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5 This invention relates to a new, crystalllne
substance of Cefdltoren plvoxyl and also relates to new
processes for the production of the new, crystalline
substance of Cefditoren pivoxyl. Cefditoren pivoxyl is
an orally administrable pro~drug which belongs to an

10 antibacterially active antibiotic of cephalosporin-type
and is a compound usually named as 7—[(Z)—2—(2—amino-
thiazol—4—yl)—2—methoxyiminoacetamido]—3—[(Z)—2—(4—
methylthiazol—S—yl)ethenyl]—3—cephem~4—carboxylic acid
pivaloyloxymethyl ester.

15 BACKGROUND ART OF INVENTION

Cefditoren is a cephem compound which is

Tepresented by the following formula (A) :
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and named as (+)~(6R,7R)—7—[(Z)—2—(2-aminothiazol—4—yl)-

25 2—methoxyiminoacetamido]-3-[(Z)—2—(4—methylthiazol—5—
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(A) and nanmed as (+) - (6R 7R -7-[ (Z2) -2- (2-am nothiazol-4-yl) 25
2- et hoxyi m-noacet am do] -3-[(Z2)-2-(4-nethylthiazol-5 WO 98/12200 2
PCT/ JP97/ B3B9HN2900) - et henyl | - 8- oxo- 5-t hi a-| - azabi cycl o[ 4. 2. Olpe&qlyp47,60355
2-carboxylic acid. This cephem conmpound of the generic nane C’g Itoren”
is also nomnated as 7-[2-nmethoxyi m no
2- (2-am not hi azol - 4-yl )acet am do] - 3-[ 2- (4- et hyl t hi azol - 5
5-yl)vinyl']-3-cephem 4-carboxylic acid(syn-isonmer, cis isoner) in Japanese
patent No. 1698887(Japanese patent publication "Kokoku" No. :Hei-3-64503
publ i shed on 7 Cctober 1991), US. patent No. 4,839,350 and European
patent No. 0175610. 10 A pival oyl oxynethyl ester of Cefditoren, in which
t he 4-carboxyl Ytbupthesybéef-expesi-thde ~ii-taeabecypiokt 0yl oxyaetbykagroup
for the purpose_ of enhancing the absorbability of the cephem conpound via
the digestive $TUPRECPBRIEh_CHAal FhidFsnicstotem aronpmredfiof thei gesselca
pro-drug which is knpwn_by a geperic nanme "Cefditoren pivoxyl" and is
represent ed by 13 f ot ¢4 FerERor Argl 416B) nEmingtad aGONH-[S2 Sné eBbBy (B) nbl-
2—(2—aminothiazol-4—yl)acetamidoJ—B-[2—(4—methy1thia201_
> 5>-yl)vinyll-3-cephem~-4-carboxylic acid(syn-isomer, cis-
isomer) in Japanese patent No. 1698887 (Japanese patent
publication "Kokoku" No. Hei-3-64503 published on 7
October l991)d US. patent No. 4,839,350 and European

patent No. 0175610.

10 A pivaloyloxymethyl ester of Cefditoren, in which
the 4-carboxyl group haé been esterified with the
pivaloyloxymethyl group for the purpose of enhancing
the absorbability of the cephem compound via the
digestive tubes upon the oral administration thereof,

15 is such a pro-drug which is known by a generic name

"Cefditoren pivoxyl" and is represented by the following

formula (B):
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and which has a chemical name "(=)-(6R,7R)-7-[ (Z2) -2~ (2-

25 aminothiazol-4—yl)—2—méthoxyiminoacetamido]—3-[(Z)—2—




Clr N,, % COOCH20CC(CH3)3 11 0 and which has a chem cal nane

C"(-)-(B6R TR -7-[(2)-2-(2- 25

aninothiagg%zgh - 2- met hoxyi mi noacet am do]-3-[(2)-2 WO 98/12200 3

PCT/ JP97/ ¥ -met hyl t hi azol - 5-yl ) et henyl ] - 8- oxo- 5-t hi a- PCT&RB1/@33e0 O-
[4.2.0] oct-2-ene-2-carboxylic acid 2,2-di met hyl propi onyl - oxynet hyl ester".
Cefdi toren pivoxyl is known to be a pale yellow col ored and powdery
substance having a nelt 5 ing point of 127 to 129C (see the "Merck I ndex",
12th- edition, page 317). Cefditoren has adow toxicity to mammals but
exhibits a very nuch broad anti bacterial spectrum against
positive-bacteria and gran}negative bacteria 10 Cefiditoren pivoxyl is, by

itself, antlbac r n b as a pro-drug which is
adni nstra- bl e o? ?ng by %ﬁo ch 8?‘?@ t‘@‘t‘ﬁ@ aﬁl‘)rtfrfbia%'t?e'ra‘-mlbycyatofve
Cefditoren in t | Vg es_of .S, Wt cl eaving the
~ester-formng H?fa?o oé%ngt%Hg grgﬁﬁg%gnﬁﬁgrgﬁﬁA; 2 Gt Rt el prepiony 1-
Cef ditoren pi voxyme¥ gy KNOWe 6 0 béeﬁggkggl¥h§é%%%# nt, therapeutic agent

e

whi ch has extensively been utitilix Wt Pems and
preventive treaiamntye Dfowass £6+ak hﬂéegBL@@?& %%%%ec%n% Ehavva{r'xget of .

gram positive bacteria and gram 20 negative cter
5 ing point of 127 to 129°C (see the "Merck Index", 12th-
edition, page 317). |
Cefditoren has a low toxicity to mammals but
exhibits a very much broad antibacterial spectrum
against positive—bacteria.and gram-negative bacteria.

10 Cefiditoren pivoxyl is, by itself, antibacterially
inactive but is useful as a pro-drug which is adminstra-
ble orally and can be converted into the antibacterially
active Cefditoren in the digestive tubes of mammals, with
cleaving the ester-forming pivaloyloxymethyl group

15 therefrom. Cefditoren and Cefditoren pivoxyl are known
to be a highly excellent therapeutic agent which has
extensively been utitilixed for the therapeutic treat-
ments and preventive treatments of bacterial infections
caused by a variety of gram-positive bacteria and gram-

20 negative bacteria.

Such products of.Cefditoren pivoxyl which are
produced and available commercially at present are
usually and exclusively.in the form of an amorphous and

powdery substance. This amorphous substance of

25 Cefditoren pivoxyl is usually prepared by such a method



-Such products of Cefditoren pivoxyl which are produced and avail abl e
comercially -at present are usually and exclusively in the formof an’
anor phousvagsliz2gowder y subst ance. Thi s anor phous substancegFtrj%g %fgi toren
pi voxyl is usually prepared by such a nethod WO 98/ 12200 PCI/ 1/ é 40 4
in which a reaction solution containing Cefditoren pivoxyl as synthetized
is mxed with isopropyl ether to precipitate an anorphous powder of

Cefdi toren pivoxyl and this anorphous powder of Cefditoren pivoxyl is 5

di ssolved in nethanol, and in which the resulting solu- tion of Cefditoren
pi voxyl in methanol is added with aqueous isopropanol to precipitate an
anor phous powder of Cefditoren pivoxyl and this anorphous powder is then
recovered (seein fwhiexaapteacEkanpbeldtabrSorma @indNoce 4di foB39, 350 and
Eur opean patent No. 0175610). Thus, hitherto, any crystalline substance or
form of Cef di tROFEIRPE vdxy$ymblse hikefed sbedxednovitmarsomidy Negkhas £@r as
we have been aware of. The known, anorphous substance of Cefditoren

pi voxyl has wiRFSGLRdentq 5anytanereions apvdegeld et fdintoteotp cvakyy, as
stated in the apove, but it is not yet a conpletely satisfactory drug in
that it is nott™t 48l t‘%i“%r%}Eﬁ“ﬁscP@HéeéxPéntCeﬁméwrﬁrbrfeidrcatyJarﬁsel evat ed

t enper at ure agggyanrcgi hl hum d conditions. Besides, it has been found
that the 20 prE&RiYye oﬁ‘?régec?lé?’i‘?lavépﬁaﬂlne,w% pHSU - esbist daree es fu -
Cef di t oren pi vaxyl |ly. has a purity_of 94%to 95.5% for the Cefditoren
pi voxyl conBoﬁ@ﬁ%lﬁﬁigﬁaéi'V§%%P 1voxy1°in methanol 1s added with

agqueous isopropanol to precipitate an amorphous powder

of Cefditoren pivoxyl and this amorphous powder is then
recovered (see, for example, Example 2 of US. patent No.
10 4,839,350 and European éatent No. 0175610).
Thus, hitherto, any crystalline substance or
form of Cefditgren pivoxyl has neither been known nor
obtained, as far as we have been aware of. The known,
amorphous substance of Cefditoren pivoxyl has widely been
15 utilized as an excellent, antibiotic drug, as stated in
the above, but it is not yet a completely satisfactory
drug in that it is not stable to a sufficient extent
when storgd at an elevated temperature and under highly
humid conditions. Besides, it has been found that the
20 presently'commercially available, amorphous substance of
Cefditoren pivoxyl.usually has a purity of 94% to 95.5%
for the Cefditoren pivoxyl component when analysed by
a liguid chromatography on a reverse phase silica-gel
column as detected with a ultra-violet ray absorption.

25 Accordingly, there exists an outstanding demand




,a liquid chromatography on a reverse phase silica gel colum as detected
with a ultra-violet ray absorption. 25 Accordingly, there exists an
out st andiyw@ oglesmgmd WO 98/ 12200 5 PCT/ JP97/ 03340 to provide such a new
product of Cefditoren pivoxyl which would be nugh more purtETEHA7RMH nore
stable than the known, anorphous substance of Cefditoren pivoxyl. There
is further presented an another denmand to provide 5 such a new process
which is-able to produce a highly pure product of Cefditoren pivoxyl in an
effi-cient way on a commercial scale. D SCLOSURE OF | NVENTION W, the
present inventors, have conducted 10 extensive investigations in order to
sol ve the above- nentioned problens, and we have then presuned that, if
Cef di t oren pi vesybreaidee sehaianegy by fiystak ! .for it will be a
much nore highly pure and stable proghct. f%(%ﬁeé%?%éégfganéﬁpﬁﬁé have
thus made furthadchi weedd gat RS indbran AlteMg to,PLO a .crystalline
formof Cefditoren pivoxyl. As a resMIzéﬁ t hese ﬁ?urt g%giﬁ§8 Fgngan,
we have now fothd khawn,waenrahoudMupausmslist aRces P dit gren,pi voxyl
is once 20 dissolved in an anhydrous, first organic so Sgﬁﬁ &%?Sﬁlean
di ssol ve wel | Fherandsplioush€ef girtaren ¢u \eaxyd no tHeF CidmagBdWhEN 1, hg
resulting solution of Cefditoren pivoxyl in said first organic Sol' vent
concentrat 8d t8Uch a new process which is able to produce a highly

pure product of Cefditoren pivoxyl in an efficient way

on a commercial scale.

DISCLOSURE OF INVENTION

We, the present inventors, have conducted

10 extensive investigations in order to solve the above-
mentioned problems, and we have then presumed that, if
Cefditoren pivoxyl can be obtained in a crystalline
form, it will be a much more highly puré and stable
product.

15 The present inventors have thus made further
investigations in an attempt to produce a crystalline
form of Cefditoren pivoxyl., As a result of these
further investigations, we have now found that, when an
amorphous substance of Cefditoren pivoxyl is once

20 dissolved in an anhydrous, first o;ganic solvent which
can dissolve well the amorphous Cefditoren pivoxyl
therein, and when the reshlting solution of Cefditoren
pivoxyl in said first organic solvent is concentrated to

a reduced volume of the ‘solution at a temperature of not

25 higher than 15°C by evaporation of the first organic



"a reduced volunme of the solution at a tenperature of not 25 higher than 15C
by evaporation of the first organic WO 98/ 12200 PCT/ JP97/ 03340 6 sol vent
under a wedsaezbopr essure, followed by adm xing the resultge&uggﬂﬁgn;rated
solution with a volunme of a anhydrous al kanol containing 1 to carbon
atons, as a second organic solvent mscible with the first organic 5

sol vent, and then by repeating several tines the concen- tration of the
~solution and the adm xing of the concen- tgated solution with further
anounts of the alkanol of 1 to 5 carbon atons at a tenperature of not

hi gher than 15C, in such an ingenious way as detailed hereinafter, thereby
10 to prepare a concentrated solution containing 50 to 250 ng/m of

Cef di toren pi vinduent senderdai nedubstaptrieslsiure onfcyl Invee & asP NP1 Pk C
solvent, the al kanol, and when the resultant concentrated sol ution

cont ai ni ng 50 & 2B Wrat ofomeeritreted siodabilon witte alkehahe i sf 15
subsequently m xed with a volume of water at a tenpera- ture of not higher
than 10C, the MGt el Rvokyrongaandngr  itte dewsibion ratons ysdalai ne
particle formfrom_said concentrated solution and a conplete

crystal | i zati SFCBIY GHH T eﬁoi‘i’ﬁﬁﬁyi“léﬁﬁbﬁé ¥itrhe e Biinadi tatdamiof. 20
t he agueouys nt&}q&gan an_éenaiging solgtion with the deposited crystal
particles. at “a tenber 4ttt e-0F" 10¢ HPPCRELY, S&YETalctyidias Ithre aamsramce

f Cefdit i : har. ted f t h [
ol u- L on (CRET Tt & raee) By F PR Arone, EB LG | O SO, t he

present inventQished @ IO SUCEERIRE ther amounts of the alkanol of 1 to

5 carbon atoms at a temperature of not higher than 15°C,
in such an ingenioué way as detailed hereinafter, thereby

10 to prepare a concentrated solution containing 50 to 250
mg/ml of Cefditoren pivoxyl dissolved in substantially
only one second organic solvent, the alkanol, and when
the resultant concentrated solution containing 50 to
250 mg/ml of Cefditoren pivoxyl in the alkanol is

15 subsequently mixed with a volume of water at a tempera-
ture of not higher than 10°C, then Cefditoren pivoxyl
can start to deposit in a crystalline particle form from
said concentrated solution and a complete crystallization
of Cefditoren pivoxyl can be achieved by agitation of

20 the agueous mixture of the remaining solution with the
deposited crystal particles, at a temperature of 10°C or
below, and a crystalline substance of Cefditoren pivoxyl
can be separated and harvested from the remaining solu-
tion (the liquid phase) by filtration or centrifugation.

25 Thus, the present inventors, have now succeeded



, WO 98/ 12200 7 PCT/JP97/03340 in obtaining such a crystalline substance . of
- Cefditoren’ pivoxyl which has a high purity of 97%to 98%for the

Cefditore t conmponent and can exhibit a remarkably hi gher storage
stabilitng§b¥§ﬁg}evated tenperature, as 5 conpared with t h&@GIAERH03340
anor phous substance of Cefditoren povoxyl. This crystalline substance of
Cefdi toren pivoxyl now obtained is in the orthorhonbic formas neasured by
an X-ray powder diffractoneter and an X-ray single 10 crystal
di ffractoneter, and said crystalline substance of Cefditoren pivoxyl
conprises single crystals having a density of 1.21 to 1.23 g/cnB. This
crystalline sub- stance of Cefditoren pivoxyl further has a nelting point

of 206.2C to 215, 75w i b dec Sit] eval uated 15 fromthe_ peak of
t her mal absorpti on shomnlﬁﬁ sucﬁ % hggthiﬁé%ecﬁ S S WaLafkdereiard b

testing the crysiwdtyn S ce |k .f.terentd al,_scanni hg cal ori neter.
It is gonsi derg% thal{ ﬁ#%r@ﬁlaﬁ F%gﬂsgggggkcg%?’ "Gt tgoq%enfOIbiVéﬁ(yl

havi ng the ort hos it e o5 Mepgh h@&ﬁ\?gn&g@ ggdal&%}ge-seu g{bij{'%(r;]%d ek ahily

physi co-chem cal characteristics shou e a nove

product or subgtiggteer oftorGefdi $ 041801 Pt ogylamhgqg exhipits the above
identified particular physico-chem ca characterystig\ﬁ§§qﬁﬁﬁﬁur?mdﬁh in

the past. 25 Furanimerummst eyitithetips eseown | nwestphsubavepaew found WO 98/ 12200

PCT/ JP97/ 03340
Cefditoren povoxyl.

This crystalline substance of Cefditoren pivoxyl
now obtained is in the orthorhombic form as measured by
an X-ray powder diffractometer and an X-ray single-

10 crystal diffractometer, and said crystalline substance
of Cefditoren pivoxyl comprises single crystals having
a density of 1.21 to 1.23 g/cm3. This crystalline sub-
stance of Cefditoren pivoxyl further has a melting point
of 206.2°C to 215.7°C with decomposition, as evaluated

15 from the peak of thermal absorption shown in such a heat
flow curve which was determined b testing the crystalline
substance in a differenfial scanning calorimeter. Tt is
considered that this crystalline substance of Cefditoreﬁ
pivoxyl having the orthorhgmbic form and having the

20 above-mentioned physico-chemical characteristics should
be a novel substance, since any product or substance of
Cefditoren pivoxyl which exhibits the above identified
particular physico-chemical eharacteristic was never

known in the past.

25 Furthermore, the present inventors have now found



‘8 that the new, crystalline substance of Cefditoren pivoxyl now obtained
is tastel ess to tongue whenwpl aced on the tongue, contrarily to that the
known amoMsh#ig280bst ance of Cefditoren pivoxyl normally gip¢espefeise
objectionably 5 bitter taste to tongue, when it is given orally (see an
internationally published specification No. WO 97/13516 of PCT application
No. PCT/JP 96/02967). This invention has now been acconplished on the

basi s of the above-nentioned findings of tge present 10 inventors. In a
first aspect of this invention, therefore, there is provided, as a novel
substance, a crystalline substance of Cefditoren pivoxyl, nanely
7-1(2)-2-(2- am not hi azol -4-yl)-2-net hoxyi m noacetam do]-3-[(2)-2 15

(4- met hyl t hi azétha8- Wheetriewy | ¢ £ 8s tebhine 4subshaxykel 6 f @@fditoren pivoxyl .
pi val oyl oxynet hyl ester, characterized in that said crystalline substance
of Cefditoren piofo@Rtiidest iprtavtebaws ctdotongne Wasna pRIdddG P W th
deconposi- tion at a tenperature in a range of 206.2C to 215.7C 20 as

eval uat ed fromPREgYSealE Brtiderihl tansr bt toa shown aimprpheuseatulfd towmedr ve
of said substag%ecg derrn'ned with a differential scanning calorineter,

that a single SFySCACSPIEA RISt hINomRa sipsvares Basokjdensionabdfy 1.21

it Tactl ce ol TRERIAE SRARNGD B Toh0' s B acbreasacec an
internationally published specification No. WO 97/13516
of PCT application No. PCT/JP 96/02967) .

This invention has now been accomplished on the

basis of the above-mentioned findings of the present
10 inventors.

In a first aspéct of this invention, therefore,
there is provided, as a novel substance, a crystalline
substance of Cefditoren pivoxyl, namely 7-[(z)-2-(2-
aminothiazol—4—yl)—2—méthoxyiminoacetamido]—3—[(Z)—2—

15 (4—methylthiazol—5-yl)ethenyl]—3—cephem-4—carboxylic
acid pivaloyloxymethyl ester, characterized in that
said crystalline substance of Cefditoren pivoxyl is of
orthorhombic ﬁorm and has a melting point with decomposi-
tion at a temperature in a range of 206.2°C to 215.7°C

20 as evaluated from the peak of thermal absorption shown
in the heat flow curve of said substance determined with
a differential scanning calorimeter, that a single
crystal of said crystalline substance has a density of
1.21 to 1.23 g/cm3 and contains 4 molecules of Cefditoren

25 pivoxyl within a unit lattice of the single crystal,



. that said crystalllne substance has a purity of 97%to 98% for the
Cef di toren 'pi voxyl component as measured by a liquid chronatography wth
using a rgnpdgFBagnase silca gel colum and by detecting with ultra-violet
ray 5 absorption, and that said crystalline substance has aPCHEUR¥E3340her mal
stability than the known. anorphous sub- stance of Cefditoren pivoxyl. It
is preferred that the crystalline substance of Cefditoren pivoxyl has a
purity of 97.7% or higher for 10 the Cefditoren pivoxyl conponent. Several
sanpl es of the new crystalline substance ®f Cefditoren pi voxyl provided in
accordance with the first aspect of this invention were taken and were
anal ysed by an X-ray powder diffractoneter, and it is 15 then found that

X-ray powder dithkkaghQeiex t d crystalllne substance of
Cef di t oren pivoxyl shows % %&gfg{aé$ﬁ%hé%§é§ 2t EhBUFoIYoRitng 7% to

diffraction aBg%ESoraQﬂ@O&bEaBQB*é%'71 yfgzc Bgéhgat6|é§ﬁ%%?ﬁgtg{ee

20 approximately 11.4 degree, apprOX|nate egree

13. 6 degree, applomitdt ehyohst6qdePIRE wi BPPE 9K, 8L ely [
approxi mately 17.4 degree, approxi mately 19.0 dggree VégﬁéogﬁggFeﬁﬂlfg.S

degree, approgeiatelymd0ahddegr éeteaaryivet gl 1 20, v989 e,. éS
approximately 21.5 degree, approximately 25.2 degree, 55

PCT/JP97/03340a9@0appngnunahélyhaﬁ %aﬂﬁydﬁyéﬁﬁhﬁﬂméOgugg£§h¥e3§ag degr ee.
It is to be added that the known, anorphous substance of
1gher thermal stablllty than the known amorphous sub-

stance of Cefditoren pivoxyl.

It is preferred that the crystalline substance of

Cefditoren pivoxyl has a purity of 97.7% or higher for
10 the Cefditoren pivoxyl component.

Several samples of the new crystalline substance
of Cefditoren.pivoxyl provided in accordance with the
first aspect of this invention wert taken and were
analysed by an X-ray powder diffractometer, and it is

15 then found that X-ray powder diffractometer data of the.
tested crystalline substance of Cefditoren pivoxyl shows
the diffraction peaks at the following diffraction
angles: ‘

approximately 9.7 degreé, approximately 10.8 degree,
20 approximately 11.4 degree, approximately 12.1 degree,
approximately 13.6 degree, approximately 15.6 dégree,
approximately 16.2 degree, approximately 17.4 degree,
approximately 19.0 degree, approﬁimately 19.5 degree,
approximately 20.1 degree, approximately 20.8 degree,

25 approximately 21.5 degree, approximately 25.2 degree,



‘Cef ditoren pivoxyl does not show any peak of the diffrac- tion when tested
by the same X-ray powder diffractoneter 5 as above. Further, a single
crystal v©984km0 as a sanple fromthe crystalline product Pe},‘,{;@,fd;h;ooren
pi voxyl which was produced in Exanple 1 given hereinafter, and t(1

crystal structure of this single crystal was investigated 10 usi ng an X-ray
single-crystal diffractoneter (Mddel, AFC 5R, a product of R gaku-Denki
Conmpany, " Ltd., Japan). As a result, it igofound that the tested single
crystal “of Cefditoren pivoxyl has substantially the crystallo- graphic
features as tabulated in Table 1 below. 15 Table 1 Crystall ographic data of
a single crystal of Cefditoren pivoxyl 20 Crystalline system O thorhonbic

formLattice consp@oxineteld 028N, 9 bddGrd88Andcapbrdikimaa=ll FFAD, de\%‘tg&‘
Space group: P21 P21 P21, Nunber of nolecules within a single unit lattice:
4 Lattice capadi thy: tP05% AQdeshstihagt 1h@2kgbend amoaypdicage,sub 8ldie o A%
25 WD 98/ 12200 11 PCT/ JP97/ 03340 The above-nentioned crystall ographi c data
of the Cefditoren pivoxyl does not show any peak of the diffrac-
tion when tested by the same X~-ray powder diffractometer
5 as above.

Fgrther, a single crystal was taken as a sample
from the crystalline product of Cefditoren pivoxyl which
was produced in Example 1 given hereinafter, and the
crystal structure of this single crystal was investigated

10 using an X-ray single-crystal diffractometer (Model,
AFC-5R, a product of Rigaku-Denki Company, Ltd., Japan).
As a result, it is found that the tested single crystal
of Cefditoren pivoxyl has substantially the crystallo-
‘ graphic features as tabulated in Table 1 below.
15 Table 1

Crystallographic data of a single

crystal of Cefditoren pivoxyl

Crystalline system: Orthorhombic form

20 Lattice constants: a=14.026R, b=18.438R, c=11.815R
a=90°, B=90°, y=90°,

Space group: P21 P2l 1,

Number of molecules within a single unit lattice: 4

Lattice capacity: 3055 A3

Density: 1.22 g/cm3 on average,

R value: 4%

25




. single crystal of Cefditoren pivoxyl now reveal that one nol ecul e of

Cef di toren 'pi voxyl present in one unit lattice of the crystal takes such a
nDIecuIar“ﬁpﬂ%&é&F 5 tion of the nolecule as depicted in Figure 1 of the
acconpanyi ng ngs. Fromthe above data, it is further PEYIRITII3Athat
the stereo-chem stry in the oxine noiety and the stero-chem stry at the
3-position of the Cefditoren pivoxyl conpound having the crystalline form
10 are evidently of the Z-configuration, and thus are of the
syn-configration and of the Z-configuratién, respec- tively, indicating
that the crystalline substance of Cefditoren pivoxyl as obtained according
to this inven- tion should certainly be a crystalline 7-[(2)-2--(2 15

am not hi azol - 4-yl ) - 2- et hgxyi m noacet am. do] - 3-[ ( Z) - 2- ,

(4- met hyl t hi azol - 5- yI') &t hag?%ﬁT’%?’é‘é’pﬂ‘éﬂ%?%é{ﬂj%ﬁl;}lqg&a%% data of the

pi val oyl oxyne |, sest descri ped, hereinbefore, the new, crystalline
subst ance of %g%&l%orcgﬁsp@oxﬁ/f %%%%rtd?ﬁﬁnt Blf’f?ixg‘izﬁ‘olwn\?@d’tqadn thest an

i nproved stor jd gt e _kpown.anmor phous form.of Cefditoren
pi voxyl . In o?jg%r ﬁﬁog@téedslté/t%{e]a?#eé]lﬁ% r%ﬁaﬁﬁ’f)f(ygoﬁr?ts&“&gén &Mea A itew

crystalline syblst i i I cqrdi tq_this invention,
inyconparison mﬁt%E%ﬁéggggﬁigﬁﬁfggﬂ%P%%géé F8?§1§f%8g%&i Sfeﬁﬂ&dhﬁaﬁf

there werg WOt98h1220G n? G APAY/ 3340, eapLkayed @iﬁﬁ%&lﬁ ofe the,

crystalline Cefditoren pivoxyl which was produced i anpl'é 17given

herei nafter, ascompanying drawings. From the above data, it is
further revealed that the stereo-chemistry in the oxime
moiety and the stero-chemistry at the 3-position of the
Cefditoren pivoxyl compound having the crystalline form

10 are evidently of the Z—configurati;n, and thus are of
the syn-configration and of the Z-configuration, respec-.
tively, indicating that the crystalline substance of
Cefditoren pivoxyl as obtained according to this inven-
tion should certainly be a crystalline 7-[(2)-2~(2-

15 aminothiazol-4-yl)—2—methoxyiminoacetamido]—3—[(Z)—2—
(4—methylthiazol—5—yl)ethenylj—3—cephem—4—carboxylic
acid pivaloyloxymethyl ester.

As described hereinbefore, the new, crystailine
substance of Cefditoren pivoxyl according to this

20 invention has an improved storage stability than the
known amorphous form of Cefditoren pivoxyl.

In order to test the thermal stability on storage
of the new crystalline substance of Cefditoren pivoxyl

according to this invention, in comparison with the

25 known, amorphous form of Cefditoren pivoxyl, there were



well as a sanple of the anorphous Cefditoren pivoxyl which was produced by
adm xi ng_a_sol uti on of anorphous 5 Cefditoren pivoxyl in nethanol with an
aqueous ﬁ§89wﬁpﬂﬁanol to precipitate an anor phous powder ofpc¢tim®7osagpound
and separating and drying this powder under a reduced pressure. These
sanpl es were separately placed in sealed dry containers and were stored
for 1 nmonth, 10 for 2 nonths and for 4 nonths at 60C and at 40C
respectively. After these storages, the sanples were analysed by a liquid
chromat ographi ¢ nmet hod and percent- ages of the residual quantity of
Cefditoren pivoxyl remaining in the stored sanples were evaluated fromthe
15 area under the, absorption peak which was shown in the chronatograms
obt ai ned. It egprdeyated tsrmplaeof nkhé atrysbaidnneotCe@elfidicdranerppiosoxy! in.
the test sanples was 100% at the starting of the storages. The test

resul ts. obta*RéFrareSARAAYRDY im E’E@“‘H’gﬁl és92vend hg redlnavi te35 WR

98/ 12200 13 5 Tahle 2 PCT/JR97/ 03340 Residual quantity (% of est
sanpleCEfditoV@ﬁHpFbeyFQRR}FS?%r%@% APOBPLCPR| CrER itemeen mAMary t er

which was produced by admixing a solution of amorphous
5 Cefditoren pivoxyl in methanol with an aqueous iso-
propanol to precipitate an amoréhous powder of this
compound and separating and drying this powder under a
reduced pressure. These samples were separately placed
in sealed dry containers and were stored for 1 month,

10 for 2 mon£hs and for 4 months at 60°C and at 40°C,
respectively. After these storages, the samples were
analysed by a liquid chromatographic method and percent-
ages of the residual quantity of Cefditoren pivoxyl
remaining in the stored samples were evaluated from the

15 area under the absorption peak which was shown in the
chromatogramms obtained. It is assumed that the initial
‘content of Cefditoren pivoxyl in the test samples was
100% at the starting of the storages.

The test results obtained are summarized in

20 Tables 2 and 3 below.

25 v



(at. 0 day)1l nmonth2 nmonths Crystalline substancel00%99%99% Anor phous

subst ancel100993%88% 10 Table 3 15 Test sanpl eResidual guantity (% of

Cef di t or ey Pdg9¥9¢! UpOn storage at 40C Initial contentAfterAfterAfter (at O
day). 1 nonth2 nont hs4 .nonths Crystalline substancel00%00%2CDJRATH3340

Anor phous subst ancel00999999996% 20 Fromthe results of Tables 2 and 3
above, it is observed that the crystalline substance of Cefditoren

pi voxyl according to this invention is abi to have a residual quantity of
Cef di toren pivoxyl of 99% even after the 4-nonth storage at 40C and al so
after the 25 2-nonth storage at el evated tenperatures-of up to 60C, WO

98/ 12200 PCT/JP97/ 03340 14 indicating that the residual quantity of
Cefditoren piyakyk does not decrease substantially for a long tine upon
storage of the crystalline Cefditoren pivoxyl under ordinary conditions at
anbi ent tenperatures, and 5 that the crystalline Cefditoren pivoxyl of this

inven- tion hgas a better thermal stabJTTTy than the kKmow
Residual quantity (%) of

Cefditoren pivoxyl upon
storage at 60°C

Test sample

5 Initial
content After After
(at 0 day) 1 month 2 months
.\
Crystalline substance | 100% 99% 99%
Amorphous substance 100% 93% 88%

10 Table 3

Rgsidual guantity (%) of Cefditoren
pivoxyl upon storage at 40°C
Test sample '
Initial
content After After After
15 (at 0 day) -1 month 2 months| 4.months
Crystalline
substance 100% 100% - 100% 99%
Amorphous
substance 100% 99% 99% 96%
20 From the results of Tables 2 and 3 above, it is

Observed that the crystalline substance of Cefditoren
pivoxyl according to this invention is able to have a
residual quantity of Cefditorenlpivoxyl of 99% even
after the 4-month storage at 40°C and also after the

25 2-month storage at elevated temperatures of up to 60°C,



‘anor phous Cefditoren pivoxyl. Next, the production of the crystalline |
substance of Cefditoren pivoxyl according to this invention will 10 be
descri bedwOdsam200r i ef | y speaking, the crystalline substancecoip@Gabsiot oren
pi voxyl may be produced by such a process which is characterized by
conprising a.step of dissolving an anorphous substance of Cefditoren

pi voxyl 15 into an anhydrous first organic solvent capable of dissolving
Cefditoren pivoxyl well therein than an aikanol of 1 to 5 carbon atons,
and”a step of subsequent- |y replacing the first organic sol vent conponent
of the resulting solution stepw se by sone proportions of an 20 anhydrous
al kanol of 1 to 5 carbon atons as a second organic solvent, in such a
manner that thénfliicgating pghedartdee s kdonl cfu@etdtyordn Ceifdaxyplrem t he
first organic solvent is adm xed with a proportion_of an anhydrous

al kanol (the sB&¥REYr g@fisc NsY] vafneagheSYss kabialhy f0m 2t doag $ime
concentrated to a reduced WO 98/12200 15 PCT/JP97/03340 vol une by

evapor ati on of "PRE FitPERIEn @ Lsddh F ittt tine ot ¢ &AL teRepePLyRKYAdamdg r
reduced pressure,.mheregy ..concentrated solution of Cefditoren pivoxyl in
a m xed solveﬁfd&BﬁﬁyiiQﬁ§%f¥9ﬂﬁI§ﬁ PPt i BACBETRRBTESrSBNS or gani ¢

solvent ang & LRLEStl Bagtion Ol Werel dsheh o(i0e, PeRandome,
tion has a better thermal stability than the known,
amorphous Cefditoren pivoxyl.
Next, the production of the crystalline substance
of Cefditoren pivoxyl aécording to this invention will
10 be described.
When briefly speaking, the crystalline
substance of Cefditoren pivoxyl may be produced by such
a2 process which is characterized by comprising a step of
dissolving an amorphous substance of Cefditoren pivoxyl
15 into an anhydrous first organic solvent capable of
dissolving Cefditoren pivoxyl well therein than an
alkanol of 1 to 5 carbon atoms, and a step of subsequent-
ly replacing the first organic solvent component of the
resulting solﬁtion.stepwise by some proportions of an
20 , anhydrous alkanol of ; to 5 carbon atoms as a second
organic solvent, in such a manner that the firstly
prepared solution of Cefditoren pivoxyl in the first
organic solvent is admixed with a proportion of an
anhydrous alkanol (the-second organic solvent), the

25 resulting admixture is concentrated to a reduced




. solution is again adm xed with a further amount of the alkanol and then
agai n concentrated by evaporation of the first and second organi c sol vents,

while th g9 10 of the concentrated solution with further amount of

the al kanol” and the concentration of the solution as dil utReT/JR§7/0834Dhe

added al kanol are several tinmes repeated, so that there is forned a

solution containing at a given concentration of 50 ng - 250 ng/m the

Cefditoren. 15 pi voxyl dissolved in the solvent solely or substantially

sol ely made of said al kanol, and which prﬁ%ess is further characterized by

conprising additional step of mxing the latter solution of Cefditoren

pi voxyl in the sole al kanol solvent so forned, with a proportion fo water

at 20 a tenper gbtiRe0hyNel aRLFARNS LN 0 mpke solid par- ticles of
Cef di toren pivoxyl to %’tartagt%Ig éﬁ%%%?égﬁéﬁﬁ%FS%o?% i DRCCAAJICEIRDEEher

step of incubatbngeHBdehe28ick-dm LinAR L e ' ontaining the solid
particles so deposited,eat a PenperéiEr5%§¥ﬂ%%fg%§ﬁ§ﬁuf?foghﬁerﬁeaZS of

10 nminutes to 48nbentsasedt Batualbnt be @%@a%itt%d? 98, 12200 16
PCT/ JP97/ 03340 solid particles are crystallize %ﬁ%ﬁéﬁ%ﬁ th ¢nixed

crystalline fosoleén€etdinbot eingi wO%)a1 1M @ RAIICHATLY, (| . second
aspect of this invention, there is provide§>a process +%rt?%e?bfﬁ ara- 5

tion of a %rys@aganhe_SQbBEancandfaC&Edb@Qf@&dﬁdﬁ%%ﬂnr@Wi@@Etgf a .
orthorhonmbic form which conprises conducting successively the ¥o??6mnng
first to ei ght htBeepscond organic solvent) is formed, this concentrated
solution is again admixed with a further amount of the
alkanol and then again concentrated by evaporation of
the first and second organic solvents, while the admixing
10 of the concentrated solution'with further amount of the
alkanol and the concentration of the solution as diluted
with the added alkanol are several times repeated, so
that there is formed a solution containing at a given
concentration of 50 mg - 250 mg/ml the Cefditoren
15 pivoxyl dissolved in the solvent solely or substantially
solely made of said alkanol, and which process is further
characterized by comprising adaitional step of mixing
the latter solution of Cefditoren pivoxyl in the sole
alkanol solvent so formed, with a propoftion fo water at
20 a temperature of not higher than 10°C, to make solid par-
ticles of Cefditoren pivoxyl to start to deposit in said
solution, and a further step of incubating under agita-~
tion the solution containing the solid particles so
deposited, at a temperature of 0°C to Lb°c for a time

25 of 10 mi j
minutes to 48 hours so that all the deposited



In a first step, dissolving an anorphous substance of Cefditoren %pivoxyl
in an anhydrous, first organic 10 solvent in which Cefditoren pivoxyl is
much nor YQ8PEBPE than in an al kanol containing 1 to 5 carkepnsmbesEueand
which is mscible with the alkanol of 1 - 5 carbon atons, thereby to
obtain a solution containing 10 ng to 50 ng of the dissolved Cefditoren

pi voxyl per 1 m of the 15 resulting solution of Cefditoren pivoxyl in the
first organic solvent, in a second step,1eixing the resulting solution of
Cefditoren pivoxyl in the first organic solvent with an anhydrous al kanol
containing 1 to 5 carbon atonms as 20 a second organi c solvent in such a
proportion thereof necessary to reduce the concentration of the Cefditoren
pi voxyl di ssol $e4ifnPeREicdes wirey anvatall bfedacdmpieketiyodnofneef dit or en
pi voxyl with the second organic solvent to a concentration of 5 ng to 40
nmg of the 25 d?§¥6FéialﬁﬁngF3r@ﬁ safsigiorrr Biviexpl.said resul ting WO
98/ 12200 PCT/JP97/ 03340 17 m xture, in a third step, concentrating the
resul ting sol ution of "BEPJPREFARFiAFy %W]%rﬁﬁ%¢&gda$pﬁst afidthsecond

organic solvenigvag obtaipned in.the second step, 5 at_a tenperature of -5C
to 15C by evapora?lgﬁogf ?ﬁgreoﬁﬁaﬁ§9W&QQQﬁﬁsP#?%%$§af§r$§hatPGﬁP@NdeY a
e ot e SN BRSSP SRR R 1
the concentratgeg; 894 UL h@Northorhombic form, which comprises conducting
successively the following first to eighth steps:-
In a first step, dissolving an amorphous substance
of Cefditoren pivoxyl in an anhydrous, first organic
10 solvent in which Cefditoren pivoxyl is much more soluble
than in an alkanol containing 1 to.5 carbon atoms and
which is miscible with the alkanol of 1 -~ 5 carbon atoms,
thereby to obtain a solution containing 10 mg to 50 mg
of the dissolved Cefditoren pivoxyl per 1 ml of the
15 resulting solution of Cefditoren pivoxyl in the first
organic solvent,
in a second step, mixing the resulting solution
of Cefditoren pivoxyl in the first organic solvent with
an anhydrous alkanol containing 1 to 5 carbon atoms as
20 a second organic solvent in such a proportion thereof
necessary to reduce the concentration of the Cefditoren
pivoxyl dissolved in the resulting mixture of said
'solution of Cefditoren pivoxyl with the second organic
solvent to a concentraﬁion of 5 mg to 40 mg of the

25 dissolved Cefditoren pivoxyl per 1 ml of said resulting



., 10 so obtained in the third step with a further volune of an alkanol of 1
to 5 carbon atons used as the second organic solvent in such a proportion
t hereof n ﬁ Jop toO reduce the concentration of the Cefditoren pivoxyl
dissolved in the resulting mixture of said concentrated 15 ZETIPITNINI t h
the further volume of the al kanol, to a concentration of 25 ng to 125 ny
of the dissolved Cefditoren pivoxyl per 1 m of said resulting mxture, in
a fifth step, concentrating the resulting solution of Cefditore pivoxyl so
~diluted with the 20 further volunme of thelal kanol in the fourth step, at a
tenperature of -5C to 15C by evaporation of the ,solvents fromsaid
sol ution under a reduced pressure, to- give a concentrated solution
cont ai ni ng 50 qg{né to 250 ng/m of the Cefditoren pivoxyl dissolved in
the solvent 25 &ntiPefy or substantially entirely made of said al kanol, WD
98/ 12200 18 PCT/JP97/O?%4Q %Q.adsixth step, mxing the concentrated
solution obtained in the fitthisf&FPyr SETLAV A T H Dhalf2s ©FSE E1RT une of

1-fold to 20-f - | fi ihe ab g
oo 50 T atentar i LopgitluT 3, b s e

solution at a tenperature

start to deposidec&®d Cb¥§ARlS: sLPvBnEEVERL gg%tsag.ﬁi%da%g a%rlf%ng%é{]ch?é esulting

nixture of the above nent!oned.concentpat ut1on w %Hﬁpthe
deposited o ystal sa agenbéphPefei et NGogi XL 1 K0 SUEP. Al A JeMperat ure. of

OCto 10C for a tine suffi-
organic solvents from said solution under a reduced
pressure, to give a concentrated solution containing 50
mg/ml to 250 mg/ml of the dissolved Cefditoren pivoxyl,
in a fourth step, mixing the concentrated solution

10 so obtained in the third sﬁep with a further volume of
an alkanol of 1 to 5 carbon atoms used as the second
organic solvent in such a proportion thereof necessary
to reduce the concentration of the Cefditoren pivoxyl
dissolved in the resulting mixture of said concentrated

15 solution with the further volume of the alkanol, to a
concentration of 25 mg to 125 mg of the dissolved
Cefditoren pivoxyl per 1 ml of said resulting mixture,

in a fifth step, concentrating the resulting

solution of Cefditore pivoxyl so diluted with the

20 further volume of the aikanol in the fourth step, at a
temperature of -5°C to 15°C by evaporation of the
solvents from said solqtion under*a reduced pressure, to
give a concentrated solution containing 50 mg/ml to 250
mg/ml of the Cefditoren pivoxyl dissolved in the solven£

25 entirely or substantially entirely made of said alkanol,



‘cient to effect a conplete crystallization of Cefditoren pivoxyl, and in
an eighth step, separating and harvesting the crystalline Cefditoren

pi voxyl W®@$8/12260 r errai ni ng 15 solution by filtration or ceWﬂ,jPFg@gsj“gn,
followed by drying the harvested crystalline Cefditoren pivoxy subst ance
under a reduced pressure. In the process according to the second aspect of
this invention, it is preferred that the first organic 20 solvent used in
the first step is chosen from ethylene gljgcol, propylene glycol, acetone,
met’hyl ethyl ketone, nethyl iso-butyl ketone, tetrahydrofuran, dioxane,
acetonirile, a lower alkyl ester of acetic acid, partic- ularly nethyl
acetate, ethyl acetate, and n-propyl 25 acetate, nethylene chloride and
chloroform as well aisn WD 9B R280eBCThIRIAL0I340 cbhddnach & VENL St P, t WO
or nore of them and that the al kanol as the second organic sol vent used
in the second okstasimeahdin otiné hf sfep ssephgsadublay REIAR te©tdaNoI

n- propanol , iso-propanol, n-butanol, iso-butanol, sec 5 butanol,
tert-butanol, velamd af cohfdldi so- afyfodbsobakeateseshany|tial cadimeanst
tert-anyl alcohol, as well. as mxed solvents of two or nore of them In

the process addér diaRya cUHereedhgdaspébtion athias tiempentatonce idf iG° @l so
preferred that the third step 10 and the fifth step of concentrating the
sol ution of C&it%i%en 18 ViphR FREERECEBNVEAVEEY L $ocsiidudt éd ateppsit

tenperature oEﬁp%gygé%%%ynder a reduced pressure of

in a seventh step, agitating the resulting mixture
of the above mentioned concentrated solution with water
and the deposited crystals as obtained in the sixth
10 step, at a temperature.gf 0°C to 10°C for a time suffi-
cient to effect a complete crystallization of Cefditoren
pivoxyl, and
.
in an eighth step, separating and harvesting the
crystalline Cefditoren pivoxyl from the remaining
15 solution by filtration or centrifugation, followed by
drying the harvested crystalline Cefditoren pivoxyl
substance under a reduced pressure.
In the process according to the second aspect of
this invention, it is preferred that the first organic
20 solvent used in the first step is chosen from ethylene
glycol, propylene glycol, acetone, methyl ethyl ketone,
methyl iso-butyl ketone, tetrahydrofuran, dioxane,
acetonirile, a lower alkyl ester of acetic acid, partic-
ularly methyl acetate, ethyl acetate, and n-propyl

25 acetate, methylene chloride and chloroform, as well as



- 10 - 50 Torr (guage). In this process, it is possible that the sixth 15
step of m xi ng the concentrated solution obtained in the fifth step with
water is aghklsﬂj but the concentrated solution*obtained in the fifth step
is imediat ggl tated at a tenperature of OC to 10C for BCT/PAF/03340
sufficient to effect a conplete crystallization of 20 Cefditoren pivoxyl,
and the resultant crystals are subsequently separated and harvested by
filtration.or centrifugation and then dried under reduced pressure. In the
seventh step of the process according to 1%he first aspect of this
invention, the mxture of the 25 concentrated solution of the dissolved
Cefditoren WO 98/ 12200 20 PCT/JP97/03340 pi voxyl with water and the

deposi t ed crystalsdof % r1éﬁvoxyl whi ch have been produced in the
sixth step of "tA& prs&zlevse i 16t RF dEO%° t Rhpeh&fur 8N6f thet £he10C for a

time sufficien ff ct Iet stalljzation of Cefditoren

pi voxyl . The aéllﬁ(gtn EE t% ecf(?ré toe%g%%;“ﬁe%ﬂiv%?t uﬁﬁéhéﬁi tRe &&F@tdor

or under ultr ni r the ter a conp

crystallizati o%t% a%fddlf'{og]%len pi vc?xy $ G S%gﬁoqlhﬁ? ﬁBPﬁhoE@héBPlld

particles of CgL lrb?_,ra@l%llolpg Clopaq%:bdpospg)&%agggosued any, can be
rm du

i f
converted into the crystalliné ring the agfta%l on SFnéél’dseﬁl xture

so as to pEeveﬁhtéﬁUlﬂaEd¥EﬂﬂﬂﬁadHltrKL§Hth§icohbfe E?th%gﬁea o oﬁyl
frombeing contam nated with a !
sec~amyl alcohol and tert-amyl alcohol, as well as mixed
solvents of two or more of them.
In the process according to the second aspect of
this invention, it is also preferred that the third step
10 and the fifth step of concentrating the solution of
Cefditoren pivoxyl in the solvent(s) is conducted at a
temperature of 0°C to 10°C under a reduced pressure of
10 - 50 Torr (guage).
In this process, it is possible that the sixth
15 step of mixing the concentrated solution obtained in the
fifth step with water is omitted, but the concentrated
solution obtained in the fifth step is immediately
agitated at a temperature of 0°C to 10°C for a time
sufficient to effect a complete cgystallization of
20 Cefditoren pivoxyl, and the resultant crystals are
subsequently separated and harvested by filtration or
centrifugation and then dried under reduced pressure.
In the seventh step of the process according to
the first aspect of this invention, the mixture of the

25 concentrated solution of the dissolved Cefditoren



‘trace quantity of the anorphous Cefditoren pivoxyl, and 15 also that the
Cefdi toren pivoxyl solute present in. ' the solutlon is made deposi'ted to a
conpl et e WO%AL2000r a maxi mum extent as much as possible. Opgg %340
crystalline substance of Cefditoren pivoxyl has been obtained successfully
in accordance 20 with the process of the second aspect of this invention,
the crystalline substance of Cefditoren pivoxyl may be produced by a
different "process which utilizes said crygtalline substance of Cefditoren
pi voxyl as a seed crystal and conprises sonme steps of the process of the
25 second aspect of this invention. WO 98/12200 21 5 10 PCT/JP97/03340 In a
third aspect of this invention, thus, there 1is provided a process for the

preparation of pavoryst alliithe w&uhﬁianﬁﬁioftﬁgfdaépégmtgavg§¥gtgqg|ngﬁ;he _
orthorhonbic form which conprises conducting successively“the follow ng

steps (a) to (¥yfdibprenfpivbmylt Mhiptodesse dedhepseeandaaspe¢heots ithins
i nvention as described hereinbefore, thereby to obtain a crystalline
subst ance of C%F%Pt@fehhﬁlpéﬂyESSham|ayuﬂ&£eﬂtmbrmoﬂémpefatﬁke(BE pleaci ng
the so obtained crystalline substance of Cefditoren pivoxyl as a seed
crystal in a sbPulPoR €R-2athilmengurd img/ant tiw 50f fed il a oéo@plditor en
pi voxyl MhéCh crystallization of Cefditoren pivoxyl. The agitation
may be effected by means of a mechanical agitator or
under ultra-sonic irradiation. By the term "to effect
" a complete crystallization of Cefditoren pivoxyl" is
meant that amorphous solid particles of Cefditoren
10 pivoxyl as possibly deposited, if any, can be converted
into the crystalline form during the agitation of said
mixture so as to prevent a final product of the crystal-
line Cefditoren pivoxyl from being contaminated with a
trace quantity of the aﬁorphous Cefditoren pivoxyl, and
15 also that the Cefditoren pivoxyl solute present in
the solution i% made deposited to a complete extent
or a maximum extent as much as possible.
Once the crystalline substance of Cefditoren
pivoxyl has been obtained successfully in accordance
20 with the process of the second aspect of this invention,
the crystalline substance of Cefditoren pivoxyl may be
produced by a different process which utilizes said
crystallihe substance of Cefditoren pivoxyl as a seed

crystal and comprises some steps of the process of the

25 second aspect of this invention.



. has, been prepared by dissolution of an anDrphous\sub- stance of Cefditoren
pi voxyl in an.anhydrous, first 15 organic solvent as defined above, (c)

i ncubat i RgololR,pe! Uti on of Cefditoren pivoxyl in the first organic sol vent
and further containing therein the seed crystal of Cefdit ot EHIBITOBY
added in the above step (b), at a tenperature of 0OCto 50c, for a 20 tine
of 10 mnutes to 48: hours, preferably at a tenpera- ture of oCto 20C for
atime of 20 hours to 40 hours, to nake a crystalline shubstance of
Cefditoren pivoxyl to start to deposit frdm said solution. (d)
concentrating the solution of Cefditoren pivoxyl 25 with the seed crystal
so incubated in the above step (c), WO 98/12200 22 PCT/JP97103340 at a

tenperature of -5C to 18C Dby ,evapaq tion of the first organic solvent
t heref rom under a r educgd %rtehglsrah?e%sap? %r%‘lt)ytkfbs gt VECRtLBRceht Rt edhere

o voxyl 5 and the Siey S thP RS Yo e RSt AT SN Afng Ceweredine
el ni ng se6d o yatar s obial Ned Ch e (e Aibb TRyl (B pERRaR gy ar ous
D opor i on T her 66 meceesary Te raanes Tha conthnt A ErE05 17 heedi Sool ved
Cef di t oren pi voxyplllbwimgceresst r@hi e @f) 225 mg/nm to 125 ng/m of the
Cef di t oren pi voxyl h

(a) effecting the process of the second aspect of
this invention as described hereinbefore, thereby to
obtain a crystalline substance of Cefditoren pivoxyl
having the orthorhombic form,:

10 (b) placing the so obtained crystalline substance of
Cefditoren pivoxyl as a seed crystal in a solution con-
taining 10 mg/ml to 50 mg/ml of Cefditoren pivoxyl which
has been prepared by dissolution of an amorphous sub-
stance of Cefditoren pivoxyl in an anhydrous, first

15 organic solvent as defined above,

(c) incubating the sélution of Cefditoren pivoxyl in
the first organic solvent and further containing therein
the seed crystal of Cefditoren pivoxyl added in the
above step (b), at a temperature of 0°C to 50°C for a

20 time of 10 minutes to 48,hours, preferably at a tempera;
ture of 0°C to 20°C for a time of 20 hours to 40 hours,
to make a crystalline shubstance of Cefditoren pivoxyl
to start to deposit from said solution.

(d) concentrating the solution of Cefditoren pivoxyl

25 with the seed crystal so incubated in the above step (c),



di ssolved in the resulting mxture of said concentrated 15 sol ution of ,
Cefditoren pivoxyl with the alkanol which still contains the renmaining
seed crys‘ygl”’é?mgiefdi toren pivoxyl, (f) concentrating the resptd7ngdi Xt ure
of the <concentrated solution of Cefditoren pivoxyl with the 20 al kanol as
obtained in the above step (e), at a tenpera- ture of -5C to 15C by
evaporation of the first organic solvent and the al kanol therefrom under a
reduced pressure, thereby to give a conceatrated solution containing the
di ssol ved Cefditoren pivoxyl at its 25 concentration of 50 ng/m to 250
ng/ M and the remaining e WO 98/ 12200 23 PCT/JP97/ 03340 seed crystal of
Cefdi toren pivoxyl, (g) mxing the concentrated solution conprising the

di ssol ved Cef diattorrertempexeyturado £ he5Pentonl 6§Csbedevapysiadli oas bt@idned in
the above step (f), with water 5 of a volune of 1-fold to 20-folds greater
than the vol uméigBtsgingaiviceinlvert thenefoamohng@etdat orauced Wredsurd, a
tenperature of OC to 10C, thereby to facilitate a crystalline substance of
Cef di t oren pi voRFFeDYo tResbisia & repmeertyatedt bagjuhishurenthisding Gancent r a

10 ted sol ution of fditoren pivoxyl with water, (h) agitating the
resul ting aqyeg’ﬁg%%tourzesoofmgl %%I’EH“? oRledAlurhi Rgfeheodiess plivedy 1
Cetditorenspi Vaxyl cne@ldla A, 4661 CEPOSL EEL  SLYR! 211 LR Shhatange of

therein,

(e} mixing the concentrated solution of Cefditoren
pivoxyl containing the remaining seed crystal as obtained
in the above step (d) with an anhydrous alkanol of 1 to

10 5 carbon atoms as the second organic solvent in a
proportion thereof necessary to reduce the concentration
of the dissolved Cefditoren pivoxyl to a concentration
of 25 mg/ml to 125 mg/ml of the Cefditoren pivoxyl
dissolved in the resulting mixture of said concentrated

15 solﬁtion of Cefditoren:pivoxyi with the alkanol which
still contains the remaining seed crystal of Cefditoren
pivoxyl, i

(f) concentrating the resulting mixture of the
concentrated solution of Cefditoren pivoxyl with the

20 alkanol as obtained in the above step (e), at a tempera-
ture of -5°C to 15°C by evaporation of +the first
organic solvent and the alkanol therefrom under a reduced
pressure, thereby to give a concentrated solution
containing the dissolved Cefditoren pivoxyl at its

25 concentration of 50 mg/ml to 250 mg/ml and the remaining



Cef.di foren pivoxyl as obtained in the.above step~(g), 15 at a tenperature
m 20 25 of O C to 10C, for a time of 20 hours to 40 hours, thereby to
effect a Goyus g% crystallization of the Cefditoren pivoxyl, and (i)
separati ng and arvesting the crystals obtained in the aboﬂ@mmr%mn$M)
fromthe remaining solution, followed by drying the harvested crystals
under a reduced pressure. In the process according to the third aspect of
this invention, it is preferred that the solution of Cefditoren pivoxyl in
t he -anhydrous first organic solvent to belhdded with the seed crystal of
Cef di toren WO 98/ 12200 PCT/JP97/ 03340 24 pivoxyl in the step (b) is such
solution that has been prepared by dissolution of the anorphous substance
of Cefditoren |v X n aorgani ¢ solvent chosen from ethylene glycol,
propyl ene gl ycot© éf%ﬁ&a nethirfdikpres pdmemyl met hyl iso-butyl ket one,
t et rahydr of ur an, pxane acetonirile, a l'ower al kyl ester of acetic acid,
particularly meth ¢ acBt4iRg EPﬁyFOHEEPﬁFéteﬂnéodiprnpyIcompxﬁgﬁﬁg the

met hyl ene chl or r as.we as m xed solvents of two or nore
of them and th%?g?ﬁgge§0 3%@5%8?LUSBHVPﬁYQh€QQAﬁ¥qeﬂemélmhmgemeédon1

met hanol , et hanelysfsPropaggl, ;L89- propgnol,, n-butanol, iso-butanol,

e above step (f), with water

5 of a volume of 1-fold to 20-folds greater than the
volume of said concentrated solution of Cefditoren
pivoxyl, at a temperature of 0°C to 10°C, thereby to
facilitate a crystalline substance of Cefditoren pivoxyl
to deposit from the resulting mixture of said concentra-

10 ted solution of Cefditoren pivoxyl with water,

(h) agitating the resulting aqueous mixture of the
solution containing the dissolved Cefditoren pivoxyl,
water and the deposited crystalline substance of
Cefditoren pivoxyl as obtained in the above step (g),

15 at a temperature of 0°C to 10°C, for a time of 20 hours
to 40 hours,'thereby to effect a complete crystallization
of the Cefditoren pivoxyl, and \

(1) separating and hérvesting the crystals obtained

in the above step (h), from the remaining solution,

20 followed by drying the hafvested crystals under a
reduced pressure.

In the process according to the third aspect of
this invention, it is preferred that the solution of
Cefditoren pivoxyl in the anﬁydrous first organic

25

solvent to be added with the seed crystal of Cefditoren



\

‘sec- butanol, tert-butanol, n-amyl alcohol, iso-anyl alcohol, sec-anyl

al cohol and tert-anyl alcohol, as well as m xed solvents of two or nore of
them 15W@98/K280process, it is also preferred that the stePrimynsido

i ncubating the solution of Cefditoren pivoxyl containing the seed crystal,
as well as the steps (d) and (f) of concentrating the solution of
Cefditoren pivoxyl are effected at a tenperature of not higher than 10C

. 20 The crystalline substance of Cefditorenpivoxyl according to the first
aspect of this invention nay be produced al so by another process which
conprises nmuch nore reduced steps than in the processes of the second and
third aspects of this invention, with utilizing as 25 a seed crystal such a
crystal | i ne CePdvpesydn ipi wdvey|s tasp WD 081 4 2206h 250 PCTA dRIThA334Q PieRa| ed
previously. In a fourth aspect of this invention, there is provided a
process for thBrpPég&dativollicisaluriost abf i tiee subsphoae efiibSehaickogn

pi voxyl having the orthorhonbic 5 form which conprises consecutively
conducti ng t he“efgrtowneng Psvepy L iin tam (dnganic)salséep ehoskheetbhg t he
process of the first aspect invention, thereby to obtain a crystalline
substance of CBFBYLEPENnIPYESy| HraHwEnches redbr hoodtone 10méehml Eitin)y 12
step of placin Ehe crystal l.Li ne substance of Cefditoren pivoxyl obtained
in the ste -g? qRe, @é&yl iso-butyl ketone, tetrahydrofuran, dioxane,

acetonirile, a lower alkyl ester of acetic acid,
particularly methyl acetate, ethyl acetate, and n-propyl
acetate, methyiene.chioride and chloroform, as well as

_ mixed solvents of two or more of them, and that the

10 alkanol used in the sﬁep (e) is chosen from methanol,
ethanol, n-propanol, iso-propanol, n-butanol, iso-butanol,
sec-butanol, terthutaﬁol, n-amyl alcohol, iso-amyl
alcohol, sec-amyl alcohol and tert-amyl alcohol, as well
as mixed solvents of two or more of them.

15 . In this process, it is also preferred that the
step (c¢) of incubating the solution of Cefdiﬁqren pivoxyl
containing the seed crystal, as well as the steps (d) and
(€£) of concentrating the solution of Cefditoren pivoxyl
are effected at a temperature of not higher than 10°C.

20 The crystalline sﬁbstance of Cefditoren pivoxyl
according to the first aspect of this invention may be
produced also by another process which comprises much
more reduced steps than in the processes of the second
and third aspects of this invention, with utilizing as

25 a seed crystal such a crystalline Cefditoren pivoxyl as



..crystal in ,a solution of Cefditoren pivoxyl which has been prepared by
di ssol ution of an anorphous substance 15 of Cefditoren pivoxyl to a

concentrq&bg@l

chosen from &
ket one, et hyl

10 mg/M to 50 nmg/m .in an anhydrous organic sol vent

yl ene glycol, propylene glycol, acetone, nEOTIPI7/6334 |
i so-butyl ketone, tetrahydrofuran, dioxane, acetonirile, a

| oner al kyl ester of acetic acid, 20 particularly nethyl acetate, ethyl
acetate,- and n-propyl acetate, nethylene chloride, chloroform and m xed
solvents of two or nore of them as well &$§ methanol., ethanol,

n- propanol , iso-propanol, n-butanol, iso-butanol, sec-butanol,

tert-but anol ,
tert-anyl al coho
two or nore of R

n- anyl al cohol, iso-anyl 25 al cohol, sec-anyl al cohol,

and_m xed WD 98/ 12200 PCT/JP97/ 03340 26 5 sol vents of

LRRAT R4 | PYeyienepYef agitating the resulting mxture of the

sol ution of Cefditorenﬁgivoggh in the organic solvent wth the seed
' a

crystal of Cefditoren

vdx EhopeRPREJOL Fhtise igtvem t(iidy), tteme is

t enper at ure of hy 50 f atime sufficient to facilitate
e HR A éé?%%?%i%%Feﬁkﬁi96£9Prﬁﬁi9ﬁeo§oﬁunnmatamMimav)

the crystal -

lization of t

separating and.sykygadd Qﬂ?fgfpgéé%igiggéiﬁﬁkégLine subst ance of

Cefdi toren pivoxyl fromthe remarning

A"By thel eradtiosmanbic

centrifugatsi onfofral| aueittibYcorklsyi 89s t BgL baL g;$%$ygk¥gégkz,of Cef di toren

pi voxyl
DRAW NGS

under a

reduced pressure. BRI EF DE ARENG

following steps (i) to (iv):

(i) a step of effecting the process of the first

aspect invention, thereby to obtain a crystalline

substance of Cefditoren pivoxyl having the orthorhombic

10 form,

(ii) a step of placing the crystalline substance of

Cefditoren pivoxyl obtained in the step (i), as a seed

crystal in a solution of Cefditoren pivoxyl which has

been prepared by dissolution of an amorphous substance

15 of

50

Cefditoren pivoxyl to a concentration of 10 mg/ml to

mg/ml in an anhydrous organic solvent chosen from
LY

ethylene glycol, propylene glycol, acetone, methyl

ethyl ketone, methyl iso-butyl ketone, tetrahydrofuran, -

dioxane, acetonirile, a lower alkyl ester of'acetic acid

14

20 particularly methyl acetate, ethyl acetate, and n-propyl

acetate, methylene chloride, chloroform, and mixed

solvents of two or more of them, as well as methanol,

ethanol, n-propanol, iso-propanol, n-butanol, iso-butanol,

sec~butanol, tert-butanol, n-amyl alcohol, iso-amyl

25 alcohol, sec-amyl alcohol, tert-~amyl alcohol, and-mixed



Figure 1 depicts such a nol ecul ar conformation or 15 steric structure of:
the crystalline Cefditoren pivoxyl of this invention, which has been

el uci dat eWOr88#200anal ysis of the crystal structure of singl pctoysi@baoby
X-ray single-crystral diffractometer. Figure 2 shows a pattern of X-ray
powder diffrac- 20 tion data of a crystalline substance of Cefditoren

pi voxyl which was obtained in Exanple 1 given hereinafter according to
this invention. Figure 3 shows such a curwsg of the heat flow vis.
tenperature (C), which was determ ned by testing the 25 crystalline

Cef di t oren pivoxyl substance of Exanple 1 WO 98/12200 27 PCT/ JP97/ 03340
with a differential scanning calorinmeter. Figure 4 shows a pattern of X-ray
powder diffracsaliventatef ofwa orysbvael bfietaehst ance of Cefditoren pivoxy
whi ch was obtained in Exanple 4 according to 5 this invention. Figure 5
shows such a curvd)of & retdreaf fagiteting thepeecaulnd ngOmiwhikdh d@sthe
determ ned by testing the crystalline Cefditoren pivoxyl substance of
Exampl e 4 wit FHHEIAT fef friditerannpayosaloinnmther orbRrRigWEl G sthows a
pattern of X-ray ,powder diffrac- tion data of the crystalline substance of
Cefditoren pi vd>3§1 i IrsthsCons bt hedfi Ge ERabplrens pavonydi rg tabtdiresd

invention. igure ;lshoms such a curve of the heat flow vis.
in the step (1i), at a temperature of not higher than

50°C, for a time sufficient to facilitate the crystal-
lization of the Cefditoren pivoxyl in the solution, and
(iv) separating and harvesting the deposited crystal-
line substance of Cefditoren pivoxyl from the remaining
10 ° solution by filtration or centrifugation, followed by
drying the harvestgd crystals of Cefditoren pivoxyl under

a reduced pressure.

BRIEF DESCRIPTION OF ACCOMPANING DRAWINGS

Figure 1 depicts such a molecular conformation or
15 steric structure of the crystalline Cefditoren pivoxyl
of this invention, whiéh has Been elucidated from
analysis of the crystal structure of single crystal by
- X-ray single-drystral diffractometer.
Figure 2 shows a pattern of X-ray powder diffrac-
20 tion data of a crystalline substance of Cefditoren
pivoxyl which was obtained in Example 1 given hereinafter
according to this invention.
Figure 3 shows such a curve of the heat flow vis.
temperature (°C), which was determined by testing the

25  crystalline Cefditoren pivoxyl substance of Example 1



15 tenperature (C), which was determned by testing the crystalline
Cef di toren pivoxyl substance of Exanple, 6 wth the differential scanning

cal ori mt%mﬁ&ﬂl@re 8 shows a pattern of X-ray powder diffrac- tion data of
a crystal I'i'ne" 'SsUDst ance of Cefditoren 20 pivoxyl which was p@r/araredidon

Exanple 7 according to this invention. Figure 9 shows such a curve of the
heat flow vis. tenperature (C), which was determ ned by testing the
crystalline Cefditoren pivoxyl substance of Exanple 7. 25 Figure 10 shows a
pattern of X-ray powder WO 98/12200 PCT/JR37/03340 28 diffraction data of a
crystalline substance of Cefditoren pivoxyl which was obtained in Exanple
8 given hereinafter according to this invention. Figure 11 shows such a

curve of the heat . flowvis. 5 tenperature (C, which was determ ned by
testing the c(r%éstiglé}i Jeffz%’f%ﬁ‘ib?g%ﬁ%*w sabsrameseaf. Exanple 8 with a

differential scanning Pclaluoré n‘Pte}g. qugure 12 shows a pattern of X-ray
powder diffraction date of a' cty¥{alFiRatEaEat afic&-shyCpbeideor e £ fhihc-

pi voxyl which wgs,0 ihed. in Exanple 9 according to this invention.
Figure 13 shows sﬁ]cﬁitagdaguo?fvea ocfrﬁﬁrgajr?ejarﬂeﬂs‘é’aﬁws?e eénPerfdtiwneenC), which

was determ ned oh&St i crystalline Cefditoren pivoxyl substance of
Exanple 9 15 vmp'??]b t"ﬁz &{}%%“Pg”n 54 %%Hh%$n’g” cEX®FPHRt ér accBESInNOBE FOR

CARRYI NG O8T ThEis! NWENFQY, .

Figure 5 shows such a curve of the heat flow vis
temperature (°C), which was determined by testihg the
crystalline Cefditoren pivoxyl substance of Example 4

with the differential scanning calorimeter.

10 Figure 6 shows a pattern of X-ray powder diffrac-

tion data of the crystalline substance of Cefditoren
pivoxyl which was obtained in Example 6 according to
this invention.

Figure 7 shows suéh_a curve of the heat flow vis.

15 temperature (5C), which was determined by testing the

crystalline Cefditoren pivoxYl sub&tance of Example 6
with the differential scanning calorimeter.

Figure 8 shows a pa?tern of X-ray powder diffrac-

tion data of a crystalline substance of Cefditoren

20 pivoxyl which was obtained in Example 7 according to
this invention.

Figure 9 shows such a curve of the heat flow vis.
temperature (°C), which was determined by testing the
crystalline Cefditoren pivoxyl substance of Example 7

25

Figure 10 shows a pattern of X-ray powder



"The production of the crystalline Cefditoren 20 25 pivoxyl by the new

processess of this invention is now illustrated with reference to the
foll owi nQVER#HENEs 1 to 9, to which this invention is not pamife®essqo
Exanples 1 - 3 are illustrative exanples of carrying out the process

according to the second aspect of this invention. Exanple 4 is an
illustrative exanple of carrying out the process according to the process
according to the third aspect of this inggntion. Exanples 5 to 9 are
ill'ustra WD 98/12200 29 PCT/ JP97/ 03340 tive exanples of carrying out the
process according to the fourth aspect of this invention. Exanple 1 An
anmor phous substance (10 g) of Cefditoren 5 pivoxyl nanely 2 ( 10 15 20
-anmi not hi azol - diflfraztion data of a crystalline substance of Cefditoren
met hoxyi m noacet am do] - 3-[ (Z) - 2- (4- et hyl t hi azal -5-yl ) -

et henyl ] - 3- cephRemciydamicyat ivea oot pi ved oyhokyaepbhyl 8 g3ten, hees idassqlved
in ethyl acetate (400 nl) at room tenperature (at 10C). The resulting

sol uti on cont afAFRFimige te sdulsveich\@idionren pi voxyl at a concentration of

Figure 11 shows such a curve of the heat flow vis,
temperature (°C), which was determined by testing the
crystalline Cefditoren pivoxyl substance of Example 8
with a differential scanning calorimeter.

Figure 12 shows a pattern of X-ray powder
diffraction data of a crystalline substance of Cefditoren
10 | pivoxyl which was obtained in Example 9 according to

this invention.

Figure 13 shows such a curve of the heat flow vis.
temperature (°C), which was determined by testing the
crystalline Cefditoren.pivoxyl substance of Example 9

15  with the differential scanning calorimeter.

BEST MODE FOR CARRYING OUT THE INVENTION

The production of the crystalline Cefditoren
pivoxyl by th% new processess of this invention is now
illustrated with reference to the following Examples 1

20 to 9, to which this invention is not limited. Examples
1 - 3 are illustrative ekamples of carrying out the
process according to the second aspect of this invention.
Example 4 is an illustrative example of carrying out the
process according to the process according to the third

25  aspect of this invention. Examples 5 to 9 are illustra—



25 nmg/m of ethyl acetate was then m xed with anhydrous ethanol (60 m at a
tenperature of 5C or below, to prepare a solution containing 217 ng/m of
Cef di t or efyo daiysppy! in the mxture of ethyl acetate and ethanol (totally
460 m ). This solution was concentrated to a volune of 80 RET/HBEATN3340
evaporation of ethyl acetate and ethanol under a reduced pressure of 20
Torr (in guage), wth keeping the tenperature of said solution bel ow 10C
The concentrated solution so obtained had a concentration of 125 ng/m of

" Cefditoren pivoxyl dissolved in a mxtur@dof a |arger proportion of

et hanol and a smaller proportion of ethyl acetate. This concentrated
solution was m xed with a further anount of anhydrous ethanol (80 nl)

bel ow 10C,"' to.pr. are a solutjion 25 containing 62.5 ng/m of Cefditoren
pi voxyl di ssol ved G i B RigiS 20 F BF Yerg Jpo%/ bRs4pracassed csoindnt; to |

conprising a nmgjQr rtion of ethanol. and a m nor proportion of ethyl
acetate. The Iatterf%ru%giq’uﬁsébr?%so helt TohteARFaPBd to a vol ume of 80 nl by

evapor ati on of Etxhﬁﬁgtg@l vents under a reduced pressure of 5 20 Torr, with
keepi ng the tenperature of the solution at a tenperature of not higher

than 10C. In this wayan LAGKSHARS d a centrated sol ution
containing 125 ng/m of Cefrg)i tore%f%%{/tga%y ¢ ﬁﬂgt%)an% Gefdheosapst anti al | y

sol e sol vest ppéseRylinnaaiedy 005))utd-of- JHhgd s, 2Dt a) neg) sgl uti on
contai ning 125 ng/ ni

methoxyiminoacetamido]—3—[(Z)-Z—(4—methylthiazol—5—yl)—
ethenylJ—3-cephem—4—carboxylic acid pivaloyloxymethyl
ester, was dissolved in ethyl acetate (400 ml) at room
temperature (at 10°C). The resulting solution containing

10 the dissolved Cefditoren pivoxyl at a concentration of
25 mg/ml of ethyl acetate was then mixed with anhydrous
ethanol (60 m) at a temperature of 5°C or below, to
prepare a solution containing 217 mg/ml of Cefditoren
pivoxyl in the mixture of ethyl acetate and ethanol

15 (totally 460 ml). This solution was coﬁcentrated to
a volume of 80 ml by evaporation of ethyl acetate andg
ethanol under a reduced pressure of 20 Torr (in guage) ,
with keeping the temperature of said solution below 1o0°c.

The concentrated solution so obtained had a

20 concentration of 125 mg/ml of Cefditoren pivoxyl dissolved
in a mixture of a larger proportion of ethanol and &
smaller proportion of ethyl acetatg. This concentrated
solution was mixed with a further amount of anhydrous

ethanol (80 ml) below 10°C,'to prepare a soluEion

25 containing 62.5 mg/ml of Cefditoren pivoxyl dissolved in



‘of Cefditoren pivoxyl in anhydrous ethanol was adm xed w th water, (140.
nil) at a tenperature of not higher than 10C, with allow ng Cefditoren

pi voxyl tWOMR8Ha¥0t as 15 crystalline particles in the resul pipgpdaiaipt ur e.
The resulting adm xture containing the deposited Cefditoren pivoxy
therein was agitated overnight at the sane tenperature as above (nanely,
bel ow 10C), so that the Cefditoren pivoxyl undergone a conplete
crystallization. 20 The crystals as formeggywere separated fromthe

remai ning solution by filtration and then dried under a reduced pressure,
yielding pale yellow crystals (9.5 g) of Cefditoren pivoxyl at a purity of
98% Figure 2 of the acconpanying drawi ngs shows a 25 pattern of such

X-ray powder dkﬁﬁmmﬁdd‘Bblkﬁﬁt‘ﬁom@?i¥{h§851%399r3ﬁrgﬁgﬁﬁﬁgﬁggﬁﬁgﬁg%§3¥F

crystalline product of Cefditoren pivoxyl obtained

whi ch was neasamed ausiingarpropayt ieewder edh{ir a er dal_,

CGei ger-Flex 2027, an apparatus supplied fro%1Rigggg?%énkﬁy%oaﬁtffﬁl Japan)
5 with CuK-a béghudtion wis ageenfcdi@ehrttateal t6 andoamd0 8l @Gt hic KHr rent
of 30 mlli-anperes. The pattern of Figure 2 reveals that the Cefditoren
pi voxyl productVagrridhiieexaptiiee Isokgenhst hederyat abliubeal pres sHQuUILe 3 of
t he acconpgnin? drawi ngs shows such a curve of the heat flow (in
milli-vatts) vicd. TPEAperditdt &eqrinprthhet appesatnyst akl khe Eefiditionen

pi voxyl prOdUCBt a temperature oﬁ not higher than 10°C. 1In this way,
there was afforded a concentrated solution containing
125 mg/ml of Cefditoren _pivoxyl  in ethanol
as the substantially sole solvent Present in said

10 solution.

The thus obtained soluﬁion containing 125 mg/ml
of Cefditoren pivoxyl in anhydrous ethanol was admixed
with water (140 ml) at a temperature of not higher than
10°C, with allowing Cefditoren pivoxyl to deposit as

15 crystalline particles in the'resulting admixture. The
resulting admixture containing the deposited Cefditoren
pivoxyl therein was agitated overnight at the same
temperature as above (namely, below 10°C), so that the
Cefditoren pivoxyl undergone a complete crystallization.

20 The crysﬁals as formed were separated from the remaining
solution by filtration and then dried under a reduced
pressure, yielding pale yellow crystals (9.5 g) of
Cefditoren pivoxyl at a purity of 98%.

Figure 2 of the accompanying drawings shows a

25 pattern of such X-ray powder diffraction data of the



[ ' i [ tial scanning
: le ., 1, which was determined with a dlfferen
gglgﬁﬁggter (an apparatus manufactured by Perkin-Elner Co. Ltd., U S A)

[ ' The curve of

tion of 15 tenperature of 10C per mnute.

g}gﬁr;age‘gﬁg§gﬁ¥ﬁat a peak of the thernal a?zprptlon apegiygagﬁggﬁi?oof

indicating that the crystalline Cefditoren pi yl
5#?58252;p:2 h had g melting point of 214W3C wgppfdeg??gﬁsh;;gnbfzgi3352 ,
i i i he X-ray powder diffra (

angl es of- the diffraction int (poyder diffraction data of

at which the diffrac- tion peaks are exhi b I _ I The
iti [ ted in Table 4 bel ow

i ties of these diffraction peaks are tabula

12}:??Le intensities of the diffraction peaks 25 were evaluated as assuned

i i 20 f _a maxi numdi ffraction peak
that the val ue @fpohfe d it 98/ 1 2, _ acLion peak
i s anounting to 1000. I;vaﬁ; e 4911}552\/@(1 9 %g g% PEFPYPO7 POTRAY

b . : . ] wder
i i i igoi e fraction peaks in the X_rapro _
g: ;HZS: 82 ggggasﬁgl\r/j\.}n@iﬁtﬁéa%i{bglu% (I} '2%%%‘_]’: Vaf MBS BRY EHe USd NGt iBvie Xi-meansi ti es

of the powder diffractometer (Model, Geiger-Flex 2027, an
apparatus supplied from Rigaku-Denki Co., Ltd, Japan)

5 with CuK-a beam at a voltage of 40 kilo-volts and an
électric current of 30 milli-amperes. The pattern of
Figure 2 reveals that the Cefditoren pivoxyl product
of this Example 1 was in the crystalline form.

Figure 3 of the accompaning drawings shows such a
10 curve of the heat flow (in milli-Watts) vis. temperature
(°C) of the above crystailine Cefditoren pivoxyl product
of Example 1, which was determined with a differential
scanning calorimeter (an apparatus manufactured by
Perkin-Elmer Co. Ltd., U.S.A.) at a rate of elevation of
15 temperature of l10°cC per minute, The curve of Figure 3
shows that a peak of the thermal absorption appeared at
214.835°C, indicating that the crystalline Cefditoren
pivoxyl product of this Example 1 had a nelting point
of 214.8°C with decomposition.
20 Such angles of the diffraction in the X-ray
powder diffraction data of Figure 2 at which the diffrac-
tion peaks are exhibited, as well as relative intensities
of these diffraction bPeaks are tabulated in Table 4
below. The relative intensities of the diffraction peaks

25 were evaluated as assumed that the value of the intensity



"diffraction peaks Diffraction a of ion intensity Diffraction intensity.
angle intensity angle of of diffrac- 2 0 (degree)of diffrac- 2 0O
(degree)ﬂVBH&Bé@R tion peak 9.736020.8950 10.867021.5450 11lp&f982R35830
12.178023. 8230 13.632024.5300 14.627025. 2620 15.424025. 7370 15. 633027. 2230
16. 249027 6230 16.835028.2190 17.471029. 9340 19.060031. 1190 19.5100033. 0300
20.1670 WO 98/12200 . 33

32

of a maximum diffraction peak 1is amounting to 1000.

Table 4
Value of the diffraction angle exhibiting
the diffraction peaks in the X-ray powder
5 _ diffraction da;a shown in Figure 2, and
values of the relative intensities of the

diffraction peaks
b

| aheterten | mvensity | Diffrection | SAHYE
10 2 0 (degree) | zfoglgizic* 2 0 (degree) gfogléégic—
9.7 360 20.8 950

10.8 670 21.5 450
11.4 690 23.0 230
12.1 780 23.8 230

15 13.6 320 24.5 300
14.6 270 25.2 620
15.4 240 25.7 370
15.6 330 27.2 230
16.2 490 27 6 230

20 16.8 350 28.2 190
17.4 710 29.9 340
19.0 600 31.1 190
19.5 11000 33.0 300
20.1 670

25




- PCT/JP97/ 03340 Further, single crystals were taken fromthe crystalline
Cef di toren pivoxyl product of this Exanple 1 and the crystall ographic
features afobd)ered N9l e crystal were neasured by an X-ray s:glcq_l e-crystal
diffractometer 5 (Mvdel, AFC-5R manufactured by Ri gaku- Den®CTE89 7’@%
Japan). The single crystal had the orthorhonbic form and had a den5|ty of
1.22 g/cnB as neasured by a conven- tional nethod. The neasurenent results
obtained are summarized in Table 1 given.,hereinbefore. 10 Exanpl es 2-3 The
procedures of Exanple 1 above were repeaté by using nethanol in place of
et hanol . The procedures of Exanple 1 were again repeated by using

i so-propanol in place of ethanol. 15 In these two runs of the experinents
there were obtained paletiyet) oyisgyet akgseh16el@dikoren S Y, yi el ds
of 7.6 g and 7.8 g,“ﬁ;lrespectlvely The two crop products of e chfei/stal l'ine
Cef di toren pi veystedrlaing dimfi 1 ©oben opitbeyor bhe oG f ve a
purity 20 of 98% and a purity of 97% %espegtlgelsngggfghﬁghg?%%%mgﬁﬁ?ﬁhous
substance (10 @pdofthEefatitstranloqrapxyt wastdirssobyednen gty qrﬁ,ts%? g (400
m) at room tenperature (at 10 C). The resulting solution conta in

the dissol ved CEf&i MGremisid dwylamtXarzpnsenyiattonsvO198/1 %2200 3teter

PCT/JP97/0§340
(Model, AFC-5R, manufactured by Rigaku-Denki Co. Ltd

L3
Japan). The single crystal had the orthorhombic form
and had a density of 1.22 g/cm3 as measured by a conven-
tional method. The measurement results obtained are

summarized in Table 1 given hereinbefore.

10 Examples 2-3

The procedures of Example f above were repeated
by using methanol in place of ethanol.

The procedures of Example 1 were again repeated
by using iso-propanol in place of ethanol.

15 In these two runs qf the experiments, there were
obtained pale yellow crystals of Cefditoren pivoxyl in
yields of 7.6 g and 7.8 g, respectively. The two crop
products of the crystalline Cefditoren pivoxyl were
found to be of the orthorhbmbic form and have a pﬁrity

20 of 98% and a purity of 97%, respectively.

Example 4

An amorphous substance (10 g) of Cefditoren
pivoxyl was dissolved in ethyl acetate (400 ml) at room
temperature (at 10 °C). The resulting solution contain-

25 ing the dissolved Cefditoren pivoxyl at a concentration



‘of 25 ng/nml in ethyl acetate was then added with 0.02 g of a previously .
pr epar ed ‘gg)@;lﬂobi ne substance of Cefditoren pivoxyl obtained in Exanple 1,
as the see crystal. 5 The solution of Cefditoren pivoxyl PET/ERIT{PB340
acetate containing the seed crystal added was incubated at 10C for 40
hours under nechanical agitation. After this incubation, this solution was
concentrated to a volune of 40 m under _a reduced pressure of 20 Torr, 10
wi th keeping the tenperature of the sol utdifon bel ow 10C. The concentr at ed
solution so obtained contained 250 nmg/m of the dissolved Cefditoren

pi voxyl in ethyl acetate along with the seed crystal. This concentrated

Srepare a sof i) o EAhE Bet By AR AR LS ek RS SR Y SRYEh | b Dhes
m xture of etdwl ~al_on ith the seed crystal. The
|l atter sol ution m?a?%‘g%ﬁu%gﬂcg%??g%g t%g?’ée’q“\? LR U HCEREr a reduced

ressure of 2@efitordh Mo i pi : t e of the solution bel ow
p el {to rbﬁ@b%ff 6P 084 Q%P%%ﬁﬁﬁle(ﬁ ?ﬁaﬁh

10C, so that there was fornmed a concentrated s ion to ?n@ee%SO
ng/ M of Cef didwrsnlpi voxyl dissolved in ethanol as a substantially sole
solvent and containing the seed crystal therein. 25 The concentrated

sol ution <o obtai ned Mes sl xish OF 984 (3200 r35, VIR Q334G 4 th wat er

(140 mM) at a tenperature of not higher than
acetate containing the seed crystal added was incubated
at 10°C for 40 hours under mechanical agitation. After
this incubation,.this solution was concentrated to a
volume of 40 ml under a reduced pressure of 20 Torr,

10 with keeping the temperature of the solution below 10°C.
The concentrated solution so obtained contained 250 mg/ml
of the dissolved Cefditoren pivoxyl in ethyl acetate
along with the seed crystal.

This concentrated solution in ethyl acetate was

15 then mixed with ethanoi (60 ml) to prepare a solution
containing 100 mg/ml of Cefditoren pivoxyl in the mixture
of ethyl acetate and ethanol, along with the seed crystal.
The latter solution was again concentrated to a volume
of 40 ml under a reduced pressure of 20 Torr, with

20  keeping the temperature.of the solution below 10°C, so
that there was formed a concentrated solution containing
250 mg/ml of Cefditorern .pivoxyl dissolved in ethanol as
a substantially sole solvent and containing the seed

crystal thereiQ.

25 The concentrated solution so obtained was admixed



10C, therebhy to make crystalline solid particles of Cefditoren pivoxyl to
start to deposit in the resulting adm xture. This adm xture was agitated
over ni ght vet 9sy1f206 enper at ure of not higher than 10C for the purpose that
the crystalline Cefditoren pivoxyl was nade to be depos- itepod:rl’ 3HPIHe
solution to a conplete extent. The depos- ited crystalline particles of
Cefditoren pivoxyl were separated fromthe remaining solution (the liquid
phase) 10 by filtration and then dried un%esr a reduced pressure, Yyielding
9.5 g of Cefditoren pivoxyl as pale yellow™ crystals. Figure 4 of the
acconpanyi ng drawi ngs shows a pattern of such X-ray powder diffraction
data of the 15 crystalline Cefditoren pivoxyl product obtained in this
Exanpl e 4, whi ohittereateasyred qn)the sa S le 1. Figure
5 of the acconpanying draw ngs-sh())ws séc%%m ?&%Jéaeofd{lh%o%génfg%%m}:ha“

(nilli-Watts) VIGSCt enperabyreo R8kéChrobthhe 6y StAlid %rd@%&%%’rff h
sttng this

pi voxyl produc:{éeoﬁfﬁ Exanpl e 4, which was neasured determne

product with t ftforemtpavosgannbngtaakokbnakodin ithe dpner _as
in Exanple 1. The curve of Figure 5 shows that a peak lof tﬁ@%errrgﬁg
absor pti on appestfeidk@ires JTheapadmivteref wa32a482Gtdandvedly Nhd hat 1he

crystal WD _98/12200 V 36 PCT/JP97/ 03340 |ine Cefditoren pivox product of
Exanpl e 4 Pad Femperature of not higher than 10°C for the purpose that
the crystalline Cefditoren pivoxyl was made to be depos-
ited from the solution to a complete extent. The depos-~
ited crystalline particles of Cefditoren pivoxyl were
separated from the remaining solution (the liquid phase)
10 by filtration and then dried uhder a reduced pressure,
yielding 9.5 g of Cefditoren pivoxyl as pale yellow
crystals.
Figure 4 of the accompanying drawings shows a
pattern of such X-ray péwder diffraction data of the
15 crystalline Cefditoren pPivoxyl product obtained in this
Example 4, which were mgasured in “the same manner as in
Example 1. |
Figure 5 of the accompanying drawings:shows such
a@ curve of the heat flow (milli-Watts) vis. temperature
20 (°C) of the crystalline Cefditoren pivoxyl product of
Example 4, which was measured determined by testing this
product with the differenfia; scanning calorimeter in
the same manner as in Example 1. The curve of Figure 5
shows that a peak of the thermal absorption appeared at

25 a2 temperature of 212.482°C, indicating that the crystal-



‘melting point of 212.4C with deconposition. The crystalline Cefditoren.
pi voxyl product of this Exgnple 4 had a purity of 98.0% as analyzed by a
5 1liquid ?%Hﬁ@%graphy on a reverse phase silica gel col wor/Jrexesspde 5
The anor phous substance (10 g) of Cefditoren pivoxyl was dissolved in
ethyl acetate (400 m) to 10 prepare a solution containing 25 ng/m of
Cefdi toren pivoxyl dissolved in ethyl acetate. To this solution was added
seed crystal (0.02 g) of Cefditoren pivodsd which had been prepared
previously. The resulting solution of Cefditoren pivoxyl containing the
seed 15 crystal added was then agitated at roomtenperature (at 10C) under
ultra-sonic irradiation. During this agitation, the crystallization of
Cefdi toren pi VoA Cordekeken. PTHexyly pradsicts o rEneamnpies e depdirat ed from -
t he remai ni ng lichiid phase of thi sglouti gn by filtration 20 and dried under
a reduced prefUreiD RA¥F d©paf L2y 8l FoW! tho | dsaamRaS/idiian. of Cefditoren

pi voxyl in a yield of 7 g. The crystalline Cefditoren pivoxyl product
obtained in this Examgl® %‘aangPFyCSﬁdg@%f&@ FHANYYEd BEPdck L | i qui d
chr omat ogr aph\y;. .V\DE98/1 004 PCT/ JP97/ 03340 %7 A Further, this crystalline
Cef di t oren pi :iﬁ’r&%‘lzﬁt Shdthed BUHERTY Rdt O8-P%f ashénalvaed e

5 liquid chromatography on a reverse phase silica gel
column.
Example 5
The amorphous substance (10 g) of Cefditoren
pivoxyl was dissolved in ethyl acetate (400 ml) to
10 prepare a solution containing 25 mg/ml of Cefditoren
'pivoxyl dissolved in ethyl acetate. To this solutién
was added seed crystal (0.02 g) of Cefditoren pivoxyl
which had been prepared- previously. The resulting
solution of Cefditoren pivoxyl containing the seed
15 crystal added was then agitated at room temperature
(at 10°C) under ultra-sonic irradiation. During this
agifation, the crystallization of Cefditoren pivoxyl
proceeded. The crystals as formed were separated from
the remaining iiquid phase of the solution by filtration
20 and dried under a reduced pressure to afford pale yellow
colored crystals of Cefditoren pivoxyl in a yield of
7 g.
The crystalline Cefditoren pivoxyl product
obtained in this Example had a purity of 98% as analyzed

25 by the liguid chromatography.



. diffraction data and such a curve of the heat flow vis. tenperature (O
whi ch are sane as those shown in 5 Figures 4 and 5 of the acconpanying

dr awi ngs, wiksah tively. Exanple 6 The procedures of Exanple 5 were

r epeat ed sgth Qﬁ%ﬁng acetone in place of ethyl acetate. A cPGEUBIYE}MO 10
substance of Cefditoren pivoxyl was obtained in a yield of 6.5 g and at a
purity of 97.8% The X-ray powder diffraction data of this crystalline

Cef di t oren. pi voxyl product were neasured in the sane way as in Exanple 1
and i s shown in Figure 6 15 of the acconpanying drawi ngs. Further,. this
crystalline. Cefditoren pivoxyl product was tested with the differen- tial
scanning calorineter in the sane manner as in Exanple 1, and the resultant

curve of the heat flowyw vis. _t erature determ_ned of this product is
shown in 20 Figure 7 gﬁrt 5racggﬁﬁhﬁﬁﬁf?ﬁi&&%@s&efaétBEFVeP&Voxﬁﬂgure 7

i ndi cates that _thi 4 f di i yoxyl product had Iti
point of 215 6B TR SeCUSoa T on 2 7 obhtnB-RF Y BBIAE 0!  Exanpl o

5 were repeat eduirth MO-BL2200.:38 RICH IP9Z) 09340 Usl, 00, TELhanol, Lo pl ace

of ethyl acetate. A crystalline substance o rtoren pivoxyl "wis
obtained in a yeppb@ra®urd geand athixPWrid Ys&he 94s%o0se shown in

5 Figures 4 and 5 of the accompanying drawings, respec-

tively.
Example 6

The procedures of Example 5 were repeated with
using acetone in place of ethyl acetate. A crystalline

10 substance of Cefditoren piQoxyl waé obtained in a yield

of 6.5 g and at a purity of 97.8%.
The X-ray powder diffraction data of this

crystalline Cefditoren pivoxyl product were measured in
the same way as in Example 1 and is shown in Figure 6

15 of the accompanying drawings. Further, this crystalline.
Cefditoren pivoxyl product was tested with the differen-
tial scanning calorimeter in the same manner as in
Example 1, and the resultant curve of the heat flow vis.
temperature as determined of this.product is shown in

20 Figure 7 of the accompaﬁing drawings. The curve of
Figure 7 indicates that this crystalline Cefditoren
pivoxyl product had a melting point of 215.6°C with
decomposition.

Example 7

25 The procedure of Example 5 were repeated with



The X-ray powder diffraction data of this 5 crystalline Cefditoren pivaxyl
product were neasured in the same manner as in Exanple 1 and is shown in
Figure 8VOMBHE0,cconpanyi ng drawings. Further, this crystecrIPiTngs4o

Cef di toren pivoxyl product was tested with the differential scanning
calorineter in the sane manner as 10 in Exanple 1, and the resultant curve
of the heat flow vis. tenperature as determ ned of this product is shown
in Figuré 9 of the acconpanying draw ngs.38The curve of Figure 9 indicates
that this crystalline Cefditoren pivoxyl product had a nelting point of
206.2C with 15 deconposition. Exanple 8 The procedures of Exanple 5 were
repeated with using nethylene chloride in place of ethyl acetate. A
crystal | i ne suptBBcReshapeldiinopdaqs wikydtivies atetited 28 tpyatyiehdeof 6
g and at a purity of 97% _The X-ray powder diffraction data of this
crystalline Oesf‘bl%/?ﬁ?ﬁﬁepf’%gc'?lfdﬁltﬁ?éfﬁé‘t Ridx e a8 edbttainedeisaaeynaydas in

Exanple 1 and | h i,n_Fiqure 10 of_ the acconpanying draw ngs. Further,
this crystall idnfe §58£?8i ?grganF\}gﬁyIOfprggdlf’c%t' was tested with the differen
WO 98/ 12200 39 PCT/JP.gktZ 03340 tial %ca?\r;l_k_r}% calorineter in the sane manner

as in Exanple 1, and the restl PRRESELS PAGHEMEREF |y W bs

;gggﬁ;:;?%g S?gﬂﬁ%ﬁ%?i#ﬁg g%;@gkg;@%ogﬁ%%ﬁji‘%¥3@54€1wéﬂéﬂﬁ§2§£}ég ige
the same manner as in Example 1 and is shown in Figure
8 of the accompanying drawings. Further, this crystal-
line Cefditoren pivoxyl product was tested with the
differential scanning calorimeter in the same ménner as
10 in 3xample 1, and the resultant curve of the heat flow
vis. temperature as determined of this product is shown
in Figure 9 of the accompanying drawings. The curve of
Figure 9 indic;tes that this crystalline Cefditoren
pivoxyl product had a melting point of 206.2°C with
15 decomposition.
Example 8
The procedures of Example 5 were repeated with
using methylene chloride in place of ethyl acetate. A
crystalline substance of Cefditoren pivoxyl was obtained
20 in a yield of 6 g and at a purity of 97%.
The X-ray powder diffraction data of this
crystalline Cefditoren pivoxyl product were measured in
the same way as in Example 1 and is shown in Figure 10

of the accompanying drawings. Further, this crystalline

25 Cefditoren pivoxyl product was tested with the differen-



5 Figure 11 indicates that this crystalline Cefditoren pivoxyl product had
a nelting‘&éint of 214.3C with deconposition. Exanple 9 The procedure of

Exanpl e 5 P8/1328peated with 10 using acetonitorile in pl acle%.l?%l, ﬁéj;t}!yl
29 40 ;
obt al in a

acetate. A crystalline substance of Cefditoren pivoxyl was

yield of 7 g and at a purity of 97.5% The X-ray powder diffraction data of
this crystalline Cefditoren pivoxyl product were neasured in 15 the sane
manner as in Exanple 1 and is shown in Figdgre 12 of the acconpanying

drawi ngs. Further, this crystal- line Cefditoren pivoxyl product was tested
with the differential scanning calorineter in the same manner as in
Exanple 1, and the resultant curve of the heat 20 flow vis. tenperature as
det erni ned of tHi%t piGHRING scabboime tar Figurgel agfe 5Q§ugﬁpq¥pqﬂ¥ing

drawi ngs. The urve of Figure 13 indicates that this crystalllne

Cef di toren pi v&%ﬂm ductdithdt e met s hgapoi otirok o214:8CHE 40 £1 vis
deconposition.t%% INDUSTRI AL APPLI CABI LI TY WO 98/ 12200 PCT/JP9%?O§§4OL4O As
descri bed her ei Nh& 01°¢, " &c &6t digkpimined sofi hént pebdidk thas @%%%d“%ﬁf
feasible to obtqin, -as @ fﬂ%el substance, a crystalline substance o
Cefditoren pi vo>c<Jyfr whicif % HiGHRapRg tgravangand tas auswRerjor 5

thermal stgbil pty,,e §Hora ec%ir t he known, anorphous substance of

Cefdi toren pivoxyl. The ne + iﬂhqﬁm;his crystalline Cefditoren

pivoxyl product had a melting point of 214.3°C with
decomposition.
Example 9
The procedure of Example 5 were repeated with
10 using acetonitorile in place of ethyl acetate. A
crystalline substance of Cefdiforen pPivoxyl was obtained
in a yield of 7 g and at a pﬁrity of 97.5%,
The X-ray powder diffraction data of this
crystalline Cefditoren Pivoxyl product were measured in
15 the same manner as in Example 1 and is shown in Figure
12 of the accompanying drawings. Further, this crystal-
line Cefditoren pivoxyl product was tested with the
differential scanning calorimeter in the same manner
as in Example 1, and the resultant curve of the heat
20 flow vis. temperature as determined of this product is
shown in Figure 13 of the accompanying érawings. The
curve of Figure 13 indicates that this crystalline
Cefditoren pivoxyl product had a melting point of
214.8°C with decomposition.

25 INDUSTRIAL APPLICABILITY -




"substance of Cefditoren pivoxyl obtained according to this invention is
advantaggﬂy hg(pe utilized as a bulk material which is used to prepeare
an orally a %%t ra 10 bl e antibiotic drug havi ng a br oad P&I{IPBHE3EE | a
spectrum Further, there have been provided such new processes for
preparing the crystalline substance of Cefditoren pivoxyl, which may be
carried out in an efficient way on a comercial scale. 15 20 25 WO

98/ 12200 . 41 PCT/JP97/ 03340 CLAIMS 1. AOcrystalline substance of
Cefditoren pivoxyl, nanely 7-[(Z2)-2-(2-am nothiazol -4-yl)-2-methoxyi m no-
acetamdo] -3- [ (2Z2) -2- (4-methylthiazol-5-yl) ethenyl] -3-

cephem 4-carboxylic TRY net hyl _ester characterized in that
said crystalline subs aﬁ%g“% lb%é?%%?%f8§e6958XyPC9?r & thforHvhi ¢ form

of 206, 2¢ 10 215 % R e AT 5FR0 TRATL eRAEb 18, BT RB R hn i 1 on shown

of 206.2C to 215 as eval rom it he pea

in the heat f |nQ)WeClur§{ﬁ3 ancddl d, nc':’llbiéégfflqrg_t %F@stgd byﬁ% %‘ﬁf{dﬁlee%n‘itﬁdﬂ ance

scanni ng cal orinmeter, at a sl crysta sal

g?\sloiy?e\T\/ISIt L?/gqfé/ol]j(rﬁl \Jlﬂ.c]h ol g nfglcfﬁ'gr CBGE@'(:QS tﬁapp %%ulh%S Of s%gedxii[oolr en
5 thermal stability on storage to the known, amorphous
subétance of Cefditoren:pivoxyi. The new, crystalline
substance of Cefditoren pivoxyl obtained according to
this invention is advantageous to be utilized as a bulk
material which is used to prepeare an orally administra-

10 ble antibiotic drug having a broad antibacterial spectrum.
Further, there have been provided such new processes for
preparing the crystalline substance of Cefditoren
pivoxyl, which may be carried out in an efficient way

on a commercial scale.
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. Jattice of ,the single crystal, that said crystalline substance has a
purity of 97%to 98% for the Cefditoren pivoxyl conponent as neasured by a

| i qui d chwovstigmoaphy w th using a reverse phase silica g # unm. and by
detecting with ultra-violet ray absorption, and that said c 9@ {03342
substance has a higher thermal stability than the known anorphous

subst ance of Cefditoren pivoxyl. 2. A crystalline substance of Cefditoren
pivoxyl as. clained in daim1, further gharacterized in that an X-ray
powder diffractometer data of said crystalline substance of Cefditoren

pi voxyl shows peaks at the WD 98/12200 42 follow ng diffraction angl es:
approxi mately approximately approximately approximately approximately
approximately approxi mately approxiioBIFISy PCT/JP97/ 03340 9.7 degree,
approximately 10.8 degree, 11.4 degree, approximtely 12.1 degree, 13.6
degree, approxiatel yA 16rgstall ere sﬁﬁé%a&@@r%&;G%HHfESEEEi%Yv&Z f degree,

19.0 degree, approximately 19.5 degree, 20.1 degree, appro

degr ee, namely 7—[(Z)—2-(2—aminothiazol—4—yl)~2—methoxy1m1no-
acetamido]—B-[(Z)-Z—(4—me§hylthiazol-5—yl)ethenyl]—3—
cephem-4~-carboxylic acid pivaloyloxymethyl ester,
characterized in that said crystalline substance of
Cefditoren pivoxyl is of orthorhombic form and has a
metlting point with decompbsition at a temperaturé in a
range of 206.2°C to 215.7°C as evaluated from the peak
of thermal absorption shown in the heat flow curve of
said substance determined by a differential scanning
calorimeter, that a single crystal of said crystalline
substance has a density of 1.21 to 1.23 g/cm3 and
contains 4 molecules of Cefditoren pivoxyl within a unit
lattice of the single crystal, that said crystalline
substance has a purity of 97% to 98% for the Cefditoren
pivoxyl component as measured by a liquid chromatography
with using a reverse phase silica gel._column and by
detecting with ultra—vio}et ray absorption, and that
said crystall;ne substance has a higher thermal stability
than the known amorphous substance of Cefditoren pivoxyl.
2. A crystalline substance of Cefditoren pivoxyl as
claimed in Claim 1, further characterized in that an

X-ray powder diffractometer data of said crystalline

substance of Cefditoren pivoxyl shows peaks at the



'21.5 degree, approximately 25.2 degree, 29.9 degree and approxi mately .33.0
degr ee, & Qﬁ% the single crystal of said crystalline substance has
substantia P& 2 followi ng crystallographic features: CrydTaiPor/os346ystem
Orthorhonbic form Lattice constants: a=14. 026A, b=18. 438A, c=11. 815A,

a=90, 5=90, Y=90 Space group: P21 P21 P211 Nunber of nolecules within a
single unit lattice; 4 Lattice capacity: 3055A3 Density: 1.22 g/cnB8 on
average, R value: 4% 3. A crystalline fibstance of Cefditoren pivoxyl
according to Caim1, which has a purity of 97.7% or higher for the
Cef di toren pivoxyl conponent. 4. A process for the preparation of a

crystalline s ce of fdi oren oxyl having the orthorhombic WO
98/ 12200 43 PC???%@?%B%SQ&Q?EF GEAECo RIS TG Ol ai m 1, whi ch conpri ses
conducting succ ' ¢, fgl Lo first to eighth steps: in a first
step, dissolvinggg f%ﬁ%%%% gugspgﬁgee o@ éﬁp %ﬁ%&ﬁ%%ﬂ x§| degraa,
anhydrous, firsty9s88Rik EQ& et ighg @g I MOX s_much nore
sol ubl e than |na§% al ka%o %ontalnln E% car zﬁ%%n;&ght AGHT A i s

?LsngLg g#tPhZ JQ@?%%Sﬁgfelyh?EGQYdEQrQQta%@p%dyy é%q %ﬁ?téjégggblo T
- approximately 16.2 degree, approximately 17.4 degree,
approximately 19.0 degree, approximately 19.5 degree,
approxXimately 20.i degree, approximately 20.8 degree,
approximately 21.5 degree, approximately 25,2 degree,
approximately 29.9 degree and approximately 33.0 degree,
and that the single crystal of said crystalline substance
has 'substantially the féllowing crystallographic
features:-
Crystalline system: Ofthorhombic form
Lattice constants: a=14.026A, b=18.438A, c=11.815%,
a=90°, B=90°, y=90°

Space group: P2l P2, P2

1 1’
Number of molecules within a single unit lattice: 4
Lattice capacity: 305513.3
Density: 1.22 g/cm3 on average,
R value: 4%.
3. A crystalline substance of Cefditoren pivoxyl
according to Claim 1, which has a purity of 97.7% or
higher for the Cefditoren pivoxyl component.

4, A process for the preparation of a crystalline

substance of Cefditoren pivoxyl having the orthorhombic




. Cefditoren.pivoxyl per 1 ml of the resulting solution of Cefditoren

pi voxyl in the first organic solvent, in a second step, mxing the

resul ting wolegtipmoe of Cefditoren pivoxyl in the first organic solvent with
an anhydrous al kanol containing 1 to 5 carbon atons as a sectoHIFBOF4AI c
solvent in such a proportion thereof necessary to reduce the concentration
of the Cefditoren pivoxyl dissolved in the resulting m xture of said
solution .of Cefditoren pivoxyl with the second organic solvent, to a
concentration of 5 ng to 40 ng of the disSolved Cefditoren pivoxyl per 1
m of said resulting mnixture, in a third step, concentrating the resulting
solution of Cefditoren pivoxyl in the mxed first and second organic

sol vents as obt &prmedacoorengedeond 1stigp.1, afhel SIS AL LI -5C to 15C by
evaporation of the organic solvents from said sol ution u%d(gzrmgé?gﬁﬂged WO

98/ 12200 44 PCTFUPDF$93840ypLbes fivd,lowd ngj VIS s € oS es g 1at 19 ds SOL Ut i on
containing 50 nmg/m to 250 ng/ M of the dissolved Cefditoren pivoxyl, in a

fourth step, mixing thé&ncanéénstasespsokiitdsonvivny abt aimeebhdu s heub ik e
step with a further volune of an al kanol of 1 to 5 carbon atons used as the

second organi c°5dteeRt EPReBUBRVaxylopor Riromitenenfs NeEBSSArYr g4 9; & educe
the concentration of the Cefditoren pivoxyl dissolved in the resulting
m xture of sai "bHIRht+At¥Aich Cefditoren pivoxyl is much more soluble

than in an alkanol containing 1 to 5 carbon atoms and
which is miscible with said alkanol, thereby to obtain
a solution containing 10 mg to 50 mg of the dissolved
Cefditoren pivoxyl per 1 ml of the resulting solution of
Cefditoren pivoxyl in th¢ first organic solvent,

in a second step, mixing the resulting solution
of Cefditoren pivoxyl in the first organic solvent with
an anhydrous alkanol contéining 1 to 5 carbon atoms as
a second organic solvent in such a proportion thereof
necessary to reduce the concentration of the Cefditoren
pivoxyl dissolved in the resulting mixture of said
solution of Cefditoren pivoxyl with the second organic
solvent, to a concentration of 5§ mg to 40 mg of the
dissolved Cefditoren pivoxyl per 1 ml of said resulting
mixture,

in a third step, concentrating the resulting
solution of Cefditoren pivoxyl in the mixed first and
second organic solvents as obtained in the second step,
at a temperature of -5°C to 15°C by evaporation of the

organic solvents from said solution under a reduced



"solution with the further volunme of the alkanol, to a concentration of. 25

ng to 12 t he di ssolved Cefditoren plvoxyl per 1 m of said
resultingmggkkaw) inafifth step, concentrating the resulPCOIg97/633kut i on
of Cefidtoren plvoxyl so diluted wwth the further volume of the al kanol in
the fourth step, at a tenperature of -5C to 15C by evaporation of the
solvents fromsaid solution under a reduced pressure, to give a
concentrated sol ution containing 50 ng/ M44 o0 250 ng/ M of the Cefditoren

pi voxyl dissolved in the solvent entirely or substantially entirely made
of said al kanol, in a sixth step, m xing the concentrated sol ution

obtained in th régfth stgg w.th water of a volune of 1- .fold to 20-folds
greater than the“vilhfe PrdCafoFencEdtidetehit 2ol ebiani eangaiaing 50

t enperature of 0 di t or en pi vox to start to deposit
as crystals,. V@f@g/ié 8604§ ﬁ lfﬁcg §§G;‘hP %%ﬁ@htgféb pagPxatling
t he resultlng m xture;, of thg %Pog%egentlgped C ncentrated solution with
water and the deposited crystals-astobfaimdty | ?h%og?ﬁPﬁréféé sgfugion

tenperature ofs®@Gheaiflf [ uff.d t..to e | ete
crystalllzatlaz of %Bf%?tgﬁegh%|§§§§%, EJSQAQ% Bi ﬁhgfe @ﬁa?éting

and harvestlngnihglkgﬁy§t@flgngocgfghgg@ﬂ1&y Ylsdgomt renalnlng sol u-
tion by filtration or centrifugation, foll Vﬁﬁlldééi%% bfie ' $8BGRG

organic solvent in such a proportlon thereof necessary
to reduce the concentration of the Cefditoren pivoxyl
dissolved in the resultihg mizxture of said concentrated
solution with the further volume of the alkanol; to a
concentration of 25 mg to 125 mg of the dissolved
Cefditoren pivoxyl per 1 ml of said resulting mixture,

in a fifth step, concentrating the resulting
solution of Cefidtoren pivoxyl so diluted with the
further volume of the alkanol in the fourth step, at a
temperature of -5°C to 15°C by evaporation of the solvents
from said solution under a reduced pressure, to give a
concentrated solution containing 50 mg/ml to 250 mg/ml
of the Cefditoren pivoxyl dissolved in the solvent
entirely or substantially entirely made of said alkanol,

in a sixth sﬁep, mixing the concentrated solution
obtained in the fifﬁh step with water of a volume of 1-
.fold to 20-folds greater than the volume of the above
concentrated solution at a temperature of 0°C to 10°cC,
to make Cefditoren pivoxyl-to start to deposit as

crystals,



. the harvested crystalline Cefditoren pivoxyl substance under a reduced
pressure. 5. A process according to Caim4, in which the first organic
sol vent uded9sme2ote first step-is chosen fromethylene glycol, propylene
gl ycol, acetone, nethyl ethyl ketone, nethyl iso-butyl ket &Sd/IF97/03340
tetrahydrofuran, dioxane, acetonirile, a lower alkyl ester of acetic acid,
particularly nethyl acetate, ethyl acetate, and n-propyl acetate,

nmet hyl ene c¢hl ori de and chloroform as welu as m xed solvents of two or
nore of them and the al kanol as the secondr’ organi ¢ solvent used in the
second step and fourth step is chosen from nethanol, ethanol, n-propanol,
i so- propanol, n-butanol, iso-butanol, sec- butanol, tert-butanol, n-anyl

al cohol , iso-anyl al cohola sseenahyktabGoheli A cohol, .as wel |l
RS A a2 U IS N

as mxed solvents of two or nore of them WD 98/12

A process accordf nghe o2icPee mentionehi ebntle t Aahidd i i fth step of
concentrating the solution of Cefditoren pivoxyl iﬁQFﬁgngng%%%staF§P
conducted at &REnpet aiepesbtedC coysolsnders aoRAUGREY prgssure, of 10 to
50 Torr (guage).. 7. A process according to Claim4, in which the sixth
step of m xing %mtll:cﬁ'g%ﬁ‘\t rat ed &OPRErahusbt aifnedc itw .the o iddh a'stt?ig?%(vi th
iIfth

water is omtt ftfiuctiet he con- _centrated solution obtained in the
step is immediatey aylt dieitegt (anperatate ok y8€alaitaq ifer of

Cefditoren pivoxyl, and

in an eighth step, separating and harvesting the
crystalline Cefditoren pivoxyl from the remaining solu-
tion by filtration or céntrifugation, followed by drying
the harvested crystalline Cefditoren pivoxyl substance
under a reduced pressure. *
5. A process according to Claim 4, in which the
first organic solvent used in the first step' is chosen
from ethylene glycol, propylene glycol, acetone, methyl
ethyl ketone, methyl iso~butyl ketone, tetrahydrofuran,
dioxane, acetonirile, a lower alkyl ester of acetic acid,
particularly methyl acetafe,‘ethyl acetate, and n-propyl
acetate, methylene chloride and chloroform, as well as
mixed solvents of two or more of them, and the alkanol
as the second organic solvent used in the second step
and fourth step is chosen ffoh methanol, ethanol,
n-propanol, iso—propanol, n-butanol, iso—butanol, sec-~
butanol, tert-butanol, n-amyl alcohol, iso—~amyl alcohol,
sec~amyl alcohol and tert-amyl alcohol, as well as nixed

solvents of two or more of them.



"a time sufficient to effect a conplete crystallization of Cefditoren

pi voxyl, and the crystals are sub- sequently separated and harvested by
filtrati SYPEVI2bnt i fugation and then dried under reducedPSTEP8UIE40 8. A
process for the preparation of a crystalline substance of Cefditoren

pi voxyl having the orthorhonbic formaccording to Caim1, which conprises
conducting successively the followng step (a) to step (i): (a) effecting
the process as clained in aim4, therdlfy to obtain a crystalline
substance of Cefditoren pivoxyl having the orthorhonmbic form (b) placing
the so obtained crystalline substance of Cefditoren pivoxyl as a seed

crystal in a sglution containing 10 /m to 50 ng/m  of Cefdiroren
pi voxyl  whi ch®has beRnPpPEREFedCHY IS 17 iR hn BRovbhebsthe 98/ 12200

o gart ¢ ol vont SES CREF RGN EAE B CE, B ISRV TG LB uppBHEOPR.
Cefdit i LR, fit i I t th t ai_ni

Cherein the seedergsrarer bERPaPoorth SRt Veluty (1E RendiRbee ot
(b), at a termperaluperiufl be BOE byl 1Bod himdl 4O LhNuLEs Lo 28 hours,

preferably at a tenpera- ture o for a t1ne o Rotirg“ts 4o
hours, to makera;grystebl rhersyhskarge of Cefditoren pivoxyl to start to

deposit fromsaid solution, (d) Concentrating the solution of Cefditoren
pi voxyl 7. A process according to Claim 4, in which the
sixth step of mixing the concentrated solution obtained
in the fifth step with water is omitted, but the con-
centrated solution obtained in the fifth step is
immediately agitated at a temperature of 0°C to 10°C for
a time sufficient to effect a complete crystallization
of Cefditoren pivoxyl, and the crystals are sub-
sequently separated and harvested by filtration or
centrifugation and then dried under reduced pressure.
8. A process for the preparation of a crystalline
" substance of Cefditoren pivoxyl having the orthorhombic
form accoxrding to Claim 1, which comprises conducting
successively the foilowing step (a) to step (i):

(a) effecting the process as claimed in Claim 4,
thereby to obtain a crystalline substance of Cefditoren
pivoxyl having the orthorhombic form,

(b) placing the so 6btained'crystalline substance of
Cefditoren pivoxyl as a seed crystal in a solution
containing 10 mg/ml to Sd mg/ml of Cefdiroren pivoxyl

which has been prepared by dissolution of an amorphous



. Wi tth the seed crystal so incubated in the above step (c), at a tenperature
of -51C to 15C by evaporation of the f.irst organic solvent therefrom under
a reducedw o0, thereby to give a concentrated solution containing 50
mg/m to 250 ng/m of the dissolved Cefditoren pivoxyl andPCREPEEAIZ40
crystal of Cefditoren pivoxyl remaining therein, (e) mxing the
concentrated solution of Cefditoren pivoxyl containing the remaining seed
crystal as obtained in the above step (d)._with an anhydrous al kanol of 1
"to 5 carbon atons as the second organic sdl’vent in a proportion thereof
necessary to reduce the concentration -of the dissolved Cefditoren pivoxyl
to a concentration of 25 ng/m to 125 ng/nm of the Cefditoren pivoxyl WO

98/ 12200 % PCT/ &9t 83340, 48cdirg in.the resulting m xture of said
concentrated solution of CEdetg?g%%gi S KA CH tHe anlkedodushi Ehrssti |

contains the remgaig sebdeftyabaheth ,Gaf ditoren pivoxyl, (f)
concentrating the{resulting nixtureeggngﬁeqﬁbgﬁiE%%t4eted sol ution of

Cef di t oren pi voxylchi tindiieatlkgnehe asiphtained i e above step (e), at
a tenperature of -5C to 15C by evaporati onggf %%hgeffitér}stiord?’gaﬁﬁ‘éow vent

and the al kanolthéhefefstoroumatet c ass eduged apRe$SY G, Lhereby to give a
concentrated solution containing the dissolved é@ﬁéifb?gﬁ”ﬂﬁdﬁkth%ﬁeims

concentration Of*SERY Mrveteblofigtatdandrthe pieoRii Dgseed crystal of
Cefditoren pivoyyl,

e step (b), at a temperature of 0°C to 50°C for a
time of 10 minutes to 48 hours, preferably at a tempera-
ture.of 0°C to 20°C for a time of 20 hours to 40 hours
to make a crystalline substance of Cefditoren pivoxyl
to start to deposit from said solution,

(d) concentrating the solution of Cefditoren pivoxyl

with the seed crystal so incubated in the above step (c)

at a temperature of -5°C to 15°C by evaporation of the

first organic solvent there from under a reduced Pressure,
thereby to give a concentrated solution containing 50
mg/ml to 250 mg/ml of the dissolved Cefditoren pivoxyl
and the seed Ccrystal of Cefditoren pivoxyl remaining
therein,

(e) mixing the concentréted solution of Cefditoren
pivoxyl containing the remaining seed crystal as obtained
in the above step (d) with an anhydrous alkanol of 1 to
5 carbon atoms as the secbnd ofganic solvent in a
Proportion thereof necessary fo reduce the concentration
of the dissolveq Cefditoren pivoxyl to a concentration

of 25 mg/ml to 125 mg/ml of the Cefditoren pivoxyl



(g) mxing the concentrated solution conprising the dissolved Cefditoren:
pi voxyl W”%Hg(g,r emai ni ng seed crystal as obtained in. the above step (f),
with water © volune of 1-fold to 20-fol ds greater thanPCROPYm3d#e of
said concentrated solution of Cefditoren pivoxyl, at a tenperature of 0C
to 10C, thereby to facilitate a crystalline substance of Cefditoren

pi voxyl to deposit fromthe resulting m xture of said concentrated
solution of Cefditoren pivoxyl with watef8 (h) agitating the resulting
aqueous m xture of the solution containing the dissolved Cefditoren

pi voxyl, water and the deposited crystalline substance of WO 98/ 12200 49

PCT/ JP97/ 03340%‘di]t.0ren_pi voxyl as obtained in the above step (g), at a
t enperature of $OLVYPE, 1hokhg” EPFElEA N0 Mhothure taf 4 b urencdier gbyat o

effect a conpl etoelrcrgstal,lfi zation of the Cefditoren pivoxyl, and (i)
separating and TarVekt? ngt t hefet e sns PRvemther i the dieni anigk ased Litwlaic h

obtained in th \% tep (h),. followed by drying the harvested crystals
under a reduce%tqg'gegcsou%rtea?“& ey BEBe LN ARE0 SRR CEY SERdi w8 Ceifid vitnicm t he

sol ution of OeEJintoggéﬂn pi voxyl in the anhydrous first organic solvent to
be added with the seed crystal of Cefditoren pivoxyl in the step (b) is

ance o Cote (aren srvay i D AR b BBl s PR 2
centrated solution of Cefditoren pPivoxyl with the alkanol
as obtained in the above step (e), at a temperature of
-5°C to 15°C by evaporation of the first organic solvent
and the alkanol therefrom under a reduced pressure,
thereby to give a concentrated solution containing the

' dissolved Cefditoren pivoxyl at its concentration of
50 mg/ml to 250 mg/ml and the remaining seed crystal of
Cefditoren pivoxyl,

(g) mixing the concentrated solution comprising the
dissolved Cefditoren pivoxyl and the remaining seed
crystal as obtained in the above step (f), with water of
a volume of 1-fold to 20~folds greater than the volume
of said concentrated solution of Cefditoren pivoxyl, at
a temperature Bf 0°C to 10°C, thereby to facilitate a
crystalline substance of Cefditoren pivoxyl to deposit
from the resulting mixture of said concentrated solution
of Cefditoren pivoxyl with water,

(h) agitating the resulting aqueous mixture of the
solution containing the dissolved Cefditoren pivoxyl,

water and the deposited crystalline substance of



- from et hyl ene glycol, propylene glycol, acetone, nethyl ethyl ketone,

nmet hyl 1so-butyl ketone, tetrahydrofuran, dioxane, acetonirile, a |ower

al kyl estwoasflaampetic acid, particularly nmethyl acetate, ethyl acetate,
and n-propyl acetate, nethylene chloride and chloroform ak 47103340 i xed
solvents of two or nore of them and the alkanol used in the step (e) is

chosen from net hanol, ethanol, n-propanol, iso-propanol, n-butanol,
i so-butanol, sec-butanol, tert-butanol, pganyl alcohol, iso-anyl alcohol,
sec-anyl al cohol and tert-anyl alcohol, as"well as m xed solvents of two

or nore of them WO 98/12200 PCT/JP97/03340 50 10. A process according to
Claim8, in which the step (c) of incubating the solution of Cefditoren

pi voxyl cont ai%ﬁ@ﬁd@@q@ﬂv@ﬁygg, oBEatBkl 3% the %%f%g,}cgs%pa?gg ,(f) of

concentrating the solution of fditoren pivoxyl are €
tenmperature of atota Higieerdthare dODdlroAi1precess fqr Lhe %rfe%%:rﬁi Rk o
havi ng the ort hor Ho

crystalline substance of Cefditoren pivoxyl trorm
according to CF& 01 hashisch Wommpebweso conceett bvebitp1608dUGLAG NG 5 5
foll ow ng steps (i§|to (iv): (i) a step of effecting the process o %5zﬂqn
4, thereby t 0°&bit ien C& ki imevexipsi aacé of Cefditoren pivoxyl having
the orthorhonbic form (ii) a step of placing the crystalline substance of
Cef di toren pi voxyi obS&RRER Tind RNStiepr (¢3tias aheeedyseryst akokn the
sol ution of CeggltorengpIVOXYL whi ch has
maining solution obtained in the above step (h)
followed by drying the harvested crystals under a reduced
Pressure.
9. A process according to Claim 8, in which.the
solution of Cefditoren pivoxyl in the anhydrous first
organic solvent to be added with the seed crystal of
Cefditoren pivoxyl in the step (b) is such solution that
has been prepared by dissolution of the amorphous sub-
stance of Cefditoren pivoxyl in an organic solvent chosen
from ethylene glycol, propylene glycol, acetoéne, methyl
ethyl ketone, methyl iso-butyl ketone, tetrahydrofuran,
dioxane, acetonirile, a lower alkyl ester of acetic acid
barticularly methyl acetate, ethyl acetate, and n-propyl
acetate, methylene chloride and chloroform, as well as
mixed solvents of two or more of them, and the alkanol
used in the step (e) is chosen from methanol, éthénol,
n—-propanol, iso-propanol, n-butanol, iso-butanol,
sec-butanol, tert-butanol, n-amyl alcohol, iso~-amyl

alcohol, sec-amyl alcohol and tert-amyl alcohol, as well

as mixed solvents of two or more of them.



‘been prepared by dissolution of an anorphous substance of Cefditoren

pi voxyl to a concentration of 10 ng/m . to 50 ng/m in an anhydrous
organi c S¥PI 2% hosen front ethylene glycol, propyl ene glRGIAIP97/033d0 ONe,
met hyl ethyl ketone, nethyl iso-butyl ketone, tetrahydrofuran, dioxane,
acetoAirile, a lower alkyl ester of acetic acid, particularly nethyl
acetate, ethyl acetate, and n-propyl acetate, nethylene chloride,
~chloroformand m xed solvents of two orsgore of them as well as

met hanol ., WO 98/12200 51 PCT/JP97/ 03340 et hanol, n-propanol, iso-propanol
n- but anol, iso-butanol, sec-butanol, tert-butanol, n-anyl alcohol,
i so-anyl al cohol, sec-anyl alcohol, tert-anyl al cohol, and m xed solvents
of two or norel®f themm ptocepsaastepddhgagiot @liaign tdhe freswhiéRotAbXEueg of
the solution of Cefditoren pivoxyl in the organic solvent wth the seed
crystal of Cef ¢l op€nipeubayingstbbt abdedionn dfh€estidiptdrdn , paboRyl
tenperature of not higher than 10C, for a tinme sufficient to facilitate
crysta- |izati oot 2HRI ckhai 68RPENCEYSERY, i@% med lsalsuttiton, saaps ((d)
separating and_h ryfftéfg t he degosited crystal - line substance of

Cef di toren pi vOXyI ' T+ ot heNFeREFAFAGY §BPuSOdm teprf iaf Cafditoren

centrs fugat on, SR devigo,Lhe harvested crysials of, cefdi toren
lo°cC.
11. A.process for the preparation of a crystalline
substance of Cefditoren pivoxyl having the orthorhombic
form according to Claim 1, which comprises concecutively
conducting the following steps (i) to (iv):

(i) a step of effecting the process of Claim 4,
thereby to obtain a crystalline substance of Cefditoren
pivoxyl having the orthorhombic form,

(ii) a step of placing the crystalline substance of
Cefditoren pivoxyl obtained in the step (i), as a seed
crystal in a solution of Cefditoren pivoxyl which has
been prepared by dissolution of an amorphous substance
of Cefditoren pivoxyl to a concentration of 10 mg/ml to
50 mg/ml in an anhydrous organic solvent chosen from
ethylene glycol, propyléne glydol, acetone, methyl ethyl
ketone, methyl iso-butyl ketone, tetrahydrofuran,
dioxane, acetodirile, a lower alkyl ester of acetic acid,
particularly methyl acetate, ethyl acetate, and n-propyl
acetate, methylene chloride, chloroform and mixed

solvents of two or more of them, as well as methanol,



WO 98/12200 PCT/JP97/03340
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ethanol, n—propanbl, isoépropanol, n—butanol; iso-butanol,
sec~-butanol, tert-butanol, n-amyl alcohol, iso-amyl
alcohol, sec-amyl alcohol, tert-amyl alcohol, and mixed
solvents of two or more of them.
(iii) a step of agitating the resulting mixture of the
solution of Cefditoren piyoxyl in the organic solvent
with the seed crystal of Cefditoren Pivoxyl as obtained
in the step (ii), at a temperature. of not higher than
10°C, for a time sufficient to facilitate crysta-
lization of the Cefditoren pivoxyl in the solution, and
(iv) separating and harvesting the deposited crystal-
line substance of Cefditoren pivoxyl from the remaining
solution by filtration or centrifugation, followed by
drying the harvested crystals of Cefditdren pivoxyl

under a reduced pressure.



