- 1 - 2150931 CHLOROCEFADROXI L MONOHYDRATE BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The crystal l i ne cephal osporin nmonohydrate of the
present,*i nvention possesses in geﬁeral the usual attributes of that famly
of amtlbacterlal agents and is partlcularly useful in pharnaceutica
formnul.ations for treatnent .of bacterial q%ections by oral adninistration.
-2- 2: =~Pescription of the Prior Art The ephal osporin conpound
7- [ D- asgdn no- a- (:3- chl or o-
4- hydr oXyphenyl ) acet ani do] - 3- et hyl - 3- cephem 4- car boxyl i ¢ a ?dﬁ;@ Y3t osed
and clainmed in U S. Patent 3,489,751. This conpound, generally referred to
hereinafter as chlorocefadroxil, has the structural formula [err] [err]
[err] Chlorocefadroxil is @ﬁﬁ@ﬁ@c@@Aygéx;Emhgm@nYmgNTant|- biotic effective
in controlling diseases catlsed DY & W de variety ol & ampositive and
Gram negative mcroorganisns. -1t is of particular interest as an ora
cephal osporin antibiotic. ‘U S. Patent 3,489,751 discloses the preparation
of chlorocefadroxil by acylation of 7-am nodesacet oxycephal osporanic acid
(7-ADCA)- wi th an ami no-protected derivative of D(-)-a-an no-
a- ( 3-chl or o- 4- hydr oxyphenyl )ﬁqé‘aﬁilpopggqmﬁg@! am no- protecting
acyl ating agents discl osed, T T ined with
‘D(-) -a-(3-chl oro-4- hydroxyphenyl ) -a- (t-but oxycar -

1. Field of the Invention '

The crystalline cephalosporin monohydrate of the
- present invention possesses in genezal the usual attributes of
that family of antibacterial agents and is particularly useful in
pharmaceutical formulations for treatment of bacterial infections
- by oral administration.



bonylantno)acetlc acid via the so-cal | ed t-BOC net hod. The ylelds in‘this

process, however, were not as high as are desired .- 3 - / for comergj al
produeti on and t he reagent used in the t-BOC process is very expensive.
U S. Patent 3,985, 741 discloses preparation of chloro- cefadroxil by

acyl;tlon of 7-ADCA with the m xed anhydri de of

D(-)-a-(3-chl oro-4-hydroxyphenyl)glycine Ahen the latter's a -amno groqQ
has been bl ocked with a [err]-keto conmpound such as net hyl acetoacetate 4
" This process, while having certain definite advantages over the t-BOC™
procedure, is still not as efficient as is desired for a comrercially

f easi bl e production process. Also disclosed in this patent is a crystalline
di net hyl onnggéga . : - oxi| containing 1.5 noles

di met hyl =adroxil. The dimethyl formani de
sol vat e |s slurried in boiling methanol until the sol vate di ssociates and

the resulting SUSpgﬂi QPﬁQfaszPiﬁchﬂggﬁﬁa'geés-gu%h}h?dg—Q5nkgloro—

chl or ocef-adr oxi | S no T ndlica
chl or ocAhHFQ3YPheRY L bacataniap itg3t8ef-hzlnétﬁeahem-ﬂhcgrpanxevﬂuq adid tilse

f or m of ﬁsawééalam bydinéa i 6. sPapgoens. iila???sﬁl Scbgiﬁs cbﬂtg@und.

h
o ool U AL LY cFREFBEE cbo AT ELENFLEE) B2, EhiRragedanronia bas sheoued

by neut retitussttirel vEdtmaelaet hyl anine. There is no indication fromthis
reference yhat the chl orocefadroxil product woul d be inthe formof a
crystallin nnnohydrate or o:ed that mould even be in a crystalline
form U S. Patent 4,1
7-[ D-a-am no-a- (p- hyd&

Chlorocefadroxil is active as a broad spectrum anti-
biotic éffgctive.in controlling diseases caused by a wide variety
of Gram-positive and Gram-negative microorganisms. It.is of

particular interest as an oral cephalosporin antibiotic.

'U.S. Patent 3,489,751 discloses the preparation of
chlorocefadroxil by acylation of 7-aminodesacetoxycephalosporanic
acid (7-aDCA) with an amino-protected derivative of D(-)- a-amzno\\)
a-(3-chloro-4- -hydroxyphenyl Jacetic acid., Of the various amino-
protect;ng acylating agents disclosed, the highest yields were
obtained with D(-)éa-(3-chloro-4-hyaroxypheny1)-a-(t-butoxycar?
bonylamino)acetic acid via the so-called t-BOC method. The
yields in this process, however, were not as high as are desired



- 3-cephem 4-carboxylic acid (also called cefadroxil) which is prepared in a
srnrlqr manner to the chl orocefadroxil- nonohydrate di'scl osed and clainmed in
t he present application. In view of the many inportant advantages of
chl,or e~ cefadroxil, it would be desirablg.to have a commercially useful
process for preparing this antibiotic in higher yields and with | ower

produci i P%ﬁnéi&%lafﬁﬁdiﬁ&htah A RiNeOTr ealglentr @Gedsda. thedit-Bodal |y, it
woul dibe desirable to provide chl or ocefadroxi l -4- in a stable _

_crystaﬁﬁr?ﬁPQQﬁ§n¥ﬁuﬂ? £XBSI % ne hydrate which woul d enabl e the
antibiotic to be prepared into surtable pharna- ceutlcal formulations for

anti bacterial use,
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The present |nvent|dh br e t
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conpar ed HraAPLBR | FFOUR (b ?ﬁ éé{ %E%{:F?H% wﬁcﬂiﬁﬂ%% s :
agcorrp?nymélihylr aamagoadféﬁtel i THistpraesss hovhoille dawngder tiaify defdnite
absorpti on 0 AR hY:
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acceptabl e sa her eof f Propfss conprj ses
_solvate of chloroce adroxil containing 1. 5 moles dimethylforma-
_ _ .mlde -per mole of chlorocefadroxil. The dimethylformamide solvate
~ is slurried in boiling methanol until the solvate dissociates and
the resultzng suspension then cooled to provide a purified form
~ of chlorocefadroxil. There is no indication, however, that the
chlorocefadroxil produced_accordzng to the method of this patent

is-in the form of a cfystalline hydrate.

U.S. Patent 3,781,282 discloses in a teaching example
_(Example 7) the preparation of chlorocefadroxil by dissolution of
a chlorocefadroxil-DMF solvate in acidified water followed by
neutralization ﬁith triethylamine. There is no indication from
this reference that the chlorocefadroxil product would be in the
- form of a crystalline monohydrate or 1ndeed that it would even be
in a crystalline form.

U.S. Patent 4,160,863 discloses a crystalline mono-
hydrate of 7-[D-d-aminq-n-(p-hydrokyphehyl)acetamido]f3-methyl-
-3-cephem—4-carbdxylic acid (also called cefadroxil) which is '
prepared in a similar manner to the chlpiocefadroxil monohydrate
disclosed and claimed in the present application.

In view of the many'impoztapt advantagés of chloro-
cefadroxil, it would be desirable to have a commercially useful
process for preparing this antibiotic in higher yields and with
lower production costs than afforded by the prior art processes.
Additionally, it would be desirable to provide chlorocefadroxil



(a) S|Iylat|ng 7- an1nodesacetoxycephalosporanlc acid in an inert

substantial |y arhydrous aprotic solvent; (b) acylating the so-produced*

“silylated 7- an1nodesacetoxy cephalosporanlc acid with

X - )-a-ani'no-a-(3-chl oro-4- hydroxyphenyl)acetyl chloride hydrochlorlde |n

~an inert substantlally anhydrous aprotré'solvent in the presence of an acid .
acceptor; . -5-_(c) cleavin ny sil grougs of  the acyl ation produet by

d
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as the BeasLens.pot assi um. cal cium al um ni um and anmoni um sal ts- and
nont oxi ¢ substituted amoni um salts with amines such as trl(lomer)alkyl
am nes, procaine, dibenzylanine, N bhenz I-beta- henet hyl ami ne,

1- ephenan1ne NN - di benzyl e ) bi et yl am ne,

N, N - blsdehydroabletylethylenedlan1ne N—(Iomer)alkylplperldlnes such as
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[err]- ngpoéhgggge sulfonate and. p- toluenesulfonate As used ereln ' -Q;)_

DESCRIPTION OF THE DRAWINGS

The'aocompenying drewing;_flés-l; illuegratee the
characteristic infrared absorption spectrum of chlorocefadroxil
_ monohydrate (KBr pellet) as obtained by the procedures described
herein. '

'DETAILED DESCRIPTION OF THE INVENTION

- ‘According to one aspect, the present_invention provides
an improved process for preparing chlorocefadroxil, or a pharma-
ceutically acceptable salt thereof, which process comprises !

“(a) silylating 7-am1nodesacetoxycephalosporanzc acid in an
inert substantzally anhydrous aprot1c solvent,

(b) acylat1ng ‘the so-produced silylated 7-aminodesacetoxy-
cephalosporan1c acid with D(- )-u-am1no-a-(3-ch10ro-4-
hydroxyphenyl)acetyl chloride hydrochloride in an inert
substantially- anhydrous aprot1c solvent in the presence of
an acid acceptor-



the term"(lower)al kyl" is defined as including straight and branched chain
sat ur at.ed hydrocarbon r-adicals having from1l to 10 carbons inclusive. In

t he” above process 7-ADCA is first silylated by reaction with a.silylating
agegt ¥n an inert substantially anhydrous_gprotic sol vent. -Suitable

sol vents for the silylation reaction include such.inert substantially -
anhydi oys or gani€) séi ¥evifg a8nyes 1y Engr slp &rdflechd ed¢pivior Wrdhuct by
Ch]orQLQFn].tetraghL r oet hane 1€%trf_ neghaqg, benzene and diethyl ether. A
pr ef er red solve%Y Fe %%Tﬁy?%n% hotyses: an ilylating agents useful in the
above process are known in the art [see, for exanple, U S. Patents Nunbers

3,054,266, 3, 570a9fecdy éP% 300 Sachl B92coth pEGs Bpansh S E2%a U K

Pat ent Numbers 1,339, 605, 959, 853 and 1, 008, e -any known
silylating agerRDAEDaeRuEHGRbIR acFePrable okt cehekeQBe an agent sel ected

fromthose of the formula [err] [err] [err] [err] -[err] wherein R2 , R3

benzyl . tolyl  of e PRt EBFSSEnAAERT | afeutantt SLAT eferiey faiboves,

and R4 grbapiude; nfontexamphen Hh) ogenm-texiyphyrmicéuticallyverdeptable m

i's an integeie9f of tReZadi@ic ESrDSkPUEY id &§Fduft such as the sodium, .
potassium, calcium, aluminium and ammonium salts and'nontoxic
substituted ammonium salts with amines such as tri(lower)alkyl-
_amines, procaine, dibenzylamine,'N—benzylébe;a-phenethylamine.
l-ephenanmine, N,N'-dibenzylethylenediamine, dehydroabietylamine,

: N,N'-bisdéhydroabietylethylenediamine, N-(lower)alkylpiperidines
such as N-ethylpiperidine and other amines which have been used
to form salts of benzyl-penicillin; and (2) nontoxic pharmaceuti-
célly'acceptable acid addition salts (i.e., salts of .the basic
nitrogen) such as'(ai the mineral acid addition salts such as
hydrochloride, hydrobromide, hydroiodide, sulfate, sulfamate;
sulfonate, phosphate, etc. and (b) the organic acid addition
.salts such as the haleate, acetate, ‘citrate, tartrate, oxalate,
succinate,_bénzoate. fumarate, malate, mandelate, ascorbate,
B-naphthalene sulfonate and p~toluenesulfonate. As used herein

the term *"{lower)alkyl® is defined as including straight and
branched chain saturated hydrocarbon radicals having from 1 to io
carbons inclusive. '

In the above process 7-ADCA is first silylated by
reaction with a silylating agent in an inert substantially
anhydrous aprotic solvent. '

Suitable solvents for the silylation reaction include
such inert substantially anhydrous organic solvents as methylene
chloride, tetrahydrofuran, chloroform, tetrachloroethane, nitro-
methane, benzene and diethyl ether. A preférred'solvent is

. methylene chloride. '
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[err] wherein R2, R3 and R4 are as defined above. Exanples of SU|tabIe
silylating agents include trimethyl- chlorosilane, hexanethyldisilazang,
““triethyl chloro- silane, nethyltrichlorosilane, dinethyldichlorosilane,
triset hyl-- bronosilane, tri-n- propylchI?r03|Iane bronnnethyldlnethylchlorb-_-
silane, tri-n-butylchlorosilane, methy Hlethylchlor05|lane
~di net hyl et hyl chl @;QshL d At
benzyl met h Iethy?gﬁﬁg%ggﬁ g%ﬂ!h thgpé ? gﬁ§ Orongchs are kn&;*
tri phehdl Eheorssi (sRe, fprpﬁéﬁy‘pflleuopo§|-| aﬁéentzsl Ngmberg| 3n6540266i | ane,

tri-p- dysvshylvam 39rRoOpgbeh! 81,339, 822, I}sbbybss' ehhzks.snlzyham BEK.
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tetranknbyhdsphgmytdnglhgeanema&ebepbnpybyeéblatams ppdferred to use an
nexa: Pabght! deseleeandr ol BAbeS ARG Tolplidl: ng agent s are
hexaal cyc risilazanes or octaal yl Cycl ot etrasi | azanes and S|Iylan1des
and silylureides suchlas trjal kyl silyl acetam de and a
bis-trial kylsilylac anLgeR The nost preferred silylating a nts’ are
trinethyl chl orosilane gfid hexames yId|S|Iazane Where a sil¥l . halide, e.g.
trlnethylchlorongaﬂéT s is the silylating aggpt the silylation
su stantiaﬁﬂy'anhydro X ¢ sol vent
hal i de)* acceptor, pref ably'propylene'
oxi de or a pijrogembaNe- | gf hyl am ne, trinethyl- fmine,
di met hyl ani®i ne, qui no&i ne,\ 'ne or pyridine. Preferred acid acceptors
are propyl ene oxi de, trlethylan1ne or a m-xture of triethylanne and 'k,f-'
dimethyl ani | ineg \Were .a_gilazape % hexanet hyl di-si | azane, is-
enployéﬁerfhé B ryRat PBA §teﬁrFshgéﬁPg n, halogen,” (lower)alkyl,
" halo(lower)alkyl, phenyl, benzyl, tolyl or dimethylamlnophenyl,
~at least one of the said Rz. R3 and 34 groups bexng other ‘than
halogen or hydrogen; Rl is (lowet)alkyl- m is an 1nteger of 1 to

2 and X is halogen or

in the pres%ncesﬂf an- aci. d

/Rs
\\\ g
‘wherein RS is hydrogen or (lower)alkyl and Rs is‘(lower)élkyl or

e
C S—t—t
o W

3 and R4 are'as defined above.

wherein 32, R
Examples of suitable silylating agents include trimethyl-
chlorosilane, hexamethyldisilazane, triethylchloro- |
siiane; methyltrichlorosilane,'dimethyldichlorosilane,-triethyl-
bromosilane, tri-n-propylchlorosilane, bromomethyldimethylchloro-
silane, tri-n-butylchlorosilane, methyldiethylchlorosilane,
dimethylethylchlorosilane, phenyldimethylbromosilane, '



niently effected by beating the silazane and 7-ADCA so that amonia or
ani ne gerivatives formed as by-products of the reaction are distilled off.
In ‘preparing silylated 7-ADCA in the above process, theoretically from one
t o’ twortnol ar equi val ents of sitylating agent can be enployed per nol e.of

7- ADCA..t 0 give nmono- or disilyl- ated 7- A m xtures thereof. Thus,
when 7-ADG Wﬂkﬁ%#ibﬂ%ﬁ%sﬂ qwhqu@tthgflm@:wmu%o@qs%e there
S forﬁ&d nDn05| at_ed eré trinmethyl chloro- sil ane
or hexanettfARN Qﬁk;iﬁﬁxit?%ﬁh 3%&P8‘°§HéaﬂﬁodGEB'°‘t95ylﬁH§°FHE

for Irrul a [ es"fr:ﬂax{e,r rdn‘“’;ﬁ-dﬁmdb&l&iﬂnoﬁemﬁmﬂ&o&wmﬁy mtmm}aa:iefm-

e oyl n S| atln
coont por S UG A A RGRLER S A0, o0 A I3 43V 1 hiPPopy1 -
hexanetkwd&ﬂkﬁﬂ#ﬁﬁum#%#i?qghxidxﬂ%ﬁhxﬂd&a&i!zaMRDAh&#ﬂ&m&h&?lﬁaEthlﬂﬁsil-
formul a [ ef4dnd eriddﬂédhmip%é»yﬁﬂsqqa%tam mxlaeanf‘e@.gciuqfs%a%ﬁ@ gny de

terrperat ure range roomterrperat ure up t er- ature

of the sol '%;)'5916‘41]\‘3 5{ AR 0 REREE Bt abde gféﬁ@rlzﬁqli’golﬁﬁépﬁﬁdaéﬁ room
t enper at urtfewad Yk ¥ Trey Qidtydi didll d zhare s 2&[ @rdt]a-aaﬂk&arcw]c@o)t eﬁtitds\mtahaﬁle@Vahad
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m xture - b;s-trlalkyls1lylacetam1de. The most .preferred silylating agents
~are trimethylchlorosilane and hexamethyldisilazane.

Where a silyl hélide, e.g. trimethylchlorosilane, is
employed as the silylating agent, the silylation step is carried
out in an inert, substantially anhydrous, aprotic solvent in the
presence of an acid (hydrogen halide) acceptor, prefetably
propylene oxide or a nitrogen base such as triethylamlne, trimethyl-
amine, d;methylanilzne, quinoline, lutidine or pyridine. Preferred
acid acceptors are propylene oxide, trzethylamine or a mixture of
triethylamine and dimethylanilihe. Where a silazane, e.q.
.héxamethyldisilazane, is eﬁployed,‘the silylation step is conve-

~ niently effected by heating the silazane and 7-ADCA so that
ammonia or amine derivatives formed as by-products of the reactlon
are dzstxlled off.

" In preparing silylated 7-ADCA in the above process,
theoretically from one to two molar equivalents of silylating
agent can be employed per mole of 7-ADCA to give mono~ or disilyl-
ated 7-ADCA or mixtures thereof.” Thus, when 7-ADCA is reacted
wzth about one equ;valent of silylating agent, there is formed

X monOS1ly1ated 7-ADCA. In the case where trimethylchloro- _
silane or hexamethyldisilazane are used, for example, the product



t hereof may then be acylated with D(-)-a-am no-a-(3-chl oro-4- :

. hydr.oxyphenyl ) acetyl - chl ori de.hydrochl.oride (nost preferably in the fof m of
a di oxane solvate) to formin situ a silylated chl orocefadroxil- -

“internediate. Any silyl groups present_ after dcylation are t hen removed by

hydrol ysis or al coholysis and the de5|rga chl or ocef adroxi | end-product .-

recoverggs f£9g1fggﬂ%fgctlon medium e.g. by neutralization to the. 'fi

i soel ectric poin ereupon_the chl or ocef adr oxi | preC|p|tates out of =
solution. =~ -9- The solvents enployed in acylation of the silylateéed 7- ADCA

are defined above in connection wi.th sk8ylation step (a). A preferred

tenperature range for the asl , from -20 C. to

+70 C. The tenperature is not c |t| ' ver, and f enper at ures hi gher

or lower than those within the p > 'E% may be used. The nost
preferred acylation tenperature(@ . - -10[err] and +10[err]

C. The acyl ation procedure.is preferabl 'gpr.gggout in the presence of an

acid acceptor whi ch may be the sane as. FNF Bt *from t-hat enployed in
preparing the S|Iylated 7- ADCA. Best results are obtained if a‘weaker (i.e

pK a<7) ter ] ar ne, base suc me | ani | i ne, ridine or qU|noI|ne-
i's used® % g%fnée{?ﬁﬁQQY% s@’%ﬁéﬁ ﬂ%%a?%dpﬁ9ﬂﬁﬁ§¥amyaﬁmﬂlgﬁ}ﬁgo¥na -
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excess t her eof per nDIe of _ - o B
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.The silylation step may be conducted over a wide
temperature range, e.g. room temperature up to the reflux temper-
ature of the solvent system. Advantageous results are generally
obtained at room temperature with the silyl halides (20°-30° c.)
and with elevated temperatures, e.g. reflux temperature, in the
case of the silazanes which are generally less active. _\—)

Either the mono- or disilylated 7-ADCA or a mixture
thereof may then be acylated with D(~)-a-amino-o-(3<chloro-4-
hydroxyphenyl)acetyl chloride hjdrbchloride'(most“preferably"in-
the form of a dioxane solvate) to form in situ a silylated
chlorocefadroxil intermediate. Any silyl groups”present-efEEi
acylation are then removed by hydrolysis or alcoholysis and the

- desired chlorocefadroxil end-product recovered from the reaction
medium, e.g. by neutralization to the iscelectric point whereupon
the chlorocefadroxil precipitates out of solution.



silylated 7-ADCA. The silylated chlorocefadroxil acylation product is
treated by hydrolysis or alcoholysis to cleave the silyl protect- ing _
groups.” Thus, the silylated internmediate may - be hydrol yzed by addition of
water .or, nore preferably, alcoholized by, addition of a suitable al cohol,
referably a Cl-C4 al kanol .such-as met hafoT, et hanol | n- pr opanol ,

i 'sopropanol , n-but q%b ' 1 X4 u te _ oyef kapol
(C1-C4} /may al so bgﬁé ?%%/‘é%ln?'sn ??@@%%vgge?é%%lﬁlf%go%‘e% a%ffog(ﬁt%gy be
recover 8d7faReAt heeréefined abdvei bh pynmechibor with ovilylaticoml snesl far.
the isolation of simlar cephal osporins. Thus, the product may be recovered

as the neutral nolecule by u rdly adjusting the pH of the reaction .
-10- nixture -until %h%‘ﬂ%éﬂgga%?%eﬁé‘é?%i?%‘?%% FOBNt RS AT LALLM FFRIS
a non- aquepors ami ne 288 sucboas trietNyt adi neThe tiempe ratid ordsafsr oxi |
in the fog e I d y d phar t I
acceptabléf%gi%%xyl$%$§%?§fo? ac?%§%§g$¥F%%§5%$?h§§ anc |%ﬁ %ﬁ %ﬁ?se
appropri thinete peefierpedol thipstday pecheeded ThOOMWSERLOfeTIrRS

i nventi onacy 186 S0 0EEREEE SYEEPHE| BepREaRi C aci d_jgesidyl pied with
hexanet hyl -~ di sil azane in a.substantially anhydrous aprotic solvent, pref-
erably ethylene chloride, with external heating, preferably at the reflux"

tenperature of the Boévaoylatbohoprocedstéuisisiéfataplly-MdXFied sbe in
formul a [S41pk €84Ack ®5E] ad NG £ ShedbBESEE n tHPhby ot ao¥bAl ok dhsect !y
~different from that employed in preparing the silylated 7-ADCA.
Best results are obtained if a weaker (i.e. PK357) tertiary amine
base such as dimethylaniline, pyridine or gquinoline is used.
Preferably; there is also incorporated a mineral acid salt of a
weak tértiary amine, e.g. the hydrochloride salt of dimethyl-
aniline, so as to inaétivaﬁe'any excess aminé (see, e.g. U.S.
‘Patent No. 3,678,037). -

N

While some teactioh,will occur regardless of the molar
:proportion or reactants used, it is preferred in order to obtain
maximum yields in the acylation step to use about one mole of
....acylating agent _or a slight molar excess thereof per mole of '
silylated 7-ADCA.

\ The silylated éhloroceiadroxil acylation product is

treated by hydrolysis or alcoholysis to cleave the silyl protect-
; ing.grodpsr Thus, the siiylated iﬁtermediate-mAy be hydrolyzed

by addition of water or, more preferably, alcoholized by addition
of a.suitgble aléohol,_preferably a Cl-C4 alkanol such as methanol,
ethanol, n-propanol, isopropanol, n-butanol. A mixture of
water and a lower alkanol (Cl-c4) may also be employed in the
Ccleavage step. '

Chlorocefadroxil may be recovered.from.the reaction

- solution by methods customarily employed for the isolation of

- similar cephalospo:ins. Thus, the product may be recovered as
the neutral molecule by upwardly adjusting the pH of the reaction

-



solution (preferably at -10 to +10 C.) with the D(-)-a-am no- :
~a-(3-chl oro-4-hydroxyphenyl )acetyl chloride hydrochloride, preferably i*n
the f'orm of a di oxane solvate, in the presence of an acid acceptor,
pred-erably a tertiary -am ne base having a pKa[err]7 such as _ -
-dt met hyl ani i ne, pyridine or quinoline?1¢%llomﬁng acyl ation, the silylated
chl orocefadroxil acylatio roduct 1s treated wth Cl- A4, al kanol , -7
prefer dﬁ%%? h%%i‘i/o?h?l-‘gfé)’aﬂ%#;af.béc?%%?/ﬁphﬁ%l/\gﬁ-l %m&r%%'gt’a%' thews b

pr oductPriefe sximlier@dndafaguecws oppinedbase | such i o triedhyplamine risi zdti on
to the j§ | e ' i by as ' ] S r :
triet hy"iéa%&he,cééjé&% ?%f;%d%wr%%% f)jl.{l g*%#“fﬁ?%ﬁﬁ%x@%?h@%ﬁ? 2’?+%;%?1e as the
silyl atSRVGed $0 I RRIEMACeYiCALLY acesptakle jearboxyl i acid or

trimet hydid| dd5tiowes£1t by i esction Wi tRIAPaphr 6P Poté Babé dgr bye £ oduct
and, consequently, the necessity of enploying an acid acceptor in the
silylation step. Wthout the présence in the reaction nmediumof this acid
acceptor, |less i nsetedingatae ,a cpreferred hehbodimentsl of thesipveseivnjo
interf i ' a 1S €, chi Si; ;

t her ef gfriamf{?é&éeﬁél? Cé(‘)é CK p?%é%?%?ﬂ%?(ﬁ g%esg%%?%%(/agl eb%/%gllr’\a\smé’?%%e. o
conventdHal 2230 frekthy? HIRTEAN $habl R aRhydr oS IDCARR heoleepbct Pr et~

pr esente ¢ AVBP ihdth Pl &ive 5L 1AW £l witl SRt éingl "We@bisly ot sréperawiy at
chl orocef adr oxj | i ch has been.found tﬁ be a stapl e useful fqén1p¥ t he
cephal oéb%rﬁ#iﬂﬁi SRS RATHAS | L the ST 0y 9 FOTR IRt AbFilyated
formul al+ADGA dhethe yBazmdlane chl or ocef adroxi |- -nmonohydrate of this

i nventi-on exhibits essentially.the follow ng x-ray powder diffrac--tion'i\J
properties: Line a . Spacing d é Rel ative
Intensity (CH) 3 Si~—NH—pnr” R

Rz
L0 R 2t B

.coos;(caa)s .

The disilylated 7-ADCA is then acylated directly in the same

" solution (préferably 2t -10° to +10° C.) with the D(-)-a-amino-
a-(3-chloro-4-hydroxyphenyl)acetyl chloride hydrochloride,

" preferably in the form of a dioxane solvate, in the presence of
an acid acceptor, preferably a tertiary amine base having'a-pxas7
.such as dimethylaniline, pyridine or quinoline. Following _
acylation, the silylated chlorocefadroxil acylation product is -/
treated with a cl--c4 alkapol, preferably methan01 or h-butanbl, '
to cleave any silyl groups and the product is recovered (after an
optional filtration step) by nenEralization-to the isoelectric
point with a tertiary amine base, pteferably-triethylamine; to
effect precipitation. ' ' '

. Use of hexamethyldisilazane as the silylating égent in
place of the usual silyl halides such as trimethylchlorosilane
eliminates the formation of an acid halide by-product and,
consequently, the'necessity-Of employing an acid:acCeptor-in‘the'
silylation step. Without the presence in the reaction medium of
this acid acceptor, less insoluble salt, e.q. triéthylaminetHCIf
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4.60 , 1s present to interfere wighythe later recovery stgpsy By use of

13 10\< hexamethyld;sxlaz&hé¥3therefore, higher yields of c¥lokbcefadroxil
27033 are achievable thap érlilt.h 8:%1e 2conventional trzmethylﬁaﬁfosuane
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10 -12- '19 . In another aspect ghe present invention provides @ 9

2.81 ‘novel crystalline-monohyd¥atkl form of chlorocefadrokil? which has

19 22 46 23 .
5 63 been found to be 3 g&ablﬁiyiﬁful form of the cepha%? rin

8 25 'antzbzotlc partiQuXArly suitable for pharmaceutical E@mnulations.
- 2.44 - 13 27 , 2.31

21 28 2. 25 _ 10
_ The crystalline chlorocefadroxil monohydrate of this

invention exhibits essentially the foliowing Xx-ray powder diffrac-
tion properties:

9
' Line Spacing d(;) - Relative Intensity

1 8.63 ) o 100
2 7.03 | 23
3 '6.68. - 56
4 6.42 S 0mn
5 5.47 | 39

.6 5.25 | T
7 4.76 ‘ 51
8 4.60 28
9 4.48 | 13
10 4.32 | 39
o1 4.03 R 82
N 12 3.96 j | 47
13 3.87 T 52

14 3.70 S . 32

15 3.s3 36
16 3.28 | S 30
17 3.07 - . 23

18

2.98 10
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6 The details for this determination of x-ray diffraction properties -are as
folfows: 2 Flat sanples of 2 cn2 and of. %_nnlof'thickness.mere used with an
x-Tay powder automatic diffractoneter (& illips PW1050-70-source '
Cquerr1§1.54178A). Tenperatgr,g7= 22[err]C. A very snall amggnt of . . . =~
_crystarkbne sodi um fl uori de was gixed in wth sone sanples tQ.providegy « -
i nternafF¥cal i bration. In add't? n, a sanple of pure NaF masfﬂunhthrough
the conpllete procedure for th@.9@me purpose. The filns were a8ad on a
Nor el co Eebye-Scherrer filmregaggr, recording the ppositions t he:
di £ f r acfo S
shrinka8@ and the interplanar 23aci ngs (d-spacings) were cal 8l ated from
the corpgcted data. A conputeg, gsgogram (XRAY, by P. Zugennai eg) was used
for all alculations._The_accargﬁy in the resulting d- spacing data was
-1@6_An2.ntensity record of all"’“Filnms was obtained using a Jogce-LoebIe
Mark || R€&€ Recording imicrodensi2t.ddeter (scan ratio 5:1, 0.1 O1B.° wedge).
Rel ativgqintensities on a scahe3}-100 were  -13- assignedigg'a||' R
recogni zabl e diffraction ring$°0dSi ng peak inten- sities corréCted for the
backgr o88d readi ng. A sanple &k 2Bhe crystalline nonohydrate pBoduct was
subj ecteg to infrared analysi 3. aed the spectrum of.the sanpl eg(as KBr disc)
I S shomgoln FIG 1. 2.14 _ 3 6
2.09 : ' .
31 ) | 6 w
‘The details for this determination of x-ray diffraction
properties are as follows: '

Flat samples of'2 cmz and of 1 mﬁ of thickness were used

with an x-ray powder automasic-diffraCtometer'(Phillips PW
1050-70-source CuKa(1.54178A). Temperature = 22°C.

A very small amount of crystalline sodium fluoride was
mixed in with some samples to provide internal calibration. 1In
addition, a sample of pure NaF was run through the complete
procedure for the same purpose.

The films were read on a Norelco Debye~Scherrer £film
reader, recording the positions of the diffraction rings to the
nearést”d,ﬂs mm. The data were corrected for film éhrinkage_énd
the interplanar spacings (d-spacings) were caiculated from the
corrected data. A computer program (XRAY, by P. Zugenmaier) was
used for all calculations. The accuracy in the resulting d-
spacing data was ~1%. - ‘ '

An intensity record of all films was obtained using a
Joyce-Loeble Mark IIIC Recording microdensitometer (scan ratio
5:1, 0.1 0.D. wedge). Relative intensities on a scale 1-100 were

nrings to the nearest 0.05 mm The data were corrected for film.



A further provision of the present invention is a process for preparing the
above-descri bed crystalline chloro-. cefadroxil nonohydrate, which process
conprises (a) silylating-7-am nodesacet oxycephal osporanic acid in an inert.
substanti al |y anhydrous aprotic solvent;‘¥b7 acyl ating the so-produced
silylated 7-am nQdesace- t.oxycephal osporanic acid with . .

D(-) heantABLGDES. EA| 810 BEROIPLIADIGRHETTAEEI0R FAIEH | WRANG RO IHEERS i n
an inart siybsesntontéytedhfdrotheapaockgronnd veeadigg) cl eaving any silyl .
groups of the acylation product by hydrolysis or alcoholysis; and (d)

form ng the desired nonohydrate product by a nethod selected from (1) '
upwar dl y adj usting bhéappgsf of htheotrysoallinen Borphydgate pradystesase of
excess di ggbhubteanesl dAfehraachRdiyEiscan® £RENsHOC MEBSHAVIKO TP LE Cds

acetonitrile aolv?te of 7-§D;a-
ani no- a- (BBEnALFE] 4218y 8P8YD phRAFFF ackt ani do] - 3- met hyl - 3- cephem 4-
carboxylic acid; dissolving said solvate in acidified water or a m xture of
acidified water and,a ALY . u Y. ' -l pH of said
aci di fied sol ution f‘o?g?ggf%i#g&é‘?ﬂ%d‘gﬁ’% %?%é?‘i%#ﬁ"é&n%{ﬁ@w% a{ e: (2)
upmardry_aaPesﬁﬁnQOthprpPPéInghbhsp&h??@hd¢$©nibeép0(2§talﬂinna$hkm§mtﬁ of
excess di gBEREEbRLIPHbABhPAL 8EE] ORhiER | SrdLe 8T EbMPLiSeg®t hyl fOr mam de or
acetonitrile solvate of 7-[D a- -14-
am no- a- (3-chl or o- 4- hydr oxyphenyl ) acet am do] - 3-net hyl - 3- cephem " car boxyl i c
~acid and ccontacting{adi 8iiglupingW+aminbeesacetoRptéphdlysporanis d@Id Uh
to precipLfaf febPCsBStARYL SIS MhAYAFou SOUSPYEL8! So19knt ;

g

"(b) acylating the éo-produced silylated 7-aminodesace-
toxycephalosporanic acid with D(-)4n-amino-a-(3fChlor6-4éhy6roxy-
phenyl )acetyl chloride hydrochloride in an inert substantially
anhydrous aprotic solvent; '

(c)'cieaving any silyl groups of the acylation product
by hydrolysis or alcoholysis; and

" (@) forming the desired'mohohydraté ﬁtoduét by a method
selected from ' ' '

{l) upwardly adjusting the'pa of the solution from step
(c) in the presence of excess dimethylformamide or acetonitrile
to form the dimethylformamide or acetonitrile solvate of 7-[D-a-
amino-u-(3-ch10:o~4-h¥droxyphény1)acetamido]-3-methy1f3-cephem-4-
‘carboxylic acid; dissolving said solvate in acidified water or a
mixture of acidified water and acetonitrile, and upwardly adjust-
-ing the pB of said acidified solution to precipitate the desired
crystalline monohydrate; ' |

(2) upwétdly adjusting the pH of the solution from step
(c) in the presence of excess dimethylformamide or acetonitrile
to form the dimethylformamide or acetonitrile solvate of 7-[D-a-



(3) upmardly adjustlng t he pH of the solutlon fron1step (c) to form

. 7-[ D a- am no- a- (‘'3- chkor o- 4- hydr oxyphenyl ) acet ami do] -

*3- et hyl - 3- cephem 4-.carboxylic acid and contacting said acid with water or
a partially aqueous mediumto effect cr stal lization of the desired .
'nDnohydrate In preparing crystalline cti or ocef adr oxi | nDnohydrate :

accbfdl to t ve ti.Q nd sil groip |
cl eavag epshg’r ag@a?:rqo ﬁ&ffj to:g]pgaeegxyrli ac é’\ﬂa%ssa e&rﬂ‘yﬁ_ g'ﬁﬁ f“GHM th
the i mﬂww @&dich andantacting paae.piarsqigaﬂd ovicde fwactrexxior. aThe -
desire Fecelgls) t ny one
of sev?}ﬁﬁgﬁer ni% ve rgﬂ@f&@&i&%ﬁ%&@ fti.'-hheeo ?o at’i ong&sllgn?ng

chl or o PSPPI RL3t &0 9% W ing the sol volysis step is neutralized with a
basi ¢ substance, e.g. a tertiary ani ne base such as trlethylan1ne in the

_ f S3/d t | til .the .di.nmethyl

Por mam de.or - acetioth (AP AE LY GROPHAE s Wlanigh sHod EhER,
Sol uti d¢) tehdoram h@mmmmwuwmmx@mm@mmmm - '
dried) F-Ghedinda -B-LepHel 4t iBBAIR 2 egfd UnR ec%gz‘; S(i-rtq ﬁefa%gaf Qi ggm de

or acetonltrlle sol vate may ‘be.converted to th I red “chl or ocefadroxi |
monohy #2HeF RF & fafitially; agheans padium, tyciefifrecty crnssaldd zation: @fe of
aci di f ithe Weisdr et chomdtiydridteé) e and then neutralizing the acidified
solution to precipitate the nmonohydrate product. D ssolution of the

chl orocef adroxil dinethyl formam de or acetonitrile solvate occurs at a pH
of around 2-2. 4 \in ¢reparing xrsbadd ine Mdmmmfaﬁr@mlnmmdohgdtd;ee g.

- haL tackdRay %oofgweamevasfoeékse' 'Wh%/ $43%4l 3lonll SRGAU I Wb YAl er

nlxture Sqoli1d T npurities nmay "be renove % € process by
, silyl group cleavage steps are carried out as described previous-

ly in connection thh the imptoved acylatzon procedure for
preparing chlorocefad:oxil.

&

The desxred crystallxne monohydrate may then be- pre-
pared accordzng to any one of several alternative routes.

In one method. the solut1on df chlorocefadrox11 follow~-
' xng the solvolysis step is neutralized with a basic substance,
e.g. a tertiary amine base such as triethylam;ne, in the presence
of excess dimethylformamide or acetonitrile until the dimethyl-
formamide or acetonitrile solvate of chlorocefad:oxilyprecipitates
from 'solution. The sblvate méy then be collected and washed
(preferably not dried) to give a crystalline material. Chloro-
'cefad:oxxl dimethylformam;de or acetonztrzle solvate may be -
- converted to the desired_chlorocefadrox;l_monohydrate by dissolv-
ing the solvate in agidified water or a mixture of acidified
water and acetoniﬁrile and then neutralizing the acidified '
solution to precipitate the monohydrate product. .

\J

-Dissolution of the chlorocefadroxil dxmethylformamzde '
or acetonztrile solvate occurs at a pH of around 2-2.4 whzch can
be achieved by addxt;on of a mineral acid, e.g. HCl, to a mxxture
of the solvate in either water or an aceton;trzle-water mixture.
Solid impurities may be removed at this stage of the process by



filtration of the acidified solution after treatnment with ac- tivated
.carbon*and/or filter aid. The acidified solution is then neutrali zed,
preferably with agitation and with warmng to 35-60[err] C., by
addi-tion of a suitable base, e’g. an aliphatic tertiary am ne such as
riethylamne, to raise the solution pHto the point where chl orocefadroxil
nonohydrate crystallizes from solution. _ %gtonitrile I's preferably added to.
the sofdtion as an antisol vent (precipitating agent) during neutralization

to aCh'e!%l@&ékq%ﬁ'b@CQﬁ%r%cQELEH%dﬁ%%UMQQQBVQQQ%E tr%b@%@%taQ%tﬁ|%9-
| mpr oved bé seedin the s | u nwth seed crystals of the desired

monohydr &t& 35&% F3E °&u%ﬁﬁ§ﬁiﬂ?Hq 'nal neutraliza- tion step. An

alternative nethod for preparlng the crystal line chl orocefadroxi |

monohydrate | n {he fRoge saGess JoTMRies 1Y AL AR uEHadioc a%&@f’elzabllyl g

di-met hyl f or mam de or acetonltr te as descr contac

sai d sol Witt® @igifkakdcar apd a’lﬁéﬁ' tHagmingaf@eous rreélﬁ:nﬁﬂunlq I: tbﬂe agddition
nmonohydr @tfe aClygiralblieZ @2 sfel,018.191€ a®0lava/ph a¥i &t @@ cIfae ézC hnGhec hadr @4 |
dlnethyl E%gp ﬂe Qr. - ac tonltrll soIﬁgF NS dgﬁ Q@ in water or a

mi xt ure d aﬁ‘r’t&edn r §aHSE & BRI "0e&one, a
Cl-C5- aIbhdokpeegedmemhan@bnc@yﬁam&b cmypmananabs ifxopr gedud/iom- but ano

anyl al cohol ), or a mxture thereof. The use of partially aqueous

organi c solvent systens is preferred since the organic solvents take up
many of the inpuri ®c@soRid ridey|is pfef afabdy éﬂdle%rm&he ot BBt @Se@nof

Wat er anénfz&%euwen?col(b@réfcapqn:e tdfg Rigened, duh:@.nrgatnle%% afl ;tzfae 1% ent
onents. nma ar.l ed over

out serious se effects.
o BEPIE e MPR IRy T85O YRRYS ot ol BeS A e e iy o L L B8 3 50
aqueous dopreveds byt ceeding ahe ®olutlilomwsrith seed crystals of the '
~‘desired monohydrate prior to and/or during the final neutraliza-

txon step

An alternative method for preparing the crystalline
. chlorocefadroxil monohydrate in tﬁe above process involves
' preparing chlorocefadroxil dimethylformamide or acetonitrile
solvate as described above and contacting said solvate with water
-ror a partia1ly aqueous medium until the desired monohydrate
crystallizes from the solvent system.

The chlorocefadroxil dimethylformamide or acetonitrile
solvate is dissolved in water or a mixture of water and an '
organic solvent such as acetonitrile, acetone, a'cl-c5 alkanol(e.g.

methanol, ethanol, n-propanol, isopropanecl, n-butanol, amyl
alcohol ), . or a mixture therecf. The use of partially
agueous organic solvent systems is preferred since the organic
solvents take up many of the 1mpur1t1es and result in a purer
end-product. ' '

When mixtures of water and organic solvehts are em-
nloyed, the ratios of the solvent conponents may be varied over a
wide range without serious adverse effects. The preferred.
solvent ratios have been determined for several partzally agueous
solvent 'systems and are as follows:
' ‘water:acetone (1:3) (v/v)



wat er: acetone. (1:3) (v/v)  -16- water:isopropanol (1:3) (v/v)

wat er : acetonitrile (1:3) (v/v) water:n-butanol (1:1) (v/v). Wth the =

- water-acetonitrile system it is preferred to add n-butanol (preferably
-after:solubilization of the solvate) t-o ensure that the solvent system -
__remains as a single honpgeneous. phase during crystallization. Preferably,_
suf f:i ci ent n-butanol is added to this ellgstal l-i zati on system so as to- .
achieve a final solvent ratio of water-acetonitrile:n-butanol (1:2: 1)w\#~
(v/v). The concerwatetohsoprepanale(ln3dhévdylieous or partially aqueous

crystal lization n@gggp1é§eggglegilécgh 3)Begyyyi el ds have been obt ai ned,
however, when concentrations of ? SnFS gt 400 and 800 grams/liter of

sol ution are enpl Bl :nTHREEARPY At & Férably added to-the sol vent,
syst emwith ngn € meat er aaclevbhbesiler spgtemerio psrpodretrédncovnkdah is

dependindiaAbE, (HPLHLLA ) SPLUP! EoVRRTys bakroh” 851 PnloRolbRVRTSLED 10
r ange, ¢nsur¢r©m¢to@M@t%ﬂbéeatuaﬁsgemtaemhenaoas|thpoghg bémogeneolsent

systemyg é%%“h&f&%@térfé@a?biéé&fdn'“ ?rEEHPSSQ&UVSuEEQS§eHE ﬁigﬂlanol
35[err] 40[ err [err Yl e

rmnohycﬁf%lt%‘?dd?‘% ‘F?rp?%%dcg%sgéig?'ﬁét S¥) Eﬂ“oﬁ" ¥deﬂe?ﬁ9HBFnﬁm€HBaér
acetoniggivensotaeie ufthaseedaceyehrakslefznebheaﬁcef ageexiL) (opohydrate.
~Yet another nethod of preparing the desired nonohydrate in the above
process conprises (1) preparing the silylated chl orocefadroxil and cleaving .
the silyl protectThe ¢eocertbythourofyspivatealsohbeysgueausdescpabeiially

above, {fled\estéMiLaNTization medium is not critical. _Best“y1e1d§_p;ve &_)
| been obtained, however, when_concentratxons of between abpu£_400 '
and 800 grams/liter of solution are employed. The solvate ;s_.f
preferably added to the solvent system in increments and with
stirring over a period of txme which is dependent on the quantlty
of solvate used, i.e. from a few minutes up to several hours.

Crystallizatiqn_may be carried out over a_wide tempe:a-
ture range, i.e. from room-ﬁempe:ature up to the boiling_pcint_of
the solvent s§stem.- Good results are obtained in a témperatu;e
range of from 35°-60° C., most preferably 40°-45° C.

 Yields of monohydrate are improved by seeding the
solution of dimethylformamide or acetonitrile solvate with seed </
crystals of chlorocefadroxil monohydrate. '

Yet another method of preparing the desired monohydrate
in the above process comprises (1) preparing the silyla;ed . _' |
chlorocefadroxil and cleaving the silyl protecting.gzoups_byi
hydrolysis or alcoholysis as described abqvé, (2) neutralizing
the solution from ;he cleavage step to the ispelectric poinﬁ'of
chlorocefadroxil_(~pH 5.7-5.8) with a sui:able_basé, prefe:ably
an aliphatic tertiary amine such as ttiethylamine, to pre;ipi;até
impure or primary grade chlorocefadroxil, ahd (3),con:acting_5aid
impure'chlorocefaaroxil with water or a mixture of waﬁez with a
.suitable organic¢ solvent, preferably acetonitrile, acetone, a
Cl-cs alkanol (e.g._methanol, ethanol, n-propanol, isopropanol,



the solution fromthe cleavage step to the isoelectric point of

chl orocefadroxil (-pH 5.7-5.8) with a suitable base, preferably an
aliphatic tertiary amne such as triethylamne, to precipitate i npure or
primary grade chlorocefadroxil; and (3) contacting said inpure

ohl orocefadroxil with water. or a m xture of water with a suitable organlc
sol.vent., ~preferably acetonitrile, acetone, a Cl1 -C5 al kanol (e.g. nethanol,
et hanoh# n- propanol, isopropanol ; -17'lﬁ'butanol anyl al cohol)

or mxture thereof, untjl chloro- cef adr oxi | , nrbnohy drate crystallizes from

sol uti on. " TRYGERRP] ra2PBh BECPRRL éhloroce?éd?b*FP‘%oFB?FSﬂftou$6+%1FﬂbﬁF%‘or
primary of&fledcdk DI onchonlydxate (anpspablszesafirdbr sobweporntly carried out

at roomtenperature by gradual addition of the base to the stirred

sol ution. The inpure chlorocefadroxil may then be crystallized in the sane
manner as descri bediebbrelizatioe ofil bhecehhdrosefadrarihysobuhihnndeooform

acet oni trihe, 50| yal Sy i M ?EQ&eCéﬁfOPBcéﬁﬁdgbﬂfihYé%QE?ﬁS?Q €&n be

acetonitrile so vat I zat1 on rocedur e t el e ol yent
et om | SRYRRLSRE B AT F €8 O0E ShoFOPR. SoRberoRys o BY BERSRRbr 48 LR op
enbodlnenéfoéhéhnageesenthensentred sslubtopr ocess Dhporepahlogoceysgabkibe

chi or ocef agly o) Ly g $¥9£€£f1££83‘§ht99£ Shhe" aeehag” gxl bodLpELly Locopm de

or acet onl e so | of ocef adr ox
steps of feF Hh%s@hb@h@cef\éddﬁmh nethi @lém@méee@bnaceto@zsawate of

7-[Da- a”&@Pv@té3 Cﬂéoiﬁ éh@ygégéyabeﬂué)QEﬂééﬁ}ﬂP&rﬁamlde or acetonxtrlle
nethyl hem-4- car

\cn' ] oS abrers T sel thedr on prfietinha, dibe st  PRefeREeBLeet Veat g
aci fugdby@temlnm watet :abetdastr blletmAbbydnele(l:2:1) (v/v).

A most preferred embodiment of the present invention is .
the process of preparing crystalline chlorocefadroxil monohydrate
from either chlorogefadfoxil'dimethylformamide or acetonitrile
‘solvate or impure (pr;mary‘gradei chloiocefadrgxil by the steps
of . _ .

- (a) dissolving the dimethylformamide or acetonitrile
._solvate'of 7-[D-a-amino-a~(3-chloro-4~-hydroxyphenyl)acetamido]}-3~
methy1-3-cephem-4-;arboxylic acid in acidified water or a mixture
of aéidified water and acetonitrile; and upwardly adjusting the
W, pH of said acidified solution until the desired monohydrate
crystallizes from solution; or '

(b) contacting 7-[D-c-amino-a-(3-chloro-4-hydroxy-~
phenyl)acetamido]-3-methyl-3-cephem-4-carboxylic acid or the
dimethylformamide or acetonitrile solvate thereof with water or a
partially aqueous medium until the desired monohydrate crystal-
lizes from solution.

- The dimethylformamide or acetonitrile solvate and
chlorocefadroxil starting mate:ials used in the above process may
be prepared by the processes described in the present application
or by other known processes, e.g. the processes disclosed in U.S.
Patent Nos. 3,489,751 and 3,985,741. '



crystallizes fromsolution; or (b) contacting -
7-[ D- a- ami no- a- ( 3- chl or 0- 4- hydr oxy- ' .
phenyl ) acet am do] - 3- net hyl - 3- cephem 4- carboxyllc acid or the
. dimethyl formani de or acetonitrile solvate thereof with water or a partlally
aqueous nediumuntil the desired nonohydrate crystal- |izes from solution.
The di met hyl formam de or acetonitrile _solvate and chl or ocef adr oxi | startlng
materials used in the above process'ﬁﬁy be prepared by the processes\f‘

described in t t o) ot her Qc S, t-he
processes dlscPBSEEI ﬁg %RH éﬁghf Eﬁg f§¥ﬂé597gﬁ&8%8c§%§§§%f&§ 18-

PrefmonedydoadetuOnShﬁoabbdﬁnpngcehsoﬁoseﬁadﬂeﬁprlhBﬁohpQNatenln t he above
Pr 0CESin 8E €188 geesr khed ?QQYGub@yCQQQGQBEQH &ME?aiﬁerQEEEFQHSE¥hQH closed

overall reaction scheneg, t he” conbi ned si ation ation an
nonohy@r akBepFeBRined; § hlgﬂéﬁ§°“lya€¥ﬁF6}PHgaPﬁemBPQPXFF@ger8589“6ﬁ
condtib@nStéps,scrlbed above, the present invention makes possible t he
produc- tion.of primry gr ade chl orocefadroxil-in excellent yields and
subsequent conversion-of said chlorocefadroxil or its dinmethyl- formam de "
or acetonitril Bysempapging theopoebeadedxickeagbhonydradstinnscdiewity yields

of Uﬁci? ed above85%%eTB€eQEKitthbﬁ%LEHnHQXQ%ab%sE&%HQr%ﬂéa%cghﬁbug to any

of t Bove processes can be recovere conventignal methdds, -
fil't¥heRoff EHH“Pﬁ@ngﬁégﬁeﬂh18FP€8£5§6°§#ip5Fe8xFﬁﬂéeﬁﬁaﬁﬁﬁldéeéppcal

1; or ngihipsequentotorver ]gmoanﬁf?se&ac chhetaﬁhfaﬂreﬂlﬁlﬁblrngt\saﬁg.:ﬁié&hl?a& erial-
| Segses suc or | S e or. .t abl e oses
and d@émngagﬁ1ﬁ?gg?ﬁ%r5ﬁ18fsg§gagg tg cglo of %roxxl mon?%y%ra

in activity yields of up to - . 85%. . o/

The~crystalline-mohohydrate prepared iécording to any
of the above processes can be recovered by*copVengionél-methgds,
e.g. filtration, and then washed, dried and prepared into. phérma-
ceut1cal formulatxons for use in antlbzotlc therapy in combatxng _
various bacterial diseases. Examples of such formatlons (e.g.
capsules or tablets), doses and modes of administration of .
chlorocefadroxil monchydrate and its pharmaceutical compositions
are as described in U.S. Patent Nos. 3,489,751 and-3, 985 741 for
the amorphous form of. chlozocefad:oxxl

The invention thus includes a-pha;mééeutical.composiq
tion, most preferably a pharmaceutical composition adapted for
oral administration, comprising c:Ystalline chlorocefadroxil

/

monohydrate'with a suitable inert pharmacedttcally_acceptable

~carrier or diluent. . : . o
. The invention further “includes medication = =

for use in a method of treating S -
humans or other animal species (e.q. mammals) for. dxseases,cauéed
by Gram-positive or G:am—negatxve bacteria, which - '
medication comprises an . -- effective dose of
crystalline chlorocefadroxil monohydrate as defined herein or a
pharmaceutical com9051tlon ‘as hereinbefore defined.

| ' The following examples are given by way of illustration-
of the present invention. All temperature are in degrees

-



. chl orocefadroxil nonohydrate and its phar maceuti cal compositions are as
descrisded in U S. Patent Nos. 3,489, 751 and 3,985,741 for the anorphous
fornyof chl orocefadroxil. The invention thus includes a pharnaceuti cal

conposi - tion, nost preferably a pharnac 1 cal conp05|t|on adapted for

oral admdqﬁﬁjea <¥NHH£§B (ég?#&%ﬁgé¥3¥3“§31 i @ﬂﬂ%@ﬁ%%%d

W th ‘a sul |nert pharnaceu |ca e carrier di'T"uent

i nventL_omsf (ARGA 4 i iftdy Iamiingata ol EA, f%r*"%lﬁﬂld% W@d D¥MA @anght i ng-
humans oralwylmmmmqgaamp g. manmmal s) for di seases caused by
Gram posi tive or Gramnegative bacteria, which - nedication
conprises an -- effective dose of crystalline

chl or ocef.adr oxi | rmnohydrmtgmtie:fn reefl Stzarmhrn@maqrharlrmceut i cal
conposi'tion as her ei nbefore defined. The fol | owm ng exanples are given by
way of illustration- of the present_invention. Al tenperature are in
degrees . -19- Centigrade. 7-Anmi BERRaXa®ion dephal osporanic acid is
abbrevi ated as 7- ADCA, trlethylan1ne as TEA, dlnethylanlllne as DMVA and
di met hyl f or mani dge . J Preparation 1
Preparati on of S AR T =

[err] R%ﬁGENTS - D(- )p hydroxyl henngIyC|né

s0.Cl
2 "2
>
-/ -
REAGENTS
- D(~ )p-hydroxylgpenylglyc;ne 10 kg (60 moles) -
- Acetic acid. 228 liters
- Bydrochloric acid (gas) | ' 6.25 kg
- Sulfuryl chloride ' ' 8.1 kg (60 moles)
- Methylene chloride 100 liters
| - Soda solution 400 g/liter = 3 liters
-\ '~ = Acetone ' = 15 liters
_ PROCEDURE

'A suspension of 10 kg of D(-)p-hydroxyphenylglycine in
200 liters of acetic acid was heated to 60°C. The hydrochiorate
was formed by bubbl;ng 6.25 kg of hydrochlorzc acid (over approx-
imately 60 minutes); a solution of 8.1 kg of sulfuryl chloride in
28 liters of acetic acid was then added to the solution obtained,
maintained at 65-70°C, over 90 minutes. The solution was de-
gassed undeér low pressure, cooled to 20°C and stirred overnight. '



- Acetic acid. 228 liters - Hydrochloric acid (gas)

. 6.25+kg - Sulfuryl chtoride . 8.1 kg (60 mples) - Methylene
“‘chl or+ de 100 liters - Soda solution-400 g/liter .=
'3 licters - Acetone . . . =20~ 15 liters.PROCEDURE A *

_ suspen5|on of 10 kg of EX )p hydroxyphenngIyC|ne Ibn 200 liters of acetic
aci d- wdkh éesa i tvtaﬁo.fcene](:edl'md]y&mﬂ oridite e sumperdimpsHulybl i ng, 6. 25

kg of TBEGBPILAL In B hd OVoFt A s dAHF 1) Akl HeE - o) uti on st

8.1 kg oride’in 28 liters aceti c ‘aci.d was ‘then added to
t he sol uti on obtained, nmintained at 65-70C, over 90 nminutes. The sol ution

was de- gassed UfW@i%ﬂ@%ﬂrﬁ%mom@ﬂ@d& ﬂﬁﬂe@lﬁ!}l}ﬁdﬂdé Qﬁrdro—

overnlﬁg{ oll*c/éi s coll ected and washed wth resuspensi ons
~in nmet %ﬁﬁ?ﬁﬁﬂ Qried in a vacuum at 40C. . velght of the
chl or o- 3- hydr oxy- 4 phenngIyC|ne hydro- chlorate obtained - 13 kg. The

‘hydr ochl or at t ht
to LSEer?i% ot oy TG 1kl wdd Fisilinddl 3 A0 IR PR I AR OTL
adj ust &h¢ &he @W%l“%hﬁ 4 A G/Mhike ainRing fAr Sfypinutes.

(appr oxiyradad y:o°oiea )209¢ 4P ts’ﬂé r aachcij:ust?echcw 9 .af bpQddid i &k and

G or Y EEeS A4 Mtk B4 éé’p&“@é%?an%b o BARA Ly T s ers of

acet onest immedirion Zithdifserat G5°04 ficdkkdieshcenl dthen Fold twashmEahrn- t us

and dr 'tg,‘?nééj Wizh ((i(:@tiﬂe"é%’wé@éxgh(taﬁgeﬁébe W'ﬂﬁz%ﬂedrﬁ@'or%ﬂ@efwl&lé'c' ne
mother liquors), then once with approximately 15 lzters of W
acetone, and dried at 60°C. It was blended on a F:ewltt appara-
tus and dried to H,0 (KP)'SO.I%.

y Weight of the chloro—B-hydroxy-4—phenylglyc1ne obtazned
"= 8.1 kg (67% yield).

Preparation 2

Preparation qf'D(-)Chlofb-3-hydzoxy-4-ﬁheng;glx¢ine
chloride hydrochloride

cocl '
He
dioxane

HC1

- T

— GE~COOH 5
 NE-COC1 :

- *HCle
dioxane




= 8.1 kg (67%yvyield). Preparafion 2 Preparation of
D(-~) ChFor o- 3- hydr oxy- 4- phenyl gl yci ne chl oride hydrochloride [err] [err]

[err],[érr] [err] -21- REAGENTS - EX )chloro 3- hydr oxy- 4- phenyl gl yci ne
50 g‘("O. 248 nole) - Dioxane 410 M (+
washi ng)~ - Phosgene . : ' 60 g (0.60 nole) -
Hydr ochl oREAGENIS (gas) -~ = = 190 g (5.2 noles) - Methyl ene
chl ori-te - g.s. for washi ng PROCEDURE 410 m of

anhydrous_d | X L d N 9 df
-anhydrous gﬁs&%g S%hy ro§§g2 %ﬁ g?ﬁg??%?ﬁg §g©%ﬁéké?§g?err]

const ant wemgnBaNB <0. 1% and si eved on a 200 nesh4éﬂemé)(wewespia9éd inal
liter react @hos@@n@ 9 Of phosgene was passed throgghg '@02@0”h8!£?5 whi | e

stir- ring, [the (nitial te ratyre of 20[err] ingréas to 35[err] at the
onset of pa§&§§8°34°FH§ Bﬁ&ngﬁésdhl|e there |S’i4§ﬂsﬁo?§n?|8ﬂ1 $)the solid
(stirring-mmeehgilichiecehlprideet er whi ch the tenpergtsiefbendashdngecrease].
When the necessary anmpunt of phosgene had been added, the m xture was
heated to 70[err] C. Wien the tenperature attai ned 60-65[err]C. the

crystal | i 2ROCERYREpassed. into solution. It was heated for 10 ninutes at
70C after which tinme the heating-

410 ml of anhydrous dioxane (dried on a molecular
_sieve, KF <0.05%), then 50 g of anhydrous D(-)chloro-3-hydroxy-4-
phenylglycine (dried 5 mm Hg/80°; constant weight KF <0.1% and

/ sieved on'a 200 mesh sieve) were placed in a 1 liter reactor.

~ 60.0. g of phosgene was passed through in 20 minutes while stir-

:'ring, [the initial tempe:atute of 20° increases to 35° at the
onset of passage of the phosgene while there is transformation of
the solid (stirring more difficult), after which the temperature
tends to decrease]. When the necessary amount of phosgene had
been added, the mixture was heated to 70°C. When the temperature

,attained 60-65°C, the crystallized mass paseed into solution. It
was heated for 10 minutes at 70°C after which time the heat;ng '
was stopped and the solution was concentrated to a volume of 250
ml without external heating (elimination of the excess phosgene)._{

(the temperature is close to 25°C at the end of concentration).
The solution was cooled at 8-10°C and hydrochlorzc acid was
passed through as rapidly as posSible'to maintain the temperature
at 28-30°C (the amount of hydrochloric acid added corresponds to
a very large excess; the reaction is exothermic until approxi-

. mately the stoichiometric quantity, i.e., 2 moles, has been
passed; the temperature then tends to decrease again, and a
temperature of 20-25°C is then maintained). 'When approximately
half of the hydrochloric acid had been passed, the solution was
seeded and stirred overnight at 20°C. The chloride hydrochlorate *
was filtered the next day, preventing contact with atmospheric
air. It was washed once with anhydrous dioxane and twice with
‘anhydrous methylene chloride. It was dried in a vacuum at



was stopped and the solution was concentrated to a volune of 250 nl without
.-extetnal heating (elimnation of the -excess phosgene); (the tenperaturé is
close to 25[err]C at the end of concentration). The solution was cooled it
- 8-%0B[err] C and hydrochloric acid was pagsed through as rapidly as possiblé
to maintain the tenperature at- 28-30C (the anount of hydrochloric acid -
added ambiespoteémpexasurer pol gigddel3egs {854 )r edictiodei prodathensi a -yt i |

apprOxhanﬁﬁEQEXaBQes%ﬁQEEQLO”EtriC gquantity, i.e., 2 noles, has been'3?f

. passed; the tenperature then tends to decrease again, and a tenperature of
- 20-25[err]C i's then maintained). Wien approxi mately half of the .
=hydrochl oric acid had been passed, gkBfipgel 9ti on was seeded and stirred
overnight at 20[err]C.- The chlori de hydrochl orate was filtered the next
day, preventing contact with atnosphericd air. It was washed once with
anhydr ous di oxane and twCbionockfadhodiduMonehiydicane chloride.. It was
dried in a vacuum at -22- anbient tenperature to yield 73 g (=85% of"
title product as a _nono-di oxane sol vate. Exanpl e 1 Chl orocefadroxi l

Monohy#rat EhdorocefadsexiddAsetonitridei Solvateol vate [err] [err] [err]

" Chlorocefadroxil acetonitrile solvate. -23-

. TMCS/CH.Cl. o

| \Ji |
TEA/DMA/DMA « HC1/

Acetonitrile

CooH

chlofccefadroxil'écetoniﬁrile solvate.



REAGENTS 7- ADCA 7.2 Kg (33.6 Mol)

- Methyl.ene chloride (K F.<0.1% 180.0 1. -
Tri‘met hyl chl orosi | ane ( TMCS) 9.0 1. (71.0 Mol) -

N, N-Diffret hyl ani | i ne ( DMVA) : -23- 435 1. (34.3 Mol) -

Tri et hyl am ne (TEA) 23.4 1. - N,NDi nethylaniline

hydrochLd@gygENTs : | .4.24 1. (10.1 Mol) (methylene chloride solution
376 githy -Tnroro- 3- hydroxy-4-phenyl gl yci ne chl oride hydrochl oride di oxane
.sol vate 17.0 Kg (34.3 Mdl) (purity 53.8% - Methanol '

3.4 1. - AcaipgAtrile M2 &g X.33.6CMoM )
wat er.

- e i lard 51.0 1. PRg@EPﬁEE-A 500 1
gl ass-1ined Mreetel{’c:"tl'oernevv(ffshlc(:hrairdeeo‘KV\'/ili:t'hwl'g'd')1' of anhydrdus * tHYI ene chloride
(KF <0. 1% Mﬂlﬁ.@m*dfor?aﬂ%@ﬂe (MNCShe stirred suspéhd od,. 470.0 MolTMCS
and 4.35 L of, NN imetity 1added ded! (pmpgd by an addition ofg 9sd 11 qfs4TBAMRYSH a
15 m nute peri,od i1 keeping the tenperature at 20-25[err].C. %he m Xt ure
was stirréd BieHIR™NOTHA) C and cool ed at -10[er?PG4 Rhere was then

added 4. 24 N,of-Ddnidkthyd/an ideiney ey oo leride sol ution of, 2aVA HQ10f.ql Mewsd
by 17 Kg of - | Qr.0-.3- FOX Yo 4 lglyc) chl ori de hydrochl ori de

di oxane sol geg%?afﬁetfwi isﬁiu%g%g%ragi%?ﬁgver a one hour period (the
t enper at ure GhlaZ@yt3 -y Areiyedr phEdydiglyCimed - 8[err] "C). The mixture was
stirred 2 helpralae Midddiiaide dokale WAVAY e Adlag Q. 2 )

m nut e perlod:fqllogﬁ§ by 48 1 of tap water (with efficient stirring).. The
m xt ure was Tty Qﬂ%mes(tammaUue(HeH]GSQ and the pH was
ad%;?ted t=0 Mathampladdi ti on of TEA (9.0 1). The aqueousg.sol @t,i on was

sepafated a twice with 15 1 of methylene chl.grjde. . There was.then
-added 80 1 %gﬁgggkﬁﬁgﬁ e and the pH was adj usted t&%ggngﬁ" o

- City water 51.0 1.

.PROCEDURE

_ A 500 1 glass-lined reactor was charged with 150 1 of
anhydrous methylene chloride {(KF <0.1%) and 7.2 Kg of 7-ADCA. To
.the stirred suspension, 9.0 1 of TMCS and 4.35 1 of DMA were
added followed by an addition of 9.4 1 of TEA over a 15 minute
period while keeping the temperature at 20-25°C. The mixture was
stirred one hour at 20°C and cooled at =-10°C. Th;}e was then
| added 4.24 1 of a 376 g/1 methylene chloride solution of DMA:HCl
\_/  followed by 17 Kg of D(-)chloro-3-hydroxy-4-pheny1g1ycine chloride
B hydrochloride dioxane solvate (purity 53.8%) in ten portions over
‘a bne_hdu: period (the tehperature'is kept at’ between -12°C and
-8°C). The mixture was stirred 2 hours at -10°C and 3.4 1 of
. methanol was added over a .10 minute period followed by 48 1 of
tap water (with efficient stirring). The mixture was stirred 15
minutes (temperature 0°C-5°C) and the pH was adjusted to 2.3 by
addition of TEA (9.0 1). The aqueous solution was separated and
washed twice with 15 1 of methylene chloride. There was then
added 80 1 of acetonitrile and the pH was adjusted to 5.0 by
addition of TEA (5.0 1). The solution was seeded and stirred
overnight at +10°C. The solid was collected, washed with 15 1 of



addition of TEA (5.0 1). The solutlon was seeded and stirred overni ght at

-+10[efr] C. The solid was collected, washed with 15 1 of - 24-
acetonitrile-water (8:2) and 15 1 of acetonitrile and then dried at
4Q(err]Cto give 11.0 Kg (74%yvyield fre@#7-ADCA) of title product B. .

‘Puri.fication of Chlorocefadroxil Acetonitrile Sol vate REAGENTS:

Chl or ocetetienktrideevaner i Be23orndt &5 &rofepcetonitrile andothen Kgrm
water at 40°C to give 11.0 Kg (74% yield from 7-ADCA) oé151€1338§b§3c¥'

5.2 1 Charcoa

Acetonitrile 250 1 Triethylam ne (TEA)

8.7 1 (BLitPurification of Chlorocefadroxil Acetonitrile 501vate g. s
PROCEDURE: Crude chl orocefadroxil acetonitrile .solvate (21 Kg) was stirred -
in 100 1 of tap.water and the pH was adjusted to 0.8-0.9 by addition of ‘5.2
1 of 33&@5@22_56 the solution, 1.5 Kg of charcoal was added and the m xture
was stlrred 30 m nut es and flltered through a CELITE pad. The sol ution and

oot onceREbEbohEaRbelE S aG BRE L p RO s Baf BB CEBDIL ot ohtof B

(3.5 1)Ta§hua3etut|on was seeded, heated to 40-45[err]C and the mHSamjusted -

to 5.0 $2f }tlon of TEA (5.2 1). The nmixture was stirred one h u?

40[ err] coo ed to 1Jerr]C and allowed to stand overnight with stirring
at 10C.Char@oadlid was collected, washed with 30 1 of acetonitrikte5wB8er
(1:2) aﬂgegaggtgglg of aceto- nltrlle and dried at 40[err]C to gkge116.6

Ko (799 2Lehylahing LhkhS Product- R N Y
Celite o | : : :q.s.
. PROCEDURE:

Crude chldfodefadroxil acetonitrile solvate (21 Kg) was
stirred in 100 1 of tap water and the pH was adjusted'td 0.8-0.9
by addition of 5.2 1 of 33% HCl. To the solution, 1.5 Kg of
charcoal was added and the mixture was st;rred 30 minutes and
filtered through a CELITE pad. The solutzon and washlng water
(10 1) was charged into .a 250 1 glass-lxned reactor, 200 1 of
acetonitrile was added and the pH was ad]usted to 2.5 by addition
of TEA (3.5 1). The solution was seeded, heated to 40-45°C and

~ the pH adjusted to 5.0 by addition of TEA (5.2 1). The mixture
~was stirred one hour at 40°C, cocled to 10°C and allowed tOjstand
overnight with stirring at 10°C. The solid was collected,.ﬁashed
with 30 1 of acetonitrile-water (1:2) and then 30 1 of aceto-
nitrile, and dried at 40°C to give 16.6 Kg (79%) of purified
title product. | |

-/



-25- -C. Chlorocefadroxil- anohydrate REAGENTS: ChlorocefadrOX|I

acetonifrile solvate (purified) 6. 85 Kg Water
73.0 1 33% HC1 1.7 1
Char toal - =25~ - " 0.7 Kg
Trlethylan1ne 2.8-1 CELITE

q.s. PROeE DURE__EHEEEEEE_EHEALHEEEBMEEQEE acetonitrile solvate (6.85 Kg)
was stitfed in 50 1 of water and the pH adjusted to 0.8-0.9 by addition of
1.7 1 of 200 5 Charcoal (0.7 Kg) was added and the m'xture was stirred
30 mnute ‘tered through a CELITE pad. The sol uti on and washi ng
water (5 1) were transferred into a 100 1 glass-lined reactdor and heated to
40C. The y on of TEA (1.24 1) and the -
sol ution gggﬁwgéﬁ??ﬁygkﬁgrggg%a@%%ﬁ? n%ﬁgﬂh%?ate The m xture was stirred
one half hour at 40[err]C and RB‘bﬁPSGPusted to 4.0 by addition of.8FKg
(1.56 1).wabersuspension was slowy cooled to 20[err]C and then st3|ged tmo
hours at ggﬁegghc The solid-was collected, washed three tines mﬁtf ? f

wat er- and at 40[err]C to give 5.35 Kg (86% of title product-
Exanple ZCharcoal _ _ _ 0.7 Kg
- Triethylamine (TBA) _ . 2.81
CELITE o S ~ q.s.
~ PROCEDURE:
~— ) .

Purified chlorocefadroxil acetonitrile solvate (6.85
Kg) was stirred in 50 1 of water and the pH adjusted to 0.8-0.9
by addit1on of 1.7 1 of 33% HCl. Charcoal (0.7 Rg) was added and
~ the mzxture was stirred 30 minutes and filtered through a CELITE
_ pad. ‘The solution and washing water (5 1) were transferred into
a 100 1 glass-lined reactor and heated to 40°C. The pH was
.adjusted to 1.6-1.8 by addition of TEA (1.24 1) and the solution
‘seeded with chlorocefadroxil monohydrate. The mixture was
stirred one half hour at 40°C and the pH adjusted to 4.0 by
addition of TEA (1.56 1). The suspension was slowly cooled to
- 20°C and then stirred twb_hours at +5°C. The solid was collectea,
o washed three times with 6 1 of water and dried at 40°C to give
: 5.35 Kg (86%) of title product. '



Chl or ocef adr oxi | anohydrate (illustrates preparation w thout seedlng)
Purified chl orocefadroxil acetonitrile solvate (352 g) was suspended in 2.8
"1 of water -and then 36% HO added to provide a pHof 0.9 (all the materia
goes into solutlon) The solution was siirred one-half hqur with 36.0 g of

- charcoal and the mxture filtered throu% a CELITE - pad. The resulting -

sol uti on was heated to 40C and the ed to 1.8 by addition of »=

triethylamne. At this point crysté#éﬁﬁgég%lorocefadrOX|I nonohydr at’

- began to formw thout seeding. The m xture was stirred one-haffvhour'at'

~.400C. - The pH of tf@mﬂé&&mnmemwhmmetﬁrh@sﬁﬁ&éri' et hyl ami ne
and the suspension Stirrred_ an._add 5rerrJ]C. The °

(S |
crystal li ne chl or ocef adr BE$R¥%H nu%%mgmuufihqg 539‘ Jiid washed three times

wth water aﬁqr@ﬂsd éﬁléﬁbsér]a@rbﬁmlaeen%%it‘}meofsotwute nEsdued.  H20,
(KF)-3.74% The'iR's ectr ? substantially as shown in FIG 1 and was
h

i dent i cPSt SUFRENABHL Pnéd e_sanpl e prepared according. to Exanple 1.
-27 - Cl3%eE and thywsigy I‘F% Fyided stapFeVide R P R H-U. hythdkyrenyl ) -
acet amﬁ@deﬁri‘ﬁf&’és &m@m&f@ﬁbpxwhs @a@hmﬂw&r@éﬁ@m SHéIRUL £

ggng ra].g'}ql]l?l |‘¥ th 3éO | OWI ?aé?fl i thé%gl{l]% L eeré{ftGIEé through 4 g8.63 ._ .

100 2 CELITE pad. The resﬁlf&hg solut;on was heated to 40°C2&nd the PH

?162 adjusted to 1.8 byE?%d;tlon5§f trxethylamxne. At thgg pgunt
crystals of chlorocefadroxil monohydrate began to form without
_seedxng. The mixture was stirred one-half hour at 40°C.' The pH' v/
of the mixture was then adjusted to 4.0 with'triethylamine'ahd |
the suspension stirred an addltzonal two hours at 5°c. The
crystalline chlorocefadroxil monohydrate was collected, washed
three times with water and dried at 45°C to give 295 5 g of tztle
product. 2O (KF)=3.74%. The IR spectrum was substantzally as
shown in FIG. 1 and was identical to that obta;ned for the sample
prepared according to Example 1. '




6 _ 5.25

239 * s | |||I|III|III|IﬂI|ﬂﬂIII|III|

432 . . . 39 11_ 27 -

82 12 , 3.96 47 13

) 3. 87 - ) : CAIMS i 3.70

32 15_, - 3.53 . : . 36 16

3.28 ™ 30 17 - 3.67

23 18 , 2.98 ' .10 19

2. 87 ' ' ' 13 20 . _ : 2.81

21 21 . - 2. 72= . ' . 19 22

269 1. Crystalline 7-[12r6¢:z§n1no-u-(3-chloro-4-hydr2owhenyl)—

15 24 acetam:.do] 3-methyP-5<cephem~4-carboxylic acid monohydx®t%e
2.50 -
13 27 exhibiting substantlallgl the fgflowmg X-ray dxffracn%h%lrop%txezsg

2.25 | o . 10 29 .. 2.19
9 30 LJ.ne ' : 2. éﬁacmg dSA) Relative Jfntensit
-2.09 - A process for‘T‘ﬂTD’I’?ETEF—aWh"%
crystallm%?[Da am no- a- 8.63
(3 chl oro-g- hydr oxyphenyl ) acet amj 8i®] - 3- net hyl - 3 cephem 4-
3 6.68 | 56
4 6.42 - 71
N\ 5 . 5.47 . - 39
6 5.25 . : 7
7 4.76 51
8 4.60 29
9- 4.48 S 13
10 | 4.32 39
11 4.03 | 82
A2 3.96 | 47
13 . 3.87 o 52
14 _ 3.70 . 32
15 o . 3.53 | | 36
16 . . 3.28 30
L 17 3.07 ' 23
N~ 18 o 2,98 10
19 ' 2.87 S 13
20 ' . 2.81 I 21
21 : 2.72 o 19
22 2.69 . 46
23 2.63 | o 15
24 _ . 2.53 o - - 8
25 o 2.50 . - | 9
26 2.44 ' 13

27 2.31 21



carboxyllc acid nDnohydrate exhi biting substantkaF%y'rhE“T—TTﬁﬁfﬁﬁﬂx ray

diffraction properties: Line . . - Spacj

..ﬁgg%tve Intensity 1 | 2 03 - 28? 63 . ‘mlﬂmm“l““lllm“‘

6.68 ' 56 4 | o 6. 42 :
£ 28 o ; 5225 4,76 W g
51 8 29 4. 6019 | 2999

4.48 30 o 2.1413 10 _ 4¢ 32

S.05 3 | BEA LR N
5214 . - - - . . . ..3.70 - " 32 15

36527 2. A process for- t%e zepa'”zﬁaéfon of crystalline 7-[D—%2ﬁ}no—u-
2.98 (3—chlo:o-4—hydroxyphenyl)Qﬁﬁﬁswld°1 3-methyl-3-cephen- &7

13 20 carboxylic acid monohydrlate exhibiting substant:.ally the 2ﬂoﬁﬂow1ng

26723-x-ray diffraction prep?ﬁ§1e§9 22 : - _ 15 24 _
2.53 8 25 | 2.50
g. :2%2 Line Zodéing "1&3) - Relative Fitensity
: 1 8.63 | 100
2 7.03 | 23
3 6.68 56
4 6.42 . 71
5 ' 5.47 | 39
6 5.25 e 7
7. 4,76 _ - 51
8 4.60 - 29
9 4.48 o | 13
10 y 4.32 o 39
11 4.03 - ' 82
12 3.96 47
13 3.87 . 52
14 3.70 32
15 3.53 ' 36
16 3.28 30
17 3.07 ‘ 23
18 -2.98 ‘ 10
19 2.87 | 13
20 2.81 21
21 2.72 19
22 2.69 - 46
23 2.63 15
24 2.53 | | 8
25 .2.50 | 9
26 2.44 | R &
27

2.31 7 21
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(a).-silylating 7- an1nodesacetbxycephalosd%ﬁanlc acid n an inert

~substantially anhydrous aprotig. solvent; (b) ac | ating the sopgr
oduc
S|Iylateﬁ87 am no- desacet oxy- Zegﬁalosporanlc agld mn?h I@ Heed

D(-)-g- aggno-a- (3-chl oro-4-hydeox9- phenyl)acetyl chloride h d® ochl or |

an ine 3substantlally anhydroHs gprotlc solven¥ in the presgnse of andgc:g
acceptor ¢ (c) cl eavi ng any S|IyF roups of. the acylation prodyct by

hydr ol ysgg or al cohol ysi s; and2¢89 forming the desrred.nnnohydyate pr oduct
by a method sel'ected from (1) upwardly adjusting the pH of the solution
fromstep (c) in.the presence of excess dinethylformmnm de or acetoni- trile
to forn1whecb|ﬁ@ﬂ@flﬁ&ﬁnan1de or acetonitrile solvate of

7-[ D-a- am no- a- ( 3- ch| or 0- 4- hydr oxyphenyl ) acet am dol - 3-

met hyl - 3- Cephegbfé1§WH%§¥bb?|e%hQnoQb§§ d%gc%%hgl%gbbihﬁlbnaaﬁaduhled

water or a mif wat er an onitrile, and upward
adJustlngnhh&.ﬁHb@kanhuaLiﬁ<ﬁmhm§§Qﬂﬂlﬂﬂ&ﬂ#%ﬁ)ﬁﬂ%&ﬁ“ﬁvtate thg desu?ed
crystal l i ne nonohydrate; (2) upwardly adjustlng the pH of the solution from

ste c th

Form the di metlh) MSHARAS Gb e BEaHIT 0 SO Ay o ¥-eilloddesdcetiong L ©

;7), Eraﬁy? 3 dphardsh Mﬂ@-sbwdfmwquwmwd]a-chloro- ~hydroxy-
ce ent f

or a partRhg ‘? I’zﬁﬁécﬁm{ﬁ# 0 reC| |€é)itaa€gx‘%%dq?sef*riédu\bat:r:{j?&he&ater.

noQohydr adrfliy@rous- aprotic solvent in the presence of an acid

(c) cleavzng any silyl groups of the acylation product by |
hydrolysis or alcoholys;s. and : -

(d) forming the desifed mohohydrete product by a method
'~ selected from | |
_ = | | .
_ (l)'upwa;dly adjusting the pH of the solution from step
(¢) in the presence of excess dimethylformamide or acetoni-
trile to form the dimethylformamide or acetonitrile solvate
of 7- [p-a-amino-a-(3-chloro-4 4-hydroxyphenyl)acetamido]-3- '
_ methyl- 3-cephem-4-carboxy11c acid; dxssolvzng said solvate
~ - .'in acidified water or a mixture of ac1dlf1ed water and
acetonitrile, and upwardly adjustlng the pH of said acidified
solution to precipitate the desired crystalline monohydrate;

"(2) upwardly adjusting the pH of the solution from step
(c) in the presence of excess dimethylformamide or aceto-.
nitrile to form the dzmethylformam1de or acetonitrile .
solvate of 7~ [D-u-amxno-c-(3-chloro-4 hydroxyphenyl)acetamldo]-
3-methyl- 3-cephem-4-carboxy11c acid and contacting said
zlsolvate with water or a partially agueous medium to prec1p1-
"tate the desired crystalline monohydrate, or



30 (3) upmafdly adjusting the pH of the solution
. 7-[D-a-am no- a- (3-chl or o- 4- hydr oxyphenyl ) - “acet a - cephemn4
.carbaoxylic acid and contact- ing said acid with ' ,jﬁwgng lly .

aqueous nediumto effect crystallizatiorgoof the
process as claimed in Claim2 wherein the silylation step (a) is

acconpl i shed by reartupsa 7dhyr adjlesting odye epihad D stive asw Tu s ﬂwdmlsf;ﬁ
|yl at te

east one of (¥ het Lot §EhoP- %"&“%f“%*‘?%ﬁ“%ie‘?%gy" R aade i C A

hydr ogen; Rla‘F%t?m%ﬁ%}‘)%rrﬂ&/\'-hY*ﬁ?'sc ¢mﬁg@rlmmm Qcaﬂdaodugomm-en or’

[err] [err] mrﬁm%ia @yﬁﬁoﬁ@&@roflﬁvﬁitﬁérw a@@eéﬁslxﬁeéiwa al kyl

| wh
i si Tyl b ca SEE8FH oS- YRRELLLRAE ROR 6 o oA Ee ok mORGAREMR L i n ot cp (a)

by using at least-two equivalents of silylating agent per mole of 7-am no-
gggfgfpgtygeﬁgel 004 204 Ce 26l flea Cin PR CF RS- ELA1 ERE ST ALI0E Hep
1s accomplzshed by reacting 7-am1nodesacetoxycephalosporanzc
- acid with a silylating agent selected from those of the formula

1 .1
. _R*..
R\si-/ &
) or —~—8i—X
R_gi o : Ty >y
1/ N R i

wherein Rz, R3 and R4 are hydéogén; halbgen, liower)élkyl,
halo(lower)alkyl, phenyl, benzyl, tolyl or dimethylaminophenyl,
at least one of the said Rz, R3 and »* groups being other than

- halogen or hydrogen; Rl is {lower)alkyl; m is an intéger of i to
2 and X is halogen or

L 5
' R
-N/ -

'\RG | |

wherein Rs is hydrogen or (lower)alkyl_and Rs-is (lower)alkyl or _/
T3
R? si
R
2 3 4

wherein R%, R® and R? are as defined above.

4. A process as claimed in Claim 3 wherein the silylating agent
in step (a) iS'triméthylchlbroSilane or hexamethyldisilazane.



out by silylating 7-am nodesacet oxycephal osporanic acid wth

trimethyl chlorosilane in a substantially anhydrous aprotic solvent in the
presence of an acid acceptor. 7. A process as cl ai “ erein
the silylation step is carried out in a substantlallm mnum | ene
thorlde sol vent systemin the presence of an acid acteptort c8nmpfi st ng
tritthylagine or a mxture of triethylanLng and dimethylaniline at a

t enper atuire of 20-30[err] C. 8. A process as clainmed in Caim2 or
5 wher ei s st appfcﬁ:)ess%ammd nuCLayn 2i, | Yloat 4 nrerein disilylated 7—ammo—

7- d h hex | d
Sunot an EEHR R APOM PR S ENEY L], RESSIRIRULS, SLeRTRES Y Bing
process &t cledsedtva QmmBethr@f nsrth!élctiw adgent spep meleawfi 2ekmimo+ n

a substanidgd de/e SERNBo SRS by ERea&y Or i de sol vent at reflux tenperature.
10. A process as clainmed in any of cl aims 2 to 9 wherein acylation step

(b) is carried out in a substantially anhydrous nethyl ene chioride sol vent
system até & teppeteatuase clairedein Sagom &f of ﬁowinerein step (a)10€. carviad 10[ er r]

havi ng. & SRS §51PLafE08 PEERDNSA0 SR EELEDe eoRTBsbSLANTE) A B 0N
accept or ﬁ@mmmmwnbanqzmpam@kessnasablm amrby dnowsyaptotiains 2 to

11 wher eighi ferpt epn(eae%éyéeﬂéﬁtw @ﬁeaeleaa@e'egyoéreat ment with water or
a Cl-C4 al kanol; ‘or a mxture thereof A process as clainmed in

any of claims 2 to 11 wherein in step (c) silyl groups are cleaved by
treatment7 Wit lp apfdeddls adkatDaimdd. i\ QI OLRS6 @seré bhnEllei 9ibyyavios! stap 2

t()!£§ “hgf§”éhf¥f%h(8utcf“¢§i§§§stantially’anhydrous methylene chloride
solveht-system in the presence of an acid acceptor comprising
triethylamine or a mixture of triethylamine and dimethylaniline
at a temperature of : 20-30° C.

8. A process as claimed in Claim 2 or S wherein step (a) is carried
' out'by'silylating 7-aminodesacetoxycephalosporanic acid with
hexamethyldisilazane in a substantxally anhyd:ous aprotic solvent
' with external heating. :

9; A process as-qléimed'in Claim 8 wherein the silylation step
is carried out 'in a substantially anhydrous methylene chloride
solvent at reflux temperature.

' 10. A process as claimed in any of claims 2 to 9 wherein acylation step (b)
is carried out in a substantially anhydrous methylene chloride
solvent system at a temperature in-the range of from -10°cC.
to + 10° C. in the presence of acid acceptor selected from a
_teriiary.amine base ha#ing a pKag7.

'11. A process as claimed in Claim 10 wherein the acid acceptor
is dimethylaniline.

12. A process as claimed in any of claims 2 to 11 wherein in step (c) silyl
groups are cleaved by treatﬁentlwith water or a Cl-C4 alkanol, or
a mixture thereof.



(1) upwar dl'y adj usti ng the pH of the solution fron1step (c) mnth
triethylamne in the presence of excess dinet
until the dinethylfornmanm de or acetonltrlle

7- [ D- a- am no- a- ( 3- chl or 0- 4- hydr oxyphenyl ) ace m M mwmm
3-cephem 4-carboxylic acid precipitates from solu | X ssol vi ng sald :
solvate in acidified water; and (3) upwardly adjusting the pH of sai d - o
.solution by addition of trlethylan1ne tg preC|p|tate the desired - -\,
: crystalllne nono- hydrate. 15. A procCe % Tas cl ai med in dai.m14 wheréin
the flg nHp2eddisd BB NY1asheD 1thoarfy oflunaindie d@smrﬂdez@rmsmﬁbtepmcmayydrate-
is condicted at a tenperature of 35-60[err] C . A process as clained in
cl aj m 9% OYPS1 BLfh ElSAY e Ao FinsFtments ¢ &5 é'm drent during the

final pH adjustnment step. 17. A process as clained in cla|n114 15 or 16

_ ;\hﬂf:’a rsheﬁ‘g Cré({%t aﬁ%or?“h&ﬁ ]'ge&%pﬁenwsaceic%n]’\sdwﬁxemm step (d) comprises

“3-net hyl - 3-cephem 4- carboxyl i ¢ aci d nonohydrate-are added prior to or.

during the fiyalyhid i SR iHE R el S %ﬂof@{efmsfﬁtﬁﬂfcﬁl m%%ég 0(1:)

conpr|5|ng a conpound Aaccording to Claiml together with an i1 nert
phar ma¥é& |6£P@Fn§ dAIIG |10 Y iRReARGR |1QFefiXCesSS. QK?e?H¥1f°4%iﬂk§ﬁlQﬁl

c;)rrprl ib@goﬁﬂtﬁfm@chﬂn\ﬂlar’dhe daarabeiyleﬂo:dmsﬁddé dm@mmmlaé:]gwwﬂgeto

calmlo armaceut | Si r.di or eina
met hod 5 7 ?@E f?é’rﬁ%é' I°s fg‘rrggtl se‘ta "3& %ag%’rsaq]fvae %ﬁth '
G am nég&ephembdcmmb@xmc amqom@mtaaalﬁmlspmmon,z wherein a :
procedure substantially as described in Exanple 1 or

tonitriv e

</
(2) dxssolv1ng.saxd.solvate in acidified water;.and o
(3) upwardly adjusting the pH of said solution by addition
of trlethylamxne to precipitate the desired crystalline mono-
“hydrate.

15. A process as claimed in Claim 14 wherein the final pH .
adjustment step to produce the desi:ed crystalline monchydrate is
. conducted at a temperature of . 35-60° C.

16. A process as claimed in claim 14 or 15 wherein acetonitrile is
added as an antisolvent during the final pH adjustment step.

17. A process as claimediin claim 14, 15 or 16 wherein seed crystals of

the desired 7-[D-a-amino-a-(3-chloro-4-hydroxyphenyl)acetamido]-
'+ 3-methyl-3-cephem-4~carboxylic acid monohydrate are added prior

te or du:xng the £final pH adjustment step.

18. A pharmaceutical composition comprising a compound accordzng
to Claim 1 together with an inert pharmaceutically acceptable
carrier or diluent.



2 is followed. 21. The nonohydrate of chlorocefadroxil—or.a
pharnacéutlcally acceptable salt thereof prepared by a process as clalned

in any of clainms 2 to 17 or claim20. 22. Aphar ummm |on
conpri sing the nonohydrate of claim 21 together mnt n
Acceptabl e carrier or diluent. - 33 -
: 7. :
"\d

19. Medication comprising an effeéctive anti-
bacterial dose of the compound according to claim 1
or a pharmaceutiéal cdmposition according to claim 18,
for use in a method of treating mammals for diseases
caused by Gram-positive or Gram-negative bacteria.

20. A process as claimed in claim 2 wherein a
procedure substantially as described in Example 1 c¢r
2 is followed.
21. The monohydrate of chlorocefadroxil or a
pharmaceutically acceptable salt thereof prepared by

o/ _ ' - a process as claimed in any of claims 2 to 17 or

| claim 20. _ |

22. A pharmaceutical ccmp051t10n comprising the
monohydrate of claim 21 together with a pharmaceutically
acceptable carrier or diluent.




