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1 DESCRI PTI ON NOVEL CRYSTAL OF PI PERACI LLI N SCDI UM

FI ELD OF THE | NVENTI ON [ 0001] The present invention
relates to novel crystals of

(2S,5R, 6R)-6-((2R)-2-((4-ethyl-2,3 5
dioxopiperazine-l-carbonyl)gpino)-2-pheny|acety|an1no)
3, 3-di net hyl - 7- oxo- 4- t hipsdrgERRhgyc! of 3. 2. 0] hept ane- 2
- carboxylic acid (hereinatter called as

"piperaci | hopk)l crediram oBAGKEREWNPIARE sb®IbPO002] It

is known that piperacillin or the salt thereof has
wi de antimcrobial activity and takes effect against,
especially Gram negative m croorgani sm Pseudononas
aerugi nosa, Proteus vulgaris, Serratia 15 species,
bowel bacteria and ot her anaerobes which are
clFIHIgaldy THpHoktNENTIFSr exanpl e, the sodium salt of
pigeracillin is used effectively to the treatnent for
pn itis, purulent neningitis, sepsis and the
like. 20 In general, as jnjectjons of drugs, ﬁ
sed

knomn that t eP%ﬁ%?WFqhﬁ????&%%t?%%%t%ﬁlE% %?%e

RIS 1 U el S CRG 47 kb “GHaY 1721 & known

g R B o et it

di $persetbddy1-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid (hereinafter called as "piperacillin")

sodium.

BACKGROUND ART
[0002]

It is known that piperacillin or the salt
thereof has wide antimicrobial activity and takes
effect against, especially Gram negative microorganism,
Pseudomconas aeruginosa, Proteus vulgaris, Serratia
species, bowel bacteria and other anaerobes which are
clinically important.

For example, the sodium salt of piperacillin
is used effectively to the treatment for pneumonitis,
purulent meningitis, sepsis and the like.

In general, as injections of drugs, it is
known that there are liquid injections which are used
by being dissolved, emulsified and dispersed in liquids

including water and the like, and it is known that



i qui ds when these are used. However, piperacillin or
the salt thereof is 5 unstable in solution, and it is
difficult to manufacture liquid injections of

piperacillin or the salt thereof. In addition,
pi peracillin or the salt thereof is obtained as
sol ids of anorphous body tillF now, and 10 therefore

fre ésédgksdtea%ﬁgr %abg&_eeggmle% g heemused fidfare

powder - packi ng rmaceutic prepar ati ons of _

pi pgeachl! bRinHOWR%EH vRNDI RRQUS 1PV iasid YHIs@RGQRIC in
and is inferior in tinely solubility. 15 Furthernore,

t heigandkaghehethygskr agzeudeyi.ng needs long tinme, and

not only raises manufacturing costs but also had a

probl em t hat Hbhevpuy, i bipetracd 1dds odi fthiecwatl.t Theredss is

the description that the salt of 20 piperacillin was
Sobtakhablasior gpeflatdonn boid étti is sidi icad ti&Panese

Patent Lai d-Open No. H02-32082 (Patent docunent 1)

anBankéaptibrecat ayadofing Retipnse @ fSpipesaciatidm or the

application No. 2003/028016 (Patent docunent 2) and

t hé2tfkEhepgPtrhere are no data which suggest that 25

th tal line.at all,. Althqugh the,i t f

the present LBpBRACECBN PAPFEEFAti s Gipltiterrdly tHereot
. [ f I f t.s,

or o8, BPtaiREaps SETRLP AR ahibSpRARED KR, FITD pd}€ and

10CT ¥AL2LE2E %QgeQQLHrQEdpbB%HggghlE%ra%xample, had been
used for powder-packing pharmaceutical preparations of
piperacillin.

However, amorphous body is hygroscopic, and
is inferiocr in timely solubility.

15 Furthermore, the manufacture by freeze-drying
needs long time, and not only raises manufacturing
costs but also had a problem that the purification was
difficult.

There is the description that the salt of

20 piperacillin was obtained as crystals in bulletins such
as Japanese Patent Laid-Open No. H02-32082 (Patent
document 1) and the publication of the United States
patent application No. 2003/028016 (Patent document 2)
and the like, but there are no data which suggest that

25 they are crystalline at all.

Although the inventors of the present
application carried cut supplementary examinations of

example of the above documents, the crystal of
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di sclosed in the present application have not been
known at all till now 5 [0003] [Patent docunent 1]
Japanese Patent Laid-Open No. H02- 32082 bulletin

[ Pat ent docunent 2] The publication of the United

St ates patent application No., 2003/028016
specification 10 [Patent dogunent 3] Japanese Patent

Laj.d- -Ne.. 551 8 l; i n DI SCLOSURE OF THE
|hbgfé?ggly%&ﬁL%%FT%ﬁ%géggﬁﬁéghey THE | NVENTI ON

[0004] 15 Thenpr eseBlaliBVeRt it@R is$ 10 o3 Quigdeakavalin as
crystals of piperacillin sodium having excell ent

actii ensoasdaifedhel peesbdtt @pplaade dnnjnetleaklod been
pharmaceuti cal preparations which are filled up with

t henowystal 8112@i VEANSWTO SOLVE THE PROBLEMS [ 0005]

The present inventors have found that there is
cry80&Bli ne body of piperacillin sodiumand found

that crystalline polynorphismexists in the

cr yBeakptndogsmgady 1lds dapasgise SRtsak Agidepesredio. HOZ-
researches _zealously to solve the above probl ens, and
havéC82 BBAPPELBd the present invention. The present

nyention s explaingd helow i, detall o FREECTS Ka
States patent application No. 2003/028016 specification

[Patent document 3] Japanese Patent Laid-Open No. S51-

23284 bulletin

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0004]

The present invention is to provide novel
crystals of piperacillin sodium having excellent
actions as a medicine and to provide injectable
pharmaceutical preparations which are filled up with

the crystals.

MEANS TO SOLVE THE PROBLEMS
[0005]

The present inventors have found that there
is crystalline body of piperacillin sodium and found
that crystalline polymorphism exists in the crystalline
body as a result of having repeated researches

zealously to solve the above problems, and have



5 [0006] The novel crystals of piperacillin sodium of
the present invention have superior solubility, and
the handling of those is very easy in the case of the
manufacture of a bulk drug and in the case of the 10
filling at formul ati on because of | ow hygroscopicity.

I n addition, these crystals are easily filtrated and
0riBro182K8 LRI boeaRkent bdlalive  substances, are
hi gh purlty an q

drug. 15 Fur@h@rg&@%en&hq%%e%&m%hah% A 1SURRId Welldw in
stability, and the

coHeratiions (degrees of whiteness and yel |l owness) of
exterior appearance of these crystals are smaller than
those of the anorphous body. 20 For these points, the
novel crystals of piperacillin sodiumof the present

i NEERECER &hd THRe INVENSGOAb! e phar maceuti ca
preparations which were filled up with these crystals

re suitable for a nmedicinal bulk

purity depressions and.the

Sar ¢90864ul . BEST MODE FOR CARRYI NG QUT THE | NVENTI ON

10

i5

20

25

25 [0007] In_the present invention, ,as far, _as it

not 5 nentlgﬁédnpﬁe&aFFy@G@&ﬁ °§u§éﬂﬁr%ﬂ%%%1Qxﬁdﬁ;¥m of

neans , carb supercritical, state

ohehs  BreTeRt ifdkr esﬁp&aa’t G Sost B Bt diidtHh e the
qughdggngr HQE% than 3L, Ie%O 19@ g{lt égﬁ f&%gﬁ%b;?

car IOXI elseu nore

gm&%%%%&mﬁn B‘&rlke)&%%] %rnda‘i%t U c%s%“to%“cﬁﬁ%

filling at formulation because of low hygroscopicity.

In addition, these crystals are easily
filtrated and dried, have small content of relative
substances, are high purity and are suitable for a
medicinal bulk drug.

Furthermore, these crystals are superior in
stability, and the purity depressions and the
colorations (degrees of whiteness and yellowness) of
exterior appearance of these crystals are smaller than
those of the amcrphous body.

For these points, the novel crystals of
piperacillin sodium of the present invention and the
injectable pharmaceutical preparations which were

filled up with these crystals are useful.

BEST MODE FOR CARRYING OUT THE INVENTION
{0007]

In the present invention, as far as it is not



met hyl isobutyl ketone; al kyl esters nean, for
exanple, nethyl acetate, ethyl acetate and butyl
acetate; al cohols nean, for exanple, nethanol,

et hanol, 10 propanol, 2-propanol, butanol, t-butanol,
et hyl ene glycol and propyle@p gl ycol ; ethers nean,
for exanple, tetrahydrofuran, 1,4-dioxane,

di pehlybeklerna pdiretyiathers, Al Sorrony o
t-butyl met hy}ln g?lherl and 1,8731-}% n%% ?ﬁcnﬁdloxme

[ Ofie8hsTharpoesaibximeenlfl @hpedl-aties 0 e td YHAS the
of piperacillin sodium nonohydrate (hereinafter called

asctVtiypé teppeabthreavitngatibolr adidxameans esefl 3o/.or
5.5, 7.3, 11.6, 14.5 and 18.0 expressed by 20 in the
20mpsadéhai- Py 18¢ f dndcthencahalyslspaadsthe ofystabon

of  piperacillin sodium nonohydrate (hereinafter
Scafifegids isveauppeter pat abre hhainng -3isf MPact i on

anggﬁs f 5.6, 7.8, 12.3, 15.5, 17.5, 23.3, 24.8 and

28 E%gﬁéggsa B§anzofpy exampdfdencRioag, di2fHHougemione and
anaéﬁﬁi;h.Thgse g&ﬁ 25 the novel crystals which were

not- kAgwnt EPPREHOWS et ROPE hatkYLhgBLELEr MePNe Foak§¥ample,
t e - diffraction _anal ysis y vary with
ngﬁgggggeé?étégﬁdiF%%x g5° FF.a?ﬁeF@Fgﬁe?CFﬁ@tﬁéaks

of 41 h = ray. di aci i anal ysi.s_of .the
co%poﬁ%ggﬁgﬁ%ﬁg' g?éséﬁgh%%%én#ﬁgﬁang’n FﬁﬁﬂPérpreted
10StprehdNel, [ DOPLbpERGY! € 8 sh re f

tH% Sénegsurengntpof theﬁggahg%'X?rgy%%ﬁg%faéghg%gne

angl ySo5 &hd HHASpY1ENRCgEi¥SLal ethB8sVheb¥PErOLYSkhp1e,

and freeze-
tetrahydrofuran, 1,4-dioxane, dimethylether,
diethylether, diisopropylether, t-butyl methyl ether
and 1,2-dimethoxyethane.

15 [0008]

The present invention relates toc the crystals
of piperacillin sodium monohydrate (hereinafter called
as "V type crystal") having diffraction angles of 3.7,
3.5, 7.3, 11.6, 14.5 and 18.0° expressed by 20 in the
20 powder X-ray diffraction analysis and the crystal of
piperacillin sodium monohydrate (hereinafter called as
"VI type crystal") having diffraction angles of 5.6,
7.8, 12.3, 15.5, 17.5, 23.3, 24.8 and 28.5° expressed by
20 in the powder X-ray diffraction analysis. These are
25 the novel crystals which were not known till now.
Further, characteristic peaks in the powder X-ray

diffraction analysis may vary with measurement

conditions as well. Therefore, the peaks of the powder
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dried piperacillin sodium (hereinafter called as
"anmor phous body"). [0010] 10 A powder X-ray

di ffraction neasurenent conditions X-ray used: CuKa
X-ray detector: 2-dinmensional detector Applied

vol tage: 40 kV Applied current: 40 mA 15 CGoni oneter:
sanple flat stage-type (2 ax@s) Sanpl e stage: 5-axis

e L e
SHTELE. AR APLEELOR 225 £, MRRSUELBGCH) HEc 100,

crysy@yof the present invention are the novel
crystals which are 25 characterized as well by the

absor pti on vwaygutesagshtbcm dhonf thaf kasadrabsoepki on
spectrum neasured in the follow ng conditions.

Figed ©€srdflei® d2 shovwpbdheereXdbhy df fAeastienenhadfysis of
the infrared absorption spectrumof 7 the V type
cryls¢ av , tybpe dMysyak, cthst ¥l apdet heysaabr phdusrbedy -
[0012] Infrared absorption spectrum neasurenent
cohelied optpeBacilhae pedsunedhacedndfngrt 62dapanase
phggﬁggggggéaﬁoggpsfal tests, infrared absorption

[0010]

A powder X-ray diffraction measurement conditions

X-ray used: Cuka

X-ray detector: 2-dimensional detector

Applied voltage: 40 kV

Applied current: 40 mA

Goniometer: sample flat stage-type (2 axis)

Sample stage: S-—axis sample stage

Collimator diameter: 300 um¢

Scan axis: 20

Scanning field: 20=2.5 to 57°

Distance of between sample and detector: 25 cm

Measuring time: 180 seconds

[0011]

The V type crystal and the VI type crystal of
the present invention are the novel crystals which are
characterized as well by the absorption wave length (cm’
1y of infrared absorption spectrum measured in the

following conditions. Figures 10 to 12 show the result

of measurement of the infrared absorption spectrum of



spectrum attenuated total reflection nmethod (ATR

met hod). [0013] 10 Next, the results of dissolution
tests, hygroscopic tests, purity tests, purity
stability tests, coloration stability tests and |ight
exposure stability tests arz expl ai ned to el ucidate
the utility of the conpounds of the present

i nygat voeypé%k%i&éh (%he%S%lyg%i %g ﬁ%tl And &sle

subst ances, type crysfal the VI

ty@ﬁogpmgﬁglbggyanple 2) and the anorphous body
(Conparative exanple 1) were used. 20 Test substance

2.20Q91p@s put in a C vial made by Daiichi dass Co.
Ltd., injectable water 10 nL was added to the vial,
t henvrakedaabtboxptibat spakkyuandeawasesiakeronylivRiéns
i ncubat or - shaker (4cm of shaking w dth, 48
Stimes/ m nut eIdf wahakieaguratie pccFdtongpltet agiagesleut i on
was_j udged by an unaided eye, and the |length of tinme
t oPhasiacgpotha, coRPEERE tEP§S50l aﬂﬁéﬁrﬁésa IWéen
The test was carried out at three tines
re§B%€FFV%I9tt§ﬁHaFﬁgsE°ﬁéénr?§ﬂ@€§lﬂ€r@e§§§9né§Tﬁo
thr%e g égolutlon time. The results are shown in Table
f ] Table 1 Test substance Dissolution tine

[0013]

Next, the results of dissolution tests,
hygroscopic tests, purity tests, purity stability
tests, coloration stability tests and light exposure
stability tests are explained to elucidate the utility
of the compounds of the present invention.

[0014]
(1) Dissolution test

As test substances, the V type crystal
(Example 1), the VI type crystal (Example 2} and the
amorphous body (Comparative example 1) were used.

Test substance 2.2 g was put in a C2 vial
made by Daiichi Glass Co., Ltd., injectable water 10 mL
was added to the vial, the vial was fixed laterally and
was shaken by MRK incubator-shaker {4cm of shaking
width, 48 times/minute of shaking rate).

Complete dissolution was judged by an unaided
eye, and the length of time to need for the complete
dissolution was measured.

The test was carried out at three times




Conparative exanple 1 5 mnutes and 10 seconds
Exanple 1 43 seconds Exanple 2 50 seconds 5 [0016]
The dissolution tinme of the substance of Conparative
exanple 1 was 5 mnutes and 10 seconds. On the other
hand, the dissolution tinme of, the substances of
Exanpl e 1 and Exanple 2 were"50 seconds and 43 10

369989§0E§§8§9t ' gﬁhythyg% Heb¥PTaghLs! He gsfs_fﬂﬁle\é to the
type crystal ~dissolve short period of tinme than

thgiagpiphous thady. [0017] 15 (2) Hygroscopic test
As test substances, the V type crystal (Exanple 1),
the VI type chgstakulbxagpkesBpwandnt mablamir.phous
body (Conparative exanple 1) were used. Test
sub8bahtes were allowed to stand at 25C 20 for three
days under 7, 11, 22, 33 and 57% relative humdity,

t héakdat ént of noisture was neasured according to
Japanese pharmacopoei a, general tests, water

detresm 8abL ey @t hod (Kabksgbggﬂ%ﬁ e { hod) andt 9
S are
shS\RﬁPPﬁa"r’a’b? eemmplend ) gp mhprkes avd 0 PEORAEFo of
ch8mgepbdé Wei ght (W W) 4Buseddrnds ($) Conparative
Example 2 50 seconds

5 [001e6]

The dissolution time of the substance of
Comparative example 1 was 5 minutes and 10 seconds. On
the other hand, the dissolution time of the substances
of Example 1 and Example 2 were 50 seconds and 43

10 seconds respectively.

The V type crystal and the VI type crystal
dissolved in a short period of time than the amorphous
body.

[0017]
15 (2) Hygroscopic test

As test substances, the V type crystal
(Example 1), the VI type crystal (Example 2) and the
amorphous body (Comparative example 1) were used.

Test substances were allowed to stand at 25°C

20 for three days under 7, 11, 22, 33 and 57% relative
humidity, the content of moisture was measured
according to Japanese pharmacopoeia, general tests,

water determination method (Karl Fischer's methed) and




1 Exanple 1 Exanple 2 exanple 7 2.20 0 1.16 11 3.12
0.93 1.54 22 4.99 3.18 3.14 33 6.78 4.77 3.98 57
11.03 8.43 5.28 [0019] 5 The substances of Exanple 1
and Example 2 had the smaller ratio of change of

wei ght than the substance of, Conparative exanple 1
The V type crystal and the VF type crystal were

su [ h e ty ility to 10
heranrahgcs B sy o PR e SR e s Mt he sontent of

rel ative subshangeshit8ShreAshbest isUbSIARCeS, the V
type crystal (Exanple 1), the VI type crystal (Exanple
2) [aodgthe 15 anorphous body (Comparative exanple 1)
were used. Purity of the test substances was neasured
byTab@iei & chr omat ography nethod (a notice of the 340th
April 4, 2001 by Mnistry of Health and Wl fare

nedicinal sare diTe O 5
By- pr Belgtive an RS BF SHIRGEUSE wedlnt TRk

10 hugaddts | GAES) DeT et or - U1 t r aEstaaiptl absorma:@le 2
ekenepepwmwbasudﬁﬁﬂﬁﬁ_mb

ph vel engt h: 254nm
2.20 1.
11 3.12 0.93 1.54
22 4.99 3.18 3.14
33 6.78 4.77 3.98
57 11.03 8.43 5.28

[0019]

The substances of Example 1 and Example 2 had
the smaller ratio of change of weight than the
substance of Comparative example 1.

The V type crystal and the VI type crystal
were superior in the moisture absorption stability to
the amorphous body.

{00201
{3) Purity (the content of relative substances) test

As test substances, the V type crystal
(Example 1), the VI type crystal (Example 2) and the
amorphous body (Comparative example 1) were used.

Purity of the test substances was measured by
liquid chromatography method (a notice of the 340th
April 4, 2001 by Ministry of Health and Welfare
medicinal safe directors of bureaus).

[0021]

By-product I and decomposition product I measurement




Col um: Develosil ODS-HG 5, 4.6 nminside dianmeter and
5 150 mm I ength Colum tenperature: roomtenperature
Mobi | e phase: 21% acetonitrile buffer solution (0.05
nol /L acetic acid, 0.025 nol/L triethylam ne) Flow
rate: 1 m/mnute 10 [0022]
condi tions Detector: uItraV%oIet absor ption
phetaretepnsMeasur ement wavel engt h: 254nm Col um:

Nucl eosi | -5C18, 4.6 mminside dianeter and 150 15 nm

| epgtBcEolkumyut eFnes at die apkeemtt 8P ehatdie tiabi | e

phase: 30% acetonitrile buffer solution (0.05 nol/L
acEtbeuasmdntOwlbelisnbth:t r pehyl am ne) Flow rate: 1

m /mnute 20 The results are shown in Table 3. [0023]

[ TablemB8} Thevebonbeht OOE-HEKAL | e bsmhstiagdee @hametest and
subst ance Deconposition By-product | | By-product II

§W-product Il nmeasur enment

Sprddbcmm Penphhati ve exanple 1 0.22 0.01 0.22 Exanple

10

15

20

1 0.04 Not detected Not detected Exanple 2 0.02 Not
detetven Nehrgsasured 1IoopobempeThAsuESnt ents of
re&gﬁiye subst ances _of the

e phase: 21% acetonitrile buffer solution (0.05
mol/L acetic acid, 0.025 mol/L triethylamine)
Flow rate: 1 ml/minute
[0022]
By-product II measurement conditions
Detector: wultraviolet absorption photometer
Measurement wavelength: 254nm
Column: Nucleosil-5C18, 4.6 mm inside diameter and 150
mm length
Column temperature: room temperature
Mobile phase: 30% acetonitrile buffer soluticn (0.05
mol/L acetic acid, 0.025 mol/L triethylamine)

Flow rate: 1 ml/minute

The results are shown in Table 3.
[0023]
{Table 3]
The content of relative substances (%)
Test substance Decomposition
B oduct I By~
y-produc product I y-product II
Comparative example 1 0.22 0.01 0.22
Example 1 0.04 Not detected Not detected

Exampla 2 0.02 Not detectad Not detected




substance of Exanple 1 and Exanple 2 were snaller than
those of the substance of Conparative exanple 1. 5
[0025] (4) Purity stability test As test substances,
the V type crystal (Exanple 1), the VI type crystal
(Exampl e 2) and the anDrpthS body (Conparative
exanple 1) were used. 10 Test substance 2.2 g was put
inf@o&gy1vial made by Daiichi dass Co., Ltd., and
af{er the vial was filled with nitrogen gas, the via
was stored ath&06ontéhterotheelBtivat kQBs@hnthe bESthe
the purity of each test substances was neasured by

hi g pesfioe nafcExdnglédl 18ndhEamphgr dpheceneinhddeat than
week, 2 weeks and 4 weeks later (a notice of the

340 dséd\pef | the 2004tbychl nEsCoppaochtibHeal eranpde\dl.f are
nmedi ci nal safe directors of bureaus). The results are

SshoWh2Ph Table 4. 12 002 61 [Table 4] Test Test

10

15

By-groduct'l Deconposi tion Piperacillin substance
cohtll t i BAr pEBdBERPILERYt F&FFon of test 0.22 0.01
99.51 Conparative 60C 1 week 0,80 Q.13 98. 27
exanpl e |. 60T ©95he8RESB2B9eH, 17168V 0EYPBOB YAt Rdeks

1'?&x§ﬁg9e91)94the VI type crystal (Example 2) and the
amorphous body (Comparative example 1) were used.

Test substance 2.2 g was put in a C2 vial
made by Daiichi Glass Co., Ltd., and after the vial was
filled with nitrogen gas, the vial was stored at 60°C.
After the initiation of the test, the purity of each
test substances was measured by high-performance liquid
chromatographic method at 1 week, 2 weeks and 4 weeks
later (a notice of the 340th April 4, 2001 by Ministry
of Health and Welfare medicinal safe directors of
bureaus).

The results are shown in Table 4.



10

15

Initiation 0.04 Not detected 99.92 of test Exanple 1

60C, 1 week 0.21 0.03 99.66 60C, 2 weeks 0.33 0.08

99.37 60C, 4 weeks 0.59 0.26 98.62 |Initiation of

test 0.02 Not detected 99.94 Exanple 2 60C, 1 week

0.07 0.01 99.82 60C, 2 wee S, 0.11 0.02 99.75 60C, 4

weeks 0.11 0.04 99.73 [0027]" The increnents of the

copg@psy of the by- product | and the deconposition

product | of the 5 substances of Exanple 1 and Exanpl e

2 ypese1snp| ler than those of the substance of

Conparative exanple 1, and the depressions of the

content of piperacillin of the substances of Exanple

1 and™®&anpl e 2 Wte smald el Liat ; tAveswositiohe 5, o 00iv14n
h ibkfitaecenf Corndakin e éxanple 1, Theedpgt depressi on

of purity of timdtadtigmpe crysf g and theo\g1 type gg 5

crystal vere snmafltestthan t hoSe of the andrphous )

body,. and |t heo*¥, typeexcr yst alo.and the VI otaspe crystab.27

wer € Stabl e. 6§°@)2B}keexs5 (5) oCotoration stmbility testos

As test subssmaceswedide V typeicrystal d3o (Exanpl @7.04

1), the VI Typgitdxsdal (EXanpl € 2) and the anor phous

body (Conparati yge @¥anpl e 1)2-ffre uslrf detected 99.92

Example 1 60°C, 1 week 0.21 0.03 99.66
60°C, 2 weeks 0.33 0.08 99.37

60°C, 4 weeks 0.59 0.26 98.62

Initiation

of test 0.02 Not detected 99.94

Example 2 60°C, 1 week 0.07 0.01 99.82
60°C, 2 weeks 0.11 0.02 98.175

60°C, 4 weeks 0.11 0.04 99.73

[0027]

The increments of the content of the by-
product I and the decomposition product I of the
substances of Example 1 and Example 2 were smaller than
those of the substance of Comparative example 1, and
the depressions of the content of piperacillin of the
substances of Example 1 and Example 2 were smaller that
those of the substance of Comparative example 1. The
depressions of purity of the V type crystal and the VI
type crystal were smaller than those of the amorphous
body, and the V type crystal and the VI type crystal
were stable,

[0028]
(5) Cecloration stability test

As test substances, the V type crystal



Test substance 2.2 g was put in a C2 vial nade by
Daiichi dass Co., Ltd., and after the vial was 5
filled with nitrogen gas, the vial was stored at 60C.
After the initiation of the test, the color difference
(AE), degree of whiteness (W, and yel |l owness (Yl) of
each test substances were measured by a col or-

di te t , S S { k..
To(BRERBEE TT.°En8' v REE, cEyHREtD BRApH R0 ani The
Te§&o§§ﬁ5u§bb@ﬁyD?@Bﬁﬁa?&tgﬁgr%ﬁaﬁ%leSQWS%%&%eused.
condition diffefrence whiteness yellowess (CE) (W
(YI) Initiatken suB8t8Acd. 272 gf wheSbu€onpakatizveial
exanple 1 60C, 1 week 2.76 94.66 6.51 60C, 2 weeks
4. R4d83b¢908i W¢hi6QCas4 weeksLhd(3 Qhd8édftrr2%he vial was
Initiation 96.45 0.94 of teat Exanple 1 60C, 1 week
50. 60196d64ith 771t 66@en2gueektshe. 62a96waS st9@ed6@E, &4°C.
weeks 1.33 96.20 3.03 Initiation - 95.94 0.85 of

t eBfter the initiation of the test, the color difference
(AE), degree of whiteness (W) and yellowness (YI) of

each test substances were measured by a color-

difference meter at 1 week, 2 weeks and 4 weeks later.

10 The results are shown in Table 5.
(0029}
[Table 5]
£
Test Teat . Color De?ree of Degree o
substance condition difference whiteness yallcwness
{AE) (W} (YD)
Initiation _ 96.586 2,17
c ki of test
GRPATAtIVe s0°c, 1 week 2.76 94.66 6.51
example 1
60°C, 2 weeks 4.27 93.29 B8.97
60°C, 4 weeks 5.73 91.87 11.25
Initiation _ 96.45 0.94
of test
Example 1 60°C, 1 week 0.60 96.64 1.77
60°C, 2 weeks 0.69 96 .55 1.96
60°C, 4 weeks 1.33 96.20 3.03
Initiation _ 95.94 0.85
of test
Example 2 60°C, 1 week 0.39 95.64 1.35
80°C, 2 weaeks 0.54 95.60 1.64
60°C, 4 weeks 0.79 95 .57 2.02
[0030]

The color differences of the substances of
Example 1 and Example 2 were smaller than those of the
15 substance of Comparative example 1, and the degrees of

whiteness of the substances of Example 1 and Example 2



Exanple 2 60C, 1 week 0.39 95.64 1.35 60C, 2 weeks
0.54 95.60 1.64 60C, 4 weeks 0.79 95.57 2.02 [0030]
The col or differences of the substances of Exanple 1
and Example 2 were snmaller than those of the 15

subst ance of Conparative exanpl e 1, and the degrees of
whi t eness of the substances of° Exanple 1 and Exanple 2

14 o pfyaed eg B et £rehhanc i hose, of o f heg sy

eogf

Conpar ative exanple 1, and the degrees o?éégpgomness

of Cdritga stbStaneesmele EXANPhE dnande EXQER! 61 2481 Buness of
smal l er than those of the substance of Conparative

exarn esubs tarikhes cof Exampiati onsd OfxeHpEE| BDrwere smaller
appearance of the V type crystal and the VI type

crystal theree sniltiter diblestandwsef ofotberatbvehexismple 1.
body, and the V type crystal and the VI type crystal
erdsstgbiar Jaooziond ¢B)extiehiorxpusearantabbiitye V
test As test substances, the VI type crystal (Exanple

2)
meﬁﬁﬁysed. Test substance 2.2 g was put in a C2 vial
15

was . fi i th ogen gas

(1%&% |"l|f| gﬁﬂ’ﬂ\@x/%ﬁ%s’:ﬁ]t s e FLR20S- D- EDL- D65/ M

até%@gi]After the initiation of the test and the 20
ra

10

15

20

25

RE (H shivh phsuSh i (ompaears el exempl gmalller than
FE R OIS AHCTENRES &pdy L and ey rkwee (eevstal and

nitr the vial was radi ated

iation of 120mIlion Ix/hr, the purity of each test
(6) Light exposure stability test

As test substances, the VI type crystal
(Example 2) and the amorphous body (Comparative example
1) were used.

Test substance 2.2 g was put in a €2 vial
made by Daiichi Glass Co., Ltd., and after the vial was
filled with nitrogen gas, the vial was radiated
(120million lx/hr) with D65 lamp (FLR20S-D-EDL-D65/M)
at 25°C,

After the initiation of the test and the
radiation of 120million lx/hr, the purity of each test
substances was measured by high-performance liquid
chromatographic method (a notice of the 340th April 4,
2001 by Ministry of Health and Welfare medicinal safe
directors of bureaus).

The results are shown in Table 6.




10

15

20

subst ances was neasured by hi gh-performance |iquid
chromat ographi c nethod (a notice of the 340th April 4,
2001 by Mnistry of Health and Wl fare nedicinal safe
directors of bureaus). 25 The results are shown in
Table 6. 15 [0032] [Table_ 6] Total anobunt Test Test
By-product | of relative Pﬂgbracillin subst ance
Cngég on substances Conparative initiation of test
0 90 99.10 e?anple 11.20 mllion Ixhr 0.31 1.14
nitiation of test 0.15 0.19 99.81 Exanple 2
P'E%lé ?on lrhr 0.14 0.27 99.73 [0033] Then.p
i -rererents—of—the—content—of —the by' ‘H:[tgfj%md and—the
t ot al reatrount of redsative Slﬁ?%t:&ﬂ@te§ af%lakm Piperacillin
subs®etrees of Exarndtede® were” snal | er thapsthd@se of the

SuhStarcE of &Q{;Qggnagé VEcexangla I, and §.6e 99.10
dep I,ans §? ;amunt  of QlﬁﬁraCI||lplpf the og.8s
subsStance—of—bxi e °Hq ter—that Those of {15,
subgt.anee of "TH] §°r°a‘f 2t exampl e 1. The d

10 purity of 1tzﬂﬁ%}|i°¥\3m£=pruenpﬂaﬁ )AQFHM*—e [ ess) N, 9t

those of the annrphous body, and the type VI crystal
was stable. [0034] Manufacturing methods of the V
t ype3étyst al

The increments of the content of the by-

product I and the total amount of relative substances
of the substance of Example 2 were smaller than those
of the substance of Comparative example 1, and the
depressions of the amount of piperacillin of the
substance of Example 2 were smaller that those of the
substance of Comparative example 1. The depressions of
purity of the VI type crystal were smaller than those
of the amorphous body, and the type VI crystal was
stable.

[0034]

Manufacturing methods of the V type crystal
and the VI type crystal of the present invention are
explained next. The V type crystal and the VI type
crystal can be manufactured, for example, in the
following manufacturing methods.

[0035]
[Manufacturing method 1]
The manufacture of the V type crystal

The V type crystal can be manufactured by
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15 and the VI type crystal of the present invention
are explained next. The V type crystal and the Vi
type crystal can be nmanufactured, for exanple, in the
fol l ow ng manufacturing nethods. [0035] 20

[ Manuf acturing nmet hod 1] Thg manuf acture of the V type
crystal The V type crystal gn be manufactured by 16

. A € _
g%{;%ﬁ:g%d%ﬁ%of aglr%r;%ﬂa]? & &txfﬁefaxj:%fﬁeé‘sas ¥ t1§YP6p

aci [l 1’ n sodi um nonohydr at e havi ng

di ign ; ; dnolypddatd Sh8van
184%’%%& gssﬁﬂ%b%%?%%%%lﬁ%%ﬁa&- r%y}s%li f?ract i onQS

angl pistac i drh SMpes£ratieal, caobpn o oxj desip, the.8 and
presence of solvent, subsequently by contacting with
SUPEre elkipeals sealr bgn 2di axi dee Powdelrl X-ypy ciytragtion
which is an inportant manufacturing internedi ate of

t henal tshpe veirttstsulpe vani t 16a becaelpot adi ox ede bynt hee
after-nmentioned manufacturing nethod A For solvents
ugetksanaei et nemfert ursybsequerbly brecRibacBing with
sol vent sel ected from al kyl ketones, al kyl esters and
al earrer itsieal eparhon FdkO%B1 4§ ket ones, acet one,

2- but anone and net hyl isobut¥l ketone are desirab

and acet one GHd T2L bu{RBRoTREY 3F 2 prifernt 8. a&of’mg?k‘g?nt

rp R R DR VLTI S i e R
be manufactured by the after-mentioned manufacturing
method A.

For sclvents used in this manufacture, at
least one kind of solvent selected from alkylketones,
alkyl esters and alcohols is given.

For alkylketones, acetone, 2-butanone and
methyl isobutyl ketone are desirable, and acetone and
2-butanone are preferable.

For alkyl esters, methyl acetate and ethyl
acetate are desirable, and methyl acetate is
preferable.

For alcohols, methanol, ethanol, propancl and
2-propanol are desirable, and ethancl, propanol and 2-
propanol are preferable.

In the manufacturing process, the solvent is
mixed with supercritical carbon dioxide and used as
fluid mixture.

The mixing ratio of solvent and supercritical

carbon dioxide is desirably 0.1 to 10 (w/w}% of the
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For al cohol s, nethanol, ethanol, propanol and
2-propanol are desirable, and ethanol, propanol and 2-
propanol are preferable. In the manufacturing process,
the solvent is 25 mxed with supercritical carbon

di oxi de and used as fluid ng%ture. The m xing ratio
of solvent and supercritical™" carbon dioxide is

desi |y 043 At %0 17 tJ
QoTEan! ¥e0thel %ﬁg’geg%\e?fs S%rlé’%[eh?cébla_\?&lqtéo%% f(‘A‘tw/ by Lte
[0836], /st hi s manufacturing, the tenperature is 5
desirably 31.1 to 80C, and is preferably 32 to 60C.

I n{pbdgjmanuf acturing, the pressure is desirably equa

to or nore than 7.38 MPa, and is preferably 7.4 to 50
Mpa. In thisInankiacanuigctiirdnegnttaet tempereitul@® is
supercritical carbon dioxide in the presence of
sobeentabily @ésilr &bl $00C5 &nd20shpueferahdlyi 82 to 60°C.
preferably 1 to 5 hours. The contact tinme of

super cri ti calnc&hbenmagiudricdariiagdesiheapirgsgure ¢ sl

hour, and_is preferably 0.1 to 0.5 hour. 15 [0037]

[ VARELABPLYI RGUARL KEd OF] TPHE FRAG det3fr MFSH aRe WS

type crystal The VI pe crystal can be manufactured
by r@%ﬁ%ﬁ%ﬁ?ng'ghéolgﬁ Mpfe’ crystal or the V type
crystal | 20 4t D SUPRLRTIAIeRl 163 PN cime of
supercritical carbon dicxide in the presence of solvent
is desirably 0.5 to 20 hours, and is preferably 1 to 5
hours. The contact time of supercritical carbon
dioxide is desirably 0.1 to 1 hour, and is preferably
0.1 to 0.5 hour.
[0037]
[Manufacturing method 2]
The manufacture of the VI type crystal

The VI type crystal can be manufactured by
contacting the III type crystal or the V type crystal
with supercritical carbon dioxide. Especially the III
type crystal is an important manufacturing intermediate
of the VI type crystal.

In this manufacturing, the temperature is
desirably 31.1 to 80°C, and is preferably 32 to 60°C.
In this manufacturing, the pressure is desirably equal
to or more than 7.38 MPa, and is preferably 7.4 to 50
Mpa.

In this manufacturing, the time is desirably
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type crystal is an inportant manufacturing
internmediate of the VI type crystal. In this
manufacturing, the tenperature is desirably 31.1 to
80C, and is preferably 32 to 60C. 25 In this

manuf act uri ng, the pressure ¢S desirably equal to or
nore than 7.38 MPa, and is eferably 7.4 to 50 Ma.

I hi nyf uri s ' j Si I .5

050 Boars tosrs e dLBag AR e Y P

Theoagystal of piperacillin sodiumof the present

i nvention can be converted to injections 5 according

to conventi aml J¥eidreds ofFWildfamiidin hodiystal die

pi peracillin sodiumof the present invention can be

Cpreelcngd inrertdrid rain dre drargeedhed dbiirijeetions

wel | - known beta- | actamase inhibitors, for exanple,

¢ laavuiraliing aci donb@rduldyect amatdmtisor t azobact am and

the like. For desirable beta-lactamase inhibitors,

t azobact am B tgiers® r ean d-heh € 166THA i Hg RIERT12 F 5L higt

limted in particular, but the cagst ls of 4 to(? éa
& te C

weioghny &5 dhe G R deTTa1 T Yb CYREET
R G X R B
o TS S LR 41 S Py P dat,
h%%f%g%%éﬁﬂgn&ygfﬂgAﬂ&ﬁ%ctam and the like. For
desirable beta-lactamase inhibitors, tazobactam is
given, and the combining ratio is not limited in
particular, but the crystals of 4 to 8 (a weight ratio)
of piperacillin sodium per one tazobactam are
desirable.
[0039]

Next, the V type crystal and the III type
crystal which is an important manufacturing
intermediate of the VI type crystal are explained.
Because the III type crystal has excellent sclubility,
low hygroscopicity and the powdery bulk is smaller than
that of the amorphous body and the electrostatic
propensity is small, the handling of the crystal is
very easy in the case of the manufacture of a bulk drug
and in the case of the filling at formulation. In
addition, these crystals are easily filtrated and
dried, have low content of the relative substances, and

are suitable for a medicinal bulk drug.



| ow hygroscopicity and the powdery bulk is smaller
than that of the anorphous body and the el ectrostatic

propensity is small, the handling of the crystal is
very easy in the case of the manufacture of a bul k
drug 25 and in the case of tﬁ@ filling at fornulation.

In addition, these crystals are easily filtrated and
driigfgspohave I ow content of the relative substances,
ané are suitable for a nmedicinal bulk drug. 19

[0040] Di ssobykkenutesh, tyEr 08¢ORbE il *R&PWHL Yurity
test were perfornmed by the sanme testing nethods

desestbedrabpeefbemetudiydahe khteUtidsitiyigomelth@ds | 5
type crystal. In the dissolution test, the Ill type
crgssakibdedsabesd tpn alshkddbtpetihed uafiltitye otthammet HE I
anor phous body. In addition, in the hygroscopic test,
5t heypel crypeadrystal thas diggediugd oinn teyggn osdepild I type
stability to the anorphous body. Furthernore, in the
1OC5MFFF¥ féseolypd Fplat§b@r§r?§?&Pdh§§ $de &han the
content. of relative substances than_the anorphoys
bo8POLrPeBE1 POt , IPha8dRdhdP et df MG SpRIEESSOP Lh&est,
II# t¥9$ ﬁgéstal ig Zxalained. 15 Next, the 111 .type
cr YBCal 1EahYBE Hr¥alesdvBy SHEREFRE afi AYIFPEEERLEs,
fo , +Sh [ t 42] factyrin
| SHRSIPLE, SUENR, LheREKy, HRAVE], EAMNERFH 10 cne
10Thgukh byt ¥RecCr¥abalr§an pe PROULAG! HoBdh¥1ler content
of relative substances than the amorphous body.
[0041]
Next, the manufacturing process of the III
type crystal is explained.

15 Next, the III type crystal can be produced by
manufacturing processes, for example, shown in next.
[0042]

[Manufacturing method A]
The manufacture of the III type crystal

20 The III type crystal can be manufactured by
adding a base to the solution of piperacillin
monohydrate or the salt thereof.

For solvents used in this manufacture, at
least cne kind of solvent selected from alkylketones,

25 ethers and alkyl esters, a mixed solvent of N,N-
dimethylformamide and water are given.

For alkylketones, acetcone, Z2-butanone and

methyl iscbutyl ketone are desirable, and acetone and
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adding a base to the solution of piperacillin
nmonohydrate or the salt thereof. For solvents used in
this manufacture, at |[|east one kind of solvent

sel ected from al kyl ketones, 25 ethers and al kyl
esters, a m xed solvent of N, N di nmet hyl formam de and
wat er are given. For aIkyIR@tones, acet one, 2-butanone

and nethyl isobut ketone are desirabl e, and acetone
a%‘&’%mz{%ﬁ%é?ﬁg%‘?reae%f%ferabl e. For ethers,

t et rahydr of ur an - di en, t1Pptyl methyl
et her and ﬁﬁf |%§%ﬁ%§d&£?% sf%gﬁ e? and

té%déﬂﬁ%gigéﬁéﬁ%grg;%u@yﬁ £ By hoxyrs hagedal p4-dioxanes

pretera esters, nethyl acetate and et hyl

aaﬁe&% a&@ﬁf&of’@?i 430! €ot Sy AR PitbaRCcehat &, £s
prefera

e. For m xed solvents, at |east one kind of

19 5Ot Ve e SRA 86t 88 f o p8T @l Kl ket ones, ethers and
al kyl esters, a mxed solvent of N,

N- di met hyl f ps sl Wel andtenat emethgldasetabpeandngthy’!
| east one kind of solvent selected from acetone,

2a beit avenere ni¢ bytabsebuantl mrehyheaceERE&NYEr of ur an,
1, 2- di met hoxyet hane, nethyl 15 acetate and et hyl
aceeherabdem xed sol vent of N, N- di net hyl f or mam de and

water are preferable, and at |east one kind, of
sol vent sel BerelilkpBnsaléeprs; 2% Eﬁ?ﬁﬁoﬁQ? kind of

ofORFRA] RRLRGFFar RATIEL AA SRPBE®ar § 00 L uPT e rard
dgg%ggg[eé mixed solvent of N, N-dimethylformamide and
water are desirable, and at least one kind of solvent
selected from acetone, 2-butanone, methyl isobutyl
ketone, tetrahydrofuran, 1,2-dimethoxyethane, methyl
acetate and ethyl acetate, a mixed solvent of N,N-
dimethylformamide and water are preferable, and at
least one kind of solvent selected from acetone, 2-
butanone, tetrahydrofuran and methyl acetate, a nixed

solvent of N,N-dimethylformamide and water are

furthermore desirable.

The ratio of organic solvent and water is not
limited in particular, but, for example, the ratio of
the content of organic solvent is desirably 50 to 99
(v/v)%, and is preferably 80 to 99 (v/v)% and is
furthermore desirably 95 to 99 (v/v)%.

In addition, the mixing ratio of the organic
solvent is not limited in particular, but, for example,

in the case of a mixed solvent of alkylketones and N,N-



The ratio of organic solvent and water is not Ilimted
in particular, but, for exanple, the ratio of the
content of organic solvent is desirably 50 to 99
(v/iv)% and is preferably 80 to 99 (v/v)%and is 25
furthernore desirably 95 t0.,99 (v/v)% In addition,
the mxing ratio of the organic solvent is not

@1&@§h§ﬂf8€+£ﬁ£&é?rth?ﬁ%FEEBro?XQHE|SontEgEtB% case

[
of a m xed solvent of a etones and N, N

dl@?ﬁﬁYké@éﬂ@§1Q§,dégﬁréﬁl%oﬁgftbh§50QGV6$%,Oﬁs
al kyl ketones is desirably 60 to 95 (v/v)% is
prefefabalyl Y0700t 8596 VLv)Y ¥ sandndsikustbenapmere
desirably 80 to 95 (v/v)% 5 In the case of a m xed
sollwehtalofyeghets and (W/ X di met hyl f or mani de, the
ratio of the content of ethers is desirably 60 to 95
S5(vliv)eheicapeebbrabhyx@d so0l9snt(ofvptheyndand N,N-
furthernore desirably 80 to 95 (v/v)% In the case of
a #nebhgbfornambdeqg| khe rapbiespérshangontent of ethers
N, N-di et hyl f orpam de, _the ratio of the content

f
al k§19@3t6aP1¥ @%s??agﬁy(gévf%'9%5(9F9f@$apéy 70 2o 95
f ly 7 5 [ V)% d i t
el FEbTy 500 boobor hordpEp oRast E=abv T £8) e &/ *-
pi peraci i npopphydrate pr. phe_galt,thereat gap,be
prepared by, “For exanpre’t i $88FVi Ag-prper aci Frid

10 MONWEL al §q ,ﬁb&%ﬁétﬁﬁiﬁgfﬁgéﬁdép @Be'gggﬂo°B§ gh@d

of solvent se eCt.e (0] et ones, ers an
al kyh+ &5t 658, a Bl X€6: 68! ¥E€NLed9rQb1y 60 to 95 (v/v)%, is

N, N- di net hyl f or nanm de and wat er.
preferably 70 to 95 (v/v)%, and is furthermore
desirably 80 to 95 (v/v})%.
[0043]

15 The solution of piperacillin monohydrate or
the salt thereof can be prepared by, for example,
dissolving piperacillin monohydrate or the salt thereof
in at least one kind of solvent selected from
alkylketones, ethers and alkyl esters, a mixed solvent

20 of N,N-dimethylformamide and water.

Piperacillin monohydrate can be produced by,
for example, methods disclosed in Japanese Patent Laid-
Open No. 851-23284 bulletin (patent document 3).

For the salt of piperacillin, for example,

25 sodium salt and triethylamine salt are given.

Piperacillin scdium can be produced by, for

example, methods disclosed in Japanese Patent Laid-Open

No. S51-23284 bulletin (patent document 3}.
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Pi peracillin nonohydrate can be produced by, for
exanpl e, nethods disclosed in Japanese Patent Lai d-
Open No. 551-23284 bulletin (patent docunent 3). For
the salt of piperacillin, for exanple, 25 sodiumsalt
and triethylamne salt are Qﬁven. Pi peracillin sodi um
can be produced by, for exanple, nethods disclosed in

Japanese Patgnt 3 -r%ﬁﬁ-e Nre 120 ki3 28 Ul d ptd

(patent docunent 3). The tenperature where the
S@lrdba@Rd S sPHRRANaGhitedGln Igavtied:lidy pasdt cid adesitdbly
is desirably O to 30C, and is preferably 5 to 20C

[ @044] 305c) naadditi ppeftiabsgl 6t kon20Pcpi peracillin

salt can be prepared by, for exanple, dissolving
pi[p@dddi | | i n nonohydrate in at |east one kind of

sol vent sel ected from al kyl ketones, ethers and al kyl
esters, a nﬂme@ddﬂnhﬂﬂf(ﬁhqws¢kﬂﬁﬁﬂﬂnnﬁ(ﬁhﬁﬂﬁ&ﬁikﬁ%ﬁ

10 water, and by addi ng reagents such as sodium
hy@ddgenrn &g borriese D athyiHe @3RG d St U 1B di um

C FrERpiciHiag FETAREISRoRe HRESAT o dgent s

ol TRl BB B DR SRl Sy

S ARE G 1 90 L R SR 88 dn

desieab! v L[S ?é%lr@“&éa%er?c% R ENETAD 6P P R Mrogen
carbonate, 2-ethylhexane acid sodium, sodium acetate,
sodium propionate, sodium butyrate and triethylamine to
the scolution.

The amount of reagents i1s not limited in
particular, but one equivalent amount per piperacillin
monochydrate is desirable.

The temperature where the solution of
piperacillin salt is prepared is not limited in
particular, but is desirably 0 to 30°C, and is
preferably 5 to 20°C.

[0045]

The III type crystal can be manufactured by
adding a base to the solution of piperacillin
monohydrate or the salt thereof prepared in this way.

For the base, sodium acetate, sodium
propionate, sodium butyrate and sodium 2-ethylhexanocate

are desirable, and sodium propionate and sodium 2-

ethylhexanoate are preferable.



[0045] The 111 type crystal can be manufactured by
adding a base to the solution of piperacillin
nonohydrate or the salt thereof prepared in this way.
25 For the base, sodium acetate, sodium propionate,
sodi um butyrate and sodi um 2-gt hyl hexanoate are
desirabl e, and sodi um propi onate and sodi um 2-
et hyl hexanoat go ar en o' 881 8Db&- aRgunEob st Eﬁeaﬂg%' og
anmount of the base, one eqU|va?ent amount s deslrable
pereqmimﬂféﬁ&|émbuﬂﬁnD@Y@é@iEabi@epéﬁnﬁfﬁ@EHﬁﬁlQﬁn
addition and 5 crystallization is not Timted in
pamorcatadrateit is desirably 0 to 30C, and is
preferably 5 to 20C. The anmount of solvent where the
crystallizatiBreitenperavdroutisddabtibhnanhed in
articular, but is desirably 5 to 20 tinmes anount per
@o i perakel 11aniomnohyeeat binitedeinagparthenbat, but is

this manyfacture, a seed crystal of the |11 t%fe
cr YSIHIT AR B ket “Candnid 4 samsafienablnotS 44 A6 i n
particul ar. MPLES 15 [0046] The present invention

i s expl ai ned GREY Oy SRR gvhRE? eBafit at i ve
Ehe BRI A o, T W i Tk bR £ 0
MO8 RI18 Meigit i@%ésafﬁé{ﬁy 5 to 20 times amount per
10 piperacillin monchydrate or the salt thereof.
In this manufacture, a seed crystal of the
IIT type crystal can be used, and its amount is not

limited in particular.

EXAMPLES
15 [0046]

The present invention is explained concretely
by listing representative examples below, but these
examples do not restrict the present invention at all.

Mixing ratios in fluid mixture are weight

20 ratios.
[0047]
Reference example 1

Piperacillin sodium 2.0 g was added to the
mixture of 2-butanone 2 mL, N,N-dimethylformamide 3.8

25 mL and water 0.6 mL, and 2-butanone 10 ml was dropped
to the mixture. After insoluble substances were

filtrated off, the filtrate was allowed to stand at 5°C
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[0047] Reference exanple 1 Piperacillin sodium2.0 g
was added to the m xture of 2-butanone 2 ni,

N, N-di net hyl formam de 3.8 25 nL and water 0.6 nL, and
2-butanone 10 nL was dropped to the mxture. After

i nsol ubl e subst ances were E i,Jtrated off, the filtrate
was allowed to stand at 5C é for 24 hours The

Cfgitfﬁsh¥§f§.f!*ﬁéaéfg?égﬁs ﬁ@kéefifgrﬁfégs§ﬁﬁent|y

a mXxture but anone 3

%c@kf’é&‘@éé‘}"é@é@&hé’ﬁt Oy Yvabnhaadyyehes m@xdubk, of 2-
tanone 6 nL and 99% acetone 6 nL to give 5 the 1.7

befacsyst 2l w1 of N plipeimet hil fosadinide OpAohydeatiewbthe
1l type crystal). This was allocated to a seed

cg ystmil, of-hheahdhet §pelcaydt b2 ¥aeeoneoht mht Lo3929E
IR (ATR) 1772, 1715cm 1 10 The pattern of the powder
)tMled?fér@ﬁtcnﬁstahalyélslaeﬁéﬂué&lmﬁﬁﬁdtﬁﬁt of

Ref erence exanple 2. [0048] Reference exanpl e
Phpeelrdtate AohehyHE at E0800TYSHAs) addEAIEoWES iélocated
m xture of 2-butanone 600 nL, N, N-dineth fornanlde
189 arrﬁe%dcwa@%@l@fnEheséafiuﬁa‘/B?oﬁFés’ﬁS% '53.8 g was
added to thls _so% % on at 10 to 20C. After |nsoluble
HpERancR_tGRFe frffrated of f, -butanone 450 m was

drgntetl, 28suboeauenily (he seed orystal of the 111
at 15 to Zofﬁgoﬁattern of the powder ¥X-ray diffraction
analysis accorded with that of Reference example 2.
[0048]

Reference example 2

Piperacillin monohydrate 300 g was added to a
mixture of 2-butanone 600 mL, N,N-dimethylformamide 180
mL and water 45 mL.

Sodium propionate 53.8 g was added to this
solution at 10 to 20°C, After insoluble substances were
filtrated off, -butanone 450 ml was dropped,
subsequently the seed crystal of the III type crystal
was added, and the mixture was stirred at 15 to 20°C for
2 hours.

Subsequently, 2-butanone 1050 ml was dropped,
and the mixture was stirred at 15 to 20°C for lhour and
at 5 to 10°C for 2 hours. The crystals were filtrated
and collected, subsequently washed with a mixture of 2-
butanone 291 ml, N,N-dimethylformamide 6 ml and water 3

ml, and washed with 2-butanone 300 ml to give the 300 g



2 hours. Subsequently, 2-butanone 1050 ml was dropped,
and the m xture was stirred at 15 to 20 *C for | hour
and 25 at 5 to 10C for 2 hours. The crystals were
filtrated and col | ected, subsequently washed with a

m xture of 2- butanone 291 m,_ N, N-di net hyl f ormam de 6
m and water 3 m, and mash@é wi th 2-butanone 300 mn

t 0 §if Vierddrey B9 a ci,l |

sodi um n}:)nohyd?%n?elgl(glt)%fézé(lzﬂiy?111 %Zd%?r)[}sl#lgﬁﬁ lé? (the III
contygrd (ci3rs3%1) R (ATR) 1771, 1715cm 1 5 The scanni ng
el ectron mcrograph is shown in FIG 1, the pattern
of Rdtepawdarentray3 g fraction analysis is shown in
FIG 5 and the infrared absorption spectrum (ATR
metifod)ATR slidkin iAWIHdE& 9. [0049] 10 Exanple 1 The
1l type crystal of piperacillin sodium nonohydrate

550 g was put The ®IUENG e hargsmi 68 crogiash dés shown in

ter, mm | ength) e pped with a filter, a
nilxt &?‘@ Cedtsam difo q‘cﬁe ‘pavstety |X-avat alf B96:W)on

%%i |ntroduc?9 at 40C and 20 MPa for 1 hour (flow
ra &Y 34 Sk gfnyhogiy ddg b v QﬁﬂWihﬁ(ﬂnﬁ@aﬂﬁdMﬁbsorptlon

in Iowrte24 /h)y for 0.5 hour at the

%@ggt&g%er(g[frur@eg §Yhé S aﬁ%é“‘)ﬁ'r dds Fi&- Fhe rel ease
of [oBgegsure yielded 50 g of crystals of piperacillin
20 sodlun1nnnohydrate (the V type crystal). Water

10coRkaRAp1e218%

The III type crystal of piperacillin sodium
monohydrate 50 g was put in a pressure vessel (68 mm
inside diameter, 180 mm length) equipped with a filter,

a fluid mixture (carbon dioxide: methyl acetate =96:4)

15 was introduced at 40°C and 20 MPa for 1 hour (flow rate

2.4 kg/h). Subsequently, carbon dioxide was introduced
(flow rate 2.4 kg/h) for 0.5 hour at the same
temperature and the same pressure. The release of

pressure yielded 50 g of crystals of piperacillin

20 sodium monohydrate (the V type crystal).

25

Water content: 2.8%

IR (ATR) 1772, 1716cm™

The scanning electron micrograph is shown in FIG. 2,
the pattern of the powder X-ray diffraction analysis is
shown in FIG. 6 and the infrared absorption spectrum
(ATR method) is shown in FIG. 10.

{0050]

Example 2
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25

IR (ATR) 1772, 1716cm 1 The scanning el ectron

m crograph is showmn in FIG 2, the pattern of the
powder X-ray diffraction analysis is 25 shown in FIG
6 and the infrared absorption spectrum (ATR nethod) is
shown in FIG 10. [0050] anple 2 26 The Il type
crystal of piperacillin so@i"um nonohydrate 200 g was

put in a Dfﬁ%»g_llffﬂ@%?%'r]cé@%t of NSLHErJEAMBI AT 50d80m

mm | engt h) ‘equi pped rTter, ~carbon dioxide was

RAQREES 81200 Al 40,Pen T a1 oo Sshour gebLbowicet an

he rel ease of pressure vyielded 200 g of

CiyStiad sqpimdiPer acsd | S€AGUN) sguopypddaketht hefViter,
type crystal). Water content: 2.8% IR (ATR) 1764,

1724560 1d 16x The Bsanhhtgoghestir an 4D cgrdpl iMPahown 4
in FIG 3, the pattern of the powder X-ray
didfiractibow smaéy’i4é kg/BhownThe FeBeazeandl phressure
infrared absorption spectrum (ATR nmethod) is shown in
F3:1ddd 20054 of 16rFxbabsecs FheerpFilype EPFILRM of
pi peracillin sodium nonohydrate_ 100 g was put in a
prercyeryessérhe 68l nhyPensryetalameter, 180 nm

| engt h) equipged with a filter, carbon dioxide was

i e ERBUERAT ARt 50C2aPd 20 MPa for 3 20 hours (flow rate

cHs(8re) hTREpefAEERRID sbarum - T et T 0
The scanning electron micrograph is shown in
FIG. 3, the pattern of the powder X-ray diffraction
analysis is shown in FIG. 7 and the infrared absorption
spectrum (ATR method) is shown in FIG. 11.
[0051]
Example 3
The III type crystal of piperacillin socdium
monohydrate 100 g was put in a pressure vessel (68 mm
inside diameter, 180 mm length) equipped with a filter,
carbon dioxide was introduced at 60°C and 20 MPa for 3
hours (flow rate 2.4 kg/h). The release of pressure
yielded 100 g of crystals of piperacillin sodium
monohydrate (the VI type crystal).
Water content: 3.1%
IR (ATR) 1764, 172lcm™
The pattern of the powder X-ray diffraction analysis
accorded with that of Example 2.
[C052]

Example 4



nonohydrate (the VI type crystal). Water content: 3.1%
IR (ATR) 1764, 1721cm 1 25 The pattern of the powder
X-ray diffraction analysis accorded with that of
Exanple 2. [0052] Exanple 4 27 The V type crystal of
pi peracillin sodium rmnohydrgge 30 g was put in a
pressure vessel (68 mm i nsi di anmeter, 180 mm

| ength) equi ppad Wi L [oxi de was.

i ntroduced at 40(‘:yma€n%b€0&k#a€%%roga}gﬂ%ﬁgélﬂf‘%ws?éf‘ém

2. deithydrathe 3¢l pages q;u‘@rﬁsé”ﬁreé/%@fgegeg’%eﬁ ?%/? mn
crystals of piperacillin sodium Tmonohydrate (the

ty e scirdes tdil gme A €11 ED e MenFe B0 e i} )wildB4a £
1721cm 1 10 The pattern oft?ﬁg%o&dgé i%ﬁ%?wgg@ a filter,
di fdfamdotri ahioxinid wess acoasdlesedv 4 4dvat 0fd BrampL r 3

E[PQOSS] Conparative exanple 1 (freeze-dry) The
[

peras | (fewoedhey &t &)y Wekhaddelkadd ¢ ped €sure
180 ni. Sodi um hydrogen carbonate 14 g was added at 6
t o YigE st 3P wowds crafatarly msolniper asubkimnosdiwmer e
filtrated off, freeze-drying yielded 89 ¢ of
pi PERRAYALaT & ddingmVk HePasridisl body) . Wat er
coptent: 0.5% .20 IR (ATR) 1765, 1713cm 1 The scanni ng
el E8FEn SEEEdraph %€ shown in

IR (ATR) 1764, 1721lcm’!

10 The pattern of the powder X-ray diffraction

analysis accorded with that of Example 2.
[0053]
Comparative example 1 (freeze-dry)

The Piperacillin monohydrate 90 g was added

15 to water 180 mL. Sodium hydrogen carbonate 14 g was

20

25

added at 6 to 10°C for 2 hours. After insoluble
substances were filtrated off, freeze-drying yielded 89
g of piperacillin sodium (the amorphous body) .
Water content: 0.5%
IR (ATR) 1765, 1713cm™

The scanning electron micrograph is shown in
FIG. 4, the pattern of the powder X-ray diffraction
analysis is shown in FIG. 8 and the infrared absorption
spectrum (ATR method) is shown in FIG. 12.
[0054]
Comparative example 2 (Japanese Patent Laid-Open No.
H02-32082 bulletin, the supplementary examination of

the example)
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FIG 4, the pattern of the powder X-ray diffraction
analysis is showmn in FIG 8 and the infrared
absorption spectrum (ATR nmethod) is shown in FIG 12.
25 [0054] Conparative exanple 2 (Japanese Patent
Lai d- Open No. HO2-32082 bgé etin, the supplenentary
exam nation of the exanpl & 28 Piperacillin

B L

et hyl aceta sodi um
ZiStQMéQSﬁénggtﬁLO-ééhglw@éeeaeep@@_at £@2Mtion of

tenperature r 10 mnutes. The solid was filtrated 5

agdaceh! ectedyl suRssaueat by3vaghedswitkBpptly b tagebat e
20 nL yielded 1.0 g of piperacillin sodium(the

apenpbpdsubedydr Vataingessent The. 5% iHRwaATR)i 11764 ed
1714cm 1 10 The pattern of the powder X-ray

dafifir aclLentedpabysiseguentipl vdshkdt wathCerpadaticegate
exanple 1, and clear peaks were not observed. [00551
Cobrpakayiebdedabpleg3of Théppubridatnosodi uy, $thgat ent
15 application No. 2003/028016 specification, the
s@épprehensab9dExani nati on of the Exanple 1)

Pi peracillin nonohydrate 3.0 g was added to a mxture
ofiakest 6ABLEBTA] Hdmd®met hanol 0.45 ni. After water

2o AR 78S ity FrBianoate 0.96 g and vater 0.06 m
was droppedyf,or 30, M AULES (AL LRELYCRPELY! Wiktraction
analysis resembled that of Comparative example 1, and
clear peaks were not observed.
[0055]
Comparative example 3 (The publication of U.S. patent
application No. 2003/028016 specification, the
supplementary examination of the Example 1)
Piperacillin monohydrate 3.0 g was added to a
mixture of acetone 45 ml and methanol 0.45 mL. After
water 0.06 mL was added, a mixed solution of acetone 11
ml, of sodium 2-ethylhexancate 0.99 g and water 0.06 mL
was dropped for 30 minutes at room temperature.
Subsequently, a mixture of acetone 21 mL and water 0.06
ml. was dropped, and the mixture was stirred at 0 to 3°C
for 2 hours.
The solid was filtrated and collected,
subsequently washed with acetone 20 mL yielded 2.0 g of
piperacillin sodium (the amorphous body).

Water content: 0.5%



Subsequently, a m xture of acetone 21 nL and water
0.06 nL was dropped, and the m xture was stirred at O
to 3C for 2 hours. 25 The solid was filtrated and
collected, subsequently washed with acetone 20 ni
yielded 2.0 g of piperacillj B sodi um (the anor phous
body). Water content: 0.5% 2 IR (ATR) 1764, 1713cm1

Thergpatade)n ©ofg4 he poyden X-ray diffraction analysis
resen‘gﬁt ed )t hat of Conpar ative exanple 1, and cl ear

peak® WeIte d¥el sele/gtbuded 0856y Pc!ﬂ?ff@&@t’:‘féﬁaénalySLS

preparati on exanple 1 The crystal of piperacillin

s odieemb D At (At dyipee W¥sigle DPtahded] ddr
Exanpl e 1 was subdivided and packed into glass vials

(lrglakisalwer2 Hdtg/obdsdyvedand the vials were seal ed up
Wi th a rubber stopper under reduced pressure,
3 urlt®&edore, the vials were rolled up with an
al um num cap to give the injectable pharnmaceutical
pr EpETAGCENS g lpingeragiatiion esuirke nonohydr ate. 15
[ 0057] Pharmaceuti cal preparat|on exanpl e 2 The
crystal of plﬁ’@ré‘t,rqutl Qfdl%ﬁeﬁﬁﬁdfﬁd?a%%dl(@he VI
ty%c taI ot% S]edc\yn Exa 2 was, subdj vi ded
AnOOSESE AR d iads IR SIUE WG| AT SRS giniaTele 1
akhey, %g r aIe Mﬁth r ubber_. stapp
ung'er % uce \gﬁe;%g?rega% C{) rgglastsne J\ﬂlaﬁ (Phgfvial, 2
10 g/vial), and the vials were sealed up with a rubber
stopper under reduced pressure, furthermore, the vials
were rolled up with an aluminum cap to give the
injectable pharmaceutical preparations of piperacillin
sodium monohydrate.
15 [0057]
Pharmaceutical preparation example 2
The crystal of piperacillin sodium
monohydrate (the VI type crystal) obtained in Example 2
was subdivided and packed into glass vials (1 g/vial, 2
20 g/vial), and the vials were sealed up with a rubber
stopper under reduced pressure, furthermore, the vials
were rolled up with an aluminum cap to give the
injectable pharmaceutical preparations of piperacillin
sodium monohydrate.
25 [0058]
Pharmaceutical preparation example 3

The crystal of piperacillin sodium

monohydrate (the V type crystal) obtained in Example 1




were rolled up with an alum numcap to give the

i nj ectabl e pharnaceuti cal preparations of piperacillin
sodi um nonohydrate. 25 [0058] Pharnaceutica
preparation exanple 3 The crystal of piperacillin

sodi um nonohydrate (the Vt Pe crystal) obtained in
Exanple 1 30 was subdivi ded”and packed (2 g/bag) into
a phaskibdi9euBLe 2AAT phi BTl aou LRGNy Lihe
bags were lseal edaup \%@th a t{eatgﬁggg{)i rcﬁLgl_[Etoo agi%vle Sttﬁ’(re&

i ndeababl Bagphar prcedl beal apr %%ﬁ:%tih%&&gbft%eoﬁoags were

pi peracillin sodium 5 nonohydrate. [O
Phaeahedutipcali thr epheati eeaeiagpke 4ilke tekyshilec@hpie
pi peracillin sodium nonohydrate (the VI type crystal)

obphanmdcent Exabpbeecpari@ivas kitibdbfi gegeandipadkedodd um

g/ bag) into a plastic double bag (a plurilocular
ScoppaPhEdratehe bags were sealed up with a heat

sealing to give the injectable pharnaceutica

pré%%?glion kits of piperacillin sodium nonohydrate.

15 é0060% Phar maceuti cal preparation exanple 5 The
cr YRREPAGFUbi GRl aRFPPRRaLbANURKARBABhYdrate (the V

{ype crystalind g-gblaingd L0 BATPLE LAy e
PR 5ot End D B 2D A B MR St 2
10 was subdivided and packed (2 g/bag) into a plastic
double bag (a plurilocular container), the bags were
sealed up with a heat sealing to give the injectable
pharmaceutical preparation kits of piperacillin sodium
monohydrate.
15 [0060]
Pharmaceutical preparation example 5
The crystal of piperacillin sodium
monohydrate (the V type crystal) 4 g obtained in
Example 1 and tazobactam sodium 0.5 g were subdivided
20 and packed into glass vials (4.5 g/vial), and the vials
were sealed up with a rubber stopper under reduced
pressure, furthermore, the vials were rolled up with an
aluminum cap te give the injectable pharmaceutical
preparations of piperacillin sodium monchydrate and
25 tazobactam sodium.
[0061]
Pharmaceutical preparation example 6

The crystal of piperacillin sodium



pressure, furthernore, the vials were rolled up wth
an alumnumcap to give the injectable pharmaceutica
preparations of piperacillin sodium nmonohydrate and 25
tazobactam sodium [0061] Pharnmaceutical preparation
exanpl e 6 The crystal of pigg acillin sodium 31
nmonohydrate (the VI type cryStal) 4 g obtained in

ExaBRbaydrand t@zebgat ocH : ’ |yisded
and paczeg inté éﬁagg éggﬁgq%%gggéﬁv%hﬁffﬁﬁn 9%%%39?

vi Bkampler ¢ seadl edzepawihh aodubken st PRRArIRASdivided
reduced 5 pressure, furthernore, the vials were rolled

upawndt paakedalintbngiaesp vialg d .the /ivijaagt,alkirel the vials
phar maceuti cal preparations of piperacillin sodium
noWehgdeatéedndp warbbactabbeadistmppedOtRiderl Geduced

Phar maceuti cal preparation exanple 7 The crystal of
Spi pEeaehreir nfysdhgrmorsnokyer atelet Were typdecr ygt alijth an
4 g obtained in Exanple 1 and tazobactam sodiumO0.5 g

vef eUBLBEIY FBBd toadd VEasked indestabpraphiremaseitd dsdg

(a Flurilgcular %5 containﬁr), and .t he bags were

seBf BU2HRTIPPR 8ihBaPeracalilng £894H e MERENYRIrétCalsing

ph utical reparation kits of piperacillin
sogég§§%%%%ﬁyaP§?3mand t azobact am sodi um [0063] 20
Ph@ég@gfutical preparati on exanple 8 The crystal of

pi peracillin sodi um

10 Pharmaceutical preparation example 7
The crystal of piperacillin sodium
monchydrate (the V type crystal) 4 g obtained in
Example 1 and tazobactam sodium 0.5 g were subdivided
and packed into a plastic double bag (a plurilocular
15 container), and the bags were sealed up with a heat
sealing to give the injectable pharmaceutical
preparation kits of piperacillin sodium monohydrate and
tazobactam sodium.
[0063]
20 Pharmaceutical preparation example 8
The crystal of piperacillin sodium
monohydrate (the VI type crystal) 4 g obtained in
Example 2 and tazobactam sodium 0.5 g were subdivided
and packed into a plastic double bag (a plurilocular
25 container), and the bags were sealed up with a heat
sealing to give the injectable pharmaceutical
preparation kits of piperacillin sodium monohydrate and

tazcbactam sodium.




nonohydrate (the VI type crystal) 4 g obtained in
Exanpl e 2 and tazobactam sodium 0.5 g were subdi vi ded
and packed into a plastic double bag (a plurilocular
25 container), and the bags were sealed up with a heat
sealing to give the injectag e pharmaceuti ca
preparation kits of piperaci I|n sodi um nonohydr at e

DTN G0 T H . e SR g erectron

m cgegipph  (anplification 1, OOO times) of crystal of
plperaC|II|n 5 sodlun1n0nohydrate (the 11l type
crystal). [HEEG2]1] sis$ hensCovamhmong! 8TEEOPOR ﬁl@gb?ﬁhph
(anmplification 1,000 tinmes) of crystal of piperaci

S oginpn infhinedtyisrat B, (@ het Mnéypeofrysyatal o6Fl Gipdracsllin
the scanning el ectron mcrograph 10 (anplification

5 1,080l un mes)olofdcatyst thof IPI peypei €rystadbdi um
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nmonohydrate (the VI type crystal). [FIG 4] is the
scanni ng el edi¥on M c¥dgekphsciamiphy f ¢ Eaetban 200crograph
times) of piperacillin sodium (the anorphous body).

5(1“159](3:1‘535}3*}350‘% h]e'%%Qt@‘ﬁe%)f @ﬁ&%‘é\ﬁ%% g@rgyperac1llln
di ffraction Si s cr stal of piperacillin sodium
AR R e 5 TeEH 6] | o the
Crystal of phiets “ﬁe i ”‘ R a?%%yrﬁ Sgpen
ystal of piperaciil e %?ﬁ% A
;_vd%gnﬁiyﬂégemr{ R ,%oc?ltirﬁeé;h Pa&ﬁé{‘af“o% "1 POVEE 1110
sodium monohydrate {the VI type crystal).

[FIG. 4] is the scanning electron micrograph
(amplification 200 times) of piperacillin sodium (the
amorphous body}.

[FIG. 5] is the pattern of the powder X-ray
diffraction analysis of crystal of piperacillin sodium
monohydrate (the III type crystal).

[FIG. 6] is the pattern of the powder X-ray
diffraction analysis of crystal of piperacillin sodium
monohydrate (the V type crystal).

[FIG. 7] is the pattern of the powder X-ray
diffraction analysis of crystal of piperacillin sodium
monohydrate (the VI type crystal).

[FIG. 8] is the pattern of the powder X-ray
diffraction analysis of piperacillin sodium (the
amorphous body) .

[FIG. 9] is the infrared absorption spectrum

(ATR method) of crystal of piperacillin sodium




diffraction analysis of crystal of piperacillin sodium
nonohydrate (the VI type crystal). [FIG 8] is the
pattern of the powder X-ray 25 diffraction analysis
of piperacillin sodium (the anorphous body). [FIG 9]
is the infrared absorption sggftrun1 (ATR net hod) of
crystal of piperacillin sodi 33 nonohydrate (the

|1 indndbey ks Alohe [ﬁletérﬁnge t%%,d%,_r% jnfrared

absorption spectrum (AT crystal of

piperacillin rwodi.umo mino sl atrer 4 gy \éﬂé/cpfp@fd(ﬁt%éctrum
5 [FIG 11] is the infrared absorption spectrum (ATR
met(Rd®R) meftherd)stodl cafysyaleracididdr£odim  smnahydr at e
(the VI type crystal). [FIG 12] is the infrared
absenpthiyelr adipe ctthemv (tAFR retyeadl)of piperacillin
sodi um (t he anorphous 10 body). | NDUSTRI AL

SAPPLI CABI LI TYFIG0068]] Tise theydin forapstdhlapsafrption spectrum
piperacillin sodiumof the present invention have
superRofesoghi ot prygtal vd piperamdlilig cfodihmse i s

very easy in the case of the manufacture of a bulk

dr O n&%‘éf)éirﬁ‘tﬁh t8gs ¢ Toft YPfe C19881dg at fornul at i on

because of | rLQscapi city., n addition, these
crystals arqugg¥?Q%ﬁiP%r%ﬁ@%l&ﬁ&%ﬁ%@ﬂébqﬂﬁﬂ§%ﬂﬁﬂqpeCtrum

CORRER: nBhnb) Ak B pRY RIS 1N SRR B e s

are suitable f i ¢ina
10 body) .

INDUSTRIAL APPLICABILITY
[0065]

The novel crystals of piperacillin sodium of

the present invention have superior solubility, and the
15 handling of those is very easy in the case of the

manufacture of a bulk drug and in the case of the

filling at formulation because of low hygroscopicity.

In addition, these crystals are easily
filtrated and dried, have small content of relative

20 substances, are high purity and are suitable for a
medicinal bulk drug.

Furthermore, these crystals are superior in
stability, and the purity depressions and the
colorations {(degrees of whiteness and yellowness) of

25 exterior appearance of these crystals are smaller than
those of the amorphous body.

From these points, the novel crystals of




Furthernore, these crystals are superior in
stability, and the purity depressions and the

col orations (degrees of whiteness and yel |l owness) of
25 exterior appearance of these crystals are smaller
than those of the anorphous gody. From t hese points,
the novel crystals of 34 piB racillin sodiun1of t he

Pr es@RtrddIvant] g, tdhe tq{{ggﬁ%é&f pharmeey Ifé'the

preparations which were hese crysta

ar @ nyseftilol e3 ha%d@t&caﬁh%ﬁﬁé%aﬁh&{s St i were
(2S,5R 6R)-6-((2R) -

( (£4atlleyd w2,t3r dﬂl—@@plq&@rs&zame-drecafs@mm) am no) - 2-
phenyl acetyl am no) - 3, 3-di net hyl - 7- oxo- 4-t hi a- 1| -
azabi cycl o[ 3. 2. 0] heptane-2-carboxyl ate nonohydrate
having diffraction angles of 3.7, 5.5, 7.3, 11.6, 14.5
and 18. 00 expressed by 20 in the powder X-ray
diffraction analysis. 2. The crystal of sodium
(2S,5R, 6R)-6- ((2R) - 2-

((4-ethyl -2, 3-di oxopi perazi ne-I|-carbonyl) am no) - 2-
phenyl acet yl am no) - 3, 3-di net hyl - 7- oxo- 4-t hi a-1 -
azabi cycl o[ 3. 2. 0] hept ane- 2- car boxyl at e nonohydr at e
having diffraction angles of 5.6, 7.8, 12.3, 15.5,
17.5, 23.3, 24.8 and 28.5 expressed by 20 in the
powder X-ray diffraction anal ysis.
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CLAIMS
1. The crystal of sodium (2S,5R,6R}-6-((2R) -2~
({4-ethyl-2,3-dioxopiperazine-l-carbonyl)amino)-2-
phenylacetylamino) -3, 3-dimethyl-7-oxo-4~thia-1-
azabicycleo[3.2.0]heptane-2-carboxylate monohydrate
having diffraction angles of 3.7, 5.5, 7.3, 11.6, 14.5
and 18.0° expressed by 20 in the powder X-ray
diffraction analysis.
2. The crystal of sodium (2S,5R,6R)-6~((2R)-2-
{(4=-ethyl-2, 3-dioxopiperazine-l-carbonyl)amino)-2-
phenylacetylamino) -3, 3~dimethyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]lheptane-2-carboxylate monochydrate
having diffraction angles of 5.6, 7.8, 12.3, 15.5,
17.5, 23.3, 24.8 and 28.5° expressed by 268 in the powder

X-ray diffraction analysis.



