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A process for the production of cefotaxime in acetone/water and its use in the production of a sodium salt of cefotaxime and a
crystalline sodium salt of cefotaxime in form of rounded agglomerates and in form of needles. _




Cefotaxinme in the formof the free acid nmay be converted into the

cor respondi m salt in a further step, using a_source of

sodi um i ons \989?/8(81%‘ A-highly effective nethod for introduct FGSAEEPSHS8B i de
chain into 7-ACA is the reaction .. thereof with a reactive thioester
of formula WO 96/ 20198 4

PCT/ EP95/ 05088 - 2 -
[err] According to the reaction route described it is not
necessary to prot ect the anine group of 10 t he 2-am not hi azol yl

function, and the acyPE@DL&ﬂ'I@k@EtCEﬁ@TAM AND iNEWHSOPRUNISALES Wi t hout
not abl e secondary reactions. This active ester technol ogy was first

described in EP-0 037 380 According to exarrpl es 1 and 2 of
EP-0 037 380,y of t A free
acid is carri eggqg't‘fte ﬁtﬁcﬂ#?etldt%“to yﬁagt | O%foﬂ?ét{;ﬁ'é&i &]fpi‘?l é I] 915“ th

N, O bistri rretchﬁdtasuﬂnylofd‘oemﬂm de b) acylation of the silylated 7-ACA
with MAEM of forrmula 111 in dichloronethane C) extraction with

wat er / pot assi um hydr ogen carbonate d) re-extraction of cefotaxine in
the formof the free acid into an ethyl acetate/butanol 20 m xture

e) "drying and evaporation of the orﬁa@Cﬁ cgjot axi me-cont ai ni ng phase, and
washing with | '

C—N S
/\> [ :
10 o | CH,-0-CO-CH, |
COOH
Cefotaxime is a broad spectrum third generation cephalosporin and one of the most
imponant parenterally applied antibiotics. It is generall} administered in the form of its
15 sodium salt. |
According to processes known in the production of cefotaxime a corresponding side chain
in which the amine group may be in protected or unprotected form may be introduced
into 7-ACA of formula | |
20
S
HN .___l/
7N B I
(o) CH,-0-CO-CH,
- COOH
25

Cefotaxime in the form of the free acid may be converted into the correspondmg sodium

salt in a further step, using a source of sodium ions.

30 A highly effective method -for introduction of the side chain into 7-ACA is the reaction

thereof with a reactive thioester of formula



di et hyl et her. This process is econontal ly feasible, however,

di chl opeyRi-Bfyge i s for ecol ogical reasons 25 difficult to use on

i ndustrial scale,—especially in the production of nedlcaﬁﬁﬁﬂ%pﬁﬁﬁmﬁlethyl
et her shoul d be avoi ded for technol ogical safety reasons. Wrk up of the:

reaction m xture according to .BP-0 037 380 is conplicated. :
Cefotaximin the formof the free acid has a high tendency to bind solvents
and to form 30" sol vates as described for exanple in US 5,336,776 or in
US 4, 224, 371. WD 96/ 20198

PCT/ EP95/ 05088 ' - 3 -

The production of a sodi um saNEOGI[-I3cef otaxime from a cefotaxime sol vate
carries al ong t he soIv nt WhICh corrg 3 0 the solvate into the

desigged contami nation-

sodium salt formati on gLeR S
of the sodiumsalt wt vents ed int - on step and in
recovery pr obl ens of ts use |n the st fo

r

ati on step. 5 A
rgpl i fied, ecolngtIcaI I ys i endly and econom cal process for the production
cefotaxim has now surprisingly been found,. which overcones the
d| sadvant ages of prior art processes and whi ch provi des cefotaxim
and the sodiumsalt thereof in excellent purity, stability and in
hi gh yi éedMABM. I'n one aspect the present invention provides a
process for the production of a compound of formula 15

[err]
- According to the reaction route described it is not necessary to protect the amine group of

10 “the 2-aminothiazolyl function, and the acylatlon reaction results in high yields without : ‘
notable secondary reactions. This active ester technology was first described in
EP-0 037 380.

According to examples 1 and 2 of EP-0 037 380, the production of cefotaxime in the form
15 of the free acid is carried out by _

a) silylation of 7-ACA of formula I With N,O-bistrimethylsilyl acetamide

b) acylation of the silylated 7-ACA with MAEM of formula III in dxchloromethane

¢) extraction with water/potassium hydrogen carbonate

‘d) re-extraction of cefotaxime in the form of the free acid into an ethyl acetate/butanol
20 mixture |

e) drying and evaporation of the organic, cefotaxime-containing phase, and washing with

diethylether.

This process is economcally feasible, however, dichloromethane is for ecological reasons

25 difficult to use on induétn'al scale, especially in the production of medicaments and diethyl
ether should be avoided for technological safety reasons. Work up of the reaction mixture
according to EP-0 037 380 is complicated. '

Cefotaxim in the form of the free acid has a high tendency to bind solvents and to form
30 solvates as described for example in US 5,336,776 or in US 4,224,371.



by reacting a conpound of fornula 25
S

: WO 96/20198 [err] - 30 Wi t nd of
forsmul a WO 96/ 20198 Pofrefsiites

PCT/ EP95/ 08088 - 4 -
[err] I n acet one. Thg process of the invention may

be carried out as foll ows:

The production of a sodium salt of cefotaxime from a cefotaxime solvate carries along
the solvent which corresponds to the solvate into the sodium salt formation step. This
results in undesired contamination of the sodium salt with solvents used in the acylation

step and in recovery problems of solvents used in the salt formation step.

5

A simplified, ecologically friendly and economical process for the production of cefotaxim

has now surprisingly been found, which overcomes the disadvantages of prior art

processes and which provides cefotaxim and the sodium salt thereof in excellent purity,

stability and in high yields.
10 _

In one aspect the present invention provides a process for the production of a compound

of formula
15 .ﬁi-OCH3 H

| s
N C—C~—N—1T—7"
/- \ I |
(0] /"—N ~
HN S s o CH,-0-CO-CH,
COOH

20

by reacting a compound of formula
25 - - | S

/r—.N 72 _ I |
(e) CH,-O-CO-CH,
COOH

30

- with a compound of formula



10 A conpound of fornula Il is acylated with a conpound of forrrula 1]

usi ngvﬂg&#’ﬂﬁ& as a solvent. Water may be present ﬁylﬁ% _
m xture of acetonre/water is used. =~ - The concentratl react ants,

in the acylation reaction m xture has generally no i nfl uence on the
reaction per se. It was, however, surpdisingly found that the yields may
be dependent on the concentration of the reactants in water and acetone
‘used, although 15 cefotaxinme is known to be al nost insoluble in water
and/ or acetone. The yields may decrease wi.ith the dilution of the
reaction mxture. Thus, the reaction nmay be carried out in - - high
concentration. Optinmal vyields MRy ?ﬁbt ained if per gram of 7- ACA about 3
to 6 m, for exaaneSt e8g. 31119 «{_ of acetone and
about 0.1 to 0.3, for exa IeO r§a /25 0.13. t0 0.18 m of
wat er are used. 20 The Cm?ne may}.o ch, What a sol ution
IS obtained in the presenge base $-0T ®xasPl e about 8:1 to
ab ut 45: 1 e.g. 10; g t 35:1.0 Acyl ation nay be carried as
al . - In offe’enbodPrent . of the invention 7-ACA of formula Il may
be suspended in a mxture of acetone and water in the presence of
MAEM of fornula Il and in the presence of a 25 base. Suitabl e bases
i ncl udeintaetoneCl err]-C err])al kyl amines, for exanple triethylam ne,
N- et hyl - di et hyl am ne, a picoline, a N-substituted norpholine; or
an inorgani c base such as - sodi um hydroxi de, sodi um bi carbonate or

sodi um ThR¢ BRItessCofOthe tifdntioR GhAS bé aridd Vud gs f6llows: The ratio of the
base and a conpound of fornula 2 may be about 1:1 to 1:2; for .exanple 1 '
0

119; 1: A compound®f fermula ] issacylated %@p%e?mp@mdf of formulay m amg acienHduhd
formul a d oy doPs nperature is
not cri ?‘?‘X@‘@ﬁ&"#&y%?"%@‘ %}agﬁﬂaexarrp & ggétzc\’/nve}gga cfEQ'O[ err]C, e.g.
bet weenTh® canvéntic 6f the réhdtarits e ke suyldtion micttdnamxture has gendt€llP 6620198
PCT/ EP95/ 05088 -

~ react i oinflyenpesmomthe wactinmy pernsen BWass howigxer, SE‘PEJ‘S'“SV found that bs éﬂﬂlﬂﬁ m% aci d

I s adde b [ ge'%cﬁﬂ |

hydr och %rdle “&8‘.‘?"{ E)H} %’E’corganl c&g*éy s lﬁq{s,%c as ne&ﬁal%ggmmﬁgﬁl c acid

orsbenz esfoeuntiné iwksovar td bé ainpess ihsoluble in wated andloy acatode. The yields magf ot axi me

is obtained in the form of 'Befree acid of _forpula L.If deg?nced e. for
fi fou Eréﬂ/

better decreasegyith theidilutiop ofrthe reaction mixpie. Thusythe reartion may
dded t f
adae étrhhcgoggéer}cfﬁ@h éklt;i@%ir: yields may be éﬂghnﬁ%ieﬂ pe @rd(ﬁ%f FLACA 4¥ouf §fol6aXI ”E

| n anot I on provi a process according to
- cl ai m 1mipfdriexample 3 to 5y eguBili tord.5imlt dfeacewnie wnd abbet @1 ta 0 fpoexanpié 0.1

formula | as defined in clai
0 033, 95! 0/15% 0118 m of Witer ard uséd.

20 The water : acetone ratio may be such, that a solution is obtained in the presence of a

base, for example about 8 :1toabout45:1,eg8 10:1to about 35 : 1.
Acylation may be carried as usual.
In one' embodiment of the invention 7-ACA of formula Il may be suspended in a mixture
of acetone and water in the presence of MAEM of formula III and in the presence of a
25 base. Suitable bases include tert.(C,-Cyalkyl amines, for example tricthylamine, N-ethyl-
.dimethylamine, a picoline, a N-substituted morpholine; or an inorganic base such as
sodium hydroxide, Sodium bicarbonate or sodium carbonate or their potassium analogues.
The ratio of the base and a compound of formula 2 may be about 1:1 to 1:2; for example
1:1; 1:1.2; 1:1.5. The ratio of a compound of formula IT and a compound of formula III
30 may be as described in EP-0 037 380. The temperature is not critical and may be, for
' example, between 0 and 50°C, e.g. between 10 and 20°C. After termination of the



10' process for the production of the sodiumsalt of a conpound of

formul a | led in claim11 conprising a
‘cogpound or forimilta I'=with a conpound of formula Il in ace é(;lflli‘e‘ﬁ%%d%g
ii) converting a conpound of forrmula | obtained in step i) in the presence
‘of a source of sodiumions insacetone. 15 The conpound of
formula | obtained in step i) may be isol at ed. In a further aspect
the invention provides a process for the production .of sodium

cefotaxinme of fornmula [err] by reacting 7-ACA of

formula Il weidiion whiolmaydbedetérmined as usual,ueng dyseliromatography uarcacid is added.
fors " Silable aclassbide 3R HoEnSr AP Pord, SEGERRIGHE A0 G SRARR 4R, O
sol vent m Xtyrg 20fm &Eﬂe%ﬂg@?&i acd o benYéieQilphdhid Bﬁtdl’ﬁéii‘éﬁﬂﬁlﬁnﬁé aéld SOH/sttiref

sodi um i ons.
PCT/ EP95/ OSQ&&taxxme is obtained in the form of the free ac1d of formula I If desired, e.g. forgpetter

The conver5| on y arried out in convent nal nn ' nt
of the S straline B s deeionfwHE akAre ey e e ' R G BAL BRplE
in the prOduﬁ%ﬁ 9?0{3{0 {sgﬁtmn of cefofxieund of forrrul al, i.e. cefotaxine in
the form of ree acid nay be suspended in acetone, e.g. in a

m xture of acetone and water, in the presence of a source of sodium5
ions. The raji it i
se. n gno?ﬁeraaggetc?rt}xeé %Et?t{on f)sro\rr] es fhie &s'ecoqla lgr&r:ests rl@ccﬁ‘ﬂfntg b VIR | FHReE"

production of the sodium salt of a compound of formula I as defined in claim 1, e.g. a

10 process for the production of the sodium salt of a compound of formula I as defined in
claim 1 comprising
i) reacting a compound of formula II with a compound of formula III in acetone
ii) converting a compound of formula I obtained in step i) in the presence of a source
of sodium ions in acetone.

15 The compound of formula I obtained in step i) may be isolated.

In a further aspect the invention provides a process for the production of sodium-

cefotaxime of formula

) ) ~ | |
—_— Ia
/k' -0 0/ A CH,-0-CO-CH,

COONa

25

by reacting 7-ACA of formula H with a compound of formula Il in a solvent mixture of
acetone and water in the presence of a base and converting the compound of formula I as
defined in claim 1 into a compound of formula Ia in a solvent mixture of acetone and

30 water in the presence of a source of sodium ions.



A source of sodiumions includes, for exanple, a sodiumsalt of a
carbox%}ic aci d, such as sodi um acetate, a sodium salt of

di et hy

of sodium such as sodi um hydroxi de, sodi um bi carbonate or sodi um 10
carbonate. Sodiumions nmay be added in_qp_equivalent anount in respect to
t he carboxylic group of cefotaxime or in an excess, for exanple in
aratioof 1:1 to 1:2, for exanple 1:1, or 1:1.5, or 1:1.2. Seed
crystals may be added after an optional filtration of the reaction

m xt ur e. TRUIEbARYsiGR BN Edted Subifishveritictiall @ianher. (R GRE eimbodirrit ¥f ithe? at i on.
The reaction fenperature is not critical. Crystallisation may be

ef f ect edinvemioretherquinveratont ie epmried; outdn ai®ivent p uspsein the predustipeof e To

oot o pFEoNE o B T it Srtbing in EBEH Yt e B 4B kb Shypended n, v

may be efipeiee.g. in a mixtire of A0XBAS aAY Wate¥RiNE presence of a souioy af kedjam Of
this process 1n-conparison with EP-0 037 380: 20 - Production of

_cef 6t axi inmsarFhepatic of tacetone/ater 3o optenitical forghe salt fermation neayebe

carried out in the sane sol vent - Traces of acetone in a sodium
salt of cefotaxinme are physiologically acceptable - Silylation may
be avoi dadsource of sodiufibhdfilciudes, for exampleda sédium salt of a ddiboxyliecaid; such as
according to the invention is therefore a sinple process for the production
of sodiumsandtaten assadjurn fsals of diethylaeetisfacid erspdium-2rgthylanxapeate.crt i ng

group technol ogy and w t hout " Lo, ol - .zatiqn of
et ot axi FRBTRARYS Boitoes o1 sy suph as Pt HOGRaE, socplip Hidakobiihe b B g
a sjgngl e coibeatk CSERlMEBhs may R Adted-in lah eqaiidient mouht inhrespeceRBthetcarboxgliver™.
In 30 addition, cefotaxine and a sodium salt of cefotaxinme produced
accor di ngraup ofheefptasioassor isf an excess, for pxample émeiratic af &:1o1 kRctariesampleubili ty.
e D o R difs o 1139 sk Y Srald 1] 'be Wdabd atbt®difbfidhal filtration of thE Rcdbt 58

oSt SUI tyRtude. TRUrthef BcaOneithaly téUsided & ofdeslte complete crystallizations Fherseadtisinngl y
found that the sodiumsalt of cefotaxinme obt ?% na?l accor di ng?t o the
process ¢¢mpeératursiscanticsiticals (Cryallisationmay e ¢ HoRc¥ampierat Lerapgratures

( T OSC%Q{v@encd ind §b“°C. To complete crystallisation, the crystal suspension may be further

cooled prior to product isolation. Isolation of a sodium salt of cefotaxime may be effected

in conventional manner.

Advantages of this process in comparison with EP-0 037 380:
20 - Production of cefotaximé and production of a sodium salt of cefotaxime may be
carried out in the same solvent

- Traces of acetone in a sodium salt of cefotaxime are physioiogically acceptable
- Silylation may be avoided
- Extraction is omitted.

25
The process according to the invention is therefore a simple process for the production of
a sodium salt of cefotaxime of fdt_mula I without protecting group technology and without
extraction, i.e. crystallization of cefotaxime may be carried out directly in the reaction
vessel. Only a siﬁgle organic solvent - acetone - is required, which is easy to recover. In

30 addition, cefotaxime and a sodium salt of cefotaxime produced according to the process of

the invention are of excellent guality. The process according to the invention is therefore

W(2098,ci d or sodi um 2- et hyl - hexanoate, or PCTEEPYOSBE sources,



5 Primary crystals appear in formof tiny needles. The sodiumsalt of

cef ot axi ne b&50108 termnation of crystallisation may be_in form of
(1)s rounded aggl oner ates (ii) regularly fornmed needl egcrmmyoso?q i)
a m xture of needles and rounded aggl onerates. 10 The form of the

crystals may be dependent on the crystallisayi.on conditions, such as
addition tine of acetone in the crystallization step (shortened addition
time may result in rounded aggl onerates), acetone/water ratio
(l'owering the anobunt of water may result in rounded aggl oner at es),
amount of seemostrspitatle for hseverr amindubwiahsealsit of seed crystal s may

result ina mxture of snmall needles and small rounded aggl onerates), form

of seed 15 crystals (the use of needles as seed crystals my -
unexpectedly y %'sh rtésf3 fcﬁﬂﬂ' 5? he'sbdiin salt of cefo &Iﬁ“uﬂlﬁlg af:&{rmngfto the
rounded aggl orrerate pr| or art crysta s .

crystal s of Qméasmﬁ[ﬂw m]vem:smyl bercymailmemmyfonnmfnhffexedd &nmbpxc) cryttals,
sodi umsalt of . cefotaximin form of _needl es), er_condifio of

exatpl e énmswecrwe# mgamrp of tiny needles. Jthg,sodivm sﬂbﬁi chta@aime atter
substantlally r and, under 20 condi tions
of e.g. exameﬁﬂ@ﬁﬂéﬂ&?éﬁ%@ﬂ%ﬁ@&r ﬁﬁgf&c@f%@%m I s obtained substantially
in fo(n)‘rmuhdﬂbagglmneraﬁsystal s of the sodiumsalt of cefotaxine as

known before, .e.9. .a ntroduced on the market as the product
c aforan[err]("?ig%’éaaffy fgmed "§°¢11F§<t ure of primary crystals (mainly
in form of frﬁgﬁgm&ﬂm m‘]hé‘éalérﬁd%ﬁlfl e&?l&ﬁé}%gl ny needles, and -

avi

aggl orer at es ng sharp edges. The cr formis determ ned by i ght
m croscdPy 25The fomwh@ft thgcoystals. may be dependem goahm arystallisatidon ceriditiensi suchi as

form of rounde oner.at es in f S, Of iN.. . f or m,of
a m xture of -3 5% Peae, P eyt on A <Rt Al simg vy e g,
The present igyuRadd Qgglérh&E&EP ra@etBﬁ@Whté??atid‘#léﬁ&ﬁﬁ?ﬂlemi of RRiter Gy s 1R i
of cef ot axi ne, e. sodium salt of a conpound of fornula | as

defined in cl @nndexl agghommwsbfamqynhqfe@ped crystals (lowering giyy amowy of seed crystals may
PCT/ EP95/ 05088 g -

aggl oner at es TR i, a mixtyrs g small 5'85‘{1"% fng g3l rounded peglomerates) ag?meOf seedv a

sodi um 38! t Ofrystals (the use ofQiER@leds Séedf aystals andy ditexgedtedls desult ifilthé Sddiumisalt of
form of needl es.

(_:efotaxlm in form of rounded agglomerates; the use of prior art crystals, such as e.g.

crystals of Claforan® as seed crystals may unexpectedly result in the sodium salt of
cefotaxim in form of needles). Under conditions of e.g. example 7, the sodium salt of
cefotaxime is obtained substantially in form of rounded agglomerates, and, under

20 conditions of e.g. example 8, the sodium salt of cefotaxime is obtained substantially in
form of needles. Crystals of the sodium salt of cefotaxime as known before, e.g. as
introduced on the market as the product Claforan®, appear to be a mixture of primary
crystals (mainly in form of fragments), which are different from tiny needles, and
agglomerates having sharp edges. The crystal form is. determined by light microscopy

25 photography. '

A sodium salt of cefotaxirhe_in form of rounded aggiomerates, or in form of needles, or in

form of a mixture of rounded agglomerates and needles is new and advantageous.

30 The present invention therefore provides in another aspect the sodium salt of cefotaxime,

i.e. a sodium salt of a compound of formula I as defined in claim 1, in form of rounded



The bul k densi ty of the rounded aggl onerates obtainable according to the

pr esent I nvention (determ ned according to European Pharnacopei a)
nmay v&?"’@lﬁs frem 0.23 to 0.5 g/ (d af oran[ ePOIERSO®SY/ nl ). Its
tapped density is of, preferably, nore than 0.2 g/m and of | ess
than 0.65 g/m; nore particularly |ess éhan 0.6 g/m, especially less than
0.55 . g/m The tapped density of°the prior art crystals, for exanple
of Claforan[err], is of 0.68 g/m. 10 Tapped density is

determ ned accor di ng to the nmethod given in the European

Phar mc%ggﬁg@g&%d%iﬂpﬂgep b EEat gfgt%d?anﬁﬁ%?o&&a%rﬂe i a%?gm siif oF pty

rises b

¢

ter "ca t appl ngs present
i nvent i oompound ofcformnlachas definedsipetdim henSorn whneedles.of cefotaxinme, i.e. a
15 sodiumsalt of a conpound of formula I as defined in claim1, inform
of rounded aggl omer at es having a tapped density of 0.2 g/m to 0.6

9/m .  The bulk den ngﬁo?qgeewnnaea bgflbnkFhgY @ai%.me%@draﬁ,gl 8 (AE GRG0 O the

present "I nvention used e sane way an mnistered in
thé s arrmvdnmtg edaterminednaacbslmgmeliumpcas Pharenasoptia)may vary, sept frofm @23 o0 axi ne

P nteab3 g REibud 046 eimbotts aped denaitiis Or, ptertiy mite. Han o2 pfAr™ ©
f I onabi Lﬁa ¥f R8 than’ 0.65 Flrhil; ARG  phktiGldrly REd ManT.6 gxﬁp@sﬁeéml Sthyi 03855 of

Claforan[err]. Prior art crystals for exanple crystal Oaforan[err]

adher e glmlefThEtgpped density of the prioxeart crystals, gpr ofaCb&mnias: 06068

aggl oner tes and needl es obtai nabl e according to the 25 . present

i nvent i do not . In the foll owi ng exanples, which should l
aR|

i ljpustr %ﬁpédf&nbﬁywaaeﬁmﬁea Acdorling t¥ithd Riethod 3%ven in ihbmdr?/%anl ts scope,
tenperatures are given in degrees ceI5|us 96/ 20198
PCT/ EP9Bharpeegpeia after 2500 tappmgs with a sample of e. 8 10 g The densn:y rises but plate-

after ca 2500 tappings.

The present invention provides in another aspect the sodium salt of cefotaxime, i.e. a
15 sodium salt of a compound of formula I as defined in claim 1, in form of rounded

agglomerates having a tapped density of 0.2 g/ml to 0.6 g/ml.

The sodium salt of cefotaxime obtainable according to thé present invention may be used
in the same way and -administered in the same dosages and in the same way as the sodium
20 salt of cefotaxime according to prior art.
The sodium salt of cefotaxime in form of rounded agglomerates and in form of needles
E has a better flowability than crystals according to prior art, for example cfystals'of
Claforan®. Prior art crystals, for example crystals of Claforan®, adhere generally to the
wall of a glass container, rounded agglomerates and needles obtainable according to the

25 present invention do not.

In the following exatﬁples, which should illustrate the invention more fully without

limiting its scope, all temperatures are given in degrees ce_lsius.'

30



Abbr evi at i ons: 7- ACA: - Conmpound of fornula I 5 MAEM
Conpound of g 111 Cef ot axi ne:
(2)i- (6R 7R) - 3- aciegtﬁoxyﬁ-et hyl)-7-[2-(2-amino- 1 PCT/EPI5/05088
, 3-thiazol 4-yl ) -2-met hoxyi m noacet am do] - 10
8- 0x0-5-thi a- 1-azabi cycl o[ 4, 2, 0] oct - 2- en- 2-cer.boxyl i c acid (conmpound of

formula I) Sodi um salt of cefotaxine:

(2)-(6R, 7R) - 3- (acet oxynet hyl )-7-[ 2- (2-am no- 1, 3-t hi azol - 4-yl ) - 2- met hoxyi m n
oacet am do] - 8- oxo- 5-t hi a- 1- azabi cycl o[ 4, 2, 0] oct - 2- en- 2- car boxyl i c
acid - sodi unAbbrevidtions: . The content -of cefotaxime or of a sodiumsalt
of cefotaxine is determ ned by HPLC WO 96/ 20198

PCT/ EP95/ 05088ACA: | - 10 -
Example 1 o Producti on of cefotaxinme
54.4 g of . 7-A ™ ?%ndsﬂfs%gggladﬂi na mxture of 20 mM of* water and 60 m of
acetone. 30.7 m of triethylam ne are added at roomtenperature
within cg.lo ] tgs. A solution is.5 obt ai ned wi t hin about 30 m nutes.
72.7 g o + added and a further 120 m of acetone. After 1.5
hours no furtBghs&ifd &f foemiRi@r i @l is detected. A total of 18.3 ml of
concentrated aqugous hydrochloric acid are added within ca. 10 m nutes.
After ca. . 5 mnutes cefotaxine in the formof the free acid
crystallizes. ET@e créstal suspension is stirred for 30 m nutes at
room t enper at the pH value is adjusted to pH 3.5 using 10

further hydr 0@)1(9R'7R)353(a@etoxymethyl)470@ (ﬂ-arﬁfnoapm%lﬂlﬁ)-é%&ﬂo@iﬁm&&amdo]-
within 30 mnutes, he mxture is stirred fo one hour .

Crystal 1@ne c%bméxthnel mmmldléﬁzﬂ]mt-m%m@@xm acid écmmndtqfcfouyula D
filtration and
(Z)-(6R,7R)-3-(acetoxymethyl)-7-[2-(2-amino-1,3-thiazol-4-yl)-2-methoxyiminoacetamido}-
8-oxo-5-thia-1-azabicyclo[4,2,0]oct-2-en-2-carboxylic acid - sodium salt
15
The content of cefotaxime or of a sodium salt of cefotaxime is determined by HPL.C



dried over night in a vacuumdrying chanber. Yield: 71.6 g 15

Conteru, %Glzcef ot axi ne: 93. 5% Resi dual solvents: acetone 6.2% water
0.6% WO Ex aP(GT/EP95/05088
Producti on of the sodium salt of cefotaxime 20 40 g of cefotaxime in
free acid formare suspended in a mxtypge. of 40 nl of water and 60
m of acetone. 12 g of sodiumacetate trihydrate are added. A solution is
obt ai ned and filtered. The filter bed is washed with a m xture of 3
m of water and 15 ml of acetone in two portions. 0.4 g of seed
crystals are added to the conbi ned fEddmigledds at 25. The mixture is

stirred for one hour. The sodi um salt of. cef otaxinme slowy crystalli zes.
600 m of 25 acetone are addieduptioppfcefotaximen 3 hours, and the

fg?ﬂggpzl r e oél’s]tyé Frﬁ gﬁerf s%‘%ggurﬁ]i g gmtxtugF og éz olﬁ'gg%&ls‘s segat%gﬁg%}b?%ﬁ' 307
filtratignef ieydsnitetadie addddoataoamctehipemtire weithin ¢hl0iminates A solatibnyis ng

chanmber at 40[err]. .Yield: 36.6 Content of t sodj um
sal® of cbiinadawithin abwwt §omigutes. V7 & of tmsdﬁ%andafuﬁherl k0198

PCT/ EP95/ 050 Exanpl e
3 cetong After 1.5 hours no further starting matenab}so%eteﬁtie% ﬁk(t) % % )511 rr%f

228.3 ¢ dbi-nce?m%% &jueoss Bydrochiori¢ acid e atided withint @nd0 rﬁinatessA&asca)n i s mxed
W th of water, and cooled to O to 2[err 112. 4 m of

N- et hyl df mmys mfpmum in thedermf the frge apid crystallizesy; t%stﬂwwuﬁe is
1 d t { )
30 1 matSiel T 36 HRGHeS  fibek Behberfhufe, GRE O PH Vel isadjusted to pRISLALAAE | Sj‘-

151@nd Sﬁmhéxelﬁycnbcmﬁucsmdnper ature. A solution is obtained after ca. 30
m nutes. After

hours no f'tH er startlﬂ%rraterlal |§Vgeftected
A sol ut i499 ®i oggqetqnegarsfadgeq in 30 migutes, A9A the MixRyre 538 e in
300 M o 0, n
i xt ur o e EECCR sl QRGLaStaRE € fbbh of inc 8k ALHUSE sepRblied By MpiSihad
resul ti ndtied over mgml’mat\dcumnahymglchambsr stirred for another 3 hours at this
tenperature. Crélstal l'ine - cefotaxinme in the formof the free acid is
separ at e¥ ' Bration, washed with acetone and - dried in a vacuum

drysng Cé@:ﬁ@ﬁt’ oftdefdiakifie: 93.5%

Residual solvents: acetone 6.2%, water 0.6%

Example 2
_ Production of the sodium salt of cefotaxime

20 40 g of cefotaxime in free acid form are suspended in a mixture of 40 ml of water and
60 ml of acetone. 12 g of sodium acetate trihydrate are added. A solution is obtained and
filtered. The filter bed is washed with a mixture of 3 ml of water and 15 ml of acetone in
two portions. 0.4 g of seed crystais are added to the combined filtrates at 25°. The mixture
is stirred for one hour. The sodium salt of cefotaxime slowly crystal_lizes. 600 ml of

25 acetone are added dfopwise within 3 hours, and the -suspension is stirred for a further -
30 minutes at the above temperature. Crystalline sodium salt of cefotaxime is separated by
filtration, waéhed with acetone and dried overhight in a vacuum drying chamber at 40°.
Yield: 36.6 g
Content of the sodium salt of cefotaxime: 95.9%

30 Water content: 3.8% |



Yield: 301.0 g 15 Content of cefotaxinme: 91.7% Resi dual sol vent:

acetone 7.9 9620198 m%d? 4
Prgducti on of cefotaxime 20 228.3 g of 7-ACA are suspendrecdrl n grﬂ of
acetone. The suspension is mxed with 30 M of water, and cooled to

0 to 2[err]. 134 m of triethylamine are added within ca. 2 _

m nutes. The mixture is stirred at this tenperature, until a clear solution
i s obtained (ca. 30 mnutes). 296.5 g of MAEM are added. The
reaction mxture is warned to 15 and stirred at this tenperature. A
solution is obtained after ca. 30 ninut &xammledr 4 hours no 25 further

staring material is detected. 191. 7Prgd|93ctioﬁ fichoQi)Eil%uenesu' phoni c acid
nonohydr at e is added in portirons wthin ca. 5 mnutes. The internal

t enper at ur e 328.3¢ @f JACADaréd Guspenied itd720 mil of acétose. 'Thetsuspensionds ntiked! with
further. Wthin ca. 10 minutes the total guantit% of p-tol uene- o
sul phoni ¢ admy ek svates; sndsepaled 10 to 25 12 4daljol Niethydimethylamingcare addad,e

sol uti af, ang:.: St f4 A & Ri .Ur e.
The cryot al Githin ga. 2 mihiel{ THOms ! R6EA af B CrlRtinireinch il deak SPREGR 1T
t enper at ur e.obtdifed (cad B0 tminates)e 296.5t g df MAEM dre atided; thereabtivh mixture is wirined to

acetone and dried in a vacuum dryi ng chanher at 40[ery]. . WO
96/ 20198 - 15° and stirred at this temperature. A solution is obtained aftér ca. 30 mingtgs. After

Yield: 341. éze.? hours 6‘106%1&&2%%?&%%/?&%%% R’sohifion of 207.7 Bt pidfllene-

sol vents: a one
Exanpl e 5  sulphonic acid monohydrate in 300 ml of acetone is adf¥dodioptvise withiin Sefniriutesi The

mom el ok SeBRALE  oHAEP eiae oARITH
gg'sfj dLrgln02g?{/rg%?éﬁus%%ng%ognig'sﬁhg& fo0shothe? 3Lfours aCY ﬁﬂipefhfturﬁ.ef@'s'ﬁﬁl'i%: 93. 6%
cefotaxime in the form of the free acid is separated by filtration, washed with acetone and
dried in a vacuum drying chamber at 40°.
Yield: 3010 g _
15 Content of cefotaxime: 91.7%

Residual solvent: acetone 7.8%

Example 4
Production of cefotaxime _
20 228.3 g of 7-ACA are suspended in 720 ml of acetone. The suspension is mixed with
30 m! of water, and cooled to 0 to 2°. 134 ml of triethylamine are added within ca. 2
minutes. The mixture is stirred at this temperature, until a clear solution is obtained (é.a.
30 minutes). 296.5 g' of MAEM are added. The reaction mixture is warmed to 15° and
stirred at this temperature. A solution is obtained after ca. 30 minutes. After 4 hours no
25 further staring material is detected. 191.7 g of solid p-toluenesulphonic acid monohydrate
is'added in portions with'm ca. 5 minutes. The internal temperature is brought to 20° and
the mixture is stirred further. Within ca. 10 minutes the totai quantity of p-toluene-
sulphonic acid goes into solution. 2 g of seed crystals are added to ihe solution, and
stirring is effected for 2 hours at this temperature. The crystal susperision is cooled to 10°
30  and stirred overnight at this temperature. The product is separated by filtration, washed

with acetone and dried in a vacuum drying chamber at 40°.



Exarrpl e 6 Producti on of cefotaxinme

tion is carried out anal ogously to Exanple 4 but using 92.3 ¢
of mat&g 8&81%

- sul phonic acid instead of 191.7 g of PEI/ERINASHR8sul phoni C, )

aci d nonohydr at e. Yield: -323.9 ¢ . Content of cefotaxine:

93. 7% ~ Residual solvents: acetong 7.7% water 0.6% 20

Exanple 7 Production of the sodiumsalt of
cef ot axi ne 12 g of sodium acetate trihydrate are dissolved i.n 30 ni
of water. 150 nl of acetone and 40 g of cefotaxime in free acid
form ar jglddedi g t he stirred solution. A solution is 25 obt ai ned after
ca. 10 m nutes. e solution is filtered through a filter bed and '

subsequéiontept of CefOtaXImhr%lﬁfv a sterile filter. The filters are washed with
a mxtu

f ter - .30 m. acetone. The filtrate
S brougﬁfﬁfl?} s?"en ?M?t Wfb”@%eed crystals and stirred for

30 m nutes. The sodi um sal t of cefotaxinme partially crystallises. In order
to conplete crystal lisation, 550 ml of acetone are added dropwi se
wi Bhin 3 hours, and stirring is 30 Xﬂem‘leéted for a further 30 m nutes at

20[err]. The sodiumsalt of ce ted by - filtration,
washed with acetone and dried overn| g tlf%ﬁﬁ)gg%guum drying chanber at 40.

WO 96/ 20Th®Teaction is carried out analogously to Example 4 but using 177.2 g of benzene-
PCT/EP95/05088 _ - 13 -

Cryst al Fylpkonip acidninstead) pf 1P hd & oba teluenaspiphonig acidh mopehydsataded aggl oner at es
I s obt akRgd. 308. in-flowable formhaving a tapped density bel ow 0. 68
g/m . % eld: 38.8 ¢ Content of the sodiumsalt of ‘
cdiot axiConten®6f 8éfotaxime: 938%i dual sol vents: acetone 0.4% water 4.0%

Exanpl e_8 Production of the sodiumsalt of
cef ot axBﬁé‘d“al solventsgagetgpe sofifum acetate tri hydrate are dissolved in 20 ni
of water. 40 ml of acetone and 10 20 g of cefotaxime in free acid form
are added to the stirred solution. The m xture is cooled to 0. A
solution is obtained within 2 to 5 Examipd¢é6 The solution is filtered

t hr ough ' a filter bed a ubsequent | throughasterllefllter The -
filters are washed with a chil R’,ggjuctlon%? oetotdxime

15 The reaction is carried out analogously to Example 4 but using' 92.3 g of methane-
sulphohic acid instead of 191.7 g of p-toluenesulphonic écid monohydrate.
Yield: 3239 g
Content of cefotaxime: 93.7%
Résidual solvents: acetone 7.7%,. water 0.6%

20 _ |

Example 7
. Production of the sodium salt of cefotaxime

12 g of sodium acetate trihydrate are dissolved in 30 ml of water. 150 ml of acetone and
40 g of cefotaxime in free acid form are added to the stirred solution:. A solution is

25 obtained after ca. 10 minutes. The solution is filtered through a filter bed and subsequently
through a sterile filter. The filters are washed with a mixture of a total of 6 mi water and
30 ml acetone. The filtrate is brought to 20°, seeded with 0.4 g of seed crystals and stirred
for 30 minutes. The sddiutn salt of cefotaxime partially crystallises. In order to complete
crystallisation, 550 ml of a‘cefone are added dropwise within 3 hours, and stirring is

30  effected for a further 30 minutes at 20°. The sodium salt of cefotaxime is separated by
filtration, washed with acetohe and dri_ed overnight in a vacuum drying chamber at 40°.



m'>2ture of 3 M of water and 15 nml of acetone. The filtrate is seeded with

0.2 g of sep@oeraeres  Crystals (Caforanferr]) and warned top@@%%&rhe
: e

im Xture is stirred for=60 m nutes. The sodi um 15 salt of C

partially crystallises. In order to conplete crystallisation, 300 nml of
acetone are added dropwi se within 3 hours, -d48d stirring is effected for a
further 30 m nutes at 20[err]. The sodiumsalt of cefotaxine is
separated off by filtration, washed with acetone and dried
overnight in a vacuumdryi ng chanber at 40[err] and for 1.5 hours in a .
stream of dr Crystallisg spdigmscefptaxime sybstantially in-formoef renadedoagaiomerates is obtained

substantial ly i f . l.es.. i J3e Yield: 18.7 g.
Cont ent of tH% f@&?ﬁfmogéliﬁggg %Eﬁggﬁ%&b%@d& g(}ml * Residual solvents:
acetone 0. 36%jeMaB8B - 4% 25 WO 96/ 20198 _

PCT/ EP95/ 05088 - 14 - Pat ent

d ai ns: Content af theosasiumfsalt of icefotaximec?3.8% of a conpound of formula 5
_'[ err] 5 lgegidual solvents: acetone 0.4%, water 4.0%

Example 8
Production of the sodium salt of cefotaxime

6 g of sodium acetate trihydrate are dissolved in 20 ml of water. 40 ml of acetone and
10 20 g of cefotaxime in free acid form are added to the stirred solution. The mixture is

éooled to 0°. A solut_ion is obtained within 2 to 5 minutes. The _solution is filtered through -

a filter bed and subsequently through a sterile filter. The fiiters are washed with a chilled

mixture of 3 ml of water and 15 ml of acetone. The ﬁltrﬁte is seeded with 0.2 g of seed

crystals (Claforan®) and warmed to 20°. The mixture is stirred for 60 minutes. The sodium

- 15 salt of cefotaxime partially crystallises. In ofder to complete crystallisation, 300 ml of

acetone are added dropwise within 3 hours, and stirring is effected for a further 30

minutes at 20°. The sodium salt of cefotaxime is separated off by filtration, washed with

acetone and dried overnight in a vacuum drying chamber at 40° and for 1.5 hours in a

stream of dry niirogen gas at 70°. Crystalline sodium cefotaxime substantially in form of
20 needles is obtained.

 Yield: 187 g
Content of the sodium salt of cefotaxime: 97.9%
Residual solvents: acetone 0.36%, water 1.4%

25



15 : [err] with a conpound of

formul a 20 [err] 25 I n

acet of¥09%/20198 5. A rocess according to claim | wher ei RCT/ER25/05988 present.
30 3. A process according to claim1l or clai m2 wherein a base is

. present. WO 96/ 20198

PCT/ EP95/ 05083 4. Use of alﬁrocess accordl ng toclaiml in the
production of the sodiumsalt of a conpound of formula | as

de}‘l ne_]gl in claiml1. 5. A process for the roductlon of the sodium
O PR O formila 1 es detined |III|II|I||II|IIII|I|||I|I|II|

1. A process for the production of a compound of formula, =

5 | TILOCH H
| _so
N C—N ™
oy L
O /'—N = :
N~ s " Y T CHy0-cO-CH,
| | ~ COOH'
10 ' ' : S - s | (
by reacting a compound of formula ' ' '
| S
N . i I
e | CH,-O-CO-CH,
COOH
with a compound of formula
20
N-OCH
> ’
25
in acetone.
2. A process according to claini 1 wherein water is present.
30

3. A process according to claim 1 or claim 2 wherein a base is present.



2
5 in claiml conprising 1) reacting a conpound of
formula Il Y onpound of formula Il in acetone ]
converting egbtggnnglggnd—of-—f—e%—a——l_ﬂbLai_Ded in-step i) in thercg o088 of 3

source of jumions in acetone. 10 6. A process
according to claim5 \Mj Ml{ﬂ:ﬂ“ﬂm;esqu.- 7. A process for
t he production of sodi ol ornmul a _
[err] by reacting 7-ACA of formula :

20 .
[err] 30 wi th a conmpound of formula
4. Use of a process according to claim 1 in the production of the sodium salt of a

compound of formula I as defined in claim 1.

5. A process for the production of the sodium salt of a compound of formula I as defined
5 in claim 1 comprising
i) reacting a compound of formula II with a compound of formula III in acetone
ii) converting a compound of formula I obtained in step i) in the presence of a source

of sodium ions in acetone.
10 6. A process according to claim 5 wherein water is present.

7. A process for the production of sodium-cefotaxime of formula

ﬁ:-ocn, H
I
13 N C—&—N r >
/( > 0 N Z .
H,N s S CH,-0-CO-CH,
| | COONa
20 _
by reacting 7-ACA of formula
S
HN—T] o
_ - I
25 | J N -.
o CH,-0-CO-CH
COOH
30

with a compound of formula



WO 96/ 20198

PCT/ E

111111@?%@%1 -

in a solvent m xture of acetone and water
convert i-ag—the mwrrpound of fofgu

- 16
: PCF@¢$qnﬂms

in the presence of a base and
la |l as defined inclaiml into a

r

conpound pula la a - defined above in a solvent m xture of

acet one aﬁium, LI ﬂmr esence of a sodium 10 source. 8.
A process on of the sodiumsalt of a conpound of formnula I
as defined in claimil conprising the steps a) reacting

a conpound of fornmula Il with a co of formul a III in t he presence 15

of an inorganic base or a tert.(C rr]) | kyl am MNe< cetone/vvater

mi xtur e b) isol at] hem_ “D'dQL‘{

reacting a conpound of fornila |n th presenc of jce &I SOdI um I ons

in an aceto watr mxtgye, and S d) isolating the
umsalt of a conpguQd of mula 1. 20 9. A sodiumsalt of a

s defi ned inclaim1 in formof rounded

aggl oner at es. . 10. A sodiumsalt of a conpound of formula | as
defined in claim1in formof rounded 25 _ aggl onerates having a
t apped dendn aysobfenOmdxtytendf scetahetang/ witer in the presendelof 4 basedandcorevettingf the

conpound of formula ofi‘or?nslllafiffl gegnednmcclzlgil 1 in form of needl es.

compoun mto a compound of formula Ia as
defined above in a solvent mixture of acetone and water in the presence of a sodium

sodj um
con-}bound of formula I

10 source.

A process for the production of the sodiurh salt of a compound of formula I as defined
in claim 1 comprising the steps ' |
a) reacting a compound of formula II with a compound of formula III in the presence

15 of an inorganic base or a tert.(C, g)alkyl amine in an acetone/water mixture

b)

c)

d)

isolating the compound of formula I
reacting a compound of formula I in the presence of a source of sodium ions in an
acetone/water mixture, and

isolating the sodium salt of a compound of formula 1.

20

25

A sodium salt of a compound of formula I as defined in claim 1 in form of rounded

agglomerates.

10. A sodium salt of a compound of formula I as defined in claim 1 in form of rounded
agglomerates having a tapped density of 0.2 g/ml t0 0.6 g/ml.

~ 11. A sodium salt of a compound of formula I as defined in claim 1 in form of needles.



