2192183 This invention relates to a stable antibacterial containi ngZ?_?._ CEEQ]BE

-[(2)-2-(2-am not hi.azo-4-yl ) -4-carboxybut - 2- enoyl am no] - 3-

cepheni 4-carboxylic acid (hereinafter, referred to 7432-S). Mre .

specifically, it qel ﬁfs ¥o:-a-hydraté of the sai d__‘cq_rfpourid and-a stablie f,(

capsul.e conposi tifon tilessdi-t afit iact exi@h i TS thi st f ivénti 8nc - o

provi des a stab Zaan i Ca—or—tr1 ) nhydarate ol (432-S5, and ah oral '

cephal osporin usef uThis.igvention relates tiong stahlecanhibacterielctontaihing

infections. This invention further provides a stable conposition of a °

phar macdl ogi cal? g -q{Zpe2+ (2= amiiBOtHiagbl 14er] T 482cabbby glot -2 -ehofl agsing] - 8- har d

capsul e~seal ed with a band of gelatin around the circunference at the joint

of cap and body, s rl 1432361 SOIM are
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also part of t I'nvention. : L for its
pacter a vas. di SerOieHRy) 16 e B ¢ ydraR) O The KA BRupPaAG A a:,

capsul e conpositiop protected by seali ith, gelatin is. described in
Japanese Utili t%}"ap&jéﬂapﬁﬁ’(ﬂ FOR ‘ﬁ%-%ﬁgﬁ Wpcgnfdi%éﬁ?ﬁ%'s a net hod for
filling and sealing a liquid in a capsule. It was found that the parent
conpound. 7432-S. was unstable even in a crytsaline formloosing its
potency or changing its col or upon standing for a long tinme. After repeated
i nvestigati ons the Thasorhiginaurnidnt prdidebad sthele arpstaid inas(dir eparrdd- by
dryi ng under reduced pressure over phosphorus pentoxide in a

hydrate of 7432-S, and an oral cephalosporin useful, e.g., for treat-

% ing or preventing bacterial infections.

This invention further provides a stable composition of a
pharmacologically effective amount of the 7432-5 hydrate in a
gelatin hard capsule sealed with a band of gelatin around the
.circumference at the joint of cap ahd body of capsule. Such capsules
in general containing solids are also part of the invention.

The parent compound, 7432-5. useful for its broad spectrum
of a high potency against Gram-positive and -negative bacteria was
s  disclosed in Japanese Patgnt Application {Kokai) 60-78 987.

A capsule composition protected by sealing with gelatin is
described in Japanese Utility Model Publication 45-20800 which

discloses a method for filling and sealing a liquid in a capsule.

It was found that the parent compound, 7432-S, was unstable
evan in a crystalline form | loosing its potency or chang inc its
long time.  After reveated Investigations
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the reason was found to be that the compound was prepared by



conventional manner to | eave anhydrous material in the said prior art.

Furt her studi es applying sone usual stabilizing nethods (e.g., addition of
a stabilizing agent, dry-granul ation of water- unstable anfibacterials ,
filmcoating of granules) coul d-nbt stabilize the antibacterial
satisfactorily. For clinical use of this conpound, a nore stable form was
required. This invention is based on the discovery that:- 1) crystallineg
7437rging dnder reduvedi pressure gver dphospharas rpentoxidepin teern and hi gh

chem cal stability and 2) the hydrate filled in into a gelatin hard capsul e
sealcedventibnal gminaer rtddeaveaanhydr duse matexiabfiar ehe sadd prier j oi nt of cap and
body of the capsule can be protected from - col or change and potemg_y'
losgreT hlmtﬁah@tw%sve;?wmom Beudis stabiliziig Gidthelgs contain- ing
liquid but not for solid powders as in tiis invention. [I ] HYDRATES
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ot AP BhibteR AR YUgE tpBhing PEAsRBpfAR)  Ela%ee T 3" FOCC ¢

crystall]ne drate is faint,yellow sh ite to pale yellow sh Wite

m %:/FG@P’}&%FH%/r@t&ﬂﬁEF’.a?Tﬁé’éP%%myal Pal gpgalgpsg crystals shows the

hydrate contains 2 nol es 8{ ctf;/_’g‘tal wat eregl us up to 1 nole of additional
this compound, a rore stable fom was required. —

This invention is based on the discovery that:- \J
1} crystalline 7432-S hydrate showed a constant X-ray diffraction
pattern and high chemical stability and |
2_) the hydrate filled. in into a gelatin hard cansule sealed with a
gelatin band around the circumference at the joint of cap and body
of the capsule can be protected from color change and potency
loss. This technique was known to be useful for capsule$ containj

ing liquid sut not for solid powders as in this invention.

{I1] HYDRATES

[The crystalline hydrate]

It has been found in producing this invention that crystalline
aydrates of 7432-S prepared under specific conditions showed almost
the same X-ray diffraction pattern and high chemical stability

(cnabling storage for a long tine).



crystal water depending on the condition of, e.g., crystallizing and
drying. The content of water determ ned by Karl-Fischer nethod was in the
range of 7 to 14 % (éspetially 8.7 to 12.5 9% which corresponds to (di to
tri)-hydrate or a.mxture of these. The thernogram at atnospheric pressure
shows that the first and second mol ecules 6f water are retained up to about
[err] but the third nolecule of water is lost at from30 to [err] Above

facts are explained to show that the . third nolgcule af water.is |oose
bound in the cr ﬁ}%?}'ﬁ?@%?ﬁ&?ﬁﬁ;}peaﬁag}'a&ﬁ 1323 }(581}9"-1@'@ .‘{hlﬁ%aft", pg
hum dity or r suce) . _Everwy.crystalline hydrate in above range of
\Nater“""..‘_,(z‘onteﬁfﬁgél&gg. &:;gt%t ﬁ%&%ﬁga‘e“c}ry“gﬂi’fa’?s{é to trihydrate) shows al nost

the sanme X-ray diffraction pattern as shown on Table 1. ... continued ...
-4- TABLE 1 The The slemientslasnalysipaft the crystalssehows thedaydrasef ol | ow
ing condition: X-ray: wave length [err]= 1.5418A (Cupper Ka; N - filter)
40kV- 20mA. Tthataiast 2cmotenof ngrydtal waterephsdupnté Lmole ofecadditixinale
strength 1/1 shows percent of strength at 20.95 A d [err] [err] d
[err] d  crystdlf Whater depeh@idg o PHe conHition?@®fd%.g., ég}ktalﬂgin 17
35.93 % 7.35 8pe 21@15 70.  29.40 25 6. 38 %)4 9.45
92 21. 75 andzgryin%s_;.'ao 11 37.00 7

The content of water determined by Kari-Fischer method was in
the range of 7 t§ 14 X (especially 8.7 to 12.5 %) which
corresponds to (di to tri)-hydrate or a mixﬁure of these.

The thermogram at atmospheric pressure shows that the first
and second molecules of water are retained up to ;bout 140°C, but
the third molecule of water is lost at from 30 tol60'c.

Above facts are explained to show that the third molecule of
water is loosely bound in the crystalline structure and lost
easily (by, e.g.., heat, low humiditj,' or reduced bressure).

Every crystalline hydrate in above i'ange of water content
— (i.e., in the range of dihydrate to trihydrate) shows almost the

same X-ray diffraction pattern as shown on Table 1.

. continued ...



10. 15 21 22.25 49 29. 90 16 38. 30 26 12.08 46 - 23.85

62 30. 40 19 38. 65 10 14.87 30 24. 50 39 31.10 53
39. 20 15 15.65 14. 24.80 16 31. 60 "23 " 39.60, 21 16«25
13 25. 50 - 34 31.78 34 4087 15 18.35 , 24 25.85 66
33. 02 28 41. 22 22 18.90 71 26. 60 16 33.55 23 42.55
8 19. 14 77 27.02 59 33. 86 17 44. 20 9 19.40 60

27. 30 35 35.20 16 20.58 TABX@ 1 28.35 54 35.65 10 The
crystalline hydrate of-this invention contains 96 to 100% (especially 99.0
to 99.8 9% The Xreayebffraction pettern was. obsérvedgundert the foldowr) at the
'7-side chain double bond regardl ess of the ratio in the starting mat erwall .
The cringt cbaditéomy:dXargy of waves lengednta en 154483 ¢Cappe & @asNipti on band at
1700 cm1 in | R-absorption spectrum observed.in.potassium brom de disc.
Thi's ) SO -F0Ad IThe 1oridee Ssprlcimd 'y 45 szl cess for
produglﬂr?grz he cr'yést alli r?gl hydr at e] .t's(%l)lﬁ%enera_ . 5?%%‘313% hgﬂgr'yst al l'ine
hydr at r b h | Qud . t apthdgy 7432-S i s

o ssol (R RIRTvE BRRREER 1L Shols, BEHECTBE Whenddf of; 2098 %A

e So rai pecially to

pH 1.5 to 5.0), at a tenperature of 0 to [err] to separate
crystals. It fequired, the mxture s stirffed to [conpletg crysthllization.
The ' :

d /1, _ d /1, d I/I._ d /1,

500 | 12 |2095 | 100 2870 | 17 [3593 | &
735 | 8 |2115 | 70 |2040 | 27 |3638 | 24 ~
o4s | o2 [2175 | 25 |2060 | 11 |37.00 | 7
1015 | 21 [2225 | 40 [2000 | 16 |3830 | 26
1208 | 46 |2385 | 62 [3040 | 10 |sees | 10
14.87 | 30 |24.50 _39 31.10 | 53 .20 | 15
15.65 | 14 |248 | 16 [3s160 | 23 |3060 | 21
1625 | 13 [2550 | 3¢ (3178 | 34 |4027 | 15
18.35 | 24 |2585 | 66 |3302 | 28 |4122 | 22
1890 | 71 (2660 | 16 |3355 | 23 |4255 | 8 J
10.14 | 77 |2702 | 50 3386 | 17 |4420 | o
1940 | 60 [27.30 | 35 |35.20 | 16
2058 | 88 [28.35 | 54 |3565 | 10

The crystalline hydrate of this invention contains 96 to 100%
{especially 98.0 to 99.8 %} of cis-geomstric isomer (i.e., (Z)-
geometric isomer) at the 7-side chain double bond regardless of

the ratio in the starting material.



wet crystals are separated and dried at about room tenperature under about
~atnospheric pressure in an inert gas of relative humdity of not |ower than
15 % (2) Starting Material The starting gaterial can be wet or anhydrous.
It may be a free.conpound or a salt at amno (e.g., acid addition salt) or
carhoxy (e.g., alkali netal salt). The process of this invention in

conbi nation with e pretreatnen e. ur,ification, isonerization to cis
i somer, isolati on-;‘gﬁs‘leﬁét%{ﬁ\ﬁﬁ{%?&rs"%u%ﬁ ghg%lppv?rg._xgr_x,s &R Sthongl salt,
hydr.ochl ori de) as the starting material to obtajn an aqueous acid sol ution
i s a-pref er aBibsornter barthEt of T00hew ™} Anclit-ebsprptivp spachrum observedus aci d

sol utvon of 7432-S.can be prepared by -6 - suspending the free acid- or
an ammoni um geitessinmbpromiteodiscng Bhisabsnd isatet fatnd da thee casardfi ng -
material in water, followed by adding acid. The said acid can be an

i norgani c acia@hydr@us cpystads. chloric acid, sulfuric acid, phosphori c acid),
carboxylic acid (e.g., acetic acid, malic acid, fumaric acid, citric acid),

sulfonic acid (e.g., NPfRREEtl ! Siduchsg EheCtNARaAind HydFa@qi d.

tol uenesul fonic acid), acidic salt (e.g., dinethylamné hydro- chloride,

gisa s SUTA) o8 R e R O 80 i the
10) equi val eﬂ%es c(r);séarl]ﬁng (}i,yddr%@Q can be prepared by the following
method: the starting 7432-S is dissolved in aqueous acid and pH
L/;. of the solution is raised (especially to pH 1.5 to 5.0}, at
a temperature of -0 to 70°C to separate crystals. 1f
required, the mixture is stirred to complete crystallization. The
wet crystals are separated and dried at about room temperature
under about atmospheric pressure in an inert gas of relative
humidity of not lower than 15 X.
(2) Starting Material
The starting material can be wet or anhydrous. It may be a
free compound or a salt at amino {e.g.. acid addition salt) or
carboxy (e.g., alkali metal salt). The process of this invention
in combination with the pretreatment (e.g., purification,
isomerization to cis isomer, isolation) using a water soluble salt
(e.g.. alkali metal salt, hydrochloride) as the starting material
to obtain an aqueous acid solution is a preferable embodiment of
this invention.
{3) Acid
The aqueous acid solution of 7432-S can be prepared by



preferably be used. (4) Co-solvent The aqueous solution can contain O to 70
% of a water m scible organic solvent, for exanple, an alcohol (e.g.,

nmet hanol , et hanol, isopropanol, t-butanol, methoxyethaol),-am’'de (e' g.,

di methyl formanide). nitrile (e.g., adetonitrile), sul foxi de (e.g.,

di ent hyl sul f oxi de), ether (e.g., dioxane, tet rahydrofuran

di nmet hoxyet hane), . ketoone (e acetone, neth e one), or the like-
as a co- e%fﬂ g e ffﬁ?}&%h‘?r t BBnEFRODIYR Sa) r%ftl °i‘h‘égs! arting

mat eri al |n t he aqueous aci.d sol ution can preferabl ¥plbe inthe range 2.0 to

15.0 9% ceshexylate sadt @s; 5he spaoging eptersl rial Faten.ofeltowed &Y sol i d or

liquid) which is cagabl e of .neutralizing the -7- aqueous acid sol ut i"‘
to the pddirg ecid.ne hpl—saidnactid carecbef en indyr gatiicngcidn (eguediydraei d sol ution
at a tenperature of Oto [err] especially 10 to [err] to a pH from

1.5 to Thloriespedi asulfuric Gactid, Phosphéticencid)| \carboxylie at¢dd sol ution may be
diluted with water to raise the pH enough for separating t he hydrate.

Represerlba%l V&el@ﬁs@e;d nﬁhu@ea@iag%hﬁrb@l%%m(e:&;c atcf] et hyl amine) and
i norgani ¢ bas anmoni um hydr - oxi de, sodi um hydroxi de, potassium

hydr oxi @ﬁlfo%?@"a‘ém q%reonateehamhmw@&@r BeRAleSuifnfll Walq,  bicarbonate,

pot assi um
toluenesulfonic acid), acidic salt (e.g., dimethylamine hydro-

chloride, 7432-S sulfate) or- a-  hydrophilic acid capable of
acidifying the aqueous solution of the starting material. : 0 \J
to 20 (especially 1 to 10) equivalents of the acid can
preferably be used.
(4) Co-solvent
The aqueous solution can contain 0 to 70 ¥ of a water
miscible organic solvent, for example, an alcohol {e.g., methanol,
ethanol, isopropanoi, t-butanql. methoxyethaol), amide (e..g..
dimethyiformamide). nitrile (e.g., acetonitrile), sulfoxide (e.g.,
diemthylsulfoxide), ether (e.g., dioxane, tetrahydrofuran,
dimethoxyethane), ketone {e.g., acetone, methyl ethyl ketone), or
the like as a co-solvent.
(5) Concentration
The concentration of thé starting material in the aqueous
acid solution can preferably be in the range 2.0 to 15.0 %
(especially 3.0 to 5.0 ¥).
(6) Neutralization

" A base (solid or liquid) which is capable of .neutralizing the



carbonate), in which water sol uble ones are conveniently handl ed, although
it is not l[imted.to these. A base insoluble in water (e.g., anion exchange
resins) can also be used for this purpose. (7) Crystallization For
separating or ripening the crystals the suspension of the separating
crystaals is preferably continually stirred Tor 10 minutes to 50 hours at 0
to [err] (especially at 5to[err]) (8) Drying The drying is preferably

kL | ﬁfcé)ég&' dﬁggagbéodiﬁ’é ;bgeé&egmmé&ﬁat}i %Q&ré(e Js_@&%gh flow

C|rculat|on ryirngy rn an alr, nitrogen,
wer than 15 A)

b di d I h
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the agitatin er. flaow condition. boratory scal e, the
fol | owi ng ha %Peﬁﬂ’égf Fg&cex&ﬂplae he case of drying in a
cl osed cont ai ner under ngherl c pressure, water content
reaches to thé ter%0, Fﬁml!JlYCaFQ é@p@ i.ngAltermatiyelyat the meid r of relative
hum dity of 15 to 50 % (especially 20 to 30 %9 at 25 to 60Cwithin 1 to 8
hours and t hsolstionncayl be atilutedr witipomatiengte araise itheér pieedqughi forof rel ative
hum dity of 45 % or nore (especially 50 to 80 %9 at 25 to 60*C (especially
10 to 25C) fs@patatiagStHwiydrate) tRepresestatived babesodgtiludeosraanicibasesd ati on
dryer, depending on the agitating or powder flow condition, for exanple,
(e.g.. triethylamine) and inorganic base (e.g., ammonium hydr-
oxide, sodium hydroxide, potassium hydroxide, sodium carbonate,
potassium carbonate, sodium bicarbonate, potassium bi-
carbonate), in which water soluble ones are cohveniently handled,
although it is not limited to these. A base insoluble in water
(e.g.., anion exchange resins) _can" also be used for this purpose.
(7) Crystallization
For separating or ripening the crystals the suspension
of the separating crystals is preferably continually stirred
for 10 minutes to 50 hours at 0 to 70°C (especially at 5 to 35°C).
N2 (8) Drying
The drying is preferably done under mild conditions by
drying (e.g., stationary, through flow, circulation, or fluidized
bed drying) in an inert gas (e.g., air, nitrogen, carbon dioxide)
at relative humidity of not lower than 15 % at a
temperature of . 0 to 60°C under atmospheric pressure
depending on the agitating or powder flow condition.

Under laboratory scale, the following have been observed:

For example, in the case of drying in a closed container under



through flow drying in air of relative humdity 50 to 60 %at 25 to 40C
until the inflection point of the tinme versus outlet air tenperature curve
or time versus outlet air humdity curve 2 to 10 hours when the starting
material contained 30 to 60 % of wat&r) gives a product correspording to

di hydrate as the main conponent. In the case of a fluidized bed dryer,
depending on the air blow condition, for exanple, drying in air of .
rel at i \admaspharicy ppessureo vasern, eanteot tneaches to sbpelirstl ipletesuto [err])

until the first inflection point of the tinme versus outlet air tenper-

at ur e @orrespondinguto dihjdratei in kirmiodi telativev hufmédiayt ofl 1Boto 5hen t he
starting material contained 30 to 60 % of water) gives a product g’
cor r espprék ihﬂftzohwira@t %) adtd 281 o rBD°ENWithihg $6CRNKburef a@ft i on poi nt of
the sane (about 1.5 hour when the starting nmaterial contained 30 to 60 % of

water) e/ Siedh kA EoireRRond1ARNH CriRydldiCiznlnfr 4 felgiFR! N coTPONENt

For a larg uction, I reul at1on dryi ng, throug - flow

dryi ng, . [(di ' i it abl { ed. a
rreglrggglr@ﬁl%%fggéegf&g%qéy%ﬂ%ggr ggrg,lo;?apgggilsnggogbibne flow rate of
the air, per .wet t 3eo i ght .0 er _condi tions, drying in air at
rel at : \fggﬂﬁﬁ?gﬁiyt gbgéf’tadéégl&r( és{%g AW Ss0 ![ oI 60 X) at 1% tg lerr]
especially 20 to [err until the first inflection point of the time
\(/ergus out | b1 the C%%‘&B%t%’@“éhﬁ?ﬁe%e@é%la&lﬂq @Fl’gﬁ-rdmzy curve (|
to 5 o

on the agitating or powder flow condition, for example,
through flow drying in air of relative humidity 50 to 60 % at 25 \.J
to 40°C until the inflection point of the time versus oﬁtlet air
temperature curve or time versus outlet air humidity curve
2 to 10 hours when thé starting material con_tainéd_ 30 to 60 % of
water) gives a product corresponding to dihydrate as tﬁe maiﬁ
component.

In the case of a fluidized bed dryer, depending on the air
blow condition, for example, drying in air of relative
humidity 50 X to 60 % at 10 to 35°C (especially 20 to 30°C) until
the first inflection point of the time versus outlet air temper-
ature or time versus outlet air humidity curve (about 1 hour when
the starting material contained 30 to 60 ¥ of water) gi&es a o
product corresponding to trihydrate and drying u.ﬁtil the second
inflection point of the same (about 1.5 hour when the starting
material contained 30 to 60 X of w_at:_er) gives a product corres-
ponding to dihydrate as the main component.

For a large scale production, = circulation drying, through



hour when the starting material contains 30 to 60 % of water) gives
crystalline trihydrate and trying to the second inflection point ( 3to
7 hotir when the starting material contains 30 to 60 % of water) gives
crystalline dihydrate as the main conponent. Drying at higher than about
[err] in the presence of a drying agent- Sunder reduced pressure or . like
severe conditions lowers the crystalline water |less than two to afford an

unstabl e prqoduct, (e.qg., drying under, Q. Q1 nHg over , cal ci um.chloride at 25
Lo Tarr otia drioduped Hulllesd S0uA noe1cer soiably S RPRIRAS hour: -
dryifAg in dry nitrogen circulation at [err] within 30 mnutes |owers the
wat er “Font ent dolmh &t bepresentative Seseiafi ay fhfidipel begsiryer| enkydingt e] The
stability of the crystalline hydrate of this invention was confirned by an
accel erati oont the fitmvratg 6f thedairepentwem cofstabtweightabt estHernont h as
conpared with the value (73.6 % of anhydrous material. [Use of the

crystal | i necbyditabsd, A phiryime dhogirc at | nel tfivre HuimvidiyrR0too80 thre
crystalline - 10 - hydrate of this invention can be used in the form of

oral conposi(bsQRIall§SHE o260 Yy FARS LD O 60"@NHspecial BPLOt €0 dPE)Preventing

or treating bacterial infections. Alternatively, the crystalline hydrate

can be stor gdefiopn{ U iinMEARTSE ol A Che tiflET 1S obt BB ait! ] SE AL E

temperature or time versus outlet air humidity curve ( l1to 5
hour when the starting material contains 30 to 60 ¥ of water)
gives crystalline trihydrate and drying to the second inflection
point ( 3 to 7 hour when the starting material contains 30 to
60 ¥ of water) gives crystalline dihydrate as the main component.

Drying at higher than about GO'C in the presence of a drying
agent, under reduced pressure or like severe conditions lowers
the crystalline water less than two to afford an unstable product
(e.g.. drying under 0.01 mmHg over calcium chloride at 25 to 28°C
lowers the water content down to 1.5 to 4.8 ¥ within 3 hour:

— drying in dry nitrogen circulation at 25°C within 30 minutes
| lowers the water content down to 1.08 %).
[Stability of the crystalline hydrate)

The stabili.ty of the'érystalline hydrate of this invention
was confirmed hy aﬁ écceleration test showing 97.8 ¥ retention of
potency after | month as compared with the value .(73.6 %) of
anhydrous inaterial.

[Usé of the crystalline hydrate]

A pharmacologically effective amount of the crystalline



[ The seal ed capsul es] In producing the present invention it has been found
that filling the hydrate into a gelatin hard capsule sealed with a gelatin
band re- sulted in far | ess color change and potency [oss. The capsul es of
the invention are illustrated in the¥ctonpanying figure., [ Method for
produci ng the capsul es] The capsules of this invention can be prepared by,
m Xi ng armagologi cally,effect{ve anount, of, the drate with an addi -
tive (ei@%}‘ﬁ%l‘ﬁi %& ; ‘?’btﬁ‘incéﬁtﬂs,eg?%ﬂ‘q £y r?flgﬁa capsul e, applyi ng
an aqueous solution of gelatin around the circunference of entire joint of
cap and ce@ppsifionstespepialle capsuiesy aragules. tablets)glarati n band. The gelatin
hard capsul e may be a usual commercial capsule w thout specific |im t at'\™¥n
i n size preventiog. ot ttreatingobactienialyinfectionsindAtterpatinely. thet hough

additives (e.g., bulking agent or lubricant) are not essenti al for
pr ot ect icpgstdlbiney Hydiatef caunbeosvomed for durthersppbcessimp@afterihey are
preferably used for better handling for filling a  pharmacol ogi cal |y

effective anougiriel bf@imedrate in a capsule. The bul king agent can be a
usual one for powder or granules, e.g., sugar (e.g., glucose, fructose,

| actose), starch (e.g., corn starch, potato starch), or cellul ose (e.g.
crystalline cellulose, nethylcellulose nethylethylcellulose). The

| ubri cant can be a ubddlloh& Adr EpBwdef£, A BySahdt EsSor tablets, e.g.,

urified talc,
P [The sealed capsules]

In producing the present invention it has been found that filling \J

the hydrate into a gelatin hard capsule sealed with a gelatin band re-
sulted in far less color change and potency loss.

The capsules of the invention are illustrated in the accompanying
figure. | _
| {Mef.hod for producing the capsules]

The capsules of this invention can be prepared by mixing a
pharmacologically effective amount of the hydrate with an addi-
tive {(e.g., bulking agent, lubricant), th_eﬁ filling in a capsule,
applyingan.aqueous solution of gelatin around the circwnference of
entire joint §f cap and body of the capsule, and drying to form a
gelatin band. | |

The gelatin hard capsule majv be a usual éommercial capsule
without specific limitatiéﬁ in size or color. It may contain
dyestuff and/or pigment. | |

Although additives {e.g., bulking agent or lubricant} are not
essential  for protecting the hydrate from colq_ration or .loss of

potency, they are preferably used for better handling for filling a



stearic acid or its salt (e.g., sodium magnesium or calciumsalt), borax, -
liquid paraffin, sodium benzoate, polyethyleneglycol (average nol ecul ar

wei ght : 6000), carnauba wax, or hydrogenated oil . The aqueous solution of
gel atin may be prepared by dissol ving 101{0 30 % (preferably 15 to 25 % of
gelatin in water optionally containing l'to 40 % of |ower al kanol (e.g., 20
to 30 % of nethan- ol, ethanol, propanol. or glycerin), ether (e.g., 0.5 to

10 % of pol Of ¢l eate,.= Ral ysorwvate), ketone, or
ester in a%@ﬁé@%@?‘lﬁgﬁﬁ‘iﬁ%‘?ﬁt %%%te%?h%h%&yt# Fg% ‘&%ﬁﬁﬁ“@ﬁ- at the
joint of capsule and dried%g. ., by ajr stream or heat) at to [err]
oualsy, 510 BUETReere 58 B im ukliorsn KO0 BATARN o LErABAINE 18
pharmaceutically acceptable pignent is applied on a gelatin capsule of size
No. 2 to 4Sugar Tiregf.oBlusgshg fElieknnesslaghesedx pstarebnie gl icorBrate this

I nvention. They are, however, not to be construed to limt the scope of

t hi s i nventstarch.Tipetatmistarchy, omtcellulese diet.gr.ncrystabline el KdoseFi scher
method. [I] HY DRATES Exanple 1. A solution of crude 7432-S (25 g) in

6N- hydr ochinsetihryleelildldséd méthylethylceHubose ) orTHe Habricaht 1&an e[ g1} to
separate hydrochloride. The crystals are collected by filtration, washed

U1, "ol 16 o pleics s, onspsristdegch oL
stearic acid or its salt (e.g., sodium, magnesium, or calcium
salt}, borax, liquid paraffin, sodium benzoate, polyethyleneglycol
(average molecular weight: 6000), carnauba waxl. or hydrogenated
oil.
The agueous solution of gelatin may be prepared by dissdlving

10 to 30 % (preferably 15 to 25 %) of gelatin in water optionally
contaicing 1 to 40 ¥ of lower alkanol {e.g., 20 to 30 X of methan-
ol, ethanol, propanol, or glycerin), ether (e.g., 0.5 to 16 X of
polyoxyethvlene sorbitan monooleate = Polysorvate}, ketone. or
ester in a conventional manner to enabje the solution be applied
1 at tfxe joint of capsule and dried (e.g., by air stream or heat) at

0 to 80°C. Usually, 5 to 50 mg of the gelatin solut.ion optionally

containing a pharmaceutically acceptable pigment is applied on a

gelatin capsule of size No. 2 to 4.



chl ori de nonohydrate (18 g). A solution of this nonohydrate (1.0 g) in

3N hydrochloric acid (4 m) is adjusted to pH 1.5 by adding water (30 m)
‘and a base and stirred for 2.5 hours at 25 to 45 C. The Separating crystals
are collected by filtration and washed with water. The crystals are dried
with a circulation dryer at [err] for 5 hours to give crystalline 7432-S ,
hydrate (0.7 g) of water content 1072 Z. Ratio of geonetric isoners (cis/
trans) = 98.8: 0.2. Exanple 2. Crude crystalline 7432-S (1.17 g) is
suspended in a mxture of t-butanol (3 m) and acetonitrile (3 mM). To this
suspensi on The ddtiowvidg exdibplescimd réxpenimentsl ilTustiateothis equi val ent s) \29

- 13 - give a solution. This solution is dilfuted with a mxture of t-

but anokpyeheb, AHYORFS, hbievlr bt 89 hevEoRstiedTith, lidslkugied to pH 2.3

with triethylamne “and stirred for .3 hours at 30 to [err] The separating

and waEpPt PF1 Bl hidheidRa" Thel bl ol Whtert il RbE ety 1 Mow

dryer 26 toouferr] for,2,hours to give crystalline hydrate (1.06 g) of
wat er gbﬁtgﬁl'ggs@%mﬁg‘%ﬂof geonetric isoners (cis/trans) =.99.2 : 0.8.
Exanple 3. To a suspension of crude crystalline 7432-S (1.0 g) in a mxture
of water (8 m) and acetonitrile (1 nml) is added sodi um hydrogen carbonate
(0.41 g; 2 nolar equival ents%‘ gli’vi ng a clear

[I1 HYDRATES

Example 1. |

A solution of crude 7432-8 {25 g) in 6N-hydrochloric acid .
(75 ml) is let stand for- 1 héur at 15 to 20°C to separate
hydrochloride. The cr_ystals, are collected ny filtration, waghed
with acetonitrile (7_5 ml) co_ntaining 1 drop of concentrated
hydrochloric acid, and dried to give crystalline 7432-S hydro-
chloride monohydrate (18 g).

A solution of this monohydrate (1.0 g} in 3N-hydrochloric
acid (4 ml} is adjusted to pH 1_.5_by adding water (30 ml) and a
base and stirfed fox_' 2.5 hours at 25 to 45°C. The separating W
crystals are collected by filtration and washed witﬁ water. The
crystals are. dried with a circulation dryer at 10°C for 5 hours to
give crystalline 7432-S hydraté (0.7 g} of water content 10.2 X.
Ratio of geometric isomers (cis/ trans) = 98.8 : 0.2.
Example 2.

Crude zrystalline 7432-S (1.17 g} is suspended in a mixture
of t-buitano! (3 ml} and acetonitrile (3 ml}). To this suspension

is added 35 X hydrochloric acid {1 m!: 5 molar equivalents) to



solution. This solution is diluted with methanol (6 m), treated with
active charcoal (0.1 g). stirred at roomtenperature for 10 m nutes, and
filtered to renove the ‘active charcoal. The filtrate is acidified with

" 6N-hydrochloric acid (1.62 m; 4.5 nolar equi- valents) and poured into a
" mxture of water (3.4 nml) and aceto- nirt#¥l®e (5 m). The nmixture is
adjusted with 30 % potassi um carbonate to pH 2.3, stirred for-1 hour at

err] and f rs at errl. T e i ng. crystal I e

E:ol I ]ect ed, ‘ﬁg%h]‘eg"@wﬁia rﬁé&%@"&i‘éﬁhfhgﬁgi,’g%@‘oﬁi H’ﬁ’( & fd“wat er
1:1:2; 5 @), ter 0 m), .an hanol m) syccessively and dried b
'Ehr&u-g‘h flmgfr@ H’E‘?-ZGCFQP‘PH&?”&&;L ( JF efot%im ol y&?ql-tq ne Y
hydrate (0.876 g) of water content 9.35 % . Ratio of geonetric isoners

(ci s/transph 298 witly triethylamine, amd stirreds forrs3 howssuet 30 ¢o 35 um

hydr ogen carbonate (1.848 g; 3 nolar equivalent) in water (42 m) is added

crude crysflile iseparatdtg riyst£ld arp colleeted) mashedi with eminsickture lof
acetonitrile (19 m), active alumna (2.34 g) and active charcoal (0.466

g). stirredcetoditrile, [tobukahiel, &tH Wwateres2:1and 5 imll) ead! watere(Pgemi e

active carbon and alumna. The filtrate is poured into a m xture of

acetoni t1i laad( dfidd witf%a %eHreugH’ Hiowrd ?ef %t9259t0 S %Peizlg&fkos’?lr The

m xture is diluted with aqueous 30 % pofassi um carbonate at err] to

2dj Ut PH 306 09 sERIAL ydPhe G100 U Pos brabli BPRRY HTE R URieid e

separating-crystals are c
of geometric isomers (cis/trans) = 99.2 : 0.8.
~ Example 3. |
To a suspension of crude crystalline 7432-S (1.0 g) in a
mixture of water (8 ml) and acetonitrile (1 m!) is added sodium
hydrogen ‘carbonate (0.41 g 2 molar equivalents) giving a clear
solution. This solution is diluted with methanol (6 ml), treated
with active charcoal (C.l g)'. stirred at room temperature for 10
minutes, and filtered to remove-the active charcoal. The filtrate
is acidified with 6N-hydrochloric acid (1.62 ml: 4.5 molaf equi-
N\ valents) and poured into a mixture of water {3.4 ml) and aceto-
nitrile {5 ml). The mixture is adjusted with 30 % potassium
carbonate to pH 2.3, stirred for 1 hour at 40°C and for 1.5 hoﬁrs
at 20 to 25°C. The separating crystals are i:o"llected. washed with
a mixture of methanol, acetonitrile, and water (1:1:2: 5 ml),
water {20 mi), and methanol {5 ml) successively and dried by
through flow drying at 20 to 25°C for 1.5 hours to give crystall-
ine hvdrate {0.876 'g) of water-cont:ent 8.35 %. Ratio of gecmetric

isomers (cis/trans)l = 69.6 : 0.4.



filtration and dried by circulation drying at 20 to [err] for 2 to 3 hours
:to give crystalline hydrate (4.384 g) of water content 12.2 X. Ratio of
geonetric isomers (cis/trans) = 99,6 0.4. Under similar condition, a .
solution of 7432-S (1.0 g) in aﬁu@%JS sodi um hydrogen carponate (12 m) is
treated with active alum na and active carbon. The solution is diluted and
acidified wwth a solvent (water, isopropanol or acetonitrile; 6 mM) and 85
@6p§§§gﬂ§Lﬁb acid (8 nol ar equival ents), successively, then adjusted to pH
3.0 with aqueous 30 % potassium carbonate at 20 to [err] and stirred at the
sane t erperatsoletionr ofGsodiumt hydrdgen capbondtiendl@48sgal3 molarcol | ect ed by
filtration, and dried by through flow drying at 20 to [err] for 2 to 3 ‘w

houeguivalehvE il wated | (42e my disahddédinrue OcHfbtalliné 743208 content 11.0 X
Rati o of geonetric isoners (cis/trans) = 99.2 to 99.7/0.8 to 0. 3. - 15-

LS8 86 e Wlytichh 1hirestE i sgaieEnBo@ 0L S W D
= BEEH° ol 12,505 Mg Bhefee B B9 R8O, abeRORET 525750 ' 70
nydnSohP ot Cacion BB, BUNTHes. 208 FIFSFSd 0, EMONE SPeuaEvEy 50 and the

m xture is stirred at the sane tenperature for 2 hours. The separating
crySesban gmchpinmin. or The faltrate|iscpeuted,into | mixture of

acetonitrile (37 ml), 62 X sulfuric icid (3.95 g). _ax_xd water (28

ml). The mixture is diluted with aqueoﬁs 30 % pot.assium carBonate_ V
at 20 to 25°C to adjust pH 3.0 and stirred for 30 minutes at the |
same temperature. .The separat_ing. cfy#tals _aré coliected by
filtration and driéd b& circ_u.latio_n drying at 20 to 25°C for 2 to

3 hours to grﬁg crystalline hyd}aﬁe (4.384 g) of water content

12.2 Z. Ratio of geomet_ric isomérs {cis/trans} = 99.6 : 0.4.

Under similar condition, a solution of 7432-S (1.0 g:) in
agueous sodium hydr.ogen_carbonatg (12 mi) is treated with active
alumina and active carbon. The solution is _-diluted and acidified
with a solvent {water, isopropanol, or. acetoz_zitrile_‘- € ml) and 85
% phosphoric acid {8 mo_l_ar equivalents), successively, then.
adjusted to pH 3.0 with aqueous 30 ¥ potassium carbonate at 20 to
25°C, and stirred at the same temperatu;e for 30 minutes. The
separating crystal; .'are collec;ted by filtration, and dried by
through flow drying at 20 to 253°C for 2 to 3 hours to give
crystalline hydrste (about 0.90 g)_ of water content 11.6.%. Ratio

of geometric isomers (cis/trans) = 99.2 to 99.7/0.8 to 03



washed with a mxture (10 ml) of dinethoxyethane and ethanol (9:1) and
acetonitrile (10 m), and dried at 25 to [err] for 2 hours to give

hydr ochl oride (1.878 g). A suspension of this hydrochloride (1.0 g) in a
m xture of nethanol (6 nml) and water. (5 44 ) is dissolved by adding sodi um
hydrogen carbonate (0.61 g 3 nolar equivalent) giving a solution. To this
solution is added active carbon (0.1 g), stirred-at 25 to [err] for 10

"o & mxtur e RS LAY HiRaliBoc bt fubitiie iasenori€ M ohrs) °

water (3 m).,.. and acetonjtrile (6 ,,adjusted its pHto 3,0 wth aqueous
30 %-pot asé‘?‘ﬁrh %Fﬁm},m’éﬁo‘%éi (Pe%olét" é@“‘t‘@?ﬁ%"j] q’éfﬁuj‘g‘% nutes and 5
to [err] for 1 hour. The separating crystals are collected by fitration
washed wit By8ratedi0.8% g)) isrproduced. ( Wpter)conteatssilet yX an®agio of by
through flow drying at 20 to [err] for 2 hours to give crystalline - 16
- hydrate geosetric isomerselcisdntrans)18. 89®/ORkt i o of geonetric isoners
(cis/trans) 99.5 0.5. Exanple 6. To a solution of sodium hydrogen
carbonate Ekathpe 5. 2 nol ar equivalents) in water (18 m) is added crude
crystallineg 7432Z-S (3.0 g). The solution is treated with active al um na

nd 1 tored tors amuapo O e e R 4B R e s
poured it gn;3e fPeX bt 'ffmEf hdWet farfdC 18 () £ Atn&MB1' Y'Y Y added 6N-
hydrochloic acid (0.88 ml: 1.3 molar eﬁuivélents) at 2 to 5°C, and
~ the mixture is stirred at the same temperature for 2 hours. The
separating crj'stals of hydrochloride are collected by filtratioﬁ.
washed with a mixture (10 m!) of dimethoxyethane and ethanol (9=1_)
and acetonitrile (10 m!), and dried at 25 to 30°C for 2lhours to
give hydrochloride {1.878 g). |
A suspension of this hydrochloride (1.0 g} in a mixture of
methano! (6 ml) and water (5 ml) is dissolved by adding sodium
hydrogen carbonate (C.61 g' 3 molar equivalent) giving a solution.
\/ To this solution is added active carbon (0.1 g). stirred at 25 td
30°C for 10 minuﬁes. and filtered to remove the active carbon.
The filtrate is poured into a mixture of 35 ¥ hydrochloric acid
(1.01 ml: 4 molar equivalents), water (3 ml}), and acetonitrile (6
. ml), adjusted its pH to 3.0 with aqueous 30 % potassium carbonate,
and stirred at 25 to 30°C for 30 minutes and 5 to 7°C for 1 hour.
The ssperating crystals are collected by filtration, w;shed with
ethanol (5 rh!) and water (10_ ml) successively, and dried by

through flow drying at 20 to 25°C for 2 hours to give crystalline



(17 m) and acetonitrile (36 m). The mxture is neutralized wth aqueous
30 % pot assi um carbonate at 20 to [err] to adjust pH at 3.0 and stirred for
30 minutes at the sanme tenperature.- The separating crystals are c¢ollected-
by filtration and dried by circul atiién-drying at 20 to [err] .for 2 hours to
give crystalline hydrate (2.665 g) of water content 11.7 % Ratio of .
geonetric isoners (cis/trans) = 99.1: 0,9, Under the sane condition but
subst | hydrate 82 gkiof WAter content: 19:6 K- 13’&&9 ot gepmewient s)
crystalline hydrate of water content 10.1 % is produced.. Simlarly, a .
sol ut i dsomeérs74eis/ergus)o =gP8%id ‘a@bous sodi um hydrogen carbonate is. treated
with active alum na and ‘active carbon. The solution is mxed with a

sol uti @mnk]é @.mc acid (4 nolar equivalents) in aqueous acetonitrile. The
m xturé 1S treated as above to give crystalline hydrate (0.925 g) of water

content 12.7q % sBpationObf GVATRE' h§d GEEIe Carbonate! [ #/8)g: 2P nblar -17- 0. 2.

The said anobunt of formc acid can be“increased-up to 75 nolar equival ents

(5 9 SablERHE) SEpieln (18 WP Rl e yefaip plsTiaz S hyorare
O Y340 RRLRL e A RS Ml s e 2 20 16

active c_ha_rcoal (0.3 g), stirred gt 20 to 25°C for 30 minutes,

and filteréd to remc_ive the active carbon and alumina. The filtr-

ate is pouréd into # mixture of malfc écid (_10__molar equivalents), | | o

{17 ml) and acetonitrilé (3_6 ml). The mixture is neutralized with

aqueous 30 X potéssium cafbonate at 20 to 25°C to adjust pH at 3.0

and stirred fof 30 minutes at_the same temperature. The separating

crystals are collected by filtration and dried by circulation

drying at 20 to 30°C for 2 hours to give crystalline hydrate

(2.665 g) of wéter content 11.7 %. .Ratio of geometric isomers

(cis/trans) = 92.1 : 0.9.

Under the same _conditién but substii:uting malic acid with \./
fumaric acid (10 molar equifalgnts), crystalline hydrate of water
content 10..1' X is produced... |
Similarly, a solution of .74»32-5 (1.0 g) in aqueous sodium

hydrogen c#rbonate lis treated with_ #ctive alumina and active

carbon. The solutién is mixed ivi_th_ a solution of formic acid (4

molar equivalezzté} in azueous acetoniﬁrile. The mixture is

treated as above to give. crysiailine hydrate (0.925 g) of water

content 12.7 X. Ratio of geometric isomers {cis/trans) = 99.8 :



tenperature for 6 hours. Then the water content of each sanple is

determ ned by Karl-Fischer nethod to give the value of 1.05 % 5.83 % 8.54
% 11.21 % 12.19 % and 12.21 % respectively. The val ues show that the
mai n conponent is dihydrate (calcur- atpd_water content = 8.07 9% at
relative humdity 20 % and tri- hydrate (cal curated water content = 11.64
% "at relative humdity higher than 44% . Wen this drying is continued
further 3@ hours, the |loss of water content from6 to 30 hours is |ess than
0.2 %in the case of relative humdity higher than 20 % Exanple 8. A

Ceapuct vely | A8 Fiidh BOBAE G oMl RellE KR oo inbr IR S A4 007G 1)
Corr] for AoREnehuibleRts ke wiFhe tn cFyptalliof BRarate! i < actorm ned by
Kar| - Fi scher nethgod to give the value of  7.92 X, 10.69 % 11.73 X, and 12.4
% - 1MQ§ctively. The | oss of water content from 30 hours to |
nonth is less than 0.5 %to show stable water content. [II] SEALED C
AP S UL ES Ansample of | 7432 Bysirpted 10g) oprepared byeithecmethedaohli es 1 to
6, 7432-S hydrate is in a crystalline formcontaining about 10 X of crystal
wat er wherBxesplge8 isy plkeved- Fespeetivelpt ipd. tightdyl cloSed container
fixing its relative humidity at 0 %, 12%. 20 %. 44 X, 57 %, or 75
X by selecting a suitably wet drying agent and kept at room
temperature for 6 hours. Then the water content of each sample is
determined by Karl-?i;cher method to give the value of 1.05 %,
5.83 %, 8.54 ¥, 11.21 %, 12.19 %, and 12.2]1 %, respectively.
The values show that the main component is dihydrate (calcur-
ated water content = 8.07 ¥) at relative humidity 20 ¥ and tri-
hydrate (calcurated water content = 11.64 X) at relative humidity
higher than 44X..
¥hen this drying is continued further 30 hours, the loss of |
Y, water content from 6 to 30 hours is less than 0.2 ¥ in the case of
relative humidity higher than 20 %.
Example 8.
A sample of 7432-S {1 g) prepared by the method of Example 3
is placed respectively in a tightly closed container fixing its
relative humidity at 20 X, 44 X, 57 ¥, or 75 % by selecting a
ring agent kept at 40°C for 1 month. Then the
water coutent of cach sample is determined by Karl-Fischer method

to give the value of 7.92 ¥, 10.60 %, 11.73 %, and 12.4 %,



The hydrate (1 kg) crystalline cellulose (1.18 kg), and nmagnesi um stearate
(0:02 kg) (each as 60 nesh powder) are m xed for 20 m nutes ysing a 10
liter V-type m xer. The m xed powder (253 ng each) is'filied in a white
gelatin hard capsule No. 2 containknggt-itani umdioxide (3.5 % . Then, the
sealing gelatin solution [17 to 26 ng at [err] an aqueous sol ution of

gelatin (21.13 %9 a Pol ysoryvate 80 (2 %], 1s plied along the circum

f er encerespeckively; n'?ﬂ'tﬁ ?Qé) QinU‘E%f%‘Feﬂ/%rﬁBPeggugPHb’ aFQ—lgr ganthsul e

seal ing machi ne S-100 distributed by Japan El anco Conpany) and dried for 5

mi nut esisatless dthane Agatter shawdatabler water nontert product contains 100 ng.

potency -of 7432-S per capsule. Exanple 10. The hydrate (1 kg), |actose ¥¥. 9

kg). and hydrogenated caster oil (0.1 kg) (each as 60 nmesh powder) are
m xed for 20 mnutes us ng a 10 liter V-type m xer. The m xed powder (172

ng each) is filled ipna]vwglae.gggl g D" QapdpcsmsUl, e . 2 contai ni ng.
titaniumdioxide (6 %9. Then, the sealing gelatin solution [20 toe 25 ng at

19 - Ter1] 1aPng0uBHmE Blbbil 0] ot eidkelbe bt 1 4 %) and

et hanol (30, Is appll ng the circunfierence at t of cap and

boc o 6L oREULS, AR BT AP Gk AL SoBERLRE o O0ackr ot Y
ST eam G yBtl Watef “when "Sesayed by Ka1oKisther ‘Bairod " capsule. Example 1
Example 9. o |

The hydrate (1 kg). crystalline_celh_nose (1.18 kg), and o/
magnesium stearate (0.02 kg)_ (each as 60 mesh powder) are mixed
for 20 minutes using a 10 liter V-type mixer. _.-‘I‘he mixed powder
(253 mg each) is filled in a white gelatin hard capsule No. 2
containing titanjum dioxide (3.5 X}. Then, the sealing gelatin
solution [17 to 26 mg at 60°C: an aqueous solution of gelatin
(21.13 %) and Polysorvate 80 (2 %)} is applied along the circum-
ference at the joint of cap and body of capsule (using a Hard
capsule sealing machine S$-100 distrib_uted by Japan Elanco Company)
and dried fof 5 minﬁtes at room temperature under air stream. The
product contains 100 mg potency of 7432-S per capsule.

Example 10.

The hydrate (1 kg), lactose (1.9 kg)..and hydrogenated caster
oil (0.1 kg) (each as 60 mesh powder) are .mixed for_ 20 minutes
using a 10 liter V-tjpe mixer. The_ mixed powder (172 mg each) is
filled in a white gelatin .ha_rd capsule No. 2 containing titanium

dioxide (6 X). Then, the sealing ge_lat_in solution {20 to 25 mg at



The hydrate (i kg), crystalline cellulose (0.5 kg), and pul verized carnauba
wax (0.02 kg) (each as 60 nesh powder) are mxed for 20 m nutes using a 10
liter V-type mxer.'®The m xed powder (171 ng each) is filled in a white

gel atin hard capsul e No. 4 containing §9tani umdioxide (2.1 %9 . Then, the
sealing gelatin solution [10 to 20 ng at [err] an aqueous sol ution of
gelatin (22 % and Pol ysorvate 80 (2 %] is applied around the

circunfer gBge: an bhGed ol Wiofoef Fetatifdy22fy \caphidepid YS XY, andard capsul e
seal i ng macﬁlgne S—?O% distri blgt ed f%% Japax El a)ﬁcgwggrr!paﬁy) gndndri ed for 4

mnuytes a %@13@'@ L Ur a1 64 0 ' i 100 ny
pot eney o%u; g perrﬁggsﬁ%%%ﬂ% e%E%gEEE?J ee ?gqpl}é(:)%%:%dagy t he

4 Bxanp) 668 0, boRyCHF SAbsbl (HEis) o, BRRT Beg e 3R mAh e ST CL D, o
usi ng non-transparent blue gel agin hard capsul e 4. containjng trace bl ue
ye Ro 1 10PEHIRF Usd by Iahan: Elaned brmpsey heand drish Tor,& miites A
capsul e is produced by the method of Exanple 9 except for using

non- t r ans pErraem tempeeature wnder dir stream Nbhe productaicontains (S mgbl ue dye

No. 1 red dye No. 3, yellow dye No. 5 and titanium di oxi de. Reference
Exanpl e 1pptemcyoafnpdd2h per capsule.

Example 11.

The hydrate (1 kg), crystalline cellulose {0.5 kg), and
.pulverized carnauba wax (0.02 kg) (eéch as 60 mesh powder) are
mixed for 20 minutes using a 10 liter V-type mixer. The mixed
powder (171 mg each) is filled in a whité gelatin hard capsule No.
4 containing titanium dioxide (2.1 %). Then, the sealing gelatin
solution 110 to 20 mg at 60°C: an aqueous solution of gelatin (22
%) and Polysorvate 80 (2 %)] is applied around the circumference
at the joint of cap and body of capsﬁle {using a Hard capsule'
sealing machine S-100 distributed by Japan Elanco Company} and
\ .dried for 4 minutes at room temperature under air stream. The

product contains 100 mg potency of 7432-S per capsule.

lExample 12.

A capsule is produced by the method of Example 9 except for
using transparent gelatin hard capsule No. 4.
Example 13.
A czpsule is produced by the method of Exémp.!e S except for
using non-tiansparent blﬁe gelatin hard capsﬁlé No; 4 containing

trace blue dye No. 1, red dye No. 3, and titanium dioxide.



T T —

The hydrate (1 kg). crystalline cellulose (1.08 kg), benzyl hydroxy anisole
as antioxidant (10 ng of 60 nesh powder) and magnesi um stearate (0.02 kg)
were mxed for 20 mnutes in 10 liter V-type m xer. The-m xed powder (253
ng each) was filled in a white gel ati20 hard capsule No. 2 containing 3.5 X
titani um di oxi de. The product contai ned 100 ng potency of 7432-S per

capsul e. ﬁeferﬁnﬁf Exanple 2 (for Exanple 10). The hydrate (1 kg),
crystalli ‘ose- (1.18 kg), and magnesium stearate (0.02 kg) (each as

60 nesh powder) were mixed for ,20 m.nutes, i OJdite -type m xer. The '
m xed powder ‘62"5‘!?51\‘3‘ éécﬁ'}‘x{MﬁdeI% ﬂ?t5°akﬁ]7t g"@@PL& |>5n.e fapsul e No. 2
contai ning_titaniumdioxide (3.5 %, The 'product" contai ned 100 ng pot ency(,r
of 7432- Uspeg noRTdrarsparent reédcgelmkimftasd Gpsyle No.ot ®ndeiniog 11 to 14). A
capsul e each of Examples 11 to 14 prior .to applying the seal- ing gelatin
sol uti on trace ddae ghyet Nb. ab, rod dyepdNol o3, yéllBef dyeNe Bxemdltétaniuio 6 for
the foll owi ng experinents. Experinents for capsul es. - 21 - The
f ol | owi ndiexieer i ments show stability of the conposition observed under HPLC
condition: Colum - Polygosil 60 [err] X 250 nm (M Nagel & Co.); Mobile
phase = ' tate/ met hanol (96/4); Flowrate = 1.5
ROBSUR OnniM) YITORLLA A6 O AL P ~ ai o84

m / m nut et erar—Standarc——rt-cotihan de; and UV det er ni nat i_on
am The hydrate (1 kg). crystalline cellulose (1.08 kg), benzyl

.

hydroxy anisole as antioxidant (10 mg of 60 mesh powder) and

magnesium stearate (0.02 kg) were mixed lfor 20 minute; in 10 liter W/
V-type mixer. The mixed powder (253 mg each) was ﬁ_lled_ in a

white gelatin hard capsule No. 2 containing 3.5 % titanium-

dioxide. The product contained 100 mg poﬁency of 7432-S per

capsule. | |

Reference Example 2 (for Example 10).

The hydrate {1 kg), crystalline cellulo#e (1.18 kg), and
magnesium' stearate (0.02 kg) (each as 60 mesh powder) were mixed
for 20 minutes in 10 liter V-type.mixer. The_ mixed powder (253 mg
egch) was filled in a white gelatin hard cabsule No. 2 containing
titanium dioxide (3.5 ¥). The product contained 100 mg potenﬁy of
7432-S per capsule.

Reference Examples 3 to 6 (for Examples 11 to 14).

A capsule each of Examples 11to 14 prior to applying .the seal-
ing gelatin solution was designated as the capsules of Reference
examples 3 to 6 for the following experiments. |

Experiments for capsules.




Experiment 1. The capsule (10 capsul es each) was placed in 500 m gl ass
container, stoppered tightly, and kept in a chanber at 45 PC. The content
of 7432-S was, determ ned nonthly for 4 nonths by HPLC. The content in Table
2 shows retention in.percent as conpared_with the content of freshly
.produced capsul es. A capsul e w t hout tﬁézééhling, regardl ess of presence of
an antioxidant as a stabilizing agent, was apparently nore unstable as

contant (54" Nont e’ kqftB g l@‘sg} {ofllys TR SabARYoF the, compogition
99.4~ 96.5 94.2 1. 10 . .0 8 3.4 91.2
Ref erghce °bse§8?‘zﬂ’éﬁ€mn§?f@9‘f°ﬂ * §@lumn 9"3.8%3’33%‘??60 81Cne B eence

exanple 2 94.5 89.4 87.3 80.4 ~ -22- Experiment 2. The capsule (10
capsul es each)23utm {MariNagel £, ot i Mrbide Rhasess aquegus | h0aMcsmmpaiumyt 25
[err] and irradiated under a fluores- cent |lanp of 10000 Lux. The content
of 7432-S wascetetefmethadohd96K4): Fbow 2ratent hk.SomlfiFindtendnteenalol or change
in NBS color difference unit by using a color difference neter

( Col or - st udi staafdaii hromibetiagmide: Koy dJV detbfmindtidmowsat B354 ament i on of the
content and col or change : '

Experiment 1.

The capsule {10 capsules each) was placed in 500 m! glass

container, stoppered tightly, and kept in a chamber at 45+ 1°C.

~ The content of 7432-S was determined monthly for 4 months by HPLC.

The content in Table 2 shows retention in percent as compared
with the content of freshly produced capsules.

A capsule without the sealing, regardless of presence of an
antioxidant as a stabilizing agent, was apparently more unstable’
as compared with that of this invention.

TABLE 2
—/ Capsule Content (%)

Month 1 | 2 3 4

This invention Example 9 ' 00.4196.5]94.2191.8

Example 10 08.0 | 95.8 | 93.4 | 91.2
Reference Reference example | 96.7 | 3.0 | 86.3 | 81.4

Reference example 2 94.5189.4 |87.380.4




in NBS unit as conpared with those of freshly produced capsul es. TABLE 3
Content (% / NBS unit Capsule Mnth 1 2 This invention
"Exanpl e 11 99.7/0.68 100. 2/ 1. 47 Exanple 12 ' 100. 1/ 1. 3%
100. 0/ 2. 85 Exanple 13 100. 220- 07 99.8/3.00 Exanple 14°
99.7/0.04 100. 1/ 2. 61 Reference Ref erence exanple 3 98.3/ 1. 62

98. 0/ 6.98 Reference exanple 4 97.0/4.06 96.1/7.39 Reference exanple 5°
08. 8/ 3. bxperiggnt /% 12 Reference. exanple 6 99. 6/ 0. 87 99 8/ 4. 65 -23-
NBS unit is a unit of color difference according to the U. S. National
Bureau of SiThedsapsule ThD copswer reachi)spPus RS Ry gﬁeﬂﬂ thirka RPeX he val ues.
ver sus appearance. Fromthese ‘experinments it is concluded that the L
conposi tviasriseptf ihhd shambent ato2SkiedlC amiBiriadiated underca Eludees-accerel ating
condition (e.g., heat, irradiation) and protects it from col or .change.

Cont r asténtd 168p 066 1boooqameul Thancbrteat i ofg 74828 i was desertmiimednay freely be
sel ected, enable easy detection of a broken band sealing. LI ST NBS unit

differepggthly for BimotitHs by HPUCTdr @Recolor change in NBS color

difference unit by using a color difference meter (Color-studio of
Nihon Densyoku Kogyo). | | |
Table 3 shows the retention of the content and color change
in NBS unit as compared with those of freshly produced capsules. v/

TABLE 3

Content (X) / NBS unit

Capsule
Month 1 | 2
This invention Example 11 99.7/0.68 100.2/1.47
Example 12 100.1/1.35 1.00.0/2.85 |
Exaﬁple 13 100.1/0.07 99.8/3.00 ~
Example 14 99.7/0.04 | 100.1/2.61

99.6/0.87

Reference Reference example 3 08.3/1.62 08.0/6.98
Reference examplé 4 97.0/4.06 96.1/7.39
Referenceiexample 5 08.8/3.23 08.3/8.12
Reference examplle 6 99.8/4.65




0- 0.5 I nsignificant 3.0 6.0 remarkable 0.5- 1.5

sl i ght 6.0 12.0 apparent 1.5 - 3.0 significant >
12..0 very - 24 - CLAIMS 1. A crystalline hydrate of
7[err]- -[(2)-2-(2-am not hiazol -4-yl)-4-carboxybut - 2- enoyl am no 5

- [-3-cephem 4- carboxyllc aci d having §u5§rant|ally the foll ow ng X-ray

- diffraction pattern: 10 d [err] d - Jerr] d [err] d

5.90 5 0 08
[ﬁ”l!ls 0 N239$ 2829 i8 s uml‘-. Qf c%ﬁo? Q:hffe_réﬂce a%és?@ingthStﬂe S. 25 60

1L 37, Oiqgl gy O s, - Whomisf s Endf 1@9.1 38, 30

24. 50 0 3. 3920 15 15.65 24. 80 31.60
58 30, ctita °§jfh%o"i%“°§5"°’suf3‘”%'§6 % 3178 34 4027 e
18.35 24 25.89 41.22 22 18.90 71  26.60
16 33.55 fIem tl??r'*ssexpe”%enz‘é it !igcqnsludecﬁhatztzhezcommtwm 86

17 '44.20, 09 19.40 _ 60 _27.30 35 35.20 16 30  20.58 88
28.35  ohthigsnyenting keeps 743278 atablesevemiunderi sccerelating t hat cont ai ns
7

condition {e.g., heat, irradiation) and protects it from color

change. Contrasting colors for capsule and sealing solution, as

they may freely be selected, enable easy detection of a broken

~ band sealing.
LIST
NBS unit difference NBS unit difference
0~05 insignificant. | 3.0 ~ 6.0 remaikable
05~ 15 slight 6.0 ~ 12.0 _ apparent'
1.5 ~ 3.0 significant > 12.0 very




toU mlu,mm,a”' ter. 3. A hydrate as clained in Claim1 that is
5-4 A hydrate as cha nmed in Gaiml that is a _

trihydrate. A hydrate as defined in Caim1l and substantially as,
her ei nbef ore descrl bed. 6. A hydrate as defined in Claim1 and’
substantial ly @LAIMS nbefore described in any one of 10 Exanples 1 to 8. X
7. A process for preparing a hydrate as defined in Caim1 which )

conprises drying wet crystals of 7[err]
-[(2)-2-(2-ani &et hi azﬂolonvgmglmnerbmybue Bfemﬁjl-am no] 15

- 3- cephem 4- car i rec n ai m

the drying is cz(rprf%ﬁec?coq %nié?uf‘%%‘ﬁg?yg ?E?o W e %ed??%iambpo
fluidized Ped tﬂr?rﬁgnhﬂm-rﬂ-rmbognll(mac:;ﬂ haallatg subistaindiitad lof thog | ower
than 15% at O f_ Eerr process ‘as clainmed in Caim8 wherein the
drying is carri84l8HEng; t)‘ﬁré“t m‘cﬁngF?ﬂW dﬁ%tem using air of relative
humdity 50 to 60% at 25 to 0 40 C. - :

4 v | 4 m.'_' ¢ |an | e |an,
1 1 se0 | 12 2005 | 100 {2870 | 17 |3503 | o8
735 | o8 2115 | 70 |2040 | 27 |s638 | 24
045 | ©2 12175 | 25 [2060 | 11 {3700 | o7 |
15 1015 | 21 [2225 | 49 |2000 | 16 [3830 | 26 ~
12.08 | 46 {2385 | 62 |3040 | 19 |38.65 10
1487 | 30 |[2450 | 39 |381.10 | 53 |39.20 15
20 15.65 14 |248 | 16 |31.60 | 23 |39.60 | 21
16.25 13 [2550 | 34 |31.78 | 34 |40.27 15
18.35 | 24 |2585 | 66 (3302 | 28 |41.22 | 22
1800 | 71 |26.60 | 16 |3355 |- 23 {4255 | o8
2 lwoas | 77 |2702 | s0 |3386 | 17 |4420 | oo
19.40 | 60 |27.30 | 35 [35820 | 16 -
2058 | 8 2835 | 54 [3565 | 10
30
2. A hydrate as claimed in‘Claim 1 that contains 7
to 14% of crystal water.
35 3. A hydrate as claimed in Claim 1 that is a

dihydrate.



10. A process as clainmed in Gaim8 wherein the drying i )

with a fluidized bed dryer 30 - using air of relative hum ﬁmmmum"ﬂmﬂmll
at.10 to [err] 11. " A process as clainmed in @y-one of Cafns® 7 4orl0s =
wherein the drying s continued until the first 35 inflection point of
the time versus outlet air tenperature curve or the time versus outlet air
- 26 - humdity curve to give a trihydrate or until the second inflection
poi nt of the samg to giy | t 1 : C s;claimed in
any one of C ai Q'?_ to ﬁ%%ﬁi}%%%h‘glﬁ?egré& gllélg{g gtr%;hptgriesg %y rai sing
the' pH of an aquédihyshiat&ol uti on of the conpound for crystallization and
ri peri ng of the crystals. 10 13. A process as clained in daim12
wherein the pH fqr cryst%héizin i S 1.g,to 5.0. ﬁ4" AgProcess as cl ai ned
in Caim12 dr CPaim 1R rate (&% dehipRdr in Gladm Ihé™ arting nateri al
in 15  the aquecusbsairt 5l 1 i &9 héroehveeore. desndibed 15. A process
as clainmed in any one of Clains 12 to 14 wherein raising the pH of the
aqueous acid solution is effected with triethylam ne, amoni um 20
hydr oxi de, sodi ue.hydr ikiledrgid sssi def bpddoind€laim 1 and

substantially as hereinbefore described in any one of
10 Examples 1 to 8.

7. A process for preparing a hydrate as defined in
Claim 1 which comprises drying wet crystals of 78

o/
-[(Z)-2-(2-aminothiazol-4-yl)-4-carboxybut-2-enoylamino]
15 -3-cephem-4-carboxylic acid.
8. A prdcess as claimed in Claim 7 wherein the

drxing is carried out by stationary, through flow,
circulation, or fluidized bed drying in an inert gas
20 at relative humidity of not lower than 15% at 0 to
o)
60°C.

9. A process as claimed in Claim 8 wherein the
drying is carried out with a through flow dryer
25 using air of relative humidity 50 to 60% at 25 to
Y 40°c.

10. A process as claimed in Claim 8 wherein the
drying is carried out with a fluidized bed dryer
30 using air of relative humidity 50% to 60% at 10 to
(o}
35°C.

11. A process as claimed in any one of Claims 7 to

10 wherein the drying is continued until the first
35 inflection point of the time versus outlet air

temperature curve or the time versus outlet air



sSpe pot assi um car bonat e, sodi um bi carbonate, potassium

bﬂMﬁmwmmm ani on exchange resin or pg dilution with water. 25 16.
A process as 6larmed in any one of Clains 12 to 15 wherein the ripening of .
crystals is continued for 10 mnutes to 50 hours at 0 to 70 C, 17. A .

process as defhumddinyCecarve’ tangidle a stibthypdratk! yrauntdneithef ore

nor i nbet or o 4385 PP RcAnEaeeR AN PE e The "yapd S0 UGN U 50

whi ch has beendph¥gaese.by a process -27- as clainmed in any one of
Claims 7 to 18. 20. A gelatin hard capsule conposition of a hydrate as.
clainmed in any_one of Clains 1 to 6 in which there 5 is a gelatin sealw*

around t he ci r bénf er BnPEOKEShAY ilaimgd chp any pBEy off Gledmsmpbte. 21.
A conposition a3 whaired itheChaitn & 041 & §F 89pRepYlrleldn$y2qa 1 s S5 ect ed
from gl ucose, fﬁuctgse, 10 lactose, corn starch, potato starc
crystal l'ine cetP§I B GanéphﬁQﬂﬁqQEcﬁﬁ?%nﬂpﬁﬁﬁh9pe9ﬁyﬁéﬁIqﬂqﬁﬂﬂﬁéz. A
conposi tion asferacepdtian 1dzaitdol) 4xid G Bpen2AgCORt &hei rays daly | cant
selected frompurified : _ e o

10 13. A process as claimed in Claim 12 wherein the pH

for crystallizing is 1.5 to S5.0. '

14. A process as claimed in Claim 12 or Claim 13 |
wherein the concentration of the starting material in o
15 the aqueous acid solution is between 2.0 and 15.0%.

15. A process as claimed in any one of Claims 12 to
14 wherein raising the pH of the aqueous acid
solution is effected with triethylamine, ammonium

20 hydroxide, sodium hydroxide, potassium hydrbxidé,
sodium carbbnate,'potaséium carbonate, sodium
bicarbonate, potassium bicarbonate, or an anion
exchange resin or by dilution with water.

25 16. A process as claimed in ahy'one_of Claims 12 to
15 wherein the ripening of crystals is continued for
10 minutes to 50 hours at 0 to 70°C.

17. A process as defined in Claim 7 and
30 substaﬁtiallytas hereinbefore described.

18. A process as defined in Claim 7 and

substantially as hereinbefore described in any one of

Exaﬁples 1 to 8.

35 ' . _
19. A hydrate which has been prepared by a process

-,



15 talc, stearic acid, sodium stearate, nagnesium stear I w
stearate, borax, liquid paraffin, _sodlun1benzoate polyeth Ww,”"w
car nauba wax, and Rydr-ogenat ed oil. 23 27Abconp03|t|on as def ned
Claim 20 and substantially as herelnbefore descri bed. 24. A conp05|t|on
as defined in Oaim20 and substantially as hereinbefore described in any
one of 25 Exanpteslfiimedldn 2any onk mHCksimor? ptodl8ing a conposition
as defined in Caim20 which conprises applying an aqueous sol uti on of
gelatin containing a | ower 30 al kanol, ether, ketone, or ester along the
ci rctinf erence at20he JAlseletimhéanﬂaQaniuiﬁwCQmpeﬁtbbeulQfaﬁdthF&KPeu 0

to &l C 26. preggip e@S 10l anyEddd 4¢ & i?és\mefe»'@ mewﬁéch AHEAY!S
fo 0%0 ﬁ%

sol ution of gelatin con alns 1 at|n. A process as
claimed in Chai migsanBeratin 5€adg@d@nd ot |%#F%Hm5%F§PFﬁ &nttdies 10 to

40 of nethanol, ¢bRaROLE RapPPANM uvaxﬂo&mxn@ c@ps®lé.to 5  10% of
polyoxyethylene sor bi t annonool eat e. . A process as clained in any one
of Clains 25 to 27 wherein the aqueous solution of gelatin contains a

phar maceut i cal | y2accephakompdydtiivti a5 @loteed.in Claim 20 containing
a bulking agent selected from glucose, fructose,
10 lactose, corn starch, potato starch, crystalline
cellulose, methylcellulose and methylethylcellulose.

22. A composition as claimed in Claim 20 or Claim
21 containing a lubricant selected from purified

15 talc, stearic acid, sodium stearate, magnesium
stearate, calcium stearate, borax, liquid paraffin,
sodium benzoate, polyethyleneglycol, carnauba wax,
and hydrogenated oil.

20 23. A composition as defined in Claim 20 and
substantially as hereinbefore described.

24, A composition as defined in Claim 20 and
substantially as hereinbefore described in any one of
25 Examples 9 to 14. '

25. A process for producing a composition as
defined in Claim 20 which comprises applying an
aqueous solution of gelatin containing a lower

30 alkanol, ether, ketone, or ester along the
circumference at the joint of the cap and body of a
capsule and drying at 0 to 80 C.

26. A process as claimed in Claim 25 wherein the
35 aqueous solution of gelatin contains 10 to 30% of
gelatin.



as claimed in any one of Clains 25 to 28 wherein the

1 I
aﬁmim”‘m,nl}ﬂmamb n sol ution per capsule i§8b§t ween 5 to 50 ng. 15 30.

A pfocess ftated in any one of Clainms 25°t0 29 wherein the drying i's ‘
carried out by air streamor heat at 0 to [err] 31. A process as-defined |
in Claim?25 and 20 substantially as hereinbefore described. 32. A

.process as defi
in any one of

10

15

20

25

30

35

in Cam?25 and substantialéyaas.hereinbefore descri bed

pl et PRAFESS a5 Ghakmed 1n im 25 wherein the

aqueous solution of gelatin contains 10 to 40% of
methanol, ethanol,'pfopanol or glycerin, or 0.5 to
10% of polpoyethylene sorbitanmonooleate. '

28. A process as claimed in any one of Claims 25 to
27 wherein the aqueous solution of gelatin contains a
pharma;euticaily acceptable dyestuff or pigment.

29. A process as claimed in any one of Claims 25 to

28 wherein the amount of the gelatin solution per

- capsule is between 5 to 50 mg.

30. A process as claimed in any one of Claims 25 to
29 wherein the drying is carried out by air stream or
heat at 0 to 80°C.

31. A process as defined in Claim 25 and
substantially as hereinbefore described.

32. A process as defined in Claim 25 and
substantially as hereinbefore described in any one of
Examples 9 to 14.

'

v oo



