2.5 001 2005 WD 02/ 085898 PCT/ KR02/ 00761 1 CLATHRATE OF AZ Rg%qmggg&gg;
HYDRATE W TH 1, 2- PROPYLENEGLYCOL, METHOD FOR THE MANUFACTU ND
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i nvention r@g%/es to a novel clathrate of azithronycin hydr aefail J[/@qﬁ
propyl enegl ycol, a process for its manufacture, and a pharmaceuti cal 10
conposition containing the clathrate. Background of the Invention

Azi thromycin, 9-deoxo-9a-aza-9a-nethyl -9a-honmoerythronycin A (N 15

met hyl - 11- aza- 10- deoxo- 10- dehydr oer thro cin A- 1UPAC) of fornula (1I)

di scl osed in GI&ATEERAKEND. 41"521 GIN7 1 H¥D Ein WAAH del 2y pe
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Kirstg and Si iﬁ%?ﬁﬂ m cr Age !&ﬁx Iigﬁ[ 141 “ ﬁ :
grl)lr%hiléraxltw ﬂ@g% W@ %ﬁ hese{:forrgs have been |dent|12fr|ﬁ§d by
powder X—ray $ g 2/ 085898 2

Field of the Invention

This invention relates to a novel clathrate of azithromycin hydrate with 1,2-

S’

propyleneglycol, a process for its manufacture, and a pharmaceutical

10 composition containing the clathrate.

Background of the Invention

Azithromycin, 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A (N-

15 methyl-1 l-aza—lO—deoxo-lO-dchydroerythromycin A: TUPAC) of formula
(I1) disclosed in U.S. Patent Nos. 4,517,358 and 4,474,768, is an azalide-type
semi-synthetic macrolide antibiotic, useful for treating bronchial infection,
sexual contact infection and dermatological infection (See Kirste and Sides;
Antimicrob. Agents Chemother., 33, 1419(1989)).

20

’QH

g o
Azithromycin is lmOWn to exist in three forms the anhydnde monohydrate
and dihydrate formis; These forms have been identified by powder X-ray



diffraction and differential scanning calorinmetric studies. / / 1
Azi t hronycin anhydride, which is disclosed in U S. Patent Nof%lﬁ%gggéﬁl S
non- cryst alyybnBopsesuct and thus, its highly hygroscopic property is not 5
sui tabl e for pharmaceutical fornulation. Further, azithrom/d ¥RYUr at e
(nmp. 1361C), as descrihed in U S. Patent , No. 4,474,768 and WO Publication
No. 89/00576, is crystalline but it has azl so hygroscopi c property, making
it difficult to mintain its water content at 10 a constant level. WO

Publ i cati on No. 89/ 00576 discloses a process for preparing azithronmycin

di hydrat e (npdiffaetion andatifferentinl segnningraiohyetrid sullies. - recrystal | i zi ng
froma m xture of tetrahydrofuran, water and a C5-C7 15 aliphatic

hydr ocarbon. Although the dihydrate is | ess hydroscopic than the

nonohydr ate, the. water, cg&%}aﬂ t her egf must be carefully maintained during

a vaccum dryi AFidrmysgin rids, veigh is @isclopsd intUiSe Pagint Na. 451835908 ent
controlling procedure.is, however, . not suffi.cient for repoving the toxic
aliphat i c hydRoRar Kualing pEcdict mad Jhus, it ughlin hyiggoscepie arepettyais oot 20
procedure.. On_t: . m.drying in higher tenperature nmay
result in or%n'i@‘?%q’é‘%?@ﬁ%%reb‘ﬁ%fﬁ”&ﬁﬂ te havi ng undesirabl e water
content. Accordingly, nmany attenpts have been nade to devel op a novel
crystal or 25 solvate formof azith onycin. For exanple, -EP

Publ i cq. ti pn' Farthéy, 38fthA2ycidi meheRoarate(1kha e [ A

nonohydrate. with j :sopropa%ol of fgrrr?ulg PI %ﬁ@EgQW&g %%@@%8

PCT/ KRO2/ 0076K03 4,474,768 and WO Publication No. 89/00576, is crystalline but it has
also hygroscopic property, making it difficult to maintain its water content at

10  a constant level.

WO Publication No. 89/00576 discloses a process for preparing
azithromycin dihydrate (mp. 126C) from azithromycin monohydrate by
-recrystallizing from a mixture of tetrahydrofuran, water and a Cs~C;
15  aliphatic hydrocarbon. Although the dihydrate is less hydroscopic than the
monohydrate, the water content thereof must be carefully maintained during
a vaccum drying step at a relatively low temperature. Such a water content
controlling procedure is, however, not sufficient for removing the toxic
aliphatic hydrocarbon solvent rigorously used in the recrystallization
20 procedure. On the other hand, vacuum dryiﬁg in higher temperature may
result in formation of azithromycin dihydr.até having undesirable water

content.

Accordingly, many éttémpts have been made to develop a novel crystal or
25  solvate form of ‘azithtomycin. For example, EP Publigé;ioﬂ_*_No. 0,984,020
 discloses -a clathrate of. azithromycin monohydrat . with isopropanol of

formula (III).



10 H2O0 3>_(c)H (i) WO Publication No. 00/32203 di scl oses Ke:d;&goé %I vat e
of azithronycin hydrate,of fornula (1V). 5 (H20O (ethanoldy B@ t here
has exi st eg gto devel op an i mproved crystal f drm of cin
crystal sui toa%fbe or pharmaceutical applications. 10 Summ?@lz@l}{’??o
Invention It is, therefore, an object of 3t he present, invention to provide
a novel formof azithronycin, which can-be useful for the preparation of a
medicine for 15 treating various mcrobial infections. In accordance with
the present invention, there is provided 'a novel clathrate of
azithromycin hydrate with 1, 2-propyl eneglycol of formula (I): 2 5 OCT 2005
WD 02/085898 4 (O min () wherein mranges froml1l to 2 and n, fromO. 20
to 0.40. PCT/KRO2/00781,5 The present invention further provides a process
for preparing the>gla hrafe pf fornula (1), conprising the steps of. (1)
di ssol ving azi t he.gsy ci<q .M tone then adding 1, 2-propyl eneglycol and

wat er t her et otot g,.0bt'3i 0_a cryst®HPned jpPoduct; and (2) filtering the
crystals forned, *© i

bhe crystals with water and drying to produce the
azithromycin cl at e cggfal S.
, 'OH
P
(1)

WO Publication No. 00/32203 discloses an ethanol solvate of azithromycin
) hydrate of formula (IV).
D
" 5

(H0), (ethanol),
av)

However, there has existed a need to develop an improved crystal form of

o azithromycin crystal suitable for pharmaceutical applications.
10 |

‘Summary of the Invention

It is, therefore, an object of the present 1nvent10n to provide a novel forrn of
azithromycin, which can be useful for the preparation of a rned1cme for

.15  treating various microbial infections.

In accordance W1th the present invention, there is provided a novel clathrate

of az1thromycm hydrate with 1,2-propyleneglycol of formula (0):



10 The present invention also provides a pharmaceutical conpesi td oy
treating mcrobial infection, conprising the clathrate of fOZﬁﬂQe(Fﬂ )Z%Qrﬁd a

pharnaceutRﬁ@biér@ﬁceptable carrier. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS
The above ahd StRer objects and features of the present i nF&GIERG/ 4L
become apparent fromthe follow ng description of the invention,. when
taken in conjunction wth the acconpanyiﬁg drawi ngs, which respectively
show. -20 Fig, 1: a powder X-ray diffraction spectrum of the conpound of
the present 2 5 0 CT 2005 WO 02/085898 5 PCTI JKRO2/ 00761 invention; Fig.
2: a powder X-ray diffraction spectrum of azithromycin nonohydrate; 5 Fig.
3: a powder X-ray diffractiap spectrum of azithronycin dehydrate ; Fig. 4:
a differential scanning calorflnetric scan of the conpound of the present
invention; 10 Fig. A ¢ict,f ekential scanning calorinetric scan of
azi thromyci n non ; ig.]6: a differential scanning calorinetric

ALl g. 7: conparative hygroscopi c properties

of the conpound™ ILIBe‘ r'asen 15 inventiop, azit@gonyci n anhydri de,
nonohydr ate, gadldi hydrate. Detail engﬁ;ﬁri tmipon_ of the Invention The
y

conpound of forul y.be prepared ing azithronmycin 20
in a suitable a a ? , preferablyl2 to |09 dh acetone per g of
azi thromycin, adding]1l, ropql enegl ycol thereto in an anount of 0.25 to

2.5 0 % “OH

P

wherein m ranges from 1 to 2 and n, from 0.20 to 0.40.

)

5 The present invention further provides a process for preparing the clathrate of
formula (I), comprising the steps of: (1) dissolving azithromycin in acetone
then adding 1,2-propyleneglycol and water thereto to obtain a crystalline

- product; and (2) filtering the crystals formed, washing the crystals with water
and drying to produce the azithromycin clathrate crystals.
10
The present invention also provides a pharmaceutical composition for
treating microbial infection, comprising the clathrate of formula (I) and a

pharmaceutically acceptable carrier.
15  BRIEF DESCRIPTION OF THE DRAWINGS -

The above and other objects and features of the present invention will-become
apparent from the following descrippi?n of the invention, v;rhen taken in
conjunction with the accompanying drawings, which respectively show:

20 | h '
Fig. 1: a powder X-ray diffraction spectrum of the compour;d of the present

. =R



n2 based on 1 nt., of acetone while maintaining at a tenper Jrangizig
from roomtenperature (R T.) to the boiling point of aceto é M&@@ter

in an anoyry ofkssbgt© 3 m? per m 2 of acetone, stirting t for 30
mnutes to 4 hours at a- tenperature ranging. fromOC to &gg@é’éﬁﬁl

erature,’ filtering precipitated.crystalg, washing the crystals with water
and drying for 12 to 24 hours at a tenperature ranging from40 Cto 45 *C.
WO 02/085898 6 2 0 01 2005 PCTI KRO2/ 00761 The I, 2-propyl enegl ycol noiety of
the inventive clathrate is essentially non- toxic (LD50: 250/kg, at oral
adm ni stratidnvéntiomat), and it canexist in the formof a racemate, an
S-isoner, or an R-isoner. 5 The azithronmycin being used in the preparation
of the inventive clathrate may be anhydride, nonohydrate, dehydrate,

i sopropanol cl.athrate, or ethgﬁﬁﬁﬁg§olvate of a2|thronyC|n known in the art

or a m xt ur e Hifick @powdgrdKiray onspegiane Plggithrgmysingpenohsididias
disclosed in U S. Patent Nos. 4,517,359 and 10 4,474, 768 and Korean Pat ent
Application No. 2001-14659. The novel clathrate conmpound of the present

i nvention .nel RPL DSC sgan,ap endot herm c
peak at 180, 81& gr‘?&’ (!%rre}% %&ﬁa&ﬁgp s%&cﬁlﬂgv\%aa LHBAERYdrHE 3. 4. These
thermal properties are 15 conpletely different fromthose of the
nonohydrate form (endot herm ¢ peak 145.44C, heat capacity: 137.37 J/g) or

the di hydrat EFrgOt[ q &mﬂaﬁﬁr rsaamg%abﬁhﬁamé?s@an be®e EARPEIAY of #rprksent/ 9) -

shown in Fig. and 6, Trespeéectively
invention;
)

10  Fig. 5: a differential scanning calorimetric scan of azithromycin monchydrate;
Fig. 6: a differential scanning calorimetric scan of azithromycin dihydrate;

Fig. 7. comparative hygroscopic properties of the compound of the present

15  invention, azithromycin anhydride, monohydrate, and dihydrate.

Detailed Description of the Invention

The compound of formula (I) may be prepared by (1) dissolving azithromycin

20 in a suitable amount of acetone, preferably 2 to 10m{ of acetone per g of
azithromycin, adding1,2-propyleneglycol thereto in an amount of 0.25 to 2.5
m{ based on 1mé, ().;f"é.icetone while maintaining at a temperature rarrg_irr'g from
room terrrperature (R T.) to the boiling point of acetone, adding""wé{far ih an
amount of l to 3mﬁ per m{ of acetone, stirring the mixture for 30 mmutes to 4

25 ., hours at a temperature ranging from 0T to room temperature ﬂItenng
precipitated crystals washing the crystals with water and drymg for 12 to 24
hours at a temperature ranging from 40°C t0 45C. ’



20 The crystal structure of the clathrate conpound of the present invention

differs fromthose of the nonohydrate and di hydrate form as tﬁpgﬂdﬁfr%@ﬁ
ray di ffrac‘g,bqﬁmg%%erns‘shom iniFig. J', Fig. 2 and Fig. 3, gp chi % :
The water contént of. the inventive clathrate determ ned byP@/KBPIOZ6Ischer
: 25 wat er anal yzer ranges, from2.3 to 4.6% preferably, from.3.0 to
4.0%, nore preferably, from3.1. to .3.7% while its 1, 2-propylerieglycol
.content determined with a gas chromatography or 'H NVR spectroscopy
ranges 250CT2005 WD 02/085898 PCT/I R02/00761. 7 from2.1to 4.1 %
preferably, from2.4 to 3.8% The inventive clathrate of formula (1)
preferably has an mvalue of 1.50.2 and an n value of 0.300.06. 5 The

cl at hrate conpdent2epropitensghysohimoistzeof theninventive bldtlaase Ryersestsslpy Gont han
azithronycin anhydride qr i thromycin nonohydrate, and its water ~ content
remai ns nore HXIE Sﬁbﬁéﬂﬂzﬁ‘&\ﬁﬁéﬁakﬂdﬁ%ﬂlsuﬂﬂw 18 tathriandcid redint &xdst in tind | ke
azi thromycin %ﬁ?ﬁ/drate. 10 The c| athrate cgonmpound of present invention can
be used in fo &fiar{@cematep 80 S-159HIGTaeEaR Retfomasnposi ti ons for treating
various mgcrobial infection. Such a conposition contains the inventive
clathrate ‘together with pharmaceutically acceptabl e excipients and

carriers, whi . i.ni strat.ed,orall injegtably, rectally,
t ransder mal | y?ﬂgl%pﬁ'§n‘éf:élrﬁ§§h}g V%eééaiﬁh&bﬁ’r&ﬁ'@ﬂ?# ?g&hfb R 4 Piaghr,aﬁ i on
i ncl ude table | es. ;sachets of powder
for reconsti t%}% ol?f? Hﬁﬁaf%%&;% r@%?@%gderﬁ%f Id‘ri])lllydggt& ﬁo@gtgp@ﬁl L?i%ti}%ﬁ’ ‘é‘?ﬁff@}" s et
al. Suitable {@ik bPhzMHoRNYE Xnown in the art or a mixture thereof, and it can be
prepared by any of the methods disclosed in U.S. Patent Nos. 4,517,359 and

10 4,474,768 and Korean Patent Application No. 2001-14659.

The novel clathrate compound of the pfesent invention melts approximately

~at 130C, shows in a DSC scan an endothermic peak at 150.8°C and heat
capacity of 104.42 J/g, as shown in Fig. 4. These thermal pfoperties are

15 completely different from those of the monohydrate form (endothermic peak
145.44°C; heat capacity: 137.37 J/g) or the dihydrate form (endothermic
peak 142.727C; heat capacity: 160.15 J/g), shown in Fig. 5 and Fig. 6,

respectively.

20 The crystal structure of the clathrate compound of the present invention
differs from those of the monghydr_ate and dihydrate form, as the powder X-

ray diffraction pattérns shown in Fig 1, Fig. 2 and Fig. 3, respectively.

The water contenf o:f: :th'e iﬁ\{e%fltive clathrate determined by a Karl-Fischer
.25  water a‘r;alyzqr ;ange‘s(-‘frcim 2.3 to 4.6%, iarét;érably, ﬁom 3 0 to 4.(_)j,%,..more
preferably, from 31 _to .3.7%, wﬁile its 1,2-propylen§gl_ycpl “content
determined with a gas _chromatography or IH-I\‘IM[.{ spédﬁoécbpy ranges



adm nirstration include aqueous or non-aqueous sol ution, m,z \ﬁ%_w%b% for
20 rectal admnistration,suitable forns include supp05| tor wH

hydrophi |'i gPg20 ggggrophobl c vehicles... For topical ‘appli cﬁ’éi‘/ﬁﬁo%/@‘?m
i nvention provi ges_oi ntnments or aer osol , formul ati ons known'in

for transdermal delivery, there are prow ded suitable delivery systens as
known in the art. For nasal delivery there are' provided suitable aerosol.
delivery systens known in the 25 art. This invention will be better
understood fromthe Exanples that follow Z! CC T ZOx5 wo 02/ 085898

PCT/ KRO2/ 007 fiora b vel%, prederablyyfrem 2.4 tadt8%t e, but do not limit, the
invention. Those skilled in the art wll readily appreciate that the
specific methods and results discussed are nerely illustrative of the

i nvention as . describ ful Ly, hat foll reafter. 5
Exanpl e | ﬁ%mvggﬁw heath %ﬁﬂpavlad@?\%%fa {700 55 28 v SH 9Lk S 0eF oe
and 100 I\/t of .1, 2- was added thereto. The sol ution was
stirred for %%%E’Pg@y@g{}%y@ﬁd 500ng of water was added dropw se
thereto tqQ induce 10 the preci pitation of azithromycin crystals. The

sol ution s stirred for hours at R T. and the precipitate was filtered,

washed ri gor a%f WlI%lﬂi g@ﬁﬁundadptﬂeﬂ@rgs&{t' ﬁ%x"ftﬁlo %z&lfc‘}‘fl bscdpic 9' ve

96g of a clat ronycin rate propyl e yco m

p: 129 to 13knfn JHNMAYER SARY 8. dt ﬁiﬂ%@ﬁ%ﬁyn@oﬂ&ﬁyﬂrﬁbswantwmer

anal yzer: 3. 5 vvt % , 2- propyl enegl ycol Content déterm ned wth a gas
chr ommat ogr aphysntéht Femains more or less constant when stored under a humid condition,

)

unlike azithromycin dihydrate.
10
The clathrate compound of present invention can be used in formulating
various pharmaceutical compositions for treating various microbial infection.
Such a composition contains the inventive clathrate together with
pharmaceutically acceptable excipients and carriers, which may be
15 administrated oraily, injectably, rectally, trénsdermally, bucally or nasally.
Suitable forms for oral administration include tablets, compressed or coated
pills, dragees, sachets of powder for reconstitution, hard or soft gelatin
D) capsules, syrups and emulsions et al. Suitable forms for parenteral
| administration include aqueous or non-aqueous solution, emulsion, while for
20 rectal adrninistration éuitable forms include suppositories with hydrophilic or
hydrophobic vehloles For topical apphcatlon the invention provides
ointments or aerosol formulatlons known in the art; for transdermal delivery,
there are prowded su1ta,ble dehvery systems as known in thc art. For nasal

. delivery there are pr0v1ded suitable aerosol delivery systems known m the

25 art.

This invention will be be&er undcrstéod from the Examples that follow.



w % 20 Exanple 2 20g of azithronycin nonohydrate was dissol yed | ",.’L&&r@nof
acetone and 15 m of 1,2-propylene glycol was added thereto.%théjédl
was. - - stir gRslodifatses 10 M nutes at R T. and 200m of wat er was_added dropwi se
thereto o induce the precipitation of azithromycin crystaPST/KRROGHKL t i on
was stirred for 2 25 hours at 0 to 5 C. .gnd the precipitate was 'filtered,
washed rigorously, with water,. and theif dried at 40 C for 20 hours to
give 18.2g of. a -clathrate of azithronycin hydrate with

1, 2- propyl ene}%ycol. 2' OCT 2005 WD 02/085898 9 m p: 130t 0132C, The water

content: 3.4 hewgverhéharaxamples illustrgieopyt afte gloy Cl¥it, 3he Wvéntidn. Thos

PCT/ KRO2/ 00761, Exanpl e 3 2(_)(]:1 of azithronyci n nonohydrate was dissolved in

120rn of acets§Hledandhemrt wil seadilyoapprepiate thatdhg spkcificsnrdieds 4efafudts The
solution was Sti rr%‘d for JIO H1 nutes aj R T. and 180nme of water was added

dr opwi se t he®siySTeS Fgdmetely allusteatiiceed tha iviestiont asmdesdrrhad, mione fullgtial s.

The sol ution Wa(c@jl sti‘rragg. Ilorvgﬁ hqurs at 0 to 5 C and the precipitate was

filtered, wadhe a}‘?‘%‘? SHOMMIE 3kt er, and then dried at 40 C for 20

hours to ?i ve 17.6g of a clathrate of azithromycin hydrate with
1, 2-propyleneglycol. 15 m p: 130 to 132C, The water content: 3.4 w%

Example 1
100g of azithromycin anhydride was dissolved in 300mf of acetone and 100

mé of 1,2-propylene glycol was added thereto. The solution was stirred for
10 minutes at R.T. and 500mé of water was added dropwise thereto to induce
10 the precipitation of azithromycin crystals. The solution was stirred for 2
hours at R.T. and the precipitate was filtered, washed rigorously with water,
and then dried at 40C for 20 hours to give 96g of a clathrate of

azithromycin hydrate with 1,2-propyleneglycol.

15 m.p:129t0 1317T,
The water content determined by a Karl Fischer water analyzer: 3.5 wt%,
The 1,2-propyleneglycol content determined with a gas chromatography: 3.3
wt%.

20  Example 2
20g of azithromycin monohydrate was dissolved in 100mé -of acetone and 15

md of 1,2-propylene gfycol was added ﬁheréto. The solutior wés_;-_:{stirred for
10 minutes at R.T. and 200m¢ of \';-\/afér- was added dropwise the_ret"ﬁ ',t:o'in'duce
the precij;)itation of azithromycin crystéls. The solution was stirred for 2
25 hours.at 0 to 5C and the precipitate was filtered, washed riggfoﬁély, 'with
water, and then dried éit_ 40C for 20 hours to give 18.2g of a -c;.!éthr_a’_ce of
| azithromycin hydrafite-wi.t;h 1,2-propyleneglycol. -



The 1,2-propyl eneglycol content: 3.5 wt% Test Exanple 1 20 _ =
obtained in Exanple 1, azjthronycin nohohydrate and  di hydrazﬁo@tmgzw%y

t he nmet hodsyd gy@ssar dance with U S, Patent No. 5, 869, 629 *ﬁﬁ?8§?95ﬂﬁted to
differential scanning calorimetric measurenments (heat spee m nutes.).
The inventive conmpound of Exanple 1- show&d an endot herm c peak'at 150.8 C
and heat capacity of 104.42 J/g, as shown"in 25 Fig. 4: The. azithronycin
nonohydrate, on the other - band, showed an endotherm c peak .ati , ,45.44
C and heat capacity of 1.37.37 J/g (Fig. 5), while azithromycin-

di hydrate, an endotherm c peak at 142.72 C and heat 25 OCT 20 WD 02/ 085898
PCT/ KRO2/ 00761 10 capa%éé%hof 160.15 J/g (Fig. 6). Further, the X-ray

di ffraction sIES‘eBH%lOB? e three compounds are illustrated in Fig. I,
Fig. 2 and Fi%. 3, respectiyely. The X-ray results 5 sumuarized in Table |
show t hat t helR&WIRIFONEENtLH? d<Wh, i nvention has a crystal structure which

is conpletely. different .tr.omthose of th n conpounds. Al'so, the

hygr oscopi c pTlg%%WPPBEOBﬁ2@%@@%@%&?&"%3&5@%0bt ained in 10 Exanple 1
(1), azithronycin dihydrate (2), nonohydrate (3), and anhydride (4) were
determ ned by exposing each sanple to a relative humdity of each 25%
50% 75% or 1@%{0?”5 37 days and neasuring the water content thereof by the
Karl Fi scher — The result is shown in Table 2 and Fig. 7. 15 20 2 5

OCT 2005 20g of azithromycin monohydrate was dissolved in 120mf of acetone and 15

mé of 1,2-propylene glycol was added thereto. The solution was stirred for
) 10 minutes at R.T. and 180m¢ of water was added dropwise thereto to induce

10 the precipitation of azithromycin crystals. The solution was stirred for 3
hours at 0 to 5C and the precipitate was filtered, washed rigorously with

water, and then dried at 40°C for 20 hours to give 17.6g of a clathrate of
azithromycin hydrate with 1,2-propyleneglycol.

15 m.p:130t0 132°T,
The water content: 3.4 wt%, |
The 1,2-propyleneglycol content: 3.5 wt%.

Test Example 1

20 The compound obtained in Example 1, azithromycin monohydrate and
- dihydrate obtained by the methods in accordance with U.S. Patent No.
5,869,629 were subjected to differential scanning calorimetric measufg_ements

(heat speed 10°C/1ﬁi§11i%és.). The inventive compound of Exaniple I- showed

an endothermic peakfa\'t_ 150.8°C and heat capacity of 104.42 Jg, as ghéwn in

25  Fig. 4; The a‘tzifthr_;:)rﬁ,;ycin monohydrate, on the'.- other: hand, shéﬁqed an
B endothermic peak af '14544C _aﬁd heat capacit)} of 1-'3'7.37 Vg (Fig. 5),
while ‘z-izithromyéiﬂ.-'aihydrate, an endothermic peak at 142.72°C and heat



wo 02/085898 Table 1. PCT/KRO2/ 00761 Radi ation : Cu K-al qOer?t[Lo ; .
40kV/ 126mA Divergence slit: V Scan Mdde: continuous Scattering éOT [}@5
Scan speed:wb gh/iaddos Receiving slit: 0. 1 5mm Scan step: 0.02* 2 thet~0) "~
6.200 7.300 7.820 8.220 9.740 10.220 11.140 1 L 12.220 12.5097KROHMGEH 4 640

15. 220 15.400 15.700 15.940 16,620 16.960 I]d 220 17. 460

capacity of 160.15 J/g (Fig. 6).

Further, the X-ray diffraction spectra of above three compounds are
illustrated in Fig. 1, Fig. 2 and Fig, 3, respectively. The X-ray results
5 summarized in Table 1 show that the compound of present invention has a
crystal structure ‘which is completely different from those of the known

compounds.

Also, the hygroscopic properties of each of the compound obtained in

10 Example 1 (1), azithromycin dihydrate (2), monohydrate (3), and anhydride
(4) were determined by exposing each sample to a relative humidity of each
25%, 50%, 75% or 100% for 7 days and measuring the water content thereof
by the Kari Fischer method. The result is shown in Table 2 and Fig. 7.

15

20



d- val ug_ ( ~U _14. 12.0996 11,2962 10.7474 9.0733 8.6482 7. 9360~ 369
7. 0754 , 3749 6. 0456 5. 8165 5. 7490 5.6398 5.5554..- 5.3296 .ﬁ?&d

.907 I'/10o(~:2)2 theta("'20)d- val ue(A) I/
318. 3004, 8“? %‘7‘(@? 5004. 79205 3219. 0404. 657312 9&2’“‘@/09761

11
Table 1.
Radiation : CuK-al Operation; 40kV/126mA
Divergence slit : 1° Scan Mode: continuous
Scattering slit : 1° Scan speed : 5°/min
Receiving slit: 0.15mm Scan step: 0.02°
' 2 theta(°20) | d-value(A) | 1/1o(22) 2 theta(°20) | d-value(A) | lo(=2)

6.200 142437 |3 18.300 4.8439 3
7.300 120996 |5 18.500 4.7920 5

D 7.820 112962 |32 19.040 4.6573 12
8.220 107474 |2 19.660 45118 9
9.740 9.0733 100 19.980 4.4403 12
10.220 8.6482 2 20.400 4.3498 10
11.140 7.9360 29 20.860 42549 g
11.900 7.4308 7 21.740 4.0846 4
12.220 7.2369 6 22.320 3.9798 3
12.500 7.0754 22 22,640 3.9242 5
13.880 6.3749 12 23.220 3.8275 2

D 14.640 6.0456 16 23.540 3.7762 3
15.220 58165 |12 _123.960 3.7109 3.
15.400 57400 |12 {24520 3.6274 4

| 15700 |56398: {6~ o {oazm 35085 |3
' 15040 |sssse 6l vCasae0  |ssms (20

16.620 s3296 L6 - |assto |34z |3
16960 |samsi- |10 - “logato {33085 |4
17220 . |5.1452: Gole T gt Jamas e )
17460 - 50750. } 11 31080 - lagrst 2
18060 |490%" |2 33600 |26650 |2



219.6604. 51189 10019. 9804. 440312 220. 4004. 349810 2920. 8604. 2549

5oT 2000

721.7404. 08464 622.3203. 97983 2222. 6403.92425 1223. 2203. 827 2)

1623. 5403. $ﬂ§&§5%§g3 9603. 71093 12. 24-5203. 62744 24.7Z08, 5
' 25.5603. 4902. 3 -1026. 2003. 39854 9284403,
05 WD 02/ 085898 12 Table 2
(3.2)0. 22 Rel atlve hum dity

25. 2603. 52282 -
11. 31-00. 2. 87512 1233. 60012- 6650 2

T ~CCT,

PCTI KRO2/ 00761 1(2)34 Onset 3.504.58 4. 12.
100%. 066.1 1 5.26.29(7.2)7.00 Rel ative humidit
7598. 555. 10(4T6)5241(6 6)4.33 Rel ative hunidity 5098.504.25(4.) 65.13

%:g‘g’[‘ﬁROZIOO'TGI

5.62.85
(1) @ 3) @)
Onset 3.50 4.58(4.1) 12.30(3.2) |0.22
Relative humidity 100% 4.06 6.11(5.2) [6.29(7.2) {7.00
Relative humidity 75% 3.55 5.10(4.6) |5.41(6.6) [4.33
Relative humidity 50% 3.50 4.25(4.6) 15.13(5.6) |2.85
Relative  humidity 25% ) 3.01 4.20(2.5) |3.35(2.3) L.l
(33%)
Calculated water content |3.38" | 4.60 2.35 0.00
()
Found-Calculated 037~ [-04~ +1~+3.94 | +].11~
(Difference,%) +0.68 +1.51 (-0.05~ +7.00
" (2.1~  |+4.84)
+0.6)
Range of Difference (%) | 1.05 1.91(2.7) |3.94(4:9) |{7.00
Note:
1) Calculated based en m=1.5 and n=0.30 in formula (D.
2) The numbers in parenthesis are values obtained after 3 days at the
corresponding relative humidity.

Table 2 clearly shows that the novel clathrate compound of the present

invention is much less hygroseoPm than other compounds

While the emboc.Iimentsf of the subje‘ct invention have been described and

; .ﬂlustrated 1t is obv1ous that vanous changes and mod1ﬁcat10ns can be made
therein w1thout departmg from the spirit of the present 1nvent10n “Which
should be Ilrmted only by the scope of the appended clalms

- 10



Rel ative hum dity 25%3.014.20(2.5)3.35(2.3)1.11 33% Cal cul ated water
content 3. 381) 4. 602. 350. 00 % Found- Cal cul at ed-0. 37--0. 4- +1-

(Di fference, % +0. 68+1. 51(- 0. 05- +7. 00 (-2.1- -+4.84) +0.6) R%ri‘ge@é JZUJUJS
Difference ONO51.9 1 2.73.94 4:97.00 Note: 1) Calcul ated based on nmrl.5
and n=0.30 in formula (1). 2) The nunjders in parenthesis are val ues

obt ai ned after 3 days at the corresponding relative humdi . Table 2
clearly shows' that. the novel clathrate conpound of the present invention
i's much | ege RYOL95SQPLC Yt han. ot her conpounds. 5 While the enbodinents - of

the subj 6ct |nvent|on Rave been descri bed ,and illustrated, it is obvious
t hat various changes and-nodifications can be nmade therein - wthout
"departing fromthe spirit of the present . -invention which should be

limted onlly byAt helaguaige odmptedappéndedihodmayeis. HA@r2BOCH20051Bhat i s

clainmed is: rate rrpound of azithronycin hydrate with 1, 2--
3“85®F8¢$1Fg§nEﬁa)( *(H20) m HO

propyl enengﬂPé’

@

whereir m ranges from ! to 2 and n, from 0.20 to 0.40.

2. The compound of claim 1, wherein water content ranges from 2.3 to
10 4.6 % by weight and 1,2-propyleneglycol content is between 2.1 and 4.1 % by
weight.

3. A process for preparing the azithromycin clathrate compound of
formula (I}, comprising the steps of: (1) dissolving azithromycin in acetone

15 and adding 1,2-propyleneglycol and water thereto to obtain a crystalline
product; and (2) filtering the crystals formed, washing the crystals with water
and drying to produce the azithromycin clathrate crystals.

4. The process of claim 3, wherein 2 to 10 ml of acetone is employed per

20 g of azithromycin.

5. The process of claim 3, wherein 0.25 to 2.5 ml of 1,2-propyleneglycol

is used per ml of acetone.



n (1) wherein mranges froml to 2 and n, fromO0.20 to 0.40 . .
conpound of claim1, wherein water content ranges from2.3 25 Oé&em@&/o by

wei ght an §ydexosRsqaPy! enegl ycol content is between 2.1 and 4.1 %b
weight. 3. A process for preparing. the azithrornycin clat \fGHER und of
formula (1), conprising the steps of (1) qi ssol ving azithronycin in acetone
15 and adding 1, 2-propyl eneglycol an d wat ér thereto to obtain a
crystalline product; and (2) filtering the crystals forned, washing the
crystals with water and drying to produce the azithronycin clathrate
crystals. 4. 6The process of clkaim 3, wherein 2 to 10 ml of acetone is
enpl oyed per 020 g lOf DIPCESS Bhplalm 35Whergin g t. 384 of watesiisnused pereméi of 0. 25
to 2.5 m of 1aRtgnwpyl eneglycol is used per m of acetone. 250CT2005 WO
02/ 085898" PCT/ KR0O2/ 00761 14 6. The process of claim3, wherein | to 3M of
water is used per m of acetone. 5 7. A pharmaceutical conposition for
treating A criobi al Anﬁﬂmtﬁmncutimiprhqjo@ﬂid;ﬁqogzﬁbgﬁ@?yﬁﬂ&dbliaqt MMRLon
conpound of fornmula (1) and a_ pharnmaceutically acceptable carrier. ’
comprising the azithromycin clathrate compound of formula (I) and a

pharmaceutically acceptable carrier.



