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equi val ent. of sulfuri=c acid 10 with (b) zwitterion in an amount so as to
be present&¥T31H® adnmi xture at a concentration of greater than 25
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and dryi ng. The ¢
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and isolating the crystals. PhyS|caIs@ﬂﬁhé¥ures of the salts with certain
bases in proportions to give a pH ranging rromabout 3.5 to about 7 on
dilution with water provide injectable conpositions on dilution. 20
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" carboxylate are stable even at elevated temperatures. The
crystalline sulfuric acid addition salt is made by forming an
admixture of (a) at least one molar eguivalent of sulfuric acid

10 with (b) zwitterion in an amount so as to be present in the
admixture at a concentration of greater than 25 milligrams/ml,
causing crystallization, separating the crystals, washing and

. drying. The crystalline monohydrochloride, dihydrochloride, and
orthophosphate salts are prepared by dissolving the gzwitterion in

15 the appropriate amount of acid, causing crystallization by adding

acetone and isolating the crystals. Physical admixtures of the
salts with certain bases in propértions to give a pH ranging from
about 3.5 to about 7 on dilution with water provide injectable
compositions on dilution.

20 Brief Description of the Drawing

Figure 1 is a graphical representation of the infra red
absorption spectrum of crystalline 7-Ia-(2-aminothiazol-4-y1)-q—
(2) -me thoxyiminoacetamido) =3-[ (1-methyl-l-pyrrolidinio) methyl)~-3-
'cephem-4-carboxy1ate sulfate salt measured on a KBr dilution
25 " thereof.
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Figure 2 is a graphical representation of the infra red absorption spectrum

of the crystalline sesqui phosphate salt of

.7-[a-(2-am not hi azol -4-yl)-x-(2)-methpxy-i m noacet am do] ' 3
-3-[ (I -methyl -1 -pyrrolidinio)-nethyl - cephem 4- car boxyl at e neasur ed on a
"KBr dilution thereof. Figure 3 is a graphical representation of the inf r»a

red absorption spectrumof the crystalline di phosphate salt of v,
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5 and to adm xt ures contai Background O The_Invention
Abur aki et 1pes bRy e L e Joms Wi gseehen- d-carboxylate

[a-(2- ammdunwlorﬂ-qlnsmdﬂ)utmhmheneﬁacet am do]j - 3-

[ (1-met hyl -1 -pyrrolidinio)-nmethyl]-3-cephem 4-carboxylate in the 10
zwitterion formand nentions corresponding acid addition salts (which are
present in the zwitterion formin injectable conposi- tions) and shows that
the zwitterion form has broader spectrumactivity than ceftazidinme and

cef ot axi me. Figu:e 3 is a graphical representation of the infra red

absorption spectrum of the c:r;ystal]_.j_.ne diphosphate salt of .
7-[a=( Z-ezninethia__z_ol-hyl) -x-(2) -methoxy-imj.noaceta;nido] : >
-3=-[( l-methyl-lépyrrelidinio ) -'_methyl ]=-3-cephem-4-carboxylate
measured on 'a KBr dilution thereof.



1bmever,-the af orenenti oned. Abur aki et™@] . cephal osporins 15 are stable
only for a few hours as injectable co sitions and the zwitterion form
£ven as a dry powder is unstable at roomtenperature and | oses 30% or nore

of its.activity on storage at evat gd fepperatures (e.g. 45 deg. C and
above} for even one week and tﬁhﬁam§§=i4i§ki§s speci al insul ated packagi ng

and/ gor .20 refrigeration and is at a packagi ng and storage di sadvant age
conpared to
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has room tenperature stati“igr'g&gdg&gd‘.ﬁﬁyﬁggtﬁgn t enperat ure

stability in dry powder gmrery—o—tre—rrvent i on It has been
di scovered.herein that certain crystalline acid addition salts of 7-
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~ (wvhich are present in the zwitterion form in injectable composi-
tions) and shows that the gwitterion form has broader spectrum
activity than ceftazidime and cefotaxime.

However, the aforementioned Aburaki et al. cephalosporins

- a5 are stadble only for a few hours as injectable compositions and
the zwitterion form even as a dry powder is unstable at room

temperature and loses 308 or more of its'activitj on storage at
elevated temperatures (e.g. 45 deg. C and above) for even one

week and therefore reguires special insulated packaging and/or
20 refrigeration and is at a packaging and storage disadvantage

 compared to ceftazidime and cefotaxime. |

while Aburaki et al. mentions acid addition 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. /Ressler et
.25 al., "Comparison of a New Cephalosporin, BMY 28142, with Other
Broad-Spectruml?-Léctam Antibiotics"®, Ant imicrobial Agents and
Chemotherapy, Vol. 27, No. 2, pp. 207-?16. February 1985 mentions
the sulfate salt, but does not disclose how to prepare such or
that this salt has room temperature stability and good elevated
30 temperature stability in dry powder form.
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melgh .. These acid addition salts are the crystalline salts of
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not OQ%{Q&“? clearly crystalline salts but also the "poorly" appearing
crysta e mono- hydrochloric acid addition salt. The acid addition salts
herei n when fornmed into aqueous injectable conpositions provide the

_ZWitterion ¢pe $! séi@nNaadieisn bhethoRr@aghé Nergitativhe b8tk of
7-[«-(Z-aminothiazol-t-yl)-c-(z»methbxyiminoacetamidoﬂrs- o
{ (1-methyl-1-pyrrolidinio) -methyl]-3-cephem-4~carboxylate -
selected from the group consisting of the sulfuric, di-nitric,
mono-hydrochloric, and di-hydrochloric acid addition salts and

=3 orthophosphoric acid addition salts (1.5-2 moles of "
orthophosphoric acid pe:'mole of salt, e.g. a range of from the
sesqui- to the di-orthophosphoric acid salts), or solvates

therecf. The term "crystalline® is used herein to mean at least

some characterizing ar:angément of molecules. While the

o) sulfuric, di-nitric, di-hydrochloric and orthophosphoric acid
addition salts herein are prepared in clearly crystalline form

(as evidenced'by'bireftingence under a polarizing microscope)

with precise arrangement of molecules, the mono-hydrochloric acid
addition salt has been prepared only with some regularity in the w
=5 arrangement of its molecules (as evidenced by poor birefringence
under poiarizihg_udtroscbpe) and not a precise predictable
arrangement and thus is "poorly” crystalline. The term
*crystalline® is used herein to embrace not only the clearly
-crystalline salts but also the "poorly"” appearing crystalline

0 mono-hydrochloric acid addition salt.

The acid addition salts herein when formed into aqueous
injectable compositions provide the zwitterion in solution. The
gwitterion has the structure

c— coNH—J:-(
H . CHZ'

\o CH; coo®
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The broad spectrumutility against various -organisms of the zwi tterion,
for'm® and thus of aqueous conpositions nade up fromthe salts herein, is

shown by the data in Aburaki et al. U S 4,6 406,899. 5 Aqueous
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The sul f r|§ “ﬁl di-nitric acid addition salts have reduced

sol ubi | | 8886 h are insufficient for typical injectable conmpositions. It
has been found herein t hat these obj ecti.onabl e characteristics are
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zwL/terlgg!;%O%& %gP%ﬂklzzf%% kﬂ aqres QEeE% pgdnkégq admixture
(that is as an admixture of solids) with a pharmaceutically
15 acceptable non-toxic organic or inorganic base in proportions to

provide a pH of about 3.5 to about 7 on éilution with water to a

gwitterion activity of from 1 mg/ml to 400 mg/ml, normally 250
7 mg/ml (as determined by high performance liguid chromatography,

hereinafter EPLC). ' :

20 A preferred salt herein is the crystalline sulfuric acid
addition salt. It is preferred because its low solubility in
water (25 mg/ml) allows high recovery from aqueous medium on
crystallization. ' : '

The crystalline sulfuric acid addition salt is readily
25 prepared by a process comprising the steps of (a) forming an aqueous
 admixture of (i) at least 1 molar eguivalent of sulfuric acid and
(ii) zwitterion in an amount so as to be present in the admixture
at a concentration greater than 25 mg/ml, (b) causing
crystallization of the sulfuric acid addition salt to occur, and
30 (c) isolating crystalline sulfuric acid addition salt. '



at a concentratlon greater than 25 ng/n1 (b) causing crystallization of

..the"sulfuric acid addition salt to occuf, and 30 (c) isolating
crystalline sulfuric acid addition salt. Det ai | ed Description The
criystallite salts herein (hereinafter referred to sinply as the salts
_herein) have excell ent stablb. ern1t§ ?rature and have a potency

| oss (as determ ned by HPLC)s on storage for a nonth
at roomtenperature. These salts also have excellent stability at el evaréd

temmer at ur capgndr 3ES1.R8t SRTYs| BR2e B GRAITMIN Pk efirReed ST

15% on st orage nmont h reCc acl
is a pPEf sbseanam hppedn ). haye 'xeFtnna% stadidity [ass Foem |t<9§@qxrm:1¢)%

on SL O?ﬁfGHOE & potehcy 46856 (dsgdeCeriined mmm)l.y,oﬂ 3epas téhalrQVh
olupi 1l

t h f | d
o vebFthR AR, T, a; Boniho b SReRa ey TR i TR 2
her ei nhaveoehge 1A entwstabilityobtbelevatied temperaturesaand Mareviag/ uni ,

and tgrelges 3b3g Q&‘}V'dl‘iirh‘iyeﬁeﬁadﬁﬁd)o%? A0 43 el 5O IR

hydriochl oric an sesqul -
d| ortﬁeﬁhosuﬁbﬁhcl&cﬂé'é&dﬂ?ﬁon salts have wat er solubllltles greaterthan
200 mg/m ., and therefore are preferably crystalllzed 20 from organic
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10 It has a potency loss of less than 10% on gorage for & month a _
45-56 deg. C. Very importantly, it has a loﬁ solubility in -
water, i.e. about 25 mg/ml, and therefore is crystallized from
water with minimized residual loss.

The 8i-nitric acid addition salt herein also has a low
15 solubility in water, i.e, about 60 mg/ml, and therefore also
provides low residual loss on crystallization from water.

The mono-hydrochloric, di-hydrochloric and sesgui- or
di-orthophosphoric acid addition salts have water solubilities
greater-t'.han 200 mg/ml., and therefore are preferably crystallizeg

20 from organic solvents, rather than from water, in order to obtain
good yields.

We turn now to the.é:epgratiqn of the salts herein.

As previously indicated the sulfuric acid aédiiion salt
herein is prepared by a prbcess comprising the steps of (8) forming
25 an aqueous admixture of (i) at least one molar eqguivalent of
sulfuric acid and (ii) switterion corresponding toc said salt in
an amount sc as to be present in the admixture at a concentration
of greater than 25 mg/ml, (b) causing crystallization to occur,
and (c) isolating crystalline sulfuric acid addition salt.

h.“s-



As previously indicated the sulfuric acidagdition salt herein is prepared
by -a process conprising the steps of* (a) fokrm ng 25 an aqueous

fadm xture of (i) at |east one nolar equivalent of sulfuric acid and (ii)
Zwitterion corresponding to said salt in an anbunt so as to be present in
t he- adm xture at a concentration of greater t.han 25 ng/m, (b) causing
crystal, Hri&bt@bltyo th wwitkerioy Ssaised nin csyepala) ngn Sehf ambsnECcEd as
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carri edmgymli.ssol ving solid zwitterion in water and sIomAy addlng sulfurlc
acid with stirring to forma solution. Step (b) is carried out by inducing

or Lreranly {Gess hoeCrestity dacied el e ifher B ndplon aodta
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solvent .o A iy S e6ARCa P51 E£6n 97 RY EerhbeveTy BEER TRTRERY B8O &1 ned.
~ carried by d;ssolving solid zwitterion in water and slowly adding
sulfuric acid with stirring to fo:m a solution.

Step (b) is carried out by inducing crystallization,

15 preferably by seeding, and then slurrying, preferably for 15
minutes to 2 hours. It is preferred that this crystall;zat;on
step be carried out in agueous medium, free of organic solvent,
and in such case purities greater than S8% are normally obtained.
While the presence of organic solvent, such as acetone, fosters

20 erystallization and increases yield by lowering the solub;lity of
the formed sulfuric acid addition salt in the crystallization
medium, it also can foster precipitation of impurities resulting

W, in decreased purity. When the zwitteriQn is used in step (a2) in
an amount so as to be present in the admixture in an amount less

25 than 25 mg/ml, organic solvent, preferably acetone, must be
included in the crystallization medium to provide reasonable
iecovety. When acetone is used, it is appropriately used in
amounts of 0.5 to 10 volumes per volume of aqueous
crystallization medium.

30 Step'(c) is carried out by separatihg the crystals from the
. erystallization medium, preferably by vacuum filtration, then
washing e.g. with acetone/water followed by acetone alone or 0.1N
sulfuric acid (e.g. 1/10 volume) followed by acetone (e.g. 1/4

s



whi l e the presence of organic solvent, such as acetone, fosters 20
crystallization and increases yield by L Qwering. the solubility of the

v forred sulfuric acid addition salt int crystallization nedium it also
can foster precipitation of |npur|t|es resulting in decreased purity. Wen
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filtering to remove the Baso, and recovering the filtrate LJ
containing the gwitterion dissolved therein and ut;lizzng it as a
solution or isclating solid zwitterion (free-base) by

1% 1yoph111:;ng.1t or by adding acetone to precipitate amorphous
zwitterion followed by isolating solid zwitterion by vacuum
filtration, washing e.g. vith acetone, and vacuum drying.

- Alternatively, the sulfuric acid addition salt is converted to
the free-base utilizing ion exchange resins, e.g. ‘Dowex WGR (a

20 weak base anion exchange resin) and Dowex XU-40090.01 (a strong
acid cation exchange resin) with suhsequent lyophzlxzatzon

Turning now to the preparetzon of the crystellane di-pitric
acid addition salt here;n, this is obtained by edmzxzng (i) at
least two molar equivalents of nitric acid and (ii) zwitterion o’
25 corzesponazng to said salt so to be present in the admixture at a
concentration greater than 100 mglml, and then inducing
crystallxzat;on by eeed;ng or rubbing with a glass rod, d:lutxng
with 2-propanol and cooling. The crystalline di-nitric ec;d
addzt;on salt is recovered e.g. by filtering, vashing
30 sequentzally. e.g. with 2-propenol-8 O (508 v/v}), -propanol, and
ether, and then vacuvum drying at 50 deg. C for 2 hours.

The mono—hydrochlpiie-ecid addition salt herein is prepared
by dissolving zwitterion in approximately one molar equivalent of

j7e



bO-lOO@Qof theory at a pH of less than 6.59t0 precipitate [err] filtering,
to-renmove the [err] and recovering the fijrate containing the zwitterion
di ssolved therein and utilizing it as a solution or isolating solid
zm&t}erion (free-base) by 15 | yophilizing it or by adding acetone to
preci pitate anorphous zwitterion followed by isolating solid zwitterion by
vacuym.fhydreehor icastidgapdgeavbingaceystadlize tisruby ddding acetone
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|s prepared by dissolving zwitterion in apprOX|nater one nol ar eqU|vaIent

of ~ hydrochiggi Erg‘i'tﬂlﬁﬁﬁecﬂiahpﬁf%}‘x%i"ab' S0 AU W1 He T 0"
SL\/rlng and continliing tqQ stir 3* I sol.ating
prepared by dissclving zwitterion at least two molar
equivalents of hydrochloric aci@, then causing crystallazation'by
adding acetone, then isolating crystals e.g. by vacuum

15 filtration, washing with acetone and vacuum drying.

The crystalline di-orthophosphoric acid'addition salt herein
is prepér;d by dissolving the zwitterion in at least 2 molar
eguivalents of phosphoric acid, causing etystéllization by adding
acetone, .and isolating crystals by e.g. by vacuum filtration

20 followed by washing first with acetone and then with ether and
then vacuum drying. The crystalline sesgui-orthophosphoric acid
addition salt is formed by this same p:ocedure except that about

\;/ 1.5 molar equzvalents of phosphoric acid is used.

The salts herein are formed into injectable compositions by
25 diluting with sterile water and buffering to a pB of 3.5-7 to
form an injectable concentration of 1 mg/ml up to 400 mg/ml of
zwitterion. Suitable buffering agents include, for example,
trisodium orthophosphate, sodium bicarbonate, sodium'cit:ate,
N-methylglucamine, L{+)} lysine and L(+) arginine. For |
- 30 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.
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crystals, e.g. by vacuumfiltration follg¢ﬁd by washing wi th acetone and
vacuigm drying. Alternatively the mono-h ochloric 5 acid addition salt
'1s formed fromthe di-hydrochloric acid addition salt by slurrying the:
"di-fydrochloric acid addition salt in nmethylene chloridé and adding 1 nole
eqU|vaIent oThe rsalty| hereini areones Qytﬁrnbdylﬂgmnl&(ﬂnﬂdlthjoctable .
mono- hyge, ﬂﬁ@&msnacsﬂmswl byoehsahua\m% o2 ﬁ%&t 1 uatel Bica %%ﬂ‘,

ene c oride an

£ilttat
i1 yi g SWIARESG and HERUEFAERELR ABATEIon) SATES: Aae Rot swhdolently
pr epar asbhyblié stol form cvimpbeitdonisnoft NoTaal CoRcENtYatIBH \ﬁzerﬂénﬂfis—

h b h
" of ok fofafla bOCRuRE|EhETRARYEE' Nelledl AR I Frci e e

and vaolmnlrlymgpowﬁbienysw- BrRe 5di wdichopiroyider ipa imdfiud mnmrsasrt

herein bﬁ@é@?@ﬁed Ry ﬂhé&@h!bagcb%e%wﬁt swpﬁbg:atl dﬁﬁ ,ﬁ;dm'a{

equi val s of_phos ric acid, causing ¥sta ng acetone ’

andlfy§§ﬁ§%g‘hg§§FganB§ (33,7 °H§’$8@Guﬁff|PFP&PEOG“EO“lﬁQMHQi&&FtAPtO

washut n?-fpwtsum fcetl 0861387 almixture wibnr pﬁﬁd‘m‘“ah%%t‘i?@i‘i dL yi tnﬁ The
sta ition.s or.ne IS

Ao DA EERPESIY, BpHARRIV RETs6] nBR-BoRIE brshrid br dnegmanim hasen o

i s usedin PEopertionsr tonpaevifer mepH Apdgingedran adontpdsis itznatvu’y,

di luti &f&iﬂ.ﬁifrf&smwassatandt}auu%w% tenaaa}t ino?\ of e f%l&':%ﬂ:re .

|nject e concentr at 20 tTerion ui'tabl e

buf f er i YR JEREET | }0| Bé‘cFBé%xgﬁﬁFquF‘g&’}l (;r?ﬁdﬁoéﬁi’nét% 4050 oo /iml J
bi carbamtansedrwncltugte:w&ltnthphghuavuw of( P50 wyma ad L(+) ™

ﬁgﬁahlrﬁétgﬁhigga by ﬁ&ienuggu&ar or intravenous adnlnlstratlon to an adult

The exact proportions of ihgredientt in the'physical
admixture vary from lot to lot of the salt since the purity of
the salt varies “from lot to lot.” The ‘proportions of ingredients
are establzshed for a2 particulaz lot by pretitrating in respect
20 to a sample to obtain a selected pH within the aforementioned
Tange.

The physical admixture is readily stored and shipped in
solid form thereby taking advantage of the stability of the salts
herein and is readily converted into an injectable composition | W/
28 simply by addztion of water, e.g. by & nurse or doctor, just prior '
to use.

The physical admixture is prepared by blending the salt and
the base into a uniform blend, e.g. utilizing a standard blender
in a dry atmosphete,'and is then preferably filled into a vial or

30 other containér} all under aseptic conditions.

The bases for use in the admixture'include. for example,
trisodium orthophosphate, sodium bicarbonate, sodium ecitrate,
N-methylglucamine, L(+)J lysine and L(+) arginine. L(+) lysine

./4.



total dosage of from about 750 to about 3 0 ng per day in divided doses is
normal-ly sufficient. The salt.s heregin 4qrle not desirably forned into

iKpj ect'abl e conpositions sinply by the addition of sterile water because the
sulfyric and di-nitric acid addition salts are not sufficiently soluble to

L orm cbrrmh mms afgmmlaw aflfdd)rkfﬁe mmﬁlar& eoﬁiilihm agles e

ecau i SS ver 0] I ons
Sv‘} ¥, Faconall Gifed IV prciite Sh il Gt ol fong MRESh cop

above | tmja;mwn pmﬁcﬂma}am pain imweiuh ttchoa r:gmpoeioizansoaerWed

Lﬁé%&?ﬁ?ﬁ?‘fﬁﬂ‘;&%% j%*“’ e Py“i'o To e £1Y) Xig‘gaﬁ‘ 4 yery
t

i noRyani PreLeF RFQRRTA P 1o RERNIRE 18 PH05L3.5-6 on
about 7, guneitdicaad|of fEiem sdmistvrd awidlp Water otd Provide #fcb oa;i{qg,t,ur e

Pt G0 o U L S PSSV P Ao BT i 48450 "?e"?ar RELGy

HPLC assassaplae exact proporti-ons of ingredients in the physical adm xture
vary fromlot to lot of the salt since the purity of the salt varies from
lot to lot. The proportions of ingredients are establlshed for a

particul ar | otThe SaLts thenein and subatantiplly (@ry phywieal cadmixtures

selyect ed et il g t t1gem | e Bty 1csld rﬁmuﬂ'fﬁﬁu@éﬁ@h@ﬂ%ﬂﬁﬁiﬁed
readily stgégd and shij F%%f&i le O|Jd for.m t eregy taklng advantage of the

Stabi 11t PP ARENE A7 tain nigh pote
_/
*In several of the preparations herein the unstable

zwitterion is used as the starting material. The preparation of
this is described in Examples 1-3 of Aburaki et al. U.S.

15 4,406,899. The zwitterion is referred to in Aburaki et al. as
7-{(2) -2-methoxyimino-2- {(2-aminothjazol-4-yl)acetamido-3-[ (1~
meﬁhyl-l-pyrrolidiniumlmethyl)-3-cephem-4-carboxyiate.

The invention is illustrated in the following working

examples.
20 Example I
o - Preparation of the Sulfuric Acid Addition Salt

1.5 g of zwitterion are added slowly to 10 ml of rapidly

stirred 1N B, SO, (1.59 molar equivalents) at 20-26 deg. C. A
solution is obtained. Crystallization is then induced by seeding

- 25 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 port;ons of acetone, and vacuum dried at 40-50
deg. C overnight.



herein .and is readily converted into en1’2g6ectable conposi tion 25 si nply
by addition of water, e.g. by a nurse or ctor,just prior to use. The

- physi cal adm xture is prepared by blending the salt-and the base into a
uniformblend, e.g. utilizing a standard bl ender in a dry atnosphere, and

is th f | h d
septic bondi: tpical IR T3 § of eddtusfl EE180UAR RTRR Baap. ",
‘exanpl é"‘hﬁ‘s&ﬁjl 5] ‘!Wﬁ)sﬂhﬁt€“§gd?°y95§ge§§§@ at eVCo0d8uMlai BHat e, '\“

N—nethvwsﬂiuiuurux.91ﬁ0t$ysxmeszndth+b aaeneLnerouhé+) Ne5! 38.93;294,L(H)

ar gi ni r d X optai ning these are reconstituted
to pro esd'{} W’ei@o‘@ @%C@?ta?g}]s&anﬁehg Rafnj ection provide less pain in
ani mal s than conpositions derived from adm xtures containi ng other bases.

he L(+) lysine is very 5 prefgggﬁéye illzed in a proportion to provide

pH of 3.5-6 aon dilution of the with water to provide a
conposition with<a zwitterion activity of 25D mg/ M (as determnmined by HPLC

assay) . *The5ﬁﬂﬁ§b§§%i¥{bﬁﬂﬂfsﬂﬁitSﬁlfﬁii& NeyaPRydi€3bnagahxt ures 10
contai ning themcan be stored wthout refrige ed packagi ng
and still retain high potency.. In several of the preparations herein the
unst abl e zvﬂstgiuﬁliwﬁtﬁgxﬁem ane dissolvedninediml. ofTbetpteparm1i@ﬂ of

I L ISR AHTH B Ghon ABreking, © 00508

Crystallzzation is then induced by seeding with crystalline acid
10 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.

A typical yield is 1.3 ¢ of sulfuric acid addition salt.

18 | “ Example 111

Preparation of the (HNOE)2 Acid Addition Salt

300 mg of zwitterionare dissolved in 2N nitric acid (0.5
ml). The solution is rubbed with a glass rod, diluted with _
2-propanol (0.4 ml) and cocled. The crystalline title compound \#’
20 .is collected and is seguentially washed with 0.4 ml of 2-propanol
E,0 (1:1), 2-propanocl and ghen ether to afford 127 mgs of the
dinitrate salt.

" Analysis: Calculated for C,gH, NOS,.2HNO,: 8C, 37.62;
SH, 4.32; SN, 18.47; 8S, 10.57. Found: 8C, 36.92; %H, 4.10;
25 SN, 18.08; %S, 10.67; (8,0 content 0.90%).



7- 1( Z) - 2- et hoxyi mi no- 2- ( 2- ami not hi azol - 4-yl ) acet ami do- 3- 1( 1-

met hyl -1 - pyrrolldlnlun)nethyl] 3-cephém 4- cggboxylate The invention is
|Plustrated in the foll ow ng working exanp

Exanple | Preparation of the Sulfuric Acid Addition Salt 1.5 g of

zwi tterion are added slowmy to 10 E of iapigly stirred IN[err](2.59 nol ar
equi vakents) at 20-26 deg. C. A so btai ned. Crystallization is:

t hen i nduced by seedlng 25 . with crystalline sulfuric acid addition salt
and the crys Ik d T, y/ | s t hen
and the crySwiddaia (¥ df e WidrithyS¥olh Fof I e (LNEEVELE) S581€ tTeT,
and with two 5 n1 portions of acetone, and vacuumdried at 40-50.deg. C
over ni ght . gititerion Glsl diissloRoed 115U} fog Ina%“fdamfé mold s
nal ysas: ?agéul at ed fozzp_a,‘e;g qu %rS h%\I 14 52; %5. 16.62 err| none.
Found: ®&83V 6 AhIELY Ml B scatqne are added with
Ex&nplexhbdﬂramwuuiny1dﬁeﬂtlaIiﬂﬁxnutn/hnzhdﬂkhhexubﬁidﬁyiiii()£$xm.

oedt FRRAndF Mo fhs o o stﬁrﬂ offreais 34 ARl dy,

seedi ng waCtw e rEick t & ¢ dan o oas hegd Wifddoﬂ ih %I!Cmq & ryaaith  deiedis s
i's sl urgiedd Wed TR 2 hours.

,. A typical yield is 0.9 g of crystalline monohydrochloride

;3“/ salt. Analysis: Calculated for c19324n60552 -HCl: 8C, 41.37;
SH, 4.75; SN, 15.2; 85, 11.63; 8Cl, 12.86. Found: 8C, 35.32;
8H, 4.8B; 8N, 13.95; 8S, 11.28; 8Cl, 12.44; SH.0, 4.5.
(Corrected for BZO= 8C, 41.17; N, 14.61; AS, 11.82; 8Cl,

13.03).

_15 Examgle A

Preparation of the Dihydrochloride Acid Addition Salt
and Preparation of the Monohydrochloride Acid

Addition Szlt From It o
350 mg of Zwitterion are dissolved in 2 m of IN-HC1. 10 m)

U/ of acetone are added to the resultant solution, with rapid stirring
qnd over 2 5 minute interval, whereby crystals form. Stirring fs
continued for 5 additional minufes. Then 10 additional . ml of

2cetone are added and stirring is carried out for 0.5 hours. The
crystals are removed by vacuum filtration, washed with two 5 ml

25 portions of acetone and vacuum dried at 40-45 deg. C for 24
hours.

A typical yield is 300 mg of crystalline d;hydrochlor;de
acid addition salt. Analysis Calculated for

_:911



The.erystals are then separated by vacu filtration, washed with 3 m of

50% acetone/water (V/V) and with two 5 portions of acetone, and vacuum
dried at 40 50 deg. C overnight. A typical yield is 1 3 g of sulfuric acid
addi ti le |1l Preparation

of the ho k ;}zmﬁHQ%%n1Q§ﬂt‘%ﬁiﬁ*@ﬁ%f !V]?ie’?onb?ezﬂ|!§olibdﬁin 2N
nitri c\ml,dleoﬁ mMPountize @ ut4OTBs SBHbEIS B tma U a3 899, ul;byt ed w th

2.7y o8, (9.3 ok ek mseyoItl L%, 14148, SORRRNET 20, (3

D

coIIecteB dn i'S ‘se
2- pr op¥fael JAnd%ih knrki &Q)fﬁford 127 nys of the dinitrate salt
Analysis: Calculated for [err] %, 4.32; 9%\, 18.47; %5, 10.57. Found

%, 36.92 ., 4.10;, .25 0N, _ . U5, 10. 67 err]. 2 Preparation of
t Be I\/bnohyder 8h|°c§1 'Q}é‘yﬂc’i?f’ﬁﬁf‘t]qa'oﬁ%%h?ﬁe@'ﬁdz% !%‘PYB'n‘Fs'&WSSwQeim n
2.08 ntOoinllItbﬂ-lﬁEWMearcrapnmelt)Zmzﬂmé’dj ®gin G ibaua ﬁaeimanab
acet on ol erl o er epy
crysta s or m %?Iegﬁte&ﬁ s“g'ontl nu?@a‘?éoé r‘?"%ﬁ{r fsl’#%%‘?{/] g?geﬁé t sofB®ed
by vacGaystiellineg sessdimahen luxried ofornsthons sind meumuuemat 50

deg. Cmb#b &Woﬁ&d%x@%tﬂﬁ'&é&&ﬁ Q&iaﬁd?yfﬁ'\“

1R Y595 ad il Washed Vith GG 8 ST portichs Bf £ ‘methylene chlonde

and vacuum dried at 50 deg. C for 2 hours. A typical yield is
800 mg. ' :

ﬁ

Example VI

Preparation of the Di-orthophosphoric
15 : Acid Addition Salt

1l g of 2zwitterion is dissolved in 3.4 ml of 144 mg/ml

B,PO, (2.2 molar equivalents) 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 stirrino and over a
20 10 minute period, whereby crystals form. Stirring is continved

for 10 minutes. Then 30 ml of acetone are added over a 10 minute

period, and stirring is continued for an additional 15 minutes.

The cryétals are collected by vacuum filtration, washed with twb.

S ml portions of acetone and two 5 ml portions of ether and dried
25 uner high vacuum for 1€ hours.

A typical_yield for this_type of preparation was 1.1-9 of
crystalline di-orthophosphoric acid addition salt. Analysis:
Calculated for c19H24N60552 233904 8C, 33.72; \H, 4.47;.

SN, 12.42. Found: 8C, 33.43; 8H, 4.€65; AN, 12.02; leo, 1.82.

30 (Corrected for Hzoz $C, 34.0; 8N, 12.2).

5



Y%t 4.75; N, 25.2; %S, 11.63; %Cl, 12 8§r’Found %C, 39.32; %, 4.88; 9\,

13.95; 5, 11.28; %1, 12.44; [ERR] 4. g (Corrected for [ERR]: C, 41.17;
9N 14 61; 98, 11.82; % 13.03). Exanple V Preparation of the
D'hy?rochlorlde Acid Addition Salt and Preparation of the Mnohydrochl oride
Aci d*Addi t i orthealse sgquimantigphoaphsizitiacid i addit ioni sadtvés formed| asf

|N-HCL %@ .Qe‘e W .5 aeddark té?ﬁfﬁi@ﬁt'ﬁtéﬂta SPbuturenus&etbneemd

stlrrlng over a m nute interval mhereby crystals form
Stirrined # c?omqlrﬂfecﬂi‘bir" kR« ional nminutes. Then 10 additional m of
acetone are added and stirring Is carried out for 0.5 hours. The crystals
are renoved by vacuum filtration, QP two 5 mM 25 portions of
acetone and vacuumdried at 40-45 4 hours. Atypical yield is
300 nmg of crystalline dlhydrochlorlde acid addition salt. Analysis

Cal cul ated for [errged i fdeicd rdt [Elévabed Temperatuge8f di hydrochloride
salt prepared as abov€11?1ﬂ1ﬂ111RTT?TTKT?ﬁ“T‘ﬁﬁFﬁVTEﬁ?‘EhIor|de at 20-25

deg. Cin a sealed flask and 0.28 ml of triethylam ne is added over a 15
mnute intervglevaté® temperature stabilities were determined by storing

the preparations in dry containers at temperatures and for time
periods as denoted below and potency losses or gains were
100  déetermined@ by BPLC. A 8 potency gain is indicated by a plus sign
in front of a figure. A less than 10% potency loss over a 2 to 4
wveek period at 45-56'deg. C is usually indicative of less than
108 potency loss over a 2-3 year period at room temperature.



crystalline mass is then slurried for 5 hours. The resultant

fiohohydrochl oride crystals are then isolated by vacuum 10 -~ filtrati on,
{ivashed with two 5 m portions of nethylene chloride and vacuumdried at 50
jeg. Cfor 2 hours. A typical yield gs 800 ny. Exanple VI Preparation of
the Di-orthophosphoric Acid Addition Sd 1 gof zwitterion is dissolved in
3.4 mM of 144 ng/m [err] (2.2 nolar equiyalents) at 15 deg. C. The ‘
resultlng solution is suitably filteregdto clarify it. 12 m of acetoné""ﬁre
addet to the clariffed solution, with rapid stirring and over a 20 ‘10

m nute period whereby crystals form Stirring is continued for 10 m nutes.
Then 30 ml of acetone are added over a 10 mnute period, and stirring is
continued for an additional 15 mnutes. The crystals are collected by
vacuum filtrati .
portions of ether and dripd—25- Ll MG hows.—At ypi cal
yield for thisjtype of pr =parat|ons\w§ g 1 g Df cry&tﬂgl |cne 100 Deg. €

di - ort hophosphqric aci d afftfTTOM Sojulexsfnal YS[ S+ Cal il gt €0 Ot bg‘l;,ﬂ %N,
12.42. Found: | IC, 33.43] %4 4.65, ON, 12.0p; %20, 1.82. 30 "

m

(Corrected for | [erfghem A 38 03 %N, 1242)¢ The sesqui - qr t hophosphoric
acid addition |t is forhed. as %m“/ »_exdent that 115 mollar equilvalents of
[err] are used |iR§tQRecbn 3w | sl nnf - 2§ - 1 - |00

ﬂzslo‘ ‘lxt 2.‘. Lo +5 3. +5 1.4 5 to «+6 _0_3. 0 to +6 .0.-10 -

(R90,), Salt | 8.8 3.4 lo.e8 |30.2 | 3.2 2.4 - -

HC1 Salt 4.8 2.3 {6.0 |6.a )] 6.4 - - -

(HC1), Salt (] - {7.4] - 0 - 7.2 12.¢

(,P0,), Salt 0 5.0 |10 | - 2.7 5.0 - -

Example VIII
Testing of Physical Admixtures
Physical admixtures were made up of crystalline sulfuric \I'

acid salt with (a) trisodium orthophosphate, (b) sodium
bicarbonate, (¢) L(+) lysine, and (d) L(+) arginine. The bases
were added in proportions to provide pH's on dilution of the
admixture with water to a zwitterion activity of 250 mg/ml (as
determined by HPIC assay) as follows: trisodium orthophosphate
(to provide a pH of 6.0); sodium bicarbonate (to provide a pH of
6.0); L(+) lysine (to provide a pH of 6.0); L(+) arginine (to



of 2.2

preparatlons in dry cont ai ners at t enper a

nDIar equi val ent s. Exanple VI | Stabllltles at El evated Tenperatures

es and for tinme periods as

El evat ed tenperature stabilities were detf§£1ned by storing the

denot ed
% pot.en
t.han 1Q
|nd|c

t enper a®g/ml as m@sm assay. There warernp solubihityrg. C

bel ow and potency | osses or gains re 10 determ ned by HPLC.
pyovide usymtfcﬁod.byxajplmh@egmumpdtmrd werfe gurde up (S

SOFLRBhERS Vel RiEh Sreride’l iRl AY P hfesirith Whidi iy o8 YV

€SS t @6potenc ss over a year peH

(WBekS)p:obIems. @W@ﬂﬁﬁ&ons !100 ) h¥re carried out 2 4 6

1

- % 1
[err]

PhyS|ca

sul furi
bi car bo

10

ZW tt

dptrapuscpdaniy BF SaRbith vigh pain Enil aceepranae’ | -

tBzesholdd. The ledst pain was With the arginine camtaifimg] Salt

% Rﬁbg,tlo 2.7 5.0 - - Exanple VIl Testing of
Rt O ey Physi cal adm xtures were nmade up of crystalline

c acid salt with (a) trisodium orthophosphate, (b) sodi um

nat e, gliei dalr')resiilivic o igbdd!)sdlubiBity Nin® ackeptilsé pain on
intramuscular injection are obtained on use of the other salts
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 Examples I or

11 pelletized in the crystalline form with potassium bromide.

15

<
The X-ray powder diffraction pattern of the crystalline
sulfate salt of 7-[a-(2-aminothiazol-4-yl)-8-(2)-methoxyimino-

acetamido}-3-[ (d-methyl-l-pyrrolidinio) -methyl)-3-cephem-4-

carboxylate prepared as described in Example I or 11 was

20

determined with a Rigaku Powder Diffractometer using a copper
target X-ray tube, a nickel filter, and the sample contained in a
glass dish. The scan rate was 2 deg./min, over the range from 5
deg. to 40 deg. and a chart was mechanically recorded to show the
angles of maximum diffraction. From this the (d) spacings and
relative intensities (1/I°) were calculated. They are listed
below.

A



7
were added in proportions to provide pH s on dilution of the adm xture with
water to a zwitterion activity of 250 nmg/m (as deternmined by HPLC assay)
. as .JJollows: trisodiumorthophosphate (to provide a'pH of 6.0); sodium
* bi carbonate (to provide a pH of 6.0); ng) |l ysine (to provide a pH of 6.0);
L('+) arginine (to provide * pH of 6@ . Injectable conpositions were .
made up by reconstituting with sterile water to a zwitterion activity af .
+ 250 ,ng/ M ‘as determ ned by HPLC assay. There were no solubility problens.
I nj ections, (100 ga/kﬁ’were carried O] )rarruscul arly on -rabbits with
pain wthi hr eshol ds. | east pain was with the -argini ne
~containing conposition. Simlar results of good sol-ubility and acceptabl e
pain on int rgfrygcul ar injection arejygyai ned on use of the other salts 10
herein in the physical adm xtures with the above bases.. Figure 1 is the
infra red ab€eBfti on spectrum of the ystalline sulfate salt prepared as
described ingExgnples | or |1 pelletizd in the crystalline formw th
got assi um brgn'b(;e. The X-ray powder diffraction pattern of the crystalline
ul fate salt®or7- [a-2-am nothiazol-4-yl -a- (z)-nethoxyimno-
acet am do] - 34 &D- net hyl - 1- pyrrol i di ni¥8- net hyl ] - 3- cephem 4- carboxyl ate
prepared as Qegtiri bed in Exanple | org4! was determned with a Ri gaku
Powder Diffracétometer using a copper rget X-ray tube, a nickel filter,
and the sanpMel®ntained in a 20 g‘gss dish. The scan rate was 2
deg./ mn. ovar 9ghe range from5 38

10 3.64 I L | \/
3.39 25
3.3 3
3.15 . 47

o



Hég. to 40 deg. and a chart was nmechanically recorded to show the angl es of
maxi rum di ffraction. Fromthis the (d) spacings and relative intensities

{ert] were calculated. They are |isted bel ow d spacing (A
[err] (9% 9.20 100 6. 80 50 5.50

X '5.09 22 4.50 38 4.41
44 .4.19 63 3.78 { 38 10 3. 64
44 3f3§ 25 3.31 ' 61 31 3.15
47 EXAMPLE | X PREPARATI ON OF THE SESQUI PHOSPHATE SALT The zwitterion,

0.70 g.,

Is dissolved with rapid stimyampupiIom?2.2 to 2.4 m. of 85%

phosphoric acid (2.1 togiE%A'BLﬁrONe%¥J Jeg]% lf%h% P,&ia,gbggﬂ,rdi luted 1:10

(vlv)

The zwitterion, 0.70 g., is dissolved with rapid

‘stirring in from 2.2 to 2.4 ml. of 85% phosphoric acid (2.1
to 2.2 molar egquivalents) which has been diluted 1:10 (v/v)

with water. The solution is clarified by filtration through
a 0.22-0.45 micron pore-size membrane filter. From 5 to 7

parts by volume (15-20 ml) of methanol is added to the

filtrate with rapid stirring during a 30 to 60 min. period.
Crystals form during this operation, and rapid stirring is
continued for 1.5 to 2 hours. The crystalline product .is
recovered by vacuum filtration. The product is washed on
the filter first with 6 to 8 ml of 1:1 (v/v)
methanol:acetone taking care to maintain a tightly packed
filter cake, and then with acetone. The product is dried in
vacuo at 50° C for 2 hours; typical yield 0.7 to 0.75 g.

Infrared Interpretation (See Figure 2)
(IR, KBr pellet)

1

Peak Position (em ~) Functional Group
2800-3400 NH,NH,",carboxyl OH
1780 ' B-lactam C=0
1680 _ Carboxyl C=0
1660 Amide C=0
1630 C=N,C=C
1550 Amide OH
980,1040 | ro,~



with water. The solution is-clarified by filtration through a 0.22-0.45

m cron pore-size menbrane filter. From5 to 7 parts by volume (15-20 m ) of
met hanol is added to the filtrate with rapid stirring during a 30 to 60
in. period. Crystals formduring this ation, and rapid stirring is
ontinued for 1.5 to 2 hours. The'cryst I ne product is recovered by 5
vacuum filtration. The product is washed on the filter first with 6 to@ n1
of 1:1 (v/v) met hanol acetone taking care to naintain a tightly packed

filter cak % ‘ﬁeta 13GEt one. The product is driedin vacuo at [err]
Cfor 2 ho .7 1t0 0.75 g. Infrared Interpretation (See
Figure 2) (I R KBr pellet) Peak Position [err] .. Functional G oup
2800- 3400 HZ shawio BP0 i ; : ;
Corr] -l act am C_Sn exot:l‘Mi‘llﬂ\I )Sga rlbagxy?r%(c):%s fggodlfferentlal scapning
C=0 1630 dd16rimeter traging.c 1550 . Ami de OH 980, 1040

[err] 20 Behavior On Heating An exothermis shown at [err] in the

differenti il R%Sf'ﬂl'f@ga@:llqd lp;ttq: rtnram ng.

The X-ray powder diffraction pattern of the foregoing
sesqulphosphate salt was measured w:.th a R:Lgaku Powder
Diffractometer in the same fashion as descrlbed above wzth
respect to sulfate salt with the following res_ults. o/
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SGth Diffraction Pattern The X-ray powder diffraction pattern of the
f oregoi ng sesqui phosphate salt was neasured wth a R gaku Powder
Piffractoneter in the same fashion as descri bed above with respect to

sylfate salt with the following results. d [err] 11.04 -
-32.19. 2 - 16 7.89 - 24 7. - 42 6.7 - 32
55 7 - . 26 4.64 - 100 4. 45~ l- 53 4.3 - 58
3.88*74 - 26 3.75 - 89 3. 56 - 21 3.31 . - 26
3.05 ° - 16 *NVMR Interpretation ( H 90 Mz NVR, D20 solution) [ERR]
- [E Entegpbrebation

H 90 MHz NMR, D2° solution)

N
Chemical Shift _
(ppm & vs. TSP) Description Integral Assignment
2.0-2.4 Multiplet 4 _14CH,, 14°CH,
3.04 Singlet 3 12CH3
3.3-3.6 Multiplet 5 2CH, 13CH,, 13'CH,
3.94 Doublet 1 2CH
4.12 Singlet -3 '20CH3
4.12 Doublet 1 11CH
4.8 ~ Doublet 1 11CH
: 5.42 Doublet 1 6CH
/ :
5.88 Doublet 1 7CH
7.21 Singlet 1 18CH



1.4 4 “Beﬁ§me4féﬁberature

[err]

wei ght)

1.4 4 weeks; [err; -
2.5 Ele

1.$ daypnt 1OOSTC

OANHOAENMJIW

days:
days;
week;
weeks;
wecks;
week;
weeks;
weeks:
weeks;
month;

70°C
70°C
56°C
56°C
56°C
45°C
45°C
45°C
45°C
37°C

0% esxk; [err] - 0 2 weeks;

0 7 8 weeks; [err]
mental Anal ysis (percent by

L] [] [}
o> 0 W

NHOHOOHHHO

Elementa1~Analﬁsis (percent by weight)

C
H
N

H,O

2

H3P0

*Karl Fischer Method

4

"Found

35.44
4.66

12.88
2.29%

23.06

Dry Basis ‘Theor Sesquiphosphate
36.3 _ 36.4
4.41 . 4.7
13.2 13.4
- " monohydrate = 2.8% H,0
23.6 : 23.6

(ppm 6 vs. TSP) Description | nt egral Assi gnment 2.0-2.4

Mul tiplet - _ 4 [ ERR] 3.04 : Si ngl et 3

[ERR] 3.3-3.6 Mul ti pl et 5 [ERR] 3.94 Doubl et
1 2CH 4. 12 Si ngl et 3 [ERR] 4.12

Doub et 1 11 4.8 Dodet et 1 11CH 5. 42
DouQIet 1 6CH 5. 88 Doubl et 1 7CH :
7. 2] Sﬁabﬁ%ﬁ! | 1 18CH  Stability Ti me- TEnperat (+€
% LCSS 1 - 10.9 3 days [err] - 0 7 days;
[err] - - 1. 9 1 week; [err] 1.0 2 weeks; [err] -

LJ



‘Found .., E?¥ Basi s Theory (Sequ|phosphate) C 35.44

36.3 .- - SYA756 36.4 H . . 4.41

A7 N 12. 88 ) 13.2 - t; 13.4 [err] 2. 29*
S nmonohydrate = 2.8% [err] [err

2316 *Karl Fischer Method [err] 11111‘1}&(1%?1(1)?1Hmnﬁnllﬁﬁliﬁﬂu I VB 1.
* Kar I scher t ho err "ﬂ"r
S

Tenperature stable crystalline salts of 7-[a(2-

anlndrﬁlazol 4-yl)-a-(2) -net hoxyi m noacet anm do] - 3- {1 et hyH - 2-
pyrrolldcmmgjﬁﬁethyIJB cephem 4- carboxyl ate selected fromthe 5 gr oup
consi sting of the sulfuric, di-nitric, nono-hydrochloric, and

di - hydrochloric acid addltlon salts, and ort hophosphoric acid addltlon
salts contalulngt&mﬁeiamdnu'l&nﬁleabeytsadﬂiperspltoreﬁoﬂvd?ei2thereof 2.

Th I c - f
the cul AnretRiaRdy ?ﬁ‘éhl‘?ﬂcl ??‘%5‘83““%58?.*%‘%"“"‘]‘(“ it

addltlouyxabﬂéd&on°§MMﬂﬁ Phems 4-gaghoxy 3aﬁea&ﬁ|£F&Fg §P°Fh§h§alt of
clam g‘}r wotnfh%ﬁ B Wte wnmzaeqemaummm menicehydyachlopic,

15
Gt omogk Sy 0 e € AR, Ballesl aB% BrehoprlodpBBRYE dogB
physi cala&timimurnm reontaining Q.5 s\qAMr eQuivadents of H,PO,, or
solvates thereof.

o/ 2. The crystalline salts of Claim 1 selected from the group
10 consisting of the sulfuric, mono-hydrochloric, di-hydrochloric
and orthophosphoric acid addition salts, or solvates therecf.

3. A physical a@mixture of the salt of claim1 or 2 with a
pharmaceutically. acceptable non-toxic organic or inorganic base
in proportions to provide a pH of about 3.5 to about 7 on

15 dilution of the admixture with water to injectable concentration.

4. A physical admixture as recited in Claim3 wherein the
salt and the base are present in proportions to provide a pE of
about 4 to about € on dilution of the admixture with water to
iﬁjectable concentration.

20 §. A physical admixture as recited in claim 3 or 4 wherein the
base is L(+) lysine.

6. A Dphysical admixture as recited in claim 3 or 4 wherein the
base is L(+) arginine.



salt_.and the base are present i'n propor@éﬁs to provide a pH of about 4 to
about- 6 on dilution of the adnixture with wat er —+t-o0—i-nj-ectable———

concentration. 20 5. A physicak 28m xture as recited in-claim3 or
>4 wherein the base is L(+) lysine. 6. A/ physi ca‘lllﬂ'li‘lﬂlﬂtlmle"lﬂﬂlmamted in
clfaim 3 or 4 wherein the base is L(+) arginine S * 1.
A rrethod for maki ng the sulfuric acid addition salt® of claim 1 oorrprlsn’]g

cout Dai B “on ByeBRrOR SR D GNP, SSTSHY Ra e aRps obfin g

(b) o | on of the sulfuric acid addition salt to occur,
prow%t‘r}g?cm\i{thgi%ftten on is present in the adm xture at a

- concentration of less than 25 ng/m the crystallization is carried out in
t he presence of .an organic solvent, and (c). isolating crystalline sulfuric
aci d addm)i orfczniimq sh mmﬁmtﬁdmnaﬂml nuhree@nsgle(du) is
carried out i'nh an aquequs,nedi ugnfre of organic sol vent. . The nmethod as
r eciafe SULTUDig deidopngd (Ad) Fritterion cexyesponding 9 rF@t%rP’(léﬁ in an
anobunt so as to be present in the admi xture at a concentration |ess than
500 ng/ M. 10. The method as recited in claim7, 8 or 9 wherein the anount

5 0f 2w L@y OaRiPnigy R¥ybRaPiSPat Boni S£5¢KE dliPéutic iscid WRbitidh the

salt to occur, provided that when the zwitterion is present in the

admixture at a concentration of less than 25 mg/ml the - o/
crystallization is carried cut in the presence of an organic

solvent, and
| 10 (¢) 4soclating crystalline sulfuric acid addition salt.

8. Method as reci‘;ed in Claim 7 vhere step (b) 'is. carried

‘out in an aguedus medium free of organic solvent.

9. The method as recited in Claim 7 or 8 wherein the Mt_tel"idn
is used in Step (a) in an amount so as to be present in the o

15 admixture at a concentration less than 500 mg/ml.

10. The method as recited in claim 7, 8 or 9 wherein the amount of
gwitterion employed in Step (a) is such that it is present in the

adnixture at a concentration greater than 25 'ng/ml.



<

adnmi xture at a concentration greater than 25 ng/m . 11. The net hod as
recited in claim8 wherein the zwitterion is used in Step (a) in an amunt
sojas to be present—+H—%he—aﬂﬁ%xfﬁfe—at a concentration rangi ng from about

100 g/ M to about 200 he crystalline sulfuric acid addition
salt of claim 1. 13 m ﬂ U u [ erP}S(2- ami not hi azol
-4- yllu&err] (2 - do]'f? (I-methyl-1-pyrrolidinio)

met hylq - 3- cephem 4- carboxylate sul fate salt haV|ng the foll owi ng X-ray

powder diffraction pattern: d spacing (A _ [err] 9.20
100 6. 86 50 5.50 _—/4‘ - 28 5.09
22 4.50 , 38 4.41 ' 44 4.19
63 3.78 38 3.64 _ 44 3.39
25 3.31 11. The megghagd 1&s recited in claim 8gwyherein the

zwitterion is used in Step (a) in an amount so as to
be present in the admixture at a concentration ranging
rom about 100 mg/ml to about 200 mg/ml.

12. The crystalline sulfuric acid addition salt of

claim 1.
Y _
13. Crystalline 7- [ -(2-aminothiazol =4-yl)-&-(Z)-
methoxyiminoacetamido]—&—[(l-methyl-l-pyrrolidinio)
methyl] -3-cephem-4-carboxylate sulfate salt having the
fellowing X-ray powder diffraction pattern:
o o
d spacing (A) I/1 (&)
9.20 100
6.86 50
\J 5.50 28
5.09 22
4.50 38
4.41 © 44
4.19 63
. 3.78 38
3.64 44
3.39 25
-3.31 31

3.15 47



14. The crystalline orthophosphori c aci d add| t |ﬂn—%a+—t—ei—-cl—a4-m4ﬁ_ and

hydrates thereof. 15. Crystalline am not hi azol - 4-

. net hoxyi mi noacet ani do] - 3- 1( 1- net hyI p rroI i di ni o ﬂll!l”ul l | "uil

- methyl ] - 3- cephem 4- car boxyl ate phog_p‘?fe havi ng ray powder
diffraction pattern. d . 11.04 - 32 9.2

16 7.89 - 24 7.02 - 42 6.7 - 32 5.5 -

" 4.64. - 100 4. 456 - 53 4.3 - 58 3.88 - 2'6"‘

?675A met h’oﬁ foﬁ?rra‘f(;ﬁ tal !i'? o cgh eh%gsicclaﬁir‘rieé(aét%%n sa'il.t of -16
substantially a@ltﬁdsdh b%n.ﬂlhﬂ%t%ﬂ thereof .

15. Crystalline 7-[a-(2-aminothiazol-4-yl)-a-(2)-
methbxiriminoacetamido }=-3-[( l-methy_lpyrrolidinio )-
methy'l]-3-c_éphem-4-cérboxy1ate phosphate having
the following X-ray powder diffraction pattern.

[ -1

I1/1°
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32
16
24
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32
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100
53
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21
26
16
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.‘l . . .
Fxanpkes | to VI or Exanple IX. 17. A $8Lk or set aimed in claim

1, made by a nmethod as clained i.n any of clains 7 16. 18.
A conposition conprising a salt or sol \qug as cl alm mﬂm
phﬁSlca| adm xture with a pharmaceutically accept

tOXIC organic or inorganic base.

16. A method for making a salt or solvate as claimed
in claim 1, substantially as describéd in any of
Examples I to VI or Example IX.

17. A salt or solvate as claimed in claim 1, made

—s..d'

=

by a method as claimed in any of claims 7 to 11,'or
claim 16. _

i8. A composition comprising a salt or solvate as
claimed in claim 17 in physical admixture with a
pharmaceutically acceptable normally solid non-toxic
organic or inorganic base.




