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Process for the purification of a 3-cephem 4-carboxylic acid derivative The

invention relates to nmethods of reducin ReQE- (t'rans) isoner amount in t#e ey
ZI E (ci sMQ 3H3§084- ani no- 3- (1- propen- 1- %é 3-cephem 4- car boREITEPRP2965
fornmula | [err] The Z-isomer, 7-amino-3-[(Z)-1-propen-1-yl]-3-cephem 4-
carboxylic acid of formula Ia [err] is a centrialF internediate for the
production of highly effective broad-band antibiotics, for exanple

cefprozil and BAY v 3522 of formulae [err] It is known that the Z-(or
cis-)configuration represents the characteristic which determ nes the

advant ageous argd@d<L ' the purification of a 3-cephem—4-carboxylic acid

derivative

The invention relates to methods of reducing the E-{trans)
isomer amount in the Z/E {cis/trans) 7-amino-3-{l-propen-
l1-yl})-3~ cephem—4 carboxylxc‘%ﬁmﬁ of formula I

The Z-isomer, 7-amino-3-[(z):”t
carboxylic acid of formula Ia
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is a centrdl intermediate for the production of highly
effective broad-band antibiotics, for example cefprozil and
BAY v 3522 of formulae
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It is known that the Z-{or cis~)configuration represents the
characteristic which determines the advantageous antibacterial
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properties of cephal osporin end products in the Gram negative range.
sequently, an active substance with the small est possible proportion of
or , transwWO 9386884 i s desired for optinmum efficiency. For exgﬁjf?(%”czw%s
esired E-isonmer in cefprozil should not excged 11% according to the US
rnmocopei a. synthetic processes for the prodliction of these antibiotics
erally yield Z-isonmers in adm xture with E-isoners. During the synthesis

t he doubl e bond fromthe correspondi ng cephal osporin nucleus by neans of
ittig reacti onpnbperhies adfictgphalasnrorin jancprrducs sEins Sher STagy nggarive
gui ded in the gdgsigededhiebid: Pty 0 AN dNSiAld TtfdtUnte XN theUmRaleil
lication 2 135 %%g descr%%@% théiproduction of . . .
possible proportion of E-(or trans-) isomer is desired for
optimum efficiency. For example the undesired E~isomer in
cefprozil should not exceed 1l1% according to the US

Pharmocopeia.

Synthetic processes for the production of these antibiotics
generally yield Z-isomers in admixture with E-isomers.

During the synthesis of the double bond from the corresponding
cephalosporin nucleus by means of a Wittig reaction with
acetaldehyde, the ratio of 2- to E-isomers may only be guided
in the desired direction to an unsatisfactory extent : UK
.Patent Application 2 135 305 describes the production of
cefprozil, starting with 7g-[D-2-(t-butoxycarbonylamino)-
2-({p~hydroxyphenyl)acetamido}~3~cephem-4-carboxylic acid
benzhydrylester. In Procedure 8 of this UK Application, the
trans~isomer is separated by high performance liquid chromato-

graphy.

In USP 4 727 070, a 2/E mixture of 7-[D-2-amino-2-(Z-and
E)-l-propen-1-yl)ceph-3-em-4-carboxylic acid (cefprozil) is
freed from undesired E isomer by means of a reaction with
acetone and subsequent re-cleavage to the active substance.
Purification of a most advanced intermediate by chromitography
is expensive, and purification by chemical derivation of the
end product is of course the most expensive variant,

Less expensive is the production of the relatively isomer-free
intermediate product, namely 7-amino-3-[{Z)-l-propen-
1~yl}-3-cephem-4-carboxylic acid. However, the necessary
olefinization reaction may not progress sufficiently
selectively to the desired Z-compound. For example, in UK
Patent Application 2 173 798, 7-amino-3-(l-propen-l-yl)-
3-cephem~4-carboxylic acid benzhydryl ester.hydrochloride is
obtained for example as a maximum 90/10 Z/E mixture in a
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cefgrozil, starting with 7[err]-[D 2-(t-butoxycarbonyl am no) -

2- (p- hydr oxyphenyl ) acet am do] - 3- cephem 4- car boxylic acid benzhydryl ester.

I n ProceddO&3616884t hi s UK Application, the trans-isonmer is s@@éﬂé@@zw
hi gh performance |iquid chromato- graphy.-«Ih-USP 4 727 070, a Z/E m xture
of 7-[D 2-am no-2-(Z-and E)-1-propen-1-yl)ceph-3-em4-carboxylic acid
(cefprozil) is freed fromundesired E i sonmer by nmeans of a reaction with
acet.one and subsaﬂfent re-cl eavage tgﬁ%he a subst ance, Purification of

. : tiye
2 most advanced/itkis medcAtbiodSc AnoRBtBERANAGEFsSERBRNLPy ERe SRRt IDIOLIC
puriffication byedpawizdidl. deomvahicen ettekbectedvageduakesspbiceots Sprodece
nmosf expensive .vari.ant .. | X Lve,igythe_ tion of the relativel
iso%er-free inﬁéﬁﬁ&ﬁoaéeHg?iagcgggﬁgﬁer§}5a%igégggf(£)ei?%?%%§hg écxé with
1- yH] - 3- cephemad peapioatibonc ofcEdiskivaevef, 9t Ad. ntocBranple| ¢f i thearabiv of
reagtion may nglppnQoRess 7SUthi €peRALbY292 806, 7-amino-3-(1l-propen-
l-yl)-3-cephem-4-carboxylic acid is produced with a maximum
Z/E ratio of 91/9. Further purification at the stage of this

central intermediate product is not described.

It has been surprisingly found that Z/E 7-amino-3-{l-propen-1-
yl}-3-cephem-4-carboxylic acid of formula I with a too high E
proportion may be converted into compound of formula I with
low E content via the hydrochloride or a metal or amine salt
of the compound of formula I or by adsorption chromatography
of the compound of formula I.

! In particular the invention comprises simple and efficient
‘ methods of depleting 7-amino-3-~[{E)-l-propen-l-yl)-3-cephem-4-
- ? carboxylic acid in 2/E mixtures of 7-amino-3-{l-propen-
l1-ylj-3-cephem-4-carboxylic acid by

a) forming the hydrochloride'of the compound of formula I’

S
1 [his Sheet Has Been Replaced HaN—
T e
COOH

wherein the ﬁropenyl group has Z- and E-configuration, from
compound of formula I and hydrochloric acid in a solvent or
sclvent mixture, in which the Z- and E-isomers of formula
I’ have different solubilities

w

or
solubilising at least part of 7-amino-3-[{(E)-l-propen-l-yl)
-3-cephem-4-carboxylic acid hydrochloride in Z/E mixtures
of the compound of formula I’ in a solvent or solvent
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ectively to the desired Z-conpound. For exanple, in UK Patent

lication 2 173 798, 7-am no-3-(1-propen-1-yl)- 3-cephem 4-carboxylic

d benzhyW©QI938608 . hydrochl oride is obtained for exanple as PCTAERY02865
10 Z/E mxture in a - 3 - wittig reaction as an intermediate stage to
antibiotic cefprozil. Fromthis, ester tﬂﬁavage t akes pl ace to produce
m no-3-[(Z)-1-propen-1-yl)-3- cephen}4 carboxylic acid with a proportion
Z-isoner of 9.7% In Exanple 4, the ratio of Z/E is 83/17. In EP-A-O 292
, 7-ani no- 3- (1- pr opskure,yih- ehcepheheﬂcaamx%momsu hayverdidfifexenti t h

ximum Z/ E ratio leggﬁxtﬂét hgh F’Pééét&@{ﬂxé’“ﬂ?& dive HaP g -Of sdlisS of
tral internedi ate pro IIS not escn
formul a '

and optionally converting the obtained compound of formula
I’ into the free compound of formula I with a reduced
E-amount by adjusting the pH or

b) forming a salt of formula II

HoN S
11

o’ ==CH(CH3)

coo - xt

wherein the propenyl group has Z- and E-configuration and

X+ is Li+, Na*, x*, ammonium or a cation of formula III
-
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R,
wherein R,, R; and R; are independently hydrogen,
(Cy-s)alkyl, an optionally substituted benzyl,
(Cq-s )cycloalkyl or R; with R; and the nitrogen atom
signify a 5- or 6-membered heterocycle which optionally

contains one or two additional heterocatoms and R; is as
defined above, whereby one of R;, R, or R; is not hydrogen,
by reacting a compound of formula I with a lithium, sodium
or potassium base or ammonia or an amine of formula IV

s
N - R, v
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It has been surprisingly found that Z/E 7-am no-3-(1-propen-1-

yl )§ 3-cephem 4-carboxylic acid of formula | with a too high E proportion

may§ be coWOAXEW8Ent o conpound of formula | with | ow E cont eﬁdg‘(ﬁr 2{Q3265

hyd§'ochl ori de or a netal or anine salt of th%fconpound of formula | or by
brption chromat ography of the conpound of fornmula I. In particular the

Bntion conprises sinple and efficient nethods of depleting

i no-3-[ (E)-1-propen- 1.yl ]; 3- mA4-_ car boxas 1 d,d Ny ' I &S

- ami no[ g% 1- p\%&f)gﬁ’-‘n ]1“% %RB%E%%“ r-ecaa?{)oé;gﬁlidce%agalcﬂch’béy a’)z{ Eoigr?:i%nt%he“
fochl ori de of sékventpuixtuné, fin mhich 'tHerdd atddeiisanes prodhdingmula

ip has Z- and Ec | | f B f |3 ¢l

f gchl oric aci dgf nﬁgés%‘?n%‘c%?t sgoﬁuent m %rag{d ifﬁrﬁip?htat ggz-?haend
E-ifomers of forebtrined fRmpRyAdrehifauin |1k jqpfionally by adding a

counter solvent, or

dissolving a compound of formula I in a solvent or solvent
mixture with a lithium, sodium or potassium base or ammonia
and precipitating a compound of formula II by adding a
lithium, sodium or potassium source or an amine of formula
IV and optionally a counter solvent,

and converting the compound of formula II into compound of
formula I with a reduced E-amount or the hydrochloride
thereof of formula I’ by adding an acid, or

c) subjecting a solution of the compound of formula I to
adsorption chromatography.

Process a) may be carried out as follows:

The formation of the hydrochloride is carried out in a solvent
or solvent mixture, in which the 2~ and E-isomers of formula
I’ have different solubilities.

The hydrochloride of formula I’ may be formed both in protic
and in aprotic medium. If operating in an aqueous system, the
Z/E mixture of the compound of formula I is dissolved in water
or an agueous organic solvent such as aqueous alcohol, e.g.
isopropanol, aqueous acetone or acetonitrile, by adding
hydrochloric acid, and precipitating the hydrochloride by
addition of an organic counter solvent. Suitable organic
counter solvents are in particular organic nitriles such as
acetonitrile; ketones, e.g. acetone; alcohols, e.g. methanol,
ethanol, one of the isomeric propanols or butanols; ethers,
e.g. tert.butyl methyl ether, diethylether or tetrahydrofuran
or esters, e.g. ethyl or isopropyl acetate or mixtures
thereof. If operating in a practically water-free system, the
Z/E mixture of formula I is dissolved in concentrated form in

n g
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or solubilising at |east part of 7-am no-3-[(E)-1-propen-1-yl]
-3-cephém 4-carboxylic acid hydrochloride in Z/E m xtures of the conpound

of formul awo 93/6a84sol vent or sol vent -4- mxture, in whi cPCrrEP2/02968
E-isomers have different solubilities, and recovering the enriched z-isoner
of formula I', and optionally converting the-dbtai ned conpound of fornula
" into the free conpound of formula | with a reduced E-anount by adjusting
the pHor b) formng a salt of fornmula Il [err]

an alcohol, e.g. methanol or isopropancl, with water-free
hydrochloric acid, and is then diluted with one of the above
mentioned counter solvents, whereby the crystalline Z-enriched

product is crystallized ocut.

According to another variant, the hydrochloride of formula I’
may be suspended or dissolved in a solvent or solvent mixture
in which the E~isomer of 7-amino-3-~(l-propen-l-yl}-3-cephen- é
4-carboxylic acid hydrochloride is better soluble than the ;
corresponding Z-isomer. Suitable solvents are alcohols, e.q.
methanol, ethanol or isopropancl or a sulfone, e.g. sulfolane.
Precipitation is then induced by e.g. adjustment of the i
solubility product of the Z- or E-isomer optionally by !
addition of one of the above mentioned counter solvent, !
whereby the hydrochloride of compound of formula I’ with a :
- reduced E-amount is obtained. i

The hydrochloride which is thereby much improved in its Z/E
ratio ﬁay subseguently be converted again into the compound of
formula I in conventicnal manner, e.g. by means of pH
adjustment in water to the approximate isoelectric point.

P Y

If a mixture of 2 and E 7-amino-3-{(l-propen~l-yl)-3-cephem-
4-carboxylic acid of formula I is dissolved in water in an
alkali or an acid and is then reprecipitated by setting the pH
at the isoelectric point, there is no improvement, but rather
a worsening of the Z/E ratio (see comparison tests in Examples
1la and 11b). On the other hand, using the crystalline
hydrochloride of 7-amino-3~(l-propen-l-yl)-3-cephem~4-
carboxylic acid of formula I’, the Z/E ratio is surprisingly
considerably improved. The depletion rates of undesired
E-compound are up to 7%.

Compounds of formula I’ may be prepared as described by the
processes herein containing various amounts of 2/E isomers, E
e.g. in a ratio of 91:9 or less, 92:8 or less, conveniently

94:6 or more, or 95:5 or less; 97:3 or less; 99:1 or less.
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_;rein the propenyl group has Z- and E-configuration and Xerr] i

gerrd, Na[err], Klerr] , ammoniumor a catign of formul a {I i&IS;

Erei nyih93nposdaR( err] and Rerr] are independently hydrogé’rgJ/E 1rb296s
(céerr])alkyl, an optionally substituted bsnzyl, (err])cycl oal kyl or

prr] with Rlerr] and the nitrogen atomsi‘ghify a 5- or 6-nenbered
=:grocycle whi ch optionally contains one or two additional heteroatoms and
§is as defined above, whereby one of Rerr], Rerr] or Rlerr] is not

fir ogen, by reacting a conpound of forrula | with a lithium sodium or

%aSSIUH]ba%EeOEr%s 00 89" nPAr8Bh 16 Ple f OF "EG Pmida [E1 r{s new Zand also
j form part of the invention. The hydrochloride of formula I’
having a Z/E ratio of at least 91:9 or less is alsc new and
form part of the invention.

Process b) may be effected as follows:

The compounds of formula II may be formed in a protic or in an
aprotic medium. If operating in an aqueous system, the Z/E
mixture of the compound of formula I is dissolved in water or
an agueous organic solvent auch as acetone or an alcohol e.g.

| - isopropanol, by adding a base, such as lithium, sodium or
potassium base, e.9. hydroxide, carbonate or hydrogencarbonate
or a nitrogen containing base such as ammonia. Then an amine
of formula IV or a lithium, sodium or potassium source is
added and the solution optionally diluted with an organic
counter solvent, whereby a compound of formula II
precipitates. Alternatively the Z/E mixture of the compound of
formula I may be suspended in water, or an agueous organic
solvent such as acetone or an alcohol, e.g. isopropancl, the
suspension is treated first with a lithium, sodium or
potassium source or ammonia or a compound of formula IV and
then with an organic counter solvent and optionally adjusting
the pH with lithium, natrium or potassium base, e.g.
hydroxide, carbonate or bicarbonate in case a lithium, sodium
or potassium source such as lithium, sodium or potassihm

acetate is used.

Examples of organic counter solvents are given in process a)

above.

Typical lithium, sodium or potassium sources include lithium,
sodium or potassium salts of carboxylic acids, such as sodium
or potassium acetate or lithium, sodium or potassium
2-ethylhexanoate.

-
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dher ei n Rlerr], Rerr] and R err] are as defined above, in a solvent or
qol vent* m xture, in which the Z- and E-isoners of fornmula Il have different

b=

dol ubi | i ti 8O 8Bi6p84eci pi tating the obtai ned conpound of for nulPCIVEPI2/02965
jptronally by addi ng a counter solvent, or dissqlving a conpound of fornula
| in a solvent or solvent mixture with a Iithiu®-sodium or pot assi um base
qr anmoni a and precipitating a conmpound of fornula Il by adding a lithium
qodi um or potassi um source or an amne of fornmula IV and optionally a

3

dount er sol vent, 1éndpeoatényi by aheapoabbanmediutorhe 2 8 mint b onpd Uitk mila
flormila 1 w th azfﬁgugsgpéﬁa% 8h bhgadiyerocivend d &m{ﬁ;&t s YeMedtmul,
, or-c g sol u of

' by adding an &ci subgect[n : ution of the compoun )
flormul a | to adsdVpapdnophional byrdphytimg gebth a)comnter sukventy autd &ixture

flol I ows: of counter solvents. Examples of organic solvents are amides,
e.g. dimethylformamide; sulfoxide, e.g. dimethylsulfoxide;
sulfone, e.g. sulfolane; halogenated hydrocarbons, e.qg.
dichloromethane; ketones, e.g. acetone; esters; ethers, e.g.
tetrahydrofuran; alcohols, e.g. methanol, ethanol, one of the
isomeric propanols or butanols, nitriles e.g. acetonitrile or
mixtures of these solvents. Further solvents may be added in
admixture such as diethyl ether or tert. butyl methyl ether.

Examples of compounds of formula IV are tert.butylamine,
benzylamine, dibenzylamine, dicyclohexylamine or
2,4,4-trimethylpentyl~2-amine.

signify a 5~ or 6-membered heterocycle, containing optionally
1 or 2 additional hetercatoms, these are preferably oxygen or
sulphur atoms. Examples of the heterocycle are morpholine,
N-methyl-morpholine, oxazolidine or thiazolidine.

Preferred examples of compounds of formula IV are
dicyclohexylamine and 2,4,4-trimethylpentyl-2-amine.

The compounds of formula II may be easily converted into
compounds of formula I with a reduced E content, by dissolving
or suspending a compound of formula II in water and by
acidifying, whereby the nitrogen containing base may
optionally be removed by extraction in a first alkaline step
or kept in solution by addition of an organic solvent such as
an alcohol or a ketone, when the base is forming a salt, which
is poorly scluble in water.

Alternatively compounds of formula II may be converted into

compound I’,
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formati on of the hydrochloride is carried out in a solvent or solvent
ure, in which the Z- and E-isoners of fornmula |I' have different

bi | i W@93/18084 hydrochl oride of forrmula |I' may be formed P6GYEPI2{02865t i c
in aprotic nedium |f operating in an aqueous system the Z/E m xture
he conpound of fornmula | is dissolved Fn3water or an aqueous organic
ent such as aqueous al cohol, e.g. isopropanol, aqueous acetone or

acgionitrile, by adding hydrochlorlc acid, and precipitating the

hygr ochl ori de fympeidinds omt of o emrld gl d’l‘tﬁﬁmtférx‘sélsv@monsm & & (suagémnc of
coynt er 5°|Ve”£§rﬁufa' fai écﬂgé”aﬂHTETHd3ﬂUﬂﬂWﬂd¥% %!CQhéslﬁﬁﬁhQ@bhr'&ﬁe
kbt nes, e.g. acetone; a e.g. nethanol et hanol , ,one

ric propa®bfycheh 1%H¥#Rﬂ%ﬁi¥ﬂrﬁﬁ¥$ andy theg (2 ﬁuﬂylrﬁgﬁﬁﬁyléﬁﬁéﬁl ~2)
hyl et her oimmed{ahysHOf WA prfe i, €.g. ethyl or isopropyl acetate
m xtures thereof. If operating in a practically water-free system the

Process b} has several advantages. Compounds of formula II are
easily precipitated and crystallized. Process b} is especially
advantageous, when applied to Z/E mixtures of formula I with a
high E-content and/or containing by-products e.g. those
obtained from mother liquors, e.g. from process a) or early
eluting fractions from process c) containing by-products, -
effording products with a low E-content and high purity (see
Example 4b). The fact that the process is applicable to
products derived from mother liquors has also the advantage of
an improved total yield.

Processes a) and b) may be optionally repeated or compounds of
formula II may be converted into the compound of formula I’ in
order to obtain the desired Z/E ratio.

Process c) may be carried out as follows:

The compound of formula I is dissolved in water by adding a
base e.g. ammonia. Adsorbents include activated carbon, e.g.
Norit CG-1, SX-plus, C-granular or Cecarbon GAC 40; adsorption
resins such as HP-20, HP-21 or SP 207 (from e.g. Mitsubishi);
XAD-1180, XAD-1600 or XAD 16 (from e.g. Rohm-Haas) or
Amberchrome CG 161 (from e.g. Toso~Haas). Preferably the
adsorption resin is XAD-1600 or Amberchrome CG 161. Elution is
effected with water. In this process the E-isomer has a better
adsorption than the Z-isomer and thus is slower eluted as the '
Z-isomer. The first eluted fractions contain therefore mainly
the z-isomer, whereas the latest fractions contain mainly the
E-isomer. The desired product may then be obtained by
adjusting the pH value close to the isoelectric point, i.e. to
2.5-4.5, preferably to 3.0-3.7, whereby crystallization
occurs. Depending on which fractions are combined, products
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ZIE mxture of formula I is dissolved in concentrated formin an

al cohol? e.g. nethanol or isopropanol, wth water-free hydrochloric acid,

and is theWw@oB{1668% wi t h one of the above nentioned counter s®CFéEP%/02965

wher'eby the crystalline Z-enriched product is crystallized out. According

to anot her variant, the hydrochl oride of f or mut 01+ may be suspended or

di ssolved in a solvent or solvent mxture in which the E-isoner of

7-am no-3-(1-propen-1-yl)-3-cephem 4-carboxylic acid hydrochloride is

better sol uble thehtkhe vory ebpommauntz-afdrdisomay (£33 941 pepdycisewith an

al cohol's, e.g. meghppOher &4 $ Mrd SHYBRF! or a sulfone, e.g.

sul folane. Precipitation is then induced by e.g. adjustnent of the

solubility product of the Z- or E-isonmer optionally by ‘
The amount of the adsorbent depends on the desired dissolution}

rate and the 2/E ratio of the starting compound of formula I,

Process c) represents a very simple and economical method. The:
adsorbents may be regenerated. The elution is effected with
water, no organic eluants are used. The apparative egquipment
is simple. No gradient elution or stepwise elution and no
changes of pH are necessary.

Processes a), b) and c) are suitable for industrial scale.

In the following Examples, which illustrate the invention more §
fully, but in no way limit its scope, all temperatures are
given in degrees celsius.

In the Examples the following abbreviations are used:

PACA = 7-amino-3-{{(Z/E)~-l-propen-l-yl]}-3-cephem-4-carboxylic
acid :

7-ACA = 7-amino-cephalosporanic acid

7-ADCA = 7-amino-desacetoxy-cephalosporanic acid

This Sheet Has Been Replaced
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11b).

undgsi red

enti onal

tion of one of the above nmentioned counter solvent, whereby the

fochl ori de of conpound of formula I' wth a reduced E-anount is

hi ned WQ93/16984¢ ochl ori de which is thereby nuch inproved iRCI/ER9202965ati o
subsequent|ly be converted again into the conpound of fornmula | in
manner, e.g. by means of pH adjlstment in water to the

oxi mate isoelectric point. If a mxture of Z and E

I no- 3- (1-propen-1-yl)-3-cephem 4-carboxylic acid of formula | is

bol ved i n wat.er pridpdaietiblkabif g-deplated FrdmisotBe(22P)el+prbopéndl byl j-
ing the pH at %Q?,k : n [

er a wor seni ng=e+— : SjircroamEere s
on the other hand, using the crystalline hydrochl oride of
'no-3-(1-p@&gﬁglg-ikb-B-cephen}4- carboxylic acid of formula I', the

I8 bt LUPAO PERL e L) |

ratio is surprrsingly consideranyNiggroyed. The depletion rates of

A mixture of 15 ml of 5 l in methanol and 30 ml of
acetonitrile is cooled with ice water. 15 g of PACA {Z/E ratio
= B85.4/14.6) are introduced into the solution. After stirring
for 5 minutes, a solution is obtained. The cooling bath is
removed and the solution is slowly diluted over the course of
30 minutes with the dropwise addition of 300 ml of
acetonitrile, After adding ca. 70 ml of acetonitrile, the

sol :tion is seeded with PACA.hydrochloride. The resultant
crystal suspension is stirred for a further one hour whilst
cooling with ice. The product is isolated through a suction
filter, washed twice, each time with 40 ml of acetonitrile,
and dried in a vacuum drying chamber.

Yield: - 14.1 g
Chloride: ' ThissheetHMBeenR#placed

1]

Z/E ratio: ““l“ﬁ
Example 1b)

10 ml of acetonitrile and 5 ml of aqueous concentrated HCl are
cooled with ice water, and 5 g of PACA with a Z/E ratio of
85.4/14.6 are introduced whilst stirring. After ca. 20
minutes, a solution is obtained. The solution is slowly mixed
with 100 ml of acetonitrile, whereby after the addition of 30
ml of the acetonitrile, the solution is seeded with the
hydrochloride of PACA. After completion of the acetonitrile
addition, the resultant crystal suspension is stirred for a
further one hour whilst cooling with ice, and subsequently
filtered. The hydrochloride is subsequently washed twice, each
time with 15 ml of acetonitrile, and dried.

Yield: 3.4 49
Z/E ratio: . 92.8/7.2
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E- compound are up to 7% Conpounds of formula |I' may be prepared as
descri bed by the processes herein containing various anmounts of Z/ E _
i somers, WQ93/1608¢ ratio of 91:9 or less, 92:8 or |less, conv®GIEEPP3/0EWSe

or fore, or 95:5 or less; 97:3 or less; 99:1 orwiess. The crystalline
hydrochl oride of formula I' is new and al so forth part of the invention. The
hydrochl oride of fornmula |I' having a Z/E ratio of at least 91:9 or less is

al so new and formpart of the invention. Process b) may be effected as

fol lows: The conPsampkectcfornmula || my be formed in a protic or in an

aproti Cdﬁegl ]lgm irgowrﬂ%ygxyclt\r@%hwa«ismtaem/ﬂ @ tdloEof Bune10f, 1t he

conpound o Orn"cjx:gatlceéswitlzrfszo al of m t:ta\(ai'xrr:a].o,r whereby a solution is briefly
obtained. Crystallization rapidly re-occurs. The suspension jg}
slowly mixed with 20 ml of acetonitrile. The crystal
suspension is stirred for a further 1 hour whilst cooling with
ice, and subsequently filtered. The product is washed twice,

each time with 5 ml of acetonitrile, and dried.

Yield: 0.6. g
Z/E ratio: : 895.5/4.5

Example 1d)

1 g of PACA.hydrochloride with a Z/E ratio of 89.9/10.1 is
suspended per 2 ml of methanol, ethanol and isopropanol. After}
stirring for one hour and cooling with ice, the solid
substance is isolated in the usual way, and dried.

Z/E ratio:

a) methanol 97.2/2.8
b) ethanol 91.1,8.9
c) isopropanol 92.5/7.5

2. Conversion of 7-amino-3-{{Z/E)-l-propen-1-yl]-3-cephem—4-
carboxylic acid.hydrochloride into 7-amino-3-[{Z/E)-l-propen-
1-yl ]-3-cephem-4-—carboxylic acid

Example 2:

2 g of PACA.hydrochloride with a Z/E ratio of 89.9/10.1 are
introduced into 20 ml of water. The pE value of the suspension
is 0.9. The suspension is carefully adjusted to pH 3.5 with 2
N NaOH. The suspension is stirred for a further 1 hour whilst
cooling with ice, the product is filtered off, washed twice,
each time with 5 ml of water, and dried.

Yield: 1.7 ¢

2/E ratio: 89.7/10.3
‘ﬂﬂﬂﬂ,——~’—"””"'
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ous organi c solvent auch as acetone or an al cohol e.g. isopropanol,
ng a base, such as lithium sodium or potassium base,

{i dew@a3M6084t e or hydrogencarbonate or a nitrogen cont ggwﬂg)zp@ﬁg‘
'4s ammoni a. Then an amine of formula IV or a lithium .sodiumor

organlc counter solvent, whereby a conpound of formula Il precipitates.
AIter.atlver the Z/E mixture of the conmpound of forrmula | may be suspended
in maner or an aqueous organi c solvent such as acetone or an al cohol, e.g.
i sopropanol, the suspension is treated first with a [ithium sodium or

pot assi um source or annnnla or_a conpound of formula IV and t hen mnth an
organic count er 3 soPred AR vas: au e (12 D)

natrium or potassi m@-e—@argﬁm dand:gdwntﬁnprsab.lth@eake '(B)fjase
a lithium sodi um™r potassium source suc I thrum sodi um or

Example 3)
To a mixture of 20 ml saturated agueous potassium acetate
solution and 20 ml isopropanol are added 10 g of PACA (mother
liguor product) (2/E ratio = 63:37) with a content of 90%
{main side product 7-ADCA 1.9%). The pH of the obtained
suspension is adjusted with 5N KOH to pH 8.8 and the resulting
solution is diluted with 100 ml isopropanol. The resulting
i suspension is stirred . hour at room temperature and then left
overnight in the refrigerator. The precipitate is filtered
off, washed with isopropanocl and dried.

Yield: 5.1 g
Content PACA (HPLC): 86% =
99.7% as
Th:sSheetHasBeenRe laced potassium
salt;
Z/E ratio: 70.8/29.2
Content 7-ADCA: 0.4%

4. Production of E-depleted 7-amino-3-[{Z/E)-l-propen-l-yl}-3-
cephem—4—~carboxylic acid dicyclohexylammonium salt

{process b}]}

Example 4a)

10 g of PACA (Z/E ratio 92/8) (HPLC content 99%) are suspended
in a mixture of 30 ml water and 30 ml acetone. Aqueous ammonia
is added until a solution results. The basic solution (pH ca
8.8) is treated with 9.1 ml dicyclohexylamine and then
dropwise with 250 ml acetone, whereby PACA-dicyclohexyl-
ammonium salt precipitates. The suspension is stirred for a
further 1 hour at room temperature and the product is filtered
off, washed with acetone and dried in a vacuum chamber.
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acetate is used. Exanples of organic counter solvents are given in process
a) above. Typical lithium sodiumor potassium sources include |ithium
sodi um or wipdsrseusdm sal ts of carboxylic acids, such as sodi URCDFERSGIO296F um
acetate or lithium sodium or potassium 2- ethylhexanoate -8- If
operating in an aprotic medium the Z/E m xturldd of formula | is suspended

I n an organi c solvent, adding a base of forrmula IV and optionally diluting
with a counter solvent or a mixture of counter solvents. Exanpl es of
organi c solvents are am des, e.g. dinethylfornmam de; sulfoxide, e.g.

dinethylsulfoxiq%eld: 13.5 g
Content PACA (HPLC): 53.3%
Content Dicyclohexylamine (GC): 39.3%
Content water: 1.7%
Content acetone: 1.1%
2/E ratio: 96/4

Example 4b)

200 g of PACA (mother liguor product) with a Z/E ratio of
56.4/43.6 (HPLC content 90.1%, 3.2% 7-ADCA, 1.6% 7-ACA) are
suspended in a mixture of 1600 ml acetone and 400 ml water.
Under stirring are added 182.4 ml of dicyclohexylamine,
whereby a sclution results after a few minutes. Seed crystalls
of PACA dicyclohexylammonium salt are added and the resulting
suspension is stirred 2 hours at room temperature. The
suspension is left in a refrigerator overnight, the product is
filtered off, washed with acetone and dried in a2 vacuun
chamber at 45°.

Yield: 200.2 g
Z/E ratio: _ 78.3/21.7
Content PACA (HPLC): 48%
Content 7-ADCA: 0.22%
Content 7-ACA: 0.19%

Example 4c)

A suspension of 10 g of PACA with a Z/E ratxo of 86/14 (HPLC
content 93.4%) in 50 ml dichloromethane is treated with 12.4
ml of dicyclohexylamine, whereby a slightly clouded soclution
results. Crystallisation is starting and the suspension is
cooled, the product filtered off, washed with cold
dichloromethane and dried in a vacuum chamber.
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one, e.g. sulfolane; hal ogenated hydrocarbons, e.g. dichloronethane;
nes, e.g. acetone; esters; ethers, e.g. tetrahydrofuran; alcohals, e.g.
hanol wOa3AHG884, one of the isoneric propanols or but ano|%¢fmeP?4“?%§° e.g.
tonitrile or mxtures of these solvents. ﬁﬂrther sol vents may be added
adm xture such as diethyl ether or tertr Tyl nethyl ether. Exanples of
ounds of fornula IV are tert. butylam ne, benzyl am ne, dibenzyl am ne,
ycl ohexyl am ne or 2,4, 4-trimethyl pentyl-2-amne. |If in conpounds of

mula IV R e¥idldvith Rerr] and the nitrogen atomsignify a 5- okl.2 g
nbered het g OCY kb ef@NifdgB g optionally 1 or 2 additional 56.2%
eroatons, these are preferably oxygen or sul phur atons. Exanples o? t he
erocycl e ar®Fo¥dHe?i ne, N net hyl - nor phol i ne, oxazolidine or 90.2/9.8
azolidine. Preferred exanples of conmpounds of fornula IV are

tycl ohexyl am ne and 2, 4, 4-trT et hyl pentyl - 2-am ne.

5. Production of E-depleted 7-amino-3-[(Z/E)-l-propen-l-yl]-3-
cephem—4—-carboxylic acid tert. octylammonium salt

[process b)]

Example 5)

A suspension of 10 g PACA with a Z/E ratio 86.3/13.7 (HPLC
content 95%) in a mixture of 80 ml acetone and 40 ml water is
treated with 7.6 ml tert.-octylamine. Further 520 ml of
acetone are added. The obtained suspension is stirred for 2
hours at room temperature. The tert. octylammonium
[(2,4,4-trimethylpentyl-2) ammonium] salt of PACA is filtered
off, washed with acetone and dried in a vacuum chamber.

Yield: 10.4' g
PACA content (HPLC): 59.8%
Z/E ratio: 92.5/7.5
Content tert. octylamine (GC): 31.6%
H,0: 1.6%
Acetone (GC): 2%

6. Production of 7-amino-3-{(Z/E)-l1-propen-1l-yl}j-3—-cephem—4-
carboxylic acid from 7-amino-3-{{Z/E)-l-propen-l-yl}-3-
cephem-4-carboxylic acid dicyclohexylammonium salt

Example 6a)

100 g PACA-dicyclohexylammonium salt [product of Example 4b)]
with a Z/E ratio of 78.3/21.7 (HPLC content 48% of PACA) are
suspended in 1000 ml water. The pH of the suspension is
adjusted to pH 3.5 within 45 minutes with 85% phosphoric acid.
The suspension is stirred for a further 30 minutes at room

—_—
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e conpounds of formula Il may be easily converted into conpounds of

prmula | with a reduced E content, by dissolving or suspendin%)a conpound
formul a WO9B/16884r and by acidifying, whereby the nitrogen PEGAEBIHPIRGS

hse may optionally be renmoved by extraction ingp first alkaline step or

ept in solution by addition of an organic sofvenl such as an al cohol or a

Bt one, when the base is formng a salt, which is poorly soluble in water.

&tecrnatively conpounds of fornmula Il nmay be converted intqQ caonpound |’ .

B- Conpounds of f@mr@nuqem/dféaeeitdt>%[eerPrr]°diU§taﬁﬁofrilgﬁP6Pda°ég1t?i ¥ashed with

gbrmul a |11 are ney W AEcHdd Wikd acdftdnlee andvaitiedninTBevacuum chamber.

Yield: 45.7 g
Content HPLC: 100.8%
Z/E ratio: 77.8/22.2

Example 6b)

100 g PACA-dicyclohexylammonium salt (E-content 7.6%,
PACA-content 53.11%) are added to 4000 ml water of 30°. After
about 2 minutes a solution results, to which 5 g activated
carbon are added. The mixture is stirred for 10 minutes, the
carbon is filtered off and washed with 250 ml water. The pH of
the combined filtrate and washing is slowly adjusted to 3.5
with 5 N sulfuric acid. The obtained crystall suspension is
cooled in an ice-bath and stirred for 2 hours while cooling.
The product is filtered off, washed sequentially with total
200 ml water, 100 ml water/acetone (1:1) and 250 ml acetone.
The product is dried in a vacuum chamber at 40°.

Yield: 50.3 g
Content HPLC: . 101.5%
E-content: 7.4%

7. Production of E-depleted 7-amino-3-[(Z/E)-l-propen-l-yl]-
3-cephem-4-carboxylic acid {process c)]

Example 7)

7.8 litres of aqueous solution of 2 kg PACA (content 93.4%, E
content 15%), obtained by addition of ammonia up to a pH of
8.0, are loaded on a 75 litre column filled with HP-20-resin
with a flow rate of 60 litre/h. The elution is effected with
water. 50 litres of eluate (counting from the beginning of the
introduction of the PACA-solution) are obtained. This does not
contain the product (HPLC control) and is discarded. Then
fractions each of 5 1 are taken and analysed by HPLC. The
first 2 fractions contain a small amount of Z-PACA, but also

heet Has Been Replaced SUBSTITUTE SHEET ..
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4
d§CycIohexyIannDniun1sa|t and the (2,4,4-trimethyl pentyl-2) amoni um sal t

ake preferred. Process b) has several advantages. Conpounds of fornula I
afe easiwQ 9rw084it ated and crystallized. Process b) is es/EPPI/02965
a@lvant ageous, when applied to Z/E mixtures of formula | with a high
Egcontent and/or containing by-products erg}7rhose obt ai ned from not her

| #quors, e.g. fromprocess a) or early eluting fractions from process c)
c¢nt ai ni ng by-products, effording products with a,low E-content and high
plrity (see EeasplieedbtinghsifigcProductshsuphorssi-AGR apdi tabPeAtand are

pjoducts deri wedpfhem ot Bebll TqUehs Bassaksenthe seyeniswe Of amd NProNad
total yield. Processes a) _and b e optlonaéii%éﬁgfated or cgnpounds of

: ) jmy b
ormul a |1 nafoREaddnaindy theoderaresnpolhtho CHACH i+ e to
tain the degipadaf/E ratio. Process c) may be carried out as foll ows:

! The following 7 fractions (e = 35 litres) contain still

| Z-PACA, but also increasing amounts of E-PACA (297 g Z and 93
g E}. From the HPLC analysis of these 13 fractions the
E-content is calculated of 7.9%. These 13 fractions are
combined and the pH is adjusted to 3.5 by addition of 5N HCl.
The precipitating crystalls are filtered off, washed with
water and acetone and dried in vacuum at 45°. There are
obtained 1451 g PACA (yield 77.6%).

Content PACA: 99.9%
E-~content: 7.8%

From Pool I there are obtained by adjusting the pH to 3.5
137.5 g material, which consists mainly of Z-PACA.

Out of later eluting fractions (fractioms 16-19) 62.4 g of
mainly E-PACA are isolated by adjusting the pH to 3.5.

Example 8)

20 g activated carbon (Norit CG-1l) are suspended in water and
then filtered on a suction filter (diameter 4 cm) and rinsed
in vacuum with water. g PACA (content 93.4%, E-content 15%)
are dissolved in 40 ml water by addition of ammonia up to a pH
of 8.0. This solution is slowly sucked {within ca. 15 minutes)
through the activated carbon. Afterwards the carbon-cake is
eluted in the same manner with 250 ml water.

The filtrates are collected in fractions of each about 40 ml.
The first 2 fractions do not contain the product (HPLC
control). Fractions 3 to inclusive 7 contain mainly the Z-PACA
and only a very small amount of E-PACA and are therefore
combined. These 230 ml are adjusted with 2N HCl1 to pH 3.4,

. This Sheet Has Been Replaced SUBSTITUTE SHEET
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e conpound of formula | is dissolved in water by adding a base e.

ni a. Adsorbents include activated carbon, e.g. Norit CG 1, .
granul ar oWO@3{H084n GAC 40; adsorption resins such as HP- 20, P@%?@”@P
7-(frome.g. Mtsubishi); XAD- 1180, XAD- 1600 _ojg XAD 16 (frome.g.
hm Haas) or Anberchronme CG 161 (from e.g. Tosozibas) Preferably the
sorption resin is XAD 1600 or Anmberchrone CG 161. Elution is effected

th water. In this ce t he soner be tt adsor. on_t t he
i soner and t hus V@ggéthﬁh%ﬂQﬁ %ﬁs?ﬁﬁggf it ePFPpgfkeFﬁt bftered off,
actions contain ﬁéﬁhéﬁcwfthnﬂaﬂqmtdnﬁ;aaemmna'andhdmeaﬂ theylields2.8 g PACA

actions contain %ﬂ%neé Bﬁ\%ﬁ )lsje coﬂ%%ﬂﬁ grqd oPhQ chsgﬁg cLhen be

tai ned by adj ust ose to th |soe ric point, i.e. to
5-4.5, preferably to 3.0-3.7, mhereby crystalllzatlon occurs. Dependi ng
- which fractionsygdgs conbi ned, products 72.5%

Example 9)

100 ml adsorbent-resin "Amberchrome CG 161 md" are loaded as
in Example 7 described with a solution of 5 g PACA (content
93.4%, E-content 15%) in 50 ml water. Elution is then effected
with water and the eluates containing Z-PACA fractions are
collected. Adjustment of the pH to 3.5 leads to
crystallisation of the product, which is filtered, washed and
dried, to give 3.87 g (yield 82.8%) PACA (content 98%) and
containing <5% E isomer.

The resin is regenerated by elution with aqueous isopropancl
to which some ammonia is added, rinsed with water and may be
again employed.

Example 10)

To the regenerated resin "Amberchrome CG 161 md" of Example 9
(100 ml volume) is introduced an aqueous solution of 8 g PACA
{content 93.4%, E-content 15%)-prepared by dissolving with
ammonia solution at pH 8.1 in 60 ml water. Elution with 240 ml
water is then effected. 110 ml of "empty" eluate and further
10 ml eluate, containing mainly early eluting side products
such as 7-ACA, 7-ADCA etc. are discarded. Thereafter the
eluate is pooled until the E-content in the pool is increased
up to 9% E-PACA related to the total amount of PACA in the
pool. From this pool (200 ml) the product is crystallised by
adjusting the pH to 3.4 with hydrochloric acid. The product is
filtered, washed with water and dried in vacuum. 6.4 g PACA
(yield 85.6%, content 99%) with an E-content of 8.8% are

obtained.
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- 10 - with a very |ow anount of E-isoner (<3% or products with an
E-i pomer of 7-9% are obtained. The anpunt of the adsorbent depends on the

des

red dwes23/16084n rate and the Z/E ratio of the starting cPODEPIR/02065

forpula |I. Process c) represents a very sinplﬁ%and econoni cal method. The

adsfrbents may be regenerated. The elution i's

ffected with water, no

organi c eluants are used. The apparative equipnent is sinple. No gradient

elution or stepw se elution and no changes of pH are necessary. Processes
a),|b) and c) ame adisbalpits ohoreisidusitr thersadter rageheravéd oas ndefxedtpédsin
whi ch iIIustraéF thg igvention nore fully, but in noway Iimt its scope,
al I{ tenperatur & 210 egi\len I n degrees cel sius.

11. Comparison tests for depletion, by dissolving and
reprecipitating 7-amino-3-{l1-propen-l-yl)-3—-cephem-—4—

carboxylic acid

Example 1lla)

3 g of PACA with a 2/E ratio of 85.4/14.6 are suspended in 30
ml of water. Ca. 6 ml of concentrated HCl are added whilst
cocling with ice, until a solution is obtained. The pH value
is subsequently adjusted to pH 3.5 by carefully adding 5 N
NaOH without external coocling. The crystal suspension is then
stirred for 1 hour whilst cooling with ice, the product is
filtered off, washed twice, each time with 10 ml of water, and
dried in a vacuum drying chamber.

Yield: 2.8 g
Z/E ratio: 84.5/15.5

Example 11b)

3 g of PACA with a Z/E ratio of 82.6/17.6 are suspended in 50
ml of water. 5 N NaOH (ca. 2.5 ml) is added whilst stirring
until a solution is obtained (pH 8.7). The pH is subseguently
adjusted to pH 3.5 by carefully adding concentrated HC1,
diluted to 1/1. The crystal suspension is stirred for a
further 1 hour whilst cooling with ice, and subsequently
isolated and dried as described in Example 3a}.

Yield: 2.9 g
Z/E ratio: 81.8/18.2
This Sheet Has Begn Replaced
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t he Exanples the follow ng abbreviations are used: PACA =

am no-3-[ (Z/ E -I-gﬁopen—&—y+}—3—eepheﬁr&—tarboxyl|c acid 7-ACA
ani no- cepN¥P830608hi ¢ a m IM i no- desacet oxy- cephalpcg‘ﬁgm’fp@“
i d 1. Production of1 E nu &Bﬂho 3-fZoE) - 1- propen-1-yl ] -

cephem 4- car boxylic aci d.*hydrokhl®risde*[ process a] Exanple la) A mxture
15 mM of 5 NHA in nethanol and 30 m of acetonitrile is cooled with

e water. 15 g of PACA (Z/E ratio = 85.4/14.6) are introduced into the
lution. After stTH#FRE*for 5 minutes, a solution i s obtained. The cooling

th is renoved and the solution is sIomAy di luted over the course of

l. Process for the depletion of 7-amino-3-{{E)-l-propen-1-
yl]-3-cephem-4-carboxylic acid in mixtures of 7-amino-3-{(z}-
l-propen-l-yl]-3-cephem~4-carboxylic acid and 7-amino~3-
[{E)-1-propen-1l-yl}-3~cephem-4-carboxylic acid which comprises

a) forming the hydrochloride of the compound of formula I’

o’ CH=CH(CH,) -HC1 o

|

COOH

wherein the propenyl group has Z- and E-configuration, from
compound of formula I

HaN S
o CH=CH(CH,) .

COCH

wherein the propenyl group has 2- and E-configuration, and
hydrochloric acid in a solvent or solvent mixture, in which
the Z- and E-isomers of formula I’ have different
solubilities ' |

or

solubilising at least part of 7-amino-3-{(E)-l-propen-1-
yl}-3-cephem—-4-carboxylic acid hydrochloride in Z/E
mixtures of the compound of formula I’ in a solvent or
solvent mixture, in which the Z- and E-isomers have
different solubilities and recovering the enriched z-isomer
of formula I°’,
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3@ mnutes wwth the dropw se addition of 300 ml of acetonitrile. After
aqding ca. 70 ml of acetonitrite, the solution is seeded with

PACA. hy dwooss/ rosale. Tﬂﬂmam ; i({ﬂ{]‘“lstal suspensi on i s sti PCEAER92/02865
fyrt her one hour whilHl b flfce. The product is isolated through a
c

syction filter, washed"twice, each tinme wi 2R 40 m of acetonitrile, and
drfied in a vacuum dryi ng chanber. Yield:
14.1 g Chloride: 12.8% Z/ E

rl tImO- f t _tamli optéogally ?onverting the ot;taiit&gi %é%&@%?'f%r@lﬁ
of acetonitrile an of aqueous,copcentrate are copl ed wi
ide water, and 5 of’ngﬁdhﬁ?%ﬁe% %?q‘ﬁp?‘é‘?‘? o°€fg%@.“%alzf. &l 3 rﬁerdé‘(ﬁfged
ilst stirring. Bfémount. bladijustisg thsogpitoron i s obtai ned. The sol ution
slowly mxed with 100 ml of acetonitrile, whereby after the addition of

] b} forming a salt of formula II

HoN S
2 II

o CH=CH(CH,)

coo - x¥

wherein the propenyl group has 2- and E-configuration and
X* is Li*, x*, Na*, ammonium or a cation of formula III

(+) _R
P

H-N —R, III
R;

wherein R,, R; and R; are independently hydrogen,
(Ci-)alkyl, an optionally substituted benzyl,

(C4-a )cycloalkyl or R, with R; and the nitrogen atom
signify a 5- or 6-membered heterocycle which opticnally
contains one or two additional heteroatoms and Ry is as
defined above, whereby one of R;, R; and Ry is not
hydrogen, by reacting a compound of formula I with a
lithium, sodium or potassium base or ammonia or an amine of
formula IV

R
N —R; Iv

R;

wherein R;, R; and R, are as defined above, in a solvent or
solvent mixture, in which the 2- and E-isomers of formula
II have different solubilities and precipitating the
obtained compound of formula II optionally by adding a
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of the acetonitrile, the solution is seeded with the hydrochl oride of
ACA. After conpletion of; gacetonitri dition, the resultant crgstgl
uspensi onwe oSt kegaed for;i_ mﬂﬂnﬁu"nur whi | st cool i ng WPCR/ERR/0296%
ubsequently filtered. Th o N i s subsequently washed tw ce, each
ime with 15 m of acetonitrile, and driédd. Y @ds
.4 g ZIE ratio: 92.8/7.2 -
2 - Exanple 1c) 1 g of PACA hydrochloride with a Z/E ratio of 89.1/10.1 is

reated with 2 n of%ﬁggggqug°lygﬁgeby a solution is briefly obtained.
ory

Crystal lization rapi fe-occurs. The suspension is

dissolving a compound of formula I in a solvent or solvent
mixture with a lithium, sodium or potassium base or ammonia
and precipitating a compound of formula II by adding a
lithium, sodium or potassium source or an amine of formula
IV, and optionally a counter solvent,

and converting the compound of formula II into compound of
formula I with a reduced E-amount or the hydrochloride
thereof of formula I’ by adding an acid or,

¢) subjecting a solution of the compound of formula I to
adsorption chromatography.

2. A process according to claim la) wherein the enriched
Z-isomer of formula I’ is recovered from the solution by
adjusting the solubility product optionally by adding a
counter solvent.

3. Crystalline 7-amino-3-[(Z)-l-propen-l-yl]-3-cephem-4-
carboxylic acid.hydrochloride.

4. 7-Amino-3-[(2Z)}-1-propen-1-yl]-3-cephem-4-carboxylic
acid.hydrochloride, having a 2/E ratio of 91:9 or less.

4 5. A process according to claim 1b) wherein a lithium, sodium
or potassium salt of a carboxylic acid such as lithium,
sodium, potassium acetate or 2-ethylhexanoate are employed
as Li+, Na* or k* source.

6. A process according to claim ib) wherein as Lit+, Na* or x*
base, the hydroxide, hydrogencarbonate or carbonate are
employed.
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o

slewy m xed with 20 mMl of acetonitrile. The crystal suspension is stirred
fof a further 1 hour whitst-cooling with ice, and subsequently filtered.
The prodwed sBsiee8shed |mimmesmAasaEg Wi th 5 m of acetoni t(RGI/EPIHAZPES
e digtatlll T T T
ratio: = c L OMos o - 23 - 95.5/4.5 Exanple 1d) 1
g of PACA hydrochloride with a Z/E ratio of 89.9/10.1 is suspended per 2 mi
of net hanol , ethanol and i sopropanol. After stirring for one hour and
cooling with ice, & &@éssﬂ ﬁmﬁ&@e tios dladmatled whetbenugdelivieyd &dfbon,
dried. Z/ E ratio: a1) l;’ﬂat anaol

97.2/2.8 b) ethan , HP-21, SP 207, XAD 1180, XAD 16, XAD 15009&(1/8 9
c) ‘i sopropanol Amberchrome CG 161 are used as adsorben®2.5/7.5 2.
Conversion of 7-am no-3-[(Z/ E)-1-propen-1-yl]-3-cephem 4-

1

8. 7-Amino-3-[(2)-l-propen-l-yl}-3-cephem-4-carboxylic acid
dicyclohexylammonium salt.

8. 7-Amino-3-[(z)-l-propen-1l-yl]-3-cephem-4-carboxylic acid
(2,4,4~trimethylpentyl-2)ammonium salt.

10. A cephalosporin produced from compound of formula I,
whenever produced by a process according to claim 1.

11. A compound of formula I’ or II for use in a process for
the depletion of 7-amino-3-{(E)-l-propen-1-yl}-3-cephem-4-
carboxylic acid in mixtures of 7-amino-3;[(2)—1-propen-
1-yl)-3-cephem-4-carboxylic acid and 7-amino-3-[(E)-1-
propen-1-yl)-3-cephem-4-carboxylic acid.

SUBSTITUTE SHEET Traie SHEET HAS BEEN

REPLACED




carboxylic acid. hydrochloride into 7-am no-3-[(Z/ E)-1-propeh i
1-¥l ] - 3-cephem 4-carboxylic acid Exanple 2: 2 g of PACA h REPcATCE - 9d SﬁEET

2

atZ/E ratio of 89.9/10.1 are introduced into 20 m of waté¢rf The pH valu
of the suspension is 0.9. The suspension is carefully adjus egﬁiptgkb3,5
with 2 N NaCH The suspension is stirred for a further 1 hodr I I'st

cooling with ice, the product is filteredlotf, washed tw de ' '

5 mM of water, and dried. Yield:

1.7 g ZIE ratio: ' 89./T10.3
- 13 - 3. Production of E-depleted 7-am no-3-[(Z/ E)-1-propen-1-yl]-

Process for the purification of a 3-cephem-4-carboxylic acid
derivative '

The invention relates to methods of reducing the E-{trans)
isomer amount in the Z/E (cis/trans) 7-amino-3-(l-propen-
l1-yl)}-3-cephem-4~-carboxylic acid of formula I

HaN S

COCH

The Z-isomer, 7-amino-3-[(Z)-l-propen~l-yl}-3-cephem-4~
carboxylic acid of formula Ia

HaN S

i
O/ ' ?=cf Ia
H H
COOH
is a centrdl intermediate for the production of highly
effective broad-band antibiotics, for example cefprozil and
BAY v 3522 of formulae )

HN g
1 O l .
.l.l
oif M '
b .cefproz..
COoH
HaN
2‘ o r |
RS OPy
N om N y BAY v 3522
' H
COH

It is known that the Z-(or cis-)configurationlrepresents the
characteristic which determines the advantageous antibacteria



3- Gephen}4 carboxylic acid potassiumsalt [process (b)] e pmgd
m xture of 20 m saturated aqueous potassium acetate soIQﬁ@hﬁﬂﬁ
|sopropanol are added 10 g of PACA (nother Ilquor produc})]

solutionis diluted with 100 n | sopropanol . " The resul ti
stirred 1 hour at roomtenperature and then | eft overni ght
refrigerator. The precipitate is filtered off, washed wt

|n.the
opr opanol and

dried. Yield. oerties of cephalosporin end products in the Gramondgdkiwdtent
PACA (HPLC) 86@6Lerr] 99. 7@6ff £ota55|um
ith the smalle

salt: range. Consequently, an active substance
possible proportion of E-{or trans-) isomer is desired for
optimum efficiency. For example the undesired E-isomer in
cefprozil should not exceed 1l1% according to the US
Pharmocopeia.

synthetic processes for the production of these antibiotics
generally yield Z-isomers in admixture with E-isomers.

puring the synthesis of the double bond from the corresponding
cephalosporin nucleus by means of a Wittig reaction with
acetaldehyde, the ratio of Z- to E-isomers may only be guided
in the desired direction to an unsatisfactory extent : UK
Patent Application 2 135 305 describes the production of
cefprozil, starting with 78-[D~2-(t-butoxycarbonylamino)-
2~(p-hydroxyphenyl }acetamido]-3-cephem-4-carboxylic acid
benzhydrylester. In Procedure 8 of this UK Application, the
trans-isomer is separated by high performance liquid chromato-

graphy.

In USP 4 727 070, a Z/E mixture of 7-[D-2-amino~-2-(Z-and
E)-l-propen-1l-yl)ceph-3-em-4~carboxylic acid {cefprozil) is
freed from undesired E isomer by means of a reaction with
acetone and subsequent re-cleavage to the active substance.
Purification of a most advanced intermediate by chromatography
is expensive, and purification by chemical derivation of the
end product is of course the most expensive variant.

Less expensive is the production of the relatively isomer-free
intermediate product, namely 7-amino-3-[(Z)-l-propen-
l-yl]-3-cephem-4-carboxylic acid. However, the necessary
olefinization reaction may not progress sufficiently
selectively to the desired Z-compound. For example, in UK
Patent Application 2 173 798, 7-amino-3-{(l-propen-1l-yl)-~
3-cephem-4-carboxylic acid benzhydryl ester.hydrochloride is
obtained for example as a maximum 90/10 Z/E mixture in a



Z/E rati o: 70. §f29—2—Content
7- ADCA: 0.4% 4. ProdREPLAGEMENT SHEET
E-depl eted 7-am no-3-[(Z/ E)-1-propen-1-yl]-3- cephem 4-carlofyT1c acid
di cycl ohexyl ammoni um salt [process b)] Exanple 4a) 10 g oleKJ%QZQE-@aplo
92/8) (HPLC content 99% are suspended T’ a m xture of 30 er and 30

tr i ol SN - -N
b T I0TUST ©

m acetone. Aqueous ammonia is added until a solution resu
solution (pHca 8.8) is treated with 9.1 m dicycl ohexyl amjne and t hen
dropwi se with 250 m acetone, whereby PACA-di cycl ohexyl - anmomium-sart
preci pi t at ﬁ§ttif@ersmtpiamim an istiemmedlifadre & tfage ter thehamt idtiotdom

tenper at LLfe n%i‘f PFOSCERL S, Tdddd @ iVagediied Wilke22Y! ProadRd dried

in a vacuufif
7-amino-3-[(2%)~-l-propen-1-yl)-3-cephem-4~carboxylic acid with

a proportion of Z-isomer of 9.7%. In Example 4, the ratio of
z/E is 83/17. In EP-A-O0 292 806, 7-amino-3-{(l-propen-
1-yl)-3-cephem-4-carboxylic acid is produced with a maximum
z/E ratio of 91/9. Further purification at the stage of this
central intermediate product is not described.

It has been surprisingly found that Z/E 7-amino-3-(l-propen-1-
yl}-3-cephem-4-carboxylic acid of formula I with a too high E
proportion may be converted into compound of formula I with
low E content via the hydrochloride or a metal or amine salt
of the compound of formula I or by adsorption chromatography
of the compound of formula I.

In particular the invention comprises simple and efficient
- methods of depleting 7-amino-3-((E)-l-propen-1-yl]-3-cephem-4-
carboxylic acid in Z/E mixtures of 7-amino-3- {l-propen-

1-yl]-3-cephem—-4-carboxylic acid by

a) forming the hydrochloride of the compound of formula I’

II

COOH

wherein the propenyl group has 2z- and E-configuration, from
compound of formula I and hydrochloric acid in a solvent or
solvent mixture, in which the Z- and E-isomers of formula
I’ have different solubilities

or

solubilising at least part of 7-amino-3-[{(E)-l-propen-1l-yl}
-3-cephem-4-carboxylic acid hydrochloride in 2Z/E mixtures
of the compound of formula I’ in a solvent or solvent




- 14 - Yield: 13.5-g

Content PACA (HPLO): REpEAEIDOT @rgHEET

Di cycl ohexyl am ne (GO): 39. 3% Cq —pat-er "1

1. 7% Cont ent acet one: .
ratio: 96/ 4 Eya’&rﬁ%éﬁ?ﬁzo
of PACA (nother liquor product) with a~Z84Eratio of 56.4/143. 6_(HPLC caontbn}

90.1% 3.2% 7-ADCA, 1.6% 7-ACA) are suspended in a m xturje of 1600 m
acetone and 400 m water. under stirring are added 182. 4 inl...of
di cycl ohexyl am ne, whereby a solution results after a few m nutes. Seed

crystalls ofmgé@&;dlcyﬁlghgauleﬂngLugﬁéaﬁ ﬁéggqﬁﬁvgnglgf@yéﬁsultlng .

suspension i s stLrieg hourg at roomte ure
lu ies, and recovering he enrzched Z—-isomer of

O

formula I,

and optionally converting the obtained compound of formula
I’ into the free compound of formula I with a reduced
E-amount by adjusting the pH or

b) férming a salt of formula II

HaN — S

o CH==CH(CH,)

II

coo- xt

wherein the propenyl group has Z- and E-configuration and
X* is Li+, Na*, k+*, ammonium or a cation of formula III

+ Ry
H-N - R I1I
R3

wherein Ry, R; and R; are independently hydrogen,

(Ci-s )alkyl, an optionally substituted benzyl,

{Cs-s Joycloalkyl or R; with R; and the nitrogen atom
signify a 5- or 6-membered heterocycle which optionally
contains one or two additional heteroatoms and R; is as
defined above, whereby one of Ry, Ry or R; is not hydrogen,
by reacting a compound of formula I with a lithium, sodium
or potassium base or ammonia or an amine of formula IV

/
N - R, | v




suspénsion is left in a refrigerator overnight, the product is filt
off, washed with acetone and dried in a vacuum chanber at |

i!-ﬁ{ EE
200.2 g Z/E ratio: ACEL TP RHEE

Cont ent PACA (HPLO): 489 Oontent t%?
7- ADCA: -5~ 0. 22% Con} eht 2 8- e

0. 19% Exanpl e 4c) A suspension of 10 g of PACAwith a Z/E talio of 86/14
(HPLC content 93.4% in 50 m dichloronethane is treated with 12.4 m of
di cycl ohexyl am ne, whereby a slightly clouded solution resglis
Crystallisati %ﬂe'r@xﬁtﬁﬂ'ng &ndl nheawswsraéﬁhé& @d,zﬁ ma s%ndmﬁ or
filtered off, washe m& p col d, gl oho thane and dried in cuu '
mixtu i 1C ormula

chanber . solven re, Z- and E-xsomers St
11 have different solubilities and precipitating the
obtained compound of formula II optionally by adding a
counter solvent, or
dissolving a compound of formula I in a solvent or solvent

mixture with a lithium, sodium or potassium base or ammonia

and precipitating a compound of formula II by adding a
lithium, sodium or potassium source or an amine of formula
IV and optionally a counter solvent,

and converting the compound of formula II into compound of
formula I with a reduced E-amount or the hydrochloride
thereof of formula I’ by adding an acid, or

c) subjecting a solution of the compound of formula I to
adsorption chromatography.

Process a) may be carried out as follows:

The formation of the hydrochloride is carried out in a solvent
or solvent mixture, in which the 2- and E-isomers of formula
I’ have different solubilities.

The hydrochloride of formula I’ may be formed both in protic
and in aprotic medium. If operating in an aqueous system, the
2/E mixture of the compound of formula I is dissolved in water
or an aqueous organic solvent such as agqueous alcohol, e.q.
isopropanol, aqueous acetone or acetonitrile, by adding
hydrochloric acid, and precipitating the hydrochloride by
addition of an organic counter solvent. Suitable organic
counter solvents are in particular organic nitriles such as
acetonitrile; ketones, e.g. acetone; alcohols, e.g. methanol,
ethanol, one of the isomeric propanols or butanols; ethers,
e.g. tert.butyl methyl ether, diethylether or tetrahydrofuran
or esters, e.g. ethyl or isopropyl acetate or mixtures
thereof. If operating in a practically water-free system, the
Z/E mixture of formula I is dissolved in concentrated form in




- 15°- Yield: - 11.2 g PACA
caontent (HPLC): 56. 2% %

90.2/9.8 5. Production of E-depleted 7-am no-3-[(Z/ E)-1-pn ,'QENTESHEET
cephem 4-carboxylic acid tert. octylamoniumsalt [proces$ B)] Exanple 5 A
suspension of 10 g PACAwith a Z/E rati-o86-3/13.7 (HPLC ¢o té’rﬁ FREUPYT n fa
m xture of 80 mM acetone and 40 ml water is treated with ¥
tert.-octylam ne. Further 520 nl of acetone are added. The¢ obtalned
suspension is stirred for 2 hours at roomtenperature. The-.ieLt

octyl amoni um {(hdh A-d I MeidttapRNt Wr DspPEANYE], s2kh 9beBACAcks filtered
hydrochloric acid, and is then diluted with one of the above
mentioned counter solvents, whereby the crystalline Z-enriched
product is crystallized out.

According to another variant, the hydrochloride of formula I’
may be suspended or dissolved in a solvent or solvent mixture
in which the E-isomer of 7-amino-3-(l-propen-1-yl)-3-cephem-
4-carboxylic acid hydrochloride is better soluble than the
corresponding z-isomer. Suitable solvents are alcohols, e.g.
methanol, ethanol or isopropanol or a sulfone, e.g. sulfolane.
Precipitation is then induced by e.g. adjustment of the
solubility product of the Z- or E-isomer optionally by
addition of one of the above mentioned counter solvent,
whereby the hydrochloride of compound of formula I¢ with a
reduced E-amount is obtained.

The hydrochloride which is thereby much improved-in its Z/E
ratio may subsequently be converted again into the compound of
formula I in conventional manner, e.g. by means of pH
adjustment in water to the approximate isoelectric point.

If a mixture of 2 and E 7-amino-3-{l-propen-1l-yl)-3-cephem—
4-carboxylic acid of formula I is dissolved in water in an
alkali or an acid and is then feprecipitated by setting the pH
at the isocelectric point, there is no improvement, but rather
a worsening of the Z/E ratio (see comparison tests in Examples
lla and 11b). On the other hand, using the crystalline
hydrochloride of 7-amino-3-{l-propen-1-yl)-3-cephem-4-
carboxylic acid of formula I’, the Z/E ratio is surprisingly
considerably improved. The depletion rates of undesired
E~compound are up to 7%.

Compounds of formula I’ may be prepared as described by the
processes herein containing various amounts of Z/E isomers,
e.g. in a ratio of 91:9 or less, 92:8 or less, conveniently
94:6 or more, or 95:5 or less; 97:3 or less; 99:1 or less.



of f, washed with acetone and dried in a vacuum chanber. Yield:

10.4 g PACA content (HPLO): - B9 R@hZL%

ratio: 92'§E . HERt .

octylam ne (GO): -9 31.6% Herr] @ mﬂwrs

1. 6% Acet one (GO): - 2% 6

Production of 7-ami no-3-[ (2 E) - 1- propen- 1- yl ] - 3- cephem 4- c2r&b& W& acj d

from 7-am no-3-[(Z/ E)-1-propen-1-yl]-3- cephem 4-carboxylijc acid

di cycl ohexyl ammoni um salt Exanpl e 6a) 100 g PACA-di cycl ghexyl ammoni um sal
of

[ product of Exanple 4b)] with a Z/E ratio of 78.3/21.7 (

PACA) are suspended .i 0 i del he. ,s } Yhd K18Q@ ust ed
to pH 3.5'%G%fﬁ9¥£i?H%%ﬁ%:ﬁ%qgﬂﬂgggaﬁﬁﬁhg@bﬁ??%%lgbﬁﬁ.%%ﬁgnﬁtgﬁ%néﬁgﬁ’is

stirred f omn fpathef Idenilmyension .+ §he hydrochloride of formula IY
having a Z/E ratio of at least 91:9 or less is also new and

form part of the invention.

Process b) may be effected as follows:

The compounds of formula II may be formed in a protic or in an
aprqotic medium. If operating in an aqueous system, the Z/E
mixture of the compound of formula I is dissolved in water or
an aqueous organic solvent auch as acetone or an alcohol e.g.
isopropanol, by adding a base, such as lithium, scdium or
potassium base, e.g. hydroxide, carbonate or hydrogencarbonate
or a nitrogen containing base such as ammonia. Then an amine
of formula IV or a lithium, sodium or potassium source is
added and the solution optionally diluted with an organic
counter solvent, whereby a compound of formula II
precipitates. Alternatively the Z/E mixture of the compound of
formula I may be suspended in water, or an agqueous organic
solvent such as acetone or an alcohol, e.g. isopropanol, the
suspension is treated first with a lithium, sodium or
potassium source or ammonia or a compound of formula IV and
then with an organic counter solvent and optionally adjusting
the pH with lithium, natrium or-potassium base, e.g.
hydroxide, carbonate or bicarbonate in case a lithium, sodium
or potassium source such as lithium, sodium or potassium
acetate is used.

Examples of organic counter solvents are given in process a)
above,

Typical lithium, sodium or potassium sources include lithium,
sodium or potassium salts of carboxylic acids, such as sodium
or potassium acetate or lithium, sodium or potassium
2-ethylhexanoate.



- 16 - tenperature. The title product is filtered off, washed with water

and then with acetone and dried in a vacuum chanber. Yi el mﬁﬁmng}f%

100.8% Z/ E rati o:
Exanpl e 6b) 100 g PACA-di cycl ohexyl amoni um salt ( E-cont gnt 1&5%)'
PACA-content 53.11% are added to 4000 m_ water of 30. Afjtar ait H91

m nutes a solution results, to which 57 “%ctivated carbon gre added. The
m xture is stirred for 10 mnutes, the carbon is filtered off and washed

with 250 M water. The pH of the combined filtrate and washing. is slowy. |

adjusted to 3.5
1f operating in an aprotic medium, the 2Z/E mixture of formula

1t is suspended in an organic solvent, adding a base of formula
v and optionally diluting with a counter solvent or a mixture
of counter solvents. Examples of organic solvents are amides,
e.g. dimethylformamide; sulfoxide, e.g. dimethylsulfoxide;
sulfone, e.g. sulfolane; halogenated hydrocarbons, e.qg.
dichloromethane; ketones, e.g. acetone; esters; ethers, e.qg.
tetrahydrofuran; alcohols, e.g. methanol, ethanol, one of the
isomeric propanols or butanols, nitriles e.qg. acefonitrile or
mixtures of these solvents., Further solvents may be added in
admixture such as diethyl ether or tert. butyl methyl ether.

Examples of compounds of formula IV are tert.butylamine,
benzylamine, dibenzylamine, dicyclochexylamine or
2,4,4-trimethylpentyl-2-amine.

If in compounds of formula IV R; with R, and'thé_nitrogen atom
signify a 5- or 6-membered heterocycle, containing optionally
1l or 2 additional heterocatoms, these are preferably oxygen or
sulphur atoms. Examples of the heterocycle are morpholine,
N-methyl-morpholine, oxazolidine or thiazolidine,

Preferfed examples of compounds of formula IV are
dicyclohexylamine and 2,4,4-~trimethylpentyl-2-amine.

The compounds of formula II may be easily converted into
compounds of formula I with a reduced E content, by dissolving
or suspending a compound of formula II in water and by
acidifying, whereby the nitrogen containing base may
optionally be removed by extraction in a first alkaline step
or kept in solution by addition of an organic solvent such as
an alcohol or a ketone, when the base is forming a salt, which
is poorly soluble in water.

Alternatively compounds of formula II may be converted into

compound I’.



with'5 N sulfuric acid. The obtained crystall suspension i E@@gtﬁﬂﬂﬂﬂ; HEEI

I ce-bath and stirred for 2 hours while cooling. The produc

of f, washed sequentially with total 200 m water, 100 m tler/ acet one
(1:1) and 250 ml acetone. The product is dried in a vacuu cha@ﬁkﬁtdﬂﬁgﬁ
Yi el d: . -9 - 50 3} g Cont ent
HPLC. 101. 5% E- cpntent™

7.4% 7. Production of E-depleted 7-am no-3-[(Z/ E)-1-propent1-yl]-

3- cephem 4-carboxylic acid [process c)] Exanple 7) 7.8 litres of aqueous
solution of 2 kg PACA ont nt 93.4% E .cont ent 15% , .obtai ned qy addi tét on
of ammoni acagpaunds 3 Ila "Fed Hik*a 175 ARG W Qfm? 1935 4AP

HP- 20-r eSi A1 6\:If11 Qre a:te@z mfndGQJJsld fdh plve & futdhen iimeaftfieni.edrhd t h
nater. dilctyr isohoefx lalxjn%;[o%l t1' n%nfnf c{:r}nle hﬁ b4e gd ncm r}x%t?;yltpg%tyl 2}
ammonium salt are preferred.

Process b) has several advantages. Compounds of formula II are
easily precipitated and crystallized. Process b) is especially
advantageous, when applied to 2/E mixtures of formula I with a
high E-content and/or containing by-products e.g. those
obtained from mother liquors, e.g. from process a} or early
eluting fractions from process ¢) containing by-products,
effording products with a low E-content and high purity {see
Example 4b). The fact that the process is applicable to
products derived from mother liquors has also the advantage of
an improved total yield.

Processes a) and b) may be optionally repeated or compounds of
formula II may be converted into the compound of formula I’ in
order to obtain the desired~Z/E ratio.

Process c)} may be carried out as follows:

The compound of formula I is dissolved in water by adding a
base e.q. ammonia. Adsorbents include activated carbon, e.qg.
Norit CG-1l, SX-plus, C~granular or Cecarbon GAC 40; adsorption
resins such as HP-20, HP-21 or SP 207 (from e.g. Mitsubishi};
XAD~1180, XAD-1600 or XAD 16 (from e.g. Rohm-Haas} or
Amberchrome CG 161 (from e.g. Toso—-Haas). Preferably the
adsorption resin is XAD-1600 or Amberchrome CG 161. Elution is
effected with water. In this process the E-isomer has a better
adsorption than the Z-isomer and thus is slower eluted as the
Z-isomer. The first eluted fractions contain therefore mainly
the z-isomer, whereas the latest fractions contain mainly the
E-isomer. The desired product may then be obtained by
adjusting the pH value close to the isoelectric point, i.e. to
2.5-4,5, preferably to. 3.0-3.7, whereby crystallization
occurs. Depending on which fractions are combined, products



I ntroduction of the PACA-sol ution) are obtained. This does n
product (HPLC control) and is discarded. Then fractions each

taken and anal ysed by HPLC. The first 2 fractions contain a gngll anount o
Z- PACA, but al so - 17 - early eluting side products such fs| 72 & Ries7
7- ADCA and are conbined to Pool |I. The subsequent 6 fractions {([err] = 30
litres) contain mainly the desired Z-PACA (1108 g Z- PACA + 27 G E-

The following 7 fractions ([err] = 35 Fiﬂpe§) contain stil

FVPaT SHEET]

-PACA but

al so increasing amunts of E-PACA (297 g Z and 93 g E). From

t he HPLC

anal ysis of these 13 fractions the E-content is calculated of 7.9% These

13 fractions are

with a very low amount of E-isomer (<3%) or products with an
E-isomer of 7-9% are obtained.

The amount of the adsorbent depends on the desired dissolution
rate and the 2/E ratio of the starting compound of formula I.

Process C) represents a very simple and economical method. The
adsdrbents may be regenerated. The elution is effected with
water, no organic eluants are used. The apparative equipment
is simple. No gradient elution or stepwise elution and no
changes of pH are necessary.

Processes a), b) and ¢) are suitable for industrial scale.

In the following Examples, which illustrate the invention more
fully, but in no way limit its scope, all temperétures are
given in degrees celsius.

In the Examples the following abbreviations are used:

PACA = 7-amino—3-[(Z/E)~l-propenr1-yl]-3-cephem—4-carboxylic
acid ‘ E o

7-ACA = 7-amino-cephalosporanic acid

7-ADCA = 7-amino-desacetoxy-cephalosporanic acid



conbined and the pHis adjusted to 3.5 by addition of 5N
precipitating crystalls are filtered off, washed wth wat
dried in vacuumat 45[err]. There are obtained 1451 g PA

(yreld 77.6%.
Cont ent PACA: 9. 9‘? §EeantEnt
7.8% From Pool | there are obtained by adjusting the pHt .5 137.5 ¢

mat eri al, which consists mainly of Z-PACAl eut of |ater eljuttng-fracttons

igt'on SHERH

to 3.5. Exanple 8) 20 g activated carbon (Norit CG 1) are Suspendéd 1n
water and then filtered on a suction filter (diameter 4 cm and rinsed in
vacuum wi tih wemrduot iprPATA R1tled9F-41 nb—827% 20 ) L3 Y rdpendilsgdllved i n

40 M water b iyl Rr.a u —U. [nis soluti,on I s
slow y sucked%— Hédﬁl{yg r£WD,-;}tcea)cid.hydrochloride [process a]

Example la}

A mixture of 15 ml of 5 N HCl in methanol and 30 ml of
acetonitrile is cooled with ice water. 15 g of PACA (Z/E ratio
= 85.4/14.6) are introduced into the solution. After stirring
for 5 minutes, a solution is obtained. The cooling bath is
removed and the solution is slowly diluted over the course of
30 minutes with the dropwise addition of 300 ml of
acetonitrile. After adding ca. 70 ml of acetonitrile, the
solution is seeded with PACA.hydrochloride. The resultant
crystal suspension is stirred for a further one hour whilst
cooling with ice, The product is isolated through a suction
filter, washed twice, each time with 40 ml of acetonitrile,
and dried in a vacuum drying chamber.

Yield: 14.1 g

Chloride: ©12.8%
Z/E ratio: 89.9/10.1

Example 1b)

10 ml of acetonitrile and 5 ml of aqueous concentrated HCl are
cooled with ice water, and 5 g of PACA with a Z/E ratio of
85.4/14.6 are introduced whilst stirring. After ca. 20
minutes, a solution is obtained. The solution isﬂslowly mixed
with 100 ml of acetonitrile, whereby after the addition of 30
ml of the acetonitrile, the solution is seeded with the
hydrochloride of PACA. After completion of the acetonitrile
addition, the resultant crystal suspension is stirred for a
further one hour whilst cooling with ice, and subsequently
filtered. The hydrochloride is subsequently washed twice, each
time with 15 ml of acetonitrile, and dried.

Yield: 3.4 g
Z/E ratio: 92.8/7.2



t hrough the activated carbon. Afterwards the carbon-cake
same manner with 250 ml water. The filtrates are coll ect

ACHAEN SR

each about 40 ml. The first 2 fractions do not contain the{proautt ( HPL
control). Fractions 3 to inclusive 7 co in mainly the Z-PA Ty fa
very small amount of E-PACA and are tﬁépé?d?e conbi ned. h¢sg@£g88n§@are
adjusted with 2N HO to pH 3.4, - 18 - whereby the prgdi 5% S

The product is filtered off, washed with water and acetompe and dried to

yield 2.8 g PACA (content 96.7% and containing < 0.1% EYsomer-
72. 5% Exapphapd® 1c)

YierdT

1 g of PACA.hydrochloride with a Z/E ratio of 89.1/10.1 is
treated with 2 ml of methanol, whereby a solution is briefly
obtained. Crystallization rapidly re-occurs. The suspension is
slowly mixed with 20 ml of acetonitrile. The crystal
suspension is stirred for a further 1 hour whilst cooling with
ice, and subsequently filtered. The product is washed twice,
each time with 5 ml of acetonitrile, and dried.

YieIA: 0.6. g
2/E ratio: ' 95.5/4.5
Example 14)

1 g of PACA.hydrochloride with a 2/E ratio of 89.9/10.1 is
suspended per 2 ml of methanol, ethanol and isopropanol. After
stirring for one hour and cooling with ice, the solid
substance is isolated in the usual way, and dried.

. . 2/E ratio:
a) methanol 97.2/2.8
b) ethanol ' 91.1/8.9
¢) isopropanol 92.5/7.5

2. Conversion of 7-amino-3-{(%Z/E}-l-propen-1-yl]-3-cephem-4-
carboxylic acid.hydrochloride into 7-amino-3—[(Z/E)-l-propen—
1-yl]-3-cephem—4-carboxylic acid

Example 2:

2 g of PACA.hydrochloride with a 2/E ratio of 89.9/10.1 are
introduced into 20 ml of water. The pH value of the suspension
is 0.9. The suspension is carefully adjusted to pH 3.5 with 2
N NaOH. The suspension is stirred for a further 1 hour whilst
cooling with ice, the product is filtered off, washed twice,
each time with 5 ml of water, and dried.

Yield: 1.7 g
2/E ratio: 89.7,/10.3



100 m adsorbent-resin "Anberchrone CG 161 nmd" are | oaded_as in Exanple 7
described with a solution of 5 g PACA (content 93.4% E- mm:, .';.J"f- Phrea)
m water. Elution is then effected with water and the el [J¥ge€ .ﬁﬁaﬂiﬁgﬁgh
Z-PACA fractions are collected. Adjustnment of the pHto 3.6 I gads to
crystallisation of the product, which +sl8iktered, washgd aﬁagdﬁné&%uto
give 3.87 g (yield 82.8% PACA (content 98% and contairirg <5% E i sonef.
The resin is regenerated by elution with aqueous isoproganol to WhTCHSonE
ammoni a i s added, rinsed with water and nmay be again enmpleyed.. Exanple 10
To the regenerated resin "Anberchronme CG 161 nd" of Exanple 9 (100 m
volune) is introduced an aqueous solution of 8 g PACA . (content 93.4%
E-content 15% - prepared by dissolving with anmonia solution at pH 8.1 in"60
M water. ;E| pirbg@cetivh 8340Ertlepleted 7-amino-3-{(2/E)-1-propen~l-ylj-

3-cephem~4-carboxylic acid potassium salt [process (b)]

Example 3)
To a mixture of 20 ml saturated agueous potassium acetate

solution and 20 ml isopropanol are added 10 g of PACA (mother
liquor product) (Z/E ratio = 63:37}) with a content of 90%
(main side product 7-ADCA 1.9%). The pH of the obtained

- suspension is adjusted with 5N KOH to pH 8.8 and the resulting
solution is diluted with 100 ml isopropanol. The resulting
suspension is stirred 1 hour at room temperature and then left
overnight in the refrigerator. The precipitate is filtered
off, washed with isopropanol and dried.

Yield: 5.1¢

Content PACA (HPLC): 11 I
99.7% as
potassium
salt;

Z/E ratio: 70.8/29.2

Content 7-ADCA: . 0.4%

4. Production of E-depleted 7-amino-3-{{Z/E)-l-propen—-1-yl]-3-
cephem—4—carboxylic acid dicyclohexylammonium salt

[process b)]

Example 4a)

10 g of PACA (Z/E ratio 92/8) (HPLC content 99%) are suspended
in a mixture of 30 ml water and 30 ml acetone. Aquecus ammonia
is added until a solution results. The basic solution (pE ca
8.8) is treated with 9.1 ml dicyclohexylamine and then
dropwise with 250 ml acetone, whereby PACA-dicyclohexyl~
ammonium salt precipitates. The suspension is stirred for a
further 1 hour at room temperature and the product is filtered
©ff, washed with acetone and dried in a vacuum chamber.



water is then effected. 110 ml of "enpty" eluate and fur
containing mainly early eluting side products such as 7-
are discarded. Thereafter the eluate is pooled until the
pool is increased up to 9% E-PACA related to the total a
the pool. Fromthis pool (200 m) the prg uct is crystal
the pHto 3.4 with hydrochloric acid. The®roduct is fil
wat er and dried in vacuum 6.4 g PACA (yield 85.6% cont
E-content of 8.8% are obt ai ned. - 19 - The adsorption
t hereafter regenerated as described in Exanple 9.

yield:

content PACA (HPLC):

content Dicyclohexylamine (GC):
content water:

content acetone:

2/E ratio:

Exaﬁple 4b)

ther 10 mM el uate,
ACA, 7-ADCA etc.

- Nk ]
RERLACTVENT S

4

sed by adj ustiing
el e S i tih
enp 999 with an
,re3|n 'S

13.5 ¢
53.3%
39.3%
1.7%
1.1%
96/4

200 g of PACA (mother liquor product) with a Z/E ratio of
56.4/43.6 {(HPLC content 90.1%, 3.2% 7-ADCA, 1.6% 7-ACA) are
suspended in a mixture of 1600 ml acetone and 400 ml water.
under stirring are added 182.4 ml of dicyclohexylamine,
whereby a solution results after a few minutes. Seed crystalls
of PACA dicyclohexylammonium salt are added and the resulting
suspension. is stirred 2 hours at room temperature. The
suspension is left in a refrigerator overnight, the product is

filtered off, washed with acetone and dried in
chamber at 45°.

Yield:

Z/E ratio:

Content PACA (HPLC):
Content 7-ADCA:
Content 7-ACA:

Example 4c)

a vacuum

200.2 g
78.3/21.7
48%

0.22%
0.19%

A suspension of 10 g of PACA with a Z/E ratio of 86/14 (HPLC
content 93.4%) in 50 ml dichloromethane is treated with 12.4
ml of dicyclohexylamine, whereby a slightly clouded solution
results. Crystallisation is starting and the suspension is
cooled, the product filtered off, washed with cold

dichloromethane and dried in a vacuum chamber.



11. Conparison tests for depletion, by dissolving and reprecipitating
7-am no- 3- (1- propen-1-yl)-3-cephem 4- carboxylic acid Exa ple 11la) 3 of
PACA with a Z/Eratio of 85.4/14.6 are suspended in 30 -“‘x;- 2
m of concentrated HO are added whilst cooling with ic-, .
I s obtained. The pH value is subsequently adjusted to pH{3.5 ay \
adding 5 N NaCH wi t hout external coolimg. 15The crystal sj pe?18 66 |ﬁg7{ hen
stirred for 1 hour whilst cooling with ice, the productjijs filtered off,
washed twice, each tinme with 10 nl of water, and dried in a vacuum dryi ng
chanmber. Yield: 2.8 g ZIE
84.5/15.5 Bxdmil g 11b) -3

ratio: Vﬁelh
g of PACApAéE coﬁ%gﬁt q%@gcqf 82.6/17.6 are suspended in 50 56.2%

z/E ratio: 90.2/9.8

5. production of E-depleted 7-amino-3-{{(Z/E)-1l-propen-l-yl]-3-
cephem~-4—-carboxylic acid tert. octylammonium salt

Iprocess b)]

Example 5)

A suspension of 10 g PACA with a Z/E ratio 86.3/13.7 (HPLC
content 95%) in a mixture of 80 ml acetone and 40 ml water is
treated with 7.6 ml tert.-octylamine. Further 520 ml of
acetone are added. The obtained suspension is stirred for 2
hours at room temperature. The tert. octylammonium
((2,4,4-trimethylpentyl-2) ammonium] salt of PACA is filtered
off, washed with acetone and dried in a vacuum chamber.

Yield: 10.4 g
PACA content (HPLC): - _ 59.8%
z/E ratio: ) 92.5/7.5
Content tert. octylamine (GC): 31.6%
H,0: ' _ 1.6%

Acetone (GC): ' , 2%

6. Production of 7—amino—3-[(z/E)-l-propen-lfyl}—3—cephem~4-
carboxylic acid from 7-amino-3-[(Z/E)-1-propen-l-yl}-3-
cephem—-4-carboxylic acid dicyclohexylammonium salt

Example 6a)

100 g paCa-dicyclohexylammonium salt [product of Example 4b)]
with a z/E ratio of 78.3/21.7 {(HPLC content 48% of PACA) are
suspended in 1000 ml water. The pH of the suspension is
adjusted to pH 3.5 within 45 minutes with 85% phosphoric acid.
The suspension is stirred for a further 30 minutes at room



m of water. 5 N NaCH (ca. 2.5 nl) is added whilst stirrjing.until

salution is obtained (pH 8.7). The pH is subsequently adm&@LA@ENﬁﬁﬁHSHEETDy

carefully adding concentrated HCl, diluted to 1/1. The drystat—suspermrs
is stirred for a further 1 hour whilst cooling with ice,} an nt
i sol ated and dried as described in Exarplé 3a). Yield: c&g?ﬁ&?ﬁﬁ?

2.9 g ZIE ratio: 21.8/18.2

T
< 35

Clainms: 1. Process for the depletion of 7-am no-3-[(E)-J-propen-1-

yl]-3-cephem 4- carboxylic acid in mxtures of 7-am no-3-tt&r

1- propen- 1- yIL tPthEQhé E@th@xykbauee'@saeﬂézmgah“8f§ washed with
[ (E) - 1- pr G§&E" f: 3-ce g}4 car boxylic aci conpri ses
water and then wzt acetone and drzed in a vacuum chamber.

Yield: 45.7 g
content HPLC: 100.8%
z/E ratio: 77.8/22.2

Example 6b)

100 g PACA-dicyclohexylammonium salt (E-content 7.6%,
PACA-content 53.11%) are added to 4000 ml water of 30°. After
about 2 minutes a solution results, to which 5 g activated
carbon are added. The mixture is stirred for 10 minutes, the
carbon is filtered off and washed with 250 ml water. The pH of
the combined filtrate and washing is slowly adjusted to 3.5
with 5 N sulfuric acid. The obtained crystall suspension is
cooled in an ice-bath and stirred for 2 hours while cooling.
The product is filtered off, washed sequentially with total
200 ml water, 100 ml water/acetone (l:1}) and 250 ml acetone.
The product is dried in a vacuum chamber at 40°.

Yield: 50.3 g
Content HPLC: _ 101.5%
E~content: ' ' 7.4%

7. Production of E-depleted 7-amino-3-[{Z/E)~l-propen-1-yl]-
3—cephem~4-carbo§ylic acid [process c}]

Example 7)

7.8 litres of agqueous solution of 2 kg PACA (content 93.4%, E
content 15%), obtained by addition of ammonia up to a pH of
8.0, are loaded on a 75 litre column £illed with HP-20-resin
with a flow rate of 60 litre/h. The elution is effected with
water. 50 litres of eluate (counting from the beginning of the
introduction of the PACA-solution) are obtained. This does not
contain the product (HPLC control) and is discarded. Then
fractions each of 5 1 are taken and analysed by HPLC. The
first 2 fractions contain a small amount of Z-PACA, but also




a) forming the hydrochl oride of the conmpound of fornula I" [err] wherein

t he propenyl group has Z- and E-configuration, from conpo
[err] wherein the propenyl group has Z- and E-configurati

hydrochloric acid in a solvent or solvent m xture, in whi hf the Z- and

LCEVENT SHEET

E-isomers of formula I' have different _sghubilities or so izgsﬁm;gjm

| east part of 7-am no-3-[(E)-1-propen-1- yl]-3-cephem 4-carjpoxylic acid
hydrochl oride in Z/ E m xtures of the conpound of formula jl' ~Tmasotvent o
solvent m xture, in which the Z- and E-isonmers have diffearent solubilities
and recovering LGeeRG 6988 FrbaBIRS ShchOhTVh3aba and 7-ADCA and are

comblned to Pool I. The subsequent 6 fractions (e = 30 litres)
contain mainly the desired z-PACA (1108 g Z~PACA + 27 g

E-PACA} .

The following 7 fractions (e = 35 litres) contain still
7-PACA, but also increasing amounts of E-PACA (297 g 2 and 93
g E). From the HPLC analysis of these 13 fractions the
E-content is calculated of 7.9%. These 13 fractions are
combined and the pH is adjusted to 3.5 by addition of 5N HCl.
The precipitating crystalls aré filtered off, washed with
water and acetone and dried in vacuum at 45°. There are
obtained 1451 g PACA (yield 77.6%).

Content PACA: 99.9%
E-content: 7.8%

From Pool I there are obtained by adjusting the pH to 3.5
137.5 g material, which consists mainly of Z-PACA.

out of later eluting fractions (fractions 16-19) 62.4 g of
mainly E-PACA are isolated by adjusting the pH to 3.5.

Example 8)

20 g activated carbon (Norit CG-1) are suspended in water and
then filtered on a suction filter (diameter 4 cm) and rinsed
in vacuum with water. 4 g PACA (content 93.4%, E-content 15%)
are dissolved in 40 ml water by addition of ammonia up to a pH
of 8.0. This solution is slowly sucked (within ca. 15 minutes)
through the activated carbon. Afterwards the carbon-cake is
eluted in the same manner with 250 ml water.

The filtrates are collected in fractions of each about 40 ml.
The first 2 fractions do not contain the product (HPLC
control). Fractions 3 to inclusive 7 contain mainly the Z-PACA
and only a very small amount of E-PACA and are therefore
combined. These 230 ml are adjusted with 2N HCl to pH 3.4,




- 21 - and optionally converting the obtained conmpound of fornula I' into

the free conpound of formula | wth a reduced E-anount ky_.adjusting the p

or b) formng a salt of fornula Il [err] wherein the pr ‘PEAC@;@WW’E

and E-configuration and X[err] is Li[err], Klerr], Na[efr p—eafror
cation of forrmula Il [err] wherein Rerr], Rerr] and 2rr ], are
i ndependently hydrogen, (Cerr])alkyl, an optionally subsii 2& Eﬁdlﬁ%yl ,
(err])cycloalkyl or Rlerr] with Rerr] 18nd the nitrogénlatomsignify la

or 6-nenbered heterocycle which optionally

whereby¥ the product crystallises. The product is filtered off,
washed with water and acetone and dried to yield 2.8 g PACA
(content 96.7%) and containing < 0.1% E isomer,

yield: 72.5%

Examplé 9)
100 ml adsorbent-resin "Amberchrome CG 161 md" are loaded as

in Example 7 described with a solution of 5 g PACA (content
93.4%, E-content 15%) in 50 ml water. Elution is then effected
with water and the eluates containing Z-PACA fractions are
collected. Adjustment of the pH to 3.5 leads to
crystallisation of the product, which is filtered, washed and
dried, to give 3.87 g (yield 82.8%) PACA (content 98%) and
containing <5% E isomer.

The resin is regenerated by elution with aqueous'isopropanol'
to which some ammonia is added, rinsed with water and may be
again employed.

Example 10)
To the regenerated resin "Amberchrome CG 161 md" of Example 9
{100 ml volume) is introduced an agueous solution of 8 g PACA
.(content 93.4%, E-content 15%)-prepared by dissolving with
ammonia solution at pR 8.1 in 60 ml water. Elution with 240 ml
water is then effected. 110 ml of "emptf" eluate and further
10 ml eluate, containing mainly early eluting side products
such as 7-ACA, 7-ADCA etc. are discarded. Thereafter the
eluate is pooled until the E-content in the pool is increased
up to 9% E-PACA related to the total amount of PACA in the
pool. From this pool (200 ml) the product is crystallised by
adjusting the pH to 3.4 with hydrochloric acid. The product is
filtered, washed with water and dried in vacuum. 6.4 g PACA
(yield 85.6%, content 99%) with an E-content of 8.8% are
obtained.

H



cont ai ns

one or two additional heteroatons and R3 is as defi ned above,

whereby one of Rerr], Rerr] and Rlerr] is not hydrogen, by reacting a

conmpound. of forrmula I with a lithium sodium or potassigihR-base—of )
or an amine of formula IV [err] wherein Rerr], Hew]@ﬂ&{ﬂﬂﬁﬁ%
defined above, in a solvent or solvent mxture, in whigh
E-isoners of fornmula Il have different solubilities and prefggjg@wtpg {he
obt ai ned conmpound of forrmula Il optionaklysby adding a -

sol vent ,

A

14

count er

or

e I

o W $h05. ¥ T ¥ ¢ T

the adsorption resin is thereafter regenerated as described in
Example 9.

11. Comparison tests for depletion, by dissolving and
reprecipitating 7-amino-3-{l-propen—-1~vl}~-3-cephem—4-~
carboxylic acid

Exaﬁple 11la)

3 g of PACA with a Z/E ratio of 85.4/14.6 are suspended in 30
ml of water. Ca. 6 ml of concentrated HCl are added whilst
cooling with ice, until a solution is obtained. The pH value
is subsequently adjusted to pH 3.5 by carefully adding 5 N
NaOHE without external cooling. The crystal suspension is then
stirred for 1 hour whilst cooling with ice, the product is
filtered off, washed twice, each time with 10 ml of water, and
dried in a vacuum drying chamber.

Yield: 2.8 g
z/E ratio: . ' . 84.5/15.5

Example 11b)

3 g of PACA with a Z/E ratio of 82.6/17.6 are suspended in 50
ml of water. 5 N NaOH (ca. 2.5 ml) is added whilst stirring
until a solution is obtained (pH 8.7). The pHE is subsequently
adjusted to pH 3.5 by carefully adding concentrated HCI,
diluted to 1/1. The crystal suspension is stirred for a
further 1 hour whilst cooling with ice, and subsequently
isolated and dried as described in Example 3a).

Yield: 2.9 g
Z/E ratio: 81.8/18.2



di ssol ving a conpound of formula | in a solvent or solvent mixture with a
lithium sodium or potassium base or ammoni a and precipitating a conpound
of formula Il by adding a lithium sodium or potassium seudkce..or..an_an ne

of formita—+V—and—eptienally a counter solvent, and coﬂE?LﬁCngﬁﬂebqjﬁg
corrpounﬂmmm"m" 'H gnt o conpound of formula | with threecte ey N}
or the ﬁﬂ ﬂnreof of formula I2p by addi ng an ﬁ??
subjectirfg & sblutidn of the conpound of forrmula | to 4d éﬁ??&#

chromat ography. 2. A process according to claimla) whgrén.the pnrtgﬂbd
Z-isoner of fornula ', is recovered fromthe solutionjby adjusting the

solubilit yct optlonallyby addi ng a counter sol ver
7-am no- 3- -1-propen-1-yl]-3-cephem 4- carboxylic aci d. hydrochlorlde

1. Process for the depletion of 7-amino-3-[(E}~l-propen-1-
yl]-3-cephem-4-carboxylic acid in mixtures of 7-amino-3-{(2)-
1—pfopen—1—yl]—3—cephem—4—carboxylic acid and 7-amino-3-
[{E)-1l-propen-1-yl]-3-cephem-4~-carboxylic acid which comprises

a) fptming the hydrochloride of the compound of formula I’

HoN S
o? CH==CH(CH3) *HC1

COOH

wherein the propenyl group has Z- and E-configuration, from
compound of formula I

HaN S
l CH==CH(CH

o’ 3} I

COCH

wherein the propenyl group has Z- and E-configuration, and
hydrochloric acid in a solvent or solvent mixture, in which
the z- and E-isomers of formula I’ have different
solubilities

or '

sblubilising at least part of ?—amino-B-[(E)-14propen—l—
yl]-3-cephem-4~carboxylic acid hydrochloride in 2/E
mixtures of the compound of formula I’ in a solvent or
solvent mixture, in which the Z- and E-isomers have
different solubilities and recovering the enriched Z~isomer
of formula I',



4. 7- Anino- 3- [(2)-1- propen 1-yl]-3-cephem 4-carboxylic acid.
having a Z/E ratio ¢ or less. 5. A process according t
_ Mn pot assium salt of a carboxylic

lithium 1 & acetate or 2-ethyl hexanoate are ¢
Li[ferr], L ox Kfert] source. 6. A mriocess according tL
a

[}
5

i
H XN
*

wherein as Li[err], NaJerr] or Klerr] base, the hydroxide,
hydr ogencar bonat e or carbonate are enpl oyed. 7. A proces ccording to
claim 1c) mherein activated carbon, HP-20, HP-21, SP 207 XAD 1180, XAD™16;

XAD 1600 or Anb rone 161 ar use sqr bent .

7- Ani no- 3- [ (B* lg?‘fyﬁ“?e th‘ﬂ‘eﬂn f?%&m 4 dgmppund of formula
I’ 1nto the free compound of formula I Wlth a reduced
E~amount by adjusting the pH or

b) forming a salt of formula II

s
HaN 11

CH==CH(CH3)

Co0.~ x+

wherein the propenyl group has %Z- and E-configuration and
X+ is Li+, k*, Na+t, ammonium or a cation of formula III

(+)
H-N —R, III
R, )

wherein R;, Ry and R; are independently hydrogen,
(C;-3)alkyl, an optionally substituted benzyl,

{Cy-s Jcycloalkyl or Ry with R; and the nitrogen atom
signify a 5- or 6-membered heterocycle which optionally
contains one or two additional heteroatoms and R; is as
defined above, wheréby one of Ry, R; and Ry is not
hydrogen, by reacting a compound of formula I with a
“lithium, sodium or potassium base or ammonia or an amine of
formula IV '

N'—R; v

wherein Ry, R; and Ry are as defined above, in a solvent or
solvent mixture, in which the z- and E-isomers of formula
11 have different solubilities and precipitating the
obtained compound of formula II optionally by adding a



7aAnino-37

of 7-am no- 3-[ (E) - 1- pr open- 1 yl ]-3-cephem 4- carboxylic ac

7-am no-3-[(2) -
7-am no-3-[ (E) -

c)

dicyélohexylannnniun1sa|t. 9.

mmﬁ enever produced by process ac,o ding to claim}.
polndtof *fornula I, or Il for use in a process ﬁﬁéﬂdépﬁﬁticn+
f

1-yl]-3-cephem 4-carboxylic acid
mhammm umsalt. 10. A cephal ospo mlfﬁc‘ﬁmm 1

din mxture
1- propen- 1-yl]-3-cephem 4-carboxylic acijd and

unﬁr%p%%l¥éﬂﬁ 3- cephem 4- car boxylic aci
or
dissolving a compound of formula I in a solvent or solvent
mixture with a lithium, sodium or potassium base or ammonia
and precipitating a compound of formula II by adding a
lithium, sodium or potassium source or an amine of formula
1V, and optionally a counter solvent,

and converting the compound of formula II into compound of
formula I with a reduced E-amount or the hydrochloride
thereof of formula I’ by adding an acid or,

subjecting a solution of the compound of formula I to
adsorption chromatography.

2. A process according to claim la) wherein the enriched

Z-isomer of formula I’ is recovered from the solution by
adjusting the solubility product optionally by adding a
counter solvent.

Crystalline 7-amino-3-[(2)-l-propen-l-yl}-3-cephem-4-
carboxylic acid.hydrochloride.

7-Amino-3-[(Z)-1-propen-1-yl]-3-cephem-4-carboxylic
acid.hydrochloride, having a Z/E ratio of 91:9 or less.

5. A process according to claim 1b) wherein a lithium, sodium

or potassium salt of a carboxylic acid such as lithium,
sodium, potassium acetate or 2-ethylhexanoate are employed
as Li*, Na* or x* source.

A process according to claim 1b) wherein as Lit+, Na* or k*
base, the hydroxide, hydrogencarbonate or carbonate are
employed.
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7. A process according to claim ic) wherein activated carbon,
Amberchrome CG 161 are used as adsorbent.

8. 7-Amino-3-[{2Z)-l-propen-1-yl)-3-cephem—4-carboxylic acid
dicyclohexylammonium salt.
9. 7-Amino-3-[(2)-l-propen-1-yl}-3-cephem-4~carboxylic acid
(2,4,4-trimethylpentyl-2)ammonium salt.

10. A cephalosporin produced from compound of formula I,
whenever produced by a process according to claim 1.

11. A compound of formula I’ or II for use in a process for
the depletion of 7-amino~3-{({E}-l-propen-l-yl]-3-cephem-4-~
carboxylic acid in mixtures of 7-amino-3-[{Z}J-l-propen-
1-yl]-3-cephem~4-carboxylic acid and 7-amino~3~{(E)-1-
proﬁen—l—yl]-3—cephem-4-carboxylic acid.
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PROCESS FOR THE PURIFICATION OF A 3-CEPHEM-4-
CARBOXYLIC ACID DERIVATIVE

Abstract of the Disclosure

Summary:

The invention relates to a new process for the depletion of
7—amino-3-((E)-l-propen-l-yl]-3—cephem-4—carboxy1ic acid in
mixtures of 7-amino-3-{(2)-l1-propen-1l-yl}-3-cephem-4-
car%oxylic acid and 7—amino-3-[(E)-l-propen-l—yl]-3-cephem—
4-carboxylic acid, by means of the crystalline hydrochloride
or a metal or amine salt of 7;éﬁino-3-[(Z/E)—l-propen—l-yl}-
3-cephem-4-carboxylic acid or by adsorption chromatography.



