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1, 240, 68f. THR atie)lderarackepanqzound has -been gi'ven. the gener|
10 cef ad‘OXIl nd- ha§2¢he3lst214ﬁ20122§l25625r¥n29|}(az9x|m:mlmdezj b \
i nventiof-ar ‘novel crys&4§|45l ﬁ@%ﬁﬁlwmﬁ’e&&ﬁm@fldﬂﬂm&“
preparat¥on. 1 droxil ncI udi ng- phar maceut i cal I Q&%
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active as. a broad spectru' TEMER ef fective in cont rolling di seases _

caused by a w de vari et EF%E Xe }l_ghve and G am ne ative mcroorgani sms. -

It is of particular intglﬂg g%ﬁ% &%quamc 20 -
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cef adr oxi | 20 * exlstmg under t elaware, United States of America, having
7- am nodesacet oxyce}ﬁﬁm aﬁfli:PablAde nug, MGD¥grkyWNevinYark 10022,/ Uinited Stars bied

derivative of ex:ﬁheltap@cenm rious. .
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obt ai ned_wi th .D-(-)-aThis ronxgmbﬂl mm(eupmmw

acid 25 § - via th&o¥s -g-a %’(ﬁ‘th l'awl):fp@mdbl-i’-mctmc hcm:-e-ss _
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Speci fication No. 3,985,741 discl oses preparation.of cefadroxil by -

acyl ation of 7-ADCA with t he: m xed: a drlﬁje of x(-)-a-(p- hydr oxy- '30 |

phenyl ) gl yci ne when the latter's 5° as been bl ocked with a
[err]-keto 30 conpound such as met hyl a't‘f'eto e'f This process, while
havi ng certai ndefinite advantages owver the t-B rocedure Is still not

as efficient asis cormerc ally feasi bl e production process.
Production of cef ad&%ﬁaﬂ%&{; %}u% RYIHEY $i & 0yl prygtalline menopydrate of vat i ve

is 35 desesi bed i mﬁﬂr@ﬁl clE’cﬂﬁ@ﬂiar:ﬁ&@tﬁicﬁllyCa@&dp%lega%,tl¥e5§>f and especially - 15
35 In view of the rrﬁﬁﬁw BEg\Mo! énaet;af l?glﬁé%cwe‘i‘?drmuadl edttumi :ﬁm&eﬁt r abl e
to have a commerci ag sp% ivpand n
hi gher -yi el ds and vurinbm pro cf‘gg;:)nﬁs%o A an és Brast %35??' ?ﬁ?”& i or
art processesZOAccordlllﬁ ent Bpecificasion No. l,m;émdnsnlms It ti oﬂcaf@dxex&ed 20

process for 40 - } esacctoggenhalasporay %c“% 4 H it or
phar naceuti cal |y d@p o%ﬁ%&ig ’g@ ;?xfs d h %ggs 2

1,532, 68 obtained with D-(—)-a-(p-h drox heny )-a~(t-buto xycarbonylammo)acetlc acid .
1 .25 _ via the so-called t-BOC method. The yields in this process, however, were not as 25
_ high as are desired for commercial production and the reagent used in the t-BOC
process is very expensive.
. - U.S. Patent Specification No. 3,985,741 discloses preparation of cefadroxil by
o acylatlon of 7—ADCA . with the mlxed anhydride of D-(—)-a-(p-hydroxy- - - . . -
30 phenyl)glycine when the latter’s a~-amino group has been blocked with a 8-keto - 30
_ compound such as methyl acetoacetate. This process, while havmg certain definite .
advantages over the t-BOC procedure, is still not as efficlent as is desired for a
_ commercxally feasible production process, .-
_ Production of cefadroxil by enzymatic hydrolysis of its O-acetyl denvatnve is o
35 descnbed in Belglan Patent Specification 829,758. 35
. : ‘In view of the many important advantages of cefadroxnl it is desirable to have -
a commerclally useful process for pre é)armg this antibiotic in hlgher yields and with
lower production costs than afforde by the prior art processes.
: o Accordingly, the present invention provides an improved ‘process for _
T 40 preparing cefadroxil, optionally as to monohydrate, or a pharmaceuucally 40
Co acceptable. salt thereof whlch process compnses ) 2




2 (a) silylating 7-am nodesacet oxycephal osporanic acid in an inert
substantially 2 anhydrous aprotic solvent;. (b) acylating the
SO- produced silylated 7-an nodesacet oxycenhal Qsporanic acid with

D(-) - a- am no- a- ( p- hydr oxyphenyl ) acetyl chl ori de hydrochlorlde inan 5
inertéégbstantially anhydrous aprotic solvent in the presence. of an acid
accep 5 (c) cleaving any silyl groups of the acylation product by
hydronS|s or al coholysis; and (d) recovering the desired cephal osporanic
acid, 'or a pharmaceutically acceptable salt thereof. 10 * . The
pharnaceutlcally acceptabl e salts referred to above include, for exanpl e,
10 (j) pharnaceutlcally acceptghh@gﬁalts of the aC|d|c carboxyilc acid

gro - - - W salts
and nontg i )%lmlbelt 7% lwemﬁmpmhﬂlswbtasm\mdm anmmaslbﬂmhlhas o
tri (1 owef) Bﬁtﬂ:‘e&‘%ﬂ it IR FdoB L foy o |
N-benzyl had antﬁ (B-ﬂlydro wﬁﬁgm&% HBoride); Bu%lm o lc- '
et hy!l enegpg_mlhq@nnﬂg protjd splventdn the presence o an acid ‘accep tor ' 5 \/
N, N - bi sgh F s;g;gﬁerwyétwrenwf ahs ﬁ%vla"wn esodyet Pb\k@ﬁ"?‘dﬁ‘kﬂpl peridines, such
as N-et hylp) b g macheeteheéepﬂmsaaammcnh daY ghfpeRutseg to form S?'Sts of
benzyl - mepiaulé salt; thermef. (2): phar naceut | ca ‘accept abl e aC| d addition%salts
(i 1o, cﬁhartnneelﬁa%tvec Ptaal;le °f§ Jgylu fhéorﬁr acl@ addidtion
sal ts su gfﬁ&’ﬁﬁc@ﬁf sat ‘ﬁ; ox }[&53 a0 aéul fate, 20®
sul f amat mbstauthd Qlﬂﬁbﬂulﬁl’sal ,suc& et) Rylohig&npocasd, d addition salts

. suﬁg as g:be@ﬂaM& rh&b lbe%‘tc:,liy % lsér eﬁéﬁrgﬁ n-élbe@%(llal ate, succinate,
bertZ2oat e al ené5 sul fonat e
and p- toveié’%a%%m E& pE 5ind G Eatnamuc @mptg eEkyl i s defined

as incl uaklich gd eam!s lof &lmdhsd nittpgen) sechtag ot acidr bon radical s

ob ide, h ro d t
ha ng fggﬁ];ﬂn te 3élllfcq'tzlt Plﬂg& ate, and’ ’%t €0 Z.z azld a)c'id o ‘:ﬂ% ea‘bove rocess
§3te, Yarfrﬂ@ Aafatl afé, %b ZM t@- fuﬂﬂrate ~..25"agent in an
|nert sub:sta&nmamlela 1, alatasulfmtemﬁmb,tol estntf age. 20| vents for the

silylati @tg}lgga?‘ @,‘PVKRé m e;f]ﬂ?‘ %b:cae&hf"achl or.oet hane,
ni- tjsomet aﬂ’g ted | mtmgnt i 95 30,

- net hyl enegeﬁhin%llﬁkﬁt substantlally anhydrous aprotlc solvent

‘ {

- .30 Silyl atrS\:%abi eoitegts rethalsﬂyl i b@tﬂélu Glhn in the art![see,

« . or - exanffEaoR gtfp'gf ﬁ]fﬁlyﬁfe?ﬁg&“’g 970, 3,499, 9bo,
3, 349, 62 eth%‘g‘]@g at en eC|

l.cati ons ¢, 339, 605
.959 853 andSIMaG@astﬁls usevamItb et formy be enpl oyed,

it is pr ;ﬁ’ aﬁg"%tﬁﬁ%g“%ﬂ%ﬁﬁ. 388 %’%ﬂg? ;ﬁg%zg of the formla

35 [err]1 WHiIE by knolyh s latsd lﬁg%rbfe dhpgen,
(onser)ahdeyi’n agémlseiédten/\km)nalldsgl f thpfermyla, benzyl ~tolyl or

: dlnethylantnophenyl at [east one of 'the said [err] [err] and [err] groups
bei ng ot her than. h&l iR or_hydrogen; [err] is. (Iomer)alkyl mis an

~integer of 40 X is halogen oH : :

40 [err] mherelm qrr] ﬂs Ry rogenobr (Io ?dk “and. [err] is . .

(lower)al kyl- ;[ R2, R3 and R4 as defi ned -above. 3

1,532,682 , : 3 Exanpl. és ‘of suitabl e

eryIatlng agents rnclude trrnethylchlorosrlane -hexanet:hyl di si | azane,

triethyl GieREPRE,| RNEd REY n,fdtdgelttl dged, I(ﬁ,%r)anagn TBhdisendkyghl or si | ane,
£

triethyl h:rhaimeedzalnelyl brrdimeth heinll,ar loast breervd elsmmrréam
di met hyl csm thap hplogenioy rmnd%‘c%(lqvaﬁelkyln@tswyrrmet ‘Pfyl chlygr osi | ane
di n# hy! - 1980 | ane, phenyl di nethyl br onosi l.ane,

. benzyl net hyI et hyI chI orosilane, - "~ 5 mhenyl et hyI net hyl chl orosi |l ane, %
tripheiiylchlorosilane, tri phenyl iA.uorosilane, .tri-o- tol yI chl or osi | ame,
tri-p-dinethylam nophenyl chl or ostkane, N-et hyl- triethyl- sil yl am ne,
hexaet hyI di sil azane, tri p‘henyl Si: I-'y R ne, tr| n- propyl Si I am ne, tetra-.

wherein RS is hydtogen or (lowcr)alkyl and RS is (lower)alkyl or’
RZ—SI_-—

4

wherein R2, R? and R* are as defined _abdve.



et hyl di et hyl di si | azane, t et ranet hyl di et hyl di si | azane,
t et ranet hyl di phenyl - 10 di si |l azane, hexaphenyl di sil azane and
hexa-p-tolyldisilazane. Qther sujtable 10 silylating agents are

hexa- al'’kyl cycl otrisi | azanes or octa-al kyl cycl otetrasil azanes and
silylam des and.silylureides such as trial kylsilylacetam de and a
bis-trial kyl- silylacetam de. The nost preferred silylating agents are
trinmet hyl chl orosil ane and. hexahethyld|5|lazane 15 VWhere a silyl
hal i de, e.g. trsnethylchlorosrlane IS enployed as the silylating 15 - -
agent, the silylation step is carried out in an inert, substantlally

anhydr ous, aprq,trc soI vent |n the presenqe,3pgszan acr d (hydrogen haI i de) ;_1
acceptor,, pr eferabiy- e S ¢ '; ’ etryta
di net hyl a\m‘f/r ne, cﬁxPlﬁ °S muwrt’te %‘W Ffﬂe m ylah}p mm pto

are triethylam ne Pzﬁe&{llb j\hh gﬁ 31@;@ lt;::% 1l l::»er’omometh

di met hyl ani+i,ne. Wtﬁﬁl&hﬂclﬁdr’bﬁllﬂ’l&l-n-eutglchl oamnane amanyl oyed,
the 20 si Ma& i on %ltymblomsllmnvmpﬂ y fq‘nwsrlaed ylvglylclh r@rﬂﬂ&zane 5

and 7- ADCA so t hat

henylfl
to (?ro il i-p- amm gg ﬂg’(ﬂl Myl tle'{‘jg
the reaction are dig{lhhiné: hai%mynil 1amnepérahag, aﬂ'l.sfh &l rprdp e above
process, ¢t heor et i cadth 1fh¢thrﬁd1ﬂh&n2,5 tetrarhah;tlaiah 1tazan ul tbwaheehvldsptteﬁyl-

silyl atihg agdht c% xgpheny f:gi;‘lh"xa'l"m‘ylﬂﬁﬂza%t ftable monado
or disilylated 7-A il £m1 %Eﬁs urts ltffﬁ?% M mllizl' J‘:gm aélé%t ed

wi th about one equi s‘ﬂﬂh@fﬁm . The fnh‘ @i‘dfﬁ&d&ﬂﬁﬂiﬂg a &I’ ate lrﬁnefl@[cﬁﬁﬁhsﬂanc and
monosi | yl at ed , 7- AD(ysxameth wher e~ rret hyl chl orosi | ane

hovarm i aS1 g T A AR SR A Pt 4

30 .. solvent in the presence of an acid (hydrogen halide) acceptor, preferably a nitrogen
30 The disilyl der Ihaaitsuvbaﬂgetﬁym dimgthylemipe,cloaet édhnlir ding ot he

silylation step at BY @cﬁt,t '%afﬁf‘f“‘é yk hf‘? ¢ of
7- ADCA. Wen ?ﬁe prsg etllimet A E] &{555 %%yl%ﬂﬁleye Igii‘;ane20
are used, disilyl atths azn oxl Sm er e Vorigedt ﬂ)y;ﬁdidﬂiuﬂs&f[tl&rfe]actﬁﬁ are

35 The srlylatron sctl v abvvrdete eratue ran

Coom o iyt U (RO ?3’&5 i el

Advant agéous resul tE-ADEAGE B cyopm iylabd Dmerrmtx&rmemé rnmw“mbnth
silyl hali des (20- o egfﬁ%d??mdi wu%ﬁng‘faqm%m W??%ﬁga%féggag;ggﬁy ux
tenperature, ‘in-th as&%D | ess
active. * disliazanc arc-iise ’foréfé fﬁﬁ ‘é uc‘ﬁ? om(ﬁdr sil yI at ed 7- ADCA
or a mxture thereof nay then be ‘acyl at ed th '

B(-)-a-am no- a4( p- hydr oxyphenyl ) acet ¥#" orj de hydrochl ori de (nost _
preferably inthe formof the heni di ox&fne~g6hwate disclosed in U S. Pated@
Speci fication 3,925, 418) to form in situ acssilophat ed cef adr oxi | '

i nternmedi ate. Any: s_i_ oup resent after -acyl atlon are then
removed by hydrol ys} ‘;ﬂeas SHh mﬂ%ri % Be prpareibhyl laion .
end- product recovergekesrsd R o y}?&@im 0 'al nto
the isoelectric por‘fﬁqt—Amh‘.Arletqﬂme‘dh foethalx | | rgg‘?z:{?t a&es oudi ttg)

sol ution. The sol vents enpl oyed i n acyI ation -of the si | ylat ed 7- ADCA are

defined 50 above in-connection vmtff'fc"efsl Iatlon step (a)
m‘f

50 A preferre@sterrperature range forHt atlon step is from - 20[err]C
to +70[err] C. The terrperature |s not c hovvever ~and tenperatures 35
hi gher or lower than. -4 an&m - . 1,532,682
4 those within the preferred Ilmts rray be: used3 The m)st preferred
acyl ation t enper at ur e Ths stbéameetvp M4y undm decrvre E:wndbhmma a:tnaoge, pgocedure .

o preferably cary Rl Rl zet?f,, L fmrm@mhm be

the sanmeeas or dif fiRGGR 304"@ Jiatﬂfe@le%r teflt mperat

silyl at ed  7- ARGA. Be&tofrthssﬂazmeaw:;%mht ; gll ss activeaker (.| .e. [err]
n .
terél alr:)y f5 a[)nl he ?azlf w1h —)‘g;!—anuﬁw ah d‘;oxpgl H}Qc’:etw oride %;g longee ! S
use rererably, ( ‘%referably in the form of erm ioxane solvate disclosed in U. S Patent.
. Specification 3,925,418) to form in s:tu a silylated cefadroxil intermediate. Any silyl -
- 45 groups present after acylation are then removed by hydrolysis or alcoholysis and - 45

the des1red cefadroxil end-product recovered from the reaction medium, e.g. by
neluttrlallzatton to the isoelectric point whereupon the cefadroxil precipitates out of
solution
_ The solvents employed in acylation of the silylated 7—ADCA are defined
- 30 - above in connection with silylation step (a). .50
. A preferred temperature range for the acylation step is from —20°C to+70°C..
The temperature is not critical, however, and temperatures higher or lower than



Is also incorporated a mneral acid salt of a weak tertiary amne, eig. the
hydro- chloride salt of dinethylaniline, so as to inactivate any excess
~amne (see e g U'S Patent Specification 3,678,037). 10 Wi | e

'20csto

sone reaction wll occur regardl ess of the nolar proportion of Teactants

10 used, it is preferred in order to obtain maximumyields in the acylation
step to use about one nole of acylating dgent or a slight nolar excess
thereg sper nole of silylated 7- ADCA. The silylated cefadroxil acylation

‘« Jprodu 2| s treated by hydrolysis- or'15 ~al cohol ysis to cleave the silyl
_ protecting groups. Thus, the silylated |nterrred| ate 15 may be hydrolyzed

by addrtron of vat er or, m)re psgfégﬁably -al cohoI | zed by additjon of a
"h—ae—n%t-jqanol

SU| 1 d.UI c LUT [l d. U[ 1 J [CI |_ Ol.l r\OLHUI SHe .
- et hanol , :E;’: eler:iy it o Prg _fﬁ;é;ﬁ‘g weoch KBgrfmst Preforredtasylatiost  viat er%ﬁd a
N [err] al kanCﬂhe ﬁﬁ&'atﬁ %Ebc&ﬁlr@ M@lﬂy bi}n&h&xt(ﬁ{ e o8 befl ack®
rox:%g “ﬂm:hrrmdweheesa zom différent Ifﬁﬁﬂhtt&ihpﬁ)@ S madbading Met hods™

'°£ (E’b lmb@s7hePhal 0Spos s Thus,
~ the prody sdrrg,yo tr;._@g %ﬁ"‘f h“ﬁ tg ° "gfeéa rdly adjusting
the pH’ ofchloride sahabdlmthylahmid,lﬁtﬁaswtnhétwht 5 9¥l¢ ipitates from
sol yt.i on.Pa ‘fo j?né% ).aqueous am-ne - base su as triethylanine is

TC

“used. Cef ef‘ﬁ‘% PrW"“'&EPﬁTe tshe cdbverted to a
phar rraceu%;{{n ik YnoRC6Te40}1a : g?s,ﬁr %@Hmweldsdgig&i)%&e%% %ddi tion sal+ by

reactronswla_}ﬂ&qggﬁgfg riatge blgse or acid. Accordr ng to a preferred
enbpyli ne s} a" ‘%fé Qg} eolysis por ani c acid is
B aSolFIBE ;dd: o incre

l{% 'ﬁydroué aprotrc
soI vent a lecbrepablsylfab&tdﬂgdheh T blih —CM J ng, )
pref erabl ‘E‘Pt'i? “;%E 'Etﬂ@lo‘intuhle'esbmtemnd aQ—E@rmin sr tu -

re

di sig yl at edceéﬂ% mﬂ‘ % d 7- ADCA is then
acyl at ed cutswmiu qmpldyea the HoRt fﬁ&m%b JCE'L sglu'ﬁ?rf ’Xft ﬂfftt o +#[err] C)
with t he"l% TeCoHeTP 41&1 sutkay arotecylp b o, a)rélaetl itmglni

hydr ochl Q&ﬂ ar:éreéﬁa‘ﬁhh tl]l ne%ﬂl;gh ef o lm h é“%vat € in the

pr exsence acid may o cafivertéd f c@itr- E&ﬂ,d m ne ase “havi ng
a [err] additionosalt by reactign Y dretcmr “qul no i ne. ¢

acyl at'i 0@,, hﬁf}g ‘#ﬁcﬂa@lg‘ m ?@dmacptsxjt-r eat ed vvr th a

Terr] ous Bl ri oﬁr@ fat%;ﬁn e’xte SJ:, /e any silyl

- gr o¥ps apd: erdbly pir thel refluxi &mpemnteets af/dne,rtoa'ﬁmﬂﬁi.hﬁ iy fg!tration
step) by méRGAe] hafermlat o the isoel ectric point with a tert iafy anine base
40 preferably triethyl am ne to effsect precipitation. Use of
hexamet hyl di'si | azane as g agent in place of the usual eryI

hal i des such as trinet hyI chI or ,gl imnates the fornation of an acid

~ halide by- product and, consequent idie necessity of enpl oying an acid

- acceptor .Ithn Iatron Step: Wthout' the presence in the -

- .i‘ t 3 |
reacti ongfel g‘ﬂa ﬂlmcﬂylnmﬁmswlutm refefablysal t ;. e.g.
. : tridt hyl aydrmlw él(zlrefe&bﬁl’i@ﬂé ﬁ}{ﬁ%ﬂ% :%@g’;taﬂﬁﬁ | ¢higside. recovery st eps,
L]

~ By use ofn fféd< rdﬁes!blyazaﬂayaminEBQEHi f cetadroxil are
- achi evabf g, "ﬁj{: . 1s treat Eﬂ aacytatw ydﬂylhded)r@&u fe silylation. 50
| n anot haiitans 26 clea 2.:% 0. l,rf’ov metheneladr nerystal line
SO %noh mresttfp(hbymmi:r oe d5§ "'ﬁ be a stable
usef ul lmitlodor ot | c art | cu T Suital e for
phar rracet.,ma u 1%@11 . os I neqeatﬂtltlymstxalmyhohydr ate of, this
i nventi opr0éudn|abd teonseqiseatly, ItBo jc’lj'bx -diffraction
pr o‘%er ti ltlon step. Without the presence m the reactlon medmm of thls 2 o :
‘5. Line g W %ﬁ;‘f‘ethylam‘“ﬁgpé,t ttQamsq fith the ater. 8.84 .
100 2 cgfadroxtl hievab of Dexa b ane, erefore, et yields' of :
| 50... : Siylation. ieval le than w1th conventlonal tnmetlglylchlorostlane_-_ T
, 1In -another aspect the resent mventlon id e
.~ monohydrate form of cefadroxil which has been fougflo t‘g b?a:tagﬂvlex{segx g?lnllu(l)?‘ >0

the ce halosporin antibiotic partxcularly suitable for pharmacettcal formulatlons.,

The crystalline cefadroxil monohydrate of thi ial
the followmg X-ray. powder . dlffractlor? propertles 5 mventlon exhlblts cssentially



3 7.27 42 5 4 6. 89

15 55 6. 08 70 6
5. 56 5 7 538 A3 8 4 98
38 10 ' 9 473 26 \
10 10 s 4.43 ' 18 11 4.10 _ 61 12
3.95 oo 5 13 379 - 70 15 2
14 3. 66 s 5 o 15715 99
3.55 = s *12 16 . 3.45 . T 74.17 . 3380
11 18 3.18 . - ' . .14 20 - ' : 19 _ o
3. 09 s L w e ismesy 20,20 0 3.03 5
29 21 N2 29— 8—22 —26—28—
2 76 : 19_ o5 . ~Line . Spacmg d@ . - dielatwe lntcns:tyz 67 _
9 S 25 25  gg4 2.59 100 L 28 26 _
2.51 7 12 27 2.46. : 13 28 - 2.41
2 30 X 29 2 2748 - 12 .
30 30 _'“_ 2. 30 3 2.3% 9 2.2Q C 15 32 -
2. 17 R - 11 6 o 1,532, 682.

: 5 @ Line 68Spacing d[el¥] - Relative - = 5
Inten3|ty 33 S - 2.12 - - ‘e [ 34 .. .02.05 B L
435 € 1.99 | 545 608 U s 0 195
14 ' ' 5637.- 556.90 10 The .details
for this deternination of x- ra* dlffra%t on propertlgg are as follows: A
smal | amount of each sanple was seal ed rﬁ ei t her mnmm or a 0.5 mm
di anet er Iom1scatter|ng gl ass @apil | ar w98ube whi ch wag nounted for exposure .
inal0 114 6 nm di aneter, Debye- 2 herrer powder diffraction caungra. -
Exposure tinel 010 was 3 hours dh a Noré'do X- Ray Genét at or oper ated at 10

35KV-20 mA using a standard fompus coppa3target x- raystube (weighted [err]
wavel ength [err] = 1.5418 [err]). Kodak No-Screen X-Ray Filmwas used and .
devel oped for 3 minutes at 20[®rr]C i # Rodak Li quid 6k Ray Developer
"hbrelco and "Kodak" are regigtered Tragde 15 -~ Magks.

15 A very small amount of crystalline sodiumfluoride was nixed in mnth _
some sanpl es to provide interng cal i bRdfion. In- addVQ|osaaneaane of pure
NaF was run thiough the conpleje procedgge for thé sage purpose. The fi'lng
were read on a Norel co Debye- Scherrer filmreader, recording the 20

ositi of the diffraction ringslsto the Adarest 0. 05 mid The data were -
corrected 20 for film shrinkage and tgqslnterplanar @pa0|ngs (d spaC|ngs)
were cal-cul ated from

17 3.30 o
| 18 38 - 14 |
20 B 309 16 I O
R I 1. S N
2 o285 e
_ R - -  2J6-' e' 19 . o
. 25 l: 24 | - 2_67 -. -_ L g S - ’ .
s 28 s
.26 23 o __.12
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. _ _feiésesi-eszglj _::j: oy
v m o aws e,
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the corrected data. A conputer program (XRAY, by P. Zugenmaer) was used for
all calculations. The accuracy in the resulting d-spacing data was ~1% An
-intensity record of all filns obt ai ned usi a_Joyce-lLoebl e

25 Recordi ng m crodensitoneter (scan ratio 5:1, 0.1 O D. wedge).

Rel ative intensities 25 on a scale 1-100 was assigned to all .recognizable
diffraction rings using peak intensities 'corrected for the background
re&fx ng.. A sanmpl e.of the crystalline nonohydrat® product was subj ected to
infrared anal ysi's and the spectrum of .the sapple (as KBr di SC):IS shown in
Fig. 1.-30 -~ A further provisi.on of the present invention is a:
proce8s_for preparing the 30 ah#32682lescri bed crystalline cef adroxil
nonohydr ate, which r.rocess cO ,.Ses -C out -steps (&), (D) @nd; (c) as
previ ousl y_descri hed"Snd f oF Wﬁﬂ the d %lqlv@g"ﬂfm%hvdr ate product b

met hod sel ect ed fromsgl) upwafpljy adj usting4 the pH of the solution from
step (c) in the presence of 35 - excess d| met hyl formam de to for—ﬁlthe

di met hyl for mani de soPBéant. of28[D- -~ 35 4 R
“a-am no- a- ( p- hydr oxy@ﬁenyl )ac[eg@m do] - 3- net le - 3- cephem 4- car boxyl ic acid;
~ di ssol vi ng said di met yl formam'de sol vate in acidified water or a-mxture

-~ of a&idified water aRé acetonl®¥ile, and upwardly adj usting thesspH of said

aci fidied solution t gy preci pljﬁ)te the desi r§d crystalline m)nohydrate 40
(2). upwar dby—adjusting the pH™of the solution fromstep (c) inthe presence
of- 40 excess, di rreth Iformamde to formthe di rrethylforrramde sol vate of

- 7-[D a-aminf® fletaiis Fﬁ m Xl‘&ﬁ{n 1L pgap zep.gqea hem 4- car boxyl i c
~ .acid and aﬁm&e.crowrsem% B W& atin yer or a
par 19 al | y1H#guBmU dianmetes )teGSc mlpwdamen daﬁeraa@:k 6§u¥§ﬁrﬁ linefg -

as 3 Norelco X
ronon gf‘;gz” %ﬁiﬁ‘f?{mm ,tm wﬂ,ﬁtﬁgﬂ LBHhgE (e solution
ﬁ"éﬁ”eﬁﬁiﬁ“"]%“ °‘+3a:2‘“‘s‘é%3§e%‘%r% Garboxylic  acid

~a- am no--aKodakimy
and tgont aMar sal aci d with water or a partially aqueous meditsm to- ef f ect

_ erystall, g@ﬂ“ﬂﬁﬁ&tﬁ%ﬁ@@f@% o TSR s ool e

cef adr oxi hr t he
si'lylation, ha-t wern ralddmsuN élc clieaat/ﬂl a:teepe:oaﬁng tharried out as 50
des@Pi bedp ﬁm&% l‘l{é‘q Parg szg_s 'ﬂ%ﬂ t&%‘gﬁ&‘il on 2 ocedure
~for prepaihe B6rrée mpu a@ﬁﬁ SeRiA b%ﬁ“ﬁéehﬁﬁ% ffopte may then be
prepar ed @tcabqubhtions m aqnmt resﬂﬁnydikpa&h@ﬂ:ﬂi was Lpe routes. 55 In

one ,get hog A ’ét°§¥31 gq or—biel\@dt Kl ysis step is 55
neutial i 2 2 Ghatd a1 ble %}?%V“ﬁf%ﬁ, lhase Fuch as
triethyl a.iiiteﬂ&tleslcﬂrré &l ﬂbi‘ ﬂﬁ:ﬂﬁﬁlﬁgr d@é@a e until the

di met hyl for mrm}e althy gryet ﬂe oeh ta!zas bjatttslstofmlhamsol ution. The

§
sol gt e laEEr&efglm:r% ?ﬂ uE?Zn ion 1ss:.) o own in Fie. 1,532,682
ox

7 washed 4@9@ REriall eryatallind I def GndiloMydrate, CHbIGH pA f:f %arm fial ¥entical to
t hat  di setaowi Oulnstdvsm, (Phandrtit)as egiohsl qrrbed SdFemingthe ¢ arrpl e 6A). -

Cef adr oxi 1% e c erted to the desired

co o AR été‘iﬁ"éfe rerTam, el S vy o o

M Xt ur-e o&-aminoa myl)amlmamm-m:hwa- ePheid cdr lineudtiaal i zi ng the

aci di f i eqdissplving s@‘ qu'h Prggptgtaemlp obt. Dissolution

of the cely ﬂ,e redih; :jE ‘?ﬁ%ﬂ saif acifidied of 2-2..4 which

can4be achi gagp rig(ll‘ile oﬁthakcﬂlﬁfoafro (c)flnﬂ}epﬂgéncebp a Wt ure of
of ddve. Solid -«

t he sol vagxeesp niue¢t amelev\mve

| S zaf:;"fﬁ %t':atﬂ‘g{ SR dotess by
filtrati Olﬂe preaﬁlt su%a taflile fioh&Hydra i AW th activated
car #dn and/ dB) tin“iat@r adjusting ﬂ&eepl-aof d:efsbhatioxs bmtstepr(c)| 1) fbdnem-[meut radsi zed,

pref er abl n oYpRARY datea pheam - by’ addltlon of
a sui tably'dzgﬁgﬁfﬁf%e%%:% g b at%“f‘{}ﬁ-%u%?ﬁfr’fee i ‘Eg:’ttrl ‘ethyl amne, to

- ral s5 8 the sdhuiremaring Ierysbalhhheefpdrbxit mﬂndrydrateeﬁadfdmgl fo the above

process, the sﬂylatlon, acylation and silyl group cleavage steps are carried out as .~ 50
" described previously in connection with the 1mprove§ acylatlon procedure for e '
preparing cefadroxil. o
- The desired crystalline monohydrate may then be prepared accordmg to any '
-one of several alaternative routes. .
55 ° In one method, the solution of cefadroxil followmg the solvolysis step is - 58
neutralized with a basic substance, e.g. a tertiary amine base such as tricthylamine,
'in the presence of excess dimethylformamide until the dimethylformamide solvate
of cefadroxil precrpxtates from solutron The solvate may then be collected and



15 nonohydrate crystallizes from sol ution.

15 Acetonitrile is preferably added to the solution as an antisol vent

(pr eC| D_| tat| n(] amﬂnf\ duri I"Ir‘l newtrall Zat | ORt—- f\r\lﬂ:l ev-e—RRaFragTecover y Of

t he desired product Yiel ds-are al so |rrproved by seeding the solution with
seed crystal s=of the desired nonohydrate prior to and/or during the final
neutralization step. 20 *An alternative nethod for preparing the
crystalllne cef adr oxi | nmonohydrate i.n 20 the above process involves
preparing cefadroxil di met'hyl fornam de sol ‘vate as’ descri bed above and _
contacting sdid. solvate with water or a partially agueous medium until %%e
desired. m)nohycw at'e crystal lizes, from thbsmﬁBZ/ent system - The cef.adrOX| I

di et hyI f.or nai de sol_vat ssol.ve :

wat er and"é‘%mor ganldﬁzﬁéf?ﬂd@ref mﬂ L&"g"g@ﬁﬁ;ﬁﬁ § 545541 3finé E&fﬁﬂeme % ?" i iab | kanol -

25 (rret hanol., et hanalimethy mm solvaiio a:ypaél o,nve’rtddutoa desirea fachbﬂbhol)

or a m xt ure t Sgteredtmm tEI édlefplvﬁg q gQlva Tfﬁ&(ﬁ% nlﬂé"tBUIO&e?tthf' steng

s preferrde sl nce TR g HAITENES fit eutrdliz ““Pﬁfé’ﬂ'?‘f‘bq.'ﬁatett s and . .

result in a purer end-Dlastedm&f thé efadroxil dxmethWtﬁmamdxtsts oatxrsmtaqm and o

organi c “sol'vents ar%lﬁh%i @dbetaﬂeevmaby widitioh of himine@Dacidy kg HHE] 6’0!1}3'0
(32

be varied ovep,a w aﬁw&m EEIE% \}gmg Lﬁ?ﬁ'ﬁ""‘z lﬁé‘i‘m%nﬁﬂ%ﬁ errﬁ‘?

sol vent ratios. havqrgaﬂmt g&[va ahidpart y aqueous -sol ve

systens ¥and are as folﬂhemdnﬁms@moauthﬂen ulralZed,(préforp blSS/lth agitation and' with_
wat er : i sopr opanol (vg_ar 0°C., by addition of a suxta le base, e.g. an aliphatic tertiary

35 wat er:acet gqi t'r |ﬁfﬁ°ﬁ lef{ﬁ ml\’}&tﬁ%ﬁse ﬂ}$ s?hm ol p‘ftft;hﬁ po(mt/” \1/'5”re CW‘Erﬁxﬂt he 5

wat er -acetonitrile sysatcensmtnﬂé 1s|pﬁef¢iatﬂi Kideewd thosohution ardnlahﬁsnbént éet;ﬁanﬁg)l y
af ter sol ubili zati ca# 5,'3 dyris hig lt'mtffo‘teh’ of the|dg 'tt m
(+)

e . I
remains as a singt g 88 ﬂgﬁg% E. E ee‘f m‘ﬁ o rﬁy%éf?
Preferably, saéfici entA Eﬁﬁ% thod fi fle Er9stdlieefadion ﬂbﬁdhidl‘hﬂe@ﬂ 20

system sO a's to dbkiabove prodessniavoles Iptmnng eﬂ_fad@)oxdfdlmethylformamlde solvate -as

d i I '
wat er . acetonitrile: 45 ‘%ﬁgﬂte (34 sonfacting :E .ﬁﬁi o gﬁ”&@}’?ﬁ’i;ﬂ; %Kﬁ‘;‘l{i‘ﬁ q‘é"t?f‘i/at ein
t he aqueous or part ra h¥. cétad#eIlEmthlfo teamwvaem nﬁ:&!ur%bﬁ al.. = -
Best yiel ds hayve bemnerodwaameg mm;mnewch% acetonimlemcetom:mCr—aC,l dkenobf

25
bet ween 400 and 80d ’/:o >, TORTORAY 1-’1°B‘i?P%’H° 'HEF'B% amY‘ s e 03 ate
'S preferably addedi ik L oo el s o ttrew e rring
over a per| od of tlpi"ﬁd I.Cl |s dep endent on t he uantlt of so vate ‘used, .: ..
i.e. froma fék ninuj S¥hey lt&tsresef/‘e#t gic solyents ag¢ empl ﬂdhe dhearr |3Qd-_'.'.
out”over 'a v de erfi SERTIGE T, :;t";?:g:tt [ R U 1o
t he boiling point msy ﬁmas edls:r esults are o ta| ned in a
t enperature rgnge of Mamtséne @9) & . nost pref erabl y 40- 45[err]C :

Yi el ds of non ﬁydrate‘:g? fli;ﬂ?nfgﬁ %a)b eedl ng the solution of dimethyl- 35

formam de solvate wt hva i cef adr oxi I nonohydr at e.--Yet anot her:
met hod of “pr eparn nthththedrear-aoetbnitﬂlnqh iniseprafe‘rretiIueadatnmn&nBBpreferabtyraﬁeess

1 alubiigation ef e pajyass) dejcnsure solvent aggayptingle |y
S R a;t%“e%f (0

neutralizing the sotrauetnaMo:ﬁunm‘n-ls gnot (1221 3¢9 s ep-tothe: | soel ect I‘i c poi nt
of cefadroxil 7'1'1;5 tf?ﬂcwttaﬁloa @f PQ}&% ﬁ@?aq @% at ic
CortTary e sttt S SRS R R

grade cef adroxT | teGQBieﬁdiiHlﬁ@dcﬁ@to the syetpmnﬁl de

water or a mxt ure snfrms/a?tl@ra periohof-time Whiclbis éem pu:the@t@arsm ofeoltrqte psedf er abI y

acetoni trile, "acet difes t:ig%ﬁn sl{%r%) s"':gé; ﬂ tlpe ropanol ,
I u ah ki

i sopropanol , mebut &a&h;?s uréth oilthg pBi "‘Efgf? agﬁ g pAdr OXigh

nonohydr at e crystaldbtamd uf: ammtmlrme ON&nmrBQHGQm;mostpfefdr HefesfCoxi |l - -

. red by 8 tio
Eol utionsto f ?)r m i gy qa" ﬁgaﬂmgﬁj aﬁegcefadr mogt“b '{ (‘M%’M’sé can-
e conveniently carri Q Vd “mo ydrategfnaﬁ’anJbo@d ition
of the base tGSt he pBédessr eehpsieds U(T). pna arl behe sipmea ‘eefddenkil aaid | cleabiyg tHeesilyl - 55
_ protecting groups by hydr olysis or alcoholysis as described above, (2) neutralizing
' . the solution from the cleavage step to the 1soelectr1c point of cefadroxil (~pH
..5.7—5.8) ‘with ‘a suitable’ base, preferably an’ adphatlc ‘tertiary amine such as
N -trlethylamme, to. precxfltate impure or primary grade cefadroxil, and (3) contacting . . .
60 said impure. cefadroxil with-water or a mixture of water’ with a suitable organic - 60
: * solvent, preferably acetonitrile, acetone, a C,—C; alkanol (e.g. methanol, ethanol, -
n-propanol isopropariol, n-butanol, amyl -alcohol) or ‘mixture - thereof unnl
- cefadroxil monohydrate crystallizes from solution. -
' - Neutralization of the cefadroxil solution to form impure or primary grade .
- 65 " cefadroxil (amorphous) can be convemently carried out at room temperature by 65



be crystallised in the sane manner as descri bed above for the cefadroxil
di net hyl - formam de solvate. As in the case of the dinethylformm de
sol vate crystallization procedure, ﬁﬁmﬁ—{W
water: acetonitrile: n-butanol (1:2:1) 5 (v/v). A nost pr

enbodi nent of the present invention is the process of formam de sol vate or
i mpure Sﬁol mary grade) cefadroxil by the steps of (a) dissolving-the

Hipet hyRformam de sol vate. of 7-[ D-a-ani no-a- (p-hydroxy- 10 phenyl)

acet anm_do] - 3- net hyI 3-cephem 4-carboxylic acid,in acidified water or a
m xt ur-g8of acidif.i ed water -and acetonl trile; and upwardly adjusti'ng the pH

-

of said acl gl :{{E 1 mi C“. oL 1t BhA32582 | T ec m)nohydrate crystal I8| zes .from
sol ution; orbe(dayst ‘ﬁ tothestlrreds i

7- (D-a- am ndozm WpAWrerata) oumm leremm4 carba,yl iC
aci d ot he Bi® rhyhém ¢ dimethy Kermhmide dimgthis . a
partially a(sue?gu g;dl m unt| I the &“‘gﬂs@/atemmmeaxbetagd?%‘{ | 1izes_ from
sol ution ntlef sl pradeb ef adr oxi.l rtings .
materials u Gamldets aua h etfﬁanpglig% ? dn%}:zl mmfocess \\3"
descriiped |ph;r€r§32c‘@°b’mrthea E %e . %ses €.g. the
processes dm hyliaEl:ephe'm : [DZ%MB- -(thly at ent *

Speci.ficati Qﬁﬂl&d%ﬁm ainilﬂahe

; j 758 1oPreferred
condi ti ons ?qntalrgng:e i 1=a1tys msm %k Aé’§ ,ess are as
descrivmed ‘g Q!MhdMlIn%lh orgal | reactidn
schene, i. eolu dne co ?‘ﬁe‘ﬂedg‘fmy!nat thendesw 2 eé:;d uhtysdmate pr oduct i on

. steps. abo Ubi'hﬁﬂldetsmate rred re C?I oﬁys“‘"bzéﬁﬁbml ons tsdescri bed
above thea v ?;ﬁ?ess mazaneufu, G@Embh:mﬁuhﬁu%?ﬂ %t ion of Primary
gr adélcef ad?atexu deaesa -

UKrani de sol vate

subsequent PRS‘ laaromlsamsgf sgﬁt?f“c SI&F&!\mI&!&s 74 gn&is A
nt 839 200ver al |

to cef adr oy dlabﬁsszrfoﬁ,ﬁﬁ BYA eI s of up
yi el gs O sz:ﬁéas ; @co $i9 maﬁcfuﬁ%gg%‘ euﬂzbvépm&gs about 75%
Wi t héit ta.kl gﬁ* r{f&% gﬂbw ono g,gdsgfnhie if a 30
second cr thelnfod IOhsdnstribbaz P%.at i on. not her
l'i quor as fi% é‘F ld)rxfgﬂx i ﬁ‘;ﬁggg}gf toailinl Q%;rﬁmohydﬂéte,_ i
prepgy ed abomm BEde '

e
convent i of ‘I’ut ,,ﬁ, nhydmdfrﬁvfﬁlt of upyfoed and prepar ed
into phar ﬂ% aIsIra;BSer @"94111 ab; i el ﬁbleu}i)to 35 therapy in

ImIP%PYdS td) and

conbat i ng va’rheou s -| al .di seases E?(%Wﬁ?‘é@o érliq 2fornt? at i ons
(e. gscapspio ssmd:aﬁ ab Preparedrud:cord; grmd adm ni stratin

of cef eaﬁ.@o Ei"é‘u egltﬁlﬁﬁfonc $ions are as
-descri bed(ejgnc - ;no t dctee;at 6®ehmlu&o 5,74] for the
anor phousm\f'r@hydrﬂ P’es modes o;r hfarmulations ncl utles a

phammaceLﬁ atle@ra_ms, !lsaduéysdasc b‘:ﬂ, eutical
.conposi t |ptn51, n thys lr@ludésaapn I§P§f‘£ o dc&%&ﬁyst all'ine

.com
cef adr oxicrystatline tedt £d?| 6ra Qgﬁﬂ‘; qmd'utablpal |y ggceptable
carrier @fce bla@meléfﬁﬁlu&l}o dg’lthntl Spmhl :ﬂsz BSI ti ons descri bed
abodse CagseR mpoun swéd’harﬂla?euﬁ&ﬁ of. treatin urran r ot her animal
.speci es (h;eages dﬁﬁgﬂd cgtigg humansésogg:g%%%‘ s e bdyy chl 8en posi'tive or
G am neg f#meesbmhﬁ gm{gﬁ f ng t4y t he subj ect
host an wcisaeai deﬁn)é e} ﬁ“ﬁb%@lfadwemak Hp@ ﬂ te as defined

hed®i n or ra‘mae" tic nposi| % T b:aﬁpbslﬁ & i ned. 50 .

The fol Ilovmngx eqaa b \Sl!!m by wwyofqﬁustrgl&ﬁs&r ion of the present 50
S s

i nvent i df BBy ifAbBE R it eﬂf 1% iz*‘?mAm nagdesacet oxy-
cephal ospolP%lPﬁ 9*%1"& 4"9ethjdfmﬁa;:€7 AL thﬂmnpaﬂmea ne as TEA

.di gethyl- aniline as DVA and dlmathy ormam de -as DWVF. anple 1. 53
‘Pr8paration of OP;@W:A&&}Q: (?; anohydrate A. Cef adroxi
Di net hyl.f of B! Usfadzox hjdraask equi pped with a m xer and
thernonezseﬁné;?mr eig §d;‘ll Ombedozfmh l_mhl oride . (K F gso 05%

7- 66‘DCA SJ)C@d t Be ylchlgﬂ, eﬂ‘&ggi%)l ?%?hDCA (100 Ometer were added

rou ( '
o ught to 4—6° and 128 5 g of D(—)-(p.hygr(,x;“” ‘}lseltllylﬁn



(80.5 g.) and trinethylchlorosilane (105 g.). To this reaction m xture was
then 60 added 18.1 g. of triethylamne with agitation over a period of

about 20-30 m nutes 60 _The tegperaure was maintained hetween

25-27[err] during the TEA addition The Téaction mxture was stirred for
60m nutes at 25- 27[err] and 67 g. of a solution of nethylene chloride
contai ning, 33% ww of DVA HCL (K-F. [err] 0.1) was then added. The sol ution
was brought to 4- 6[err] , and'1'28 5 g .of D(-)-(p-hydroxyphenyl)- XN 3
1, 532, 682 R ’ 9 egcyI chl ori de hydrochl ori d%
added in-five equal al i quots one aI .quot being added every 10 m nutes. 7
Fol | owi ng addi tg on of the acyl ati ng agentls:;ztgg react ion. m. xture vvas st | r9r ed

for an aqditi orrat—68— ﬂ 0 ; : e-.r.]-
el R B S

pr ecoat (G‘” sat_. Lat@déed B0 @dy dfovateCan dfeablumm)wzars rmhwm adlionnat er -

and 300 ni>=net hyl t“E,eh ’Efrfgl'dtécd lc evbé@;'k} ee%rﬂehkt:a) it &t
20[err] was added d&1The Qfucon wm aé i@i@rﬁﬁ]e to.
Ha

bring tHe sol uti on n@bkdp&xoﬂaﬁsﬁffﬁ:enfrﬁﬁthsl@ m‘elt@Bn
di net hyi f-or man& solnton yygs, °aGddga4—u'+lﬁd@md lit)nethylfomianud Imanll)@ddsdvmdena 20

m nute period.” Afte w ;tjléom(%:é tate %ﬂmﬁﬁf 1 mmu‘ﬂ? gac qs to 10
3[err] &nd agit at edorfakideNsol cHsﬁ soRitidd lafid w le&@g%mg %Jmt hyl

f or mam de sol vant o'rayl?ptiamhz@@lnﬂrafrdlmhwformand was col | ected by tTiitration _
and washed with 400 01;1 dglorret Ifor eS'olvt 4 n ofd Cef adroxi1
DVF Sol vat e t g5 Cef aerﬁ'tba read wnthaelt (t)lo ﬁﬁﬁg% Sml eake
were added with aglatcetbmtrﬂle azoo:tﬂ) ﬂ.emfaafo Aflfopmamide &we&pm&r(hé e )0 -
m.), the cefadroxidbta tgﬂ\fc (Rarccc KR gnap

part A), 10 g of aggff Ggﬁéﬁ‘b %ﬁ l@m@#%@%@%@% fI l' em cal

| ndustri es, : 'hD@dithﬁbn waS stﬂ-rJdQ'Gi @tdl icali reloalh tﬁo .
and suf fi CI ent 6N H@Ishetimtbﬁﬂenlt otdumstui-etmmamxmfl larhleWatemﬂannmoetannme

2.0-2.4). . te i P‘Pdr@/ edt erd on-,. |
5 oat ] £k G pres R UL if%"%taéan R IR o g
110 m . ‘wat er 2&nd Isfuted At alleetndmfttlus benodpémanl b adetonitrile has etl'foiiﬂfﬂt wnd
washi ngs.to 35-37, “Ph‘é(f ger b agitation) syffigiens triethydamine aver M*Otmtn@tgperl od
sufficient triethyl PSRy ﬁ BE

e
S e
acetonitrile. The swétd 250:mnua5peﬁ6d tvﬁ difita 37°. Aftd gout es.
At -the end of0t hi s%pﬁﬁ% ﬁl f,f}’fjm coot;ai: t%@‘lé’t .|sltt1nrqdlcuew?l§i0aduiedggmetlg]% 10. 30 .
25 minute period a pot Taiqnew Lot} over a
o mnare pert o ol Moo TS W S B e

stirred over a_30 rhmnﬁ@e@dlowmd aict& wliesr]) fol ovved by add|t|on W th

agi tation of -980 jétljl‘?'l:f mewe‘to“@ﬁhzemmpﬁw% period while maintaindhg -
the tenperature at 35 mi‘nutes the mxture was cooled to.
20 and stirred over apH:24)5m nute er| od The 30 crystals of cefadroxil '

monohydrate . ecoII ﬂRgf ion; 41383t i ori, washed ‘with 400 m . of a mixture
of 100 m . wat and IAs éﬁd %,jgé ®ried in an air.oven for 149
hours. There’ was obt ai ned” 94. of cryst aI l'i ne’-cefadroxil monohydrate
havi ng .t he -fol | owi ng" char acter.i. st i.cs; . 35Example 2. Descrl pt ion: crystal li ne

yel | owi sh white powder ... eparatlo? olt_‘0 Stalrg:teh;l:t%r % EP’ as-in  Fig. 1.
Moi sture (K F4y: 5. 1%pl 641 """ ﬁﬁ&ﬁi‘ cﬂ'gls methylene 45
Cheni cal* Assay (i odd ; e jTEAl :_1 498 3 mole), tnmethylchlorosxlane (189 ml.; 40

Bi ol ogi cal Assay: 717 Nﬂ?“'éﬁ(l kst 10|
Cef adr oxi | . l\/bnOhydEn%&é}e - ‘w‘t lglf’ Eg %?

oot R
a6 liter r ea60 or mmoadmwdm DMaﬂt H ot (30% \ﬂ/wSmeﬂ leﬂ:rah:}l haqssormtt 1ene
- .. moles) followed by D(-)-(p-hydro yl)glicyl ch oride hydrochloride ( 177 6g:;
e

" 0.64 mole)in 5 portions with stlrrmg over one hour. The mixture was stirred 2hours . -
- at'0to +5° and then 70 ml. of methanol was added over 15 minutes followed by 800 -
-~ ml. of water. After15 minutes of stirring, the pH was adjusted to 2.3 with 120 ml. of .
55~ - TEA. The aqueous solution was separated, polish filtéred on a Celite (tradename - 55
© .. for diatomaceous earth manufactured by Johns-Manville Products Corporation) - - '
Pad (washings = 200 inl.) and adjusted to pH 4.5 with TEA. Iso ropanol (1.7 1.) .
llowed by DMF (3.4 1) were then added. The cefadroxii DMF solvate
- ... crystallized after a few minutes and the suspension was then stirred 3 hours and left o
~ 60 - to stand overnight. The solids was collected, washed once with DMF and twice 60
o with acetone and dried 24 hours at 50° to yteld 267 g. : :
Anglytical Data - :
Speaf ic Rotatmn a,,(l H,O) = £124°



chloride, 7-ADCA (149.8 g.; 0.693 nole), trinmethylchlorosilane (189 m .;
1.5 nole) and dinethylaniline (87 g.; 0.717 nole). Triethylamne (196 m .;
~1.40 nole) was then added over 20 mnutes with stirring. at a tenperature

bel ow 25[err]. The m xture was stirred for 1 hour at 20-25 and then cool ed
to O to +5. To the 50 sol ution was added DVA. HO (30% w w in nethyl ene
<chloride; 90 m.; 0.717 50 nol es) followed "by
o EFD( ) 58 hydr oxyphenyl ) gl ycyl chloride hydrochl ofide (177.6 g;; O. 64 nol e)
"™ n 5 portions wth stlrrlng over -oné hour.  The mixture was® stlr»red 2 hours
at-0 to +5 and ‘then 70 m . of nethanol was added. over 15 minutes fol l-oned
by 8@ -, of vater, After-13 AS¥88s of :stiyring, the pH wasloadjusted to

2.3 W th- 120M§hmre0(k15}5183° TEA. The ‘aqueous: sol ution was Separate poli sh
filtered on &hepddal Hwa madavﬂamms nﬁ-:g,/lﬁgr di'at omaceous eart'h manuf aHed by

- Johns- Manvi | 8055 ra ad, (washi ngs = 200 n ) and adj usted
-_to i 4. SSwji fg &O gﬂﬂa'rt}' %‘ °s‘;'d‘f‘(§1"mg‘b’§'u£§\@atﬁ'5 4 1) vere
t hen "added. The tcef adrOX|I DIV soI vate crystall'ized after a few nivt es and
~ the suspen N, r@lltm“ohydmd |eft 60 - to-stand overni ght.
The sol i dgmyv%aﬁaﬂcg ‘h%(g‘ &“Qg%ﬁsﬁflv t!'lti %’gt 0 wi t h acetone
and dri ed “@dité10i & egister A}ﬁ Sttt ENC e o SpeC| fic’
‘Rot a0i on: fltqp‘fg%ugh[aeec ith watb The filtered solutlon was .
1,532, 682 S :dgd m&d%l%ité%eogc adjusted to 5w1/‘ti triethylamine eymigghu ﬂ(ﬂﬁn) 1 83% »
Cheni cal ﬁm@)ﬁ tm c 2 ‘Eqﬂ gpjuste ol nfrared
Spect rum C¢(ﬂlﬁhlbll‘0ah 1) tatﬁ:gghd é150(1@5} Y zéo ?’gg%ﬁ S. Patent 5
Spedidf i Caf’ : ﬁg&wﬁltﬁ}'ﬂrmz W&s_collec;g:d wa.}hed t\d;lée gnth c(&lld water 15
5 B. Cefag t q% é%‘ "ﬁ”’ﬁ’%‘? tRavipg thegsame 0. 105 nol e) was
di ssol vedal}‘rgll?‘('!:lLIS‘:(gl m - water -an % L (36%9 . Charcoal (2.7 g.) and
- Cellte (1.35 .g.)were then addecExaﬂlﬁleBlte |s a regi stered Trade Mark. After

' t ecoldltered th h a Celit d
ndnches Nmibd o TR sl el PSRN 208 Boor 1) “a

_the pH ad}ltststtédrytrmetm&e\nhlbhdet(KFestdh /aﬂs aalde mexdtuftﬁnﬂmo‘t hen seeded with
crystals ltoﬁ%&gt&%eﬂ oip ﬂ -§§ el FFdefa Ybouestoreffect. 5 with .

triegshyla $) ﬁ"‘g"ggf’g 4 A %@Ve drEo an
pr ogr essi \%ﬁy m)efycmd 8§ohtémom‘té m : uc?eﬂis tuvsm-d n}kﬁnmﬁed f o&

-at to + %{éﬁ%ﬁ? M QC‘E lawdhxed@@cmﬂm gaf at e was

col I ect edi; ‘%ﬁfmls %,éﬂgll EF?E%’: '*“;)z?[ err] to-yi eI d

30. 80g. (Bv.a-pm ypnhﬁygmil ﬂﬂﬁﬁhechyd lﬂoﬂﬂb chagacteristics

one hohr

as descri > "’%'dg'ﬁﬁ at;—ﬁﬁ: wﬁe(e‘edtagsoxu 20 _

(illustra Bkttt 161 ;;Z?PE% P ery procedur es)
. 20 Toaswrmuamc‘g iu i Obtain oy i ? 0.1% in

3.5 i tersndaflamt temperatﬂné th iinutss. Follchin ga la gs Wi t hssmder ate

stirring s ) s'éles‘ivhﬂ&z!aﬂetammhethsl urry is
el el qy’g, 0 é&%&”ﬁﬁﬁﬁ:ﬂ? TR o o1 sic 11 ona
tot

16 hours" amidid bﬁec Hidridd) The Aash is-ad @@e chloride is

. addedd to gﬂ\gg "f o 2}: 10‘29!“ tedwhtmm%r;;ﬁto % to #bout 8 5
liters. AR aims faé’g, 8&2?{] TR (605 m :
nol es) - |stad§d§ Ellt s ea (to Tge i£) of a 32%w/v
sol uti on ﬂ¥50$m§291®1 ltehslnmdersatred 3nd wa ‘r(éaastaddiﬁom xture is Chl |l ed

Lo Bt E&W%gf‘ﬁ% M;%W ﬂgﬁ@*ﬁﬁ% Eiezn10 of (165

heri di oxafie. tlsenrpdncsd uﬁﬁeldsmremg.sm@fl 68f g—ABmAhst h e holding the
t enmgr at uf; g? ﬂ“é‘s pf;s ?t M@F-‘éﬁfs@ HPPJFY N[errJ gas and
_ m)der ate- 5 addffiohal aﬁl@ﬁift of'blé’éf x% Ipro ct ?'iff? ecove Jaqrom

the mother liquor dnd wash produced above by the steps of (11) redicing the volume
- of the filtrate to a mush, (23 adding 28 liters of methylene chiorde to the mush and -

: warming the slurry at reflux; (3) maintaining the slurry at reflux for ~25—30 o

55 °  minutes to form the amorphous product, (4) filtering the shurry, (5) washmg the .55
- solid cake w1th methylene chloride and ©) drymg the cake at 45—50°C. :

o _ R Exam le 4 '
_ B " Preparation of Cefadroxil
60 o (111ustrates silylation' with tnmethylchlorosﬂane) o o
: " Toa slurr of 7—ADCA (21.4 g.) (97.4% pure), dry methylene chlonde (250 - 60
. ml), dlmethylamlme (18 ml)) and trlmethylchlorosﬂane 26.1 ml.) was added 27.ml. .
of tnethylamme over a 20 minute period wh:le mamtammg the temperature at



reaction mxture is then warmed to 0-3[err]C. and the reaction continued

for 2-3 hours or until conplete solution is obtained. The solution is then
war med -to—20C 35 and-pmintained-at this tenperature for 30-45 njnutes

Fol l owi ng acylation, 3.75 35 liters of dry met hanol I s added as rapidly as
possi bl e whil e maintaining the tenperature at 25- 30[err]C After stirring
for 10 minutes to ensure conplet€ solution the solution is polish filtered
and the reactor washed with 930 m. of dry nethanol and 1860 m . of dry

met hyl ene chl ori de.” The wash is added tothe filtrate to give a 40

vol ume of ~17.5 liters. The filtrate is then titratéd with triethylamne.to
pH ~2.8 40 (=450 nl. triethyl am. ne) f ol I158%682by -cont i nued slow addi tj ﬁmof

triethyl. m e over e reC| oyt C oxH a110C
anor phous pr oduct . §h§m e%oa@‘a?" Qgﬁﬁi_ﬁﬁ&dﬁhﬁﬁ ‘W‘\f?ﬂf
5.7-5.8 i-s reached nidtigleat chloAd lfy)drd)
stirred anfi"cqol ed B 6“%%8@%’-32‘ E '!!dEEf‘r an&gl@“;%%ﬁ Ywetief@hﬁ‘orl de
i s added s vvlysa J'}S i's
stirred for 30 m nuﬁeﬂﬁtnéll’fﬂhefrbicheﬁ turmmﬁéedﬂf t tﬁ?f' lh‘ sted to?)%:’
chl ori de* nethanol & W,fri a}mem oNgr aﬁ@lmdmteemned T45h159u wascad

I

primry. grade efa mg % ﬁe?4 me yten @ltg%dgqﬁ% %er
d maf

1 kg. of 7-A Stc’iﬁ&ﬂyﬂﬁe di?iab
Assay i Mdicates Iesﬂsonotmcve%jamng»ﬁngSmoyleld =d94m%hy aniline 1s pr esent

product has a very high water sol ub| lity n - add| tional anount of
cefadroxi| product (~125 g.) M atfo%crf? t‘;mt her 1|i quor and
wash producedliabove (ilipsttdte mdsepefeaied Liystal h@g)c u gtwerqf;etameﬁa‘ it raltse

to a nush, -(2) addi ng. 28 Ilter Pte (bhl)brde to the mush 2a!md
war i ng t he slurry4§j_4 i{jﬁ%‘;ﬁ Egz{ng IE)Z
~25-30. 55 i nuteso a0 AR ﬂbtﬁ o Ry T%ﬁxt hdi

slurry, (5) wshin lwhléof @wdlllmbnowdeatwkfterstml fo€ RE0 minhites a Qstalruh(yG) 20
?

dryi ng the cake at l‘%’ﬁ ‘?" %__ ‘tl qsoﬁd‘éﬁw prar
(illustrates silyl a&m&axm;l i rgr, mrctmfora Kot 0sI urry

of 7-A ( g. )Tlll(l@t% A%tpmtrﬂe) (3701 )t!BI edibd (bbdrm’ 10mingitHPeriod

di net h?ﬁgnlll?ﬁa (1§1fy ssow 5:%&* Ef %y‘éﬂ‘ﬁ P @&ﬁ@ngéflaut %? (é‘@ded 7
m. of triethylam g@rd\ugl oso poctalerediiyilvd ?ﬁi}!f e gy is |
tenperat,ure at - 1d0Oto +3°C. overaone hour perxod and maintaihe e for 30 minutes. ' -
11 25- 30[err]5 Th hfé'- rtl rdmetpmtz&c-@o{ltemqi]a@ 1:0:ds The Suiisr s, and
the reaction ™ xt uf °r§ i rsgl[nl%? fW%egggﬁypﬁréﬁ(l&)(m HGI0 (
11.0 m.). 32% Wi v) | NThess meg d‘gf I @L;@w%g,ﬁ%g}gmtpon of
28.3 g. D(-)-p- hydiB KR:hJAbﬁ%de hydrochlo emdl oXxane -

solvate-in 7 gcr e rmar;m“' above, ¢ yenecqyertd amendt @ i od
whi | e nai ntai n| ng t; ah- ,ﬁqmeﬁ Jgé’it}?g 'c &Bﬁ %%?sl fl',t,w"al 5.
Di net hyl f.or mam de .¢duivalend weigts. oﬁdd’ o:flumeﬁatb)fo roxXil st E -
The reaction ni xt uPed 1§rtTl¥srsé€Pndf° 9n 1 dry mmd!rhes ¢utllrted&t=bwadj usted to pH.
5.9 with 35”30 of trial ¥ "Q}urry

was added with sti. cdm e li&ﬁogaiuty séedrmﬂx ' &E»hg ré];f T’x to‘%’t S .
filtered -and the fp’ Popmanol S 73 ma hwnrs mtnﬂﬂieslniry af204—21°c o
met hyl eng. chlori de! r‘rgj At gg{‘%;;tiec oride and dried
to give primodsy grade4 Oedsk teQoake wit lgf bopotency 65 nrg./ng.’ 4“5
Bioyield = 94.6% “g ;v nnefclréiddtadrahmvén fdorobgslirat e 15
(illustrates nost . gl o 5/§~t°<£|I?MEa?1v%ﬁsf}w@c@m!rra@eésma@tency— ~750

wat er: acetonjtril e 71 Thé DMKt oival i 370 m
dei oni zed . vvatmr an@n%@omrted)lfo @é&f&%ﬁbﬁsﬁﬁwﬁ oo “E@fh%q’r e%l Q,E@ ?Jss

added 50-60 g.- 6@%&‘ t~r508¢ mon@hy@ra ﬂhg ) over'
a 10 ninute peri odcefmésu?@% Ea ‘dl&ﬂ‘f“(‘}W pdratediogthe prmary grgde

crystal s of cefadroxil rmnohydrate After stirring for ~10 ninutes- a _
crystal slurr 20 fornms: Wmch i S-St i Exambldé &r an addltlonal 5 _m' nutes. .

S o .. .Cefadroxil Monohydrate = - o
Addi tional Pr I"mary gr ade (water-acetomtrxle-n-butznol system) . - 5
.Primary grade cefadroxll (27.0 g.) (prepared accordmg to Example 4) was

crystallized from a water-acetomtnle-n-butanol solvent system according to the
following profile: .




cefadroxil is slowy added (~40-50 g. added/5-6 mnutes) until a total of
1000 g cefadroxil has been added. The slurry is then stirred at

over a 15 mnute period to the 25 crystal slurry and the slurry is
stirred for an additional 5 minutes. n-Butanol (370 25 nl.) is 'slowy
added toathe slurry over a 15 ninute period dfter which the slurry is
stirre gnd cool ed slowly over.a one hour period to 25C. The slurry is then
cooled.to O to +3C. ‘over a-one hour period and maintained at this range for
30 minutes. The final solvent ratios of wvater-acetonitrile-n-butanol -are
1 2' 112 The slurry i:s 30 = fil tipsssd2and the filter -cake washed with -1150

W tlle(J.S) vy 30U AN arted—ar S0C T TOT \abgut 12
_hours in a ci f‘%‘%e‘“mé air oven. There is obtained 745 g.  of whrtew
crystalline cef adideki | rromahydr atedn eBupot ency = 940 ncg./ny. K F. = 4.6%
-The actl vity i ringpansy | | ¢ fimmin. )abovef@a)n be readi.l y recover ed as good quality
35 cefadroxiT, di met nyT T pr mam de ol Vatg TCh. Tgm be—convert ed™@ o
‘addi i onal = 35 caf adr oxi | dr)ronohydr aotse by cr,%ﬁ%f"m%ﬂ above prsocess af ter
substituting an equival ent wei-ght of cef adnd&ml. adobdnitsilel vate for the -*
cefadroxil startipg materi aGi used’ t;berel n. T{% s second crop recovery

Ad

procedure is outlined below 1.. Under vac@ SOC concentrate the
filtrate to a heavy syrup. 40 of DMF to the syr'up
and armto 45C. Btir the Bix to ob¥laj n laeﬂpheilte honpgeni t y10 Seed with
crystal s of cefadroxil.DVW solvate and adgdded . of isopropanol. Stir and
cool to 25C. over22 hours.17Stir ‘thesgslurry at. 20 25C. for 3 hours and then
chill to 0 to 3C. _and hold _for 3. hours 3. Filter the slurry and wash the
cake with ~200.m?2 of DWF.2%5 5.4. \Wash the .cake with 500 m . of
acetone. 5. Dry the cake afg 45-50C. 47| nacirculating air oven for ~12.
hours. 6. A vyield_of-91 g. of DVF salvate should be obtained. .Biopotency
~750°ncg. /my. 7. ¥he DVF.s¥lvate is¥sed as starting material ‘i ¥ the
process of Exanplg .5 50 42 can besconverted to cef adr oxi | rronohydr ate in
86. 7% vyield based on bi opot ency. : 50 Bi opotency = 925. K F. .5.0% Thus, an
~.addi ti onal ~64 g.2of. m)noHVdrate caﬁi be og‘géuammm ch indi cat es ~90%t ot al
~yield of nonohydrate fromthe primry gra eefadroxrl, Exanple 6. 55

Cef adroxi | Monohyzlrate - 58 - 51 - .- 55

(wat.gyr - acetohitriJne n- but anol- systen) Primary grade cefadroxrl (27 0 g )
(prepared according to Exzf?rple 4) véegs crystal lized froma

wat er -acetonitri Iza n- but aragl soI vengy syst em. ager;&ﬁtgjeng to the foll owing

profil e: 12 - : - added -~ 1,532,682
12 I ncrenent of- Cff adr oxi | 9Added 4. ‘Time R Terrper ature (| n grans)
(inmn.) = ([err]C.) , _ 2 - -0 - 50
initial. solvent- slystem 83 . . 5r9corrprlﬁedcei&x1tfﬂe wat ef and 4 .
~acetPnitrile 2.~ . 6 50 added’ - seeded with crystdls of
- cefadroxil.Herr}]0°10 - o = e 12 .. . 50 .
6 m. acetonitrile - .~ .. 10 addeda acet-omtr__ﬂe 17 . 50 2
23 . . 45 . ' ' o L
L 118 . o 42 : lOml n-butanol
- o © added— hotplate ' .
30 Lo S tumedoff = 30- -
| s S
98 15 o o SR
28 12 - -
. 278 o S 3 | --'fil'tered 3 | -
35 A total of 20 ml. of acetomtnle and 10ml n-butanol were used. The crystal slurry “ 35

was filtered, and the filter cake was washed with 30-ml. of acetonitrile:watér (3:1)

: (vé\;)/and dried to give | 22 0g. (81 3 / ) of monohydrate product Blopotency 960
mceg./mg. .



2 29 47 15 2 36 50

15 2 42 51 2 47 52 3 m.
acetonitrile added 2 58 5120 2

63 50 . 20 2 . 69
47 2 nt..acetonitrile added 2 : 79 _ 47 1 ¢

83 . 49 1 mM. acetonitrile 25 .

added .' v 25 98 . 47 . 4 m. :
acetonitri I e added 118 - ,42 710 M. n-butanol -added' - hot

pl ate 30- : R "~ turned .off.

30 178 - 13 27 198 . 15 2181532682 12 278 3 13 -
filtered 35 —Atotar-or—z2o nr. of ace[onltrl RN [0 [ O 1 T DU AN WeT e

used. The rystal slurry 35 was fil the filter cake was vvashed _:'
with 30 . of acetonitrile:water (@éifg‘ﬁgﬁ{oﬁj},%‘ﬁd‘@,u ed to give 22.0°g.-
(81.3% of<nonohydr at €efarmalili (28 g.) B gradey was if@énentlly Addgd to warihed (55°C.)
1,532,682 k/ 5 . water and crystallized accordmgtothe fq}@w.gapﬁg“ﬂ@ 7. Cefadorxil .
I\/bnohydrate (crystalli m}énggtgfrom wat er) Cefadroxil (28 g.) (primary grade)
was increenental | y addedcétsdrwr med. (55[err] C.) water and crystallized

accordi-ng to the foI | Owéﬁgdﬁgr of i | Fime Tel:ﬁerature - 5 Increnent of
Cef adroxi| Added ! ‘“‘F’é’ﬁ‘berat ‘é)(u ngrams) (inmn)
([err]C= 10 10 25ml. waterused . 55 Mo
wat er used 10 i ni t i al | Yy 2 . '6 _1n1t1ally 55 o seeded
with cryst aI s of cef adroxi) .[err] 1 6 | 55 9 seededWithc?y?talJ'SS 15 3
1 14 : o - ofcefadroxiLH,O = - o
29 . 524 :; 39 52 2 . 44 . 522
46 . 5220 . 1 19 55 49 B2 . 10
water 20 added 3, g5 54 . - 521
59 B 64 52 | S § B
69 S : 103 . water9 - 52 25 added '
o ' IR N 46 52 o _ B _
; 20 1 4 52 . . 10ml water 20
. L | © added
3 45
ae 59 52
2 e e
s L o e . .52, . 10ml, water S g8
g . o ~ added - o .
2 % S
| 1 .79 . 52 Sml wateradded- |
. _ . L Heating stopped. R
3 - : ' ' SR Allowedtocoolto = - - 30 .
- . S - ~ room temp. Placed o
. : ] ' . in ice bath and
- ' : | " stirred for ~1
. more hour. -~ _
IS _'; - 35 A total of 50 ml water was used. The crystal slurry was filtered, and the filter cake o35 |

- was washed with 35 ml. of ice water and dried to give 20.65 g. 79 %) of title product
.- Biopotency = 960 mcg./mg. DMA < 2 ppm. K. F =4 6/ ett color = 375 (10%
., soln.). Chemical potency 963 mcg./mg I S _

.40 T , ' Cefadroxll l\gonohydrate B o o 40
s : (crystalllzatlon from water-acetonitrile) ' g o
o anary grade cefadroxil (8.0 g.) was added in 1 gram incréments to a mlxture :
. of 5 ml. water and 5 ml. acetonitrile at 40°C, over a 45 minute period. The solution
.. . was seeded initially by addition of cefadroxil.H,O crystals. The reaction mixture
45 was stirred for 15 minutes followed bfl addition of 10 ml. acetoniirile over 15 45
minutes. The crystal slurry was ailowed to cool to room temperature.
(approximately 3 hours) and was then filtered. The filter cake wash washed with 7 -



2 74 52 1 79 52 5m. water
added Heating stopped. 30
Allowed to cool _to 30 roomtenp. Placed in ice hath and

stirred for ~1 nore hour. 35 A total of 50 ml. water was used. The
crystal sﬁﬂrry was filtered, and the filter cake 35 was washed-wth 35 m.
of i.ce water and dried to give 20.65g. (79% "of title product. Biopotency =
960 ncg.{'gpg. DVA <2 ppm . K F. = 4.6% Klett color= 375 (10%sol n.).

Chem cal potency = 963 ntg./ny. Exarrpl e 8. 40 -

-Cefadroxil onohydrate . - 40 (cryst aI l'i zat i on
fromlwater-acetonltrl le) Pri rrary,sm&gle cef adroxrl (8 0g9.) vvasuadded |n 1

el XTUr D ? . CELON-LT]
40[ err] C. gt} ﬁgé}ﬁﬁﬂﬁ tq&ﬁ'ém H,ﬁ'[ > mE) 8|n|t|a|V by
addi ti on of cefadroxH err] crysfals. e reactlon m Xt ure 45

-stlrred for 15 m nutes foIIo d?-xlaédrtlon of 10 m. -acetoniirilé over 15
45-m.nutes: The crystal / n‘}i‘f" ‘cool .toroom tenpel"eft ure.

- s .
(appP oxi Bt ehrimaly BAKE 53 (167 g Wadadde dai be. Hikeuré bf 4.5y mpake Wash washed
wi.th- 7 . wat2r dnd 7.0 ml. n-butanol in lg mcrcments over atwo hour penodl'ﬂiﬁ‘ﬁ odis

14 m . of ma‘é;é'? ﬁw’rtd d (81.5% of
{ithg pro@tqw,,ﬁ;zt e 3 swa”:’m T i cal o vy -
965 m:g /W‘g aflol, ¥téranh ﬂ(is)ép opdvoharid\diicd tegite 9.4 g. (82.7%) of
(crystalltl qoéwtfﬁlmtmxarﬂﬂpmfa&(@}(lbﬁ H¥%./Chemicat palensx <966 11. 7 g.) was

addedt o a™fB & 'm xture of 8. 35E pl er and 7.0 m. n-butanol in 1 g.
i ncrgnents over a two hour qefidtddil MobbBydeR&Ct i-on mi xture was ini gally
seeded wi t(froms cefedrakil QMF dfaadum Watfreaucvt])maﬂnaln mgnesctrysmlladtMMH ng the two

~ hour addi tj fl dirp ?ﬂ?‘?‘g deddpato room 10
_tenperatugg,%éﬁ%?ﬁe g‘ﬂfégm e)ff °mmm§ﬁ§& - on&n&fﬁg filter cake was

10 washed with n-butanol, water and isopropanol and dried to-give 9.4 g.

(82.2009 of tjloprsm ct Bi opot.ency .= 940 m:g /Img. KF. = '.3%0 Cherri cal
pot ency. = I?ﬁ%é@m ¥ Egﬁﬁ)) '& {
Cef adroxi | . I\/bnohy rate 15 (from cef adr oxi . DWF

sol vat e usi ng waer - acet orf! trile-n2butane crystal | i zation) Cefadroxil

di met hyl f or mam dg sol vate (27.0 g. }swas QgL @amRn g3fged to a stirred
sol v@nt systeminitially conprising 10 m%mlym@ﬁﬁf%d%‘x‘g ﬁ? acetgnitrile and

- crystallized according to the foll owi ng pddddi | e: f Increrrent of
20 Cefadroin.Dl\/E - Time 13 Tenper uré Added in gram; (in mn.) '
([err]C) 2 0 52 4 - 45
seeded with cefadroxil.[e2¥] 25 45 ~ 5 ml. acetonitrile .

2 m. acetonitrile o - 25 added agded 13 .. 422

23 3 45 4 5 mh3 acetongjrile ad_ded S 3

| ) 2 ». . 4 o
2 - 44 .42 _
2 0 - 4
2 5T 42
35 2 65. . a2 . | 35
2 m 43 h ' ’
2 83 43
2 90 - 2 ’
R 2. . |
40 _ 28 . 4 10 ml. acetonitrile =~ 40
C . - ,.added - . o
156 .39 10ml.n-butanol
) . added _
198 - 27 . icebath coolmg

s 263 . filtered . 45



30 2 33 43

30 2 39 42 2 44 42 2 50
42 2 57 435 2 65 42
35 2 71 43 2 . 83 43 2 90
42 1 » 08 42 40 128 42
10 ml . acetonitrile 40 added 156 - 39 10 %3 '
n- but anol added 198 27 .ice bat h cooling 45

263 : filtered s 45 15 _
1,532, 682 ' 15 A total of 20 nf. acetom trile-
and 10 nm. n-busanol were used. The crystH$32;§821rry was fil.tered and thels
filter: cke SneCIWI cet r||e ter |ng of
(e cake ™ Trere va it ﬁﬁfﬁﬁﬁ A A g

Bi potency = Khdcake; ther (samidfﬁndnbh ydéate o n- 5
but anol lttﬂe%&Z%t o/ ny.

O 1% KI et tBlmnsy —%démc@% d(ﬁ‘
5 Exanpl e ™. ef adtirel= s

o1t colpr98

?"@ &ola). I‘?hfa‘t‘?

tcfnrcb m 963 mcg./mg.

wat er -i sopropanol ) Primary grade. cef adr og*gm 0. 9.) was incr errent ally

added to* a stirred
wat er and 260 mni .
fol | ow ng ‘profg | e:
Tenper ature 15

15 56. 26 I f seeded wit h cef adroxi | . H20
57. 87 T4 'ge’gg%%a 00 11 45 20 |
69. 62 ' 20 ‘Add Time Temperature : 20 '
67. 95 198 (ingra§if) 64. @Bmin.) f ' 54 70. 82 .15
55 48 64. 11 65 - ' 5 17.00
70 _ 42 %626 ° . s . 28t .J:o 110
47 52. 87 120 50 28. 90 128 . - 50 21.08
135 49 30 . 50155 42 160
42 260 m . i soprggmnol addqepl 177 45 - 41 - 260 m
i sopropanol added 35 . 290.
i ce bath® 20 - 39.62 20 55 20
67.95 - 28 57
‘ 64.93 39 54
70.82 .55 48
64,11 65 44
25 1700 -~ 70 2 25
72.41 110 47 '
52.87 120 50
- 2890 128 %0
21.08 135 49 -
30 155 . @ 30
. 160 | 42 260 ml. isopropanol
: o added
177 41 . 260 ml. isopropanol
“ . - added
35 29 . - © " jcebath sy
R 11 filtered
Atotal of 780 ml ‘80 r;fanol was used The crystal slurry was filtered and the filter
_ cake washed with 8 of isopropanol:water (3:1). Since the cake appeared dark
4-0 in color, it was reslurried twice:in 800 ml. isopropanol:water (3:1), filtered, washed

i so an
o R B

sol vent 10

according (to Eheg'blgﬂﬁﬂg profilél I’l m n.

dmml Moholwldfaye conpri si ng 260 nl .
P‘Zé’t!tef'lsepﬁeﬂ

stlrred sglvent

0 ml. 1so(p op 1’1 %ctystalllzed 10

(3:1 isopropanol-water) and dried to %we 520.95 g. of title product. Blopotency =
955 meg./mg. K.F. = 5.0%. Klett color =

- Chemical potency = 917 mcg./mg

226 (10% soln) Isopropanol = 1.2%..



325 17 filtered A total of 780 m . isopropanol was

used. The crystal slurry was filtered and the filter cake washed wi th 800
. . of isopropanol:water (3:1) Since the cake-appeared darkin——color—it

17

was reslurried twice in 800 m. isopropanol:water (3:1), filtered, washed
40 - (3:1 isopropanol -water) and dried to give 520.95 g.- of title product.
Bi ofpotenﬁgﬁ 40 955 ntg./ny. KF. =5.0% Klett color = 226 (10% soln.).

| sopr opa = 1.2% Chem cal potency 917 ntg. Inmg. 16

1,532, 682 ' - 16 Exanple 12. 'Cef adr oxi |
anohydrate (crystal lization: from water acetonitrile-n-butanol). Primary
graddécefadroxil (700.9g:) .was |h8flé$?ent al'l v added to a stirredésolvent 5

. systemini tiall y ‘conpri si ng 26@x le ater and 260 m . acetonitri I\e,a_/
~according to the 5 f ol.| Cefadrg floliydtatel ncr ement -of - Cef adr oxi I ded

CTime : Tel{;q)mary Fl@{e ce?lg‘at,{ﬁ“( fég%:zga%;‘?ﬁp rFs utanol)é stlrre{‘l’rI sorl've)n

10 14. 72 gsystem initial mprising 260 260 ml acetomtn according to thc25 305 g&g .

10 followdfig profi Ie o see led Wit h cef: adrOX| 1 H20 23. 94
it s g7 Taormemor 44 3528 37 s 2 i 34.6.5.6.-'. P

a3 4?A§‘éed Ctime . Mo 49 o

20 486. 22- (ingraB®) - (inmin)' 37 )00 - .68 . . - 35 36. 70

77 . ' 35 I?é 70 25 . 52.94 - . . N :

25 '54. 94 g 35 5591, ~e28 30 46.00

253 o 3015323 5 25 260 m . acetonitrile 30 =
.Zuiged 2630'01 : 3010333. e 'ﬁath 473’ seededvthGO m . n-but artol added

: ' - adroxil. ' ‘

filtered 35 A total of 520 ni. acetonltrl e an<§[360 m . 'n- but anol were

.usedd The crystZB94sl-urry 185 was f45ltered and the filter. cake washed with

100 nl. of acetgpitrile: V\@ier (3:1)s and 700 nl. of acetonitrie: water . .

- (4:1). Upon drying, the cake yieldéd 521.5 g (83.5/% of rmnohydrate -

" product. Biopot¥6€y = 9052%rcg./ng. 4K F. =.4.6% K ett color:'=.97 (10%
soln.). Acet Qni3t5r2'hl e 0.5%  n- But_aﬂol = 0. 1%_ Chem cal potency = .940 pcg./
40 - . SR - . T ,

40 17 e 4. 4 - 1,532,682 |
17 29 M8 . 4. @ ) i
| 52 I - | e
ss0 6 .35
55.70 . 77 - 35 o
s L aw o - —
5494 108. 35
ss71 a8 30
4600 253 30
e m e e
| B 333 o _ 260 ml. n-butanol |
. - - added .
413 2% - jcebath
| 3 3 . filtered
35 A total of 520 ml acetomtnle aud 260 ml. n-butanol were used The crystal slurry 35

" was filtered and the filter cake washed with 100 ml. of acetonitrile:water (3: 12
700 ml. of acetonitrile:water (4:1). Upon drying, the cake yzelded 521.58.(83.5%) of .
- monohydrate product, Biopotency = 905 mcg./mg. K.F. = 4.6%. Klett color = 97. :
. (10% soln.): Acetomtnle 0.5%. n-Butanol =0.17;. Chemical potency 940 mcg./
- 40 mg. 40



Exanpl e 13. Cefadroxil Monohydrate (crystalli zation from wat er - acet one)

Primary grade cefadroxil (700 g.) was incrénentatty added—to—a stirred
solvent 5 systeminitially .conprising 260 nl.. water and 260 nl. acetone
and crystallized 5 according to the follow ng profile: Increnent of

ef adroxi.l. Added Time Tenperature 10 - (in grans).-

(rn mn.) ([err]C.) - . ' 10 79. 84 63
0\ 55- ' " seeded with cefadroxil.[err] 54.99 )
49 54.43- 18 47 15 58. 62 28

44 17 - 133588240 29 247
54.25 50 43 58.39 Exampid 13, 43 50. 63

75 43 20 53. 11Ce_fatd,rmcilf memdratet ) 43

20 53.37 . 101 Primary gradﬁ%%%i ‘17%(;103 ro"il o tg’)%:gfll‘;'nzfdded to zt‘"s%rrg'é1 séént

127 £ 48 27, Q/Ztem initially ¢ ising 260 mf w“gar 260 ml. acetone and crystallized 5
154 42 according toﬁt‘d)fonbwingpmﬁtme 25 added 169

39 260 m . a}gcertélggnqopdded 274 26 chilled to
10-12 30 Cefadroxil .and hel d for
1-1/2 30 hours hekede fil Timd | oNnTémpevitate of 780 nl. acetone was

used. The cryd®al sl urringeams}i |t @padn-and tHECI il ter cake then washed wit A9
900 ni. *acetone:water (3:4ggqand drieg to givas507.21 9. Qfged3in title
product. Biopotency = 945 ntg./ng. K F. =5 2% Klett cefadfoxitHlO0 (10% 35
soln.:). Acetone = 1.47% Chem cal potency = 928 ntg./ng. WHAT WE CLAIM | S: -
1..:Aprocess for prepari nfjw?- [ D a- antPno- a- ( p-“ﬂydr oxyphenyl ) acet am do] - 3-
met-hyl - 3- cephem 4- car boxysg4 acid, qg its norehydrate or a pharmaceutically
40 acceptabl e salt thereof, which process conprises '

40 (a) silylatlfng 7-am nothacet oxy@&phal ospdfanic acid in an inert 15
substantial |y anhydrous agrgati c sol wgnt; (b) gacyl ating the so-produced
silylated 7-am no-desacet oxycephal osporanic acid with

D( -) - a- ami no- a- ( p- hydr oxy®nyl ) acet¥| chl ori4de hydrochloride in an 45
inert sybstantially anhydggi4s aprotigg sol ventyin the presence of an acid
acceptor:. 45 17 _ ' 1, 532, 682

17 Exanpl e 13. Cef adroxi | S03nohydr at’® (cryst#Blization from water-acetone)
Pri rrary,gradezgefadroxi I {371(}0 g.) wgg incremgatally added to a stirred 20

solvent 5 systeminitially conprfising 260 m. water and 260 .
acetone and crystallized 5¥337accordi®y to thedBoll owi ng profile:
50.59 113 43
44 .45 127 43
27.07 - 137 42
25 154 2 260 ml. acetone 25
added
169 39 260 ml. acetone
: added
: 274 26 chilled to 10—12°
30 and held for 1—172 - 30
hours before
filtration

A total of 780 ml. acetone was used. The crystal slurry was filtered and the filter

cake then washed with 900 ml. acetone:water (3:1) and dried to give 507.21 g. of
35 title product. Biopotency = 945 mcg./mg. K.F. = 5.2%. Klett color = 190 (10% 35
: soln.). Acetone = 1.47%,. Chemical potency = 928 mcg./mg.

WHAT WE CLAIM IS:— .
1. A process for preparing 7-[D-a-amino-a-(p-hydroxyphenyl)acetamido]-3-
methyl-3-cephem-4-carboxylic acid, or its monohydrate or a pharmaceutically
40 acceptable salt thereof, which process comprises 40
(a) silylating 7-aminodesacetoxycephalosporanic acid in an inert substantially
anhydrous aprotic solvent;
(b) acylating the so-produced silylated 7-amino-desacetoxycephalosporanic
acid with D(-)-a-amino-a-(p-hydroxyphenyl)acetyl chloride hydrochloride in an
45 inert substantially anhydrous aprotic solvent in the presence of an acid acceptor:’. 45



I ncrenent of Cefadroxil Added Ti me Tenperature 10 (in

gr amns) (in mn) ([err]C.) 10
79. 84 0 55 seeded with cefadroxil. [err]
54799 10 49 54.43 18 47 15
58.62 - . 28 44 15 61. 60 39
44 54,25 50 43 58.39 ' 62 43 50. 63

75 - 43 20 : 53.11 - 89 _ 43 -

20 53.37 , . 101. . 43'50.59.-° . 113 - - 43 44, @5

127 .. 43 27.07 . - ' 137 42 25

154 - 17 42 - 260m , a@gquggg 25 added 16917 .

39 ' JuLLLErE | CH 0T T J.z]eTr] 30

;r

anwr’d for 1-1/2 30&%3?{1;@3% 4ltration Atotal of 780 m.
acetone-was used.. The cryst aferyy {au{zgtumm L@@@de and the filter cake.then
washed wit h 900 rranaggtade]eefmmﬂrum D bas mmémdntan?(idd@i tgiasirr&iGalvett g. of 35
title product- @lt% o /‘ﬁ‘tj“ god 260 mlsacstgne gpdpaystallizedr = 390
(10%-35- sol n. °°° 8 8 ‘iw‘ﬂgia’ em cal potency 928 ncg./ngy. WHAT VE

M I 1. A priacementfobr prepari ng _ _ -
7- [B— a- m no- a- ( p- mwphen)f acet m do] - 3- net hyl - 3- cephem 4- car boxylic
acid, o jgt's m)nohy(gﬁ’ %nﬁ‘fp %l’[’(ﬂé "éff’l y 40 accept abl e salfy.
the{eof whi ch process corrprl ses ' 40 (a)

silylating 7-am node3%#et oxycepfal ospor &hi c acid i rsedndwwlert subst anti aI I y
anhydrous aprotic solvent; (b) acyl ating the so- prcﬁﬁﬂn"eé'l:l HQ | yl at ed

7-am no- desacet oxycegfi@) osporanpc' aci dgyi th

D(-) - a- am no- a- ( p- hydr oxyphenyl )acetyl chl ori de hydrochl oride in an 45

i nert substantl aI |y é‘hﬁ’ydrous dBrotic séfvent in the presence of an aci d
acceptor; g 28 a4 -+ 1,532,685

18 (c) cl €eavi ng any SI? gr oups of t.he acyl atl on product by hydroI ysi-s or
al cohol ysis; and (d) Gl@:overl ng9t he desi#ed cephal osporanic acid, _
optionally as its rmgpgsydr ate Qp as a p'%flr maceutically acceptabl e salt-

t her eof.. ) process as claimed in C aim 1
wherein the sil yl at i 6813%t ep (a)2i s accorﬁ)l i shed "by reacting '

7- am nodesacet oxycepggéadspor ani acr d wi Sh a sil'ylating agent sel ect ed f-rom
those of the formula erein [ err] and [err] are hydrogen, hal ogen,
(lower)al syl , hal o(l 6nelr) al kyl 8910 ‘@denyl, benzyl, tolyl or 20

di et hyl am nophenyl , g# | east ﬁ)ne of t-hg sal d [err], [err] and [err] 10
groups bei ng ot her t A hal ogen™or hydr 6 [err] is (lower)alkyl; mis an
integer ‘of | or. 2 angp.3¢ i s hal ngen or

4445 127 43
2707 131 . 42 -
25 154- . 4 . 260mlacetone - 25
- Lo : 0 added - :
'--_'169' g 39 - 260ml acetone'-
S . , : added N
5 o am % chilkdtelo—12e _
30 o T . eadheldforl—12 - . 30
S o - " hoursbefore .
N : : _ frltratlon

A total of 780 ml. acetone was used. The crystal slurry was fi ltered and the ﬁlter'
_ cake then washed with 900 ml. acetone:water (3:1) and dried to give 507.21 g. of o
35 title product.: Biopotency = 945 mcg./mg. K.F. = 5.2%. Klett color = 190 (10%' B
' soln) Acetone = 1.47%. Chemlcal poteﬁcy 928 mcg./mg c L

WHAT WE CLAIM IS—
. 1. A process for preparing 7-[D-a-ammo-a-(p-hydroxyphenyl)acetamndo] 3-
methyl-3-cephem-4-carboxylic acid, or its monchydrate or a pharmaceutlcally I
40 acceptable salt thereof, which process comprises - - .40
o (a) s1lylat1ng 7-ammodesacetoxycephalosporamc acid in an mert substantlally ' B
anhydrous aprotic solvent; )
(b) acylating the so-produced sﬂylated 7-ammo-desacetoxycephalosporamc
acid with D(-)-a-amino-a-(p-hydroxyphenyl)acetyl chloride h%rdrochlomde in an- :
45 mett substantially anhydrous aprotic solvent in the presence of an acid acceptor;”. 45

A




wherein [err] is hydrogen or (lower)alkyl and [err] is (lower)alkyl or
[err] 15

15 wherein [err], [err] and [err] are as defined above. 3. A process_as
claimed in Caiml or Claim?2 wherein the silylating agent in step (a) is

tri.met hyl chl oraosi | ane or hexanet hyl di sil az 4. A process as clajned in
anjof 3ims 1 to 3 wherein disilylated 7%\
deSacet oxycephal osporanic acid is produced Q!/

using at |east’
two 20 equivalents of silylating agent - per ’ 7!”‘“3
d |n any of .

7- am nodesacet oxycephal osporanic acid. 5. A prdcess
Cains | fgo 4 V\/nerel n step (a) is ca;sgggd out- by silylati ng
7-am no lrou OSpPOT = UILL I V= (O 0 " B O I O M 0= MmyrcCrir Or ost rane In Z

a subst ant.l al Ly & s' : a §“lé|5‘ll36t5"?f‘p§dﬂf\FBﬁtacxlﬂ‘WFR?°$§°b§éﬁ’(¥@mBP‘s & acid
acceptor. 25 ( rebbveRfSthe 8Sired « EKM rﬁ‘mg@d Bbtﬁ)nm}%ﬁirﬂoﬂohﬁirﬁhl ylation

step i s carri eflaDaph arma&umngand;cem Blys fous met hyl ene chloride in the
presenceSof an adi: r“l? ; iy the il piati lﬁg)xlﬁure "y
tr| et hyl am nea@ﬁﬂ‘p %ﬂi 's'ﬁf m;gjycﬁp é"r"éctaﬁ éfm 88 err] C\QQ}
A pr-ocess ascalrre In anyo |ms to4where|n step (a) is carrie
out .30 by silylating 7- ami_nodesacet oxycephal osporanic acid with
hexanet hyl di sil azane in a su nt I I y anhydrous'%prot i c solvent and wit h :
external heating. 8. A pr tfs RN Q@Lé}l wherein the silylatien
step i's carried out in sms?a tg,ai’ y anhydrous netlpyl ene chloride at reflux
tenperature. 35 A\ oCesd ,as clainmed iff any of Clains 1 to 8
wherein acyl ati on step (b) .3 carrl ed out in substantially anhydrous
met hyl ene chl avhetéh Rt, R irﬂnn'eaﬁt fbgat ti‘atogm {H:Q{e@au Qtald(l@wdrjdn{yﬁr r]C. in the

presencetlof arphatyl !!e!&tlc@ erd"B@h yeitiRi, Bea e hal® ng a
pKlerr]7. 10. "’g@?’ Qjﬁﬁeﬁﬂﬂgqgﬁ"gﬁ‘g r'ﬁ("g’e ﬁaf‘ﬂ’éegﬁrc‘? d. accept or
is 40 dlnet yIanl I ne.

40 11. A process as clainmed i-n any. of Cibflms 1 to 10 wherein in step (c)

si.lyl groups are cleaved by treatment i th water or a [err] alkanhol, or a
mxture thereof. 12. A process as clairgd in daimi1l wherein in step (c)
S|IyI ‘groups are 45 cl eaved by treat RNt with a [err] al kanol .

45 67 19 - s 2, 682

19 13. A proceslgreﬁlsRc‘ngmn °ﬁagw§/r)ag?lﬂ rr‘%(l?w%rg’ﬁ‘f “Wherein in step (d)

7- [Da— am no- a- (p- hydr oxyphenyl) acet amdol 3- et hyl - 3- cephem 4- car boxyl i c”
acid is recovered by upwardly adj usﬁtzi ﬂ]the pH of the reaction mxture
until th& desired acid precipitates Yrgmsolution. 5 14. A procéds as
claimed in-Claim13 wherein the pH adjwstnent is carried out 5 with

triethylamne. 15. A rocess as clained in any of Cains.1 to 14 wherein
I [Da am ro- the ocesgyg ?jﬁgg@gﬁggl ?wlﬁ:?em éﬁe sigllﬁ%ggggem 1€i carboxylic

n B\
acid i s obtaiggg @)qﬂ
phar maceutical | yg ahls elamped tin mtyeof@Mms Il_t))3wherem disilylsied 7-@Gniyst al | i ne

Zept?eﬁ} Zaigfbai}?;]%&?é?ﬂgﬁg%%ﬁg %Eﬁ“ﬁ‘gf W?f’é‘%&%ﬁ? ‘?p&a%fé’p%?t;;\v‘g f ol |2(())WI ng

x-ray di rrectlonsm@ﬁeasaaeaaxmkdmemyofClamema@mgerdﬁA)p(a)lsBahaawe Intensity .

1 . 8.b8 4ilylating 7-aminodesacetp@yrenltBlosporanic acid with trimethylchlorosilage in

788 '25 a substa gly anhydrous ?rotxc solvent in the tgresenca&f acid acceptor. 5 5725
; ‘ % cess as claimed in Clﬂrg 5 wherein the silyla; p is carried out in

42 4 : sud ly anhydrous methylene- ehloride in the presence of an acid acceptor

comprising triethylamine or a mixture of triethylamine and dimethylaniline andata . .
temperature of 20—30°C.
30 7. A process as claimed in any of Claims 1 to 4 wherein step (a) is carried out 30
by silylating 7-aminodesacetoxycephalosporanic acid with hexamethyldisilazane in -
a substantially anhydrous J;rottc solvent- and with external heating: : "
8. A process as claimed in Claim 7 wherein the silylation step is carried out in -
substantially anhydrous’ methy!ene chioride at reflux tempefature.
35 . 9. A process as claimed in any of Claims 1 to 8 wherein acylation step ) is 35
: carried out in substantmlly anhydrous methylene chloride at a temperature of fr
~10°C. to +10°C. in the presence of a0 acid. acceptor selecte from a teruary
amine base having a pK,<7. .
o 10. A -process as clalmed in Clmm 9 wherein the acld acceptor is _
40 dimethylaniline. o 40
11. A process as claimed in any of Clalms 1 to 10 wherein in step (c). silyl -
g}xl'oupsf are cleaved by treatment with water' or a C,—C, alkanol or a mixture
.thereo
12. A process as claimed in Claim 11 wherein in step (c) silyl groups are
45 - cleaved by treatment wnth a C,—-C. alkanol 45



5 6. 08 70 6 5. 56 5 20

7 5.35 63 20 8
4.98 38 9 _ 4_73 2610 4.43
18 11 4,10 R 61 25 .
3.95. . . 5 | 61723. 79
70 14 . 3. 66 e 5 15 i'ﬁ L 12
O SO 1] 1111
3.30 . ’ oo e -5 3.18
14 19 - 3.09 o 16 20 , 3.03 o 29
21 19 2.93. - -, > 1,563 o _ 2219

2. 85 m=——————r 0 TN . 3D 23 2.76
| 3 13. A process as claimed in any of Cl to 12 wherein in st 3 7-[D-a- -

: i‘g’_édf _am_ino-ﬁg roxyphe’nyl)acetamitli’o]-3-£m3¢ephem-4fcarbo_ lljl @a'cid Lgs 28
26. - recorerbd by upwardly adjusting the pH of theA@action mixture until theldebited, 682 -

- with_trietfiylainine. :

—F. i ‘acid isiitatss from solutio n . o b o
]2.2318 3 ' ﬂ?%:ﬂ 58 ﬂg@aimed' ixfgllai%} { 3\2/"’%’2%?!} tﬁggll-lta 5us%“_7‘§‘_t igearried out 2 465 12 5
15 - .

30 - .Mprocess as claimed in anyf Claims 1 to 14 wherein 7-{D-a-amino-a-(p-> 31
«2.20 . hydroxyphenyBacg@mido}-3-methyl-3-gephigin-4-carboxylic acid is dhtai@®! and 2.12
7734 converted (‘gyg,methods known per se to aptjh maceutically acceptable salt thereof. 3 :
10 16.” Crystallineg  7-[D-a-amino-a-~(p-h droxy;:ohenyl)aaII tal%do]-'}methyl-} 0
1.99 cephem-4-caroxylic acid monohydrate exhibiting essenti 75 following x-ray 1.9 '

«14 37 dirrectiorilpraferties. . 10 17. A process-as clained in.any one of
Clainms 1 to 12, wherein in stglg) éldé he gqghaios horanic acid is recovered
as.its nonohydrate by Bet hotP*SBEER og Prigie dnetsity (1) upwardly
adj usting the pH of thepsolutiorggromstep (mp in the presence of 15
excess5 di rethyl formam de to form the dinethylformam de solvate of 7-[D a-
ani no® a- (p- hydr oxypheny? ) acet ami ‘I - 3- met hyl 4. cephem 4- car boxyl #2 aci d;
-di ssol ving sai d dinethy3fornmani degjsol vate ingacidified water or a m xture
~of acidified water and acetonitrile, and upwardly adjusting the pH of said

acidified 20  solutidn to pré®¥pitate thelfesired crystalline
monohydr at e; 5 20 (g2 upwardly agjusting the pH of the
solution fromstep (c) 1.n the presence of' excess dinmethylformam de to form
+he di met hyl formani de s®l vate of55-[D-a- = = § o : .
am no;a- ( p- hydr oxyphenny)a'cet amdgql - 3-nmet hyl - 3- cephem 4- car boxyl i, acid and
contaCting said di nethyl formani dé sol vate with water or a partialTy aqueous
25 . nediumto precip¥tate thet98esired crys8alline nmonohydrate; or

25 (3) upwardly adj-usti;ng t he plj)ﬁf t he sol u%’kon fromstep (c) to form
7-] D-a- am no- a- ( p- hydroxyphenyl jacet am dol - 3-net hyl - 3- cephem 4- carboxylic
-acid and contacting saii@l aci d w443 water or dsparti.ally aqueous nediumto
effect crystallizat i..Oanf t he desired m)no_hy%rlate._ - - :

40 o
5 2 3es s s
B e o
w o e . 5
CE ¥ H R ¢ R
| 6 348 S | |
. I 30
| 18 - ; 318 - : 1 ' : : .
, 19 309 ‘ g 6
20 - 303 o 2
Lo 21 . _2_93 . -' S 8 L | |
35 | o2 ’ s % _ ‘-'_ '- R
'. 23 2. 19 L
% 261 .9
25 . 259 s

26 o251 12



30 18. A process as clainmed in Caim17 wherein step (d) conprises
30 (1) upwardly adjusting the pH of the solution fromstep (c) with
triethylanine in the presence of excess dinethylformani de until the

di et hyI f or mam de sol vate of

7- [ D-ex-am no-a- (p- hydr oxyphenyl') acet am do] - 3- methy+—3-cephend- car boxyl i‘c

acid precipi tatgg fromsolution; 35 (2) di sai d
di et hyl*f or mam solvate in acidified water; andlm@t’:ﬂmfim‘mnﬂ"y
adj usting the pH of sai d-sol ution. by addltlon of T

precipitate the . desi red crystalline nohghydrate. 19. A process as cl ai rred

in Caim18 ﬁ%tm n.the final pH adiust da3pd682t en 19 pr odur&t he . desi r3@i , ‘_
cryst <[31I i ]ne m)nohydrat eis. C(mguct edSp%T:m@d(k)e”peﬁéétHEﬂne%u B N N
35-60[err]C - . : N
40 20. A process as cl ai rred i27 Clai m 18461 C ai m 1913wher ei n acetonltrl leis /“
added as an antisolvent during the fl\r,]\ﬁ 'pH adj ust mept step.. 21. A process N
as clainmed-in any of Cains 18 to.20 8l ei n seed crystals-of the e
7- [ D- a- ami no- a-( p- hydr oxyphemgl ) acet anedsl - 3- net hyl 23 cephem 4- 45
carboxylic acid nonohydrate ag clai ned |n Craim 16 are-added prior to.or
during 45 tRe fi nal pH ad ustorent steﬁ 22. A proce%s as claimed in d&m
17 wherein step (d) conprises3(1) upvvagdby adjustings the pH of the solution
fromstep (c) with triethylanine in the presence of excess

di met hyl for mami de until the d2met hyl f o”déini de sol vatke 50 " of

7- [ D- a- am no- a- ( p- hydr oxyphenyl )acet anhg9] - 3- met hyl - 8- cephemi- car boxyl I C

50 acid precipitates fromsolution; and (2) contacting said

di net hyl for mani de solvate wit¥# a soI veRf5system 4

1,532,682 o 35 1.99 21 conprjsing water or a _
mxture of water with one or nore organic solvents selected from - 10
acetonitrile, acetone or a [e¥r], al kah8F until theldlesired nonohydrate
crystallizes fromsol ution. 23 A proc%@ as cl ai rrego in Caim22 wherein

t he nmonohydrate crystalli zation 5 . step {?\ is carried mn‘ at a

t enperat ure of from 60 err] alrred |n m22 or
d ai m 23 wherein tpﬁ, A% slﬁlg%ﬂ;érf‘lgﬂs ﬂ‘g{% 5&?&1 Wipr i ses
wat er : acet ongst ri | e n¢yu gl adlﬁ%tlﬁg%\pl'lrtﬁtthefkom ionlfr aﬁ&sa as 15

L]

clainmed in Claim %&ceéﬁr dl@eéwlﬁqr hy eﬁ3%:%)1ettw1&)4}‘-{:@%:@) 7-[D-a-sol vent
system of step (2 ';3‘;‘% ' a‘}g‘ ' ate"ﬁk@’fr AR ?‘ﬂﬂ‘opanol
10 (1:3) (v/v), wakidie G«ﬁ:tpm ac offitrl ) pEf obidiubified L
(v/iv). 26. Aprocedstigistoprexipiae the)dening Mstmir&mmomrata 25 wherein seed 20

crystals of the (2) upwardly adjustmg the pH of the solution from step (c) in the presence of .

ime rm form methylforma de solvate of 7-[D-a-
7-[ D- a- ani no- a- ( phyd tﬁmﬁﬁéﬁwﬂ .@{ﬁ ‘fk-xxf{tﬂ;%i %ﬁ’ “acil_and
carboxylic ‘aci d neombtils ahie¢ dimethy! fbnfmﬁlde Soltat tedr o ﬁdﬂﬁﬁl ydaqubmg t he
final cr yst a:pq i zatm mltg precip: ‘% deslred c tallme_monohydrate, or 25

o W e s DRI BB SRR

upwar dl y -adj usti n@oﬁth&m@ Haldf ad emﬁp manﬁ @Rudots nktylm&d
triethylamne to fcmstnilxzatlon of the desired monoh drate

7-[ D- a- ami no¥%h- (p- hyé{éi JTaWherl - &aLboxyPt ¢
acid; 20 N T2 ds{&sggﬁ%l%‘gﬂ%‘ms ﬂ%%'cdﬁnﬁg n‘ﬁ g}ﬂi%%@' vent o

system conpri si ng oﬁmb{a-mncaa-(n- CAXEp! ﬁyl)amtmxdwamxptmé-cgphem@rbon@am C.

sol vents sel gct ed #fif splption; cetan | kanol wunti | t-

desi r ed er'n'OT?‘lg):/dl’ at e %qdls ﬁ:}g said (f ? 10tma[ 4 so?\;gtne m%d gkld water 9 ot he 3 ;
desi red nonohydr atpeecipitte the desxredc& onohg@mtas a| rred I n aim 27

wher ei n t he nonohydr 3%-& rre |c]ai 1?63;‘:‘" W @wsmee@tm at a
tenperature gf fr esIEsg CTYAL Y‘Sd’é"é’g Eaecfseﬁ° t"'flr‘?t Ry o aggn .
28 wherein the cryst w;iaaekscaaclsmieuﬁmastbm 19541 fin adptoRiiIPE bddRE "

wat er: acetonitritesas bluiselmllt dimingthe final pH; ddfustafent step. - .
21. A process as claimed in any of Claims 18 to 20 wherein seed crystals S :
.. of the 7-[D-a-ammo-a-(p-hydroxyphenyl)acetamldol 3-methyl-3-cephem-4-
45 - carboxylic acid monohydrate as claimed in Claim 16 are added pnor to or during 45
' the final pH adjustment step. -
22. A process as claimed in Claim 17 wherein step (d) compnses
(1) upwardly adjusting the pH of the solution from step (c) with tuethylamme
in the presence of excess dimethylformamide until the dimethylformamide solvate _
.50 . of 7-[D-a:-ammo-a-(p-hydroxyphenyl)acetamldo]-3-methyl-3-cephem-4-carboxyhc 50
acid precipitates from solution; and
JJ 2) contacting . said dlmethylformarmde solvate with a solvent system



1:2:1. 30 30. A process as clained in Caim27 or Claim28 wherein
the crystallization 30 solvent system of step (2) conpri ses vvater acet one
(1:3) (v/v), water:isopropa :

or water:n-butanol (1:1) (v/v). 31. A process as cla| med in any ﬁfgCIalms
27 to 30 wherein seed crystals of the
7-[ D- a- am no- a- ( p- hydr oxyphenyl) acet am dol - 3- net hyl - 3- cephem - 4 - '
car boxylic 35 ~acid nonohydrate as cl.ai madJmmﬂmnHﬁm!"m dded duri ng
the final.crystallization- 35 step. 32. A pro Cl aim|
substantial |y as” described herei.n. 33. ‘A process for paring

7- [Da anho- a- ( p- hydr oxyphenyl:) acetighi2,é82 - 3- net hyl - 3 ceohem4 car2boxyl I C
acid, IS ToNQRydEaleCyatdr ofia &B@erzﬂmunxo@ﬁﬁ@%m Sorels bt il €0f as

def M d i-n "Cl dtol heesonhfileq Béetdnk] of 22€,-0€SAlkdnOE Gnth @hie ddired Hanot@@rafeef erence to
any--one of - Examm sfrqnypsolgion34

7- [ D-a=anj no- @ﬁ%}lﬁﬁ 1 W "’?‘E&‘fﬁq&ﬁ'ﬂ% car
boxy e angm d, a“ ai)% Qﬁ@&%ggegﬁ{% @;%%%Yﬁﬁ. g‘tzzac;z ki tRCSrfRdliaaticn sal t5

t her eof - when. polezgmsssdmbqf SIeIpé2)|m0mpo®swutbr eatpnigiiienbhta@ldn aw/Mratigoofl5, or 17 to

3345
7- [D- a- am no- @ol(rézhg AY %’ocess c(:falmfg in Cl 1m 22 or 1:(;_lt n r(%g)p&;/m ;:;{:(t);l 1on
cephem 4- car bQKW(W),&ﬁtedamﬂh# lal(e/v;io‘:cmwl:tm tdnol @ 1R (wR).16 bt ant 11 1 y as

so- ey ek m%?dﬁumﬁ@% R 3

cephem 44gar beteyj I.c acid m)no rat e en pr epar e process ofls any
one. 50 . of d ai2iveA pﬁt{casgs clalmed in Cla:m 17 wherein step (d) comprises

ggeBZ)f égmﬁﬁ%ﬁq lwagé%fa Ifqna' -ng??m %)éﬁm@arrm eu?: qu |t§ -

accept abke carri €) contacki Lseudteeplﬁﬁ)s dkarmahhddnthfa {aheat systgmaaompaim§ pec hgS,
excl.udi ng hunﬂ'Y%efoSra Bixgre of yateq T more

G am negat i ve SEIRERIG ACLANSF £ ST gltﬂéerqsggg:“l?“?ggsate %’3&;11&5? ect host an

effective dose of(3)ae¢b06fn@uﬁudde3ﬁ£dmdudh thte. any one of Clains 16,34, 35 or 36
or a-pr e@&r ati on2 deproch ggguclaem@ in Clpirg 27 wikesein thean Egudr%‘am%aﬂlWMAEBS &
In
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Printed for Hepiv Jsﬁk ofsst hla igss, Lea
Publ i shed by tlfel.Pat ent Of |lce d25ClSou2t7ha tOI‘lszlilll I dlll;l gs, tI_"ontolon whi ch
nﬂg cess as claimed in Claim 27 or Claim 28 wherein the crystallization 30
CO[:)I e_s , be 9 solgen% g']s em of step (2) comprises water:acetone (1:3) (v/v), water:isopropanol T
' (1:3) (v/v), water:acetonitrile (1:3) (v/v) or water: n-butanol (1:1) (v/v).
“31. A process as claimed in any of Claims 27 to 30 wherein seed crystals of the
S [D-a-ammo-a-(p-hydroxyphenyl)acetamldo]-3-methyl-3-c hem - 4 - carboxylic .
35 acid monohydrate as claimed in Clalm 16 are added dunngt e final erystalhzatlon 35 -
T step. . )

32, A process accordmg to Clalm 1 substantially as described herein.
33. A process for preparing 7-[D-a-amino-a-(p-hydroxyphenyl)acetamido]-3-
..~ methyl-3-cephem-4-carboxylic acid, its monohydrate -or a pharmaceutically. S
40 acceptable salt thereof as defined in Claim 1 substantially as described herein with 40 -
- - reference to any one of Examples-1 to 13, '
34 7-ID-a-amino-a-{p-hydroxyphenyl)-acetamido]- -3-methyl-3-ce hem-4-car-
boxylic acid, its monohydrate, or a pharmaceutically acceptable salt thereof when
. prepared by the process of any one of Claims 1 to 15; or 17to 33. .. :
45 - - 35 Crystalline 7-[D-a-am1no-ar-(p-hydroxyphenyl)acetamldo] -3-methyl-3- 45
T cephem-4-carboxylic acid monohydrate according to Claim 16 substantially as - '
: descnbed herein with reference to any one of Examples 1,.2 and 5to 13. Lo
_ 36. - Crystalline - 7-[D-a-amino-a-(p-hydroxyphen l)acetamndo] 3-methyl-3- -
- cephem-4-carboxylic acid monohydrate when prepared y the process of anyone . .
50 - “of Claims 17 to 31. L 50
U 37. A pharmaceutical preparauon compnsmg a compound according to any o
-.one of Claims 16, 34, 35 or 36 together with an inert pharmaceuncally acceptable -
carrier-or diluent. '
. - . 38. A method of treating animal species, excludmg humans for dlseases caused : e
.55 by Gram-positive or Gram-negative. bacteria comprising administering to the. . 55 =
~. < subject host an éffective dose of a compound according to any one of Clalms 16, 34 B
- 35 or 36 ora preparation accordmg to Claim 37. L . : :
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