METHOD OF MAKING CEFQUINOME PARTICLES Field of the Invention The invention pertains
to the production of particles of a cefquinome acid addition salt. Particularly, the invention pertains to a

method of %gbqi%g&%nome sulfate crystals of a desired particle size rapggpWithastsgh energy
particle size reduction such as milling or micronisation.. Background of the Invention 10Cefquinome is

an antibiotic used for humans and animals, inter alia, to treat bovine respiratory disease, Pasteurella

infections in pigs, apehmanythes ipications wbere pargicastbacterial activity is desired.
Cefquinome generally comes as an acid addition salt, preferably a sulfate. The cefquinome sulfate has

a chemical structure of the following formula: 15 _ 00 142S 04 The chemical name for this
structure is FigBRoY Fe hage(fiaimino-4- thiazolyOglyoxylamido]-2-carboxy-8-oxo-5-thia-1-a zabicy cl
ONt .2 .0] o c t-2-enrge 20 Imsidhaifs Adtrtiadydiagninohaitmeaysh axidruinbearssatid
72-(2)-(Q-met Joxin%:%, ulfate. Thes n&hesi f. ( ui e 8%%‘5 % el-afid addition salts
is knowrs, e.&.ld? é?rtf)onq '?gdt'f@? r3’r’ Ltj]g 51(%8 SEﬁﬁ%ngglgﬁﬁg P?ocess @F C%g%n nst'erile cefquinome
sulfate parti@ggqgg@fryﬁ‘géstﬁéa desired particle size range, without high energy particle size

reduction such as milling or micronisation..

Background of the Invention

10 Cefquinome is an antibiotic used for humans and animals, infer alia, to treat
bovine respiratory disease, Pasteurefla infections in pigs, and many other
applications where a high antibacterial activity is desired. Cefquinome generally
comes as an acid addition salt, preferably a sulfate. The cefquinome sulfate has a

chemical structure of the following formula:
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The chemical name for this structure is 1-[[6R,7R}-7-[2-(2-amino-4-
thiazotyhglyoxylamido]-2-carboxy-8-oxo-5-thia-1-azabicyclo[4.2.0] oct-Z2-en-3-
20 yllmethyl}-5,6,7 8-tetrahydroguinclinium hydroxide, inner salt 72-(2)-(O~methyléxime),
sulifate.
The synthesis of cefquinome sulfate and other acid addition salts is known,
e.g., from EP 280 157 or US 2006/0100424.
Existing process for making sterile cefquinome sulfate particles comprise the
25  steps of providing a suspension of cefquinome sulfate in water; adding aikaline
(typically NaOH) to the sulfate, followed by an organic solvent, (typicaily acetone),
resulting in the precipitation of the corresponding suffate salt (Na,SO4), and the
retaining of a solution of cefquinome free base (which in fact is a betaine); conducting

sterile filtration of the betaine solution; and adding sulfuric acid s¢ as to produce



25 steps of providing a suspension of cefquinome sulfate in water; adding alkaline (typically NaOH) to
the sulfate, followed by an organic solvent, (typicagy acetone), resulting in the precipitation of the
corresponding sulfate salt (Na2S04), and the retaining of a solution of cefquinome free base (which in
fact is a betaine); conducting sterile filtration of the betaine solution; and adding sulfuric acid so as to
produce 2 sterile eefquineme sulistte partigies or adiding amy oftesrasitisstaproieanngorresponding
r%agtt(ie%f%gCef Ui The eréEés rpéﬁasented inter alia as an injection preparation,

sterile cefquinome sna(\# e dry
Fole&te or in the type of esters of saturated coconut

typically in {he form of 8 spensions, e.g. in ethy or in t !
and palm kernel oiaeried Sapisseried /oarrid/fany asidietigypcasrtion phopgaddrgeol, known by

the trade nags, off Mighilsidgsdessrireshin YK 3/0R3RE hihe disa et apraniifireieriyaaant in the form
of small particles of a narrow particle size range,is adve%ntageoéls compared to coarser material. A
practically fBRS EATSSE BeAIBERYF O EREH SN R IELTaR 45, SRy STl REGY'STS pm d(100) 5
50 pm Higcetokthmnarf brethe mticieatk sterile Migfgaindsndesotitisstén paidi 8L Ga&Tatee aseording to EP
260157 or WP APRABIARAZ AU IRARORISE SrAAEaIRRR AR SRR digh s oy partcle

size reduction methods, typically by milling or micronizing. _AIthoug% cefguinome generally yields
stable proditfd\AUBERESGEERBIEYdn FORTTEr MiiRIvE g&e&ﬁmfﬁaﬂmregim fi#irisBicphysical
stability ancbfaqeh\¢chalcesptitemse, sugpensions that are stable, particularly with reference to lower
vulnerability for seg%ntgtim’?&ﬂoreover, the foregoing should preferably be realized on the basis of
cefquinome particles that satisfy the aforementioned size distribution. Summary In order to better
address one or mot&®F tie ¥81&§0ing desires, the disclosure, in one aspect, presents a process for the
production of partigige®f @ sefaminome acid addition salt, by precipitation of the cefquinome acid
addition salt from cef%hliig‘om betaine solcgti?n wherein acid is added to the betaine solution, and

| §

wherein the additidIFof C ?ﬁ%ra%?{“é’ it ﬁg'l% gﬁf&“i‘ﬂ%{“,%oﬁg SRt e lpyf'g%P{gQai %. The
cefquinomesacitdidgliior=sal2 &) pPréfarably cZi66invhadBLifate doml doaraeichiripheferdblybsulfuric acid.
The disclospug, i3 AROLer By RRfH dHESS HE-FOLIMRORS R6Kh LRI SARAT HesrilAgicularly
cefquinome sulfate particles, obtainable by the foregoing method. 2a

micronizing.

Although cefquinome generally yields stable products, a desire exists fo even

further improve cefquinome particles in ferms of physical stability and to provide

cefquinome suspensions that are slable, particularly with reference 1o lower

vulnerability for sedimentation. Moreover, the foregoing should preferably be realized

on the basis of cefquinome particles that satisfy the aforementioned size distribution.

Summary

in order {o better address one or more of the foregoing desires, the disclosure,
in one aspect, presents a process for the production of particles of a cefquinome acid
addition salt, by precipitation of the cefquinome acid
addition salt from a cefquinome betaine solution, wherein acid is added to the betaine
solution, and wherein the addition of the acid, is done in a
single shot in a molar excess of 40% {o < 100%. The cefguinome acid addition salt is
preferably cefguinome sulfate and the acid is preferably sulfuric acid.

The disclosure, in ancther aspect, presents cefquinome acid addition salt
particles, particularly cefguinome sulfate particles, obtainable by the foregoing

method.



The disclosure also presents crystals of cefquinome acid addition salt, particularly cefquinome sulfate,
preferably in the range from 0.05 pm to 100 pm. Ip a still further aspect, there is presented a crystalline
cefquinome salt as defined above, wherein the primary particles form agglomerates of an
agglomerated patrticles size ranging from 1 pm to 500 pm, preferably from 5 pm to 100 pm. The
disclosure also prdVidesigactches alfa qefgeairto meyatits adtitielysaltsarivdladiisiyuiabme sulfate
particles, of3,5iaq Ao KHAB Q) Zic> BBUID) B RTARE ALHIBISO AR it particles are

not milled or micronized. n a still further aspect, there is provided a pharmaceutical formulation
as defined 8HbUEhEharERCinE e SUSERIN S FoTRE@UNG SPGB FBYPESAG S AR ticles in an
oily mediumyHareler sy setaeieskitfastheraragp conrsistingpbhathyh tieatatahdanetiamizhain
triglycerides, Detail SCriptign~0 i I ‘I'r ct, the invention is a process for
the productlrgﬂgé?%ggpg&J %‘f% §§?q%ﬁ§ré%g§é§ ;Prdodﬂig @é%@/ﬁ reference to the above-described
background, the pldeedisdreres ipsermipyidspaadigen d aswigoinemedqdinrdionsaibase (i.e. a betaine
solution). par{r@;@gﬂ@rag@mgar@ arasigdagddionsaki-a sutabladacilss)added to the betaine solution.
These acids can be organic or inorganic, monobasic or dibasic acids, with mineral acids being
preferred. Suitable acids include, e.g., HCI, HBr, HI, HF, H2NO3, HCI04, HSCN, aliphatic mono-,
di- or tricarboxylic acids, for example acetic acid, trifluoro acetic acid, trichloro acetic acid, or a
preferred physiologically acceptable acid, such as, for example, the 101011..acid, so as to provide El
's | t th-a monomaleate anion HOOCCH=CHCOU .Another suitable organic acid is naphthoic acid.
Preferred cefquinome acid addition salts include cefquinome dihydrochloride, cefquinome
dihydroiodide, cefquinome sulfate, cefquinome-6-hydroxy naphthoate, cefquinomenaphthoate,
cefquinome 2,4 dihydroxy benzoate. The most preferred salt is the cefquinome sulfate. Without
wishing to be bound by theory, the inventors believe that the dosing scheme for the addition of the acid
(e.g. sulfuric acid in the case of the preferred cefquinome sulfate) to the cefquinome betaine solution is
of unexpected influence on the eventual particle size. The dosing is done in a single shot. This
does not exclude that the single shot could comprise a plurality of two or more overlapping shots, i.e.
in which a first shot is followed by a second shot, and or further shots, without pause between the
shots. However, this refers to a one-time shot by which all of the desired acid is added quickly in a
very short time period (a very short time period (less than 15 min, preferably less than 10 min,
especially 5 2 minutes or in less than 5 min) in contrast to the pH adjustment to pH=1,3, as described
in EP 280157 or to pH=1,8, as described in US 2006/0100424, which is a more time consuming
procedure and takes more time to come to a constant pH. 3a The dosing is in a molar excess of
at least 40% and less than 100%. This means that, as calculated on the amount of cefquinome
present, the acid (i.e. sulfuric acid in the case of preparing cefquinome sulfate) is added in at least 1.4
equivalents and in less than 2.0 equivalents thereof. In view of processability, it is preferred that the
excess is not as high. Preferably, particularly with a view to producing particles of a cefquinome acid
addition salt, preferably cefquinome sulfate, satisfying the most preferred particle size distribution, the
acid, preferably sulfuric acid, is added in a



5 molar excess of 70-99% or 70- 90%, more preferably 75-85% and most preferably 80-85%. Thus, a
single shot directly providing acid, preferably sulfugic acid, in a molar excess of 80-85% is the most
preferred embodiment. The aqueous betaine solution can be in any water miscible organic solvent
like ketones or alcohols. Preferred solvents include acetone and ethyl alcohol, and 10 most preferably
a mixture isuosed Wacetdhesamondiidi Gk reidhienratidefeindia dayiiesotrsong ntd!igsbent/water)
can vary in the-sangg of 0 to 1.7, preferably 0.5 to 1.5, more preferably 1 to 1.5, and most preferably
this solvent/water ratio is 1.2. The use of mixed organic and agueous solvents can be used with

advantage in steefth§ tAld! Pt sAPEaritIE BriciRitise BrPORMALRF2ARIMURLIRY tA& 15 particle
size distributedinshnine stedredinytics ronobiatod splapeitsnt washeng®ofal dtercefquiiti@eoncentration

of cefauinogs petaine solufion ANNEHBIMAIERIA0 106 mAlL BRI he ceigpijome s

present in ncentration of 0.165 to 0.166 mol/L. 20In order to produce particles, the addition of acid,
preferably sUfRie 2RIdnasieMotteln ByobrsRidfation. It will be clear to the skilled person that,
depending on the solvent and temperature, this crystallization will automatically occur (as is preferred)

as a result %fet& égr astlcc%?% Il:}% S Q‘ﬁéq uyoq.the addition of acid, preferably sulfuric acid. This is

particularly SO when'the preferre comBination of organic and aqueous 25solvents, and most
preferably acetondfwaafiset rsugeld the invatips idanrtocsstainithppitdisidinoimgtidesrefared particle

size, it is fugbruprsiRITaddhaldhedemperaitre-HrenRcerYstalizatefbatrilprad nitganarl, from a

processing point of view, acid, preferably sulfaric acid, can be added over ﬁ%lg% temperature range,

from 0C to Y0RGSHEL&SiN SR IRAAREH (I 2EAUHY SicRIANRPE % befafded at a
temperaturé4tfiteesbletaing solution), of OC - 35C, preferably 15C -21 C, and most preferably at a

temperature of 19 -4 1o oA diEAPLeAIARLYCaM! o adlngasish RBiRRIsuric acid to

the betaine solution, particles of cefquinome acid addition salt, preferably cefquinome sulfate, will
precipitate. PR RAECHaHRRErEHID TRl STGRARIRIC: PRGNS BAR 88 rydkafife,
amorphouszeids, mikiuimefdatiiHauveueefatdaut wishing to be bound by theory, the inventors

2011/009527PC T I E MBI RE Sy gly by the ot o B R SSicles o
cefquinomemrig-adlitiviicalpoxpieferids /@il macstif aeih drfiorre, asaibacstodighiithat differ
from existingceqtasinope Agidraddifignysrliopriis epcephanialyiguliata partsiesaRiitelagier results in
HOOCCH=CHCOQO .Anocther suitable organic acid is naphihoic acid. Preferred
cefquinome acid addition salts include cefquinome dihydrochloride, cefquinome
dihydroiodide, cefquinome sulfate, cefquinome-6-hydroxy naphthoate, cefquinome-
naphthoate, cefquinome 2,4 dihydroxy benzoate. The most preferred salt is the
cefquinome sulfate.
Without wishing to be bound by theory, the inventors believe that the dosing
scheme for the addition of the acid (e.g. sulfuric acid in the case of the preferred
cefquinome sulfate) to the cefguinome betaine solution is of unexpected influence on
the eventual particle size.
The dosing is done in a single shot. This does not exclude that the single shot
couid comprise a plurality of two or more overlapping shots, i.e. in which a first shot is
followed by a second shot, and or further shots, without pause between the shots.
However, this refers to a one-time shot by which all of the desired acid is added
quickly in a very short time period {(a very short time period (less than 15 min,
preferably less than 10 min, especially 5 + 2 minutes or in less than 5§ min} in
confrast to the pH adjustment to pH=1,3, as descfibed in EP 280157 or fo pH=1,8, as
described in US 2006/0100424, which is a more time consuming procedure and

takes more time to come to a constant pH.



The invention method results in particles having a particle size distribution (PSD) comparable to the
aforementioned PSD of milled or micronized mat rlal that have good syringability and resuspendability
of suspension injectables (physical stability) 1OSurpr|S|neg the particles produced in accordance with
the invention comprise loose packed agglomerates of even smaller primary particles. These primary
particles have partiele amty@imﬁymm%meww@%wm and wﬁarainlylom “TRpm, with at
least 75% of the rt cles in, the ra £0.07-0. ferr 275 pm.
15In connec |on erewa[% ﬁ1e !En{/éi1 %or?] ﬁlaorﬁ%ugggic (ﬁ og\%ﬁ}iartlc?% %E%{?me acid
addition sal@,CMé’féiﬂab;@S@eﬁfﬁQrﬁéﬁi@ﬁﬁﬁé{l@mwﬁ%tﬁlﬁdﬁ@Hﬂ/@hl@%fég‘bww%ﬁﬁ@ﬁj, which are
agglomerates of primary particles of the aforementioned PSD range and which particularly are further
characterized by the ability to reverse the agglomeration, e.g by simply agitating suspensions of the
20particles or under the influence of ultrasound. Ultrasound is known to the skilled person. In the
context of the invention, it is applied preferably using a sonotrode, also in combination with a flow cell
and with cooling of the sonicated suspension e.g. employing a Bransson sonifier 250; Hielscher
UIP1000; Sonorex Sonobloc. The particle size distribution can be steered 25by duration and energy
input of the agitation or the sonication process. With the particles of the invention, both agitation
as well as sonication is believed to result in disintegrating of the agglomerates, without damaging the
crystal lattice and/or the particle surface. This is fundamentally different from the existing particles,
where milling (e.g. micronization) may lead to crystal lattice break-up, and 30the occurrence of highly
irregular particle surfaces. In this respect, the invention also provides particles of cefquinome acid
addition salt, preferably cefquinome sulfate particles, of a size distribution d(50) _5 7 pm, d(90) 5 15
pm, and d(100) 5 50 pm, wherein the particles are not micronized. By providing the aforementioned
novel particles, the invention opens up 35 several favorable possibilities. One is that the formation of
agglomerates enables tuning the process in such a way as to produce agglomerates with a desired
size distribution within a wide range. It will be understood that the lower limit hereof is WO
2011/009827PCT/EP20101060376 6 determined by the aforementioned size of the primary particles.
The upper limit is generally of the order of a diameter of 1 mm. Preferably, the particle size varies from
1 pm to 500 pm, more preferably from 5 pm to 100 pm. Patrticle sizes are determined by Laser light
scattering, which is the method of



5 choice to determine the particle size of particles between 0.1 and 3000 pm. This is more correctly
called Low Angle Laser Light Scattering (LALLS). This method has become the preferred standard in

many industj cterization and quality control. The internation 3320-1
08s ?{it g CORFA sia7
\ or the determination of

"Particle Size Analysis - Laser Diffraction Methods" describes the methods
particle size 10 distribution via laser diffraction. The applicable range according to 1IS013320 is 0.1 -

3000pm. The meihad, iﬁa&?@%&f%wbﬁ%cm@l@eﬁenvvk@wm@&@éﬁ_w@hl@rs'-, premisahg Technologie”,

4th Editionl.,volume 1, page. 46 ff he particle sjzes, and the distribution thereof, can be

pag . : , @
influenced by thE*ERTBIMEBFASRIEEs ST HEG B tRRMIG NN E ALY PHREEHEBREAHE B rson skilled in
15 the art sethingfdoiprodumsedpaititiesseftapceferaio netnaiciceeliffore seati ghiietettabiyaséfquinome
SU'(‘;actje _parti‘H?éf}aq@cdapgt_ﬁfld'ﬂ@gi%smbmﬂjﬁﬁtetgfﬁjéﬁrﬂ%é;@a‘lafﬁé@ﬁﬁﬁ:Ojéﬁ@t,idiélcﬁf&ﬁsﬁﬁm}éSU_|fUOf|iC acid),
and doing a simple particle sjze measyrement of the particles ed, to select the desire
conditioﬁgs fo'iﬂ?)I dﬁj’%ﬁ?g?‘ t?e?éésr?%eogiz ”sgé%/ﬂdﬁ?.r%é\%?ﬁﬁar% efé%ggﬁ(? rﬁ)darrﬁg% 2 |ts>1¥ibutions of the
order of madiit&é® of fthe. exidtialy, shidrdpaly cetyidinareldt efrsfiiesiuifitialieithilag excess of acid,

preferably sufsiicaxeihsist H3-889% idnasenpEeferabiid Brithdiraaet. most preferably 80- 85%. It should be
noted that the noveLrRarticIe% L%f Hé?ainvenjiﬁ% r(?)éginb'g further 25 rop%rig%solﬁ%which thﬁ,}/ are favorably

. . t | . .
distinct from existing cee?c%ﬁlome suiPaetéc’.o or exampﬁae“%haen g)v\?e Iiorérfrﬁcles S av?/'%f?f)e\fgnt interactions

with water, oisseotatiestsy BypiapiicRralsoied SRIHY YSYe aceitie ariaihthalfoRteritds to the water
vapor theorymadtighetssngvumiadine skillesh periorzeamd ingesanbGiretral ritioropmds of two

techniques for the surface 30 analysi alumina: .Inver a omat ipite

Concentratio?xpﬁ&@f&egﬁfﬁ?yﬁgﬁ?@é %%@él@tﬁoﬁ{ggﬁ i%f%%{\)/vgﬁ g%rﬁ%})}f gygl 0, (2009) page
53-58 The ndvelTRiRBIESEPING IAVePtisif SHAVATRIERIEHES oM RS atsiSleyDd f characteristic in the
aforementioned thepy Lyéer easethergxistingdcaiqednemevanliatapadicies shtbwdlypady characteristic.

35The particles pogIguineRIs Aald aridition saltBraliably rlainame swiaig.Raticirs. of the

present invention can be put to use in kKnown manner, particularly in the form of a suspension in an oily
base, et§. etRgisiBatEeMETRIIRSE2NRS ?@Iﬂ?o%??%’ﬁﬁ@é%ﬁﬂﬁ?@%@%“ﬁﬁ@@ﬁ)%, MiglyolO

(see below). wigsein the invention provides, as one of its advantages, suspensions of increased

stabilty against sedipeniation, Sush sebilaaR sk sprashiine PRhe faRRaUes ith 2

macroscopic optical scannln]g device, TURBISCANS (e.g. supplied by Formulaction, France), as

described in WA TEB%Y 2Pl REURBICPARE (S Qﬁqﬁﬁ?ﬁéﬁgaﬁ%@ﬁﬂ?ﬁ&g&éEl(g.té’., clarification,

sedimentatioh, &8ar)arl.dispersed systems on the basis of multiple light scattering. It is a vertical scan
macrosgopic analygerLeansistingsota fsaring headsnaying alaagRetiakhptiomed sylingsical cell, while
S e Tt (R8s MED T S Bt Rl 4B AR B B
concentrate(f(%ﬁ'%‘fﬂ%‘?ﬁ?ﬁﬁéy B&?g Bﬁv P » dep ¢
solvent and temperature, this crystaliization will automatically occur (as is preferred)
as a result of the formation of a sulfate upon the addition of acid, preferably sulfuric
acid. This is particulariy so when the preferred combination of organic and agueous
25  solvents, and most preferably acetone/water, is used.
With a view fo obtaining particles having the preferred pariicle size, it is
further preferred that the temperature upon crystaliization be tailored. In general,
from a processing point of view, acid, preferably sulfuric acid, can be added over a
wide temperature range, from 0°C to 100 °C. However, it is preferred that the acid,
30  preferably sulfuric acid, be added at a temperature (of the betaine solution), of 0°C -
35°C, preferably 15 °C -21 °C, and most preferably at a temperature of 19 °C-21°C.
As a direct or indirect result of adding acid, preferably sulfuric acid, to the
betaine solution, particles of cefquinome acid addition salt, preferably cefquinome
sulfate, wili precipitate. Reference is made herein fo parlicles o reflect that these can
35  be crystalline, amorphous, or a mixture of both. However, without wishing to be
bound by theory, the inventors believe that the particles produced in accordance with

the invention are in fact crystalline.



10optical analyser: the TURBISCAN MA 100", Colloids and Surfaces A Physicochemical and

Engineering Aspects 152 (1999), page 111-123.. The base preferably comprises a pharmaceutical

acceptable Ial)?][f és%%ig%gily medium, such as medium chain triglyceride or a mixture of medium chain
. Medit [

triglycerides ium chain triglycerides (MCT oil) have fatty acid chains B BEP2S048%8 % hon atoms

and for the medically refined grades of MCT oil each chain has 8- 10 carbon atoms. The MCT oil may

comprise either triglycerid f e 8:GA0 fat id lycal diesters of these fatty acids
or a mixture of both trit%l)llcz%) é;aa?nd pro%yfjt;@né\{gq%coﬁ%glésﬁ%a . %?egréglgletﬁglsné) 08 &1 fatty acids

are fully sat P4EPLER a@rﬁf%‘éa&'ijlR?%’(H‘HD&%LEHg%%iﬁ%f@l?@sé%@%@%lﬁ%mﬂtﬁfﬁfepared by the
commercial firaotiexiatingcefmatunadpodcurting wagatatiltee gsmarayu) Ritd@ giugemdindy C8-10 fatty
acids followed:Ry giarficaipneE AR aridsivitaLbessmhas ety E%&ig%@%go}’gggéable oil having

the desired com[[éosttl,on is commercially available.”Proprietary examples of such oilS are Miglyol0 812
as capri€lcad¥l ﬂ?&i%ﬁd@é%ﬁﬁﬁ@ﬁ&%85%’&8%'%&9% FPUI BN 3B rate/caprate.
Equivalents of thesétuilsvesetior exdneg]eeilto n) MOCTEFGyiAide (spTice Galgaieridd:33, Calgene

00-33-F, Calgess) Conarkn /e 4080 RR AR raREXtRI 300: £ aPLexR 358« HAdamelF TCC, Estasan
GT 8-40 357§é Estas%n GT 8-87(? 3575, Estasan GT 8-60 3580, Estasan GT 8-65 3577, Estasan GT
t

8-65 3581 , EStAs4R0O TY B8 HIRRYY T biRtAdaN IS L SHRRAR i SYBAIRPRA (RAWYEClexole GT-855,
Lexole GT-86&DbNiglyol(r) 810, Miglyol0 812, Myrito10 312, Myrito10 318, Neobeee 1053, Neobee0

M-5, NegbeeO 0, PalgrAiGiiife SARJATIRLE. SRadRBNO 7R 210 Salgpas Alz2. Calgene
CC-22-S, Captex rg)zq(o,dLeonIO PG-E}?& P/II lyole 819 Myritole PC, Neobeee 1054, NeobeeO M-20,
Pelemol0 Pg%o, tARdamuie 302" FERTSst p?g%nrr%'aﬁi Wi&{'}gﬁbpﬁg . THECoMBBEtion according
to the inventiilisdinpave sativickgaetypiadivie ter inca phafbaddutivakforpafatidtyif.OWO

2011/009827RETHERROI0L060876 & genesabissusehid imBeayide Becr syspegnsing.arperties and
increases th \éi§ sétgf%f.ég%ﬁggﬁ r(1)15ition without negatively affecting the syringability. It will be

understood that ﬁiﬁ’ present invention does not necessarily change any aspects of the process other
than thé3tep of addirPRRIGHITERSPABIY- Srinveiaa I errseethUiirludee hewlinertorsion, and the
formation of peficiesrheceipantion saipreriginAPRPAsHEeRiithe:HivRRlIgRSARIReHRUL to use in at
e A BRSO B DR R SRS DR e o
Name) is thefR&GiRgned PSD range and which particularly are further characterized by the
ability tc reverse the agglomeration, e.g by simply agitating suspensions of the
2+  particles or under the influence of ulirasound.
Ultrasound is known to the skilled person. in the context of the invention, it is
applied preferably using a sonotrode, also in combination with a flow cell and with
cooling of the sonicated suspension e.g. employing a Bransson sonifier 250;
Hielscher UIP1000; Sonocrex Sonobloc. The particle size distribution can be steered
25 by duration and energy input of the agitation or the sonication process.
With the particles of the invention, both agitation as well as sonication is
believed to result in disintegrating of the agglomerates, without damaging the crystal
lattice and/or the particle surface. This is fundamentally different from the existing
particles, where milling {e.g. micronization) may lead to crystal lattice break-up, and
30 the occurrence of highly irregular particte surfaces.
In this respect, the invention also provides particles of cefquinome acid
addition salt, preferably cefquinome sulifate particles, of a size distribution d(50) < 7
M, 4(90) < 15 ym, and d(100) £ 50 um, wherein the particles are not micronized.
By providing the aforementioned nove! particles, the invention opens up
35 several favorable possibilities. One is that the formation of agglomerates enables
tuning the process in such a way as to produce agglomerates with a desired size

distribution within a wide range. 1t will be understood that the lower limit hereof is



10 generation cephalosporin developed for use in veterinary medicine. It is a semi-synthetic
aminothiazolyl cephalosporin resembling cefotaxime, but with a bicyclic pyridinium group at the C-3
position (Is%{;g)e%_l Alnsibert et al, 29th Interscience Conference on Antimigrahial AggRks:and
Chemotherapy Houston, Texas, 1989). Cefquinogne has been found to be especially useful in
treatment of respiratory 15infections in livestock (e. g. cattle and pigs (particularly Mannheimia

haemO'ytlcadet&qﬂmedrbs;arﬁéewré%%ma@%eafhyéruﬁmw particariqus epysaliine rephalosporin

salts have been pr po for the tre tme t of bacter |o S, €. cef uinorne dihydrochloride or
cefquinome gﬁ”ﬁ@ P%E%H?{e cd haar?os f Tr? ada |t!%ﬁ¥; Esywnﬁ Ba'%rcu agle oW solurtT)}lllltye g. 20

cefquinome- Bmd@@ﬂra@hmat@@é@mﬁmﬂe‘impFﬁﬁ@ﬁté’ﬁand cefquinome 2,4 dihydroxy benzoate
(cefquinome hydroPﬁr‘ﬂ@l@%@)ar@b%ft@FFﬁﬂé& Eﬁtcaﬂérqr@& §Udzf@éﬁng whithesapfouistadeoparticles of the

present inve |onev¥|llé)(?g %r}]%r cor orate(c)ifr %g eD llr}n? n%ogéegsgccorﬁﬁgerablya

suspension gS dCeSC | herel erore. |caI armaceutl composition Ing to the 25
invention comprsesr Eethibcaded @@Wﬁ%‘@lﬁ?é%bﬁiﬂlﬁ@ﬁ’i@@ﬁé%@bg iBERRESAINTS to the
invention cap g rrpliedieananimatiopnemahby albappltatoa o kiowsanin doelgyt. Generally

the administafion (o he AUMaY R Sone el pasesteralbu e e aayuace i composiion

according to t?re current Invention Is preferably administered parenterally, e.’g. by intramuscular or
subcutaneoudiBaiFeptidRiNAgaL rﬁé?ﬁ’rﬁé%if@rﬁ%ﬁf\*?é"?‘éu‘fééhg 3%%"%%%?8% of Parfigig&ifdral the
composition @eepidiog e the: cdiffertionvemiappiceble athinsterethitalBEPSSias isllanimals that need

treatment or igWERToR Rl RAGIRSIR! IRAIANA 1SR BeduAsafelian iores, SorR.cRaRe. cals, dogs,

poultry and f pecific diseases that can be are bacterial mfectlons of respiratory tract, 35urogenital
tract, soft tisSHBeAHRFRRIREFTREMISS: 4HUEALSAtY P Rfelrifia9e: 46fhe particular amount of cefquinome
required for a particiiar gsedtraentesillvaryh e dpendingupovebé spediesptigenand eight of the host

animal being,ffeqlad, &H@%M&&H'agrgré%ﬁmfbﬁc%dﬂqme@s rrretre@g%q <Rl as the specific

antimicrobial agent selected for the treatmenit, the route and t%ggg ﬁ’)gé:ﬁ‘ncy of nlstratlon For

exampiPthe BB reaS BRIRPHRILGR AR {6IESRE? SElAURmR LRSS éjn?%gf( horses, sheep,
goat, poultryafglifisimis heétte earictesL.oomydeayibatisamight Fpngditemdoshefe st S aej/kg bodyweight
IS 5 fecomm%e%e@émg&?mﬁfmg%sloam Bith S99 ARML GRIfasA0mehdPanarGbedyweight.

Preferred uses are in the wing trea
particles produce ect We desrred conditions for producing the particle sizes
sought.
20 With reference to particle size distributions of the order of magnitude of the

existing, micronized cefquinome, it is preferred that the molar excess of acid,
preferably sulfuric acid, is 70-90%, more preferably 75-85% and most preferably 80-
85%.
It shouid be noted that the novel particles of the invention exhibit further
25  properties by which they are favorably distinct from existing cefguinome sulfate. For
example the novet particles show different interactions with water, observabie by
Dynamic Vapor Sorption (DVS).
This determination relates to the water vapor theory, which is known to the
skilled person. See Tisserand, C et al “Comparison of two techniques for the surface
30  analysis of alumina: Inverse Gas Chromatography at Finite Concentration (IGC-FC)
and Dynamic Vapor Sorption (DVS)” in Powder Technology 190, (2009) page 53-58
The novel particles of the invention show no tendency of hysteresis (Type |
characteristic in the aforementioned theory) whereas the existing cefquinome suliate
particles show Type IV characterisiic.
35 The particles of cefqguinome acid addition salt, preferably cefquinome
sulfate particles, of the present invention can be put to use in known manner,

particularty in the form of a suspension in an cily base, e.g. ethyl oleate, MCT oil (see



Cattle: Respiratory disease caused by Pasteurella multocida and Mannheimia haemolytica; Digital
dermatitis, infectious bulbar necrosis and acute interdigital necrobacillosis (foul in the foot); Acute
E,coli mastitigyvith sigas-of systemic involvement. Calves: E.coli 10 septigagipig i, sahyes- Pigs: For
the treatment of bacterial infections of the lungs and respiratory tract caused by Pasteurella multocida,
Haemophilus parasuis, Actinobacillus pleuropneumoniae, Streptococcus suis and other

Cefﬁlg?orﬂelﬁew iV OF ) @Stswmwmﬁérmtﬁéam@ﬁwmr&mﬂd@wtﬁ) Wik tﬁvqb/erger;t tof E.

coil, Staphylococcus s 0COGGUS S er cefquin siti ms; Piglets:

Reduction oPﬁY&’EEﬁy h%ﬁ%%%%’f"ﬁ]% ‘Wgﬁgy%%ﬁlaeb B’ya% g‘éﬁggg%&{l %3 (h%g%z'iypreferred use

is in the treatraeinsiofetithgitisticarsedbyrsaysescatt aseaposEoriolerlitg seRINEEf qgiriesne-sensitive

organisms am@ﬁm@@mis(érgiIdsgbmesgte:am@%).&auwgrmﬁtaphm@as@us.hy'ws In

summarg th N ?? f %clug%'&?]%%?@ss for tfggnprgciuctlon of particles of cefqr inome acid addition
etquinome sulfate partic

salt, preferably c y precipi Sitation of" ce? Fidine salt from' a cefquinome
betaine soluﬁ@ﬁm@ﬁéﬁ*@m &t5d, i risepassy SYAfeRe aﬁlﬁle@%ﬁj@fd"téﬁtﬁ@ b@lhﬁ?@@ﬁlﬂﬁdh*%ccordmg to

an aspect of shasHwvgniien th@cafédoméeéﬁé@fw%ﬁuré@@cw Asrastiegl s Siﬁ‘tgli@@miri@ a very short

time (less th%n JD% t%muée fil d&ar!rpoclgl f rth”‘BL/ L} Iese%t an 1&9% hA%rﬁ 1% pgartlcles are
formed that comprise agg merates o mlcrosca e primary crystal partic IS enables providing

cefquinome AB%@HitoNn Seigregepratieraplytdagiifiorhesineate sy ;S’é?rfﬁ@l@%lﬁe@ drffensurate with
milled, especiplymieronizedrmaterial Bt SGthanvimproset poysited stahilityastsosspaked therewith.

Th ti I f I | d th
The mentony LG SIS Sreihed LRt s lering camples and

PreparationofcefquihBeass RErler BRY s 1§ SEabRpIA g Yite PG oPERiG UL IRE Stifate were
suspended atity tenieraiuecb belowdde ahai40mal pfendtepbeforiatacsinignddunl ofidit.3% NaOH,

followed by 1020 @f24pIGRe of BFECIREURBA! ARSI SWRIENARAORL R B Aftr filration and

WashlnLgf of the salt with 375 ml of a mixture of ace&one /water = 1. 25,/1 the combined Ilqwds were
h

decolodfizedBiPRRAATBHPMIPIG B LR 6EINAREFANES R f Mleat ERAIRBAF fith 150 ml of
acetone/waterrb2flattreanited ©F thiercaynbiinguisig eitenwiiy heatedd@1O€ BEFCrE ddition of 388 ml

of 15.1% SU'QBH{éC BFISHYAYNR & JjRdiesieseEFENG ol dag Esa@t@a MDIHEL MR ceNINYSE at 19-21C for
35 min before addition of 1200 m }4 of z;lg(c[xetonfﬁﬁ Undeh gr%%gﬂ% e sus(.ép é({?h Waf&goured into 12400 ml
of 15 acetonB@o XFEIHH-ARORQRYTH ﬁal e Rith" ¥ Ac S?a%e was dried over
night at 32C toliyive 22atgiofsthehmaterfabodiedHord preparationids ethgselarite fonvrrlsidns A, B or C.
Samplegof thepantaria) fetd>apicieRiae Risirivdion 7 aRLviereakpARftesdbrgddigien of the
sulphuric acid dlre@ % gore add|t| f c&t&e. i%(s)% Bam'/seéjgdé/g emg;\gﬁlltl)end(}qr]gs%%%lc nds. PSD:
D(100). 15.1551(8 (f—gB"‘zE‘ B%sg? ety s y
with a chosen alcohol. Fractionated vegetable oil having the desired composition is
commercially availabie. Proprietary examptles of such oils are Miglyol® 812 as
capric/caprylic  friglycerides and  Migiyol® 840 as propylene  glycol
25  dicaprylate/caprate.
Equivalents of these cils are for example: Aldo® MCT KFG, Aldo® TC,
Calgene CC-33, Calgene CC-33-F, Calgene CC-33-L, Calgene CC-33-S, Captex(R)
300, Captex® 355, Crodamol GTCC, Estasan GT §-40 3578, Estasan GT 8-680 3575,
Estasan GT 8-60 3580, Estasan GT 8-65 3577, Estasan GT 8-65 3581 , Estasan GT
30  B-70 3579, Labrafac® LiPQO, Labrafac® lipophile WL 1349, Lexol® GT-855, Lexol®
GT-865, Miglyol® 810, Miglyol® 812, Myritol® 312, Myritol® 318, Neobee® 1053,
Nechee® M-5, Neobee® O, Pelemol® CCT, Standamul® 318, Standamul® 7105
and Calgene CC-22, Calgene CC-22-S, Captex® 200, Lexol® PG-865, Miglyol® 840,
Myritol® PC, Neobee® 1054, Neobee® M-20, Pelemoi® PDD, Standamul® 302.
35 Most preferred is Miglyol® grade 812. The compaosition according to the

invention comprises a thickener. A thickensr in a pharmaceutical formulation in



Example 2:) Comparable to the procedure as described in example 1 1200 ml of 25 ~water and 500 g
of Cefquinome sulfate were reacted with 350 g of 16.3% NaOH and 1325 ml of acetone at 5C. The salt

and the 15 gy@f shiaumegl-both were washed with 300 ml of acetone/waterge-Bilpeashsigiowed by 215
ml of acetone/water = 3,3/1 for additional charcoal washing, resulting in 3472 g of the combined
liquids, which were used 30as stock solution. This stock solution was divided into three equal portions,

to be used ipEnaraIples il 1@ At JoddExRpgiry brépeaipodinnefrdd & eheflibesstgek solution was
heated to 18C. 334 35 ml of aq%ope were fad d be&qﬂre dasa ! f 286 g of 15.1% sulphuric acid
t

>al Lo Xi t IR <
within 5 mlnlﬁ)tes.f—}‘i2 rg%%:é |%HV Em|x u?g aévsegtfgrlree& ?r? %Sﬁr‘aﬁu{’é yWlth 800 ml of acetone under

continues stirring. $ampresusrgislopddhabt e/ 00Tsr T BEa RS 1ITE 057658 8 N te#id%or Particle Size
Distribution @29 B3peeredakemaiiesdhthadisiomeftbe stdpbinicadichaifeatyy kefuie addition of

acetonesu'tﬁéﬁﬁ’é‘@%fé{&% %BPAE‘?QH%%%%%‘E%HQ%S’ %Pﬁe%gt‘ﬁcg)pg géggﬁe%ub&@@ = 36.24 pm; D(50)

= 9.67 pm 5 Example 2-2: To another portion of 1159 e stoc ution 95 ml of acetone were
added and the proceluTe adi SRBERBHAEE Sk AMGIIRY SnY N LL FohBWELICEH S i B 75 sti$pension were

diluted with 586@ mbeé as the existing cefquinome. The term "cefquinome” when used herein
includes pharmaceutical acceptable saits and esters thereof.

Cefquinome (INN-International Non-proprietary Name) is the first fourth-

10 generation cephalosporin developed for use in veterinary medicine. It is a semi-
synthetic aminothiazolyl cephalosporin resembling cefotaxime, but with a bicyclic
pyridinium group at the C-3 position (Isert et al, Seibert et al, 29th Interscience
Conference on Antimicrobial Agents and Chemotherapy Housion, Texas, 1989).

Cefquinome has been found to be especially useful in treatment of respiratory

15 infections in livestock (e. g. catlle and pigs (particularly Mannheimia haemolytica
infaction in cattle) when administered by injection.

Various crystalline cephalosporin salis have been proposed for the treatment
of bacterial infections, e. g. cefquinome dihydrochioride or cefguinome sulifate or
crystalline cephalosporin addition salts with particuiarly iow solubility e. g.

20  cefguinome-6 hydroxynaphthoate (cefquinome-naphthoate) and cefquinome 2.4
dihydroxy benzcate (cefquinome hydroxy benzoate). Preferred is cefquinome sulfate.

The cefquinome particles of the present invention will be generally
incorporated into a pharmaceutical composition, preferably a suspension as
described hereinbefore. A typical pharmaceutical composition according to the

25  invention comprises 2.0 fo 20.0 % by weight of cefguinome. The composition
according io the invention can be applied to an animal in general by all application
forms known in the art. Generally the administration to the animai is done orally or
parenterally. While the pharmaceutical composition according to the current invention
is preferably administered parenterally, e. g. by intramuscular or subcutaneous

30  injection, treatment via alternative routes is also possible.

in general the composition according to the current invention can be
administered to all species of animals that need treatment or prevention of bacterial
infections such as pigs, cattle, horses, goats, sheep, cats, dogs, poultry and fish.

Specific diseases that can be are bacterial infections of respiratory fract,

35  urogenital tract, soft tissue-and skin infections and mastitis or metritis.

The particuiar amount of cefquinome required for a particular treatment will

vary, depending upon the species, age and weight of the host animal being treated.,



10 acetone and the precipitate was separated and dried at 30C under reduced pressure. Samples of
the material for Particle Size Distribution (PSD) were taken after the addition of the sulphuric acid
directly before addition of acetone. Ultrasound was applied for 60 seconds. 15PSD: D(100) = 15.14
pm; D(90) = 4.86 pm; D(50) = 2.58 pm Example 2-3 To an other portion of 11559 of the stock solution
additional 140 ml of acetone were added compared to the volume as described in example 20 2-2 and
117 ml of water before the dosage of sulphuric acid as described in example 2-1 was performed at
18C. 670 ml of the suspension were treated with 2000 ml of acetone and the precipitate was
separated and dried at 30C under reduced pressure. Samples of the material for Particle Size

DistribufiShPEE ARk S RUAIRY 268AHdIEPIRHG SuibHLAR BeitPar SR RSt dRsh of
acetonesdljtras dondavasapplicthiat 6 sataidBediShy B (10)iF A 8dnp it R te 69D (50) =
2.98 pm_ WQ 2011/009827PCT/EP2Q10/Q6037 Example 3:) A stock solution was prepared
SR 0 T e e M
3-1 Compdrfbieisdtinegprotaedure agdtiederibecighexdmpletR- b d@apiort of hiaA6G dodtheigtodk solution
3 was heated to 29C before. following the procedure as described for example,2-1. Before addition of
ool T o B O B R PR e & R RER e,
temperature of’1gfer200isné efcdoatorie owis mttettot266 ml of this suspension and the precipitate

separated and ligd. SAMplER,A e meteral{as Partcls Sag. BisIRION.{P SR wsie gk pfer the
addition of the sulphuric acid directly before addition of acetone. Ultrasound was applied for 60
seconddwemolytica; Digital dermatitis, infectious bulbar necrosis and acute interdigital necrobacillosis

{(foul in the foot); Acute E.coli mastitis with signs of systemic involvement. Calves: E.coli
10 septicaemia in calves. Pigs: For the treatment of bacterial infections of the lungs and respiratory
tract caused by Pasteurella muliocida, Haemophilus parasuis, Actinobacillus pleuropneumoniae, -
Streptococcus suis and other cefquinome-sensitive organisms; Mastitis-Metritis-Agalactia
syndrome {MMA) with involvement of E.coli, Staphylococcus spp., Streptococcus spp. and other
cefquinome sensitive organisms; Piglets: Reduction of mortality in cases of meningitis caused by
15  Streptococcus suis. Another preferred use is in the treatment of Arthritis caused by Strepfococcus
ssp., E. coli and other cefquinome-sensitive organisms and Epidermitis (mild or moderate
lesions) caused by Staphylococcus hyicus.
In summary, the invention includes a process for the production of particles of
cefquinome acid addition salt, preferably cefquinome sulfate particles, by precipitation of
20 cefguinome salt from a cefquinome betaine solution, wherein acid, preferably sulfuric acid, is
added to the betaine solution. According to an aspect of the invention the acid, preferably
sulfuric acid, 1s added in a single shot in a very short time (less than 15 minutes), in a molar
excess of 40% to less than 100%. As a result, particles are formed that comprise agglomerates of
microscale primary crystalline particles. This enables providing cefquinome acid addition salt,
25  preferably cefquinome sulfate, in particle sizes commensurate with milled, especially micronized
material, but with an improved physical stability as compared therewith.
The mvention will now be further described with reference to the following examples and

the accompanying figures.



15PSD: D(100) = 15.14 pm; 0(90) = 5.97 pm; 0(50) = 2.92 pm Example 3-2 The procedure as
described in example 3-1 was followed with 1170 g of the stock solution 3 and 95 ml of acetone added

before the a%t fythe acid within 5 minutes. Before separation angé:;%% %fg&e prempltate 725
ml of acetone Were added to 240 ml of the suspggsion. Samples of the erial for artlcle Size
Distribution (PSD) were taken after the addition of the sulphuric acid directly before addition of

acetone. Ultigsaund.was applied fgéfggiggg%nds 3§E§Qs 0(10p) Jr?p]tg pm; 0(90) = 5,55 pm; D(50) =

2.87 pm Example 3-3 The procedure as described in example 3-2 was followed with a portion of 1169
g of the stock solutlon 3 and with additional 139 ml of 30 acetone and 117 ml of water added before
the addition Bk#mepdeitt within 5 minutes. Before separation and drying of the precipitate 820 ml of

acetone were added to Z%M f &?%él‘b’iﬁﬁ@r‘%‘@%uﬁ@f@%?eoéﬁ@Séﬂ@E‘?{'ﬂ p{eﬁﬁ;ggg,@ze Distribution

(PSD) were taken after the addition of the sulphuric acid wectg1 before a dltlon of acetone.
P

35Ultragdund was appliedf60%EBHS. rﬁ%w@tﬁdﬁo{ﬁgdf ORI 1537 'Bﬁ?%(SO) =2.96 pm
WO 2011/009827PCT/EFR200#0603 76213 riixahwulee b Farerecigéationsifatediierisfltigrce of sulphuric

acid variation on the PSD ﬁgﬁg@gj%ﬂ55(yvghﬁ>¢@§&§mgﬁtﬂg%g@@{ér@g{m@pgﬁgw@cedure as
described in example 1 was followed mqgﬁener for reaztll%(?#I g of momedsulfate with 32 g of
at % kG

15% NaOH and subsequénT S eipitdtiser bt tRe SaR" 8\5%/ 189 Sinome sulfate
was precipitated using 66detadurbes hiylplaativcatiditikied ofithiargeg!. After washing of the

10 charcoal with 150 ml of acetonse/water = 2/1, the mixiure of the
combined liquids was heated to 18°C before addition of 388 ml of
15.1% sulphuric acid within 5 minutes . Stirring of the reaction mixture
was continued at 19-21°C for 35 min before addition of 1200 mi of
acetone. Under siirring the suspension was poured into 12400 ml of

15 acetone. After filtration and washing twice with 2500 mi of acetone the
precipitate was dried over night at 32°C to give 225 g of the material
used for preparation of ethyl oleate formulations A, B or C. Samples of
the material for Particle Size Distribution {PSD) were taken after the
addition of the sulphuric acid directly before addition of acetone.

20 Ultrasound was applied for 60 seconds.
PSD; D(100) = 15.14 um; D{90) = 6.25 um; D(50) = 3.05.

Example 2:)

Comparable to the procedure as described in example 1 1200 mif of

25 *water and 500 g of Cefquinome sulfate were reacted with 350 g of
16.3% NaOH and 1325 ml of acetone at 5°C. The salt and the 15 g of
charcoal both were washed with 300 ml of acetone/water = 3/1 each,
followed by 215 ml of acetone/water = 3,3/1 for additional charcoal
washing, resulting in 3472 g of the combined liquids, which were used

30 as stock solution. This stock solution was divided into three equal
portions, fo be used in Examples 2-1, 2-2 and 2-3.

Example 2-1:
One pertion of 1158 g of the stock solution was heated to 18°C. 334
35 mi of acetone were added before dosage of 286 g of 15.1% suiphuric
acid within 5 minutes. The reaction mixture was stirred and then

diluted with 800 ml of acetone under continues stirring. Samples of the



10 minutes. After work up 45.7 g of dry material were isolated. Samples of the material for Particle
Size Distribution (PSD) were taken after the addition of the sulphuric acid directly before addition of
acetone. UIW&HW&‘@@? applied for 60 seconds. PSD: 0(100) = 60.26 pp0£88moaes4P pm; 0(50) =
18.91 pm 15 Example 5 With 70 ml of 15% sulpRyric acid, added within 1-2 minutes, 45.8 g of dry
material were isolated when following the procedure as described in example 4. Samples of the

(rjnaterlialbefr F’artg:ée Sizef%ﬁfémtm lﬁ&(ﬁ@%s‘ﬁ/@r@ié&'ﬂ?ﬂ;@?%P@@)&d&HQﬁl@fnﬂaﬂévuiﬁb;JriC acid
irectly before addition of acetone. Ultrasound was applied for 60 secqnds. PSD; 0(100) = 30.20 pm;
D(90) = 14.72 pm: 0(50) é‘%’;g%"%r%f x%r%”dféq‘%?‘ﬁé\?\%t@’?%"ﬁﬁ E& %é%asgdnl%ﬁﬂr?? 8¢t %§§ded within 1-2
minutes, 44.8 g of dry matéireaonedevsoraeigdhvieAXsREMIAY the procedure as described in example 4.
Samples of the material foBaritelgn SizeoDistribritoEdPSEY. are taken aftegthenaddition of the
sulphurig acid directly before addition of acetone. Ultrasound was applied for 60 seconds. 30PSD:
0(100) =13.18 pm; 0(90) = 6.04 pm; 0(50) = 3.05 pm Example 7: With 84 ml of 15% sulphuric acid
added withifEXxampimatés, 45 g of dry material were isolated when following the procedure as

described in 35 example 4 Sasipleofitbe shatstay iortPadiotk SaibisttbutiohaEEMEwere taken

after the addition of the sylphurlg acid.diSFpPEIRHR RANISNCfAcERP— RS AUNdYES applied for

60 seconds. _
followed. 805 ml of the suspension were diluted with 1800 mi of

10 acetone and the precipitate was separated and dried at 30°C under
reduced pressure. Samples of the material for Particle Size
Distribution (PSD) were taken after the addition of the sulphuric acid
directly before addition of acetone. Ultrasound was applied for 60

seconds.
15 PSD: D{100) = 15.14 um; D(90) = 4.86 um; D{B0} = 2.58 ym
Example 2-3
To an other portion of 1155 g of the stock solution additional 140 ml of
acetone were added compared fo the volume as described in example
20 2-2 and 117 ml of water before the dosage of sulphuric acid as

described in example 2-1 was performed at 18°C. 670 ml of the
suspension were treated with 2000 ml of acetone and the precipitate
was separated and dried at 30°C under reduced pressure. Samples of

the material for Particle Size Distribution (PSD) were taken after the

o
e}

addition of the sulphuric acid directly before addition of acstone.
Ultrasound was applied for 60 seconds.
PSD: D(100) = 22.91 pm; D(90) = 8.95 pm; D(50) = 2.98 uym



WO 2011/009827PCT/EP2010/060376 14 PSD: D(100) = 15.14 pm; D(90) = 7.05 pm; D(50) = 3.71
pm Example 8 The process of Example 6 including the charcoal treatment was 5scaled-up by a factor
of 10. Sam F%iU E% terial for Particle Size Distribution (PSD) were tq}tej%g&ro}%%squition of the
sulfuric acid wit minutes directly before addijipn of acetone. PSD was measured after 1 minute
and after 10 minutes of only stirring in the measurement equipment. 10PSD (1 minute stirring):
D(100)=239,2pmm, gg 0)=66,97pm; D(50) 4,78pm; PSD (10 minutes stirring): D(100)=11,48pm;
DE(90)=5,95pm,; 50) 3 34p additional 5-6 minutes of ultra sound the PSD is as follows:
15PSD (10 minutes stlrrl '?’rﬁ?ﬁf (.z IRFERBURL TS S BB e iS04 98
D(50)=0,15pm; Preparatlﬁmdf ethyfioteste frivmdaniorisree efgrpatitions A - C with cefqumome sulfate
particles of Example 1 were prepared as 20following: Formulation A A 2 L beaker was positioned in an
ice bathBFor&g%chI%tqd batch size of 1200 ml

pte a-

Comparable to the procedure as described in example 2-1 a portion of
1166 g of the stock solution 3 was heated to 28°C before following the
procedure as described for example 2-1. Before addition of 800 mi of
acetone as described in example 2-1 the suspension was cocled {0 3

10 °C. At a temperature of 10°C 700 ml of acetone were added to 266 ml
of this suspension and the precipitaie separated and dried. Samples
of the material for Particle Size Distribution (PSD) were taken after the
addition of the sulphuric acid directly before addition of acetone.
Ultrasound was applied for 60 seconds.

15 PSD: D{100) = 15.14 pm; D{80) = 5.97 um; D(50) = 2.2 uym

Example 3-2

The procedure as described in example 3-1 was followed with 1170 g
of the stock solution 3 and 95 mi of aceione added before the addition

20 of the acid within 5 minutes. Before separation and drying of the
precipitate 725 ml of acetone were added to 240 m! of the suspension.
Samples of the material for Particle Size Distribution (PSD) were taken
after the addition of the sulphuric acid directly before addition of
acetone. Ultrasound was applied for 60 seconds.

25 PSD: D(100) = 13.18 um; D{90} = 5.55 pm; D(50) = 2.87 um

Example 3-3
The procedure as described in example 3-2 was followed with a
portion of 1169 g of the stock solution 3 and with additional 139 mi of
30 acetone and 117 ml of water added before the addition of the acid
within 5 minutes. Before separation and drying of the precipitate 820
ml of acetone were added o 260 ml of the suspension. Samples of
the material for Particie Size Distribution (PSD) were taken after the
addition of the sulphuric acid directly before addition of acetone.
35 Ultrasound was applied for 60 seconds.
PSD: D{100) = 13.18 um; D{90} = 5.78 ym; D(50) = 2.96 ym



1027 g of ethyl oleate were weighed into the beaker and 35.7 g of dry cefquinome sulfate material as
produced in example 1 were added. The suspension was 25 homogenized using an IKA Ultraturrax

Typ 50 basi%y&i%{%ﬂgs{persing stirrer SSONO45F for 120 minutes with ire 10000 rpm.
The temperature was kept below 25C. 962 g of thg suspension were iso%&%@%@&%ﬁ%ﬁé‘n B30A2L

beaker was positioned in an ice bath. For a calculated batch size of 1200 ml 1027 g of ethyl oleate

were weighegipiqiheLpakelAns3ast Sohdn felauingm sulfats.materiabaspiadpeed in example 1

were added. The suspension was homogenized using an IKA Ultraturrax Typ 50 basic with IKA
dispersing stirrer SSONG45F for 165 minutes with a stirrer speed of 10000 rpm. For disintegration of
the 35agglomerates with ultrasound a Branson Sonifier 250 with a 6.5 mm ultrasound WO
2011/00982 #GahEE2010/060376 15 sonotrode as converter was used. The ultrasound energy input

was adjysted to - 100 Watt,.The temperature was kept below 31C by spacing the sonication and
cooling down the suspens%éll; 6 ‘8@%8%3‘58 %r?ﬁ?ri%ﬁ%ﬁ?&i.t E¥8C§$ ’tﬁ%%ﬁé%gﬂé%ﬂ were isolated.
5 Formulation C An ethyl Bl&xtnaisparasidpliovemhiraphete RongadtniohBowaSgmared by adding a

suspension of the correspandirg:auastity sif rosfeviab altainegiaqexamplgikina snikaire of acetone
and 2-propanole, which wgglpgpggenized VY{Lh 5%%0 W%aed ]@e§onicated as for Formulation B for 35

minutes to the calculated quantity of ggﬁﬁrgleat%. &' mixture was surred %rsghgﬁ?e\fvga minutes. The

low boiling suspension ligRiSRiidiedréifitykfatBs5e (AtesHYEEdasié sedfedy Mithdbristant weight.
The patticle size was deterininesl witkr avdliakvieus Mastet §izeiés i Ale Bl swithdhestaipysiro 2000G

measuring cell according B(? tﬁé%HS{é'HQT%JBSH?&Q-sme Distribution {PSD) were taken afier the

addition of the sulphuric acid directly before addition of acetone.
Ultrasound was applied for 680 seconds.
PSD: D(160) = 60.26 ym; D(30) = 35.40 um; D(50) = 18.91 um

15

Example 5

With 70 mi of 15% suiphuric acid, added within 1-2 minutes, 45.8 g of
dry material were isolated when following the procedure as described
in example 4. Samples of the material for Particle Size Distribution

20 (PSD) were taken after the addition of the sulphuric acid directly
before addition of acetone. Ultrasound was applied for 60 seconds.
PSD: D{100) = 30.20 um: D(90) = 14.72 umy; D(50) = 6.56 um

Example 6:

25 With 75 ml of 15% sulphuric acid added within 1-2 minutes, 44.8 g of
dry material were isolated when following the procedurs as described
in example 4. Samples of the material for Particle Size Distribution
(PSD) were faken after the addition of the sulphuric acid directly
before addition of acefone. Uitrasound was applied for 60 seconds.

30 PSD: D(100) = 13.18 um; D(90) = 6.04 ym; D{50) = 3.05 ym

Example 7:
With 84 ml of 15% sulphuric acid added within 1-2 minutes, 45 g of dry
material were isolated when following the procedure as described in
35 example 4. Samples of the material for Particle Size Distribution (PSD)
were taken after the addition of the sulphuric acid directly before
addition of acetone. Ultrasocund was applied for 60 seconds.



Table 1: Particle Size Distribution of Formulations A-C and prior art micronized 2.5% cefquinome
sulphate suspension D(0.50) pm 0(0.90) pm 0(100) pm priorartnonmicronized material 63,01 114,75

178,25 priorgitmickanzed 2.5% cefquinome sulphate suspension 5.14 14.89 34 684 Formulation A
5.63 13.60 34.67

10

15

30

35

14

PSD: D(100) = 15.14 um; D(90) = 7.05 pm; D(50} = 3.71 um

Example 8
The process of Exampie 6 including the charcoal treatment was
scaled-up by a factor of 10. Sampies of the material for Particle Size
Distribution (PSD) were taken after the addition of the suifuric acid
within 5 minutes directly before addition of acetone. PSD was
measured after 1 minute and after 10 minutes of only stirring in the
measurement equipment.
PSD (1 minute stirring): D(100)=239,9um; DE(90)=66,97 um,
D{50Y¥=4,78um;
PSD (10 minutes stirring): D(100)=11,48um; DE(90)=5,95um;
D(60)=3,34um;
Applying additional 5-6 minutes of ultra sound the PSD is as follows:
PSD (10 minutes stirring + 6 minutes of Ultrasound): D(100)=5,01um;
DE{90)=1,98pum; D(50)=0,15um,;

Preparation of ethyloleate formulations
Formulations A - C with cefquinome sulfate particles of Example 1 were prepared as

following:

Formulation A

A 2 L beaker was positioned in an ice bath. For a calculated batch size of 1200 ml
1027 g of ethyl oleate were weighed into the beaker and 35.7 g of dry cefquinome
sulfate material as produced in example 1 were added. The suspension was
homogenized using an IKA Ultraturrax Typ 50 basic with IKA dispersing stirrer S50N-
G45F for 120 minutes with a stirrer speed of 10000 rpm. The temperature was kept
beiow 25°C. 962 g of the suspension were isolated.

Formuiation B

A 2 L beaker was positioned in an ice bath. For a calculated batch size of 1200 mi
1027 g of ethyl oleate were weighed into the beaker and 35.7 g of dry cefquinome
sulfate material as produced in example 1 were added. The suspension was
homogenized using an IKA Ultraturrax Typ 50 basic with IKA dispersing stirrer S50N-
G45F for 165 minutes with a stirrer speed of 10000 rpm. For disintegration of the

agglomerates with ultrasound a Branson Sonifier 250 with a 6.5 mm ultrasound



Formulation B 2.82 6.16 17.38 Formulation C 3.60 6.70 13.18 Result: All tested formulations meet the
beneficial particle size distribution of d(50) 5 7 pm, d(90) 5 15 pm, and d(100) 5 50 pm. 20 WO

201.1./0098%%{{5&%)2170/060.376 16 Physical stability of Formulati_on A'&ﬁgﬁr{ﬁ Ojf{iéng%prese.nt the
clarification kinetic of Formulations A-C and Cobagtan 2.5% determined by a macroscopic optical

scanning device, TURBISCAN(r) (supplied by Formulaction, France), in the middle of the measuring

cell for 4 houss, thye TURRISGANYS SOPTRNLFSISaR AR IR (B dadfiaificationygedimentation,

etc.) in dispersed aystems on the basis of multiple light scattering. It is a vertical scan macroscopic

analyser considtind '8t S PRRIY REET KT8YRRI oy S st AWNIRHRLPRRIFARKIE scanning the
entire samplddveighe Fuspeesidintp e ddf Gduifaerisittsrafaipalsed $8ap iofthreslBght soarce and two

synchronous,getestorgqthe
5

Formulation C
An ethyl oleate suspension comparable to Formulation B was prepared by adding a
suspension of the corresponding quaniity of material obtained from example 1in a
mixture of acetone and 2-propanole, which was homogenized with 5200 rpm and

10 sonicated as for Formulation B for 35 minutes to the calculated guantity of ethyl
oleate. The mixture was stirred for another 50 minutes. The low boiling suspension

liquids were removed at 35°C under reduced pressure untif constant weight.

The particle size was determined with a Malvern Master Sizer GMAL 01 with the
15  Hydro 2000G measuring cell according to Frauenhofer method.

Tabie 1: Particle Size Distribution of Formulations A-C and prior art micronized 2.5%
cefquinome sulphate suspension '

D{0.50) pm B{0.90) pm B{100) pm
pricr art non micronized | 63,01 114,75 178,25
material
prior art micronized 2.5% | 5.14 14.89 34.67
cefquinome sulphate
suspension
Formulation A 5.63 13.60 34.67
Formulation B 2.82 6.16 17.38
Formulation C 3.60 6.70 13.18

Result: All tested formulations meet the beneficial particle size distribution of d(50)
7 um, d(90) £ 15 um, and d(100) = 50 um.

20



10 transmission detector picks up the light transmitted through the product and the backscattering
detector receives the light backscattered by the product. The reading head acquires transmission and
backscatterip %g;[%ﬁ%})/ser 40 pm on a maximum height of 80 mm. The profile (}))bta{i;neg characterises
the product omOgen‘enzy, particles concentration, and mean diameter. ReSultE* % lfg?)rxggented by the
15 percentage of backscattered or transmitted light as a function of the sample height (in mm). The
acquisition along the product is then repeated with a programmable frequency to obtain a
superimposi%gégrg@m&qﬁ@wggmzﬁa@m@g@rising the stability or instability of the product, whether
they are identical or not. Results. No sign of physical instability (no clarification, no sedimentation in
the 20 middle of the cell) within 4 hours was measured by TURBISCAN(r) for the ethyl oleate
formulations AZESHa WRRERERh R cRITACR lorr Bsisrh SR Yaliars ﬁéq‘tﬂﬂgscﬁg?ﬁt@kgr%oéle 1 (see
Figure 1-4). 28tetmiGiimsa hadrpsocpissddicth esgronlogtitrvios partRRs O cefmqyiimsy acid addition
salt by precipiiatanaidhersiasineme aidiedritonsall fiRgvaiseiayingrme betaine solution, wherein
acid is added to the betaine solution, and wherein the addition of the acid is done in a single shot in a
molar 5excess of 409 less than 100%. 2. A process according tg claim 1, wherein the acid is a
mineraleﬁ)::idi% Ur%é)!:ée%sg%i%%%‘ge ?6805%% WSt %%iﬁ%ﬂ'ﬂc R SEIRRELR Y. 4. A process
according to<ralrn gispBsevhitipmmenmiitsidiesizcsguiiire ighbesatBrinoplioseseditebagan to claim 4,
wﬂere@n tEe mé}?eﬁs%&@?sﬁdﬁl%ér 85%is 1P oﬁ@rr@ﬁbeﬁ@_&%?iﬁﬁiﬁ@ afd’ngf&gn@ %i?&tgﬁ?g@dgrglg?:ims’
wherein the acid js added at a temperaturg of the betaine solution t referably to
1C. 7, Par L P Cay i S B CS T BB R A G ed focis,
obtainable b§eaHHaHH P RieRd N0 shiobt feBrerreifg dditisonogs Paltieirs dha cefquinome
acid adgitiongakracerrdingdersiainkg, pseferaliy af srlanisemeolgsuifatersansisiagessentially of
primary Cryshaé!Hps?cgf%}f%eée?éé/tvom(r:@cgﬂv%rsetﬁréq%tztESQCQsacsa&ered by the product. The reading

head acquires transmission and backscattering data every 40 pym on a maximum
height of 80 mm. The profile obtained characterises the product homogeneity,
particles conceniration and mean diameter. Results are represented by the
15 percentage of backscattered or transmitted light as a function of the sample height (in
mm). The acquisition along the product is then repeated with a programmable
frequency to obtain a superimposition of product fingerprints characterising the

stability or instability of the product, whether they are identical or not.

Resuits. No sign of physical instability (no clarification, no sedimentation in the
20  middle of the cell) within 4 hours was measured by TURBISCAN?® for the ethyl oleate
formulations A-C that were manufactured with cefquinome sulfate particles from

Exampie 1 (see Figure 1-4).

25



particle size in the range of from 0.08 p.m to 0.275pm. 9. A crystalline cefquinome salt according to
claim 7, wherein the primary particles form agglomerates of an agglomerated particles size ranging
from 1 um to 500 gm, preferably from 5 pm to 100 urn. 2010. A pharmaceutical formulation comprising
cefquinome acid addition salt particles, preferably cefquinome sulfate particles, according to any one
of the claims 7 to 9, and a pharmaceutically acceptable carrier. 11. A pharmaceutical formulation
according to claim 10, wherein the formulation corhprises a suspension of the cefquinome particles in
an oily medium, preferably selected from the group 25consisting of ethyl oleate, and medium chain
triglycertd@sns12. A pharmaceutical formulation according to claim 10 or 11 for use in the treatment or

preventipn,of BAcle ! A eeans:ith APRARIEH 60 ASRIgH HAL IR HARES 00 B SHEER Gak: HoJs.
poultry and fish. _
the cefquinome acid addition salt from a cefquinome betaine solution, wherein acid is added to

the betaine solution, and wherein the addition of the acid is done in a single shot in a molar
5  excess of 40% to less than 100%.

2. A process according to claim 1, wherein the acid is a mineral acid.

3. A process according to claim 2, wherein the mineral acid is sulfuric acid.

4. A process according to claim 1 to 3, wherein the molar excess is 70 - 90%.

5. A process according to claim 4, wherein the molar excess is 80 - 85%.

10 6. A process according to any one of the preceding claims, wherein the acid is added at a
temperature of the betaine solution, of 0°C 1o 35 C, preferably 15 C to 21 C.

7. Particles of a cefquinome acid addition salt, preferably cefquinome sulfate particles,
obtainable by a method according to any one of the preceding claims.
8. Particles of a cefguinome acid addition salt according to claim 7, preferably of cefquinome

15  sulfate, consisting essentially of primary crystalline particles of which more than 75% has a
particie size in the range of from 0.08 pm to 0.275um.

9. A crystalline cefquinome salt according to claim 7, wherein the primary particles form
agglomerates of an agglomerated particles size ranging from I um to 500 um, preferably from 3
pum to 100 pm.

20 '10. A pharmaceutical formulation comprising cefquinome acid addition salt particles, preferably
cefquinome sulfate particles, according to any one of the claims 7 to 9, and a pharmaceutically
acceptabie carrier.

11. A pharmaceutical formulation according to claim 10, wherein the formulation comprises a
suspension of the cefquinome particles in an oily medium, preferably selected from the group

25  consisting of ethyl oleate, and medium chain triglycerides.

12. A pharmaceutical formulation according to claim 10 or 11 for use in the treatment or
prevention of bacterial infections in animals such as pigs, cattle, horses, goats, sheep, cats, dogs,

poultry and fish.



