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12213819 CEPHALOSPORI N SALTS AND | NJECTABLE COWPCSI TI ONS Technical Field.
This invention is directed to tenperature 'stable sem - synthetic '

cephal osporin salts whose preparation has not been described in the . ;
literature, to the preparation of such salts, and to adni xtures containi ng#".
t hese salts. Brief Description of the Drawing Figure 1 is a graphical

representation of the infra red absorption spectrumof crystalline
7-[[err]-(2-am nothiazol-4-yl)-[err]-

(Z) - met hoxyi m noacet am do] - 3-[ (1- met hyl <14qpwrrol i di ni o) met hyl ] - 3- - .
cephem 4-carboxyl ate sulfate salt measured on a KBr dilution the?;ég)ﬂ. 5 8 1 9
Figure 2 is a graphical representation of the infra red absorption spectrum
of the crystalline sesqui phosphate salt of

7-[[err]-(2-am nothiazol-4-yl)-[err]-(2)-nmethoxyi m noacetam do] 10
-3-[(1-met hyl -1-pyrrolidinio)nmethyl]-3-cephem 4-car boxyl ate neasured on a
KBr dil ution there(ﬁ&PPFATgQﬁ%OBINsSALQEQ@mDC@NJmmMRQSmTQ% infra
red absorption spectrum of the crystalline di phosphate salt of
7-[[err]-(2-am nothiazol-4-yl)-[err]-(2)-nethoxyi m noacetam do] 15

-3-[(1- et hyl-1-pyrrolidinio)methyl]-3-cephem 4-car boxyl ate nmeasured on a
KBr dilution thereof. Figure 4 is a graphical representation of the
infra-red

Technical Field

This invention is directed to temperature stable semi-
sinthetic cephalosporin salts whose preparation has not been
described in the literature, to the preparation of such salts,
and to admixtures containing these salts.
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absorption spectrumof the crystalline di hgdrochl oride nono- hydrate of
7-[[err]-(2-am nothiazol-4-yl)-[err]-(2)- hoxyi m no- 20

aget am do] - 3-[ (1- et hyl - 1- pyrrol i di ni o) net hyl ] - 3-cephem 4- car boxyl at e.
Backgrgund O The I:nvention Aburaki et al. U S. Patent No. 4,406, 899

di scl oses 7- _ - _
[[err]-(2-am not hiazol -4-yl)-[err]-(2Z)-nmethoxi m noacetam do] - 3-

[ (1- met hyl -.1- pyrrolidini o) nethyl]-3-cephem 4-carboxylate in the 10

zwi tterion formand nentions corresponding acid addition salts (which are
present in the zwitterion formipriied| Ded iéngHthe Biawiag and shows t hat
the zwitterion formhas broader spectrumactivity than ceftazidi ne and

‘cef ot axi me. However, the aforenentioned Aburaki et al. cephal osporins 15
are stable only for a few hours as injectable conpositions and the

zwi tterion form even asFigusieylpbiusesrarhined: sepresentabinn ofnthe dnfra radd

| oses 30% or nore absorptivii speétruanostaryagel inel7efat 2+ amdApekiazoleé-¥19-g-

45 deg. Cand abovey)lgetiginiifsckeahidiyl . POl Glethy1l FHYrk6 0 ARG thy1]-3-
I nsul at ed packagin agd O{d_ 0b relfr_l gerﬁf;tonsaﬁg | S at%‘ﬁ"ﬁgc |gﬁ a

st orage di sadvant a%&p BAL AT ake: AUt S 24T MeBPUTR (R KRR, ALy aki
et al:. nentions acit®ez#ef+ion salts, the patent does not state how to make
these or state which if any of these salts have good stability in dry

powder form Kessler etr%nah-ia ';ngpﬂ{ﬂeiang‘iré_ewgg\t_{gppgl O QnieRa Y
28142 wih Qher B gagbeRGCLpelbhe’ bbb Ll a1 ROl Setipnblilale L R 2k
- 7-[«-(2-aminothiazol-4-yl)-e-(Z)-methoxyiminoacetamido]

\_ 10 :-3-[(l-methyl-lfpyrrolidinio)mqthyl]-3-cephem-4-cgrboxylate

ngasuggd on a2 KBr dilution thereof.

Figure 3 is a graphical :ep;gsentation'of the infra red
absorption spectrum of the crystalline diphosphate salt of
, 7-[a-( 2-'an{inp'thiazol-4-_y1 )-a-(Z)-methoxyiminoacetamido]
| 15 g 43-[(1-methji-I-pjrrolidinio)methyl]-3-cephem~4-carboxy1tte
' measured on & KBr dilution thereof.

" Figure & is a graphical representation of the infra-red
absorption spectrum of the crystalline dihydrochloride mono-
" hydrate of 7-[e-(2-aminothiazol-4-yl)-e-(Z)-methoxyimino-
20 acetamido]-3-[(1-methyl-1-pyrrolidinio)methyl]-3-cephem-4-
carboxylate.



Chenot herapy, Vol. 27, No. 2, pp. 207-216, February 1985 nentions the
sul fate salt, but does not discl ose hom}to Egepare such or that this salt
- has roon1tenperature stability and good ele ed 30 tenperature stability .
in dry powder form -4- Summary O The Invention It has ‘been dlscoveLgd
herein that certain crystalline acid addition salts of
7-[[err]-(2-am nothi-azol -4-yl)-[err]-(2)-
‘met hoxyi m. noacet am do] - 3-[ (1- met hyl - 1- pyrrol i di ni o) net hyl ] -
3-cephem 4-carboxylate in dry powder form have excellent roomtenperature
stability and have. superlor el evated tenperature stability conpared to the
zwitterion form The term"dry powder fornmt as used herein means a noisture
content of |ess than 5% by wei ght when neasured by loss in weight on drying
at atnospheric 10 pressure and a tenperature of |ess than [err]. These
addition salts are the crystalline dihydrochloride hydrates of .
7-[[err]-(2-am nothiazol-4-yl)-[err]- (Z)-nethoxyi m noacetam do] - 3-
[ (1- met hyl - 1- pyrrolidi ni o) nethyl]-3- cephen}4 carboxylate. In particular,
t hese acid addition saltsr the fe ! ne_ 15 o
7-[[err]-(2-am not hi azol - noaCetanido]-S-
[ (1-met hyl pyrrolidinio)methyl - 3 cephem 4- carboxylate di hydro- chloride
hydr?tlel cont ai nL\bae.ﬂQm 21270 8. Tpé¥énty Negk § f& smuﬁelous god the
crystalli gD e :
met hoxyi m oa@ F&n‘]"t al[l grirzt‘ﬁzﬂay;ﬁr%% { 'fﬁ(ﬁ%) f' ok3-
(l-methylol pyrro dinio)methyl] cephem-4 cerboxylete in the.
10 zwitterion form and mentions cotre:ponding ecid eddition salts
- (which are present in the zswitterion form in inJectable compoai- ”“J
tions) and shows that the zwitterion form has broader spectrum

octivity than ceftezidime and cefotexine.
However, the aforementioned Abureki et al. oephelosporina
15 are stable only for a few houre ss 1nJeeteb1e conpositions and
the zwitterion form even as a dty powder is uneteble at roon
 temperature and loses 30% or more of its ectivity on storage at
elevated temperatures (e.g. 45 deg. C and above) for even one -
week end thetefore requires speciel insuleted yackaging and/or
refrigeration and is at a pockaglng and storege disedventege
compared to ce!tezidine and eefotoxine.

20

While Aburaki et al. mentions acid addition salts, the .

patent does not state how to make these or state which if any of e
these salts have good stability in dry powder form. Kessler et

25 al., "Comparison of a New Cephalosporin, BMY 28142, with Other
Broed -Spectrum f#-Lactam Antibiotics™, Agtimicrobiel Agents and
Chemothe » Vol. 27, Fo. 2, pp. 207-216, Februery 1985 mentions
the sulfate salt, but does not disclose how to prepare such or
that this salt has room tempereture stability and good elevated

30 temperature stability in dry powder form.



cephem 4- car boxyl at e di hydrochl ori de nonohydrate containing from2.5%to
4.1% by weight of water. Also included is the crystalline 7-[[err]
-(2-am not hi azol -4-yl)- [err]-(2)-methoxyimno- _ .
#fcet aqi do] - 3- [ (1- met hyl pyrroli di ni o) met try#]~ 3- cephem 4- 25 carboxyl ate
di hys~ochl ori de nonohydrate having the fol l.ow ng X-ray powder diffraction

pat t ern:
10. 21
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- 5 - X-RAY PONDESRimnla h bachl ori de Monohydrate 5
.100 8.62 13 6 78 23 6 28

I% Eu} esn discovered hegsigf tg?t certain ctyatqlgpg@cid
addition/se¥ts of 7- -[a-( (2-asdnothigzol-4-y1)-a-(2Z)- 4 .
methoxyiminoacetamido]-3- [ (l-methyl-1-pyrrolidinio)methyl]-
3-cephem-4-carboxylate in dry powder form have excellent room
temperature stability and have superior elevated temperature
stability compared to the zswitterion form. The term "dry powder
form" as used herein means a mofsture content of less than 5% by
weight when measured by loss in weight on drying at atmospheric
pressure snd & temperature of less than 70°C.

These addition salts are the crystalline

dihydrochloride hydrates of’
7-[a-(2-sminothiazol-4-y1)-a-(2)- methexyiminoacetmido] 3-

[(1-methyl-1l-pyrrolidinio)methyl]-3-cephem-4-carboxylate. In
particular, these acid addition salts are the crystalline

7-CoX—(2-aminothiazol—4-yl )- &—(Z)-methoxyiminoacetamido]-3-
C(1—neﬂ:y1pyzm11d1mo)mﬁ1yl—3—ceplm—4—ca1bm:ylate dihydro-
chloride hydrate containing from 2.5% to 7.0% by weight of water;
and the crystalline 7-[& —(2-aminothiazol-4-y1)-X—(Z)-
methoxyiminoacetamidol-3-[(1-methylpyrrolidinio)methyl}-3-
cephem-ll—carbo:quat:e d:ihydrochloride nnnohydrate omtain:lng
from 2.5% to 4.1% by weight of water. Also included is the
crystalline 7-[& —(2-aminothiazol-4-y1)-c —(Z)-methoxyimino-
acetamido]-3-[(1-methylpyrrolidinio)methyl]-3-cephem—4-
carboxylate dihydrochloride monchydrate having the following
X-ray powder diffraction pattem : '
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5 2.38 7 The term"crystalline" is used herein to nean at :

| east some characterizing arrangenent of nol ecul es. -6- The acid

3080l e conpositions and
' The zwitterion has

addition salts herein when for
adjusted to pH 6.0 provide t 1
the structure [ ERR| '
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The term “crystalline® is used herein to mean at least some
characterizing arrangement of molecules.



The broad spectrumutility against various orgam sns of the 5

zwitterion form and thus of aqueaus conpositions made up fromthe sal ts
herein, is shown by the data in Aburaki _eg al. U S. 4,406,899. Aqueous
borrpoleons made .up fromthé acid addition salts herein si nply by the
addi®»f-on of sterile water provide acidic 10 sol utions whi ch provoke
unacceptable irritation on intravenous admnistration to rabbits and
unaccept ably pai nful sensation on intranuscul ar adm ni-stration to rabbits..
The sulfuric acid and di-nitric acid addition salts have reduced

sol ubilities which arhe acid faddition saltsyhexein whee fioaned insopaguedusns. |t
has been 15 =  fayectdpdeccomposstisdrcandobdhoitedntd g charmovadesties are
overcone by util !zﬁk?&vﬁtﬂﬁ 8l doiubESei NThi myéee%%n the!'skrlibbafe I S as an

adnmi xture of soli a phar maceut [ cal 1 y acc e non-t oxi ¢ or gani c
or inorganic base in proportiong about 3.5 to about 7 on
dilution with water to a 20 (A tlbrlon acli f fr ng/m to 400
ng/mM, normally 250 ng/m ( ned byoMhi er ncg liquid

chr omat ogr aphy, herei nafter HPLC). O-CBgt ai I e 1on The

crystalline salts herein (herei nafter referred to si rrply as the salts
herein) have excellent stability at room5 tenperature and have a potency
| oss (as determ ned [BheHPr@ad spectrms uthihty RO3inst yaxdeus ergantans efathe

roomtenpermat ur egwitterion form, and thus of aqueous compositions made up from
' the salts herein, is shown by the data in Aburaki et al. U.s.
4,406,899,

- _ Aqueous compositions made up from the acid addition salts
herein simply by the addition of sterile water provide acidic
" 10 solutions which provoke unacceptable irritation on intravenocus
administration to rabbits and unacceptably painful sensation on
intramuscular administration to rabbits. The sulfuric acid and
di-nitric acid addition salts have reduced solubilities which are
insufficient for typical injectable compositions. It has been
15 found herein that these objectionable characteristics are
overcome by utilizing the salts herein in physical admixture
(that is as an admixture of solids) with a pharmaceutically
acceptable non-toxic organic or inorganic base in proportions to
provide a pH of about 3.5 to about 7 on dilution with water to a
20 zwitterion activity of from 1 mg/ml to 400 mg/ml, normally 250
mg/ml (as determined by high petfbrmance liquid chromatography,
N hereinafter HPLC).

25



These salts al so have excellent' stability at el evated tenperatures and have
a potency loss (as determ ned by HPLC) of | ess than 15% on storage for a

nonth at 45-56 deg. C. 10 The di-hydrochloric addition salts .-
have water solubilities greater than 200 ng/m ., and therefore are Al
preferably crystallized fromorganic sopwents, rather than fromwater, *in
order to obtain good vyields. The salts herein are forned into injectable
conpositions by diluting with sterile water and buffering to a pH of 3.5-7
to forman injectabl e concent Detaddledf Desay/imtian to 400 ng/ M of

zwitterion. Suitable buffering agents include, for exanple, 10 trisodium
ort hophosphat e, sodi um bi carbonate, sodiumcitrate, N-nethylglucamne, L(+)
|l ysine and L(+) 'ahg|qmetal:bmensa&#asherainofhemiaaﬁneusrqﬂernedt tat i on

to an aduldj uipng %ﬂéﬁs@n@oﬁa&ai %) hatd aReu11dnR beaBeuty3080raEmper

day in divi doses 1s nornal ficient ereln are

not des? ré%ﬁlﬂpqliﬁ‘mﬁﬂ% tﬁﬂ%@t RBft@‘Wnﬂ8§Ft i‘BﬁsdgFﬁﬁP§‘“S9 P¥HBEQ) i on of
sterile waiferld=y alsn (1% cmldtorey elmmmshﬂsdu@bmweﬁpeyﬁﬁreo IOW

i oat oo RS, et Bhelh RayRePBRAnk,  srABRITkK hEo plgERted ™

over cone mexﬂpnratlgresn and haveher pprtelnqyo lasgh yascdeterménedobydm?hﬁ)n xture

W th pharr %alhﬁ(n afﬁfpéﬁbé’éorﬁgémibkyasQnUnQ:hE% LR Qi
i norgani ¢ pases oport.I ons rovi de-a pH'rangin a out 3.5
to abdkfR 7,  The di-hydrochloric addition salts ave water

solubilities greater than 200 mg/ml., and therefore are
preferably crystallized from organic solven_ts, rather than v
from water, in order to obtain good yields. |



-

preferably fromabout 4 to about 6, on dilution-of the adm xture with water
to injectable concentration of 1 ng/m up tg 400 ny/nl of zwitterion, e.g.
zwWtterion activity of 250 ng/m as det er m ned by HPLC assay. 30 The
exact #oportions of ingredients in the physical adnmixture vary fromlot to
lot of the salt since the purity of the salt varies fromlot to lot. The
proportions of ingredients are established for a particular |ot by
pretitrating in respect to a sanple to obtain a selected pHwthin the

af orementioned range. The physical adm xture is readily stored and shi pped
in5 solid formthereby taking advantage of the stability of the salts
herein and is readily converted into an injectable conposition sinply by
addition of water, e.g. by a nurse or doctor just prior to use. The

physi cal adnlxture is prepared by blending the salt and 10 the base into
a uniSormblend, e.g. utilizing a standard blender in a dry atnosphere, and
I's then preferably filled into a vial or other container, all under aseptic

condi tions. Therﬂaseiﬁtar heTe ih" ke Fodied Witk 'DhjEet abDé &ﬂg@baions by

N ot nyl o SEANERBE WLER yRRA0SIBtaE . podf g ERring (9 4 0 0f Aesr o

arginine agéra ahetnddctable sncentrativmict rl nus/hlsep ate 400 amg/nl Lsed
o Provide L RLERLRBhe. COMERbIORAHILThe bedhEF URDIRIEY £6:' ERingRL]
10 trisodium orthophosphate, sodium bicarbonate, sodium citrate,
‘N-methylglucamine, L(+) lysine and L(+) arginine. For
\_ - intramuscular or intravenous administration to an adult human, a
total dosage of from about 750 to about 3000 mg per day in

divided doses is normally sufficient.

is The salts herein are not desirably formed into injectabie
compositions simply by the addition of sterile water

because the salts herein when dissolved provide_vety

20 low pH compositidns-(l 8-2.5) which provide painful sensation on
injection. As indicated sbove, it has been found herein that
these shortcomings are overcome by forming the salts herein into
a physicel, i.e. solid, admixture with pharmaceutically
acceptable, normally solid non-toxic organic or inorganic bases

28 1in proportions to provide a pH ranging from about 3.5 to sbout 7,
preferably from about 4 to sbout 6, on dilution of the admixture
with water to injectsble concentration of 1 mg/ml up to 400_m§/n1
of zwitterion, e.g. zwitterion activity of 250 mg/ml as
determined by HPLC assay.

30 The exact proportions of ingredients in thc_yh&lical_'
admixture vary from lot to lot of the salt since the purity of
the salt varies from lot to lot. The proportions of ingredients



from admi-xtures contai ning other bases. The L(+) arginine is 20 very
preferably utilized in a proportion t%cpirovi de a pH of 3.5-6 on dilution of
‘the admi xture with water to provide a“onposition with a.zwitterion
activity of 250 ng/nm (as determ ned by HPLC assay). The salts herein an
substantially dry physical adm xtures 25 cont ai ni ng them can be storedJ
wi thout refrigeration or insulated packaging and still retain high potency.
In sewxelestablishedpfout aopsrhdculan Hoturbyt gotet trating dn izespect as

the s td real Pae les 1-3
of Abtt}iri{akj %mé #Ja 9b§bfn ’ gg%@ggga %y!zt\?\ndf'?e%?!i sre #erre oin
Abur alfiange q| . as -10-

7-[(2) - 2- met hoxyi m no- 2- ( 2- ami.not hi azol - 4- yI)acetamdo 3 [(I

et s o oo AR e CRBRY i 3R SRaL S Snd Widgped 4" ' °

®npasalid &mmaeresy epakingoadviantiageSdf mhe: mum:y tobrtlfﬁldaﬂtﬁ g

f 1.59°
ol ar Hexss b S f“’f%%“%“ﬂ“&“ﬂ’”*ﬁ% o fhjechan 1 Zati on
i s t hedmploudhx %'é&mngfma eFist 1 .8y dYalQ .mgmmrm.dqcm nmdmrim-

salt @A Jgee, crystalline mass is slurried for 0.5 hours. The crystals are
then separated by vacuumfiltration, vvashed with 3 M of 50% acet one/ wat er

(VI'V)
The physical admixture is prepared by blending the salt and

10 the base into & uniform blend, e.g. utilizing a standard blender
in a dry atmosphere, and is then preferably filled into a vial or u
other container, all under asept:lc condit:l.om. : :

The bases for use in the admixture include, for example,
tr:lsodium orthophosphate. sodium bicarbonate, sodium citrate,
1s N-methylglucamine, L(+) lysine and L(+) arginine. L(+) lysine
and L(+) arginine are preferred since admixtures containing these
are reconstituted to prdvide injectable compositions which on
:lnject:lo’n provide less pain in animals than compositions derived
from sdmixtures containing other bases. The L(+) arginine is |
20 very preferably utilized in s proportion to provide a pH of 3.5-6
on d:l.lution of the admixture with water to provide a composition
with s zwitterion activity of 250 mg/ml (as determined by HPLC
| duay). | | N\

'rhe salts herein and substant:lally dry phys:lcnl admixturu
25 containing them can be stored without refrigeration or insulated
packgging and still retain high potency.

In several of the preparations herein the unstable
gwitterion is used as the starting material. The preparation of
this is described in Examples 1-3 of Aburaki et al. U.S.
30 &, 406,899. The zwitterion is referred to in Aburaki et al. as



dnd with two 5 m portions of acetone, and vacuumdried at 40-50 deg. C
overnight. 15 A typical yieldis 1.3 g of sulfuric acid addition
salt. Analysis: Calculated for [err] = M&=-39.44; %1, 4.53; 9%\, 14.52; _
8, 16:62; %err],.none. Found: %C, 38.91; %1, 4:57; %N, 14.64; %8, 16.71;
-@Qer%f} 1.42. -11- Conparative Exanple Il Preparation of the Sulfuric
Aci d Addig] 1 v-pLeplam ia2®d-%eS 1 idb-92¢1- 5
R T AN e"éfﬁaf’“'éged ‘& T e O MhcatBintd-921L
Cryst al | imekheh- 1PYFRER {afn ug)pet Xééi'ﬁjc\ﬁ’k‘ﬁ"\fr 7eagboxydat®.  aqdition
- salt and the crystalline mass is slurried for 0.5 hours. The crystals are

t hen separ at ed,b I LLr gkl ' 09 ne/ wat er
(VIV) and wi tﬁnﬁo{és##g})gir't Ikgngigﬁg55&?@%%‘2‘%&'&\/}g{?&g}ﬁ&#ﬁ%&i& -50 deg.
C overni gixampibes ¢ ypical . yield is 1.3 g of sulfuric acid addition salt. 10
Conparative Exanple Il Preparation of the [err] Acid Addition Salt 300 ng
of zwitterion are dissolved in 2N nitric acid (0.5 m). The solution is
rubbed with a glass rod, diluted with 2-propanol (0.4 m) and cool ed. The
crystalline title conpound 15 gl @@dﬁ@&@e¢*§@?lggé§equentiaIIy_mashed
WitHP0.4 nl of 2-propanol [err] (Igﬁ%T_ZTETﬁﬁéno and then ether to afford
127 ngs of the dinitrate salt. ' r . ‘

: Preparation of the Sulfuric Acid Addition Salt

1.5 g of zwitterion are added slowly to 10 ml of rapidly
_ stirred 1N H2804 (1.59 molar equivalents) at 20-26 deg. C. A
-/ solution is obtained. Crystallization is then induced by seeding
10 with crystalline sulfuric acid addition salt and the crystalline
' mass is slurried for 0.5 hours. The crystals are then separated
by vacuum filtration, washed with 3 ml of 50% acetone/water (V/V)
and with two 5 ml portions of acetone, and vacuum dried at 40-50
deg. C overnight.

18 A typical yield is 1.3 g of sulfuric acid addition salt.
- Analysis: Calculated for-clgnzan‘ossz.azso¢:. %C, 39.44; 7H,
4.53; 2N, 14.52; 18, 16.62; ZH,0, none. Found: %C, 38.91; %M,
4.57; 7N, 14.64; 75, 16.71; znzo.-x.az.



Anal ysis: Calculated for [err]:* o, 37.62; %, 4.32; %\, 18.47; 95,
10.57. Found: 9%, 36.92; %, 4.10; 20" 9%\, 18.08; %5, 10.67; ([err]
‘content 0.90% . -12- Conparative Bd&hpte |V Preparation of t he
Monohydrochl oride Acid Addition Salt 1 g of zwitterion is di.ssolved in 2 )8
m of 1IN HCl1L (1 nolar equivalent) at 20-25 deg. C. Thirty m of acetone.are
“~added with rapid stirring over a 15 mi.nute period whereby crystals form 5
Stirring is continued for 1 Er‘jour Tge crzstals e isolated by vacuum
filtration, washed with 10 mdrred at 50 deg. C for
2 hours. A typical yield is O. 9 g of crystalline nonohydrochloride salt.
Anal ysis: Cal cyl at ed. . %1 7, , ., 4. _;%\I 15.2; 9§,
11.63; %0, 12.0%eRaraien fggoyiiug 38 A kS, 11.28; od,
12.44; %err], 4.5. (Oorrectedfor [err] %: 41 17; 9N, 14 61, ¥%5,c 11.82;-

(I)grahildrlgcg?) f#?‘ﬁ%ﬁ?ﬁsgﬁngff éﬁasﬁﬂaﬁééﬂ (?P"g‘lfo%ﬁa gayg‘?ﬂ;hlﬁ'r de

Acid Mﬂﬂlf §0), e slomlytaddedntoothini sodutdonawdth stcllrmiﬁgr n 2 rr1 of

IN-H d 20.
o1 eV L EHaBE OF Shdn 4HUCRD bY: pRE A0 R bl R
5 addition salt and the crystalline mass :I.s slurried for 0.5 hours.

The crystals are then separated by vacuum filtration, washed with

3 ml of 50% acetone/water (V/V) and witltwo 5 ml portions of

acetone; and vacuum dried at 40-50 deg. C overnight.

The typical yield is 1.3 g of sulfuric scid addition salt. S _

10 - : . - Comparative Example IIT
Preparation of the (HNO.), Acid Addition Sal

300 mg of zwitterion are _diss_olveél in 2N nitric acid (0.5
ml). The solution is rubbed with a glass rod, diluted with
2-propanol (0.4 ml) and cooled. The crystalline t:ltle_éofnpo‘und’
15 is collected and is sequentially washed with 0.4 ml of 2-propanel
uzo (1:1)'. 2-propanol and then ether to afford 127 mgs of the
- dinitrate salt. _ &/

Analysis: Calculated for CygH, N.O5,.2HNO4: %C, 37.62;
ZH, 4.32; IN, 18.47; %S, 10.57. Found: 3%C, 36.92; TH, 4.10;
20 %N, 18.08; %5, 10.67; (H,0 content _0'.901).




Stirring is continued for 5 additional mnutes.: Then 10 additional nm of
acetone are added and stirring is carri'ed . out for 0.5 hours. The crystals
are renoved by vacuumfiltration, washed-wlh-two 5 ml portions of acetone
and vigguum dried at 25 - 404S deg. C for 24 hours. Atypical yieldis
300 ng of crystalline dihydrochloride acid addition salt. Analysis

Cal cul ated for 13 [err]: 9%, 41, 38, %4, 4.75; 9%\, 15 2; %5, 11. 62;

o, 12.8. Found: OC, 40.78:¢ iparOfve Bharf1 d 196, 11.25; %err], 1.25.

(Cbrrected for [err]: %C, 41. T, N, 14.388;, Ub, II1.39; %, 11.94). 5

1 g of dihydrochloride salt g d as above i s Iurrl-d in, 20 m_of

met hyl ene chl o2 XER&EALIQIL O] 3 PROVYS ALY 29 .d Addition Sailt
triethylamne is added over a 15 n1nute |nterval The crystalllne mass i s

Lhen S0l at ed th & our%,ﬂ%{ ¥ 1 SROLVRENEN 4108 R1, 08 SR Croedrer
met hyl eneequiuram@wchwm dleged Gt SThiiety Ml fof &cétone.aretaddediwith
e b AR 8 IR v AP anbe £ FOFLG Weflby Eryatals form,

D -orthop
of Sswi t t esmn'nig:htasmﬁwqmeds foxi1 hounq nTheicrystsls save nigalated by

) at 15 dg@evum FI¥eréiStidr, Washed with 10 ml of acetone and vacuum dried
at 50 deg. c for 2 hours.

A typical yield is8°0.9 g of crystalline monohydrochloride
\U salt. Analysis: Calculated for C;gH,,N.0;5,.HCl: 2ZC, 41.37;
10 %8, 4.75; %N, 15.2; 28, 11.63; %Cl, 12.86. Found: 7C, 39.32;
%H, 4.88; %N, 13.95; %S, 11.28; %C1, 12.44; TH,0, 4.5.
(Corrected for uzo.- XC, 41.17; AN, 14.61; ZS, 11.82; %C1,
13.03). ’ :

COEEaratlve Example V

18 - ?reparation of the Dihydrochloride Acid Addition Salt
and Preparation of the Monohydrochloride Acid

: Additiog Salt From It

o 350 mg of zwitterion are dissolved in 2 m1 of IN-HCl. 10 ml

~ of acetone are added to the tesulttnt solution, with rapid

20 stirring and over a S minute 1nterval, whereby c:ygtlls form.
Stirring is continued for S additional minutes. Then 10
additional ml of acetone are added and stirring is carried out
for 0.5 hours. The crystals pre removed by vacuum filtration,
washed with two 5 ml portiohs'of acetone and vacuum dried at

25 40245 deg. C for 24 hours. ' ' :

A typical yield is 300 mg of crystalline dihydrochloride
acid addition salt. Analysis Calculated for



solution is suitably filtered to clarify it. 12 ml of acetone are added to
the clarified solution, with rapid stirring and over a 20 10 m nute '
peri od wher eby crystals form Stlffl% is continued for 10 m nutes. Then
30 nml of acetone are added over a 10 nute period, and stirring is W
continued for an additional 15 m nutes. The crystal s are collected by -
vacuum filtration, washed with two 5 nml portions of acetone and two 5 i
portions of ether and dried 2S = under high vacuumfor 16 hours. A typical
yield for the Hrzxpgog JAREPar XAC,041v38s XH] &.257; XNy<XSalki%s, 11.62;

di - orthophoﬁa % @Cl gﬂghtlggn sglf; zﬁnaj,ml.sguCauchaggd 1f ogsierr]

uC, 33.72; YN, 12 o) 3 D 12.02;
%err], 1.8 2% ;%orr‘&f’é?f E‘f ﬁ 8 %H’le'% '14 The
sesqui - or t hddhod3kd i&céclm-eﬁﬂl-tlon salt |s formed as described above
except t hat net hanol - |s preferably used in place of “all: other solvents.

o 008 b SN s th b f it 0
terrperatureﬁ&gpf’?t ié %%ngiﬁ rftetd y¥ "n %ﬁ%iﬂ)’hs’ ndry
contai ners & asenieﬂhtﬁ!‘#eshmimr’-! Mﬁ'é‘ﬂe‘?‘rﬂ'ds !i@ﬂb% ckntiesvalds o The :
potency | ossxystallfrid massris then shiradednfur [Syholis.. THe %per0letamy gain is
| ndi cat ed b?q\oabgéoaumw dtydth1@fard thétfholefed BySvidiih 10% potency
108S over a iltration. washed with two S ml portions of methylene chloride

and vacuum dr:led at 50 deg c for 2 hours. A typicsl yield is

800 mg.

Comparative Example V2N

. _ _ Preparation of tho Di-orthophosphotie
15 Acid Addition Sa

1 g of zwitterion is dissolved in 3.4 ml of 144 mg/ml
HyP0, (2.2 moles ) at 15 deg. C. The resulting |
solution is suitably filtered to clarify it. 12 ml of acetone are
added to the clarified solution, with rapid stirring and over a
20 10 minute period whereby crystals form. Stirring is continued _
| for 10 minutes. Then 30 ml of acetone are added over s 10 minute
poriod. and stirring is continued for an additional 15 minutes.
The crystals are collected by vacuum filtration, washed with two _
S ml portions of acetone and two 5 ml portions of cther and dried o/
25 under high vacuum for 16 hours.

A typ:lcsl yiél‘d for this type of preparition was 1.1 g of
crystalline di--orthbphocphor’:l.c scid sddition salt. Anslysis:
Calculated for CygH, N.O(S,.2HsPO,: %C, 33.72; %H, 4.47; -

N, 12.42. Found: %C, 33.43; TH, 4.65; 2N, 12.02; ZHZO. 1.82.
30 (Corrected for uzo. ZC, 34.0; 2!!. 12.2). S



week period at 45-56 deg. Cis usua{ly indicative of |ess than 10% pot ency

| oss over a 2-3 year period at roamte rature 15 - PERCENT LGCSS 45
Deg. C 56 Deg. [err] 100 C (Weeks) _ © (Weeks)
{Days} Form 1 2 1 2 4 1
Zwi teri on 37 51 71 - 57 - - 100
[err] Salt 2.4to +5 3 +5 1.4 5to+6 +3 O0to +6 0-10
[err] Salt 8.8 3.4 0.68 10.3 3.7 2.4 - - d
Sal t _ 48 2.3 6.0 6.4 6.4 - [err]
Sal t " 2

st 0 Tgf sesqg% orthophosgpgpic acid’ additiZn salt 1} {érkgpablve

Exanpl e descmibed nabove rexcept:| thetimetheanobnisi puefevably uuesdmmephcc
up of Crysf 411 Neriet fwweﬁ@td Sn'.ismh.(%)estiwam@ WA tdphosphat &, (b)
sodi um 5 bi carbo ﬁ ; Sé %ply8|ne and (d) L(+) arginine. The
bases weRhaxRAceYy rﬂ)‘?’i BTN #R®: de pH s on dilution of the

admi xture with water to azwitterion activity of 250 ng/m (as determ ned
by HPLC assay) as follows: trisodium orthophosphate (to provide a pH of

6.0); sodium bi carbonate (to provide a pH of 10 6.0); L(+) lysine (to
provide a pHof 6.0); L(+) arginine (to -

5 Comparative Example VII
Stabilities at .Elé.vated Temperatures

- _ Elevated temperature sthbili_t:le_s were determined by storing
" the preparations in dry containers at temperatures and for time
. - periods as denoted below and potency losses or gains were
10 determined by HPLC. A % potency gain is indicated by a plus sign
- in front of a figure. A less than 10% potency loss over a 2 to &
week period at 45-56 deg. C is usually indicative of less than
'10% potency loss over a 2-3 year period'at_roon temperature.



-16- provide a pH of 6.0). Injectable conpositions were made up by
reconstituting with sterile water to a zwitterion activity of 250 ng/m as
determ ned by HPLC assay. There were no solubility problens. Injections .
(100 ng/kg) were carried out intranusclbarly on rabbits with pain mﬁthi@;}
acceptabl e thresholds. The | east pain was with the arginine containing
conposition.” Simlar results of good solubility and acceptabl e pain on
intramuscul ar injection are obtai ned on use of the other salts 10 her ei n
in the physical adm xtures with the above bases. Figure 1 is the infra red
absorption_spectrumof the crystalline sulfate salt prepared as descrlbed
in Conpafative Exanplie | or Il pelletized 1q tnhe crystartre—forrrw-t
potassi upn brom-de. The X-ray powder- diffractlion pattern of the crystallijne
15 sulfate salt of: 7 [[err] (2 an1noth|azc _ o (Z) nethoxy|n1no-

acet ani dp] - 3- [ ( 1- et R
prepared] as descri bed in Cbnparatlve Exanpl: a
Ri gaku Ppwder Diffrag 45 Pag. £ copper targess beaa)cdt ube,ma ﬁ,qk@l
filter nd the sanple cont aj nqueexs)a 20 S 2
deg./mnl over the r : _
mechani cpl | y gecor de raction. Fromihis
the (d) Forh culatdd. They
are |isted bel ow 1 . .
k¥ .81 71_ - $? - 100
Fzso‘ Salt k.d to +51 3 [+5 1.4 |5 to +6 +$ 0 to +6| 0-10 -
_ R | O
'_u‘mo,)z salt | 8.8 [3.4 p.6s Jo.s |32 [a.g . -
rﬂ salt 4.8 23 [e0o J6q |66 [ - | = — P
| ,mcn2 sait | o |- e o [- 1.2 12.4
Im,'ro‘), sale| o [30 fa0 ]| - [29 [so | - .
Comparative Example VIII
Testing of Physical Admixtures - ' Q_)

Physical admixtures were made up of c:yttallini sulfuric
acid salt with (a) trisodium orthophosphate, (b) sodium
s bicarbonate, (c) L(+) lysine, and (4) L(+) ltginino. The bases
werg added in proportions to provide pH's on dilutien of the
admixture with water to a zwitterion activity of 250 ng/ml (as
determined by HPLC assay) as follows: trisodium orthophosphate
(to provide a pH of 6.0); sodium bicarbonate (to provide a pH of
10 6.0); L{+) lysine (to provide a pB of 6.0); L(+) arginine (to



=17 - d spacing (A) I/[err] (% '9.20 100 6. 80

50 5.50 28 5 w " 5.09" 22 4.50

38 4.41 . 44 4.19 : 63 3.78

38 19 ; 3.64 446339 25 3.31

31 3.715 47 15 20 25 - 18 - Exanple | Preparation of

D hydrochl ori de anohydrate fromSulfate - Am ne Process (a) Conversion of
" Sulfate to Zwitteriop The sulfate salt: prepared as described in

Conpar at | PEO¥AdapAcPH °§0§ B)(O Injectiable compasitions wers made wp byre
of Anber|fe@ohétituting with sterile water to a zwitterion activity of 250

mg/ml as determined by HPLC assay. There were no solubility
problems. Injections (100 mg/kg) were carried out

5 intramuscularly on rabbits with pain within acceptable
thresholds. The least pain was with the arginine containing

composition.

Similar results of good solubility and acceptable pain on
intramuscular injection are obtained on use of the other salts
10 herein in the physical admixtures with the above bases.

) Figure 1 is the infra red absorption spectrum of the
crystalline sulfate salt prepared as described in Comparative
Example I or II pelletized in the crystalline form with potassium bromide.

The X-ray powder diffraction pattern of the crystalline
15 sulfate salt of 7-[a-(2-aminothiazol-4-yl)-a-(Z)-methoxyimino-
acetamido]-3-[(1-methyl-1-pyrrolidinio)methyl]-3-cephem-4-
carboxylate prepared as described in Comparative Example I or IT was
determined with a Rigaku Powder Diffractometer using a copper
target X-ray tube, s nickel filter, and the sample contained in a
20 glass dish. The scan rate was 2 deg./min. over the range from S
deg. to 40 deg. and a chart was mechanically recorded to show the
angles of maximum diffraction. From this the (d) spacings and
relative intensitiel (I/Io) were calculated. They are listed

below.



(600.5 L, 1.332 nole), Freon TF* (4.5 L) and Water for Injection, USP (900
m.) and the mixture is stirred 1 h at [érr]. After phase separation, the
organic layer is washed with water (237 m) and 10 t he combi ned aqueous
phases are stirred with a solution of Amberlite LA-2 (421 m., 0.933 nnlgl;
in Freon TF (3.6 L) for 1 h at [err]. The aqueous phase is extracted wi.h
Freon TF (2 x 375 nL) and the residual solvent renoved by vacuum The
solution is treated with decol orizing carbon (30 g) and di atonmaceous filter
15 “aid (24 g), and the solid renoved by vacuumfiltrati on and washed
with matergL%%g%qu_ﬂ4) Cbnversio?LgiaZngterion to .Di hydrochl ori de
Monohydr at e e ftiltrate frompart (a bove is cooled to [err]. Aqueous
hydrochloric acid (6 N, 302.4 nL, 1.82 nole) foll owed by acetone 20

(3.61 L) are9.20n added while mainta@ggng a tenperature of 5-[err]. After

crystalIizat'opoponnences (various s for inducing crystallization nmay
be desirable at this point such as s ing) the mxture is treated with
aqueous hydr8sB@oric acid (6 N, 216 @8 1.3 nole). The mixture is then
stirred for §0ggin, and 2S treat with a further quantity of acetone
(9.02 L) by addition during 1 h at 5-Terr]. The slurry is stirred for 1 h
at O-[err] aNd Phe product collected filtration, washed with acetone (2
x 750 nlL), afdgyacuumdried to constgyg weight at [err] (20 h). The
dihydrochlorkd nonohydrate is obtaigﬁﬂ as a white crystalline 30 solid
(259.7 g, 8876% activity yield). Th MR and | R spectra -19-
_ ' . ’ s ' - -
10 3.64 44 s
3.3 25 -/
3.31 ' 31
15
20 R

25



conflrned t he assigned structure; purlty by’ HPLC anal ysis was 100% Anal .

Calcd for [err] : C, 39.93; H,. 4.94; "N, 14.70; [err], 11.22 5

Ch, 12.41; S, 3.15 Found C, 39.79;18,-4.80; N, 14.64; S, 11.12; d,
12, 44§d[err] 3.34 X-Ray Diffraction Pattern 10 The X-ray
diffraction pattern of the crystalline dihydrochloride monohydr at e prepar ed
as described in the preceding Exanple | was determned with a Rigaku
Powder Diffractoneter using a COppgixal tyX-ray tube, a nickel filter and
the sanple contained in a glass dish. The scan 15 rate was -

[err]/mn over the range from5-40 and a chart was nechanically recorded to
. show the angl es of naX|nun1d|ffract|on Fromthis the (d) spacings and
relative intensitigs. --ted bel ow:

-20- X- RAY PONDER BHHFRAY ‘ et

I/[err] (% .10.21 rom 1 age - Amine Pro .78 23

(s) Conversion of Sulfate to Zwitterion
S : The sulfate salt prepared as described in Comparative Example 1, 300 g
' (0. 581 mole), is added to an agitated mixture of Amberlite LA-2
(600.5 mL, 1.332 mole), Freon TF (4.5 L) and Water for Injection,
USP (900 mL) and the mixture is stirred 1 h at 23°C. "After phase
. separation, the oiganic layer is washed with water (225 mlL) and
10—  the combined aqueocus phases are stirred with a solution of
Amberlite LA-2 (421 mL, 0.933 mole) in Freon TF (3.6 L) for 1 h
at 23°C. The aqueous phase is extracted with Freon TF (2 x 375
mL) and the residual solvent removed by vacuum. The solution is
treated with decolorizing carbon (30 g) and diatomaceous filter
15 - aid (24 g), and the solid removed by vacuum filtrntion and washed
| with water (420 mlL).

(b)_ Conversion of Zwitterion to Dihydrochloride Monohydrate
The filtrate from part (a) above is cooled to 5°C. Aqueocus
hydrochloric acid (6 N; 302.4 mL, 1.82 mole) followed by acetone
20 (3.61 L) are then added while maintaining a temperature of 5-9°C.
After cryatallization'commencel (various means for inducing
"erystallization may be desirable at this point such as seeding)
the mixture is treated with aqueous hydrochloric acid (6 N; 216
) mL, 1.3 mole). The mixture is then stirred for 10 min, and
25 ‘treated with a further quantity of acetone (9.02 L) by addition
during 1 h at 5-8°C. The slurry is stirred for 1 h at 0-5°C and
the product collected by filtration, washed with acetone (2 x 750
mL), and vacuum dried to constant weight at 45 °C (20 h). The
dihydrochloride monohydrate is obtained as & white crystalline
30 solid (259.7 g, 88.6% activity yield). The NMR and IR spectrs



6. 28 9 5.84 ' 79512 4 5.01
9 4.95 54.74 ‘38 4.62 4 4,50
4 4. 44 4 4,26 -1932 4.10 - 4 3.95

- 33 3.90 28 3.78 39 3.64 ‘5 3.59
13 3.48 10 3.39. 15 3. 32 10 3. 21
10 3.11 10 3.04 5 2.99. 13 2.93
15 2. 7Gonfirmed the @sfiged structure;lpuzity by HPLC analydis 4as

100%.
Ansl. Calcd for CqoH. N.OcS.Cl, H,0: C, 39.93;: H, 4.94;
| al. 19%26%6%552C12 a0t L 32258 s: 3.9%3
_ ' Found s C, 39.70' v &, 80

N, 14.64; S. 11. 12;
Cl1, 12.44; uzo, 3.34

!;321J21222225122;Zsss§:n
10 The X-ray diffraction pqtteth'of*the crystalline
diﬁydtdcblottde monohydrate prepared as deséribe& in the
preceding Example I was détermined with & Rigaku roﬁder
Diffractometer using a copper target X-ray tubo, 8 nickel
filter and the sample contained in a glass dish, The scan
15 rate was 2°/min over the range from 5-40° and & chart was
| ‘mechanically recorded to show the angles of ‘maximum
f.diffraction.' From this the (4) spaein;s and relative

intensitiés (1/1,) were calculated and are listed below:



2.38 7 -21- Exanple I'l Preparation of Dihydrochloride
Monohydrate from Sul fate - Resin Process (a) Conversion of Sulfate to
Zmntterlon 5 The sulfate salt prepared as described in
Conparati ve Exanpl e 1 (300 g, 0.518 nole)20is added to a
nech?ﬁlcally stirred suspension of Dowex WGR resin (568.6 g 1.762 nole) in
Water for Injectlon USP (690 nlL) and the mixture stirred for 1 h at 20C.
(The word 'Dowex' is a registered Trade Mark). The resin is 10 a
weak base epoxyam ne pol yner. Af&a_ . . 6§mere5|n is renoved
by vacuum filtration and washedpi 1; > The filtrate is
~treated with decol orizing carbof™ ewoae—rt |l ter aid (7.5
g), and the solids then renoved by f||trat|on and mashed with water (2 X
144 m). 15 (b) Conversiongof Zwi tterion trg# mochl ori de
Monohydrate The filtrate from (a) @bove is conver e sane fashion as
is described in Exanple | (b) abgeg21Ct her weak bagp water insoluble
particul ate ion exchange resins n8yéRe substitutedyfgppr Dowex WER in Exanpl e
Il (a). In this 20 exanpl e6i. 38Bi o- Rad AG3- X428 which is a polystyrene
di vi nyl benzene weak base resin. (6k@8word 'Bio-Rad' 9 s a registered Trade
Mark). The foregoing procedures oS.8&anples | and 19 routlnely pr oduce

monohydrate having a wat er conteng 12 the :
4.95 S

4$.76 38

4.62 &

) 4$.50 4
4.26 32

4.10 , 4

3.95 S k)

3.90 . 28

3.78 39

3.64 S

3.59 13

3.39 : ' 15

3.32 o 10

3.11 . 10

2.99 13

2.93 15

2.76 S

2.63 10

| - 2.51 10
h 2.43 S

L J

- W
-]
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range of

reduced pressure (10 mm Hg) at 45C for

2.46%to 3.70% wi th am average val ue of 3.31% The 25 val ue
calculated fromthe stoichionetric forrmula.is 3.15% Drying at 57Cin a
desi ccator at reduced pressure (0'001'D2%%g2 over [err].for 5 days or at_

Storage stability at 56C for 3 weeks produced a potency |oss of 30
0.6% and was substantially inproved, therefore, as conpared to the
anhydrate (1.25% [err]) described | BXeBPI# a¥¥ve Exanpl e V hereof - 22 -

(7.2% 1 oss in 4 weeks at

| and 11

over the
is 3.15%

was furthepPre
curve is
LN [err]. The TGA

56C). The di hydrochl ori de nonohydrate of Exanples
aration o€dDihydrechlerddu Mdrich is (TGA) and
by differential scanning CQ;Q i : '
characteri zed by an onset
-curve is characterized by a loss in weight (water of hydration) of 3.17%

t eré%ﬁﬁ@%ifgﬂeo!fSLifiketQp[QP&%Fe}Bﬁu{heoretiCa' wei ght | oss

he latter

dphal osporin afeepsulfate $pd tdprsRAradasfescrived in Comparative Example 1,

7-[[err]-

((Zwoﬁ?gtowmlméiib).-ier alided) to & mechanically-stirred

ehavior 1s typical, hydrates of known

th im 1 do] =23=[ ( 1- [ -1- Ao\l i fhlg - - '
e Conhom AMERORALR oF DAYERRGR, FRELR § 588, BaBog 17 63, moled: 4rx Hiater ¢ he
nonohydr atfoxlchijedtionp USRM(680 bL)ndndSthe mixture RYiPHedS fof QORI I

havi ng a
wat'er of
10

18

20

47,2496, "\(Ehd ok Thoi® s & relfl St Brdda a2 P réSH 150

a weak base epoxyamine polymer. After the mixing period, the resin is
removed by vacuum filtration and washed with water (2 x 288 mL). The
filtrate is treated with decolorizing carbon (15 g) and diatomaceous
filter aid (7.5 g), and the solids thén removed by filtration and
washed with water (2 x 144 mL).

(b) Conversion of Zwitterion to Dihydrochloride Monohydrate

' The filtrate from (a) abovc:ii converted in the same |
fashion as is described in Example I (b) above. Other weak
base water insoluble particulat§-1on exchaﬁge resins may be
substituted for Dowex WGR in Example II (a). In this
example is Bio-Rad AG3-X4A which is a polystyrene divinylbernzene weak
base resin. (The word 'Bio-Rad' is a registered Trade Mark).

The foregoing procedures of Examples T and IT
routinely produce monohydrate having a water content in the
range of 2.46% to 3.70% with an average value of 3.31%. The
value calculated from the stoichiometric formula is 3.15%.
Drying at 57°C in a desiccator at reduced pressure (0.001 =mm
Hg) over P,0 for 5 days or at reduced pressure (10 mm Hg)
at 45°C for 2 days results in no loss in weight. Storage
stability at 56°C for 3 weeks produced & potency loss of

0.6%, and was substantially improved, therefore, as compared

1x>the:zinnhmda-(l.ﬂ&ilﬁfﬂ described tn(kmqunamive]bmnp&e'leugof

t

[

ays results in no loss in meh;&ﬁ."



ot as tenaciously held in the dihydrate as is the case of the nonohydrate,
a consistent conposition as determ ned by el enental analysis is uniformy
obtained, and the dihydrate 20 can2®e=furt her di stingui shed fromthe
nnnohydrate by DSC, TGA, and X-ray powder diffraction pattern. Exanpl e
IIIL¥¢eparat|on of Di hydrochl oride Di hydrate The di hydrochloride
monohydr at e pr¢pakBdlessdénchi weeksnsExS6BCI.1| is placed in a controlled
hum dity chanber at 5 - ..80-93%rel ative humi di:ty and 25-37C for from 2

to 7 days. In each: |nstance fornitlon of the di hydrochloride di hydrate was
est abl i shed by anal ¥hesdihydgechiopide mpaphydyake &ésﬁﬁﬁﬂﬁae&béve‘ﬂévééled

the follow ng gag! fhreabrreﬁukastefméat k?%h??ﬁﬁh&'&vﬁ%t?lbydhﬂ!%Qi' de
Di hydr ate. Theo

Valte ok FGh5Sand by gusfessnblef feanning’ calostneley’ (Bsc)s sine
38. 64 38. 74 DSE@Schdvelylsogharacterizéd1By an onseb. peak tempefaturé. 79

To/g %" Cexotnéini ot 196,8¢E: **rpe Jofocurvd 15, cnjfadbetild uy o,

11.90 - 11.84103121n2weightQOHNGsEroi%hydration)lgf 3.17% oves the 6. 99

6. 34 6.11 [F{h é 5
exot hernferr] pﬁ§9t§£gdpaﬁgéqifrﬁ% 5°8é°1%g3 § Eh?ogge?ﬁeggfﬁ
weight loss is 3.15%Z. The latter Behav or is typical of

10 hydrates of known cephalosporin antibiotics.

The dihydrate of 7-[a-(2-aminothiazol-4-y1)-a-(2Z)-
Q./ _methoxyiminoacetamido] -3-[(1-methyl- l-pyrtolidinio)methyll--
3-cephem-4-carboxylate dihydrochloride is prepared by the
- hydration of the monohydrate described in Examples I and
15 - 'II by exposure to air having a relative hunidity in excess
of 70Z. While the second molecule of water of hydration is
not as tenaciously held in the dihydrate'as is the case of
~ the monohydrate, & consistent composition as determined by
' elemental analysis is uniformly obtained, and the dihydrate
20 can be further distinguished from the monohydrate by DSC,
TGA, and X-ray powder diffraction pattern.



25-[err] 2.1 2.3 2.9 3.2 68-[err] 3.4 3.5

3.1 3.1 Total 5.5 5.8° . 6.0 6.3 *Karl Fisher

met hod 20 The di hydrochl oride di hydrate described in Exanpl e III '
can be easily dried to give the sane di&Jdrochl ori de nonohydr at e descrlh

in Exanples | and Il. This can be acconplished by drying in vacuo or ov

a desiccant such as [err]. The stormppl faaxy at el evated tenperatures -
as 25 nmeasured B ege.m:gh and #4,0l 0Qi a{ poj ency of the sanple was
simlar for the nonoNyora =i = HIEG ARG YAL®f trace
amounts of insol ubke particles was observed W|th the d| hydrate

Bvent| { Lot vat oo, uplroentaride hoiibiAtY belaiarad B dleserahed ca
2.5-4.1% . f%m? {IEHH &heaisssﬁeénata mtmlnmmm lsmtrdr l@ast
a o r]et((enI0€)93ﬂf rebALOOY. humidde g Anif525L37°C o Pr3n’ 2 W 7 days

err .
met hoxyi mi ﬁ%‘g(@eggk %‘Sﬁgn f#%ré'ﬂ&i’%% P(ﬁ |t&PnF|§’mh19r1§e dihydrate :
cephem 4- cHa®xgstabl rhmhlmlj-:lbydrMﬂiﬁguahngrgbgqn& 2§ to 7.0%
by wei ght. des@ffbed 2aboYJ [‘Ffféfﬂal E{:Q) following analytical results.

7-[[err]- (2 am not hi azol
met hoxyi mi noacet ain df th’ J{ jkesu{]éllsp¥r r Olnlig' 3' O)E\Bt hi’l!]

T Theoretical ' Sample Number

1is

10 " Analyte Value - 8-1B 12-2  28-1 28-2
Carbon - 38.71 . 38.76 38.64  38.74 o
Hydrogen  5.13 3.3 eiee 374 sy ™

Nitrogen = 14.26 14.22 14,19 14.24 14.18

. Sulfur 10.88 . . .10.66 10.22

15 Chlorjine 12.03. 11.90  11.84 12.12 11.90

Water % 6.11 6.16 6.99 . 6.34 .11

psC end:;herg;c - 81.6  84.6 85.6 84.6

exotherm 187.8 . .8 18%.

TGA (2 loss in weight) 1.“ > 18_7._8 183.7

25-68°C 2.1 2.3 2.9 3.2

68-180°c = 3.4 3.5 31 . 31

_ Total 5.3 5.8 6.0 6.3

*Karl Fisher method | . __
20 ' The dihydrochlorideée dihydrate described in Example III

~can be easily dried to give the same dihydrochloridc
monohydrate described in Examples I and II. This can be W/
sccomplished by drying in vacuo or over a desiccant such as
| Py05. The storage stability at elevated temperatures as
2s measured by chemical and biologiea! potency of the sample was
- similar for the monohydrate and dihydrate, but the formation
of trace amounts of insoluble particles was observed with the
dihydrate. Aecordingly, the monochydrate cartying up to about
1Z by weight of adventitious water is the preferred foim
30 (total water content ca, 2.5-4. 1Z). Such material when
stored at 56°C for 3 weeks exhibits at least a 96% retention
. of potency.



10 cephem 4- car boxyl at e di hydrochl ori de nonohydrate containing from2.5%
to 4. 1% by wei ght of water. 3. The crystalline

7 [[err]-(2-am nothiazol-4-yl)-[err]-(2)- 15

nethoxy|n1noacetan1do] 3-[(1-nethy|pyrro||dag|o)nethyl] 3-

cepﬁ@h}4 car boxyl at e di hydrochl ori de nonohydrate of Claim 1 having the

following X-ray powder diffraction pattern: 20 25 30 35 - 25 - X-RAY
POADER DI FFRACTA hydrochlorlde Monohdrate d i .: [/[err] (99

10. 21 .62 7 13 6.78 23 6. 28

9 5.84 _ 9 5.12 4 5.01 9 4.95

54.74 38 4162 The crystaFline7-[a-(2-aminothiszol-4-yl)-a-(2Z)-

- methoxyiminoacetamido]-3-[(1-methylpyrrolidinio)methyl-3-
5 cephem-4-carboxylate dihydrochloride hydrate
containing from 2.57 to 7.0% by weight of water.

2. - The crystalline 7-[a-(2-aminothiazol-4-yl)-¢-(2Z)-
methoxyiminoacetamido]-3-[(1-methylpyrrolidinio)methyl]-3-
10 cephem-4-carboxylate dihydrochloride monohydrate
containing from 2.5% to 4.1% by weight of water.

-

~/ | 3. The crystalline 7?[--(2-¢n1nothiczol-4-y1)-c-(2)-
15 methoxyiminoacetamido]}-3-[(1-methylpyrrolidinio)methyl]-3-
cephem-4-carboxylate dihydrochloride monohydrate of Claim 1

having the following X-ray powder diffraction pattern-:

20
25
30

35
[ —

L



4. 44 4 4.26 " 32°4.10 4 3.95 33
3.90 28 3.78 39 3 ’§4 , 5 3.59 13
3.48 10 3.39 15~ 237 -+ 10.3.21 _ - 210
3.11 10 3.04 52.99 : 13 2.93 -%45
2.76 5 2.63 10 2.51 10 2. 43 . 5
2.38 7 26 4. A physical adm xture of the salt according

to either of clains 1 and 2 with a pharnaceutically acceptable non- toxic
organi c or inorganic base in proportions to provide a S

- X-RAY POWDER DIFFRACTION
Dihxdrochl_or:l'de Monohydrate

d L1, (%)
10.21 - «100
8.62 13
6.78 23
6.28 9
5.84 9
5.12 4 -
5.01 9 o/
. 4.74 38
4.62 4
4.50 4
444 4
4.26 32
4.10 &
3.95 33
3.90 28
3.78 39
3.64 5
3.59 13
3.48 10
3.39 15
3.32 10
3.21 10
3.04 s
2.99 13 o/
2.93 15
2.76 S
2.63 10
2.51 10
2.43 3
2.38 7

O L



«pH of 3.5 to 7 on dilution of the admi xture with water to 5 injectable
iconcentration. 5. A physical adm xture according to claim4 wherein the
isalt and the base are present in proportions to provide a pH of 4 to 6 on
tdil ution of the admixture with water to 10Q injectable concentration. 6.

A Msical adm xture according to clains 28 5 wherein the base is L(+)

| ysine. 15 7. A physical adm xture according. to clains 4 or 5 wherein

the base is L{+) arginine...8. hysi c 1 xture of the, comound. ¢l ai med
a5 L( ) b PoVEachy, agnh AU T R el Heddlfa RN K
clained in clefnclaimg 1 -andiry)iwitk. a2phagmdceutitaidyhecdeptabdle mpran
acid additio NGyt | aJ t | Ya Qs
descr i bed | n SOEbS FEARRLLIEE PnafdaflE Bhek! Bh FrdpbPt fons 5 bl
pH of 3.5 to 7 on dilution of the admixture with water to
5 injectable concentration.

5. A physical admixture according to claim 4 wherein the

salt and the base are present in proportions to provide a PH

of 4 to 6 on dilution of the admixture with water to
10 injectable concentration. '

6. A physical admixture according “to claims 4 or S
'Y wherein the base is L(+) lysine.
15 7. A physical admixture accordihg to claims 4 or 5

wherein the base is L(+) arginine.

8. A physical mixture of the compound claimed in claim
3 and L(+) lysine. : '
20
9. A physical mixture of the compound claimed in claim
3 and L(+) arginine. '
| 25
N
30

10. A method for making an acid addition salt according
to any one of claims 1 to 3, substantially as described in
respect of any of the foregoing Examples I to III.

LT



