Novel form of cefuroxinme ester, process for its preparation and conposition
containing it" This invention relates to a novel, anorphous form of the

1- acet'oxyet hyl ester of cefuroxi me(cefuroxine axetll) to a process for the -
preparation thereof, to a conposition containing it and to its use in 5
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has t approved nanme "cefuroxine". Thi§ éoﬁbound is a valuable antibiotic
characterised 10 by high broad spectrum activity agai nst gram positive and
gram negative m croorgani sms, this property being enhanced by the very. high
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ef f ecti veness on or aFRJFPAPSERG: (R TR & IncashamovFoxyRetilappropriate

esterifying grwup(z)asnl-uurnzé% uyi-R-merthoxgdarivicaue tdmide] csppound from 3

o enaynes. pr oSSR RrebEBPRrL AR PEUEC Bl BN R e e

anti - biotical Thiaccompopadens acwaluablbeaaﬁxaﬂth;thﬁraﬁtsrised
admi ni strajj o %hﬁxsﬁt BEodHSbpR@t L a@tdY 1930 Wfa it (din s Bt 1 Pe Of

absorption wt
and gram-negative microorganisms, this property

being enhanced by the very high stability of the
compound to 8-~lactamases prdduged by a range of
gram-positive and gram-negative microorganisms.
15 It is well tolerated in the mammalian body and
is used widely as an antibiotic in clinical practice.
Cefuroxime and its salts are principally of value
as injectable antibiotics since they are poorly
absorbed from the gastro-intestinal tract and are
20 therefore present in sera and urine only in low {‘
U concentrations after oral administration. There
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has accordingly been a need for a form of cefuroxime
~ which is capable of being absorbed from the gastro-
intestinal tract following oral administration.

25 " We have found that appropriate esterification
of the carboxyl group of cefuroxime improves the
effectiveness on oral administration. The presence
of such an appropriate esterifying group results
in significant absorption of the compound from

30 the gastro-intestinal tract, whereupon the esterifying
group is hydrolysed by enzymes present in, for
example, serum and body tissues to yield the anti-
biotically active parent acid. To be effective
upon oral administration the ester must be stable

35 enough to reach the site of absorption without



- 2 - stgnificant degradatlon must be syfficiently absorbed upon reaching
the appropriate site, and. nust, be:sufficiently susceptible to r-olysis by
‘syst.em ¢ eSterases for the. parent acid to be |iberated mnthlnx%E§>short
time of the ester being absorbed. British Patent Specificatio 1571683
di scl osés and cl ains a nunber of esters of cefuroxi me as having properties
renderlng t hem of S|gn|f|cant potenti al valug as orally adm nistrable
antibiotics. 10 is inportant that tephal osporin compounds for
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In general it has een Osporin conpounds in
highly pure crystglaing aonumbep pfcesterscaef @ef@neélmg agfhaviperti es,
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cephal osporin of the antibiotic into the blood stream is maximised
and the amount of the antibiotic remaining in the
15 gastro-intestinal tract is minimised. Any antibiotic
which is not absorbed will be therapeutically ineffective
and also, by remaining in the gastro-intestinal
tract, may cause side effects. Other factors in
addition to biocavailability are also of importance
20 including in particular the need for the cephalosporin
compound to be in a substantially pure form which
is stable upon storage. In general it has hitherto
been found that cephalosporin compounds in highly
o pure crystalline form provide the best balance
25 of properties, such materials having good stability
upon storage as well as high biocavailability upon -
administration. : _
Of the esters described in British Patent
Specification No. 1571683, we have found cefuroxime
30 . axetil to be of particular interest. The processes
for the preparation of the above ester exemplified
in British Patent Specification No. 1571683 produce
the material either in relatively impure amorphous
form or in the form of purer crystalline material.
35 In view of past experience in the cephalosporin
field, we first prepared cefuroxime axetil for-
- commercial evaluation in substantially pure, qrystalline
form. We have however surprisingly found that



field, we first prepared cefuroxinme axetil for comercial evaluation in
substantial ly pure, crystalline form W haveé however surprisingly found

t hat ° -°3 - substantially pure, crystalline cefuroxime axetil dogs not -.
have the best .bal ance of properties for commercial, use and that, contrary
to preyfQWNs experiene in the cephalospoLig field, cefuroxine axetil ¥s-5
advant usly used in a highly pure, subStantially anorphous form W have
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crystalline materials and also the known tendency
15 for h.ighly pure amorphous materials to crystallise.
Thus, unlike previous cephalosporin compounds which
have been developed for commercialisation, cefuroxime
axetil is advantageously prepared and used in highly
pure amorphous form rather than in crystalline form.
20 ' According to one aspect of the present invention,
there is provided cefurbxime axetil in substantially
amorphous form and containing less than 5% m/m
of impurities as herein defined.
The ceﬁuroxime axetil in accordance with .
25 the invention contains less than 5% mass/mass (m/m), e
~advantageously less than 3% m/m, of impurities.
It is to be understood that references herein to
'_impurities' are to be understood as not including
residual solvents remaining from the process used
30 in the preparation of the cefuroxime axetil of
the invention. Any residual solvent present will
desirably only be present in less than 6% m/m and
- most preferably less than 2% m/m. -
- Typical impurities which may be present are _
35 the Az-isomers of cefuroxime axetil and the corresponding
E-isomers of cefuroxime axetil. .
The cefuroxime axetil ester in accordance with the
invention is preferably essentially free f_rom crystalline
material. : -
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desrrably only be present in less than 6% m mand nost preferably less than
2% mm Typical inpurities mhrch ‘may be present are 35 the [err] ‘1 soners

of cefuroxie axetil and the correspondi ng E-isomers of cefuroxi }etrl
The cefufoxime axetil ester.in.accordance with the invention is: -r@bly
essenti;al'ly free fromcrystalline materi al. - 4 - Cefuroxine axetr1

possesses an asymmetric carbon atomat the 1-position of the 1- acetoxyethyl
group and can therefore exist in the formef4R-and S isoners and m xtures

thereof. The anorphous Ee@ﬁiH&QMé”Ex@K?i'ﬁoéﬁ@éﬁe@ﬁﬁgrIg%héﬁi13“3'”Ve”t'on
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met hanol, when colgeptedetablyOin abie SEHMFNE GO M HNure Qa‘f fift@mgabout 395 to
415. In addrtron the cefuroxinme axetil of the invention having an_.Rto S
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the invention. Af{LgkndhSenet ERgECEET X0 NBo 3XES IidhS (GG 03d 12820 nto the
parent antibiotic acrd cefuroxrne whi ¢
o 0.9:1, part1cular1y about 1:1, being preferred.
The cefuroxime axetll of the invention desirably
1%
lcm at its xmax in methanol, wheh corrected
15 for any solvent content, of from about 395 to 415. In
addition, the cefuroxime axetil of the invention having
an R to S isomer ratio of from 0.9:1 to 1.1:1, particularly
of about 1:1 desirably has an [al, value in dioxan of
from about +35° to +41°, again when corrected for any
20 solvent content. Figs. 1 and 2 of the accompanying

drawings are respectively infra-red and n.m.r. spectra

" has an E

for specimens of highly pure, substantially amorphous
cefuroxime éxetil in accordance with the invention.
N\ After absorption cefuroxime axetil is converted
25 into the parent antibiotic acid cefuroxime which
is known to exhibit high antibacterial activity
against a broad tange of gram~positive and gram-
negative organisms. Cefuroxime axetil is thus useful in
the oral or rectal treatment of-a variety of diseases
30 or infections caused by pathogenic bacteria.
The cefuroxime axetil according to the invention
is conveniently preparéd'by a process which constitutes
a further feature of the present invention wherein a
solution of cefuroxime axetil in an organic solvent or
35 in a homogeno&s mixture of organic solvents, or in
a homogenous mixture of an organic solvent and water,
is dried or the solvent is removed therefrom by solvent
precipitation to recover cefuroxime axetil in substantially
amorphous form, the purity of the said solution being
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15 to form solutions from which recovery is enabled
include organic solvents, for example ketones, e

acetone; alcohols, e.g. methanol_or ethanol, if
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desired in_the form of methylated_spirits (e.g. IMS):;

‘acetonitrile; tetrahydrofuran§ dioxan; esters, e
20 methyl or ethyl aCetate; chlorinated solvents e.g

.g.

_dichloromethane or chloroform; and mixtures thereof,

if desired With other solvents; e.g. water, where
this gives a homogeneous phase.

The concentration ofdcefuroxime axetil in the

25 solvent is with advantage as'high as possible, commen-

surate with a substantially amorphous product being

obtained, preferred concentrations being greater

than 1% m/m, preferably greater than 10% m/m. The

maximum concentration of the cefuroxlme axetil in
30 the solvent will depend upon the solvent used and

in general will be less than 30% m/m. For example,

the concentratxon of cefuroxlme axetil in acetone

will convenlently lie within the range 10 to 20%

m/m. The solvents may if de51red be heated as an
35 aid to solubility and removal of solvent.

In general, we have found that the cefuroxlme

axetil has sufficient heat stablllty to, w1thstand

spray drylng and accordlngly spray drylng is a preferred
method of effecting recovery. Spray drying systens

o/
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di chl oronet hane or chloroform and mixtures thereof, if desired with other
sol vents, e.g. water, where this gives a honngeneous phase. The -

cencentratlon of cefuroxine axetil in the 25 solvent is with advantage as
hi gh~ as'p053|ble comen- surate with a substantially annrphous~-‘:fpef '

bei ng. qbt'ai ned, preferred concentrations being greater than 1% ni\a
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m xtures ther eof ,nitEriihsa rwbmhyﬂfhﬁftmm. esfiersyt |.. metintleror where this
gives a honDYeneoys, y acetate; chlorinated solvents e.g. dichloromethane
or chloroform; and mixtures thereof, if desired with
15 other solvents, e.g. water, where this gives a homogeneous'
phase.

The drying gas can be air but this is undesirable
with flammable solvents, inert gases such as nitrogen,
argon and carbon dioxide being preferred in this
20 case. The gas inlet{temperature to the spray dryer

will be chosen according to the solvent used, but
may for example be in the range 50-140°C preferably
60-125°C.” The gas outlet temperature is similarly
.'dependent on the solvent but may for example be in
25 the range 45-100°C, preferably 50-80°C.

The use of rapid évaporation techniques, in
particular the use of spray drying also leads particularly
readily to the formation, under apptopriate conditions,
of products having a consistent range of particle

30 sizes. The product from spray drying has the form
- of hollow-mic:ospheres_which can conveniently be
compounded into pharmaceutical compositions.

When employing roller drying, suitable solvents
for dissolving the cefuroxime axetil prior to drying

35 include ketones, e.g. acetone; alcohols, e.g. methancl
_6: ethanol, if desired in the form of methylated
| spirits (e.g. IMS); acetonitrile; tetrahydrofuran;
dioxan; esters, e.g. methyl or ethyl acetate; chlorinated

P4



phase. The drying gas can be air but this is undesrrable mnth f 1 anmabl ‘e
sol vents, imnert gases such as nrtrogen argon ‘and cat bon di oxi de bei ng
‘red in this 20 case. The gas inlet tenperature to the spray dryer -+
bgCGphosen according to the solvent used, but .may for -exanple be in the
04 err] preferably 60-[err]. The gas outlet tenperature is sihilarly
dependetit on the solvent but may for exanple be in 25 the range 45-[err],
preferably 50-[err]. The use of rapid evap®@ration techniques, in particular
the use of spray drying also | eads particularly readily to the formation,
under appropri &advenhdi ei.gasdichloromethaneaornghdocofiormseandr ange of-
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sol vent s i'Ves" a hompbgeneous g ase. .In carrying
out the above §gﬁay tbﬁ FSFﬂéFlﬁﬂﬁlnggechﬁﬂq88§erﬁi'| hei Batdingsirabl e
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coagul ati on poLn

duct, th dit -
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~ higher boiling sol Vgfiks- employing solvent precipitation, suitable
solvents from which the cefuroxime axetil may be
precipitated include ketones, e.g. acetone; alcohols,
e.g. methanol or ethanol, if desired in the form
15 of methylated spirits (e.g. IMS); acetonitrile; tetra-
hydrofuran; dioxan; esters, e.g. methyl or ethyl
" acetate; chlorinated solvents e.g. dichloromethane
or chloroform; and mixtures thereof, if desired with _
other solvents, e.g. water, where this gives a homogeneous
20 phase. Precipitation may be effected by the addition
of appropriate guantities of a non-solvent for the
cefuroxime axetil. Suitable non-solvents include :)
water, alkanes and mixtures of alkanes, e.g. hexane
or medium boiling range petrol (e.g. 60-80°C), ethers,
25 e.g. isopropyl ether, or aromatic hydrocarbons e.q.
"benzene or toluene. The solvent and non-solvent
should be compatible i.e. they should be at least
partially miscible and preferably fully miscible.
Typical combinations of solvent and non~solvent are
30 dichloromethane/isopropyl ether, ethyl aéétate/petrol
and acetone/water. The solid should be removed from
solution as quickly as possible and dried as quickly
as possible to avoid formation of any crystalline
material. As an aid to rapid recovery a carrier |
35 gas e.g. air may be bubbled through the solution.
The technique of solvent precipitation may usefully
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VWhen enpl oyi ng sol vent precipitation, suitable solvents fromwhich the
cefuroxi me axetil- may be preci.pi-tated.include ketones, e.g. acetone;
alscohol s, e:g. ‘methanol or ethanol, if desired in the form15 of
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i chl or onet hane/ i sgpropyl  ether acet at e/ pet.ro cetone/ wat er.

The sal 1d- shoul d SO EHceEA(E ko g%,*r%t'f%%&a’s”h ’c’k‘f‘if%?"g’oﬁ%ﬂ#@yand dri ed

as qui ckly as posthé|appropriate fnonresdlvrent, awg crpastzoli ne material . As

an aid to rapid recov ' { 1 I r h
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the solution. The_techni qu sol vent precip on, nay use

be applied to t heA}33RIVIRE rrhe FREVEEINE REF e PRIPLSEQRA8%ing i on
reaction in wg chiiétudefdiordntak ct+utmsoDeePiedrtantbd rafirerat 0 obt ain

2 on of & solVAREH e eeeidny uinh S Bl AL Y Hon.  on
m xture foll oned tiye t fxeepinemoint obrthe|seinent epplogedle.glhorith
enpl oyi ng freeze-g{adl) redbdtY SO W ieefdited at a temperature

of about 12°C,

15 In order to obtain cefuroxime axetil ester in
‘highly pure form by the above techniques it is necessary
to employ a starting material of suitable purity
- i.e. at least as pure as the final product. Such
a starting material may be obtained by any convenient

20 method, e.g. by crystallisation. :

The solution from which the cefuroxime axetil
is recovéred preferably contains a mixture of both
R- and S- isomeis, whereby the product is obtained
as a mixture of R- and S~ isomers. In general, the

25 R/S isomer ratio of the product in solution is exactly
reflected in the final product obtained e.g. by spray
drying, and this ratio gor the final product can
accordingly be controlled if desired by adjustment
of the R/S isomer ratio in the solution.

30 Residual solvent may be present in the final
product in vatying amounts immediately after evaporation

- or precipitation. This can if necessary be removed
- by further treatment, e.g. by drying under vacuum.

The cefﬁroxime axetil ester according to the

35 invention may be formulated for oral (including buccai)
or rectal administration.

Compositions for oral administration are preferred
whereby the enhanced absorption of the ester via



di ssolving the cefuroxime axetil prior to drying 10 |nclude di oxan and
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wetting agents e.g. sodium lauryl sulphate. Flow
aids e.g. silicon dioxide may also be used if desired.
The tablets may be coated by methods well known in
the art, '
The preparation of a composition suitable for
forming into tablets, capsules or'g:anules may also
be achieved by spray-drying or roller drying a suspension
of pure amotphous cefuroxime axetil with the excipients
appropriate for the said tablets, capsules or granules.
Liquid preparations for oral administration
may take the form of, for example, solutions, syrups
or suspensions, or they may be presented as a dry
product either for constitution with water or other
suitable vehicle before use for administration as
a liquid, or for direct administratlon and then washed

. down with water or other suitable liquid. Such liquid

preparations may be prepared by convent;onal means
with pharmaceutically acceptable additives such as
suspending agents e.g. sorbitol syrup, methyl cellulose

“or hydrogenated edible fats and oils such as hydrogenated

castor oil; emulsifying or thickening aéents e.g.
lecithin, aluminium stearates of acacia; non-aqueous
vehicles e.g. almond oil, fractionated coconut oil,
oily esters or ethyl alcohol; and_p:eservatives e.g.
methyl or butyl p-hydroxybenzoates or sorbic acid;
and suitable flavouring and sweetening agents.

The cefuroxime axetil of the invention may also



~sui tabl e vehic

5 such as binding agents e.g. pregel atinised naize starch,

pol yvi-nyl - pyrroli-done or _hydroxypropyl.-methyl - cel lul ose; fill ers.e.g. .
stareh, |actose, mcro-crystal- line cellulose or calcium phoss;/..,_ '

| ubricants e.g. nagnesium stearate, hydrogenated vegetable 10 s& 4 t?a*'l-%,
silica, "pol yethyl eneglycols; disintegrants e.g. potato starch or sodium
starch glycolate; or wetting agents e.g. sodiumlauryl sul phate. Flow aids
e.g. silicon dioxide may al so be used if desloed. The tablets nmay be coated
by met hods well known in 15 the art. The preparation of a conposition
suitabl g for fornPagtormelated cin, rechaluicompesifiong suchapsasypppeitories

achi eve'_s%y SPr ayoflr yé fén ©fof Mndiad) ¥d L &on+IAMITGORAeRYEBngTOr PhOUS
cef ur oxi axetil with the e m%gnts 2 a%rc%%:late for the said tablets,
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the formof, for gkxpwtidesol uti ons, syrups or suspensions, or they may be

presented as agdry pro,pHgtc .%&eft'f&fs td.otnli:taii%nb‘@tmewabei or other 25
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e before use “admni stration as a li1quid, or for direct
admi ni stration and9%hef VRehaetewingnadignter convenientdyi €58me | i qui d.

Such liquid prepaggld@pseoRyedL e RHE Caps Ay Ad 3R303MeaRs 1ghia
phar maceutical |y ac(%g%)t apl e addjtives, such as suspendi ngga ents e.qg.

sorbitol syrup, nRERIFAELPRS) o SPRROFARKB AL EPSEFELPR 1EaEE Bnd 0i | s such
as hydrogenat ed cesthvenbentlendreidin riP-GE00 maclofnithe ageive éngredéenthin,

al um ni um st eggal 65205 EREEIFeq NEBE AHERY S reRltinbln®S w119 r9bTRAd1 01 |
fractionated coconu??%i , %ﬁ(ﬁIy esters or ethyl al cogol ?bang Y
preservatives e. gPenbr hype oranag \A04-IAAmg Peen Adsre-Gr 38PBi E%aci d; and
sui tabl e flavouripgoemg seeedHpi fr R ahlde 250f wo01i,000amgt pbrof the
i nvention may al s - 10h.- _ . .
: ay for children, although the precise dose will
' depend on, inter alia, the frequency of administration.
15 In a _further aspect therefore the invention
provides a pharmaceutical composition comprising
cefuroxime axetil according to the invention as herein-
before defined in admixture with one or more pharma-
ceutical carriers and/or excipients. Such compositions
20 are preferably adapted for absorption via the gastro-
intestinal tract, e.g. for oral administration.
In a preferred embodiment, such compositions will
desirably include the cefuroxime ester form of
the invention essentially free from crystalline
25 material.



be fornmulated in rectal conpositions such as supp05|tor|es or retention
enemas, e.g. containing conventional suppesitory bases such as cocoa butter
or other glycerides. 5 The conpositions may contain between 0.1 -- 99%
of th tive ingredient, conveniently from30-90%for tablets and capsules
and 3 % for |iquid nedications. Conpositions in dosage unit form ‘
conveniently contain 50-500 ng of the acti,ve ingredient. 10 Doses enpl oyed
for human treatnment wl| {plcally be |n]#he range 100-3000ng per day, e.g.
1000 to 1500ny per Bhg follawingsnandlimbting IExOWPles peklumhrate chil dren,
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Preparatlons are regisiere ure cef ur oxi me _axe
as starting maPé'BP&Ilcl fOAVENBut fERanSP’BP:Q% mw# r S4ghIas kRt ai ned bwy/

processes as deggethlbedinnaBmhikttbe PRiENt ahOetidr I6ich £ FEvprdgydr natively
be prepared bye&ggr or an aromatic hydrocarbon such as toluene; or
aqueous alcohol, such as industrial methylated spirit.
15 The crystallisation may convenlently be carrled out at
from 10 to 30°C. .

The highly pure sodium cefuroxime which may be used
as a starting material for the above esterification
process and is referred to as a starting material in

20 Example 25 may, inter alia, be obtained by reaction of
(6R, 7R) ~3-hydroxymethyl-7-( (2) =2~ (fur-~2-yl) -2-methoxyimino
acetamido] ceph-3-em-4-carboxylic acid with chloro-
sulphonyl isocyanate in an alkyl acetate as solvent at

a temperature of from -25°C to +10°C, followed by o
25 hydrolysis in situ at a temperature of +10 to +30°C and
crystallisation by addition of sodium 2-ethylhexanoate .

in acetone or methyl acetate as solvent.
. The preparation of these materials is illustrated
in the following Preparations. All temperatures are in °C.
300 Preparation 1

Cefuroxime Sodium
Chlorosulphonyl isocyanate (226 ml) was added

to a solution of triethylamine (10 ml) in methyl
acetate (3.8 1). The resulting clear solution

35 was cooled to -15° and a suspension of (6R,7R)-~
3-hydroxymethyl-7-[ (2) -2~ (fur-2-yl) -2-methoxyiminoacet-
amido]ceph-3-em~4-carboxylic acid (763g) in methyl
acetate (2.3 1), pre-cooled to -15°, was added
over 10 minutes. The residual solid was rinsed



10 crystallisation of highly pure cefuroxinme axetil froman organic

sol vent, for exanple an ester .such as .ethyl acetate in adm xtur h an
ether such as i-sopropyl ether or an aromatic hydrocarbon such a uene;
or ‘aqueous al cohol, "such as.industrial nethylated spirit. 15 The -
crystallisation may conveniently be carried out at from 10 to 30C. The=.

hi ghly pure sodi um cefuroxi ne which may be used as a starting material for
the above esterification process and is reféfrad to as a starting nateri al
in 20 Exanple 25 may,,.inter alia, be obtajned hy reaction of

(6R, 7R) = 3- hydr oxytfetthAR AL z‘-l‘-‘(er*rfrtez-&%"- ?-lset h AIAFUFEMAR do]

ceph- 3- QQ} 4- ciar bagyitredct +8¢ i'fm.h_l:!t; mimﬂqﬂwwlcﬂﬁmwﬁmﬁﬁr{l andalbkyl
acetate as sol ve t ) I - t r v, owe y 25
hydrolysis in si Hedis §4€%§t‘$€e‘gfﬁ+ﬁ“o&%qer hate %—fs% lisation by
addi tion of sodi gt 2&% washaddeshizanidly torkhereantion miktare as

solvent. The ¥ epﬁ{@t&éﬁbéﬁaﬁd@%i@iﬁ 'qﬂﬁ:ldlg idd YT R tnerf he fol | owi ng
Preparations. Al tenperatur ar |n,errJ 3 Pre.ar:'[aey? lqﬁffuroxme
Sodi um Chl or osul pﬂcﬂ’(wy i%%gyé’srrat S MIHUCS Has, % . &%o%t i on of
triethylam ne (1Gridytds aetls? trefiste a XM, white eudgenmjion.car

sol ution 35 was to. .- an S i s

3- hydr oxynet hyl - S}P?QJ(%B' f‘ﬁfgﬁiﬁﬁ 86 ?‘Lima of%arﬁ(a;loégg'ea_tq@d by a

am do] ceph- 3- em 4Steadinadd ition ©f BRPLYLioN10f |sadismthydroxids |

pre-cooled tog 15y Rdtiehaiey (2, UL Con il GRS Il aleatOltydvas Tinsed
- 12.- in wt l{;?/!Ig%‘ac,etate (700 )....Th

for—30 minutes, rrgp MiXRYRE AF nd’ i éer&l)%]gzgpvﬁg ?ﬁ%@.ﬁﬁaggr]
(1.2 1) at [err] wese akiptatgd dnd tthd ippernciomamictlayer was '
' washed with a solution of sodium chloride (600
g) in water (2 1). The two aqueous layers were
15 washed sequentially with methyl acetate (2 1).
The organic layers were bulked, stirred with Norit
SX Plus charcoal (76 g) for 30 minutes and filtered
through a bed of Hyflo Supercel, the bed being
washed with methyl acetate (1.5 1). The filtrate
20 and wash were combined and stirred at 20° whilst
a solution of sodium 2-ethylhexanocate (338 g) in
a mixture of methyl acetate (2 1) and water (40
.ml) was added over 20 minutes to give a white suspension
.with a pH of 5.5. The suspension was stirred for
25 10 minutes and filtered, and the cake was washed
with methyl acetate (5 x 1 1), sucked dry, and
dried at 30° in vacuo for 24 hours to give cefuroxime
sodium (851.9 g); [a}2%+ 60°, (c0.5; 0.1 pH 4.5
buffer); Amax (H,0) 273 nm (E7%, 387); impurities
30 by HPLC 2.0%.

Preparation 2 o
Crystalline Cefuroxime Axetil _

"~ (RS)-l-Acetoxyethylbromide (12.5 g) was added
to a stirred mixture of sodium cefuroxime (20 g)

35 in dimethyl acétamide (110 ml) at 0°C. The mixture
was stirred at +1° for 90 minutes and potassium
carbonate (0.5 g) was added. Stirring was continued
for a further 2 hours at 1-3° when the reaction




5 the tenperature rising qU|ckIy to 100 and then slomﬁy to [err]. The ¢

m xture was-stirred for 60 m nutes at [err] to give a thick, ‘white
suspensi on. Methyl acetate (3.6 1) was added foll owed by a steady addition -
of- a so \on .of sodium hydroxide 10 (288 g) in water (5.2 1). This gave
a cl ear - phase mixture at [err] with a pH of 2.35. The |layers weré
separated and the upper, organic |ayer was washed with a solution of sodium
chloride (600 g) in water (2 1). The two jaueous |ayers were 15 washed
sequentially with nethyl acetate (2 1). The organic |ayers were bul ked,
stlrred with NefiktutX wagsad@edctel a(rapfdlifostBprednmirsusad filtered

t hr ough a bed e d | e thyl acgtate
(12D Arne” s BF PYbEE, BUOSREE, x2bO aPE oA, RAuUBRRTS LRI GR, V) IFE
whil st a soIutbénabboséﬂﬁuﬁiQoe@hylh@xéﬁéﬁ:@Y(BBB g%ceﬁsalnaﬁeb9§YUf met hyl

acetate (2 1) éﬂﬂyﬂéiéﬁxééO NhEréas1agdas euerozeaHIEULs§e£0(glse a white
suspensi on w t haa S st rr.ed 25 10 m nutes

suspensi o
and filtered, éndigﬂ@eEakg HRL gagﬁédgﬁp?ﬁaﬁﬁ$ayva§ ﬁﬁaVéthNx 1 1), sucked
dry, and dr|edhgaraehIOr!acaoiaomlaa hd)r andoaqueeusc20sozoditumO sodi um

851.9 5 273
g[err])g)ln%ﬁﬁ[%lggkgérkgngéékgpg 6 gﬁ%gﬁr3??%%B§Lifég?§?fﬁgér%%furongé
Axetil (RS)-1- A&btbhyeehgqbegnsdpheaes5wg;emasqugubaa1 yawasheded ni xture

of SOd'u”‘Cefuﬁgfhngtﬁfﬂ QbeEEte'@ldU”ﬁlpyl @ﬁstashdﬁnéélgrgkhlét [err].
The mi xture was stirred err tes.an REotassmmcarbonate

(0.5 g) wall adﬂEHraSFFrWFHQ kSﬁtfﬁEeaofBgnHtFErV h shaggpalat 1 [errl)
when the reactiROrit SX Plus; Zg), filtered through a kleselguhr

bed which was washed with ethyl acetate (2 x 25
ml). The combined filtrate and washes were ‘evaporated
in vacuo to 150 g and stirred at ambient temperature

15 for 1 hour until the crystalllsatxon was well established,
Di-isopropyl ether (250 ml) was added over 45 minutes
to COmplefe the crystallisation and stirring was
continued for an additional 1 hour. The product
was collected by filtration, washed with 2:1 di-

20 isopropyl ether/ethyl acetate (150 ml) and dried
for a weekend in vacuo at 50° to give crystalline
cefuroxime axetil (19.3 q). _

Solvent content (GLC) 0.2% m/m. Impurities \‘)

by HPLC 1.8%. Isomer ratio (HPLC) 1.09:1 [a]D (1%

25 in dioxan) +37°%; Eizm (278 mm, MeOH) 389,

The individual R and S isomers of cefuroxime
l-acetoxyethyl ester are denoted for convenience
by the letters A and B, these letters being used

30 to denote the respective isomers as in British
‘Patent No. 1571683. The identities of isomers
A and B have not been assigned. The isomer ratios
given in the following Examples are expressed as
A:B. Temperatures are given in °C. The values

35 :given'for'Eizm and [al, are not corrected for solvent
content. ' ' ' '



- 13 - “m xture was added to a rapldly stirred mxture of ethyl acetate (200
m ) and aqueous 3% sodi um bi carhonate. (200 ‘") to destroy any excess
1sacet-oxy- ‘et hyl brom de. After 1 hour the organic layer (1.5%5 [err]

I somer by HPLC) was' separated, washed with N hydrochloric acid {100 nT) YTO
aqueou$” 20% sodi um chl ori de cont ai ni ng 2% sodi um bi carbonate (30 m).. égza
t hree agqueous phases were sequentially washed with ethyl acetate (100 n1).
The conbi ned organic 10 extracts were st+ri#d-for 30 .-m nutes with charcoal
(Norit SX Plus; 2g), filtered through a kiesel guhr bed which was washed

with ethyl acetaBxample 25 m). The conbined filtrate and washes were

evapor a I n vacuo t e | eygt af u 15 for 1
hour un%ﬁ? t he Cé%s ?l??gtﬁzﬁn%g%kbh% ggg?ggﬁﬁs%g N QE??ESE §§¥8Hether

(250 m) was add S i5ometa B¢ CSLUTPHIBe. SXAELL PerLPrE 9Bng
stirring was conty mued'uubiwm &ddbtlsp&hylbhdet Sagppieduby Ndzocol | ected

by filtration, % % 2D£nﬂ gﬁaﬁgpr se%%grég%q¥élgggtate (150 ‘

m ) and dried for I'n vacu to give Cr
cef ur oxi me axetlhnéla $GGPIYS@k$mnBeGomm@ndnsGBG)aOOEM)BﬁnﬂOOIﬁpuﬁltles by

EPLC 1.8% 'SO”E‘rHea_ya% ﬁ'fﬁ'e@ aludo%u%lw &mb&%%érebﬂw@k%iﬂr[err] [err]
(278 mm MeOH) 389 h% i ndi vidyal .R a | Soners aqf _cef ur,oxi

| - acet oxyet hyl G@ﬁ@F@d F@ﬁ‘coﬁvéﬁﬁ?ﬁ@@yb? £ A8% BMePE A and B,
these letters beu@gaysﬂdiﬂa gr@dﬁenohasthbthﬂapdctlwhelmQEEbscaplcn British

Patent No. 15716%%? 'L:}gt |c<le|;3,ta ﬁil%fa}h%ﬁg sﬁlxgg E?J.Q%Vérgahcgeen

as ned. The is at1os give S are expressed
. B. Tenper at Uhed 1lomwe sphesesi)n [ ASSpY bﬂeﬂ?épu@gssg7%gm/gnapgr [err] and

[err] are not CQmpReitd els0byS APLENR2 .08 PR, both calculated to
: dry from a measured solvent content of 0.15% m/m
(GLC), and a water content of 0.8% m/m (Karl Fischer).
The isomer ratio was 1.04:1 (EPLC). Infrared spectrum
(Nujol), Vnax 3480-3210 (NH,NH, complex), 1782
(B=lactam), 1760 (acetate), 1720 (4-ester group),
1720 and 1594 (carbamate), and 1676 and 1534 cm'l
(7-amido); [al, (dioxan) +38° EyY . (MeOH) 398.
X-ray powder analysis in a 0.3mm diameter capillary
by the Debye Scherrer method in a 114.6mm diameter
_ camera by exposure for 3 hrs. to Cch radiation
v gave a plain halo (absence of crystals, confirming
the amorphous nature of the product).

Example 2

A mixture of R and S isomers of cefuroxime
axetil (20.25 g) was dissolved in acetone (200
ml) at ambient temperature. The solution was clarified
through sintered glass and pumped through a two
fluid atomizer jet, using nitrogen under 1 kg/cm2
as the atomising fluid, into the glass drying chamber
of a Mini Spray HO spray drying apparatus using
an approximately 50:50 mixture of air and nitrogen
as the drying gas. The gas inlet and outlet temperatures
were 75° and 55° respectively. The recovery was
14.1 g (70.5%) of amorphous material containing



Example 1 A 10% m v acetone solution of a m xture of R and S i soners ‘of

cefuroxi me axetil was put through a Niro Mobi |'e. M nor Spray Drier, supplied

by Nrro‘COpenhagen Denmark, using air as the drylng gas and a° rotary Tt s
| keRArunni.ng at about 35,000 rpm The gas inlet and outlet tenperatures

2 /and 700 respectively. A recovery of 75% m mof spray dried

was obt ai ned. The m croscopic appearance was typical for a spray

dried product (hollow spheres). Assay'b} HPLC was 97% mim and i npurities

by HPLC 2.0% nym_both cal cul at tent of
0 h i (A TR SRR, PP S YabbETFed TSV BAREL KPR Son o o
ratio was 1. 04mAm(EﬁtIDdlM@f@aZ%dMémecepun2f$m1e¢mpou@®rr]1$@m®:321

(NH, [err] conp%ggl% 1782:{0- I@ctan%uu}gﬁp §§ﬁ§19§e2Q dH2P zﬂo ter group)

1720 and 1594 (carbanmate 1534 ¢m-.114 /- am do err] (dioxan)
[err]; [err] (MACRf9uDE. %&rE& poﬁﬂb?xéﬂalﬁg$sv|ﬂ1§m0(@ﬂﬂﬁ ter

capillary by tm§a£§p§e38cherrer method in a 114. 6nn1d|aneter canera by
exposure for

crystals, confrrnrﬁ% ?ﬂé %%F%ﬁ% é%%?b$§V§F f%% %t?éggigggﬁeog A

m xture of R ahdaSlilombxtupé @éfnrandnﬁ aa@metSIZOaSSPg; theoughsol ved in
acetone (200 n})q sé&bngiﬁt &r ggfﬁaohyﬁtggeﬁa§sckﬂélfled t hr ough
roug uli

sintered glass an E af om zer jet, using nitrogen
under 1 kg/ cnRf@SYFhing IAf spRQ !IB?Bat¥ﬂgow¥ﬂ§lg¥SS§1ﬂ?9|ﬁ@n%h%ﬂber of a

M ni  Spray1¢iO apr24, ulwlﬁﬂmappnhetgSsusnnetaanepeﬁaxeaatemyesﬁtﬁﬁem xture.
o and I PIET S URaChye o diRectIFe P, | hgtsmicoe |
(70.5% of anpgpaowasneoeled| toonemovengost of the evaporated
acetone. Recovery of ‘amorphous product was 90%
with an acetone content of 1.0% m/m (GLC), water
15 0.7% m/m (Karl Fischer), HPLC impurity level 1.3%
m/m. Infrared (Nujol) (KBr plates) and nmr spectra
(DMso-ds) are shown in Figures 1 and 2 respectively.
(o], (dioxan) +38°%; EI®. (MeoH) 39s.
Further Examples 4 to 17 illustratlng the
20 preparation of amorphous cefuroxime axetil are given
in the following Table. The process of these examples
was similar td that of Example 2. The Nujol infrared
spectrum of each of the products was similar to
that shown in Figure 1.



.

- 15 - *T. 1% m m acet one (AO. Inpurities (by HPLC) 1.7% m mincluding 0.2%

n m ceph- 2- em compound. .lsomer-ratio,1.03:1. vmax (Nujoi) sinmila o that
shown -in Fi'gure |. " [a],) (dioxan) +35, E 1M (MeOH) 386. 5 Exanp EﬂB'A~1596
acetone solution of- cefuroxinme axetil (ca 1:1 mxture of R and . FS)

was puf through a closed cycle spray dryer using nitrogen as the recyefing
gas and a rotating wheel atom ser running 10 at 24,000 rpm The gas inlet
and outlet tenperatures were [err] and 70 #%Sbectively. The recycling gas
was cool ed to renove nost of the evaporated acetone. Recovery of anorphous
product..was 90%-wtH—eR—acetore——eont-et—et—31—8%-m(E-E—neater—35—06—0
m m (Karl: Fischer), HPLC inpurity level 1.3% mm |nfrEnket(NujolQuitly

pl ates) and nnr spectra (DVSO-d6) are shown in Figures ﬁgd 2 Temp
respectively. [err] (dioxan) +38; [err] (MeOH) 398.'Furg%er Exanplgs 4 to
17 illustrating B  prepRILPSN of anorphous cefuroxfme axetil G@re
given in the following Table. The process of these exanples was sinmlar to

Simiar to that own in FiQGPaope/HacBRTE YT DL N By e et - e

Tenp Ex No. Sol vent 5 4IndustrialAmetbmndateder - 62
55 5. | ndustrial nesmyjkdted spirit _ 80 1)
70 6. Acetonitrile 72 63
10 7. Tetrahydrofuran 75 65
\_/ 8. Methylacetate 63 . 55
9. Chloroform (water sat) 64 58
10. Acetone/water 70 | 50
11. Ethylacetate/water ' 72 64
15 12. Methylacetate/water 64 57

13. Methanol/water _ 67-70 55-59
14. Methanol/acetone 63 54
15. Ethanol/acetone 83 65
16. Acetone/methylacetate 63 54

20 17. Acetone 85-90 75




6. Acetonitrile ) .72 63 10 7.

Tet r ahydr of ur an 75 . 658 . -, thhylaceta&e
63 ‘ - 55 9, Chl or of orm (wat er sat) 64 : © 58-:10: .
Aceton-’ther : 70 50 11. . Et hyl acet at e/ wat er
72 64 15 12. Met hyl acet at e/ wat er 64 57
13. Met hanol / wat er . 67-70 55-59 14.
Met hanol / acet one 63 = 1754 15. Et hanol / acet one
83 65 16. Acetone/nethylacetate 63 54 20
17. Acetone _ 85-90 75 - 17 - Product
| soner I mpurities - i oxan) (MeOH) Ex No Rat 1 QL& 7~
(%mm 4. | Ge, frodué! 0X3 " lerr1t®p 300 Ben™
1.05:1 1.9 Isomeng Impwgbt Hos - (dioxamp: 1 (MeOH) 1.6
+35 38%+ No. Radi@4: 1 ¢s On/m) [err] 384
10 8. 0.94:1 1.3 [err] 387 9.
1.02:1 5 4bwdO- 05l aEeoT e 021
1.4 12. 40.98:1 1.05412 15 1B.8 - 1.04¢35° 1399 14.
1.03:1 1g4 15. Jy 02: 1 1.6 16. o 1.02:
1.6 17. 6|oure B I °5U1 1.9 7 g0 *36 357 20 36 15 .
1.400: 1.6 +35° 389
. 1.04:1 2.0 +34° 384
10 8. 0.94:1 1.3 +35° 387 W,
9. ' 1.02:1 1.5 _
10. 1.05:1 1.2
11. 1.02:1 1.4
12. 0.98:1 1.2
15 13. 1.04:1 1.9
14, 1.03:1 1.4
15. l1.02:1 1.6
16. 1.02:1 1.6
17. pure B 0.9 + 9° 387
20 . :




Exanple 18 A solutlon of purlfled crystal l'ine cefuroxine 1-acetoxyet hyl
ester (isomer A) «(77 g) in ‘acetone (1.8 litres)-at [err] was spray drled as
iR Exanpl e’'5 2-through a two fluid atom zer nozzle with a ni t rogen
atom zing pressure of 0.5 kg/[err]. The gas inlet tenperature wag
and the outlet tenperature ca [err]. The product (39 g) had an ac4
content of 0.15% nmmand inpurities by HPLC of 2.8% nmMm 10 The in
spectrum (Nujol) confirnmed the anorphous mat&8ire of the product. X-ray
powder analysis showed a_few faint |ines which may suggest the presence of
a few crystals. Examplenldvan) [err] [err] (MeOH) 386. 15 Exanple 19 A
Hlxtureﬁgi t?soR and SA s&amnsq?foce ourdfiied axgbthl&%ﬂegfewa&odugsoLved in
ot acetOne ona a trot IS s _broken up
and dried overnlgkgéa¥$f§§% %qF ‘ﬁ%sﬁgrgﬁe (3989é i 3§Fg$8§|ne axeti
whi ch was shown uﬁdﬂRumﬂneﬂD quﬂﬁchwnasspmnwldmled @satini BxBmplel) and

m croscopi ¢ exam 0 u c c n

P %a ZE%%EQQE%Me 1%& ato ﬁﬂ%e@ fb229 e Q&Eﬁ a ﬁ@kgég%@14 L

2. 9% Inpurltles m_an he lpsoner ratio was
Fol | owi ng t he abé‘f‘@%’d@@d@r‘@ssﬂﬁﬁe%n@ﬁ h&ﬁl%f-ur Fhengagxdnletuas al so

obt ai ned using | Memp@tiatyie waadsst-bpl® Qﬁﬁt%hé a&tiehveeh erd@uk¢anple 20 A
ca 1:1 mxture of tg J@ a% S_is LS 3 ?f Xi_nme axg g5 qg ﬁg
di ssol ved in boi K&n et’hyl Eépg d ? 8Hc§ﬁ? P& P ER spheric
pressure to 70 mof Dhd5%0msm andwampheptihetbanﬂPBE add2d8&r mgmi.se over 27
ey oo 28 A R A okl " P e AL 1
nindtes, filtere®atyreefchenproduct. X-ray powder analyszs showed
' a few faint lines which may suggest the presence
of a few crystals. [a]l, (dioxan) +64° B3 (MeOH)
386. _ -
15 Example 19
A mixture of the R and S isomers of cefuroxime
axetil (10 g) was dissolved ir hot acetone (70
ml) and evaporated in vacuo to a froth. This was
broken up and dried overnight in vacuo at 40°
+ 20 to give 9.8 g of cefuroxime axetil which was shown
by IR (Nujol) (which was similar to that in Fig.
1) and microscopic examination to be amorphous.
The acetone content (GLC) was 2.9%. Impurities
by HPLC were 3.4% m/m and the isomer ratio was
25 1.14:1. | | o |
Following_the above procedure, pure amorphous
cefurokime axetil was also obtained using IMS,
‘methanol and ethyl acetate as solvents.

hY

30 Example 20
' A ca l:1 ﬁixture of the R and S isomers of

cefuroxime axetil (5 g) was dissolved in boiling
'ethylacetate (200 ml) and concentrated at atmospher1c
pressure to 70 ml. The solution was kept hot and

35 added dropwzse over 27 minutes to rapidly stirred
petroleum ether (bp. 60-80°; 560 ml) maintained
below 3°. After the addition the suspension was
stirred for a further 10 minutes, £iltered, displacement




-19- washed with petrol eumether (bp. 60-[err]) and drled overnlght I
vacuo at [err] to give 4.5 g of anorphous-cef uroxi me, axetil. Sol vent
content (GLC) 0.25% mm [err] (1%in dioxan) [err]; [err]- (N@C}D ‘388. 5
M cr ogC@ni ¢ exani nation confirmed the anor phous nature of -the product’.
Exanp{<e! M Aca 1:1 mixture of the R and S isomers of Cefuroxinme axetil (6
gf'ssol ved in boiling 10 dichloronethane (240 m), allowed to cool
and filtered. The filtrate was distilleﬂjkp.a volunme of 55 m at

at nospheric pressure and added dropw se, "0ver 42 mnutes, to rapidly

stirred di-isopiopyd 6idﬁrpéé9§léﬁmceehéé 0“66380?) £ﬁdedriéd addi tion
the 15 suspension was stirred filtered, magﬁ ed

with di-isopropYRrRiSRE %3032522 %ﬁdgﬁrlﬁﬂ %ﬁ%?n#g t |ﬂ V%EGBPE?“SO fo
give 5.5 g of eePupbrimecaketdXinesakeent. cohtenescopcp @x28%nation

TNy ol vort BEn bl T qibeadh Le8°L £1T0CIREGR] 1080 L0 U0
of 750 m [5rr@xcnoecepsc1epausnatigeakenfitmeédthptame:nbouaontal 25

aperture just hetewei bs ggg %ﬁSGuthe wat er was additionally agitated by
means of a paddle stirg p.m) while a stream of nitrogen was

bubbl ed in at a _ . A solution of a mxture of the Rand S isonmers of
cef ur oxi ne axetil (ZNOca)ldlsmﬁktedeSGfiBhe Raand (§eisdnesdxdfire of acetone

bump ot a conscarprrRPRl bxVeRL (6 aFOMEE Mifelvba il o1 Tule 20 ' T

punp at a con ove es Tnto the vor wat er. The
preC|p|tatb@ aﬁtcbhoagmebhenexiatoambi»lahbgwedrtOeqoehreu@hflltered "

The filtrate was distilled to a volume of 55 ml
at atmospheric pressure and added-dropwxse, over
42 minutes, to rapidly stirred di-isopropyl ether
_ (195 ml cooled below 3°C. After the addition the
15 suspension was stirred for a further 15 minutes,
filtered, washed with di-isopropyl ether (100 ml)
and dried overnight in vacuo at 50° to give 5.5
g of amorphous cefuroxime axetil. Microscopic
examination suggested 1% crystalline material.
20 [a], (1% dioxan) + 36°, ELS 387 (MeOH). Solvent
content (GLC), 18%.
Example 22 _
- Cold water was fed at a rate of 750 ml min
into a 51 plastic beaker fitted with a horizontal
25 aperture just below its top edge. The water was .
additionally agitated by means of a paddle stirrer
(600 r.p.m.) while a stream of n1trogen was bubbled
in at 12 1 min 1. A solution of a mixture of the
R and S isomers of cefuroxime axetil (200 g) dissolved
30 in a warm (45°) mixture of acetone (600 ml) and
. water (66 ml) was then added with the aid of a
perlstaltlc pump at a constant rate over 13 minutes
into the vortex of the water. The precipitated
amorphous cefuroxime axetll was carried through
35 the horxzontal aperture as a froth and collected
The amorphous cefuroxime axetil product was harvested
immediately and dried to constant weight in vacuo
at 55° to yield 170 g. Solvent content (GLC)<0.01

-1



35 the*hori zont al aperture as a froth and collected. The anorphous

cef uroxi me_axetil product: mas harvested |nned|ately and dried to constant
wei ght in'Vacuo at *55 to yield 170 g. Sol vent content (GLC)<0.01 =20
mm Inpurities by HPLC were 1.8% The isoner ratio was 1.14:1. (ali 04
di oxan)+40; [err] (MeOH) 395. X-ray crystallography reveal ed the proaL"
was substantially anmorphous with a snall content 5 of crystalline nat &
Exanple 23 A ca 1:1 mixture of the R and S pgopers of cefuroxine axetil
(100 g) was dissolved by stirring 10 in acetone (1 1) and warm ng to 40.
The rollers of a gymer meper hebde by MHIRY rvie,restleem (tmebaeoﬂeessure) was

Dol or Sheeh”or 12985 KR - RSk et e 4075 B e BETY D 15

sucked in at a ra8®5ef %zwixxbﬂﬁstﬂhiogﬁathwnﬁnaalwdstharpeddﬁcbnrthe

rollers and col | egigdsiahsO4ve TA N ShfPhbus WIRE iaf | y re 1. 1%
m-m- Sol vent (glC&Fco?]tent was l{3% nd m u)?— r@;’ craygﬁgll?' °§§?§BE§ and
1)

infra-red (Nuj rﬁﬁ¥§&§&#%4ﬁumﬁqﬁ¥kﬁ} mat eri al was anor phous. The Nuj ol

infra-red spectrumwas simlar to that shown in Figure |I. Exanple 24 A
solution of a ca g, ) tage of the Rand 25 S isoners of cefuroxinme axetil
(10 g) in dioxan s freeze dried to give the product (10.7 @)

whi ch cont ai ned di oxan %.%8 kyInmifttairer@frdbheo Rrasd §i dsemesadobven dried
in vacuo at [err]cépirdPime et INe(10Y - Wae @HeisellleaP8y! EUIY WRAgSI M | ar

0 Lo.hal SppainEiee [y Tied Uysned (1) Spetiunane
(1% in of a drier were heated to 75°, steam (two bar pressure)
was put on the jacket and 737 mm vacuum applied
to the apparatus. Using a roller speed of 1.75 rpm
the prepared solution of cefuroxime axetil was
15 sucked in at a rate of ca 200 ml/min. The product
was knifed from the rollers and collected in 94%
m/m recovery. Impurities by HPLC were 1l.1% m/m.
Solvent (GLC) content was 1.6% m/m. X~-ray crystal-
lography and infra-red (Nujol) indicated that the
20 materiel was amorphous. The Nujol infra-red spectrum
was similar to that shown in Figure I. '

Kp/ Example 24 :
A solution of a ca 1l:1 mlxture of the R and

25 S isomers of cefuroxime axetil (10 g) in dioxan
(100 ml) was freeze dried to give the product (10.7 g)
which contained dioxan 5.5% m/m after being 40
mesh sieved and oven dried in vacuo at 50° for
20 hours. The infra-red (Nujol) spectrum was similar
30 to that Shown in Figure I. The infra-red (Nujol)
spectrum and microscopic examinetion confi;med
the amorphous nature of the product. laly (1% in
dioxan) + 37°; gl? _(MeOH) 388.

35 Example 25
A slurry of sodium cefuroxime (20 g, Preparation 1)

in dimethylacetamide (100 ml) was cooled to 14° and (RS)
l-acetoxyethyl bromide (10 ml) was added. The mixture



di-oxan) + 37; [err] (MeOH) 388. 35 Exanple 25 A slurry of sodium <

cefuroxinme (20 g, Preparation 1) in di methylacetanm de (100 m) was cooled
and (RS) 1-acetoxyethyl bromide (10 nl) was added. The nlxture -

Ws stikred at [err] for 45 minutes before anhydrous potassium.

£ (0.5 g) was added. After stirring for a further 45 m nutes ethyl

acet at™®-(.200 nml) and 3% sodi um bi carbonate solution (200 M) were 5 added.

The m xture was stirred at anbient tenper ure for 1 hour and the two

phases were allowed to separate. The aqueous |ayer was washed with ethyl

acetate (100 mghgaid iZhad We QFanitor AECmIniRed HaTdr RSN aTR/4eNtially

wth M hydrochlorlc aC|d 1 10 and 20% sad] n1ch|or e solutl (30 _

m). The conbPRE} h&ﬂ%&? e & "agy «ch&t&8 ré?“ﬁor 30

m nut es bef or e fioirl hrau:MherTms iuﬂrim:etse ewhy 1c @cedaltieat(290i ml\;acuo to 176

m. Water (1.9 cenfyral into 15

stirred 60-80 agédz 3‘&5‘%8?1(}&951%;%&1%?; %Huii%“\?ﬂéﬁgr \g‘?'ﬁp#gteed pr oduct

was filtered ofaddedd wilieedintures wascShisrred a&t ambiends temperaturet hy|

acetate (12 nl)edyolyl @m@ RYadP &iel ltwol a@e)e werd ram%hehertbl s @a\t&%@o gave

cefuroxinme axetil 17 ol vent s’ 20 t hyl acet ate 9 petrol
1.5% inpuriti e %949%34 o fas & %‘@ Ql1 cefate (\eOR) 364.
The infra-red Y100t ml) iand\gha twes crgandd etbemmusmheﬂl al. 25

ot red 1 AR HeTEAAt S, )walteﬁ’?ﬁ%%d@%%*&?g)i&a%swﬁlﬁfs w0 omers of
cef ur oxi me 18xetand (wmsgﬁim@mi@m sodutilon f(38smldereT3® heated to 4RQ
and stirred Untdgmyiffed Yrighndics AR EES were stirred with charcoal
(2 g) for 30 minutes before filtration. The filtrate
was concentrated in vacuo to 176 ml. Water (1.9 ml)
was added to the concentrate which was run into
15 stirred 60-80° petrol (1.76 1) over 15 minutes.
The precipitated product was filtered off and washed
with a mixture of petrol (105 ml). and ethyl acetate
(12 ml) followed by petrol (118 ml). Drying at
40° in vacuo gave cefuroxime axetil 17.9 g: Solvents
20 (GLC), ethylacetate 1.6%, petrol 1.5%; impurities

by HPLC 4.1% m/m, isomer ratio 1.06=1, Ei:m (MeOH)

364. The infra-red spectrum in Nujol was typical

of the amorphous material. o
25 Example 26 .

Acetone (2000 ml), water (324 ml) and IMS
(36 ml) were added to a stirred flask followed
by a ca 1l:1 mixture of the R and S isomers of cefuroxime
axetil (600 g). The contents of the flask were
30 heated to 42° and stirred until the solid dissolved.
Immediately prxor to use the solutzon was cooled
to 20°. . _
Water (2000 ml) was added to the precipitation
vessel and stirred at 800 rpm. Nitrogen was fed
35 into the solution at the centre of the vortex caused
by the 1mpeller at 10 1 min l.
Water (850 ml/mxn) and the cefuroxxme axetil
solution (115 ml/mln) was added 81multaneously



| medi at'ely prior to use the solution was cooled to [err]. Water (2000 m)
was added to the: preci pi tation vessel ,and stirred at 800 rpm Nitrogen was
fed 35 lnto the solution at the centre of the vortex caused by the
impeller at 10 1 minl. Water (850 ml/min) and the cefuroxime axetil
solut|On (115 M/ mn) was added sinultaneously - - 22 - into the(éézgylent
zone in the precipitator. The overflow fromthe precipitator was Cted
onto a 125 mcron nesh screen where the pregd pitated product, in the form
of an aerated slurry, was 5 retained and the clear |iquors passed through,
to be discarded. ifko pheckprbuiiedtprodecincbhecprediphitaterscr®he was
transfeired 1o agkiekiebu! Erbiid ! gzacieus&oeanﬁé afzieéeé{ahSﬁeeemte“ ng.

The dewatered 10 rle acuo at [err]| unti noi st ure
content was redu@e §omﬁ6§9ntH8ﬁhlﬂFF839|8?8‘316 8 Brecirikakede axetil.

The infra-red (Npt@hhc&pethuﬂecgaimrafdahhaeauhaaaaluakyy ®ABr phous nature
of the produc

ng/ tabl et Cef roffﬁélgggtﬁs ggggf%ﬁ%é%nglgBB%ﬁopfggﬁg gbéﬁ?g gsition to the

i nventi on to be discaygde80 ny cefuroxine) Starch 1500 (Col orcon, I nc)
(Pregel atini sed starchyhe precipitatedSgrbdlce! 8btNeEt¥dobat €he

20.0
screen was transferred to a filter fitted with
a filter paper for further dewatering. The dewatered
i 10 product was dried in vacuo at 45° until the moisture
N .

content was reduced to less than 1% to yield 410 g
of cefuroxime axetil.

The infra-red (Nujol) spectrum confirmed
the substantially amorphous nature of the product.



Sodi um Lauryl Sul phate . 10.0 10
(mcroni zed)-

- The tabl et naylthen Repikkm coated with cellul ose derivatives with

pl asti ci se

col ou rEEg;ggEgizaand preservatives if necessary, using
aqueous or organic s 1 ods. 30 -~ As anmg/kabletive to the

7.5 Silicon .Dioxide . - 1.0 Tot
500.0 15 Method of preparation The polyethylene egcoI
sul phate, sodium starch glycolate and silicon dioxide were
gh a 60 mesh screen and bl ended with a small quantity of ‘the

redient. This 20 was then blended with the starch and the rest
the i ngredl ents and tabl et slugs prepared®3y-direct conpression. The sl ug
wer e broken down through a 20 nesh sieve and the resulting granul es
conpressed usi Rhanmacyl Exampdee punches to a tablet weight 25 of 500 pp.

rs,

Polyethylene gl ycol 6600 -

al

“of
S

prelimnary sluggi ngcetageximbeakbedd sevobdidgnsi f3ed.00 reguevazesraction

“or the ble

n

may be %Snghesiggegiﬁgﬁtly into tablet%ﬂfaF8XPﬁe°5§BFPfime)

Capsul e Conposition ng/ capsul e

accordi ng 300. 00 B&auchal&Af t(Colhecpnydne)on to 250 ny
cefuroxine) 5 - n Iose 4 75 Hydr ogenat ed
Vegetable O | (?&Qéﬂi&ﬁihikhguﬁtﬁfgh? 161.3 9.0 Silicon

Di oxi de s°dlum1559rﬁﬁtﬁ&&ceiaﬁPeparat|onzﬂeo The active

i ngredi ent was denS|gbaduhynaakygrsqmgpaeblon t hen cqpsecutively passed

t hrough a

10

15

20

25

30

Polyethylene glycol
6000 (micronized) _ 7.5

Silicon Dioxide 1.0
| Total weight 500.0

Method of grégaration
The polyethylene glycol, sodium lauryl sulphate,

sodium starch glycolate and silicon dioxide were

passed through a 60 mesh screen and blended with

a small quantity of the active ingredient. This

was then hlended with the starch and the rest of

the ingredients and tablet slugs prepared by direct

compression. The slugs were broken down through

a 20 mesh sieve and the resulting granules compressed

v

using normal concave punches to a tablet weight ~

of 500 mg.

The tablet may then be film ccated with cellulose
derivatives with plasticisers, colouring agents
and preservatives if necessary, using aqueous or
organic solvent methods.

As an alternative to the preliminary slugging
stage, the blend may be densified by roller compaction
or the blend may be compressed directly into tablets.

T



20 mesh, 30 nesh and 60 nesh screen.  The remaining ingredients were passed
t hrough a 60 nesh screen. together wifth a small ‘quantity of the active

|ngred|ent 15- and then bl ended with the rest of the active ingredient. The

bl end was then filled into.size O hard gelatin capsules to a target f+,
wei ght:"of 339 ng. 3. Powder for oral suspension (in sachet) 20 : ¥{:¥
Conposi tion (per sachet) Cefuroxinme axetil according to the invention.\
300 ng Sodi um | auryl sul phate - 24 - 25 gy

Hydr oxypr opyl - nethyl cel | ul ose 90 ng 25 Spray dried orange
flavour - 2.7 15E3R8HES  or sugar to 2220 gy

N@thod‘gg preparat|oni?gpdﬁﬁﬁiﬁnlauryl sul phat e, hy@gﬁggggggg
nmet hyl - ¢el | ul ose and f1 e | 30 C é:ﬁﬁ
ingredient. This bl enﬁ%ﬁgﬁﬁ% %’%Jér‘lt}h féo‘faj‘# cg] 3026 (ts gar lenc}:dl ng

Wi t i cast or
the latter in two stage®. thhelneention wei ght can t herkh@50 MEFafnrPxine)

sui tabl e contfi ner e. gy éﬁ&\gﬁsﬁlﬂﬁé g eLdrsEdat ed fof l7s:and seal ed by
heat. Before use 35 the 3 constltuted y addlng about 15 m water

shortly before admrnsﬁ?@gaﬁﬁpate table |y Suspehsi on Conposition
(per 5 m dose) Oefurcsadﬁa;mmuy.‘acsmtphmto t he i nventd on

300 mg 5 Lecithin 35

But yl hydr oxybenzoat e $ilicon Dlox%de 2 mg Al umi ni'Um onost ear at e

25 mg Al umi ni dﬁem‘g@aﬁgaraglog 25 ng Hydr ogenat ed cast or
oi | 10 17pRe Bedfve Lingbsa{drit/ s densified by roller 25
L compaction then consecutively passed through a

20 mesh, 30 mesh and 60 mesh screen. The remaining
ingredients were passed through a 60 mesh screen
together with a small quantity of the active ingredient
15 and then blended with the rest of the active ingredient.
The blend was then filled into size 0 hard
gelatin capsules to a target fill weight of 339 mg.

3. Powder for oral susgension (in_sachet) .
20 Composition (per sachet) ' _

Cefuroxime axetil according to

the invention ' 300 mg
_ Sodium lauryl sulphate 25 mg
N Hydroxypropyl-methyl-cellulose 90 mg
. 25 Spray dried orange flavour - 150 mg
) Castor sugar to : 2220 mg

Method of preparation
The sodium lauryl sulphate, hydroxypropyl-

methyl-cellulose and flavour were triturated with
30 the active ingredient. This blend was then further
blended with castor sugar, adding the latter in
two stages. The correct weight can then be filled
into a suitable container e.g. sachet of suitable
laminated foil and sealed by heat. Before use
35 the powder is constituted by adding about 15 ml
water shortly before administration.



{'

| ci ng Sugar | 1, 500 ng Sodlun1chlor|de ;
2.5 ng Fractkonated coconut oil ) . 5m -Met hod of preparatlon

15 -~ " Some of the coconut oil was heated, then the lecithin;
butyl -oxybenzoat e al um ni um st ear at es, hydrogenated castor 0|I, i cing

sugar, sodi um chl ori de were added to the oil with nmixing. The mxture
was ¢ d and the cefuroxinme 20 axetil and flavour added. The remai nder of
the required coconut oil was then added-aR8 the preparation was m xed and
refined. - 26 - Cains 1. Cefuroxime axetil in substantially

anmor phous forménd c@@iky Sugpersionhan 5% m mof inpurities as herein

defined. 5 2. compbo®iOtbe! (fér 3 ahledbsée) cl ai m 1 which contains | ess\jhan
3% nmi m of i npur eées as_ner el n, ger A product as clained in™

ned, . 3.
ei ther of cl ai urgFime axeni af“ﬁp?qﬁﬁgf??wncrystalI|ne material . 4.
A product as clememihvénttqnof claims 1 to 10 3 in 30® faugn of a mxture
of Rand S '§02§£éitﬁﬁ A product as clained in clajdn 4 erein the nole
ratio of Rt rsoners is from3:2 to 2:3. 6. A product®as clained in
cl ai m 4 wher ei rButplhydroyyRenz@at® to S isoners is frémo®: 1 to 1.1:1. 15

7. A producta figmfh i Blondsedartecl aims 1 to 6 i mghe fprm of hol | ow
m cr ospher es. uct as clainmed in claim1 sypstantially as

her ei nbef or e de%‘l:‘?’Fb‘eb'?mQéiISteﬁ?E? oxi me axetil as cle?med®¥n claim1
substan- 20 timydyogenakedi castor eotlescribed with retzs/®me to any of the

Exanpl es. 190 qu@{é’cffé:‘v&?f the preparation of cef uisnm g

Icing Sugar ' 1,500 mg ~
Sodium chloride 2.5 mg
Fractionated coconut oil to Sml
Method of preparation
15 Some of the coconut 6il was heated, then

the lecithin, butylhydroxybenzoate aluminium stearates,
hydrogenated castor oil, icing sugar and sodium
chloride were added to the 0il with mixing.
The mixture was coocled and the cefuroxime
20 axetil and flavour added. The remainder of the
required coconut oil was then added and the preparatlon
was mixed and refined.



axetil+<as clainmed in claim1l wherein a solution of cefuroxine axetil in an
organic solvent or in 25. a honngenous m xture of organic sol vents rin a
honegenous m xt ure+of an organic sol vent flﬁ ed or tgéggglvent
i s removed therefromby sol.vent precipita mmllﬂmnmmefur oxi |
in substantially amorphous form the purity of the®0% said solution being
sufficient to provide a product containing |ess than 5% m m of |npur|t|es
as herein defined. 11. A process as cl arn@@ +n claim 10 wherein the

sol ution contains_an_organi c solvent selected 35 from ketones, al cohols,
acetonitrile, tetEABIMEofuran, dioxan, esters and chlorinated sol vents,

Eormgerj‘egus mx% ulLes 0;06fuf@:ﬁﬁ§e taln-tm;l :lhle salfuyt%mudnyl !ﬁhak?héﬁg
onmpgendBus ni xt uLes. o asi_ one .0
af oresai d sol vent 5ﬂdaﬂ§t%$“tﬁﬁ?1n9/}ﬁﬁ%ﬁﬁiﬁ& a$ @Vglﬁkdlpﬁu5F§Fﬁ§lo or

cl aim 11l wherei n aéchevairefinas. of cefurOX|ne axet|I in the solutlon
prior to recoveryais atalgasdudodd B1aimetd in ?.9%165 EBHEHF{E'
claim 10 or cIa|n111 wher'el n the concentration o ur oxi_ne axet in the

sol ution prior tolfdgotRan 3% %ﬁleﬂxﬂWRﬁﬂ%Wﬁﬁﬁ a§4hereAnp?S§é§§ as cl ai ned
in any of clainms 30 10 Atpxd&hoﬁuasac1angaﬂwamyeu&he&feetedaEMSiprayldry|ng.
15. A process a n.c In s akes.place in
-the presence of ag %‘ﬁ‘g ?E%ﬁ%ﬁrhtgl'%a@ %@gﬂ%&%%@g%élgéx g?%%ﬁ 184 any of

clains 10 15 to 48 whek eprodusio\as \cliaimeld dat @dybp£Lr olllaemsdilytqg 17. A

process as clagmeg i eNy frat!cE B miktutel dEVRELRENST §eBMEEY. I S effected
bx\/reeze dryi ng.

5. A product as claimed in claim 4 wherein the

mole ratio of R to S isomers is from 3:2 to 2:3.

6. A product as claimed in claim 4 wherein the

mole ratio of R to S isomers is from 0.9:1 to 1l.1l:1.
15 7. A product as claimed in any of claims 1 to

6 in the form of hollow microspheres.

8. A product as claimed in'claim 1 substantially

as hereinbefore described.

9. Cefuroxime axetil as claimed in-.claim 1l substan-

20 tially as hereinbefore described with reference .
to any of the Examples. '

10. A process for the preparation of cefuroxime
axetil as claimed in claim 1 wherein a solution
S?/ ' of cefuroxime axetil in an organic solvent or in

25 a homogenous mixture of organic solvents, or in
a homogenous mixture of an organic solvent and
water, is dried or the solvent is removed therefrom
by solvent precipitation to recover cefuroxime axetil in
substantially amorphous form, the purity of the

30 said solutibn being sufficient to provide a product
containing less than 5% m/m of impurities as herein
defined.

11. A process as claimed in claim 10 wherein
the solution contains an organic solvent selected’

35 from ketones, alcohols, acetonitrile, tetrahydrofuran,
dioxan, esters and chlorinated solvents, homogeneous
mixtures of at least two of the aforesaid solvents
and homogeneous mixtures of at least one of the



18. A process as clained in claim10 substantially aé her ei nhef or e
described with reference to any 20" of the ExanEles A pharmaceutica

conposition conpri sing cefuroxime axetil as cl lﬂﬁ"u”uﬂ ”urnu lains 1 to"9 %
in adprzlure wi.th one or more pharmaceuti cal C|p|ents 25
20. orrp05|t|on as clained in claim19 in a'form adapt ed for absorptlon
via tke“gastrointestinal tract. 21. A conposition as clainmed in claim19
or claim20 which contains from0.1 to 99%/nmm of cefuroxine axetil as
defined in any of claips 1 to 9. 30 _22, A conmposition as clained-in
clai m 19 subst aAEPEEFILIASHLYMN tHAN Hk&cr i bed. 23. A substantially

anor phous form 2. cef Arprocessixas idlaimddiiin rgldias L0t loan ﬁ%mi{ mof &%

pOr it es a5 e cbile el Nk 'Gindisfod db ST \dKacRAGhE baked] 111 cBLions.

F&
of the human or “ani nma
in the solutzon prior to recovery is at least 1% m/m.

5 13. A process as claimed in claim 10 or claim
11 wherein the concentration of cefuroxime axetil
in the solution prior to recovery is at least 10%
m/m. _
14. A process as claimed in any of claims 10
10 to 13 wherein recovery is effected by spray drying. .
15. A process as claimed in claim 14 wherein 1
spray drying takes place in the presence of an
- inert drying gas. _
16. A process as claimed in any of claims 10
15 to 13 wherein recovery is effected by roller drying.
17. A process as claimed in any of claims 10
to 13 wherein recovery is effected by freeze drying.
18. A process as claimed in claim 10 substantially
as hereinbefore described with reference to any
20 of the Examples. '
19. A pharmaceutical composition comprising cefuroxime
axetil as claimed in any of claims 1 to 9 in admixture
with one or more pharmaceutical carriers and/or
excipients. _
25 20. A composition as claimed in claim 19 in a form
adapted for absorption via the gastro-intestinal tract.
21. A composition as claimed in claim 19 or claim
_20 which contains from 0.1 to 99% m/m of cefuroxime
gaxetll as defined in any of claims 1 to 9.
30;;22.. A composition as claimed in claim 19 substantlally
as hereinbefore described.
23. A substantlally amorphous form of cefuroxlme '
axetil containing less than 5% m/m of impurities
as herein defined for use in combatting bacterial
35 infections of the human or animal body.




