-1
- car boxynet hyl - 2- azeti di none (content, 92.8 % 13.15 g) was dissolved In
allyl alcohol (14.4 m). To tgp a3 @t mxture, chlorotrinmethyl- silane
(10.8 m) was added at roomtenperature, followed by stirring for 1.5
hours. To the reaction mxture, 15 toluene (50 m ) was added, followed by
concentration under reduced pressyre. The residue was purified by silica
gel col um gi ve (3S5,49)-3-[(1 R-1

- hydroxyethyl ]-4-[(1
phenyl t hi ocar bonyl e
yield, 98.2 %. [err]:
NVR [err] (err): 1. 336
(2H, m, 3.88 (1H, ABd; J
Hz), 4.23 (1H, quintet, J 6.2 Hz), 4(1H ABd, J = 18.1 Hz), 4.62 (2H,
d,HJ = 5.9 H), 5.25 (1H, d, J = 10.2 Hz) 5.32 (1H d, J 17.2 Hz), 5.88
(1K, m, 7.42 (5 erence Ex le 2 25 HO [err]

[err] [err] [erri_pl £ R @@P g 30 [err] 35
(35,495)-3-[(1 R-1 - 4-1(1 R t hRocar bonyl et hyl ]-1
-al I yl oxycar bonyl net hyl - i nte t, 90 6 % 14.7 g) was

i gsolved in dry tol uene /4nd chldyo i met hyl silane (7.8 g) and
trTet hyl anine (7.8 g) O&F ereto under ™sROCoo0ling, followed by
stirring at roomtenperature for 40C@0+Nes. The reacti on m xture was
diluted with toluene (300 M), washed with 2 % sodi um bi car bonate 40
solution (300 nm) and aqueous sodiumchloride (300 M x 2) and dried over
magnesi um sul fate to give (3S,4S5)-3-[(1 R -1-trinmethylsilyloxyethyl]-4-[(1
Rl -1 - pl8AGHXIRpt-Ariramisdedsthiil-41(1Rh] -phehyithipeathondetilireatiyiguycapbondimethyldi none

( 16. 3setiginongi (eqntent, 9‘1)%% 0 g) vap dispdived inglty m'.l‘V-'EPO(5§§W)°f tOE'?'EPCF"d \elyahydrofugn(id : 1250,
1190, 1), gg@the tan tlonl\WR g‘fll adde topgn of Ium y Ji(. oiasusgenslora 2@ )

|d (44 an h l I I) f
g %g t Iluﬁqé Q_? rfry( H %PM?) diollg }( §ti¥ﬁ| f% %urfsﬂ_?olu (guqo‘?d‘lf eny
H) , %90 g, to ] mi) é drat () Qﬂge 7 a1
sfi n cbntl ued f 4 IoHrs. f 2 -1% - - | eth jz yi-4 - !
(SH, cap opyrolidie {%7 Be:%;' hydrof @rgtB 1 Eer r] 10
§ 'l M) was then added thereto and the resultant mixture was

oxyc Fgﬁﬂ?rret hyl - 2-azeti dinone (13.4 g;
45, 1695, 1410, —13%2~31195, 1130, 950, 745.

. .2 Hz), 1.34 (3H, d, J = 6.9 Hz), 3.16
20 18. 17 (1H, dd, J = 2.3 and 4.3

d

[ err ]dlazablcyclo[s 4.0Jundec-7-o|
30 stirred at -15 to -10°C overmght To the reactuon mixture, 0.1 M aqueous potassium dihydrogen phosphate
(10 ml) was added, and the aqueous layer and the organic layer are separated. The aqueous layer was
extracted with toluene (5 ml x 2), and the toluene exiract was combined with the organic layer. The
resulting mixture was washed with 0.1 M phosphate buffer (pH, 7.0) and aqueous sodium chloride in order
and dried over a mixture of magnesium sulfate and potassium carbonate (1 : 1), followed by removal of the
35 solvent under reduced pressure. The residue was purified by silica gel column chromatography to give
(4R,58,6S,8R,2'S,4'S)-allyl-3-{4-(1-allyloxycarbonyl-2-dimethylaminocarbonylpyrrolidinyijthio]-4-methyl-6-(1-
trimethy!silyloxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-one-2-carboxylate (0.90 g).
{Rmax Neat (cm™1): 1770, 1705, 1655, 1405, 1320, 1210, 1135, 980, 840.

.0 Reference Example 4
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(3S,4S)-3-[(1 R-1 -Trinethylsilyloxyethyl]-4-[(1 R -1

; phenyl t hi ocar bonyl ethyl]-1 -allyl oxycar bonyl net hyl - 2- azeti di none (content
90 % 1.0 g) was dissolved in aEI;JB)é ?{e (5.5 mM) of toluene and
tetrahydrofuran (4: 1), and the resultant sol ution was dropw se added to a
m xture of sodium hydride (60 % oil suspension; 200 ng; 5nmV), benzyl

brom de (410 ng; 2.4 mM and trinethylsilanol (2.7 ng) in a dry mxture
(8.5 m) of ZSMEBBtlene and tet Mﬂnydrofuran (4. 1) at -15 to -10[err]

foll owed by stir A sol uti on HfCON nyl chlorophosphat e
(590 ng; 2.2 MV i idueel” t heret 0" at the sane
tenperature, and stirri - ' 4 hours. A-sotutPon of
(2S,45)-1-al Iyl oxycar ’ rbo | - 4- mercaptopyrrolidine

(670 hg; 2.6 mMV) ind etrahydrof }\/ pwi se added thereto, 1, 8-
di azabi cycl o[ 5. 4. 0] undec- 7--ene (599 2.8 mvp was then added thereto and
the resultant m xture was 30 stirred at -15 to -10[err] overnight. To the
reac?ion mxture, 0.1 M aqueou ot assi-um di hydrogen phosphate (10 m) was
added, and the aqug the organic | Are separ ated. The
aqueous | ayer was h tol uen 5 2 and the tol uene
extract was conbi‘hed wi J ayer]. The resulting m xture was

shed with 0.1 M phos uf ger (pHN\ 7. and aqueous sodium chloride in
or der and dried ove f magnestTum syliqgi € and pot assi um carbonate
(1: 1), followed by renoval of t vent under reduced pressure. The
residue was purified by silica gel columm chromatography to give
(4R 5S,6S,8R 2' S, 45)-al lyl -3-[4-(1
- al |yl oxycar bonyl - 2- di met hyl am nocar bonyl pyrrol i di nyl)thio]-4-nethyl-6-(1 -
t i-met hyl (@R 5$6S8R28 451 A)yI<B-[4:0 sliyloycartopB-2 2ints}hy apinocarenyipyrelidisy bielArmaiy | at e
(0. 90 @X1-trimBhgsityloxyethYIFDazabip\pi[3. 2103 ®Bt-2- @meemgvla@z@@ﬂ mgy 384 mj@owasgiey

Ref er eselesdpix o) yérofnraw mb) fellgwecbby addifin of apitigte pyffer I§’_L’“ Py )T@emg"azt 'é‘f"P] 10
HO was vigorousy Stlw temerft@r,erffr 12!1)h szdlgxgd h gp@y a a (1

-al 1% ?{‘Wﬁ chlzﬂ SNl ﬁwmﬁ?‘m ‘L 4 it z;

6- (1-t A} meth N rboxyla
te (60 "y yca E o 'E'" aTé)onyéoeﬁr?/ (i h'°]' °"'é{'i?"6€§mts Yan (6 ?Io ovved by
addi ti éT:O"e ° ffer (3 m; pH 3). The resultant m xture was

vi goj,bus| § fch 6 eTo) {ﬁﬁmﬁisatdébeméﬁ'isz% f27819b0551176l11h 48, 675, vdot h et hyl
acetat e (lgmﬁ} é%la 2 )W 56 3AP 1%ﬂléﬁ-PH§ 567 tﬂ”ﬁ\)cbdnoi99130§Q|1ut(tofan6raraebhdrl ed

OVEr @ ok, B 5 (AHTHHI R BT U 473467 HmP 618 S 6.5 (oM, GREROER @) (1 - 1) .

Rermoval of the sol vent under reduced pressure gave

(4R, 5SHafredd Badpid5S) - al | yl - 3-[ 4- (1-

al | ydsoxycarponyt—=2-di net hyl am nocar bonyl pyrrolidinyl)thio]-4-nmethyl-6-(1

- hydroxyet hyl )-1 -azabi cycl o[ 3. 2. 0] hept - 2- en- 7- one- 2- car boxyl at e.
TBDMSO ' '

/’\H 7
i cos<<::>rc1
0 ,
N
o” .
COOt=Bu
45
HO e
H ¥
50 ] c084<::>»c1
' N
. 0/
COOH

55

(3S,48)-3-[(1R)-1-i-Butyldimethylsilyloxyethyi]-4-[(1R)-1 -p-chIorophenylthiocarbonylethyl]—1 -t-
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Ulerr] 317 nm 30 IR[err]: 3420, 1770, 1705, 1645, 1550, 1405, 1320,

1278,:.1205, 1175, 1135, 975, 750. NWR [err] 1.26 (3H), 1.36 (3H), 1.94

(1H m, 2.67 (1H, m, 2.97 2, 3.11 (total 6H, each singlet), 3.2

- 3.7 (4H, m, 4.25 (2H m, fi @25@6%@(%, m, 5.15 - 5.5 (4H, n), 5.94

(2H, m). Reference Exanple 5 35 TBDMSO Me H H 40 45

[ er r ] butdycarbonylmethyl-2-azetidinone (1.0 g) was digsélived]in GyGhbiniené SMortB)(1Bmi),( dhd FRhisde

- t - Bu@97 mg)raad bytbrsiritigoridediatbyin ythér-cdmpléxl(1 /8% gjlwere added thereto, followed by stirring at 38

- p- ¢ htb o200 Herrdy heurs. Tbe otgemis lagériwds] shaket -withh Jvater akeéPadqioqE Godyry bivrbonate. The

but oxapgeoud lavey [wae sdpgiated.-adinsted tdipHOrMdth (conogntegled edsockioticsasid asd extiacteld yithatvhy | ene

c h I5or4°d'et°( e exirget wameried pvey snbyd(oss ?04@ sulfpiel apcheaspeniratpd yndar fegused) P@ESH et her
npl &kl ieth(’g)Mvv@Peade'edhq r?é'f’@e f’BI’P%'!A%‘H e pps I"’F’ da{ 5% °n2[err]

for @rw dditien of i %Sd"'x ?su gw ik tﬁt \/E"é"t i @%ﬁ‘du um

b eral 10 Vv

cl)(r:lge:g Xye - Iﬁﬁﬁ A °PE""§ f°8“"%‘?ﬂ‘éﬁ'°‘ ? é’% By %ﬁ L'?zg'izﬁv’fm%" SRy The

extra %Hfl e and concentrated under

reduced'r!:iéivéézﬁrg:ti f&;gﬁ? Wﬁ @ gg);dg.‘ ) q,jO 181842, 35& HHCaq, gnd the
A J

lé@&”d4 (Mﬁﬁ,) ropwi se addition of toluene
( , theresutant mxture‘\/vas stlrredfor 30 m nutes and allowed to
\]94 m@ergregmg,@myerature The precipitated crystals were coll ected by
filtrattom and dried to give (3S,4S5)-3-[(1 R-1 - hydroxyethyl]-4-[(1
R) - 1- p- chl or ophenyl t hi ocar bonyl et hyl ] -1- (1 -carboxynet hyl)-2-azeti di none.
mp., 81 - 10 8Bperr] IR erMp: 3400 (br), 1748, 1700, 1475, 1383, 1190,

1090. NWR [err]: 1J29H(3H HJ) I 1.31 ( d), 3.16 (2H, n), 4.08 (2H, ABq, J

:1081Hz), 4.2 1 , 4.27 (1 H m, 7.35 (4H,

ABqJ 8.6 Hz). nceExarrpIe26HO—-——> Me H H 30
O [err] 35 (3S,4S)-34 droxyethyl]-4-[(1 R -1

- p- chl or ophenyl t hi ar bonyl ethyN] - -(1 -carboxynethyl)-2- azetidinone (371

ng) was dissolved In allyl alco 0.4 m), trinethylchlorosilane (0.3 nm)

added thereto, and the resultant m xture was stirred at room

tenperature for 1 hourHOAfter remoygl of the solvent,

N

30

o”
Co0- \~

35

(35,48)-3-[(1R)-1-Hydroxyethyi}-4-[(1R)-1-p-chlorophenylithiocarbonylethyl}-1~(1-carboxymethyl)-2-
azetidinone (371 mg) was dissolved In allyl alcohol (0.4 ml), trimethylchlorosilene (0.3 ml) was added
thereto, and the resultant mixture was stirred at room temperature for 1 hour. After removal of the solvent,

0 the residue was purified by silica gel column chromatography to give (3S5,45)-3-[(1R)-1-hydroxyethyl|]}-4-[-
(1R)-1-p-chlorophenylthiocarbonylethyl]l-1-(1-allyloxycarbonylmethyl)-2-azetidinone.

IRmax Neat (cm™—1): 3430, 1763 (sh), 1740, 1698, 1477, 1383, 1190, 950, 723.

NMR 5 (CDCls): 1.32 (3H, d, J = 6.6 Hz), 1.33 (3H, d, J = 6.9 Hz), 2.36 (1H, brs), 3.15 (2H, m), 4.10
(2H, ABg, J = 18.1 Hz), 417 (1H, dd, J = 2.3 and 4.3 Hz), 4.22 (1H, m), 4.62 (2H, d, J = 5.9 Hz), 5.28 (2H,

45 m), 5.87 (1H, m), 7.35 (4H, ABg, J = 8.6 Hz).

Reference Example 7

50

65

14



0 the residue was purified by silica gel columm chronatography to give
(3549 -3-[(1 R-1 -hydroxyethyl]-4-[- (1 R -1

- p- chl or ophenyl t hi ocar bonyl et hyéF] §6§7173

-al | yl oxycar bonyl net hyl ) - 2- azet 1 di none. IR[ err ] , 1763 (sh), 1740, 1698,
1477, 1383, 1190, 950, 723. NWMR [err]: 1.32 (3H, d, J = 6.6 Hz), 1.33 (3H,
d, J-69Hz) 2.36 (1H, brs), 3.15 (2H m, 4 0(2H, ABg, J = 18.1 Hz),
4.17 (1H, dd, J = go3 and 4.3 Me), 4.22 (1H, m, 4.62 (2H d, J = 5.9 Hz),
5.28 (2H, 46 m, 87H(1 Hy , 7.35 [err] J = 8.6 Hz). Reference
Exanple 7 50 I 5 Cas Cl Me [err] 15 20
(3589 -3-[(1 R -1-Hydyoxyethyl]-4-[(1 1 ————

- p- chl or ophenyl t hi ocat ]-1 -(1-allyl oxycarbonyl nmet hyl) -
2-azetidi none (305 was disso\ved in dry toluene (1.5 m),
trimethyl chl orosil ane (145 ng) a®@0¢T NeFhyl anine (150 ng) were added
thereo, and the resultant m xture was stirred at roomtenperature for 1
hour’® The organic | ayer was washed with 2 % aqueous sodi um bi carbonate and
a saturated sodi um¥8g8i9de 26 sol uffon in drder dried over anhydrous
sodi um sul fate and conc rgt ed ﬁ ﬁg# &0 gisure to give
(3S5,49)-3-[(1 R-1 -t Y1 oxyet | (
%f -chIorophenylthlocarbonyleth 11-2 -(1-

oxycarbonylnethyl) Z&gzetidinond, IRerr]: 1762,_1740, 1702, 1475,
1245 1086, 976, 837. NWVR[err] : O. 14C / , 1.30 (3H, d, J = 6.9 Hz),
1.30 (3H, d, J =6.6 Hz), 3.07 (1H m, 3.14 (1H 30 dg, J = 3.3 and 6.9
Hz), 4.08 (2H, [err] J =17.8 Hz), 4.10 (1H, m, 4.16 (1H nm, 4.60 (2H,
dt26:13and56Hz)527(2Hrr)588(1H m, 7.35 (4H, ABg, J =

8,6 Hz). (F49¥B¢nBe!-Hydampittol3-1Q8)- 1I‘mllz@h!qmph‘enylthloc:arbonylethyl1-1 -(1-gljdoxyearhonyleethyls
[err] P@;qtu]!mc[r@r(a 5 pgy) was dissolved in dry toluene (1 5 mi), trimethylchlorosllane (145 mg) and

AQC 55 triethylprgige 15 mg) vere aﬂﬁﬂ fherepy ?’ﬁ'é'ﬁerf)‘?f”é‘? ismf){f d % @9'&‘"'9 for 1
pheny hedsi e &f9pn Ry sty 1aenad wigy 4 2 l@ast a" as rrg)
)9 dal;sufe tO

was 2d| §§Eﬂ° or ?f qlz arpus s "hf fat?) "ﬁ?é’ %te F\%”

1) sl ?"&?‘"VH"‘[ °(5?§’ "é’ '%‘fa'
hydrl dé" ogﬁ:a@ora Vi' agg g}gggis , aI |yl bromi de (77.4 ny;
0. 64 mvp ),h o, §2d6 ),iﬁb@HCU)! =18 & byl £oA (P11, 31814 (P,

tol ughg, 33 and 69 Hz), 408(2H AB,, J = 17.8 Hz), 4.10 (1H, m), 4.16 (1H, m), 4.60 (2H, dt, J = 1.3 and
56 Hz) 5.27 (2H, m), 5.88 (1H, m), 7.35 (4H, AB,, J = 8.6 Hz).

a mxture of SOdI um

Reference Example 8

35

Me.Si0 Me

v

40 /
- 0 \
Coo/\//
1
45 Me 3SiO
/!\ comue 5
50 0¢ AOC
coo/\/
65 (3S,4S)-3-[(1R)-1-Trimethylsilyloxyethyl]-4-[(1R)-1-phenyithiocarbonylethyl]-1-allyloxycarbonyimethyi-2-

azetidinone (308 mg) was dissolved in a dry mixture (2 ml) of toluene and tetrahydrofuran (4 : 1), and the
resultant solution was dropwise added to a mixture of sodium hydride (60 % oil suspension; 89.2 mg; 2.23
mM), allyl bromide (77.4 mg; 0.64 mM) and trimethylsilanol (0.864 mg) in a dry mixture (2.5 ml) of toluene

15



EP 0 256 377 Bl and tetrahydrofuran (4: 1) at -15 [err] foll owed by

stirring at. -15 to -10 * C for 2 hours. A solution of diphenyl :

chl orophosphate (207 ny; O. 77Erpsl\ezggbﬁ%pene (0.5 mM) was dropw se added

thereto at the sane tenperature, and stlrrlng was continued for 2 hours. A

sol ution of (2S,4S)-1-allyloxycarbonyl -

di et dnglteahydadeaniény) at 415161 folip@bd iy stifring Iad-nﬂf:b -{ d-@Sfommhouts. A 4olitidd ofi dipheny!

t et r athjochpbdsphaten (01 mg;) 0.TasMirinpeliese (B85 raljickasl drdpeisetaddedatheretohat the Sarhé ant

m Xt uterpaxatare.s and rstitingat was5cantinugd Gof @ hdurfiodr solufion tdfie(28.49)cttadllgoxycarbonyize, 0.1 M

aqueotiget '@s#fwy'dﬁ'mmpts’gﬂw"%@%mneo $EmM) Jn telahydrofdiadl (1 af) dvas ldepaigaieous

| ayPeraddesstheraipeand thegewiiant midureawascstinag at 1 e 1ORG for 4 dewraTasthg Bagtion mixitiree 04)M r act

was c?S‘H?ﬂ”ﬁ@EfaW“f“hd"EVH@gﬂ‘r BRhate| (3,yndly was\gedade and e RausesclaNss wad srpaigioe 1N | de

dri ed® 4R ;\‘f\“‘ {71"% agptate g m Tgﬂégraa as gpbied vath&eﬁ&aalg éﬁyﬂfrﬂ’isa?%%‘aﬁqéeg}
silica

n

32? gzg ?} gg nﬁ C%jgl %EP f % was pun:?ﬂ%y sqg%:‘l gg column c romatogra
" 4-( al
h -2-

' y[lh&:% %M btained in eferen "“9 ;&@ wy%’@) Mmﬂ %;s pro}éCar bony!

6-(1-tri rreqet{hyélas})l y oxyet )-1-azabi cyc eoE[x?%.%] hept-2-en- 7-one- 2-car boxyl a
te. TheReréride fefgum of thIS prod- uct was identical to that of the product
obparn‘e‘d‘l“n%e‘r‘ence Exanpl e 3. Reference Exanple 9 [err\ 20

[err] 0 25 [err] [err] [err] O Ph [err]
35 (3S,49)- 3[(1&@&% Trinet hyl §id yl oxyethyl ] - 4[(1 R -1

- phenyl t hi ocar bo | l-} -all ylpxycar bonyl net hyl - 2- azetl| di none
(content, 90 % 15 ¢

: ‘]f:bg? ry mxture (65 m) of toluene and

tetor ahydrofuran (4:71), 0 e resulTant sol ution_was gropwi se added to a
suspensi on of sodi um hydrO % oi | ‘suspension; o 4.2 g; 105 nmM), allyl
bromde (4.0 g; 33 mvp and trinmethw silanol (28 ng) in a dry mxture (115
m ) of toluene and tetrahydrofuran do/s\;.t -15to -10 C, followed by
stirring for 3 hours. A solution of diphenyl chlorophosphate (9.67 g; 36

in adry mxture of toluene and tetrahydrofuran (4: 1) (15 nl) was
added thereto at MeySitane tenper afeire, and stirring was continued for 4
hours.” Few drops o e uffer (pH 7.0) were added thereto,
and the reaction wa 0. 1 Mphmmhate buffer (pH, 7.0; 150 45
m ), was added thereto, and thelre ' m xture was extracted with ethyl
acetate (150 m). Theq%we-us-ﬂ r vvas I extracted with ethyl acetate
(100 mM). The extract s conbinedw th the organic layer, washed wth
sat urated sodi um chl oride solution over a mxture of magnesium
sul fate and potassium carbonate (1: 1), followed by renoval of the sol vent
unger reduced pressure. The residue was subjected to silica gel colum
chromat ography using a m xture of toluene and ethyl acetate (95 : 5 - 90 50
10 as @g"“@’r%(@ Ar-1-Trimeihyistidoxpgthylled (1 R rfenithiscarhondetiytin eliviewcarteoyimethy2y e

tla;@o Qrﬁqnp >$p Y315 9U‘I’1§W@Pﬂ"¥°ﬁ m@;ylml@qrqj Gi)nl),gt folue d ptrghydrofuran (4 :

-t r| % B@yl%'i' pr'aez%% @|sa Pansjoney PO, chide-(90 Yrall sgepension:
d&tpb s en AP m d” "; "‘V' sfanga(28 '28@’“"’215@,""&3‘82 955.
o % s o () e el
» e?o m era't ixtire ene and tetrahydrofuran (1 was’added

d stlmng was continued for 4 hours. Few drops of 0.1 M phosphate
buffer (pH, 70) were added thereto. and the reaction was interrupted. 0.1 M Phosphate buffer (pH, 7.0; 150
45 ml) was added thereto, and the reaction mixture was exiracted with ethyl acetate (150 ml). The agueous
layer was again extracted with ethyl acetate (100 ml). The extract was combined with the organic layer,
washed with saturated sodium chloride solution and dried over a mixture of magnesium sulfate and
potassium carbonate (1 : 1), followed by removal of the solvent under reduced pressure. The residue was
subjected to silica gel column chromatography using a mixture of toluene and ethyl acetate (95 : 5 - 90 :
60 10) as an eluent, and the eluted fractions were concentrated to give (4R,5R,6S,8R)-allyl-3-
(diphenylphosphoryloxy)-4-methyl-8-(1-trimethyisilyloxysthyl)- 1-azabicyclo[3.2.0]hept-2-en-7-one-2-
carboxylate.
IRmex Noat (cm™1): (1780 1725, 1630, 1588, 1483, 1285, 1250, 1182, 955.
NMR & (CDCls): 0.11 (9H, s), 1.19 (3H, d, J = 7.3 Hz), 1.25 (3H, d, J = 6.3 Hz), 3.24 (1H, dd, J = 3.0
56 and 6.6 Hz), 3.46 (1H, m), 4.11 (1H, dd, J = 3.0 and 10.6 Hz), 4.18 (1H, m), 4.66 (2H, d, J = 5.61 Hz), 5.20
(1H,d, J = 10.6 Hz), 5.37 (1H, d, J = 17.2 Hz), 5.86 (1H, m), 7.21 - 7.41 (10H, m).

Reference Example 10
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55 and 6.6 Hz), 3.46 (1H, mn), 4.11 (1H, dd, J = 3.0 and 10.6 Hz), 4.18

+(1H,«m, 4.66 (2H, d, J = 5.61 Hz), 5.20 (1H, d, J = 10.6 Hz), 5.37 (1H, d,

J =17.2 Hz), 5.86 (1H m, 7. }ﬁzs'éﬁib&lOH r’r) Ref erence Exanple 10 16
r

EP 0 256 377 Bl [err][ [err] [er

Me [err] ACC 20

(4R, 5R, 6S, 8R) - Al | yl - 3- (di phenyl phosphoryl oxy) - 4- net hyl - 6- (1
-trimethylsilyloxyethyl)-1 -azabicycl o[ 3.2.0]-
hept - 2- en- 7- one-Me IQoxyIate (28e ng) was di ssolved in dry ‘acetonitrile

(1.5 mM), and (28 1-H g
al I yl oxycar bonyl - |ne
addéd thereto, follomed
di sopr opyl et hyl am ne -
dropwi se added theret®, and the r
-10[err] for 5 hours. To the react

rbﬂn L/QPhercaptopyrrolldlne (142 ngy) was
gerr] A-sotutro® of
dry aceP Ritrile (about 0.2 m) was 25
| t m xture was stirred at -15 to
ure, 0.1 M aqueous potassium

dihxprogen phosphate (10 m) and ethyl acetate (10 ml) were added, and the
aqueous | ayer and t organic Iaﬁgr wer e separated. The organic Iayer was

washed with 0.1 NlanOOUﬁ pot gssgum di hydr ogen
confirmng the pH of aqueg | ayer bej
stirred at roomtenperatfre
tripethylsilyl group wag|30 cqnfj
m xture of benzene angZcetic ac

Eegﬁgate (10 m). After

Zhe organic | ayer was

. Elimnation of the
g by LN | ayer chronmat ography using a
(1 :1) " Thé~gegl tant organic sol ution

was washed with a saturated aqueoueoeaﬂﬁgﬁachloride solution, dried over a
m xture of magnesi um sul fate and potassi um carbonate (1: 1) and
concentrat ed under reduced pressure. The residue was purified by silica gel

Iyl oxycaMBER§S e Pdlv'ﬁé@'mﬁnﬂwhowerabbﬁrﬂrme)hp';ﬁ-(ﬂ'@ImeﬂWHMWﬁﬂupdﬂzwv

col 2#rm chr omat ography to give (4R 5S,6S,8R 2'S,4'S)-al lyl - 3- [1ﬂgi-m
- hydr d‘k?‘eaf% ope—f—cara@masec !8 2330}’13305’6‘1 in ey -apetaiitile (pe M) egﬁ

ThIS

29 (1
Fat e.
PR Lo 2 diroaty BRPYHA-FraPteRyErOl e 1210 g g o Pe 4

WI thr d@giwfse agﬁed Srotd, a,,?}?, nf%;gt n‘)gl;t' ol g% %5%9483%?‘}3 b S s LT'To%he Laction

ixture, 0.1 aqueous potassiu

d ethyl acetate (10 nL) weri j dg%d and
[ er r ] t i 1ou§ yor and the organic layer were separat he organic layer was w Mafgueocus

30

36

; 40

50

56

ssium dihydrogen phosphate (10 ml). After confnrming the pH of the aqueous layer being 4 to 5, the
organic layer was stirred at room temperature for 5 to 15 hours. Elimination of the trimethyisilyl group was
confirmed by thin layer chromatography using a mixture of benzene and acetic acid (1 : 1). The resuitant
organic solution was washed with a saturated aqueous sodium chloride solution, dried over a mixture of
magnesium sulfate and potassium carbonate (1 : 1) and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography to give (4R,53,6S,8R,2'S,4'S)-allyl-3-[4-(1-al
lyloxycarbonyl-2-dimethylaminocarbonyl)pyrrolidinylthio]l-4-methyi-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]-
hept-2-en-7-one-2-carboxylate. This product was identical with the one obtained in Reference Exampie 4
with regard to UV, IR and NMR data.

Reference Example 11

Me3$10

o7
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EP 0 256 377 Bl Crude

(4R 5R, 6S, 8R)-al | yl - 3- (di phenyl phosphoryl oxy)-4-methyl -6-(1-trinmethylsilylo
xyet hyl)-1 -azabi cycl o- [3.2. ?%F Q- 7- one- 2- car boxyl ate obtai ned in
Ref erence Exanple 9 was subjec ed to EE sanme treatnment as in Reference
Exanpl e 10 to give

(4R, 5S, 6:5ue3 RUFRSFBSERB)IyBd-{diphengiphdbpKolylor))layrheinyy e-Bictasthisido.gbtht hachidybipoc ar -
bony[3.29lrépbR-e6r-Diyd-2-tardkyiale odiddy lin Befdrdnce EyaiipRy/wdsisybjgcieli to the same treatment

- az aleis @nyRdfaer|cd Exanipjentdpid give (#R;53,68,818,2'2 4'Spalliped(y-1adligloxyEartfidnglizraimdtiiyaimimacdr-or t he

f ol | denytigyrGlidinylttiai4tnmeghy B8-H thgdroxysifyl)- BizabiGielo-[ 1) hdpRR-erCBonet 2icarklokyjatd. U, NL, SE 1.
Crystalline

(4R ¥HiBS SR 2'S, 4' S) - 3-[ 4- ( 2- Di met hyl ami nocar bon I?Ea/rrol i di nylthio]-4-net
hyI 62!:(!:1\3 Wdlpq);gllovilgg Contractlng States : AT, BE, CH, DE, FR, GB, IT, NL, SE -

yet -1 azablc cIo% é P -2-en-7-one-2-carboxylic acid trihydrate of
t he f1or lme T ,4'S)-3-[4-(2-Dimethylaminocarbonyl)pyrrolidinylthiol-4-methyl- 6-(1-hydiox-

[efr] = ‘%a%’[cé ?[F Phr2-ex7-0pps7 fRkoR e PR MR I et P B3t 0 be di ssol ved in
a phyS|oIog|caIIy accept abl e aqueous medi um and injected into a human body,
whi ch conprises as an_active in dient crystalline (?5258 65,8R 2'S,4'S) -
26 3-[4-(2-di met| ' ' %#g 3-nmet hyl-6-(1

- hzdroxyet hyl )t%ibc \Zcﬁar boxylic acid

trrhydrate of 3H20 35
COOH and a non-toxic ca bonat .7 Etion accor to claim 2,
wherei n the non-toxi @ ' onat e. 2: conposition

according to claim2, wherein theMdwgytoxic car bonate i s sodi um
bimarbonate. 5. A process for preparing crystalline

(4R, 5S,6S,8R 2'S,4'S)-3-[ 4- ( 2- di met hyl am nocar bonyl ) -
pyrrolidinylthio]-4-methyl-6-(1-hydroxyethyl)-1-azabicycl o[ 3.2.0] hept -2-en-
7-oné ZA @WEW‘FCP'CWH@?%'%‘ e hg,dis@pvaq E' a WPYP'@'HQ'% poogtaltle agueaus| med a"d

R S e e B
| = 3 h t 2-en-
?o:uCa)Ian'B" r}g’glma%ﬁ' W w its mxture\?mth an organic gglvenfn

and cooling and/or diluting w t h an organi c solvent the resultant solution
to make said objectiye pr oduct upersaturated, followed by crystallization.
° Hai m 5, V\/nereingﬁﬁﬂ’i% and diluting with

an organl C soIg : qut stepwi,se Q eously. 7. The
process accord ag t 3 o el.N_t /e orfgani c sol t is the one chosen
from et hanol , 55 [ pr opagol ,//acet on t tHrahydr of ur %@r Odl oxane,

acetonitrile or . 8. A rocess for “preparing
cragstal | i ne (4R 58 S, 8R 2'S, 4' Spodul 4- (2- di net hyl am nocar bonyl ) -
pyrrolidinylthio]-4-nethyl-6-(1-hydroxyethyl)-1-azabicycl o[ 3. 2. 0] hept - 2- en-
7-one-2-carboxylic acid trihy- 18

, and a non-toxic carbonate.

._ 0 3. The composition according to claim 2, wherein the non-toxic carbonate is sodium carbonate.
4. The composition according to claim 2, wherein the non-toxic carbonate is sodium bicarbonate.

6. A process for preparing crystalline (4R,§S,Ss,8R,2‘S,4'S)-3-[4-(2-dimethylaminocarbonyl)-
45 pyrrolidinylthio]-4-methy!-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-one-2-carboxylic acid trihy-
drate, which comprises dissolving non-crystalline (4R,5S,6S,8R,2'S,4'S)-3-[4-(2-dimethylaminocarbonyl)-
pyrrolidinylthiol-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo(3.2.0]hept-2-en-7-one-2-carboxylic acid in wa-
ter or its mixture with an organic solvent and cooling and/or diluting with an organic solvent the
resultant solution to make said objective product supersaturated, followed by crystallization.
60
6. The process according to claim 5, wherein cooling and diluting with an organic solvent are carried out
stepwise or simultaneously.

7. The process according to claim 6, whersin the organic solvent is the one chosen from ethanol,
55 isopropanol, acetone, tetrahydrofuran, dioxane, acetonitrile or a mixture thereof.

8. A process for preparing crystalline (4R,5$,68,8R,2‘S,4'S)-3-[4-(2-dimethyléminocarbonyl)—
pyrrolidinyithio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-one-2-carboxylic acid trihy-

18



EP 0 256 377 Bl M. Crude  _
(4R, 5R 6S, 8R) - al | yl - 3- (di phenyl phosphor yl oxy) - 4 neth I- -(1-trimethylsilylo
xyet hyl) --1-azabi cycl o- [3.2.0] hept - 2-en-7-one- 2-car box ﬁilfmml“w“m

Ref erence Exanple 9 was subj preztetawahe sanme treat rren

Exanple 10 to give

(4R, 58 6S, 8R 4' S)-al lyl -3-[4-(1- aIIonxycarbon | - 2- dlnethylan1nocar-
bon rﬂf‘r5ﬂrsﬁ ﬁl‘ﬂ'v @'RUWPWP"DB’J !D'“"Psﬂm' Bidytem 21'9'¥'va9thvl)- -azabicycio- '
' ectad ta thesaey eatraent or t he

- az
. 2' S) -alldexyc nylr2rdimethyla car
fOI ;% qy% i my%ﬁ - meth I-6-(§e?|1 E’Fg 1% T):-azablcyclo-[s20]hepgt-'gg(en-?—%g:le-21.-2cT:|rbo?)?)‘(‘lateWLrlg N, SE L

(4 $S,8R 2' S, 4' §)-3-(4-(2-Di met hyl am nocar bonyl ) pyrrolidinylthio]-4-net
%Eﬁz
hyl climslob s wirkg'Contragting States : AT, BE, GH, DE, F5, OB, 1T, L Ly, M1 SE

yet hyl)-1-aza oxyl'ic’acid trihydrate. of
t heqf cUrﬁ'tHlliﬁe @ﬁ%é,bs Be58 Jarsl- 5‘«;«1!1(12 Dfrﬁeru{y]a sﬁ:oﬂyhy’é&m&i hibF&netfifi! PWdeO” to be

G S SOl yéMf)1-BeaBicyRioysia OepE2-6R7-bib-BGaRRR): .@mm&% uldm an I nj'ected into
a human body, which conprises as an actlve ingredi ent crystalline

(4R 5S,65,8R, 2'S,4'-S)- 25.
3-[ 4- (2- di met hyl ami pacar bonyl ) ggrr ol di nyIth| o] 4- rr;t@ul -6-(1
--hydr oxyet hyl ) - 1- azhbi cﬁycl o[x3. hept - 2- en- 7,00R- 2- Ccar boxylic acid

tiihydrate of Htte-fo \CH3 CH 3
[err] [erre] HC [err] 3
3 [err] 35 NH and a non-toxic

carbonate. o 3. Theoggnposition according to claim2, wherein the non-toxic
carbonate is sodi um carbonate. 4COME conposition accordlng to claim 2,
wherein the non-toxic carbonate is sodlun1b|carbonate 5. A process for
prepari ng crystalline

(4R.53, &&n&&&cécémp%\s.t.%%e( S yﬁ}y GL fiy M %e aqliBous med
PYT T OlijdteB¥rtd B inGHharfsodpt c@‘m.snlej? o %g? @%ﬁ @fws? "% Zealgient - 2- en-
75~ ONe-344-Rafirhapyyaniifoca@Sdngl)dyFrdiidiiyithidl- ahﬁthyl\bt(h-ﬁ r&Oéim)hSé‘z‘ﬁbl bi%[%@ lo}epte-

NoN- Clby-3{ond-2-tambox{li¢Rci Bihhdrat8 B the forndulad) - 3- [ 4- ( 2- di met hyl am nocar bonyl ) -
pyrrolidinylthio]-4-nethyl-6-(1-hydroxyethyl)-1-azabicycl o(3.2.0]hept-2-en-
7-one-2-carboxylic acid in wa- ter or its mxture with an organic sol vent
-and cooling and/or gh!l uting w¢h_ an organi c sol vent,cdghe resul tant sol ution
¥ make sai d obj ectRved proctuct stiper sat ur at ed, con w@d by crystallization.

50 6. The pr e G cIa|m5, I'n cosldwg and diluting with
an organi c sol*vent are : wi sg¢ or sinultaneously. 7. The
process according ta ’ ) erei n tNe-¥Hgani c sol \Aemzc s the one chosen

from et hanol, 55 ©O" i sopropand, acetone, tetrahydrofuran, dioxane,
Rcetonitrile or a nmixture theredf9O8.. A process for preparing
crystalline (4R 5S,6S,8R 2'S,4"S)-3-[4-(2-dinethyl am nocar bonyl) -
pyrroléﬂlaq‘ghmkg&b&a{pt hyl - 6- ( 1- hydroxyet hyl ) - 1- azabi cycl o[ 3. 2. 0] hept - 2- en-
7-one-2-carboxylic acid trihy- 18 -

-0 3. The composition according to claim 2, wherein the non-toxic carbonate is sodium carbonate.

4. The composition according to claim 2, wherein the non-toxic carbonate is sodium bicarbonate.

6. A process for preparing crystalline (4R,5$,6S,8R,2'_S.4’S)-3-[4-(2-dimethylaminocarbonyl)-
45 pyrrolidinyithio}-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0Jhept-2-en-7-one-2-carboxylic acid trihy-
drate, which comprises dissolving non-crystalline (4R,5S,6S,8R,2'S,4'S)-3-[4-(2-dimethylaminocarbonyl)-
pyrrolidinylthio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo(3.2.0]hept-2-en-7-one-2-carboxylic acid in wa-
ter or its mixture with an organic solvent and cooling and/or diluting with an organic solvent the
resultant solution to make said objective product supersaturated, followed by crystallization.
50
6. The process according to claim 5, wherein cooling and diluting with an organic solvent are carried out
stepwise or simultaneously.

7. The process according to claim 6, wherein the organic solvent is the one chosen from ethanol,
55 isopropanol, acetone, tetrahydrofuran, dioxane, acetonitrile or a mixture thereof.

8. A process for preparing crystalline (4R5S,6S,8R,2'S,4'S)-3-{4-(2-dimethylaminocarbonyl)-
pyrrolidinyithio}-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0Jhept-2-en-7-one-2-carboxylic acid trihy-

18




*C L M S * drate, which conprises subjecting a carbapenem conpound:
;of the formula: X CH T Jerr] [err]

[err] [err] wherein X is a prot Sydgpxyl group, [e \lﬂ“k
group for amno and R2 is a pro ectlgeve ‘grgup for car bOX)M“\“mmI‘“Ml ‘

of the protective group for hydroxyl, the protective group feor tant

and the pir@, abich ¥enpdise3$pbjéchifig swdaﬁahydn cBrhpgaiid &ehecarmlanul t aneousl y to obt ain
crude (4R 5S,6S,8R 2'S,4'S) -
3-[4-(2-di net hyl am nocar ponyl ) pyrro
- hydroxyet hyl) -1 -azabi cycl g[ 3. 2..0]
di ssol vi ng such Cry dg t in!'I
sol vent and cool i ng3and/ or

solution to nake said objechi ct supdysagurated, followed by
crystallization. 20 9. T@te//process ccordingTo ¢chaigm 8, wherein the
starting carbapenem conpound is the @goﬁrepar ed by t1reat| ng a conpound of
theformula: [err] [err] H3C

[err] 30 0 [err] whereln COY is the

resi due Qrfhel%{n:\ )@%ti;grgtegg& pw 990 Sﬁers aoﬁr é&#&éf ol.l[.g?or affin Qraﬁtf ﬁﬂ rotective

t-hi ol car ¥ 'for TaBbY1, to°slimination s@fa:par&r GRd pr8tddtive GroBd Rr ningt

het 95 0ar Yeh@ i priidefve ouB'?dP'éﬂbox e‘iaw@e&r Budiy Y Bt MrldedUR EReSBFHIE S} | S a
PFOt €Ct | \Gg4--dNinyeAinod@bIAPHRY rolidh hid - Bm AR S-(1-FyaRky iy} d-akddRyAGE2. Olep-¥-  (Whi ch
| s the r emi7due2-0irbdxié aei odigsolvimDsutOrbdeair@iictanVatér ior it TBixti@ with ki 6rfanid solverite Wi t h
an al kyl ahd napling aneVorydilating rwith an ergénicasotiertt theadsultegt solutiorr te akd seitt objective proguad t h an
acti ve esupsrsafuyatadgiologethby ¢rystalliagtidn.oxyl , fol | owed by reacting the resultant
product with a mercaptan conpound of the formula: 40 [errL [err] [err] 45
HS. 50 9. Therieeess aedorsingto FlaimzB, wheseir the istpding) eashaperie CORAPUNG isgihe precprapated by | f
necessarWeatlnﬁatcﬁep%ﬁfé%‘é'ﬁd@'m@'ﬁ a base. 10. The process according to claimS8,
wherein the organic solvent is the one chosen from ethanol, isopropanol,
acetone, tetrahydrofuran, dioxaneg acetonitrgje or a m xtur e thereof. 55
11. *The process according to clailn 8 whegei $he protective group for
amno is p-nitrobenzyl oxyce yCarponyl and the protective
group for carboxyl is p-nitrbbenzyl yl. 12. The process according to
claim8, wherein the protective gr Namno i s p-nitrobenzyl oxycarboxyl
19 4, EP 0 256 377 Bl o [err]

gdlnylthlo] 4- nethyl
pt 2- en-7-o0ne; é
or it

F%nyl i c acid,
;é: an organic
orgdni c sol venB the resultant

COOR2

wherein COY is the residue of an active carboxylic ester or anhydride, a protected thiolcarboxyl group,
38 a substituted acryloxycarbony! group or a heteroaryloxycarbonyl group, X is a protected hydroxyl group
and R is a protective group for carboxyl, with a base, capturing the residue Y~ (which Is the residue of
COY excluding CO therefrom) in the resultant mixture with an alkylating or acylating agent and treating
the resultant mixture with an active esterifying agent for hydroxyl, followed by reacting the rasuitant
product with a mercaptan compound of the formula: ]
. 40

~CH

4

50 wherein Ry is a protective group for amino or its salt, if necessary, in the presence of a base.

10. The process according to claim 8, wherein the organic solvent is the one chosen from ethanol,
isopropanol, acetone, tetrahydrofuran, dioxane, acetonitrile or a mixture thereof.

s§5 11. The process according to claim 8, wherein the protective group for amino is p-nitrobenzyloxycarbonyl
or allyloxycarbonyl and the protective group for carboxyl is p-niirobenzyl or allyl.

12. The process according to claim 8, wherein the protective group for amino is p-nitrobénzy!oxyqarboxyl

19



* C L M S * and the protective group for carboxyl is p-nitrobenzyl.
13. -The process according to claim8, wherein the protective group for

anmno is allyloxycarbonyl and r tive group for ' ldyl. 5
14. Use of the cyrstalline corr%gﬁzsgsﬁzﬁor ding to clai Im‘ﬂmj‘ﬂﬁﬂumﬂr
preparation of antibiotic pharmaceutical conpositions L

l'i fe angdndib praiddivb ¥roGiidf erddkyl @ panitBshzyioxi ¢ carbonate. Caims for the
following Contracting State: ES 10 1. A process for preparing

crystal Théprocdsd Beco@ing 3o BRMB, Bhek&h 8- dretectivd- gloupgorhamimns allylbanbltm)yl jnd the

pyrrol i @toreglivelgronp fod caveixyiyd ali@- ( 1- hydr oxyet hyl ) - 1- azabi cycl o[ 3. 2. 0] hept - 2- en-
7-ene-2-carboxyllc acid trihy- drate, which conprises dISSO|VIn

non- cty Ssebfl theeyrgtaliRe SENBENdSRCCOdNo it | fpr the-nemparBion mw-ﬁw?rs@wma'

pyrroli @prnepstims(bfwrm '\'ﬁ'?tshg}ﬂ "fe@"(’ QD‘WWV §90fainingy?| npo-toxig SUBENEYC | of 3. 2. 0] hept - 2- en-
7-one- 2- carbox lic acid in wa- ter or its mxture with an organic sol vent
and c%'B'msrfg"Qﬁ 'ew'"m%t't‘ﬁ'gﬂm‘m Eh organic soI vent the resul tant sol ution

"hake sa Obj t| ve roduct % I %tbgw i zati on.

ri ammnoc

,,;;g t" e %&%ﬁ% b tg i 5 e

orgam c ¥a taml%

pr ocess m&ﬁst i AT PR e mcwae " chosen

fro rUP |ts &nﬁ%rm%o n anﬁcﬁﬁ\/@tﬂeand &&uﬁ@%ﬁéroci.mn@rwhdw&m sohemtgi trile

or—a m ¥dstitaRt dolt %n%)fnakedsald%bjectlpé pre@RBsupdrediuratddf, RfkiWed BY crystaiizsiwhal | i ne

(4R, 5S,6S,8R, 2' S, 4'S)-3-[4-(2-di net hyl am nocar bonyl )- 25

PYrr od.i cthé plotdss @dcording®s Eiatin-16 whekeim yabiirgxane diuihg with- avzoedanic walvenf Se 2arfddheipt - 2- en-

7- one- 2-stpwikeor\simutanaausly. tri hy- drate, which conprises subj ecting a

caebapenem conpound of the formula: 30 [err]

[ er.r]3.[ &he Jpronbrerastanding tos cleimp?. ovhersinethe W@neﬁywegv%ﬁﬁ , greranpseq fremoptbanglet i ve

group f dsoprapeinploacainep. rratydrotyrap,disxanet soptanitflesy p mbdre berpBoxyl | to eI | m nati on

of the protective group for hydroxyl the rotectlve ou o and

t he ptothectPlopessq r@U H’Qﬂa"’lgar 5 h§‘\'“ @ﬁvﬁ? %@!ﬂg‘g y‘?'" ‘ET' ai n

créde ( me'rcggn)gtgohﬁn hyt-6-Afjydroxyet yl)-1-azab cyclo[320 hept-2 en-7-one- -carbox a0|d i]

3-[ 4- (2 Eﬁ‘%ﬁt'ﬂwatw%?aé%ﬂ'eﬁ \A SPBERePYT CAPRNA Hi8 U Bt hyl - 6- (1

- hydroxyet hyl) -1 -azabicycl o[ 3. 2. 0] hept - 2- en-7-one-2-carboxylic acid,

di ssol ving such crude pXoduct in waler or its nixture afHBR an organic

solyent and cool i ng_angkorfdi | ulil ng With an orga 'Goykvent the resultant
sofUtion to nmake B o057 dduct suphr ur at ed, Hgl | owed by

crystalllzatlon 4 7 cIa|m4 wherein the

starting carbapenem conpgs ' ¢ one pr Ed\bx treating a conpound of

the fornmula: [err] [err COY 3 [err] 55

[egs] 20 COOR2

wherein X is a protected hydroxyl group, R: is a protective group for amino and Rz.is a protective
group for carboxyl, to elimination of the protective group for hydroxyl, the protective group for amino
2 and the protective group for carboxy! stepwise or simultaneously to obtain crude (4R,5S,6S,8R,2'S,4'S)-
-~ 3-[4-(2-dimethylaminocarbonyl)pyrrolidinylthio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-
en-7-one-2-carboxylic acid, dissolving such crude product in water or its mixture with an organic solvent
and cooling and/or diluting with an organic solvent the resultant solution to make said objective product
supersaturated, followed by crystallization. i

45
5. The process according to claim 4, wherein the starting carbapenem compound is the one prepared by
treating a compound of the formula: .
X CHB
50 . /\H I}
H.C 3 COoY
3
N
o”
% COOR,
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wherei.n COY is the residue of an active carboxylic est | de. . a
protected thiol carboxyl group, Y taﬁgtled acryl oxycﬁ!ﬂ&ﬁﬂmﬂ?wﬁula
het er oar yl oxycar bonyl group, X I s a protected hydroxyl T a
protective group for carboxyl, with a base, capturing the residue Y[err]
(whi ch | swhéeiéin CO'® isttheresiiue(@D¥n eotieé tetboR@ic Gt dn @ntyliided protectédwaiokc&Baxlyit gidip,
m Xt ure Wabkibsititedadaydxpdatbony! groumoryd Materdadromgemonybgiolipt X esail pratectdd hydroxyl drop
resul t ant andi Petisia erotectiva gevnp toe tarhodyl pdtherbiasey capturiagibe tesitiaer Y-hiybictoix yHe, residub biowe d
by reacti QY piniuding €0 thargftomp indkuesultant irtixtue with anagikylating ©o aqyatingoegert abdhigsafimgr mul a:
[errp 10 the resultant mixture with an active esterifying agent for hydroxyl, followed by regcting the [respitapt N
wher ei n [ eegduct with agneseagtan cemrpandaf g dormwa: amino or its salt, if necessary, in
the presence of a base. 6. The process accordi ng to claim4, wherein the
organi c solvent is the one chosen from et hanol | sopr opanol
acet one, tetrahydrofuran, dioxane, aceton'(tt:?I 1/e 03 a mxture thereof. 7.
The Brocess according to claim 4, ' ek dgt ective group for amno is
p- ni trobenzyl oxycar bonyl or ycaf bonyl and 3he protective group for
carboxyl is p-nitrobenzyl or allyl\ 25 8. The process according to claim
4, wherein the protective group for~am Mo-gs p-nitrobenzyl oxycarboxyl and
the, grotective group for carboxyl is p-nitrJobenzyI . 9. The process
according to claim4, wherein the protective group for amno is
al | yl oxy Cancbsii i is apebteciv giiup tor Brhiny 6r 1§ s8I ndcRssayAik 1R pYdserics ofd bags.. 30 Cl ai ns
for the follow ng Contracting State: GR 1. Crystalline
(4R, 5S,66 ST1@RprdteSs 4cdBiding- tp delair -4Diwh@bih \thea igardc ashieanisl theohe ehdsen rgrh tdthandi- 4- net
hyl -%6- ( 1- isgmiepencl, ayettnia)tbtjahidrefarar) dioxenb, @bBor@ril® pireerpikdu@-timnsol - one- 2- car boxyl i c
acid trihydrate of the fornula: 35 [err] 40 [err]

[ err] [Ter Ffe process according to dlaim |4] wl{e@m—t’ge AStective group for amipe & p-fitmbenzyipxyparkdnyig
crystall |?fea"y"{"4‘l“<"'®$" Gl %RP'Q“’S'VQD'S?D "—‘{aZPD{YklscPr egYlangiocar bonyl ) -

yrroI|d| h|o - 4- met hyl - (1 hydr oxyet ) - 1-azabi cycl o] 3. 2. 0] hept - 2- en-

%q% COIRING, to; Glainp, . wherelny the PRRHF‘E’% atouRisY ABIES s Y P'W'ﬁ’@’ca’b Xyt
non cryst%ﬂdl i °tf° pggg:pggcg Ot igppitelengyl.r 4 ' 5 Gi et hyl ani nocar bonyI )- 50

pyrroli dl ﬂyel &&Ieﬁ accordi Qytllau@ 4( ‘;vhepé(nd{hg )é%gagpvglg}%u% fo?%ﬁi%lg ﬁsy gllﬁlgl %argonyll ang g 2- en-

7-one- @HI okylis Ui rganr crsolvent
and é;,ool | ng and or uting W|th an organi c sol vent the resultant sol ution

t o Makesfs for A BASWIN cp,;tg@w;ﬁséﬂp%sat urated, followed by crystallization.
3. The process accor to cla m2, wherein cooli ng and diluting with an

Or gani Q. solstake AIRGSSEBR2SH'SPE{4-@DimethylafinB&iVoRpRoi@hyblLanaiauevhyddx- The
process agsthyl)-diabeiclo[8.2.01hept-3-en-WomFr-Béafbokylie add GMyirate & ®leViGmllal S t he one chosen

fromeet hanol , isopropanol, acetone, tetrahydrofuran, dioxane, acetonitrile
or a mxture thereof. 21
OH : CH ~CH
3 3
CON
™ cH,
- 40
NH .'3H20
4
45

2. A process for preparing crystalline (4R,55,6S,8R,2'S,4'S)-3-[4-(2-dimethylaminocarbonyl)-
pyrrolidinylthio}-4-methyi-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-one-2-carboxylic acid trihy-
drate, which comprises dissolving non-crystalline (4R,58,6S,8R,2'S,4'S)-3-[4-(2-dimethylaminocarbonyl)-

50 pyrrolidinylthio]-4-methyl-6-(1-hydroxyethyl)-1-azabicyclo[3.2.0]hept-2-en-7-one-2-carboxylic acid in wa-
ter or its mixture with an organic solvent and cooling and/or diluting with an organic solvent the
resultant solution to make said objective product supsrsaturated, followed by crystallization.

3. The process according to claim 2, wherein cooling and diluting with an organic solvent are carried out
85 stepwise or simultaneously.

4. The process according to claim 3, wherein the organic solvent is the one chosen from ethanol,
isopropanol, acetone, tetrahydrofuran, dioxane, acetonitrile or a mixture thereof.
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EP 0 256 377 B.l 5. . A process for prepari ngb crlystal l'ine
e s e e o D .
at e,

7-one-2-carboxylic acid tri hy- npri ses subj ectitng*a $
car bapenem conpound of the fornmula: 5 [serr] CO\I HC
[ err]s.[ e rjprosdser efon >préparirg pegstaiiecd (4R)58/66 B8R 2'SGSP-B-PI-(2{dRisthylainBodrborydt ect i ve
group f eyrdidhykbiopdadethyd-B1(1-hysrogyepy i -egebicyoto[IR.hapt-2-ar-7-ar@rdamrbgkylic tacid atiiym nat i on
of the [rats ebich aompiizes sybjecting apdbeperem conbdoandnf dedamiulee group for amino and
the protective group for carboxyl stepw se or sinultaneously to obtain
crdde (4R 5S,6S,8R 2'S,4'S)-

gh?f: 8- (1

3-[4-[ 2-di net hyl am nocj
- hydroxyethyl)-1 5323k . Pboxyl ic acid,

di ssol ving such crdide prod 'xture W an organic
solovent 20 and cool i oJ i ' | an organi c solvent the
reful tant solution to rg## said oD ective produtt gupersaturated, followed
by crystallization. 6. The process aggg®rdi ng to clatm 5, wherein the
starting carbapenem conmpound is the one %)repar ed by treating a conpound of

the formula: 25 [err] H H[err] COy 30

[ers] [ @hérbin retectetNBaRky gl RiSis lalRotdcavd o BF arfifo Bl VR CREBAY | 1 C
ester oOgroag foy Gdrbdk@, toaanﬁrnatoacat fhd phofdce GRdub BoF YyarBbiyR Wd, prétecividgrbud foit &iflno

acr yl ox yabthd pratsttivg GrolpPioDEartidx Slepwiseadr ¥imkanedusip €gbkaindirslé [MR,5$ 6SBRE'IUH'S) ect ed
hy dr oxy B-[4l2@limptiglachinbeaftiohy jpBrrofidiftkib]elerhéthyes-( Fry trpxybyl)- Gadabicyclol3, 2.0Mepte-a base,
capt ur i ng7-pieeR-cag®kydic ecidy-disgaMingeshchi gude pepduce ihi vaitee orofs nGdYe eittcanLitiganig s@ent

t h#r ef r @md) copling taheordilging withhan argaric igpleentnine resuitantzsbliejon &¢ inaky seid oblestiveapriodigt agent
and tr e&treriguelad follewed hyprustaliifalienure with an active esterifying agent for
hydr oxyl, followed by reacting the resultant product with a nercaptan
conpdlin aﬁ%ffm‘ieﬁ%a‘FUF"ﬁ%F°eF'a'%ér‘?”]°’°['le‘P? fierfingr Ga[oapaspr 1comRPUDThiE i e PEOP'Pd P a

pr ot ect FRAING? BNt BRIBY/r " its salt, if necessary, in the presence of a
ba¥e. 7. The process according to cl ai m5, wherein the organic sofvent is
t he one chosen from et hanol, 55X | sopro ol , acetone, tetrahydrofuran,
di oxane, acetonitrile or a m xtiyeR her gbf The process according to
claim5, wherein the prot8g€i am n€adYs p-nitrobenzyl oxycar bonyl
or ,al | yl oxycarbonyl and the protecfive group for carboxyl is p-nitrobenzyl
or allyl.

COOR.2

35
wherein COY is the residue of an active carboxylic ester or anhydride, a protected thiolcarboxy! group,
a substituted acryloxycarbony! group or a heteroaryloxycarbonyl group, X ig a protected hydroxyl group
and Rz is a protective group for carboxyl, with a base, capturing the residue Y= (which js the residue of
COY excluding CO therefrom) in the resultant mixture with an alkylating or acylating agent and treating
2 the resultant mixture with an active esterifying agent for hydroxyl, followed by reacting the resultant
product with a mercaptan compound of the formula:

46 \CH
HS

50
wherein Ry is a protective group for amino or its salt, if necessary, in the presence of a base.

7. The brocess according to claim 5, wherein the organic solvent is the one chosen from ethanol,
65 isopropanol, acetone, tetrahydrofuran, dioxane, acetonitrile or a mixture thereof.

8. The process according to claim 5, wherein the protective group for amino is p-nitrobenzyloxycarbonyl
or allyloxycarbony! and the protective group for carboxyl is p-nitrobenzyl or allyl.
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22 EP 0 266 377 Bl [err] 9. The process according to

clarmys, wherein the protective group for amno is p- n”mﬂm I oxyl

and the protective group for Caﬁb@%b 3i7.; -ni trobenzyl nm ,HWE

according to claimb5, wherein the pI‘OtECPI ve group for amihotis* s

al I yl oxycarbonyl and the 5 protectjve group for carboxyl is allyl. 11.

Use of g hendprbdabsathdcbriifig 0dERA B WserdhC €6 pdteBive igfoup ko iaiind. isf @hiitrdblbkzyloxy2@rBe@k | on

of anti bi gid tfe fbadiR@EGENp forCatbosORPARiobdnglSs havi ng hi gh shelf life and

optionally containing a non-toxic carbonate. 10 Patentanspr Uche

Pat ent ans pid @buess adeorfiiog gectaie 5)/ehdraiathe ptateatvergroupTor aBfo iChlyloEarbdpid an@iBle | T,

Li, BU, Nprote@ie groundor cartmkil israid.

(4R 5S,6S,8R, 2'S,4'S)-3-[4-(2-Di net hyl am nocar bonyl ) - pyrrol i di nyl t hi o|] 4- me

t hyl - _1(1 1U$pyof ttmqy;g;a@up pounds according to claim 1 for the preparation of antibiotic pharmaceutical

- azabi cycFQﬁ’[PSs'*E’"ﬁ)]‘W@Bf'lQQS'@HJ"P 2pthosionally ¢a918i8ina A 8P PHS EAROPARer For nel 15 OH
.3 20 H3C/ _CO CH 25 2.

3

@Lsr‘i:{ﬁ?ﬁ%@‘m@ i %ﬁ&msﬁss@aagﬁaxf o B . B ST
| i R ; _ .

.c,;r Egﬁyr ) gﬁ%ﬁ 5%‘4 ﬁg SSA_ BN -Z% rb'aﬁ’ ﬁb%%g%& lthiol-4~methyl-6-(1-hv-

-azahi cyc car’bonsguretri hydrat der Fornel

~ H3C H< -- < CON3CH8 NH : . *3H20
COOH 40 und ein nicht-t@gi sches Cacb nat unfait. 3. Ar,zﬂsgmttel nach
Anspruch 2, in dem das Jni cjt -t ogi sghe Car bonat coN onat ist. 45 4.

Arznei mi ttel nachy Ansof O 2._ip—d8m das ni oxi scheCBgr bonat

Nat raounbi car bonat §st. 5. : stellung eines kristallinen
(4R 5S,6S,8R 2'S, 4' S)-3-[4 I/ylam'n carNBnyl ) - »3E,0
pyrroI|d| nyl t hi o] - 4- mret®¥1 - 6- (1 - hydroxyet hyl)-1

-azabi cycl o[ 3. 2. 0] hept - 2-en- 7- on- 2- c@@®dnsgur et ri hydrat, 50 unf assend
das Losen von nicht-kristalliner
(4R BS, 6S, 8R, 2 S4S) 3- [4(2 Dirrethylamnocarbonyl)

e M
C

L63ungsm QO X
ei ne gﬂbo" Hﬁ 9 ? J& b rodu Ubersdttlgt

W r und ansc e'f'en e Kr| stal I | sation, 55 6 Verfahren nach Anspruch 5, in
dem das Kuhl en und Verd~nnen nit ei nem organi schen Losungsnittel
schrittwei se oder gl ei eitig durcc;h3gef Uhrt werden. 23/CH

.o cox] 3
% 3 “NCH,
‘ 3
COOH
:\_T,- 40
und ein nicht-toxisches Carbonat umfagt.
3. Arzneimittel nach Anspruch 2, in dem das nichi-toxische Carbonat Natriumcarbonat ist.
45 H

4. Arzneimittel nach Anspruch 2, in dem das nicht-toxische Carbonat Natriumbicarbonat ist.

5. Verfahren zur Herstellung eines kristallinen (4R,5S,6S,8R,2'S,4'S)-3-[4-(2-Dimethylaminocarbonyl)-
pyrrolidinylthio]-4-methyl-6~(1-hydroxyethyl)-1-azabicyclo[3.2.0Jhept-2-en-7-on-2-carbonséuretrihydrat,
50 umfassend das Lésen von nicht-kristalliner (4R,5S,6S,8R,2'S,4'S)-3-[4-(2-Dimethylaminocarbonyl)-
pyrrolidinylthio]l-4-methyi-6-(1-hydroxyethyl)-1-azabicyclo(3.2.0]Jhept-2-en-7-on-2-carbonsiure in Wasser
oder einem Gemisch davon mit einem organischen L8sungsmittel und Kihlen und/oder Verdiinnen der
erhaltenen Ldsung mit einem organischen Ldsungsmittel, wobsei das gewlinschte Produkt Uberséitigt
wird und anschlieBende Kristallisation.
65
6. Verfahren nach Anspruch §, in dem das Kihlen und Verdiinnen mit einem organischen L&sungsmittel
schrittweise oder gleichzeitig durchgeflihrt werden.
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6, in .demdas organi sche L6sungsmi tteI aus Et hanol , ‘m ﬁlw
Tetrahydrofuran, Dioxan, Acetqgy 5& 3,9(5?'.{ ei nem Geni siﬂ“ﬁ&ﬂw

8. Verfahren zur Herstel | ung von rls i nem

(4R, 5S,6S,8R,2' S, 4'S) - 3-[ 4-(2-Di net hyl am nocar bonyl )- 6

pyrr ok dleftytrénhiaol Adspiaek 1BY in-dem( des ldkahistky €6 dukidshitlet #is HHabiol Cledpkopandl, A&t - 2- en-
7- oNn- 2- Crihyte@iah, didxar) \cdtaritril odérfemen anlisch davarcdowtiiitwidi se oder gl ei chzeitige
Abspal tung der Hydroxyl schutzgruppe, der Am noschutz- gruppe und der

Car bogy | \editwnz guru Heestelang  edm dristdimpib a (AESSI$5.98.L15i4150ta (2 dimetiytaminetariodyi)-

X 6 pyrrolidinyithio]-4©metB HiG:(1 @q@xmmﬁ'@zablcf/clo[s 2. EEEBR-7-on-2-carbonséuretrihydrat,

C3 in deunfgesesd gie sglrtypisa odorgleighs bg?ail yngesler Kydroxplschutzaippy e dyaipesaiuizg r uppe
und R2 erypee enerdsp @fP@‘&'Pﬁ!PP‘ZQ'"P!e V°" ein nemsYerbiggypg-der Feymal

(4R, 5S,6S,8R 2'S,4'S)-3-[4-(2-Di net hyI am nocarbonyl) pyrrol | dinylthio]-4-me
thyl - 8-(1-hydroxyethyl k- 1-azabi cy [ 3. 2. 0] hept - 2-en- - 2- carbonsaure
erfalten wird, das Auflgsern hen Pr odukte dow_\Wasser oder ei nem

Ver dOnnen der er halt enen L g rganfi schen 1lLosungsmttel, wobel
das gewUnschte Produkt Ubglss |

Kristallisation. 25 9. @
Ausgangscar bapenenver bi ndung her gest €OOR wur de dur ch Behandl ung el ner
Ver bi ndung der Fornmel X CH™30 H3C -

coy N3G~ 0 COOR2 in der COY der Rest

ei nes aki dereteirisajebubiityle etytidxyRyrpde Ist, AN bividl Amideschuidgrupse e Ry aihe [Oatbatyischutz-

Thieo| cargnpgrey Ist, wgbal pghe (4RASBSSRIZS 4'3)Bi € (2t Dimetiydamjriocacyongl)-tamlidiny thidl-4obéhy - el n
Het er oady(l-bydpaxetivdriyazabicyclo[B.8 flhepgk2enfon-gearbinciiure emaltofyvitd. olay IAgfitappdiedest und
R2 el ne rehap 'rts&:huwgagw%emm Geppisch davae mitrinem orpgrisghpydifsengamiftlynds v -
(der der<Updesspndipder Yardippre hafiqpen léﬁ?’ﬂé?'h@%”ﬁ@ﬂa'ﬁchﬁﬁp‘é‘s‘wm@')quﬂ @em

ent st eh SAUKECRSPrPAUIbRTSTHG Wi pohpnRslipepdertyistalizgingy, Acyl i erungsmittel und

BeR&an I des e tsteh Ce hes mt einemw

Ver est gg, A % cggy:agj e AR T
entsteh ”2939'"9' e' L u?{tg t ei ner Mercaptanverbi ndung der For el
7CH3 50 '] CON 3 HS
3 \N 55 in der R eine Am noschl}izgruppe o] ihr Salz ist, falls
erforderlich in Gegenwart ei ner *Ras@. P O 256 377 BI I
NEARRN 111,11 1111 BHz9 cox

-~
o/

in der COY der Rest eines aktiven Carboxylesters oder Anhydrids ist, eine geschlitzte Thiolcarboxyl-
0 gruppe, ein substitulerter Acryloxycarbonylrést oder ein Heteroaryloxycarbonylrest ist, X eine geschitz-

~ te Hydroxylgruppe Ist und R; eine Carboxylschutzgruppe ist, mit einer Base, Abfangen des Restes Y~ -
(der der Rest der Gruppe COY nach Entfernen der Gruppe CO ist) in dem entstehenden Gemisch mit
einem Alkylierungs- oder Acylierungsmittel und Behandlung des entstehenden Gemisches mit einem
wirksamen Veresterungsmittel flr Hydroxylgruppen, gefolgt von der Umsetzung des entstehenden
45 Produktes mit siner Mercaptanverbindung der Formel
CH 3
CON
50
NcH,
HS
N
\ R
1
55

in der Ry eine Aminoschutzgruppe oder ihr Salz ist, falls erforderlich in Gegenwart siner Base.
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10. Verfahren nach Anspruch 8, in dem das organi sche-Losungsnttel aus
Ethanal, Isopropanol, Aceton, Tetrahydrofuran, D oxa bt fd er

ei nem Gem sch davon gewahlt wi rEPO%%G 3.)l)eH ahren nachmmmug“&“m IHmem di e
Am noschut zgr uppe ei ne p-N trobenzyl oxycar bonyl gruppe's M s ewne

Al'l yl oxycar bonyl gruppe ist und die Carboxyl schut zgruppe ei ne

P- Ni t r Qf.everighrgt HRRAnSIeh 82 inNdmA\lidsYdrganisdhp & 5uplsmitle? ausMethdnaln fsélopaadt,hacsds,pr uch
8, i n denTdtaigdidRidnOSicaniAzgontpRecdinem Gomidch abegesshiowixc ar boxyl gruppe i st und
di e Carboxyl schut zgruppe eine p-Ni trobenzyl gruppe ist. 10 13. Verfahren
nach AnspvaslirerBpach Anshewh 8, ie dehrdia dsdriosthategrunpp eine piitrobdnizyldxgcapimayidyampgloderuppe

i st und déeire SlyloRysapbryighpbe st wpd diecCaneoxyischytianpap pine | Rslitrobbrzyigkppevodad Leing der
kristalliMNlgrugesristi ndungen nach Anspruch 1 zur Herstellung von

antibi otischen Arznel - 15 mtteln, die elns hohe Lagerzelt haben und
gegeberi@nYeifpiiven pach Ajpreyed-& Bidost fie AmingsaheirasyPre ginp RriteaRenzpotyeatoxyigypradtte f U r
f ol gendenungdieGasigudschiszoruppaseine p-INPROBTVIGIRPS §t Her st el | ung ei nes kristal linen

(4R, 8S,6S,8R 2'S, 4' S -3-[4:(3-Di. t hyl m'nocarbor}\)(lg- 2b0 . .
| -13- rfﬁfr ch &p%ﬁﬂcﬁ in~d dlw?)ci r F e|_ni lyloxycarbonylgruppe ist und die
-p)a(;;gi l:yl:%‘f%;ﬂ?%ﬁlgﬁ?9'2%%&?9%?\'-3 - car bz‘ﬁizﬁjr )et ri hydrat, unfassend das

Lésen ygny, .&%Sn' ige} K Q'liJ’u . Nfefbindungen nach Anspruch 1 zur Herstellung von antibiotischen Arznei-
(4R, 8S, 6Snikb, Ieghﬂr@lgee‘ LB i?‘ééltﬁ\gbewgﬁ@égb%ﬁ&%fﬂgGlﬁwaﬂws}.ljegs Carbonat enthalten.
pytrolidinylthiol-4-nmethyl-6-(1-hydroxyethyl)-1-azabicycl o[ 3. 2. 0] hept - 2- en-
7- 0N- 2 paRhianspipdhe diir 1oig¥iden Mertgdestastt B8mM Geni sch davon nit ei nem

or gani schen; Lbsungsm ttel und Kuhl en und/ oder VerdUnnen der erhaltenen
Ldsung 111 VYerfetirére nauno Hg sl h einesL Grestaligeni(4R, 58,65, 8R12t531'S) dd4-(2ePimdindapivioearbungiptu k t
Uberzgat t i groliiyithio}-4-ydsthgli-aAm-tlydimxgetim))i tedzaniny colB.2 DI braRieng mb-Roarbor@durdiiihyfiratir en
nach Anspymiessentl, das Ldsam dons nicitktisgallingm @RESESIORIZEGH 1i3tl4-@ Direethydaminenarbanien
Losungs m ryrrelidingigpi-tmetheies@-hydieyettplerazebicypleld.g Olepteiegé R carbonsivie ip, Wasger 3

Ver f ahr ercdaaeitemaemsahdavop mif eipepcgiganigehopy-épupgsaitaieund Kdhienyuidioger Merdunnen derhang|
| sopr opan¥haitenes 4340 %?'%,?&WW&H?”"W“B%M“%&@? gendnpohte fyaduikt Wersatigt
Genmi®%ch d‘ﬁ(f’dﬁdg’é\ﬁ’ﬂﬁ’?ef’d%'fsﬁ!" HoM\ier f ahren zur Herstel lung von kristallinem
ésrRr glslzgﬁl %f r?zn 12? r_éul ﬁ‘r? r %%5{4@ %grg?aﬁz&/h&%%)%%?ﬁ@q%%{) I(iurt]gngrﬁ organischen L&sungsmittel

- azabi cyc{%[ o 1%%'%??%2 '-Ae%u-cf'- o?lh- -ecéar'bonsgur etrihydrat, 35 unf assend
di & FCBI I {dlffobr Rach Mrbprith & Mol dds BroafOHE b LuMGEhith busBRHRG X Kborépaht, ZBBtaR PE

der "Am nOfg i kibiurd! BIOIR, AdbShitHiCereRloM Qekisas Bibr SwdRDRrd/ON el ner
Car bapenem Ver bi ndung der Fornel 40

CONS 4, Hafdahren zur Herstellung von kristallinem (4R,5S,6S,8R,2'S,4'S)-3-[4-(2-Dimethylamiriothriédnyl)-

COOR2 . 2 pyRroldmyithie}-@mathyles(s-a il dtieyl)Fiysa sy ib[G R.0pae-2i06-7-on-B carbonaBuretrinydrat,

Am s ¢ huinffgssendpiis dchittwisiBe aden gleiiazpibigexAbssaltimgt dor Hgraxpisehutzgrugpe )b Amindsehgz-

(4R, 5S, 6 Jr&iRe DhcSjed CBpoxBle¢hdizgridprdi vame bifey ICarknsoaaiéybindung deyyFomel | di nyl t hi o] - 4- ne
t hyl - 60 '
6- (1- hydroxyet hyl ) - 1-azal cycl o[ 3. 2.4 hept - 2-en- 7-on- 2- ¢
wi rd, das Aufl 6sen di eseg rghen :?ou es in Wasser
daydh mit ei nem or gag sChexw gsH er Verdl Unnen
der erhal tenen LGSuﬁg mt el osungsm ttel5"3mbei das
gewUnscht e Produkt Ubersatt jigl el ende Kristallisation. s6
5. Verfahren nach AnspruefF 4, in demdi e Aus ngs*sqrnbapenem/erbi ndung
herggstelit wurde durch Behandl ung ei @gbg\zlerbi ndung "der Fornel 25

onsaure erhalten
em Gem sch

in der X eine geschlitzte Hydroxylgruppe ist, R1 eine Aminoschutzgruppe und Rz eine Carboxylschutz-
gruppe ist, wobei rohe (4R,5S,6S,8R,2'S,4'S)-3-[4-(2-Dimethylaminocarbonyl)-pyrrolidinylthio}-4-methyi-

60 6-(1-hydroxyethyl)-1-azabicyclo[3.2.0}hept-2-en-7-on-2-carbonséure erhalten wird, das Auflésen dieses
rohen Produktes in Wasser oder einem Gemisch davon mit einem organischen L&sungsmittel und
Kuhlen und/oder Verdlnnen der erhaltenen L&sung mit einem organischen L8sungsmittel, wobei das
gewlinschte Produkt Ubersittigt wird, und anschliefende Kristallisation. '

55 B. Verfahren nach Anspruch 4, in dem die Ausgangscarbapenemverbindung hergestellt wurde durch
Behandlung einer Verbindung der Formel :
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ERP O 256 377 Bi 1 IIIinjiIIIIIIIX

CHeg. COYCH HC~~~~~ COYMS 3 5 TN O

\ COOR2 70 in der COY der Restg ?geesa 4 ven Carboxyl e ds
i st, eine geschUtzte Thiolcar boxy ?tlﬁope ein substi tslilﬂmum(llllmlw(ﬂll
Acryl oxycar bonyl rest oder ein Heteroaryl oxycarbonyl rest 1 stec . Knes «

geschUt- te Hydroxyl gruppe ist und R2 €l ne Carboxyl schutzgruppe Ist, mt
el ner Base, Abfangen des Restes er3 Rest der G uppe COY nach
Entfernen der G uppe COist) i ents?een msch mt el nem

Al kyl i erungs- oder Acylier Behandt¥ g des entstehenden
CGemi sches mit ei nem w rksanmen Veres ysm ttel fU Hydroxyl gruppen,
gefol gt von der Umrset zung des entgfehe odukt es mt einer

Mer capt anver bi ndung der For nel , -CH 3 Sg §§

N in der R eine Am noschutzgruppe odor i hr ? 2s falls erforderlich in
Geglgnwart ei ner Base. 30 6 Verfahren nach Anspruch 4 I n dem das

ni schg I.c u(ﬁg mtte ﬂ? nol e"Ae\cet E‘Z }ﬁ %E drofuran
Di oxan eé ubshtuian% %crd r% éﬁ e em roarg ycarbgnyﬂ'&'ssti <] hUé ren
i

nach An e{)‘ﬁ&; n rup o

bfangen des Restes Y~
p N' t rofe B SEnth ﬁJn Grup f&éﬁ@% @BML&HH.PDG i st
g{, v m%g LHds.gwmg&m@ uha Bbrah ra%y &smn&*enqsmscﬁasnﬁt &hdny! gr uppe
I3t 8 W @a a1 VBRstErasgammaISF Wydrod igrdpPent! @BRoIgi Gon B NINEE1RLHGZ Gs UghREoh6ridee

p- Ni t r olpRsdGRtdsvilySieF IMereapt@WaiifRing 8dr Foral |e Car boxyl schut zgr uppe ei ne

p- Ni t robenzyl gruppe ist. 9. Verfahren nach Anspruch 4, in demdie

Am noschut zgruppe ei ne Allyl oxycarbonyl gruppe ist und die

Caerdoxyl schut zgruppe ol ne Al lyl gruppe ist. Pa,&gnt ansprUche fUr fol genden
Vertragsstaat: GR 46 1. Kristallines
(4R 5S,6S,8R,2'S,4'S)-3-[4-(2-Di
thyl-6-(1 -hy-
dr oxyet hyl 1- azabi cycl o[ 3. 2. '6? n- 7- on- 2- carbonsi uretri hydrat der
Fofhel 50 ~&Rr : H3C H3C

COC<CONN CH 30 55 1 CH
3NH .3H20 28~~~~~~~~ 56 26

in der Ry eine Aminoschutzgruppe oder ihr Salz ist, falls erforderlich in Gegenwart einer Base.

R%M&Qonyl )-pyrrolidinylthio]-4-ne

30 :
6. Verfahren nach Anspruch 4, in dem das organische L&sungsmittel aus Ethanol, isopropanol, Aceton,
Tetrahydrofuran, Dioxan, Acetonitril oder einem Gemisch davon gewé#hit wird.

7. Verfahren nach Anspruch 4, in dem die Aminoschutzgruppe eine p-Nitrobenzyloxycarbonylgruppe oder
35 eine Allyloxycarbonyigruppe ist und die Carboxylschutzgruppe eine P-Nitrobenzylgruppe oder eine
Allylgruppe ist.

8. Verfahren nach Anspruch 4, in dem die Aminoschutzgruppe eine p-Nitrobenzyloxycarboxylgruppe ist
und die Carboxylschutzgruppe eine p-Nitrobenzylgruppe ist.

™~ 9, Veriahren nach Anspruch 4, in dem die Aminoschutzgruppe eine Allyloxycarbonylgruppe ist und die
Carboxylschutzgruppe eine Allylgruppe ist.
‘Patentanspriiche fiir folgenden Vertragsstaat : GR
45 .
1. Kristallines (4R,58,6S,8R,2'S,4'S)-3-[4-(2-Dimethylaminocarbony!)-pyrrolidinylthio]l-4-methyl-6-(1-hy-
droxyethyl)-1-azabicyclo[3.2.0Jhept-2-en-7-on-2-carbonséuretrihydrat der Formel
50 OH ; CH 3 7 C.H3
H H CON
H.C i N cH,
3 !
/ NH - 38,0
55 0
COOH
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2. Verfahren zur Herstellung ei nes kristallinen

(4R 5S,6S,8R 2' S, 4'S)-3-[ 4-(2-Di nmet hyl am nocar bony!|
pyrrolidinylthio]-4-nethyl-8-(lgs Q)égé g@ysi hyl)-1 ““‘I" ||||\| I““ “l“ “ ‘“|

-azabi cycl ol 3. 2. 0] hept - 2- en- 7- on- 2- car bonsaur et ri hydrat ¢ uhf assend *das
L6sen von nicht-kristalliner

(4R, 5S26Sydihren Sudt Hodsteltung4 eihied- idistaRinéty |(A08SBSBAIBSH3)[4-(2-Dimethylaminocarbonyl)-

pyr rol i di gyrbiidibyiol-4miseiy e/t -hfarddethycir e ting 2 Dihdpt2@adioo Rchroprdidet@iydmspt - 2- en-
7- 0N- 2- cagnhred3siduiass iLBsend S@e iichi-kristallineo 4R, 5SASBRIA SZE8)i34 €-(2-Blmetoyviaminocarbdniirm

or gani sc hgymolloGgithinggmethlyd-(1-bydioxyesneirazakicytiold 8 020 rpn+3-carbensiyre, il Wessern
L6suag ni ¢deceimemBenighagnieineiemsugryisehion Lésungspiiiglind dllenyegiopes MaBnneR defukt
Uber sat t i gbaltosien d-3gund minejesy] pragrisshrnc-Srynpapitial wobel dag gewlnschiProduit thqrsAtigh,
Anspr uch wird yngd agsshfiebrade Kistlliss¥orind Ver di Unnen nit ei nem or gani schen
L6ésungsm ttel 10 schrittwei se oder gleichzeitig durchgefUhrt werden. 4.
Ver f ahBenVafigiep 238 Apgpeysh €, injdam dag, K %3@{%\’@%5‘“ Ifg’g'ﬂ ﬁ&ﬂ%f?& U™ hanol |
| soplf opantshritwajse pds gleishzoifig, Aurchegfbtit Y8 Dl oxan, Acetonitril oder el nem

Germ ch davon eWL A Wihr i Q orduni \‘ rLf' sgrgtte% A ﬁﬁgnglt Ewr fot,VAY3ton
kristal™i rory 1 Qgs ,g%' Féas el gl k’& ¥ nocar bonyl)-
pyrrol i di%%ﬁgyﬁi{) iy cr’r%ﬁhy %?(S '-‘T?f a?%jéség hyl -H?”H'ﬂvm |
“azaRi Gy Cldarter R NaRbandngE Vorl - RBmiRieRA N (FHSE68 R 4§10 4-@L DimahYidsifcarBonglii-c
s-c_ﬁ ri't t Weps@idi fio} dintry PE @ inl drg@ etfySPabilicyoig[3 2O heftiedh Moyii2aamboisagsttappet, der
Am Nnos ¢ hugrAassridudid schittndisel 0der gRIChERINYS AssbaliuaDded PiporyBEhuRgepe, der Aminoschutz-
Car bapenegrpfeiuhd od CadoxiRthutzgtupi vor Giner Carbapenem-Verbindung der Formel

, CH CH3 H XC "--CH3 25
CoOoR2 2~~~~ 30 i n der £< ei ne ges@qUt zt e Hydroxyl gr up,ge:ﬁ t, R eine
Am _noschut zgr uppe und R2fjyei Cargo vIdchut z- grupgaat , bei rohe

(4R 5S, 6S, 8R 2' S, 4. S)- ) - py‘rwccﬁzg di nyl t hi o] - 4- ne
t hyl - 6-(1-hydroxyelhyl)-1- -en-7-on-Z-carbonsfiure
erhalten wird, das Aufllsen]di en ProquktNes in Wasser oder einem
Gem&ch davon nmit einem Q{aﬁ’ani schen ' KuUhl en und/ oder
VerdUnnen der erhaltenen Losung mt elggoRr.0r gani scherr Ldsungsm ttel, wobei
das 36 gewUnscht e Produkt Obers~tti gt 2 rd, und anschliefiende
Kristallisation. 6. Verfahren nach Anspruch 5, in demdie

AUS 93NgS CATRAR RS DVEHdthd Wiy 8t dirde AMHOSGLESHISHS uRPRABAY URSLxREANGE-

Ver bi'ndung, rist,E %@RR,%S,eg.ggfgmsra-wz—oﬁd&y:Hninocarbo:hh) lidinylthio}-4-methyl-

46 g-(1-hydroxyethyl)-1-azabicyclo[3.2.0Jhept-2-8N-7-on-2-cartonsturs N rdblesi Aufisissh ofeedé der
Rest ei neghétkbrodukids Gt Waesey lo8gi Lol G6hIschAlationtmit @mern kganiedhare Lossgsimitier trel

Thi ol car brotyen-un@odep Nerdirmbm dérLdditilténibhl LEsube mit Aoy | ddgayiicchold bdsphgseditel, erdiesi dasi n
Het egsoar yyenapsehts IPaiaykt bissdsttigbtird, dodensvbliegande Kiidtatisatbo Hydr oxyl gr uppe i st und
R2 ei ne Carboxyl schut zgruppe ist, mt einer Base, Abfangen des Restes Y- -
(der dex Wetabren@echGhnspch SO drat [die Bhusfangsrenhangeemverbindung heegestglit)wurde duseh

ent st ehenBeandimgieverVertindu@dier Formeli nem Al kyl i erungs- oder Acylierungsnittel
und Behandl ung des entstehenden Gem sches mt einemw rksanen
VereBterungsmttel fU Hydroxyl gruppen, gefol gt von der Ursetzung des

ent st ehenden Produktes nit einer bercaptanveiddandung der Fornel

Coy

H3C

~
o/
COOR,,

60
in der COY der Rest eines aktiven Carboxylesters oder Anhydrids ist, eine geschlitzte Thiolcarboxyl-

gruppe, ein substituierter Acryloxycarbonylrest oder ein Heteroaryloxycarbonylrest ist, X eine geschitz-
te Hydroxylgruppe ist und R, eine Carboxylschutzgruppe ist, mit einer Base, Abfangen des Restes Y~ -
(der der Rest der Gruppe COY nach Entfernen der Gruppe GO ist) in dem entstehenden Gemisch mit

56 einem Alkylierungs- oder Acylierungsmittel und Behandlung des entstehenden Gemisches mit einem
wirksamen Veresterungsmittel flr Hydroxylgruppen, gefolgt von der Umsetzung des .entstehenden
Produktes mit einer Mercaptanverbindung der Formel
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27 EP 0 256 377 B1* C L M S * [err] CONN 10 in der R eine

Anmi nagschut zgruppe oder ihr Salz ist, falls erforderlich in Gegenwart einer
Base. 7. Verfahren nach Anspr m_das or gani scgﬁ Iﬂm us
Et hanol , |sopropanol, Aceton, lﬁh??%y& uran, Di oxan mﬂﬁ"llm l rl"f
el nem Gem sch davon gewvhlt wird. 8. Verfahren nach Anspruchc 5 i démtie
Am noschut zgruppe ei ne p-N trobenzyl oxygar bonyl gruppe odor sine

Al l'yl oxycar bonyl gruppe ist und die Carboxylsc zgruppe ei ne

P-Ni t robenzyl gruppe oder eine Allylgr uppecd 9. Verfahren nach
Anspruch 5, in demdie Am noschutzgrupe€ ei n‘&

p- Ni t robenzyl oxycar boxyl gru die Car%o'-kyl schut zgr uppe ei ne

p- Ni t robenzyl gruppe ist. 10. nach Anspruch 5, in demdie

Am noschut zgr uppe ei ne Allyl oxycar nyl\g.rlufpe i st und die

Car boxyl schut zgruppe eine Allylgruppe ist.*25 11. Verwendung der
kristatlinen Verb| ndungen nach Anspruch 1 zur Herstellung von

ant’?bi ot i schen A rzeit habﬁn und

gegebendhfslif §*"sr‘\wmﬁf°8v+faﬂepa9< Pl e S B torogrig B P var SIOLRTE T oot | ons 30
Reven?_l etrflahornS ;;%3& f ac}eﬁ\ gag r&‘ga\ﬁ;\"gcthg‘ Egunas%ﬁ/eﬁgl}ssﬁtha’b‘g ls%lr:vpargl_| Acan FR,
’ € Tto

hd hit wicd
(4R,5S, 6 rgi]y{ ‘WS’{‘&? és% NOGR W8n§/“|' pyrrol i di nyl t hi ol - 4- not

hxﬂ’ 68/ heﬁavdfmwhﬁshwkr) 5, .rla@@ablAﬁMﬁécﬂ rippb bihe PiunréndpBfioxfcatidfyigtagpd bl xy | i que
trihydradi® Alfyloﬁﬁcé\bbdy@nﬁ@e fsO uRAI b8 : Catoxyfidthutzgruppe eine P-Ni nzylgruppe oder eine

CH - Cu HAGgruppe ist. 3

H 3H20 COOH 45 2. Une conposition phar rraceuthue b di ssoudre
dars an Verfhhir@unagly) Aespuch 5y i demodje dmianehitzgapee pina piNitrobénzyloxycgrimetigroppedsts | e
cQr ps humeidie CadpaxylsciaragruepeceinmeariVizoberaylgradpeeistt actif | ' aci de

(4R, 5S, 6S, 8R, 2' S, 4S5) - 3-

14- ( 2104 Vvée'mn nah Wb@ngl depydie Amingschytrarype ping Afidaxysatopyigrappe ist und die

- hy dr ox y<artaeiischutzaruppe, einecAloBIPER ist: 0] hept - 2- bne- 7- one- car boxyl i que

trlzﬁydratG cristallin de fornmule: 50 55 28 * L M
Verwendung der kristallinen Verbindungen nach Anspruch 1 zur Herstellung von antibiotischen Arznel-

mittein, die eine hohe Lagerzeit haben und gegebenenfalls ein nicht-toxisches Carbonat enthalten.

Revendications
30 Revendications pour les Etats contractants sulvants : AT, BE, CH, DE, FR, GB, IT, L}, LU, NL, SE

1. Acide (4R,5S,65,8R,2'S,4'S)-3-[4-(2-dim&thylaminocarbonyl)pyrrolidinylthiol-4-méthyl-6-(1-hydroxyéthyl)-
1-azabicyclo[3.2.0]hept-2-8ne-7-one-2-carhoxylique trihydrate cristallin de formule :

35
OH ,cn

: H
/\ \
P 3H 0
o/ /72

COQH

[#%)

45 :

2. Une composition pharmaceutique 3 dissoudre dans un milieu aqueux physiologiquement acceptable et
3 injecter dans le corps humain, qui comprend comme ingrédient actif I'acide (4R,55,6S,8R,2'S,4'S)-3-
[4-(2-diméthylaminocarbonyl)pyrrolidinylthio]l-4-méthyl-6-(1-hydroxyéthyl)-1-azabicyclof3.2.0]hept-2-&ne-
7-one-carboxylique trihydraté cristallin de formule :

50

56
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QG+~~~C C3 / CH3 COOHCON 5. . ...  _~~~~=3
-3 NH . ,3H2 0 10 et un carbonate non toxique. 3. La conposition
salon | a revendi cation 2, solon I o carbonate non|ME

carbonate de sodium 4. La conpgt?%sgr?bggll‘on | a revendi camumﬂrmnﬂm,ﬂ“,
| aquel I e | e carbonate non toxi que est |e bicarbonate de sodium 5. "un® *
proced6 de preparation de |'acide -

(4R 5S,6S,8R, 2' S, 4'S) - 3gf4- (2-di meggayl ami nocar bonyl ) - /2@1{
pyrrolidinylthlol-4-mtRyl g6-(1g-h oxyot hyl)-1 , con 3

-azabi cycl o] 3. 2. Of -hept - Loty 2-carb trl\hgmadrat d cristallin,
qui &onsiste & di soudre -
(4R 5S, 6S,8R, 2'S,4'S) - 3-
pyrrolidlnylthio]-4-n6tdyl-6-(1 -h
-azabi cycl o[ 3. 2. 0] hept - 2- &ne- 7- one- 2€Q@H boxyl i que non cristallin dans

| " eay, ou dans son nel ange avec un sol vant organique et a refroidir et/ou &

di | Uér av .organi que |la solution resultanto pour rendre |edit
produi t dﬁg’u"?%"i‘g‘lf’\s(‘g?‘tﬁ’r‘"g‘k'sui vi de la cristallisa- 25  tion. 6. Le

proced, sl Qhpbstich SN Al evdhdiGHorz, s %Qudusgw%tboha%e hén! thud 6856 'TerBlnaelae! 2
dilution gaumun sol vant organi que sont condults par etapes ou -
sinustanénent. 30 7. Le proced6 solon la revendication 6, solon lequel le
$Ol vani. orag@mpssiton 8&6n Ik révBditalion 2 salcNbduoliedé BabAkte nbrsRBRGUBRRNS bicarBsraloQfae
t et r ahydrebiumanne, di oxanne, ac6tonitrile ou un m-l ange de ceux-ci. & Un
procddé de preparation de |'acide
(4R, 5SB56 3B Rpracégds 4'd&) pBpgretiof 2de|; iHEidey | ($M$SBSRRAR)41§)l3)[4-(2-diméthylaminocarbonyl)-
pyr r2dl i di eyyrplidinyithjol-4-méthy iy -hBirgxyéthipdiraasbjcr tibl§.RP)-HpteR-dnlei7cope-R-ofrBaxiiqud | - hibkypt - 2- bn
- 7- one- 24r@té coixdelln| v gensisterd gigsoudse l'acide (#3.%5,68.8F2'S4' St [#-(2-diméthylaminesarbang)-a
sounet t r ePYIRidEY) é‘@éﬁé'redé'g ‘E‘Mﬁhl@é'aFEHi%Plé?-mh‘?m'a'é"9'7'0"9'2"’*""0@“9%3C noa

C ., CH3 ‘iIiSta'Ili' ds{g 'eau ou dans son mélange avec lvant or%aﬁiqd?jst a refroidir et/ou 3 diluer avec

f

3C COOR2 tsz'l’i"li”a‘?ﬁ"‘i‘ﬁ‘%%s%ﬂé'éP‘&‘aﬁ"eP‘?“é’ g ladit groduit dSBBSuTRE Gl & B PitalisE, R
est 2in gr'8lipe protecteur pour le groupe anino et R2 est un groupe

pr ot eCE.eUIfe B%éﬁ lsﬁfrg 12O t0snai é’iil;np (%Xxék%' legue IIeI {Qr&&gsleggntdﬁltl |aq laﬁ)ult‘lgne géprru%t seoﬁ/%rﬁur
pour |e QJ@HB& i&( oL Bar 6flbes Sl Q gang ecteur pour Te groupe amno at du
groupe protecteur pour e groupe car boxyl e, par etapes ou

Si Myh t ANEFEIIcoMOLHIon R tevHdlcatlon BCAeR lequel le solvant organique est I'un des suivants : éthanol,

(4R, 5S, 6SscpfEpanolSacktons, rabydirdfufandié, Alokdbie, 8Btonitrite ou un mélange de ceux-ci.

nocar ponyl ) pyrrolidi nyl thio]-4-nethyl-6-(1 -hydroxydthyl)-1

- azabi sy aino[ @ocddé)] dée pispartatidine de - Cutiie 2-(4R5863BR\2S, 4£8)8-[B 2 imétiylathindSdmbryIp Ce
produi t loyoblididgithi]-4-métayl-66 Uhyliaxgstisd) -andbicacig @2 oM@ pt-2tne-F@ha 2 tdrboryligad | gbe et h
r ef Poi di rdrayd ¢ristalli€ adi doosiste eoumetve gmtommaté a@rbgéntroeide foanuieol ut i on r6sul tant e
pour rendre le produit desir6 sursatur6, suivi de la cristallisation. 65 9.

-1' aci d{a

' - 3H,0
yl am n BHNyl ) 38,

Le proc~dd selon |a revendication 8.golon lequel le co 4 carbap6nene de
depart est celui pr~par6jengraigan #n conpos6 de fch 103 29 .
40 H3C ' 7 ' \CH3
N S .
Z N/ N '
o] R :
COOR, 1

45

dans laquelle X est un groupe hydroxyle protégé, Ry est un groupe protectour pour le groupe amino et
Rz est un groupe protecteur pour le groupe carboxyle, a I'élimination du groupe protecteur pour le
groupe hydroxyle, du groupe protecteur pour le groupe amino et du groupe protecteur pour le groupe
50 carboxyle, par étapes ou simultanément pour obtenir I'acide (4R,5S,6S,8R,2'S,4'S)-3-[4-(2-diméthylami-
nocarbonyl)pyrrolidinylthio]-4-méthyl-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0}-hept-2-8ne-7-one-2-
carboxylique brut, & dissoudre ce produit brut dans I'sau ou dans son mélange avec un solvant
organique et & refroidir et/ou & diluer par un solvant organique la solution résultante pour rendre le
‘ produit désiré sursaturé, suivi de la cristallisation.
65 .
9. Le procédé selon la revendication 8, selon lequel le composé carbapéndme de départ est celui préparé
en fraitant un composé de formule :
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*C L M D x Ca3 H HHC OCoy 5.
~~~*5~~~~3 COOR2 10 dans Jaquelle QOY est le rdsidu-d-un—ester ou d' un
anhydri de carboxylique actif, %5 tfp,e thiol carb ‘E“ m\un\
groupe acryl oxycarbonyl e substltu ou un groupe hdm m yI e, X
est un groupe hydroxyle prot6ége, et A2 est un groupe ot ect elt our

groupe car boxyl e, par une base, en capturant le residu Y- (qul est Ie

rési du de COY excluant CO de ce ¢esldu)” dangg!e nbl ange resultant par un
agent al kylant ou acylant et enjpragtantyl ¢ mel ange resul tant par un agent
d esterification actif pouyf de-0r e _h oPui s en faisant reagir le

produit r6sultant avec un cbnpose rcapfan de formule: 20
7CH3 HS 25 N N dans | aquelle RI

est un groupe protecteur pour | e4roupe aninQ ou son sel, si necessaire, en
presence 30 d' une base. 10. Le procede s&@gOR.] a revendication 8, selon
| equel | e sol vant organlque est choisi parm |es suivants 6t hanol,

i sébr opanol , actone, ~trahydrofuranne di oxanne, ac6tonitrile ou un

m-| ange de Ceu%ﬁ(e EbY le rg‘s]du J*uen %E %9 qﬁm a% %ri'dal @artro%ﬁ éc%@td'uﬁ%m%pe ﬁ\?bl on

| oquel j‘a oéeg J’ﬁ’ eodeatiny i i HsBroly BHoonyi, X

pnit rofa@trvny Y O DR rt4c8Uotchel 08 G it ay &r Sgur IeegrngleQﬁm@re Chaheur pour
16 gr ouRgseCa up¥Vant | eesﬁsa y- (&m 8dt waamamév B LOReQM rébidul defs loldélan

proceds wssgkadipal on sgemeikiiamt 3l b&iantot of S4iaM 1d ASIARS rdsatagipaiupCaghit @logsdrication pour | €
groupe asif pour e drolpd hFaroxyee puis & faisanio Bsagily lo ProUGiaréeDtsnt a@ecaln domp@ss Muyraptan

prot ect édforp@élr | € groupe carboxyle est |e groupe p- nitrobenzyle. 13. Le
procdd4 selon | a revendication 8, selon |equel |e groupe protecteur pour |e

greupe am no est |e groupe aIIonxycarboner | e groupe protecteur pour
l.e_groupse carboxyle est |e groupe aIIyIcieﬂN . Uilisation des conposes
cristallins selon |la revendication 1 r epar at I on des conpositions

phar maceut i ques anti bi oti ques aygnt—yne | ongu 31ur~e de vie de stockage et
cont enant 6ventuel | enent urf® non t oxi que. 50 Revendi cations pour

' Ef%t contractant sulvant: ES 1. proged6 ‘de preparation de |'acide
(4R, 5S, 68, 8R, 2'S, 4' S) - 3- (4- (2--di et hyt ant nocar bonyl ) -

pyrrolidinylthio]-4-ndthyl - 6- (1- hydr oxyet hyl ) - 1- azabi cycl o[ 3. 2. 0] - hept - 2- en

. oo SRRt M B e R e

pyrroI| I 0] -4-nmethyl -6-(1 - hydroxy6thy|) 1

- azabjeg xs lp%éﬁé?sem. REBlendicdBEs, solh Rigdet (PSRt YhdaRifR est cuaenpaﬁ:rn.l 184 Sivahtd : dans
| ' eau’ OthedN) %omnawcaa@etém&omn@pwame 6GAMRIo @n Rlélafyel Rfce@édli r et/ ou a
di l uer avec un solvant organique |la solution resultante pour rendre ledit
pr asduitt Le@micéde sblon Satevandicatidn 8y selatidedual e rgrabpen protestaur dourola .gradfe amino est le

groupe p-nitrobenzyloxycarbonyle ou allyloxycarbonyle et le groupe protecteur pour le groupe carboxy-

le ost le groupse p-nitrobenzyle ou allyle.

12. Le procédé selon la revendication 8, selon lequel le groupe protecteur pour le groupe amino est le
] groupe p-nitrobenzyloxycarboxyle et le groupe protecteur pour le groupe carboxyle est le groupe p-
nitrobenzyle.

13. Le procédé selon la revendication 8, selon lequel le groupe protecteur pour le groupe amino est le
groupe allyloxycarbonyle et le groupe protecteur pour le groupe carboxyle est le groupe allyle.

14. Utilisation des composés cristallins selon la revendication 1, pour la préparation des compositions
pharmaceutiques antibiotiques ayant une longue durée de vie de stockage et contenant dventuellement
un carbonate non toxique.

50 Revendications pour I'Etat contractant suivant : ES

1. Un procédé de préparation de l'acide (4R,55,6S,8R,2'S,4'S)-3-(4-(2--diméthylaminocarbonyl)-
pyrrolidinyithio]-4-méthy!-8-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]-hept-2-8ne-7-one-2-carboxylique  trihy-
draté cristallin, qui consiste & dissoudre I'acide (4R,53,6S,8R,2'S,4'S)-3-[4-(2-diméthylaminocarbonyl)-

55 - pyrrolidinylthio]-4-méthyl-6-(1-hydroxyéthyl)-1-azabicyclo[3.2.0]hept-2-2ne-7-one-2-carboxylique non
cristallin dans I'eau ou dans son mélange avec un solvant organique et 2 refroidir st/ou A diluer avec un
solvant organique la solution résultante pour rendre ledit produit désiré sursaturé, suivi de la cristallisa-
tion.
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_procfde sel on "l'a revendi cation 1, selon |equel |e refroj Im “l“l

“dilution par un sol vant organi S48k f@pdw ts par 6ta ﬂummnﬂn“ I
A §

simul tanénment. 3. Le proc6d6 se a revendication 2, selon lequel Sle*

sol vant organi que est |'un des suivants: 6thanol, 5 | sopr opanol ,

acet ong, lte'“ﬁrB&Gé/ doief W RRHicatidh QX 386 leq@L 1d ltbitisdeknentdt 1al it amoe ehivant

ceux-ci . an Gesdﬂf&ﬁmﬂ@pard&peswu%mltﬁémem de 1'acide

(4R, 58, 6, Ghganiele schl ¢ S) - 3- [ 4- ( 2- di ndt hyl ani nocar bonyl ) -

pyr r ol isdi mvyprbdate peich- 1arbdvimgicaton (21 sdiondeaustyl® sdipht) ordaniguendsit £yncdes [sgivaptsgléthaeght - 2- 6n

e- 7- one- Zisdpadphrek wtdtae,aétrahydrdiyrannel ripkenne rapdenililp pun melange 6?18‘1"5‘9'3 a sounettre

un conposd car bap6nbne de fornule: 10 16

S COOR42 B0 praskdé | dguetépuationede lisridgr It @S%@?&ey@é W%@f@%%\"a"m“@g‘t"%

groupe prRurelsingithiolgméthy a1 Gy dseryéthidriarapicyeiol i{gﬁ) r°6?|ﬁ Btk t BOY pour

e gr oupedretd Fiistalip) qui cogsiste § SPURSHIALUN GPMRPSS EA™RSA 5rd?)f° Y&ur pour le groupe

hydr®®xyl e, du groupe protecteur pour |le groupe am no et du groupe

protecteur pour |e group car boxyl ecglar etapes ou Si rrutha‘herrent pour

obtenjr |'acide (4R 58, 6%, ' $) - 4- (2-di nb 25

nocar bonyl ) pyrroli (yzr&yl

] - hept - 2- bne- 7- one car bo

|'44al ou dans son nBl ange a\ vant or iMyue et arefroidir et/ou a

di l uer par un sol vant orqﬁﬁque | a sgl ution resultan®g pour rendre |e

produit d6sir4 sursature, suivi de ia@QBJallisation. 30 5. Le proc~d6

selon la revendication 4, selon | equel |e conpos6 carbap6nbnme de d6part est

cel ujp prepar6 en traitant un conpos4 de fornule: x C 35

C dans laquelle X est un groupe hydrobdyle protégd. RO¥stNn g@upEQprotecteur pour le groupe amino et

COOR2 dans: bst oo ejrdupe @OWcait pduelergaipel Gartioxyla. & Eéliminatiny 4y giepPa PPU%OW '°

car boxy! i graepedwdrfyle, du aruRgrrsRigsteut buple aEPH aRipe et %5&(5?%%?”‘9&9%[ ? %9 a}(“'

acryl oxyceartipsyie per &iapes oy simetaprinedt RAYT eftes]y hacided iy

est #n gr easpbomRyFrelicipyihiol-aibyd-(1 -Bydryetaydy aﬁ‘i‘P‘

groupe ca?mx)'ﬂk'-? b'ﬁhré gipReugse & p'%"’H't 85’ i eV ant
rdsi du de°’€£9'f4“§ % {dir o¥p E PiIst Fa'ﬁa?ﬁ’gm?ug '?Téff"é"ﬁ’" Sesule sulqoarnt par un
agent al kYPAHHIeH! 3818 fréyppivi 'ae?{'s'ta'rseiill'? ant | e m-l ange r63u| tant par un agent
Sr eskon Tl eal @9@ A teva%gt.o}\ggosggmr;&gg% taav;gggasx ofipapBhiin BsbeR Sk progaed I | ©
-C 31 %Ep% E ~~ ~~""~ 11111171 1121211 22122 Tiii! 111111
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H &
¥ HyC /'\__._’])\coz
P N
o |
COOR,
40

dans laquelie COY est le résidu d'un ester ou d'un anhydride carboxylique actif, d'un groupe thiol
carboxyle protégé, d'un groupe acryloxycarbonyle substitué ou d'un groupe hétéroaryloxycarbonyle, X

45 est un groupe hydroxyle protégé, et Rz est un groupe protecteur pour le groupe carboxyle, par une
base, en capturant le résidu Y~ (qui est le résidu de COY excluant CO de ce résidu) dans le mélange
résultant par un agent alkylant ou acylant et en tralta{nt le mélange résuitant par un agent d'estérification
actif pour le groupe hydroxyle, puis en faisant réagir le produit résultant avec un composé mercaptan
de formule :

50
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est- un groupe’ protecteur..fodr |e groupe anino ou son sﬂlllmllllmnhﬂmiu IL en
presence d' une base. 6. Le pr eTs] la revendicatil® g 8K ) I

| e 'sol vant organi que est choi ST parm |'es suivants 6 &t hano! ,
| sopropanol, ac6tone, tetrahydrofuranne, dioxanne, acetonitrile ou un

M6l ange gl 15&RsI6 T lest uh-grdufe POREES Bo & @Bupb aminG b6 Boki seitiinddesshire, 9@ bBsencequel | e
groupe RfuRd ;febeur pour | e groupe am no ‘st | e groupe '
p- ni trobenzyl oxycar bonyl e ou al |l yl oxycarbonyle et |e groupe protecteur pour
| e grQUPe pragdstssisn id Bvedditatibre 4,gs0iol BEugb Jensolvers lveyaaiquecosb choisl paphides gulyads : | e

pr aced6 émanol isoprapandvaetiche; titrahydrofdraneiornrecepdionitrifecouyp g@lgagesleseecd-eur pour |e
groupe am no est |e groupe p-nitrobenzyi oxycarboxyle et |e groupe

pr ot et darpraoérér selop layrevendisation i eslan leauelsie arqungy PGIPRIACT ROU P PR AP st le |

9. Le provueaiBnitetiepsyloxsarbenylepyishatxycsiponyle &l ¢pure Reptasiour ROU? BT9IRE BPBYect eur
pour | e lepsblggeoupgp-pisoteatyle| alfleyupe al | yl oxycarbonyl e et e groupe

pr® ecteur pour le

roupe carboxyle est |le groupe allyle glgq i ons
$. I*:'Pd’focéc& ﬁe}oad (:g)ﬁri%?ﬁt o 4 fe)f%@?ug le gio_up to gteur pouny le g?ouE@Xrﬁﬂ e °
(ir. 55, Geimoreers il g s el byl
hyl - 6- ( "8 oxy6-

E‘P‘ﬂs% % |1|-L§ ?ﬁg&{é\e‘oﬂ f re%e%%ﬂt{ o168 Gubr Q&;ﬁé S?;%De@l@%%ohque’%réubé A6 dktGe
. lo e roupe protecteur pour rodpe oxyle est le groupe allyle.
H grdlod Eylolieiberlo ef R aroupe p P P P S st 33 .2
NH  Revendications pour I'Etat contractant suivant : GR /[ 3H20 30
OOHS 2. Un proced6 de preparation de |1'acide
(4R 56, D8R, 4FHSBSBR;2%,4'8)-32-2eHimdhyiapirmpar ooy iy indicipy thiol-B®éthyl-6-(1-hydroxyé-
pyrr ol | dhynyhazaticydield.2.0lbért2idnd7-oris-2nachonigudttihyirpté Trigieliatsie dgypylef 3. 2. 0] - hept - 2- 6n
e-7-one-2-carboxylique trihy- drate cristallin, qui consiste A dissoudre
| " aci de (4R 5S,6S,8R 2'.S,4'S) - 3- [:ﬁﬂ( 2- di net hyl am noc/arég)nyl ) -

3

pyrrolidinylthio]-4- )QO'G- dr oxyet hyl ) - 1CON :

- aZabicycl o[ 3. 2 Okh e-2-carb I € N\ cristallin dans

| " eau ou dans SBB | ang un\sol.van ani que at refroidir eVou a
di | uer avec un solvant o [ ol UNi on Hesul tante g frendre ledit
produit d~sir4 sursat yef, e la cri isa- 2 /Jtidn. 3. Le

praoc6d4 solon | a reverndi cation 2, @h?(n | equel le refroidissenent et |la
di Pliti on par un sol vant organi qus conduits par 6tapes ou

simul tanérment, 45 4. Le procede solon la revendication 3, solon |loquel le
sol vant organi que est |'un des suivants: ethanol, isopropanol, ac6tone,

t 6t r aRy diof procdRd1e de dpiapaidlio® . déiCRicRBi {(4F SSBSER, 25W S1BH & 2glimdle lstninodarisinyl)- 5. Un
prgeed6 pydsidinathRP&mathI1BR1-hiiRoxydthyda tadabicyclof3.2.0)-hept-2-dne-7-one-2-carboxylique  trihy-

(4R, 5S, Gfratd RisBlim, okt S)nsiste (2digsBucid Macltdh Y4R:E8,6SBBR AR IBHS-(2-diméthylaminocarbonyl)-

pyr 1ol i cynglidinylinio]-4-hétnpiBHy-hydgoxéthyiny ceabjcy sleldg-Plept-2-anerbeneyecdaprg lique] -M9Bpt - 2- bn
e- 7- one-c@stalir drox bdair quidens seri mhéJangs avec un salvepirosgapiayesat A refioldir ekyia dilygrgyeciia A
sounet t r:elvem orgaTige daisolutieryApiipnimeoug wndre jedit praduitsiésirg sursaturfsufyi dedgicristalisas) «
L M W =

3. Le procédé selon la revendication 2, selon lequel le refroidissement et la dilution par un solvant
organique sont conduits par étapes ou simultanément.

46 4. Le procédé selon la revendication 3, selon lequel le solvant organique est I'un des suivants : éthanol,
isopropanol, acétone, tétrahydrofuranne, dioxanne, acétonitrile ou un mélange de ceux-ci.

5. Un procédé de préparaton de Il'acide (4R,5S,6S,8R,2'S,4'S)-3-(4-(2-diméthylaminocarbonyl)-
pyrrolidinylthio]—4—méthyl-6-(1-hydroxyéthyl)—1-azabicyclo[3.2.0]-hept-2-éne-7-one-2-carboxyIique trihy-
50 draté cristallin, qui consiste & soumetire un composé carbapénéme de formule :

55
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3C3-Q to dans | aquel l e X-est\.un groupe hydroxyl e prot ﬁg oupe
“pr6tecteur pour le groupe am no un groupe !ﬁﬂ HL“F%
groupe carboxyle, a I'llmnatl orllssc? f%ragztgg pr ot ect eu m

hydr oxyl e, du groupe protecteur pour |e groupe am no et du gr oupe

prot ecteur pour |e groupe carboxyl e, gar et apes ou sl nmul tan6nment pour
obtenir |'aclde (4R 5S.6 S (4- (2-di m-t hyl am'CH§6

nocar bonyl ) pyrrolidj nyl t& (I -hydro
-azabicycl o[ 3. 2. 0] -
prodait brut dans |'eau ou da ! f veciun sol vant organi que et A
refroidir et/ou A diluer paf 0 asolutlon rdsul tante
pour rendre |l e produit ddsir6 sursat 5& ui vi I:I‘I stallisation. 20

6. Le proc6d6 selon |a revendication 57 on quuel | e conpose car bap~nbne

de ddpart est celul prepare en traitant un conpose de formul e X

%YZ gj 3 0 dans Iaqualle X est un groupe hydroxyle protégé, Ry est un groupe prlcjecteur p0urjfe groupe amino e

Ie pu 0 car Ie. a l'él lnaﬂo pe rotecte our le
dans | aqu L;’fe W"ﬁh ?tecmu ur Lb ao?d 4,4 gue
actif, aﬁb&& ﬁ‘i&&k smﬁ upsa e;ded(mas f—‘éw(ézmm Dy e

SUDSHg t UG n@iirnehyHByri@fcRH o ey 06 U B SN ERIDOBUIS clots z%ﬁhept-a-a& StongiB- 9T oupe
hydr oxyl e cRERYIRGE brutta Heésoldb cUrbrtSHu@lIbRE dasOF a6 lof Wandd 88K mbiBngs! AbP an GavdAOXY! €,
par une bageniqueot @aBdiiradby b Riiliied arckeh S6ivertkgaRigle T Soltibsir6buitaA® SIGN reRdrs llliant
CO de ce prailichdgirscanaud sumdedfgitatietion. t ant par un agent al kyl ant ou acyl ant
et en traltant |le nbl ange r~sultant par un agent d est6rification actif
pour 20l 6. gtepmpesdh yelorox yevendicplioh $, ivn flegiel terdomposd garbapéabnperdedidpdrt asticslvi préparé avec
onpos @n it ap cempogedd fgrmmis:e: 40 C CH3 00CON N% C H HS -R 50 dans
| aguel l e RI est un groupe protecteur pour |e groupe am no ou son sel, si
necessaire, en présence d' une basg 7. Le pregdd6 selon |a revendication 5,
selon | equel |e solvant organi quejesty choigsi arnm |les suivants 55
et haffol , i sopropanol, acGtogec t roffiiramme.co¥ oxanne, acktonitrile ou
un nbl ange de ceux-ci 8. Le3 proc4d4|selorf | a revendication 5 selon |oquel

| e groupe protecteur pour |le groupe_ 1s groupe
p- ni trobenzyl oxycar bonyl e ou aIbeﬁf;carbonyle\ot | e groupe protecteur
pour )i e groupe carboxy- 33 COOR,

v}
]

dans laquelle COY est le résidu d'un ester ou d'un anhydride carboxylique actif, d'un groupe thiol
carboxyle protégé, d'un groupe acryloxycarbonyle substitué ou d'un groupe hétéroaryloxycarbonyle, X
35 ost un groupe hydroxyle protégé, et R: est un groupe protecteur pour le groupe carboxyle, par une
base, en capturant le résidu Y™(qui est le résidu de COY excluant CO de ce résidu) dans le mélange
résuitant par un agent alkylant ou acylant et en traitant le mélange résultant par un agent d'estérification
actif pour le groupe hydroxyle, puis en faisant réagir le produit résultant avec un composé mercaptan

de formule :
- v 40
45
50
dans laquelle Ry est un groupe protecteur pour le groupe amino ou son sel, si nécessaire; en présence
d'une base.
7. Le'procédé selon la revendication §, selon lequel le solvant organique est choisi parmi les suivants :
56 éthanol, isopropanol, acétone, tétrahydrofuranne, dioxanne, acétonitrile ou un mélange de ceux-ci.

8. Le procédé selon la revendication 5, selon lequel le groupe protecteur pour le groupe amino est le
groupe p-nitrobenzyloxycarbonyle ou allyloxycarbonyle et e groupe protecteur pour.le groupe carboxy-
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Lrrrrr fli 11111111 Il IDD}1 le,est le groupe p-nitrobenzyle ou allyle.
M =..S* 9. Le proc~d4.selon |la revendi cation 5, sel on | equel le groupe

pr Ot“ect eur pour |e groupe am NGp §Sks l‘,ﬁ., oups p- nltrobenzyl oxycar boxyl e et

| e groups protecteur pour |le gr oups car! oxyI e est E”“
nitrobenzyle. 10. Le procdd6 selon |a revendi catfon ﬂmm“"u !L”me
groupe pib @it@C§reupe pvidbenkfle 64 AMPE ami no est | e groupe dl1§l okycar et

| e groupe protecteur pour |e groupe carboxyle est |le groupe allyle. 10 11.
Uti | i atieopromas saamposeadiaionss, ablbn Reues & groupe prote@wanpiue &t groupe lamirposst el a

pr 6par at groupe thenitrobenapiowtarposyis eple aravae evtectgura®uraln tgrdope tariopyds egt\l@pioupsn@ | ongue
dur®e denitidbenzifle. st ockage et contenant eventuel |l enent un carbonate non

toxique. 20 25 30 35 45 60 55 34
10. Le procédé selon la revendication 5, selon lequel le groupe protecteur pour le groupe amino est le

groupe allyloxycarbonyle et le groupe protecteur pour le groupe carboxyle est le groupe allyle.

10 11. Utilisation des composés cristallins selon la revendication 1, pour la préparation des compositions
pharmaceutiques antibiotiques ayant une longue durée de vie de stockage et contenant éventusllement
un carbonate non toxique.
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