20047082619 A2 |00 00O 0 O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burcau

(43) International Publication Date

30 September 2004 (30.09.2004)

0T OO0

(10) International Publication Number

WO 2004/082619 A2

A61K

(51) International Patent Classification’:

(2I) International Application Number:

PCT/US2004/007895
(22) International Filing Date: 16 March 2004 (16.03.2004)
(25) Filing Langnage: English
(26) Pnblication Langnage: English

(30) Priority Data:

10/390,578 17 March 2003 (17.03.2003) US

(71) Applicants (for all designated States except US):
PHARMION CORPORATION [US/US]; 2525 28th
Street, Boulder, CO 80301 (US). ASH STEVENS INC
[US/US]; 5861 John C Lodge Freeway, Detroit, MI 48202

(US).

(72)
(75)

Inventors; and

Inventors/Applicants (for US only): IONESCU, Dn-
mitrn [RO/US]; 2828 Grant Drive, Ann Arbor, MI 48108
(US). BLUMBERGS, Peter [US/US]; 4105 Springer,
Royal Oak, MI 48073 (US). SILVEY, Gary, L. [US/US];
10139 Switzer Circle, Overland Park, KS 66212 (US).

(74) Agents: HIRD, Steven et al.; Swanson & Bratschun LLC,
1745 Shea Center Drive, Suite 330, Highlands Ranch, CO
80129 (US).

(8I) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,

KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,

MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,

PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, T], TM,

TN, tR, t't, 'tZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,

ZW.

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),

Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro-

pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,

GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, SK,

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: FORMS OF 5-AZACYTIDINE

Tiguwe 1.

Feray Povder Diffraction Fatiern of Azacitidine, Forva I, Labeed with the

mere Provalnent 28 Angles (Cr Ko Radintion)

5500 prrr

5000
4500

3500
3000
2500
2000

Intensity
13.0°

12.182°

19.049°

1500
1000
500

T T T T T T T Ty T T Y T T A Y TY [T T /ey

{ SELJNE J00 N e JNE B o I I B B WU B

20.182°

PWICEE YR AR T WO AU ST TR SR S AR N0 W S 0 0 S T SO JU WK VA T YO OSSO S P

LR B N Dl S

23.033°

77.135°

5 10 15

20

25 30

Two-Theta

O (57) Abstract: The invention provides novel polymorphic and pseudopolymorphic crystalline forms of 5-azacytidine, along with
methods for preparing said forms, wherein 5-azacythidine is represented by the formula (I). The invention also includes pharmaceu-
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tical compositions comprising said forms.
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FORMS OF 5-AZACYTIDINE

FIELD OF THE INVENTION

The invention relates to the isolation of crystalline polymorphic and pseudopolymorphic
forms of 5-azacytidine (also known as azacitidine and 4-amino-1-B-D-ribofuranosyl-S-triazin-
2(1H)-one). S-azacytidine may be used in the treatment of disease, including the treatment of

myelodysplastic syndromes (MDS).

BACKGROUND OF THE INVENTION

Polymorphs exist as two or more crystalline phases that have different arrangements
and/or different conformations of the molecule in a crystal lattice. When a solvent molecule(s)
is contained within the crystal lattice the resulting crystal is called a pseudopolymorph, or
solvate. If the solvent molecule(s) within the crystal structure is a water molecule, then the
pseudopolymorph/solvate is called a hydrate. The polymorphic and pseudopolymorphic solids
display different physical properties, including those due to packing, and various
thermodynamic, spectroscopic, interfacial and mechanical properties (See H. Brittain,
Polymorphism in Pharmaceutical Solids, Marcel Dekker, New York, NY, 1999, pp. 1-2).
Polymorphic and pseudopolymorphic forms of the drug substance (also known as the "active
pharmaceutical ingredient" (API)), as administered by itself or formulated as a drug product
(also known as the final or finished dosage form, or as the pharmaceutical composition) are
well known and may affect, for example, the solubility, stability, flowability, fractability, and
compressibility of drug substances and the safety and efficacy of drug products, (see, e.g.,
Knapman, K Modern Drug Discoveries, March 2000: 53).

5-azacytidine (also known as azacitidine and 4-amino-1-B-D-ribofuranosyl-1,3,5-triazin-
2(1H)-one; Nation Service Center designation NSC-102816; CAS Registry Number 320-67-2)
has undergone NCI-sponsored clinical trials for the treatment of myelodysplastic syndromes
(MDS). See Kornblith et al., J. Clin. Oncol. 20(10): 2441-2452 (2002) and Silverman et al., J.
Clin. Oncol. 20(10): 2429-2440 (2002). 5-azacytidine may be defined as having a formula of
CsH12N405, a molecular weight of 244.20 and a structure of:
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The polymorphic form of 5-azacytidine drug substance and drug product has never been

HO

characterized. It is an object of the present invention to characterize the polymorphic forms of

S-azacytidine.

SUMMARY OF THE INVENTION

It has been unexpectedly found that 5-azacytidine exists in at least eight different
polymorphic and pseudopolymorphic crystalline forms (Forms I-VIII), in addition to an
amorphous form. Form I is a polymorph found in prior art retained samples of 5-azacytidine
drug substance. Form II is a polymorph found in some prior art retained samples of the 5-
azacytidine drug substance; in those samples, Form II is always found in mixed phase with
Form I. Form III is a hydrate, and is formed when prior art retained and current samples of the
drug product are reconstituted with water to form a "slurry" prior to administration to the
patient. Form VI is found in prior art retained samples of the 5-azacytidine drug product,

either substantially free of other polymorphs, or in mixed phase with Form 1.

The invention provides novel crystalline forms referred to as Form IV, Form V, Form VII
and Form VIII. Forms I-VIII each have characteristic X-ray power diffraction (XRPD)

patterns and are easily distinguished from one another using XRPD.

Also included in the present invention are methods for robustly and reproducibly
synthesizing 5-azacytidine drug substance substantially as Form IV, Form V, or Form VIII.
Also provided are methods for robustly and reproducibly synthesizing a Form I/VII mixed
phase. The invention also provides pharmaceutical compositions comprising the various
forms of 5-azacytidine together with one or more pharmaceutically acceptable excipients,

diluents, or carriers.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 presents the X-Ray Powder Diffraction (XRPD) pattern of 5-azacytidine, Form I,

labeled with the most prominent 20 angles (Cu Ko radiation).

Figure 2 presents the XRPD pattern of 5-azacytidine, mixed phase Form I and Form II,

labeled with the most prominent 20 angles (Cu Ka radiation).

Figure 3 presents the XRPD pattern of 5-azacytidine, Form III, labeled with the most

prominent 20 angles (Cu Ko radiation).

Figure 4 presents the XRPD pattern of 5-azacytidine, Form IV, labeled with the most

prominent 20 angles (Cu Ka radiation).

Figure 5 presents the XRPD pattern of 5-azacytidine, Form V, labeled with the most

prominent 26 angles (Cu Ka radiation).

Figure 6 presents the XRPD pattern of 5-azacytidine, Form VI, labeled with the most

prominent 20 angles (Cu Ka radiation).

Figure 7 presents the XRPD pattern of 5-azacytidine, mixed phase Form I and Form VII,

labeled with the most prominent 26 angles (Cu Ka radiation).

Figure 8 presents the XRPD pattern of 5-azacytidine, Form VIII, labeled with the most

prominent 20 angles (Cu Ko radiation).
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