2-((R)-2-METHYLPYRROLIDIN-2-YL)-1H-BENZIMIDAZOLE-4-CARBOXAMIDE CRYSTALLINE
FORM 1 FIELD OF THE INVENTION This invention pertains to
24(R)-2-Methylpyrrolidin-2-y1)-1H-benzimidazole-4- carboxamide, also referred to herein as ABT-888,
Crystalline Form 1, ways to make it, compositions comprising it and made using it, and methods of
treating patients having disease using it. BACKGROUND OF THE INVENTION
5Poly(ADP-ribose)polymerase (PARP) has an essential role in facilitating DNA repair, controlling RNA
transcription, mediating cell death and regulating immune response. PARP inhibitors have

demonstratett@icedHRRATHBR O BIDEasEInTd HeRE SABH ) 767 dxdrhpiB BOXAMIDE
2-((R)-2-methylpyrrolidin-2-yl)-1H-benzimnidez9lg-fcarbaxamide (ABT-888) that has shown to limit
tumor growth in tumor-bearing animals. 10 Crystallinity of ABT-888 may effect, among other
physical and mechanical properties, its stability, solubility, dissolution rate, hardness, compressability
and melting point. Because ease of miriPatuiidi&nd iarvitiation of ABT-888 is dependent on some, if

not all, of these es: i XS i hemicad:qu ig arts for 15
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identification of crystalline forms of [ and ways to reproducibly make them. BRIEF
DESCRIPRON i op pisryrdees herei ps AB TSR st RIGRSArp bwithes $o-Fasfiifiraction (PXRD)

spectrum eirAfd 11298 Lorystiatine: holmalie20inl @, hshas drvexpatipeatahBRXRBgpectrum of

ABT-888 Crysialine Fo

BACKGROUND OF THE INVENTION

5 Poly(ADP-ribose)polymerase (PARP) has an essential role in facilitating DNA repair,
controlling RNA transcription, mediating cell death and regulating immune response. PARP
inhibitors have demonstrated efficacy in a number of disease models, such as, for example,
2-({(R)-2-methylpyrrolidin-2-y1}- 1H-benzimidazole-4-carboxamide (ABT-888) that has
shown to limit tumor growth in tumor-bearing animals. |

10
Crystallinity of ABT-888 may cffect, among other physical and mechanical

properties, its stability, solubility, dissolution rate, hardness, compressability and melting
point. Because ease of manufacture and formulation of ABT-888 is dependent on some, if not
all, of these properties, there is an existing need in the chemical and therapeutic arts for

15 identification of crystalline forms of ABT-888 and ways to reproducibly make them.

BRIEF DESCRIPTION OF THE FIGURES
FIG. 1 shows a theoretical powder X-ray diffraction (PXRD) spectrum of ABT-888
Crystalline Form 1.
20
FIG. 2 shows an experimental PXRD spectrum of ABT-888 Crystalline Form 1.

FIG. 3 shows a differential scanning calorimetric (DSC) spectrograph of ABT-888
Crystalline Form 1.

25



FIG. 3 shows a differential scanning calorimetric (DSC) spectrograph of ABT-888 Crystalline Form 1.
FIG. 4 shows the infra red (FT/IR) spectrum of ABT-888 Crystalline Form 1. FIG. 5 shows the Raman
spectrum of ABT-888 Crystalline Form 1. 5FIG. 6 shows a theoretical PXRD spectrum of ABT-888
Crystalline Form 2. FIG. 7 shows an experimental PXRD spectrum of ABT-888 Crystalline Form 2,
FIG. 8 shows the infra red (FT/IR) spectrum of ABT-888 Crystalline Form a 10 FIG. 9 shows the

Raman spectrup§f ARJ:3%8: GliystalinernRy nle e MMABRY SR HARIIMY ENHION One embodiment
of this invention pertains to 2-((R)-2-Methylpyrrolidin-2-y1)-1H- 15 benzimidazole-4-carboxamide

Crystalline Fowl 1 which, when measured at about -100C in the tetragonal crystal system and P43212
space group withitadigtiorns sidrRat0Y Hetsrcharb sl TiAsd Oyysedpectivendtitice parameter values a, b
and c of 8.218 A 0.002A, 8.218 A 0.002 A and 36.06 A 0.01 A and a, p andy values of 90. 20Another

embodiment pertains to 2-((R)-2-Methylpyrrolidin-2-y1)-1H-benzimidazole- 4-carboxamide Crystalline
Forms1 which, WhEntraiesrsurdepetctipt P95 spegirvarima gl ot 5 SAy sl eiE Uhbtacterized by a powder

diffraction pattern having respective 20 values of about 9.9, 11.0 and 11.8 and one or more than one

additional peaks_having respective.20 val w about 14, . 2,19.6, 20.3,.21.3, 22.5, 22.8,
24.7,28.5 and 2899/1° Owsgﬁﬁ’&%}}fﬁg‘}@% 0 mSwpecr?f[rbnénr?a{?ﬁ‘sé 6%§o%r%68%qétaérﬁ%gggﬁ11%2‘rising an excipient
and 2- ((R)-2-Methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide Crystalline Foiinl which, when

measured at abgy -100G, Inyibe fetagprRh RSl SYS B Rk RAS2L218RREE oup with 30radiation at
0.7107 A, is characterized by respective lattice parameter values a, b and c of 8.218 A 0.002A, 8.218

A 0402 A and 36.06 A 0.01 A and 11,13 and y values of 90.
FIG. 9 shows the Raman spectrum of ABT-888 Crystalline Form 2.

SUMMARY OF THE INVENTION
One embodiment of this invention pertains to 2-((R)-2-Methylpyrrolidin-2-y1)-1H-
15 benzimidazole-4-carboxamide Crystalline Form 1 which, when measured at about -100°C in
the tetragonal crystal system and P442,2 space group with radiation at 0.7107 A, is
characterized by respective lattice parameter values a, b and ¢ of 8.218 A £0.002A, 8218
A +0.002 A and 36.06 A+ 0.01 A and ¢, B and y values of 90°.

20 Another embodiment pertains to 2-((R)-2-Methylpyrrolidin-2-yl)-1H-benzimidazole-
4-carboxamide Crystalline Form 1 which, when measured at about 25°C with radiation at
1.54178 A, is characterized by a powder diffraction pattern having respective 28 values of
about 9.9°, 11.0° and 11.8° and one or more than one additional peaks having respective

20 values of about 14.6°,15.2°, 18.2°, 19.6°, 20.3°, 21.3°,22.5°, 22.8°, 24.7°, 28.5° and
25 29.1°

Still another embodiment pertains to compositions comprising an excipient and 2-
((R)-2-Methylpyrrolidin-2-yl)-1H-benzimidazole-4-carboxamide Crystalline Form 1 which,
when measured at about -100°C in the tetragonal crystal system and P442,2 space group with

30  radiation at 0.7107 A, is characterized by respective lattice parameter values a, b and ¢ of

8218 A +0.0024, 8.218 A £0.002 A and 36.06 A £ 0.01 A and o, B and y values of 90°.

-



Another embodiment pertains to compositions comprising an excipient and 2-((R)-2-
Methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide Crystalline Form 1 which, when measured at
about 25C with radiation at 1.54178 A, is characterized by a powder diffraction 5pattern having
respective 20 values of about 9.9, 11.00 and 11.8 and one or more than one additional peaks having
respective 20 values of about 14.6, 15.2, 18.2, 19.6, 20.3, 21.3, 22.5, 22.8, 24.7, 28.5 and 29.1. Still
another embodiment pertains to methods of treating cancer in a mammal 10comprising administering
thereto, with or without one or more than one additional anticancer drugs, a therapeutically effective
amount of 2-((RIBIREARRRAFBRERSPAAS 12 SBRAHIIE AR CRA R & orm 1 which,
when meagurethprabon:-300GHbtheniriragenaleoysiahBysteysdliocF43a Tupace roup with

radiation at 0.71Q7 A, is racterized by re iye.lattice parameter valu ad c of 8.218 A
0002A, SHTHTER BBUAA G e GE R 8 01 R Lac n 1y AL YU Bk T
embotlimpatepe aing tosmethods ofiventiwpadricet, il d amh &° corhprisimgparirtiiaistating thereto,
with or without one or, more than one adgditiona ' r drygs,.a a ical ive amount of
(-2 R e g R B B e Pt 1 which, when
measuredab JRAR2HCHVIER fadiatizth idt 1.54178 A, is characterized by a powder diffraction pattern
having respective 20 values of about 9.9, 11.0 and 11.8 and one or more than one additional peaks
having respective 20 values of about 14.6, 15.2, 18.2, 19.6, 20.3, 21.3, 22.5, 22.8, 24.7, 28.5 and 29.1.
25 Still anotfitH enetediPRRIRt FerRAR SR I eSS TOF Hralifgcancer in a mammal

2-((Rir2-Mgitindpvi alidingsishid Hoaeo zimidazalerducarboxaimident yataddariboinniicawaprising:
drugs, a therapeutically effective amount of 2-((R)-2-Methylpyrrolidin-2-yl)-1H-

benzimidazole-4-carboxamide Crystalline Form 1 which, when measured at about -100°C in

the tetragonal crystal system and P432;2 space group with radiation at 0.7107 A, is

characterized by respective lattice parameter vatues &, b and ¢ of §.218 A 0.0024, 8.218
15 A +0.002Aand 36.06 A+0.01 A and 0, B and v values of 90°.

Still another embodiment pertains to methods of treating cancer in a mammal
comprising administering thereto, with or without one or more than one additional anticancer
drugs, a therapeutically effective amount of 2-((R)-2-Methylpyrrolidin-2-yl)-1H-

20 benzimidazole-4-carboxamide Crystalline Form 1 which, when measured at about 25°C with
radiation at 1.54178 A, is characterized by a powder diffraction patiern having respective
26 values of about 9.9¢, 11.0° and 11.8° and one or more than one additional peaks having
respective 28 values of about 14.6°, 15.2°, 18.2°, 19.6°, 20.3°, 21.3°,22.5°, 22.8°,24.7°,
28.5% and 29.1°.

25

Still another embodiment pertains to a process for making 2-((R)-2-Methylpyrrolidin-
2-yl)-1H-benzimidazole-4-carboxamide Crystalline Form 1, comprising:

making 2-((R)-2-methylpyrrolidin-2-y1)-1 H-benzimidazole-4-carboxamide;



making 24(R)-2-methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide; providing a mixture
comprising 2-((R)-2-methylpyrrolidin-2-y1)-1H-benzimidazole-4- carboxamide and solvent, wherein the
2-((R)-2-methylpyrrolidin-2-yl)-1H-benzimidazole-4- carboxamide is completely dissolved in the
solvent; 5causing 2-((R)-2-Methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide Crystalline Form 1
to exist in the mixture, which 2-((R)-2-Methylpyrrolidin-2-y1)-1H- benzimidazole-4-carboxamide

Crystalline Form, {..when }ﬁ%@q&mim@f@#%gpﬁmgm@@mmﬂt@tﬁ@gﬂﬂ@dg&gt@l system and
IS

P43212 space group with radiation at 0,710 characterized ective lattice parameter
values a, B 4P RIEF 81.1211981)5?“6.B’@?‘ﬁ%@?fl%@ﬁ’%@ﬂ@gﬁﬁi%%%gﬁiﬁ%pﬁlﬁ%ﬁaz 3‘,61 3 and y values
of 90'; angirbox isailaiing she 2+ Rdvethylpyr solidint2-y1)-1H-benzimidazole-4-carboxamide
Crystalline Foiin 1. 15Still another embodiment comprises 2-((R)-2-Methylpyrrolidin-2-y1)-1H-
benzimidazole-4-carboxamide Crystalline Form 1 prepared by the process of the preceeding

embadiment.  causistid-HRothdM ShryaioHdin preHalik tenaiprdeds formaranyde

2-((5)-2-2&{1( Fé)yizma;%&qh:p?% %}%%mdﬂeQ%@ajfg,i@a;a!@4tei@r%@mmﬂ¢%¥?ﬁaﬁiﬁ9-Fﬁrmd4, comprising:
making 2-((R)-2-methylpyrrolidin-2-y1)-1H-bepzimidazole-4-carhoxamide; Qviding a mixture
comprisiry R et %%W%é?rﬁ&@%ﬁ?—ﬁﬁ%zimw 826 e(i%fZ car g)%%%%%%%oﬁﬁropanol at about
82C, whereirdheB: (@R kg-nactayay satigine2dyp) L E 2pabe prinpidahotelidtoariidkaMiba.is completely
dissolved in the 2-propanol; . causing

2-((R)-2- NS PO IRHASSR5A VE 1 S MRRIEE st B DS Rl S AR AR R 1Bt exist in the
mixtyge by lowesng Usdemps i Whaiein hed~Fnds of 90°; and
Methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide Crystalline Form 1, when isolated 30and

¢/ measured at about -100C in the tetragonal crystal system and P43212 space group with radiation at
0.7107 A, is chdsabtérized Dy(Rispadtiveliattickdpabameiet-baldesdzblandolsi@milg A 0.002A, 8.218
A 0.002 %&&g&%%ﬁ p.01 A and a, j13 and y values of 90; and

15 Still another embodiment comprises 2-((R)-2-Methylpyrrolidin-2-yl)-1H-
benzimidazole-4-carboxamide Crystalline Form 1 prepared by the process of the preceeding

embodiment.

Stili another embodiment pertains to a process for making 2-((R)-2-Methylpyrrolidin-
20 2-yl)-1H-benzimidazole-4-carboxamide Crystalline Form 1, comprising:

making 2-((R)-2-methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide;

providing a mixture comprising 2-{(R})-2-methylpyrrolidin-2-yl)-1H-benzimidazole-4-
carboxamide and 2-propanol at about 82°C, wherein the 2-((R)-2-methylpyrrolidin-2-yl)-1H-

25 benzimidazole-4-carboxamide is completely dissolved in the 2-propanoi;

causing 2-((R)-2-Methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide
Crystalline Form 1 to exist in the mixture by lowering its temperature, wherein the 2-(R)-2-
Methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide Crystalline Form 1, when isolated
30 and measured at about -100°C in the tetragonal crystal system and P432,2 space group with
radiation at 0.7107 A, is characterized by respective lattice parameter values a, b and ¢ of

8218 A +0.002A, 8218 A +0.002 A and 36.06 A £0.01 A and «, B and y values of 90°; and
A



-4- isolating the 24(R)-2-Methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide Crystalline
Form 1. 5Still another embodiment comprises 2-((R)-2-Methylpyrrolidin-2-y1)-1H-
benzimidazole-4-carboxamide Crystalline Forin 1 prepared by the process of the preceeding
embodiment. In a process for making 2-((R)-2-Methylpyrrolidin-2-yl)-1H-benzimidazole-4-
10carboxamide Crystalline Form 1 comprising reacting an acid or diacid salt of 2-((R)-2-
methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide and a base and crystallization or

recrystallization of 24(R)-2-methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide to 2-
((R)-2-Methylpy HUFRS- %/%)((ﬁlrﬁdﬁ%ﬂ%%&?ﬁfé{i)dgga '?&E“&?‘i%é’%&rﬁﬁ%ﬁ%81fﬁqmi€‘%sti|| another
embodimentsaf lihisHmwention comprises crystallizing or recrystallizing 2-((R)-2-

15methylpyrrolidin-2-yl)-1H-benzimidazole-4-carboxamide Crystalline Form 1 from a solid, semisolid,
wax or oil form of 2-01Z)-2-methylpyrrolidin-2-y1)-1H-benzimidazole-4- carboxamide that is mixed

with éne or morétiharptise sehodnerd RomB s Frétdhdtdrthe it ool dhbther embodiment

comprisegegzAtR=2dMethylpyrilidio cnnid FoenzimidazalevteashasanitiaGiystaliing Form 1
prepared by the process of the preceeding embodiment. In a process for making
2-((R)-2-ﬁgméfﬁ%r%lidin-z-yl)-lH-benzimidazole-4- 25carboxamide Crystalline Form 1 comprising
reacting the dihydrochloride salt of 2-((R)-2-

In a process for making 2-((R)-2-Methylpyrrolidin-2-yl)-1H-benzimidazole-4-

10 carboxamide Crystalline Form I comprising reacting an acid or diacid salt of 2-({R)-2-
methylpyirolidin-2-yi}-1H-benzimidazole-4-carboxamide and a base and crystallization or
recrystallization of 2-((R)-2-methylpyrrolidin-2-yl)-1H-benzimidazole-4-carboxamide to 2-
((R)-2-Methylpyrrolidin-2-yl)-1H-benzimidazole-4-carboxamide Crystalline Form 1, still
another embodiment of this invention comprises crystallizing or recrystallizing 2-((R)-2-

15 methylpyrrolidin-2-yl)-1H-benzimidazole-4-carboxamide Crystaliine Form 1 from a solid,
semisolid, wax or oil form of 2-((R)-2-methylpyrrolidin-2-yl)-1H-benzimidazole-4-
carboxamide that is mixed with one or more than one solvent from the deprotonation

reaction.

20 Still another embodiment comprises 2-((R)-2-Methylpyrrolidin-2-yl)-1H-
henzimidazole-4-carboxamide Crystalline Form 1 prepared by the process of the preceeding

embodiment.

In a process for making 2-((R)-2-Methylpyrrolidin-2-yl)-1 H-benzimidazole-4-

25 carboxamide Crystalline Form 1 comprising reacting the dihydrochloride salt of 2-((R)-2-
methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide and sodium bicarbonate in water
and n-butanol and subsequently crystallizing 2-((R)-2-Methylpyrrolidin-2-yl)-1H-
benzimidazole-4-carboxamide Crystalline Form 1 from 2-propanol, still another embodiment
of this invention comprises crystallizing 2-((R)-2-methylpyrrolidin-2-yi)-1H-benzimidazole-

30  4-carboxamide Crystalline Form 1 from a solid, semisolid, wax or oil form of 2-(R)-2-
methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide that is mixed with water or n-

butanol.



methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide and sodium bicarbonate in water and
n-butanol and subsequently crystallizing
2-((R)-2-Methylpyrrolidin-2-y1)-1Hbenzimidazole-4-carboxamide Crystalline Form 1 from 2-propanol,
still another embodiment of this invention comprises crystallizing
2-((R)-2-methylpyrrolidin-2-y1)-1H-benzimidazole- 30 4-carboxamide Crystalline Form 1 from a solid,
semisolid, wax or oil form of 24(R)-2- methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide that is

mixed with water or nbutanol..  Still another embodjment comprises
24(R)-2-Methylp%bﬁ‘&iﬂ‘-@%}’-ﬁ%wmﬁ%lé%é%ﬂgﬁm%ﬁéfg&éﬁmg]I'—%rm 1 prepared by the
process obthepiteerding®mbadiin€nysa Gt Fanotherearbd tinentroespritis prevodoacid or di-acid
salt of 24(5 %‘ﬂ%@ﬁhylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide for use in preparing 24(R)-2-
Methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide Crystalline Form 1. 10Still another
embodiment comprises 2-((R)-2-Methylpyrrolidin-2-y1)-1H- benzimidazole-4-carboxamide

dihydrochloride fofius® in-PEaRRHRgeRt R p2sde thylpyscalidini2ayk) <kt denzipitiazole-4-carboxamide
Crystalline Form 1. Still er embodiment comprises.amorphous ., o\
24(R)-2-M¥tﬁ9¥r&ﬁp&%kﬁiﬂf - Q%ﬁ%‘z%%?fg gg zié%anr SHahidte 1o TEERE A B kng

24R)-2-Meétulipipyotitlifin2y)- 1Hrbbenuiiidse dreaboarhoda friddattinstaiine . Form 1.. Still another
embodiment comprises 2-((R)-2-Methylpyrrolidin-2-y1)-1Hbenzimidazole-4-carboxamide Crystalline
Form 2 for use in preparing 2-((R)-2- 20Methylp rroIidin-Z-%}é-lH-benzimidazole-4-carboxamide

Crystlline Folio ¥ ieatAdl eTP e ok FHENRUERMTON #Hig ivEntion pertains to
discovery pé2ifR)z3tenethytpyeialidtiniBydige ik kcfoz imidazote«ticabb@Ranide, also referred to herein

| as ABT-B38, Cryialing FOUR ays 2519, DAk KoMAYSIR £NGIRSIEGR,Y compositions containing it

“and made with'it;"an s of treating cancer using it. The'terms
"2-((R)-2-Methylpyrrolidin-2-yl)-1H-benzimidazole-4- earboxamide" and "ABT-888" are meant to be

used interchangeaflys i LMl ABT B8HARGRRART R ithiewt 3y inidisia.of crystallinity or
15  benzimidazole-d-carboxamide for use in preparing 2-((R)-2-Methylpyrrolidin-2-y)-1H-

benzimidazole-4-carboxamide Crystailine Form 1.

Still another embodiment comprises 2-((R)-2-Methylpyrrolidin-2-yl)-1H-
benzimidazole-4-carboxamide Crystalline Form 2 for use in preparing 2-((R)-2-

20 Methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide Crystalline Form 1.

DETAJILED DESCRIPTION OF THE INVENTION
This invention pertains to discovery of 2-((R)-2-methyipyrrolidin-2-yl)-T1H-
benzimidazole-4-carboxamide, also referred to herein as ABT-888, Crystalline Form 1, ways
25  to make it, ways to characterize it, compositions containing it and made with it, and methods
of treating cancer using it. The terms “2-((R)-2-Methylpyrrolidin-2-yl)-1H-benzimidazole-4--

carboxamide” and “ABT-888” are meant to be used interchangeably.

The terms “ABT-888" and “an ABT-888” without any indicia of crystallinity or
30 non-crystallinity associated with it, as used herein, mean amorphous ABT-888, a crystalline

ABT-888 such as ABT-888 Crystalline Form 1 or ABT-888 Crystalline Form 2,



30non-crystallinity associated with it, as used herein, mean amorphous ABT-888, a crystalline
ABT-888 such as ABT-888 Crystalline Form 1 or ABT-888 Crystalline Form 2, microcrystalline
ABT-888, ABT-888 in solution, a semisolid, wax or oil form of ABT-888, mixtures thereof and the like.
The tent's "crystalline" and "microcrystalline,” as used herein, mean having a 5 regularly repeating
arrangement of molecules which is maintained over a long range or external face planes. The term

"crystalling ART:088 125 weedRergin. |eansaRalicuan Syaaline AR T888. inciding the crystalline
ABT-888 of this invention, i.e. ABT-888 Crystalline Form 1. 10 The term "crystalline ABT-888 of

this inventiBi s HEEaiHBfdt Bi&ans the most thermodynamically stable crystalline form of ABT-888
at 25C, i.e. ABT-888 Crystalline Form 1 which, when measured at about -100C in the tetragonal

crystal system and P43212 spage group.with radiation at Q.710.7 A, i ized by respective
lattice parameter ‘%\t/%rfﬁsescgglt)aglﬁ' C"‘%‘?g%%é’ %gkgig)ng%é%% %éo%){%glg%@g%\%ﬂé%% A 0.01 Aanda,
ji and § vategdastygepsptivhishangaeaniaseirstlen Bhishti Oma WAtAcARITE O HAE TERLT8 A, is
characterized Ry, g.popvslek diffraction pattern having respective 20 values of about 9.9, 11.0 (1,0,1)
and 11.8 (1,0,2) and one or more than one additional peaks having respective 20 values of about 14.6
(1,0,4), 15.2 (1,1,0), 18.2 (1,1,4), 19.6 (1,1,5), 20.3 (1,0,7), 21.3 20(1,1,6), 22.5 (1,0,8),22.8 (2,0,3),
24.7 (1,0,9), 28.512 {16) ‘angb@0ide(ARTIENS ivhewsin most absorptipadiarershpsatwith Bieir

CorreSponggé?iM‘%ﬁ %%?&@g%aﬁiﬂ@%&ﬁ%uggg oIRGB AROTRNRUT. k88 SR NGESiRHTEans a

supercooled liquid substance or a viscous liquid which appears as a solid but does not have a
regulatly repeating arrangemant 25 of molecules which is maintained over a long range. Amorphous
substances do nohhaye MejindipeRESTIREY afhies seftendr flavaborea oesaintemparature known as

[ the glass transition (eMPRIAIE: crystalline form of ABT-888 a1 25°C, L.e. ABT-888 Crystalline
Form 1 which, when measured at about -100°C in the tetragonal crystal system and P432,2
space group with radiation at 0.7107 A, is characterized by respective lattice parameter

15 valuesa, band cof 8218 A £ 0.002A, 8218 A £0.002 A and 36.06 A £0.01 A and «, B and
v values of 90° or which, when measured at about 25°C with radiation at 1.54178 A is
characterized by a powder diffraction pattern having respective 28 values of about 9.9°, 11.0°
(1,0,1) and 11.8° (1,0,2) and one or more than one additional peaks having respective
26 values of about 14.6° (1,0,4), 15.2° (1,1,0), 18.2° (1,1,4), 19.6° (1,1,5), 20.3° (1,0,7), 21.3°

20 (1,1,6),22.5°(1,0,8), 22.8° (2,0,3), 24.7° (1,0,9), 28.5° (2,1,6) and 29.1° (1,1,10), wherein

most absorptions are shown with their corresponding Miler Index (hk,1) values.

The term “amorphous,” as used herein, means a supercooled liquid substance or a
viscous liquid which appears as & solid but does not have a regularly repeating arrangemant
25 of molecules which is maintained over a long range. Amorphous substances do not have
melting points but rather soften or flow above a certain temperature known as the glass

transition temperature.

The term “semisolid ABT-888,” as used herein, means a combination of ABT-888
30 and solvent in a gelatinous enough state to prevent passage through a semi-permeable

membrane or filter.



The teim "semisolid ABT-888," as used herein, means a combination of ABT-888 30 and solvent in a
gelatinous enough state to prevent passage through a semi-permeable membrane or filter. It is meant
to be understood that when peak positions are further used to identify a particular crystalline form of a
compound when unit cell parameters of the compound are used in combination therewith, any one
peak position or combination of peak positions may be used to further identify the particular crystalline
form. 5 Unless sfaied @theswisendearcentagesthereinkaiateightbveight (adijondecadfitages.  The

tem'. "solvent," as used herein, megans a liquid in which a.compound is.soluble or partially soluble
enough apsf&jWZ% %‘a’ﬁféépﬁﬁg ion ga&%%lgﬁl%n%rw ;?8%%&%%8813&%&5 g%‘%ﬁ?ﬁl Sﬁae?ﬁe term
"anti-solventd ascosbthdiemeihrvatnsy kgaikkk witiclvaocompooneisahseitbrs EasLgAYat a given
concentrafion. 1o heggifectye.for, aresipialinahah eemprepnd from a solution. 15 Solvents and

anti-solvents may be mixed with or without separation of phases. It is meant to be understood that,
because many solvents and anti-solvents contain impurities, the Level of impurities in solvents and
anti-solvents for thecpy a@tieoafthis R Qinvantion, litpiesent; dgetatddoiweéndughaongentration that they
do not interfere with the intended use of the solvent in which they are present. The tetin "acid,” as
used herein, means a compound having at least one acidic proton. Examples of acids for the practice
of this invention Heltge Hatusrs hst t@%ﬁiﬂ» means a liquid m which a compound is soluble or

partially soluble enough at a given concentration to dissolve or partially dissolve the
10 compound.

....... The term “anti-solvent,” as used herein, means a liquid in which a compound is
insoluble enough at a given concentration to be effective for precipitating that compound
from a solution.

15

Solvents and anti-soivents may be mixed with or without separation of phases.

It is meant to be understood that, because many solvents and anti-solvents contain
impurities, the level of impurities in solvents and anti-solvents for the practice of this
20  inventior, if present, are at a low enough concentration that they do not interfere with the

intended use of the solvent in which they are present.

The term “acid,” as used herein, means a compound having at least one acidic proton.
Examples of acids for the practice of this invention include, but are not limited to,
25  hydrochloric acid, hydrobromic acid, trifluoroacetic acid, trichloroacetic acid, sulfuric acid,

phosphoric acid and the like.

The term “base,” as used herein, means a compound capable of accepting a proton.
Examples of bases for the practice of this invention include, but are not limited to, sodium
30  carbonate, sodium bicarbonate, potassium carbonate, potassium bicarbonate triethylamine,

diisopropylethylamine and the like.



25hydrochloric acid, hydrobromic acid, triftuoroacetic acid, trichloroacetic acid, sulfuric acid,
phosphoric acid and the like. . The term "base," as used herein, means a compound capable of
accepting a proton. Examples of bases for the practice of this invention include, but are not limited to,
sodium 30carbonate, sodium bicarbonate, potassium carbonate, potassium bicarbonate triethylamine,
diisopropylethylamine and the like. Causing ABT-888 Crystalline Form 1 to exist in a mixture

comprising ABT 888 and ssolyenk wheisip ihe-AB5-8588 hascommletps dissolved dedlmaun as

nucleation. For the practice of this invention, nucleation may be made to occur by means such as
5solvent rethEVaITRSEHERS B TR, COMPETERTLIBIE Sriti OB A BHERAI? s olvent-immiscible

anti-solvent addition, seed crystal addition of ABT-888 Crystalline Form I, chafing or scratching the

interior of the container, prefer a Ias{s contaf'nc%roin whg)ch Hﬁldg %E%ﬂ i% 301 1Q peeur with an
implement such %%rgl Sl%lgggrcgd%c?rwg H%aes% ‘Bead or _éell_l s%r% coménat_ic_)rn c‘f?lt?he forecgoing. 10 For
the practicelfthistovehtionpafole stioreemagi e fatonld By vejseat f8iar: accompanied by crystal

growth, orgfallawedaRgAceamRAniac:by cysiakgrewdh derinenwhicheswk asasgswratwhich, the
percentage of ABT-888 Cr%y/stalline Fo,rm%]%i creases. 15It is meant to be understood that airborne

seeds (seedCRRAIAR)SEREVEEINA S KBY-8E8 CH RN SR Ay A8 LAISE RUEE&tion in a mixture
of ABT-888:Eeysitallinadznnibloand sdolventmpivhich thehABT 888 hitworgpistéhpdisdsihdsd. The term

"seed Crys&?%%%b%ﬁ%f%f%@’f@@g%% a particular crystalline form of a 20substance having mass. It is
meant to be understood that such™a c?ystal may be small enough
10

For the practice of this invention, nucleation may be followed by crystal growth,
accompanied by crystal growth, or followed and accompanied by crystal growth during

which, and as a result of which, the percentage of ABT-888 Crystalline Form 1 increases.

15 It is meant to be understood that airborne seeds (seed crystals) of crystalline ABT-888
Crystalline Form 1 may also cause nucleation in a mixture of ABT-888 Crystalline Form 1

and solvent in which the ABT-888 his completely dissolved.

The term “seed crystal,” as used herein, means a particular crystalline form of a
20 substance having mass. It is meant to be understood that such a crystal may be smalil coough

to be airborne or invisible to the eye without means of detection.

The term “isolating” as used herein, means separating ABT-888 Crystalline Form 1
and solvent, anti-solvent, or a mixture of solvent anti-solvent. This is typically accomplished
25 by means such as centrifugation, filtration with or without vacuum, filtration with positive

pressure, distillation, evaporation or a combination thereof.

Therapeutically acceptable amounts of ABT-888 Crystalline Form 1 depend on

recipient of treatment, disorder being treated and severity thereof, composition containing it,

30 time of administration, route of administration, duration of treatment, its potency, its rate of
clearance and whether or not another drug is co-administered. The amount of ABT-888

Crystalline Form 1 used to make a composition to be administered daily to a patientin a

-9.



to be airborne or invisible to the eye without means of detection. The tell,' "isolating" as used herein,
means separating ABT-888 Crystalline Form | and solvent, anti-solvent, or a mixture of solvent
anti-solvent. This is typically accomplished 25by means such as centrifugation, filtration with or without
vacuum, filtration with positive pressure, distillation, evaporation or a combination thereof.
Therapeutically acceptable amounts of ABT-888 Crystalline Form | depend on recipient of treatment,

disoraer beifg tysaled anfeseiictheraal Lomposisnaaniabing s S0HMEghadpipisration, route of
on, du I whe

administrat ration of treatment, its potency, its rate of clearance an her or not another drug
is co-admiffStRIER TR ABRIATGRINE TIRSBITH S AN Eén ol sEuausHsa ke fomposition to be
administered daily to a patient in a single dose or in divided doses is from about 0.03 to about 200

mg/kg body weigéggéérégllﬁ do_s&igg osiition co tain.thesde artﬂount%or combinattipn of submultiples
ry n

thereof. ABT-88 o 0may B& AT ST Wit or wit hc?ﬁl %rheé{%]lﬁc%nt. S5Excipients

includé butarpinas linsited tof for exdmplied entapsataphgentatsniialingmokzdadltived sidshivas absorption
accelerat0§§e%th6ﬁ’ﬁ&%&%rguﬂﬁ@i&%@j@%Q&@W&f@@%&ﬁﬂr&%@ﬁ%,@ﬂ%ﬂ?’ disintegrating
per

agents, emulsifiers, extenders, fillers, flavoring agents, humectants, ltubricants, umes,
preservativee HropsmihdisTEreEiRg sasaimSIRtsicih g Heins; Ellreb8nmene aRbiizers, wetting
agents, mixiuiesatihe eofieadsiherlikacs] Oresseiptiznts farpplapalatiomspl e sitioiiggpmprising or

made with ART-488 Crystalling Form 4,198 Adminisielas orall.2pli fipsage form include, for

example, aaé%r,
10
Excipients for preparation of compositions comprising or made with ABT-888
Crystalline Form 1 to be administered orally in solid dosage form include, for example, agar,
alginic acid, aluminum hydroxide, benzyl alcohol, benzyl benzoate, 1,3-butylene glycol,
carbomers, castor oil, cellulose, cellulose acetate, cocoa butter, corn starch, corn oil,

15 cottonseed oil, cross-povidone, diglycerides, ethanol, ethyl cellulose, ethyl laureate, ethyl
oleate, fatty acid esters, gelatin, germ oil, glucose, glycerol, groundnut oil,
hydroxypropylmethy! cellulose, isopropanol, isotonic saline, lactose, magnesium hydroxide,
magnesium stearate, malt, mannitol, monoglycerides, olive oil, peanut oil, potassium
phosphate salts, potato starch, povidone, propylene glycol, Ringer's solution, safflower oil,

20 sesame oil, sodium carboxymethyi cellulose, sodium phosphate salts, sodium lauryl sulfate,
sodium sorbitol, soybean oil, stearic acids, stearyl fumarate, sucrose, surfactants, talc,

tragacanth, tetrahydrofurfuryl alcohol, triglycerides, water, mixtures thereof and the like.

Excipients for preparation of compositions comprising or made with ABT-888
25 Crystalline Form 1 to be administered ophthalmically or orally in liquid dosage forms
include, for example, 1,3-butylene glycol, castor oil, comn oil, cottonseed oil, ethanol, fatty
acid esters of sorbitan, germ oil, groundnut oil, glycerol, isopropanol, olive oil, polyethylene

glycols, propylene glycol, sesame oil, water, mixtures thereof and the like.

30 Excipients for preparation of compositions comprising or made with ABT-888
Crystalline Form 1 to be administered osmotically include, for example,

chlorofluorohydrocarbons, ethanol, water, mixtures thereof and the like.

-10-



alginic acid, aluminum hydroxide, benzyl alcohol, benzyl benzoate, 1,3-butylene glycol, carbomers,
castor oil, cellulose, cellulose acetate, cocoa butter, corn starch, corn oil, 15cottonseed oil,
cross-povidone, diglycerides, ethanol, ethyl cellulose, ethyl laureate, ethyl oleate, fatty acid esters,
gelatin, pan oil, glucose, glycerol, groundnut oil, hydroxypropylmethyl cellulose, isopropanol, isotonic
saline, lactose, magnesium hydroxide, magnesium stearate, malt, mannitol, monoglycerides, olive oil,
peanut oil, potassium phosphate salts, potato starch, povidone, propylene glycol, Ringer's solution,
safflower oil, 20sesame oil, sodium carboxymethyl cellulose, sodium phosphate salts, sodium lauryl

sulfate, sodium SE¥BRGRISEHEEPREIEBEIRReRIORTSaRITS NG PatB e iBse Pldupfictants, talc,

tragacantipAgtraadrefuriury balcahnlstsiglyeatides] Wwateh daixbu sihercol-aoddbgidike. Excipients for

preparation of copg{gsm ngmgugr%ggés{l)ﬂg (@r made with ABT-88 250%r3{stalllne E”{"%'C]é L be administered

ophthalmi(%?"iﬁ?/r(:()’r1 bra]ffi/(ﬁw’llqwdl osage oxrtrrﬁ’éeir%%é’,ﬂf %‘%(%rrﬁ%le,’13@9%%r?ffsér?e€glyco, castor oil, corn
oil, cottonséeelwil pethanal, Rigcasishwstersaflsositah sgems oil; spheadnilt Gik-Glyeerol, isopropanol,
olive oil, polysthyleng.g¥sRIS:PIORVISNS Acal-3aRmMe-0lk Watkk fitures thereof and the like.

30EXxcipients for preparation of compositions comprising or made with ABT-888 Crystalline Faint 1 to

be administered osmaotically include, for example, chlorofluorohydrocarbons, ethanol, water, mixtures

thereof and the lke:ipxeifienis jontice pitatipodi @onpesitiong aamgdesiity aBmMaee with ABT-888

Crystalling Foln 4206, admnisigred Renicrabanalide PLEXATBlE o ihuianeglgl castor oil, com

oil, cottonses 0|1II,l extrose, germ oﬂ, groundnut ol ,Yigioso es, oleic acid, 5olive oil, peanut oil,

Ringéf's sepagiohuttafiholvsthoicnsedseab B .goybesh Baraef snd t igstonic sodium chloride solution,
water, mixtures thereof and the like.

Preparation of ABT-888 and its utility as a PARP inhibitor is described in
commonly-owned United States Patent Application Publication No. 2006/0229289.

15 The hydrochloride salt of ABT-888 is disclosed in commonly-owned United States
Patent Application Publication No. 2006/0229289.

ABT-888 Crystalline Form 1 is useful when administered with anticancer drugs such
as alkylating agents, angiogenesis inhibitors, antibodies, antimetabolites, antimitotics,

20 antiproliferatives, aurora kirase inhibitors, Ber-Abl kinase inhibitors, biologic response
modifiers, cyclin-dependent kinase inhibitors, cell cycle inhibitors, cyclooxygenase-2
inhibitors, leukemia viral oncogene homolog (ErbB2) receptor inkibitors, growth factor
inhibitors, heat shock protein (HSP)-90 inhibitors, histone deacetylase (HDAC) inhibitors
inhibitors, hormonal therapies, immunologicals, intercalating antibiotics, kinase inhibitors,

25  mammalian target of rapomycin inhibitors, mitogen-activated extracellular signal-regulated
kinase inhibitors, non-steroidal anti-inflammatory drugs (NSAID’s), platinum
chemotherapeutics, polo-like kinase inhibitors, proteasome inhibitors, purine analogs,
pyrimidine analogs, receptor tyrosine kinase inhibitors, retinoids/deltoids plant alkaloids,
topoisomerase inhibitors and the like.

36

Alkylating agents include altretamine, AMD-473, AP-5280, apaziquone,

bendamustine, brostallicin, busulfan, carboquone, carmustine (BCNU), chlorambueil,

-11-



Excipients for preparation of compositions comprising or made with ABT-888 Crystalline Form 1 to be
administered rectally or vaginally include, but are not limited to, 10cocoa butter, polyethylene glycol,
wax, mixtures thereof and the like. Preparation of ABT-888 and its utility as a PARP inhibitor is
described in commonly-owned United States Patent Application Publication No, 2006/0229289. 15The
hydrochloride salt of ABT-888 is disclosed in commonly-owned United States Patent Application

Publicatiop g, 200810928289 AR -8 SHoialling Feusnddsiiselubmienadministened with

anticancer drugs such_ as alkylating agents, angiogenesis.inhihitars, antibodies, antimetabolites,
antimitoticiu589 BFO}#&%W%%,%%’r’%?&%ﬁg%%ﬁﬁi%%%%&%ﬁ?%%sé‘ﬁ%?ﬁﬁ&s, biologic response

modifiers,siychindepantdentkinaseuininibitiirsgeethoyele Mhikifor syroyciaoxy gamasdRidhibitors,

leukemia %@eggc‘t?%%u aﬂogﬁ&?ﬁﬁrﬁ%?ﬁ%)tﬁg‘fﬁ{@tor inhibitors, growth factor inhibitors, heat shock
)-90 Inhi ( '

protein (H itors, histone deacetylase (HDAC) inhibitors inhibitors, hormonal therapies,
immu#hologicals, intercalating antibiotics, kinase inhibitors, 25 mammalian target of rapomycin

inhibitors, mitogegrastivadad axibacaulan&ignabiegalaiedikinasepohibitaise Rpasstareidal

anti-inflammatory drugs (NSAID'S), platinum ch rapeutics,.polo-like kinase inhibitors,
proteasonﬁ@lhﬁ%ﬁc?%%ﬁ%??ﬁg 8@55%%%%% ii%}%ﬁ#{; 6n§§‘?,’1rt8¥:séb %urlhﬂ'/%%\lﬁé %ﬁggginhibitors,
retinoids/deltgitis GERAR Akaloidsoprisemetabdeintriviers ANBMAE livbitBolkyibthg agents include

alretaming . AYIB47,6%, 52A% 3 aif e, Aendamysing.Arasile RoBysH iasceaghoquone,
carmustine (BCNU), chlorambucil, "CloretazineTM (VNP 40101M), cyclophosphamide, decarbazine,

estrathustinebitsvsnibromRospRBRRIHRES ISk Lo RKEbE Y TOARRITHEPEERTIS Hafosfamide,
melphalarkiraifobremia) minaatotnaitmuskne, nitrogen mustard N-oxide, ranimustine, temozolomide,
,;"'thiotepa, treosulfan, trofosfamide and the like. 5

Aurora kinase inhibitors include AZD-1132, MLN-8054, VX-680 and the like.

15 Ber-Ab kinase inhibitors include DASATINIB® (BMS-354825), GLEEVEC®

(imatinib) and the like.

CDK inhibitors include AZD-5438, BMI-1040, BMS-032, BMS-387, CVT-2584,
flavopyridol, GPC-286199, MCS-5A, PD0332991, PHA-690509, seliciclib (CYC-202,
20 R-roscovitine), ZK-304709 and the like.

COX-2 inhibitors include ABT-963, ARCOXIA® (ctoricoxib}, BEXTRA®
(valdecoxib), BMS347070, CELEBREX™ (celecoxib), COX-189 (lumiracoxib), CT-3,
DERAMAXX" (deracoxib), JTE-522, 4-methyl-2-(3,4-dimethylphenyi)-1-(4-

25 sulfamoylphenyl-1H-pyrrole), MK-663 (ctoricoxib), NS-398, parecoxib, RS-57067,
SC-58125, SD-8381, SVT-2016, S-2474, T-614, VIoxXx® (rofecoxib) and the like.

EGFR inhibitors include ABX-EGF, anti-EGFr immunoliposomes, EGF-vaccine,
EMD-7200, ERBITUX® (cetuximab), HR3, IgA antibodies, IRESSA® (gefitinib),
30  TARCEVA® (erlotinib or OSI-774), TP-38, EGFR fusion protein, TYKERB® (lapatinib) and
the bike.

-12-



Angiogenesis inhibitors include endothelial-specific receptor tyrosine kinase (Tie-2) inhibitors,
epidermal growth factor receptor (EGFR) inhibitors, insulin growth factor-2 receptor (IGFR-2)
inhibitors, matrix metalloproteinase-2 (MMP-2) inhibitors, matrix metalloproteinase-9 (MMP-9)
inhibitors, platelet-derived growth factor receptor (PDGFR) 10inhibitors, thrombospondin analogs
vascular endothelial growth factor receptor tyrosine kinase (VEGFR) inhibitors and the like. Aurora
kinase inhibitors include AZD-1152, MLN-8054, VX-680 and the like. 15Bcr-Abl kinase inhibitors
include DASATINIB (BMS-354825), GLEEVEC r} (imatinib) and the like. CDK jphibitors include
AZD-5438, BMI-E04, meorson st isiors isgipdeorr 3484 Hi Aden et R SE10IMCS-5A,
PD03329 - @chih (CYG- iti - the like. COX-2
nhibiors e RS0k OO A Tt Bk FAL e aaicb) G 347070,
CELEBREX¥M 1&8Ie CosidyrrdonG 18951dnd HESiB), C RO 0DERRMAICRE vegerdoxib), JTE-522,

4-met*@yl-%q@cég@limg@ﬂm&é;%@ﬁwm emlddbRirateleMis 663 (etaricoxib), NS-398,
parecoxib, RS-57067, SC-58125, SD-8381, SVT-2016, S-2474, T-614, VIOXX(r) (rofecoxib) and the

like. EEERGMBIRIRaGEREC A MRS BAR AR AMIdRB B, EGE-vaccine, EMD-7200,

ERBITUX(r) (cetuximab), HR3, IgA antibodies, IRESSA (gefitinib), 30 TARCEVA (erlotinib or 051-774),

TP-38, EGFR fusjon N, JYICER ( inj ( lik@ | € I inhibitors include
CP-724-714, cllj%%géoéq%c%eﬁ:%tﬁﬁi %&%t!ﬁ%%ﬁ%%%%ﬁﬁ @Qr?ééeaﬁ?i?ﬁ; ,ﬁOIMNI'II'AFlQJG(r)
(2C4, petrlisiaBINTARLY & EHE- 5579 038 o hddfnibyeiy medordthe K569, PI-166, dHER2 (HER2

vaccing),
HSP-90 inhibitors include 17-AAG-nab, 17-AAG, CNF-101, CNF-1010, CNE-2024,
17-DMAG, geldanamycin, IP1-504, K0S-953, MYCOGRAB®, NCS-683664, PU24EC], PU-
3, radicicol, SNX-2112, STA-9090 VER45009 and the like.

15 MEK inhibttors include ARRY-142886, ARRY-438162 PD-325901, PD-58059 and
the like.

mTOR inhibitors include AP-23573, CCI-779, everolimus, RAD-001, rapamycin,
temsirolimus and the like.

20
Non-steroidal anti-inflammatory drugs include AMIGESIC® (salsalate), DOLOBID®
(diflunisal), MOTRIN® (ibuprofen), ORUDIS® (ketoprofen), RELAF EN® (nabumetone),
FELDENE® (piroxicam) ibuprofin cream, ALEVE® and NAPROSYN® (naproxen),
VOLTAREN? (diclofenac), INDOCIN® (indomethacin), CLINORIL® (sulindac),
25 TOLECTIN® (tolmetin), LODINE® (etodolac), TORADOL® (ketorolac), DAYPRO®

(oxaprozin) and the like.
PDGFR inhibitors include C-451, CP-673, CP-868596 and the like.

30 Platinum chemotherapeutics include cisplatin, ELOXATIN® (oxaliplatin) eptaplatin,

lobaplatin, nedaplatin, PARAPLATIN® (carboplatin), satraplatin and the like.
13-



5 APC-8024 (HER-2 vaccine), anti-HERJ2neu bispecific antibody, B7.her2lgG3, AS HERZ trifunctional
bispecfic antibodies, mAB AR-209, mAB 2B-1 and the like. Histone deacetylase inhibitors include
depsipeptide, LAQ-824, MS-275, trapoxin, suberoytanilide hydroxamic acid (SAHA), TSA, valproic
acid and the like. 10 HSP-90 inhibitors include 17-AAG-nab, 17-AAG, CNF-101, CNF-1010,
CNF-2024, 17-DMAG, geldanamycin, IPI-504, KOS-953, MYCOGRAB(r), NCS-683664, PU24FC1,
PUS3, radicicol, SNX-2112, STA-9090 VER49009 and the like. 15MEK inhibitors include
ARRY-142886, ARRY-438162,PD-325901, -98059 a %}t}l like. MTOR inhibitors include
AP-23573, CCI-798" al]%“ﬁ%%ﬁf%%%ﬁf ¥ ?8?5‘:} if ﬁf’%‘us and the like. 20 Non-steroidal
anti-inflammatory drugs include AMIGESIC (salsalate), DOLOBID(r) (diflunisal), MOTRIN(r)

(ibuprofen), ORL&%}%@%&%@@ LWAREN(pabumeiene)«r ELPENR(Rdpifoxigam);buprofm

cream, ALEVE(r) an N(ry (naproxen), VOLTAREN(r) (diclofenac), INDOCIN(r)
(indomethacin), CLINORIL(r) (sulindac), 25 TOLECTIN(r) (tolmetin), LODINE (etodolac), TORADOL

(ketorolac), DAYPRQ®){miaRe#R) AR e die PBSER-inhibjiors Inghyda £1:483, CP-673,
CP-868596 and the like. 30Platinum chemotherapeutics include cisg%latin, ELOXATIN(r) (oxaliplatin)

eptaplatin ADKIPANN FEaapiih (PRRABOA LR (Cabbprhtifg 2shit0atHaskgtthe like. -13-
Polo-like kinasgnhinitRESIAGIGE" Blo2a38nmhnes li®s), pazopanib (GW-786034), (PTK-787,

ZK-222584), SUTENT® (sunitinib, SU-11248), VEGF trap, vatalanib, ZACTIMA™
10 (vandetanib, ZD-6474) and the like.

Antimetabolites include ALIMTA® (premetrexed disodium, 1.Y231514, MTA),
S-azacitidine, XELODA® (capecitabine), carmofur, LEUSTAT® (cladribine), clofarabine,
cytarabine, cytarabine ocfosfate, cytosine arabinoside, decitabine, deferoxamine,

15 doxifturidine, eflornithine, EICAR, enocitabine, ethnyleytidine, fludarabine, hydroxyurea, 5-
fluorouracil (5-FU) alone or in combination with leucovorin, GEMZAR® (gemcitabine),
hydroxyurea, ALKERAN®(mciphaian), mercaptopurine, 6-mercaptopurine riboside,
methotrexate, mycophenolic acid, nelarabine, nolatrexed, ocfosate, pelitrexol, pentostatin, '
raltitrexed, Ribavirin, triapine, trimetrexate, S-1, tiazofurin, tegafur, TS-1, vidarabine, UFT

20  and the like.

Antibiotics include intercalating antibiotics aclarubicin, actinomycin D, amrubicin,
annamycin, adriamycin, BLEN OXANE® (bleomycin), daunorubicin, CAELYX® or
MYOCET® (doxorubicin), elsamitrucin, epirbucin, glarbuicin, ZAVEDOS® (idarubicin),

25  mitomycin C, nemorubicin, neocarzinostatin, peplomycin, pirarubicin, febeccamycin,

stimalamer, streptozocin, VALSTAR® {(valrubicin), zinostatin and the like.

Topoisomerase inhibitors inciude aclarubicin, 9-aminocamptothecin, amonafide,

amsacrine, becatecarin, belotecan, BN-80915, CAMPTOSAR® (irinotecan hydrochioride),

30 camptothecin, CARDIOXANE® (dexrazoxine), diflomotecan, edotecarin, ELLEN CE® or

-14-



Thrombospondin analogs include ABT-510, ABT-567, ABT-898, TSP-1 and the like. 5 VEGFR
inhibitors include AVASTIN (bevacizumab), ABT-869, AEE-788, ANGIOZYMETm, axitinib (AG-13736),
AZD-2171, CP-547,632, IM-862, Macugen (pegaptamib), NEXAVAR(r) (sorafenib, BAY43-9006),
pazopanib (GW-786034), (PTK-787, ZK-222584), SUTENT(r) (sunitinib, SU-11248), VEGF trap,
vatalanib, ZACTIMATm 10(vandetanib, ZD-6474) and the like. Antimetabolites include ALIMTA(r)

(premetriﬁfé%%%gg;@%@% I VT Al Bsagaclidinen XFLRBA D LeanRaRtaRInghcaumofur

LEUSTA , clofarabine, cytarabine, cytarabine ocfosfate, cytosine arabinoside, decitabine,
deferoxanhimetLBaoxifuetlines affelintinairE CAR PerbEraBiRebist ity RpiaRTansiidaribine,
hydroxyurga,, Gﬁap@w%gﬂgﬁﬁq%@gae or in combination with leucovorin, GEMZAR(r) (gemcitabine),
hydroxyurca, ALKERAN(r)(melphalan), mercaptopurine, 6-mercaptopurine ribosidc, methotrexate,
mycophenolic acid, nelarabine, nolatrexed, ocfosate, pelitrexol, pentostatin, raltitrexed, Ribavirin,
triaping, trimetrexatgyoaids tiar@burivAeuailir tSd-vigtanabiDe) WretiROantbtdedikd TNT-Antibiotics
include intercalating antibiotics aclarubicin, actinomycin D, agnrubicin, annamé(cin, adrigmycin,

BLENOXAKE: {etesmpiriRBAIHS uisrim e N & fo CE Bl bty sesed fitrucin,
epirbucin, glarbuicin, AVEROS(R didasebicind . AemitpmyeincGrrsieRicinsneocarzinostatin,

peplomycin, pirarubicin, rebeccamycin, stimalamer, streptozocin, VALSTAR(r) (valrubicin), zinostatin
and the likeITUX AROpoisaimetasécihiiitebs tinsludaaictadubidiedlgminocamptothecin, amonafide,
amsacrine, becatecarin, belotecan, BN-80915, CAMPTOSAR(r) (irinotecan hydrochloride), 30
carnptothecin, CARDIOXANE(r) (clexrazoxine), diflomotecan, cdotecarin, EL&)_ENCE(r) or

PHARMORUBICit¥{rcfesitubiping istopesiBayERER A aodminoRANBE®Necin, gimatecan,
e AT e SRE L ISR R e BB SOR4FRERRS, SN-98, tafluposide,
degarelix, desloretin, DESOPAN® (trilostane), dexamethasone, DROGENIL”, (flutamide),
EVISTA® (raloxifene), fadrozole, FARESTON® (toremifene), FASLODEX"®
(fulvestrant),FEMARA®, (letrozole), formestane, glucocorticoids, HECTOROL® or
15 RENAGEL® (doxercalcifero}), lasofoxifene, leuprolide acetate, MEGACE® {megesterol),
MIFEPREX® (mifepristone), NILANDRON™ (nilutamide), NOLVADEX" (tamoxifen
citrate), PLENAXIST™ (abarelix), predisone, PROPECIA® (finasteride), rilostane,
SUPREFACT® (buserelin), TRELSTAR® (luteinizing hormone releasing hormone (LHRH)),
vantas, VETORYL®, (irilostane or modrastane), ZOLADEX® (fosrelin, goserelin) and the

20 like,

Deltoids and retinoids inciude seocalcitol (EB1089, CB1093), lexacalcitrol
(KH1060), fenretinide, PANRETIN® (aliretinoin), ATRAGEN®(£iposomal tretinoin),
TARGRETIN®(bexarotene), LGD-1550 and the like.

25
Plant alkaloids include, but are not limited to, vincristine, vinblastine, vindesine,

vinorelbine and the like.
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Antibodies include AVASTIN(r) (bevacizumab), CD40-specific antibodies, chTNT1/13, denosumab,
ERBITUX(r) (cetuximab), HUMAX-CD4 (zanolimumab), IGF1R-specific antibodies, lintuzumab,
PANOREX (edrecolomab), RENCAREX(r) (WX G250), RITUXAN(r) (rituximab), ticihmumab,
trastuzimab and and the like. 10Hormonal therapies include ARIMIDEX (anastrozole), AROMASIN(r)
(exemestane), arzoxifene, CASODEX(r) (bicalutamide), CETROTIDE(r) (cetrorelix), degarelix,

deslorelin, DESQRAN (Hilosiane): dexaipsthreonss DROGEMNH:), (Hutamice) GIISFA (raloxifene),
fadrozole, FARESTON (toremifene), FASLODEX(r) (fulvestrant),FEMARA(r), (letrozole), formestane,

glucocortisaldbs HEECTOROL(r) or 15RENAGEL (doxercalciferol), lasofoxifenc, leuprolide acetate,
MEGACE(r) (megesterol), MIFEPREX(r) (rnifcpristone), NILANDRONTM (nilutamide), NOLVADEX(r)

(tamoxifen citrate), PLENAXISTM (aharelix), predisope, PRQPECIA (finasteride), rilostane,
SUPREFACT(r)%ﬁ%‘B}%ﬁ%}%ﬁ@?ﬁﬁ}?{]}fﬁ%i 2 Aol A nasteide).,

RSHG HOrReRe relleasmg ormone (Ex H)), vantas,
VETQRY e}y {riastacederimotirastapis), Z@fADENpifosrelintedoserdiing-ahduriooiiketdeltoids and

retinoids include seocalcitol ( %?ﬁp&%‘@() >xacalcitrol 1960), fenretinide, PANRETIN(r)
(adiretinoiﬁﬁl,t y ﬁﬁéﬁm?}" Ilapogsoma re‘tlnoig?ﬁélr}fé%I@%&%ﬁ%xarote{:ﬁe),%GD-lﬂSSO and the like. 25
Plant alkalgigsincbidanbubpoedingd limitothto agincsistinedaiiagiiROMB dadaid -WhAorelbinc and the
like. Proteasome,inhibitors include VELCADECR) (bortezg ib); MGI32, NE’%- , PR-171 and the

. 00
Pla% ' 4agents.

like.  BRRAMERoriatAIGHBIgREISTASUIL HRERYIERS GRSt Re SR
5'merfef°%Sgi@%ﬁ@?ﬂ@@r%%%m%m@Eﬁgﬁ@p@&%mm%gﬁm@m@mﬁm@W@ beta,

interferon gamma-| E(r) (interferon gamma-Ib), or interferon gamma-nl, combinations

theredf arldetingmikBmdihsiinigelukonzi aehrirafE RENEE MBANMBEL BERUAIIN (tasonermin),
 BEXXAR(p) {t9situmemals GamPatih dale myziomaR coT A (eytaipxismbamplingyte antigen 4),
'"decarbazine, denileukin, epratuzumab, GRANOCYTE (g
NEUPOGEN" (filgrastim), OncoVAC-CL, OvaRex ™ (oregovomab), pemtumormab
(Y-muHMFG1), PROVENGE®, sargaramostim, sizofilan, teceleukin, TheraCys®, ubcnimex,
VIRULIZIN®, Z-100, WF-10, PROLEUKIN® (aldesleukin), ZADAXIN® (thymalfasin),

15 ZENAPAX® (daclizumab), ZEVALIN® (90Y-Tbritumomab tiuxetan) and the like.

Biological response modifiers are agents that modify defense mechanisms of living
organisms or biological responses, such as survival, growth, or differentiation of tissue cells
to direct them to have anti-tumor activity and include include krestin, lentinan, sizofiran,

20 picibanil PF-3512676 (CpG-8954), ubenimex and the like.

Pyrimidine analogs include cytarabine (ara C or Arabinoside C), cytosine arabinoside,
doxifluridine, FLUDARA® (fludarabine), 5-FU (5-fluorouracil), floxuridine, GEMZAR®
{(gemcitabine), TOMUDEX" (ratitrexed), TROXATYL™ (triacetyluridine troxacitabine) and

25  the like.

Purine analogs include LANVIS® (thioguanine) and PURI-NETHOL®

(mercaptopurine).
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10(lenograstim), lentinan, leukocyte alpha interferon, imiquimod, MDX-010, melanoma vaccine,
mitumomab, molgramostim, MYLOTARGIm (gemtuzumab ozogamicin), NEUPOGEN(r) (filgrastim),
OncoVAC-CL, OvaRex(r) (oregovomab), pemtumomab (Y-muHMFG1), PROVENGE(r),
sargaramostim, sizofilan, teceleukin, TheraCys(r), ubenimex, VIRULIZ1N(r), Z-100, WE-10,
PROLEUKIN(r) (aldesleukin), ZADAX1N (thyrnalfasin), 15 ZENAPAX(r) (daclizumab), ZEVALIN(r)

(90Y-Ibritumomad, fixeian HQ ﬁﬂ@u@é%atabuﬁx&o%g'@ﬁb%ﬁp?ﬁégmlfﬁ@-%ﬁ agents that modify
defense mechanisms of I|V|n %&b sms or blolog aI res nses,. such I? urvd@m rowth, or
87d

differentiatisHosrnEstd pEie SCther %eﬁ]ﬁ% PSR REW lude krestin,

lentinan, sﬂmﬂs@jﬁp’a’&@%bamtxﬁﬁﬁﬁﬁ%a&é@p@m)ou@mmexsamqaﬁh@,ilkﬁe Pyrimidine
analogs mclude tarahine (ara C or Arabinoside C), cytosine arabinoside, doxifluridine, FLUDARA(r)
(fludarabing}? %%J (BBsuAs Pﬁ)og‘&?}r%‘%]ékeGEMZAR(r) (gemcitabine), TOMUDEX (ratitrexed),
TROXATYLTm (triacetyluridine troxacitabine) and 25the like. Purine analogs include LAN VIS(r)

hi ' buli
(etpgigﬁgg'eng o g@gg@g@%@ ELEARIAPHEAR) ineen fRUFUOIG AGERIS NG Ratabulin,

44-"hydroxyphen Iamlno)p rldln 3-y1)-4- methox{ybenzenesulfonamlde

ixabepilorfeatErhenpashsefipsel b csdiothexoyT Eraow) gisbpapNdlpdR At @688 1), patupilone,

XRP-988%;niRtupingicatit BRG %ﬂ)iﬁ@dﬂgete@ﬁff@ﬁ@yn&%&‘iﬁa@;@r@ﬁe%ﬂ@ﬂ%ﬂQﬂﬂs@ﬁ%@so intended to
be used as a radiosepsitizer that enhances the efficacy of radiotherapy. Examples of radiotherapy
include, bit*4F& W&l‘ﬁﬁﬁ‘i@a’ to, external beam radiotherapy, teletherapy, brachtherapy and sealed and
unsealed 5source radiotherapy. Additionally, ABT-888 Crystalline Form | may be combined with

other chempihergReilc A4es sHon 63 ABRAONETIASLARTIAG T 108 amesy! ransierase
|nh|b|tor) ADVEXIN(r), A OCOR(r) or MEVACOR (Iovastatln) AMPL1GEN (
chemptherapeunc agents such as ABRAXANE™ (ABI-007),’ABT-100 (famesy transferase

inhibitor), ADVEXIN®, ALTOCOR® or MEVACOR® {lovastatin), AMPLIGEN® {poly

10 Iipoly C12U, a synthetic RNA), APTOSYN™ {exisulind), AREDIA® (pamidronic acid),
arglabin, L-asparaginase, atamestane (1-methyl-3,17-dione-androsta-1,4-diene), AV AGE®
(tazarotne), AVE-8062, BEC2 (mitumomab), cachectin or cachexin (tumnor necrosis factor),
canvaxin (vaccine), CeaVac™ (cancer vaccine), CELEUK® {celmoleukin), CEPLENE”
(histamine dihydrochloride), CERVARIX™ (human papillomavirus vaccing), CHOP® (C:

15 CYTOXAN® (cyclophosphamide); H: ADRIAMYCIN® (hydroxydoxorubicin);

O: Vincristine (ONCOVIN®); P: prednisone), CyPat™, combrestatin A4P, DAB(389)EGF or
TransMID-107R™ (diphtheria toxins), dacarbazine, dactinomycin, 5,6-dimethylxanthenone-
4-acetic acid (DMXAA), eniluracil, EVIZON™ (squalamine lactate), DIMERICINE® (T4NS
liposome lotion), discodermolide, DX-8951f (exatecan mesylate), enzastaurin, EPO%06,

20  GARDASIL® (quadrivalent human papillomavirus (Types 6, 11, 16, 18) recombinant
vaccine), gastrimmune, genasense, GMK (ganglioside conjugate vaccine), Gvax® (prostate
cancer vaccine), halofuginone, histerelin, hydroxycarbamide, ibandronic acid, IGN-101, IL-
13-PE38, 1L-13-PE38QOR (cintredekin besudotox), IL-13-pseudomonas exotoxin,
interferon-o, interferon-y, JUNOVAN™ or MEPACT™ (mifamurtide), lonafarnib, 5,10~

25 methylenetetrahydrofolate, miltefosine (hexadecylphosphocholine), NEOVASTAT®(AE~
941), NEUTREXIN® (trimetrexate ghucuronate), NIPENT® (pentostatin), ONCONASE® (2
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I

“pegaspargase,

10 I:poly C 12U, a synthetic RNA), APTOSYNTm (exisulind), AREDIA (pamidronic acid), arglabin,
L-asparaginase, atamestane (1-methy1-3,17-dione-androsta-1,4-diene), AVAGE(r) (tazarotne),
AVE-8062, BEC2 (mitumomab), cachectin or cachexin (tumor necrosis factor), canvaxin (vaccine),
CeaVacTM (cancer vaccine), CELEUK(r) (celmoleukin), CEPLENE(r) (histamine dihydrochloride),
CERVARJXTM (human papillomavirus vaccine), CHOP(r) (C: 15 CYTOXAN(r) (cyclophosphamide);

. ADRIAVXEING) N NeED):0 MINGTSUDG ONCOMNI). B xpgisgne). CyParTm.

combrestatin A )EGF or TransMID-107RTm (diphtheria toxins), dacarbazine,
dactinomyﬁmdiﬁfﬁ,-@imh;&imﬁ%@(mniﬁ&)éaabélﬁiﬁEM%[QMWyrmmmﬁildrEgDJQ@R&"ﬁ (squalamine

lactate), D ICINE(r) (TANS liposome, loti [ ' -8951f (exatecan mesylate),
erzastau BB a B A L A e O R T 26 18)
recombinainseag cimerigasERimrnepgearadioh 68 POV gaighedris waajigbte’ Yadkine), GVAX(r)

(prostate i lpfoig) j ' I ide, | rafic acid, IGN-101, IL-
3 e T O e b A terferon-.

interferoniyx;dde@MAiﬂaimmodiMEﬁAﬁ‘fﬁa'mqmmmﬁﬁ@)EM@&TAB](Fbccaﬂ:ﬁaxomab),
25methylenetetrahydrofolate, miltefasine. (hexadecylphosphocholiney, NEOVASTAT(r)(AE- 941),
NEUTREXKY (i re&%@é%ﬁ%n%%és?ﬂﬁgﬁmﬁ%ﬁ%%ﬁ@éﬁfm%@Wﬁﬁ%‘ie a ribonuclease
enzyme), QNGOPHACEG (Felanema YRS HEARSHS sRRRRNAS ) Hatb¥aaqire)oQRATHECINTM
(ntbitecan), OSIDEMB8, (antibody-based cell dgg), OvaRexg MAb ( murine monoclonal antibody),

paditaxe|,m@M@>k®rEhe@WeT§a%m froAyprsdifedn Bhsmd 20(STpiotdphnaxadiol (aPPD)

and %g(s)g;g}gp@gfﬁ%%ggf@p(?z&g{}j%gﬁgpgﬁifgt@h{%g%g@(ﬁy@ﬂg%@ml cancer vaccine),

€enoxo procarbazine, rebimastat, REMOVAB (catumaxomab),
REVLIMIO{lerglidontige)itRSR4Bi(efd prditiydin-SOMTUINEG HAaindutie ) 8ORIATANEg
(acitretin), SHOHAIRLINS, (FHEPLALY GERAALREAIKER ) dR100RBHERT HOnc for tumor

necrosis factor-a), TRACLEER® or ZAVESCA® (bosentan), tretinoin (Retin-A), tetrandrine,
TRISENO}(@ (arsenic trioxide), VIRULIZIN®, ukram (derivative of alkaloids from the

15 greater celandine plant), vitaxin (anti-alphavbeta3 antibody), XCYTRIN® {motexafin
gadolinium), XINLAY™ (atrasentan), XY OTAX™ (paclitaxel poliglumex), YONDELIS™
(trabectedin), ZD-6126, ZINECARD® (dexrazoxane), zometa (zolendronic acid), zorubicin
and the kike.

20 It is also expected that ABT-888 Crystalline Form I would inhibit growth of cells
derived from a pediatric cancer or neoplasm including embryonal rhabdomyosarcoma,
pediatric acute lymphoblastic leukemia, pediatric acute myelogenous leukemia, pediatric
alveolar rhabdomyosarcoma, pediatric anaplastic ependymoma, pediatric anaplastic large cell
lymphoma, pediatric anaplastic medulloblastoma, pediatric atypical teratoid/rhabdoid tumor

25  of the central nervous syatem, pediatric biphenotypic acute leukemia, pediatric Burkitts
[ymphoma, pediatric cancers of Ewing’s family of tumors such as primitive neuroectodermal
rumors, pediatric diffuse anaplastic Wilm’s tumor, pediatric favorable histology Wilm’s
tumor, pediatric glioblastoma, pediatric medulloblastoma, pediatric neuroblastoma, pediatric

neuroblastoma-derived myelocytomatosis, pediatric pre-B-cell cancers (such as leukemia),

-18-



TARGRETINg (bexarotene), Taxoprexing (DHA-paclitaxel), TELCYTATm (TLK286), 10 temilifene,
TEMODAR (temozolomide), tesmilifene, thalidomide, THERATOPEg (STn-KLH), thymitaq
(2-amino-3,4-dihydro-6-methy1-4-oxo-5-(4-pyridylthio)quinazoline dihydrochloride), TNEeradeTm
(adenovector: DNA carrier containing the gene for tumor necrosis factor-a), TRACLEERg or
ZAVESCAg (bosentan), tretinoin (Retin-A), tetrandrine, TRISENOX(r) (arsenic trioxide), VIRULIZINg,

ukrain (derivative of alkalaids from the taarsatencslandine plantic iiaiateniinatihavigtad antibody),
XCYTRI Igg_é‘motexafin gadolinium), XINLAYTM (atrasentan), XYOTAXTm (paclitaxel poliglumex),

Y ONDEL RSt St ERAsTS A8 12y niore A B K @85FA28% 51561 Y ometa (zolendronic acid),

zorubiein and the like. 20It is also expected that ABT-888 Crystalline Form | would inhibit growth of

cells derived fro af?}
e

2 pRdiaticcanser arenlasmnsling smbryenalaiasiamypsarcoma, pediatrie
acute lymphoblastic ken%a, pe%l 5 I

u latric acute myelogenous leukemia, pediatric alveolar
rhabddmywsarcumcadddisndersinep iestiiptpe A pTRCTAU Cp dprtkerreen Tl a¥rE R bR el lymphoma,
pediatric gpaplastic medulloblastoma, pediatric atypical teratoicUrhabdoid tumor 250f the central
nervous syatem, pediatric biphenotypic acute leukemia, pediatric Burkitts lymphoma, pediatric cancers
of Ewing's family of tumors such as primitive neuroectodeonal rumors, pediatric diffuse anaplastic
Wilm's tumor, pediatric favorable histology WiAstRIidr, pediatric glioblastoma, pediatric

medulloblastoma, pediatric neuﬂéﬂ%ﬁ%@fﬁ%@%@ aklastgmarderived myelocytomatosis,

pediatric pre-B-ceII cancers (such as leukemia), pediatric psteosarcoma, Pediatric, rhabdoid .kidney
tumol? pediatric AhEBHBIRPESH othE diHdpetinife (ORI MRS EER & SH U HMYASHE and skin cancer
and the likgearbonat\@HoYiRg £X¥ampES rel presankeABIREOYide wihahishrlievesldolbe the most
ousetul ang ey e 00 Je S IRUaR. O RTOER AHIES AL SRNGSRILALARPRRR Of this invention.

discarded. The extracts were combined, washed with 15% sodium chloride solution (50 mL)

and concentrﬁted. The concentrate was chase distilled three times with heptane (50
15 mL),dissolved in refluxing 2-propanol (45 mL) and filtered hot. The filtrate was cooled to

ambient temperature with stirring over 18 hours, cooled to 0-5°C, stirred for 1 hour, and

filtered. The filtrant was washed with 2-propanol and dried in a vacuum oven at 45-50°C

with a slight nitrogen purge.

20 EXAMPLE 2
Preparation of ABT-888 Crystalline Form 2
A mixture of ABT-888 in methanol, in which the ABT-888 was completely dissolved,

was concentrated at about 35 °C, and the concentrate was dried to a constant weight.

25

EXAMPLE 3
Preparation of ABT-888 Crystalline Form |
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EXAMPLE 1 Preparation of ABT-888 Crystalline Form 1 10A mixture of ABT-888 dihydrochloride (10
g) was stirred in saturated potassium bicarbonate (50 mL) and n-butanol (50 mL) until the ABT-888
dihydrochloride completely dissolved. The aqueous layer was extracted with a second portion of
n-butanol then discarded. The extracts were combined, washed with 15% sodium chloride solution (50
mL) and concentrated. The concentrate was chase distilled three times with heptane (50 15
mL),dissolved in refluxing 2-p@panol (45 mlﬁgoang @Itered hot§Ttie filtrate was cooled to ambient
temperature with stirring ov o] cooledjfof@;%&_stirr hA howr, and filtered. The filtrant was
washed with 2-propanol an g vacuurtBVefat 45-5 thealislight nitrogen purge.
20EXAMPLE 2 Preparation c&f@g@;&%}@@rystalline Fowl 2 A mixture of ABT-888 in methanol, in
which the ABT-888 was comp)e‘telydssolved, was concentratedi: %Jgg)out 35 C, and the concentrate
b6

was dried to a constant weight*>S EXAMPLE 3 Preparation Ofshiats888 Crystalline Pointl ~ Step 1:

2-(2-methy1-2-pyrrolidino)-benziffidazole-4-carboxamide 2 HC1'{15) is dissolved in water (3.5 kg / kg
15) at 20 + 5 C. Dissolution of 15 in water results in a solution of pH 0 - 51. Step 2: The reaction is run

at 20 - 25 C. One,equivalent IHmA 198 Js1adc ISi 2 assiitbacply a mild
exotherm {1t oeézgr‘\?é%lﬁa%3&?35%%&%%@%%%%%@%? ggngequge@?s%?ﬁfﬁl that remains clear
for severava@y$3evisn/adA)sbéBdd with @Gﬁ‘éé@é@ By mrerreNadH e lptisg it s kg / kg 15) is

charged and the solution polish filtered into the crystallizer/ reactor.

Step 2: The reaction is un at 20 — 25 °C.  One equivalent of sodium hydroxide is added,

raising the pH to 2 — 3 with only a mild exotherm: (10°C observed with rapid addition of 1.0

equiv.). This generates a solution that remains clear for several days even when seeded with
10 free base crystals. 3N NaOH (1.0 equiv., 1.25kg/ kg 15) is charged and the solution polish

filtered into the crystallizer/ reactor.

Step 3: 5% NayCOs (1.5 equiv., 10.08 kg / kg 15) is then filtered into the crystallizer over 2
hours. Nucleation occurs after approximatety 1/6th of the Na,COs solution 1s added (~0.25

15 equiv.)

Step 4: The slurry is mixed for NLT 15 min before sampling (typically 1 to 4 hours (2.5
mg/mL product in the supernatant)). The slurry is filtered at 20°C and washed with 6
portions of water (1.0 kg / kg 15 each). Each wash was applied to the top of the cake and

20 then pressured through. No mixing of the wetcake was done.

Step 5: The solids are then dried. Drying was performed at 50°C keeping the Cogeim under

vacuurs while applying a slight nitrogen bleed. The agitator blade was left in the cake to

improve heat transfer to the cake. It was rotated and lifted out of the cake once per hour of
25 drying to speed the drying process while minimizing potential crystal attrition that occurs

with continuous agitator use.
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Step 3: 5% Na2CO3 (1.5 equiv., 10.08 kg / kg 15) is then filtered into the crystallizer over 2 hours.
Nucleation occurs after approximately 1/6th of the Na2CO3 solution is added (-0.25 15equiv.) Step 4:
The slurry is mixed for NLT 15 mm before sampling (typically Ito 4 hours (2.5 mg/mL product in the
supematant)). The slurry is filtered at 20C and washed with 6 portions of water (1.0 kg / kg 15 each).
Each wash was applied to the top of the cake and 20then pressured through. No mixing of the

wetcake was doRESIER: R J@%ﬁqll%%mr&mﬁ@r RrvnewasHaRped abadskeeping the

Cogeim under vacuum while applyin ht nitrogen bleed. The agitator blade was left in the cake to
improve he& tavetir!td sheeakd it ? i) i QlotieRf eHRCHRBHERET f¥ur of 25drying to

speed thegyingiprecassviiile ministizingvretential crysialtast o thataosi s pvithteontinuous
agitator use Ino eemggdéme t of Stelp 1 thgéloh‘JN er%é\g (]ef(for %ISSO|L6'[I8H of th |hydrochlor|de
Do

(15) is abé’ﬁ s Y warary 1859 tion f A L0F

i anoth the Voltime of water fof dissolution is
aboutsl.3 b thealderndod wﬂ@cﬂg iﬁ&dhlmmthéﬁ@mmm@n of Step 1, the volume of water for
dissolution is 1.3 g to 3.5 g water/g 15. In another embodiment of Step 51, the volume of water for
dissolution is 3.5 g water/g 15. In one embodiment of Step 2, the pH after addltlog of NaOH solution is

between atlBGRPFRMPRURETHRT $t5P1% doheH AT HI I AR S RHES RO bther

emb_odlmant@f@mp(z RquentatadditionstofhiladH asdNe2 0D 3nverchpecfobmibddarofeutralization.
Sodium 1g%a q;gggg%lg 3 1% DIope xgg; dé‘%ﬂ@d*;%csx% Jﬁll 408, [3g8.8L A4 Lo 8 qpee 2.0

equivalents 4se have been assuming a‘stoichiometric conversion of Na2CQO3 to
NaH@O3)carbemnsetias dmbodirient bifStepzthe MeREOH S0P {21949 BUES lthe conversion. In

another empbod) I&ﬁﬁ‘h@fa?%%e'ﬂ%?&@&%@ﬂgm&ﬁ%ﬁg@%%Eﬁé%%ﬁlfc 1% Amseddirthe conversion.
 Na2C03%) T AHONEr SO ERPOREIE o HERT bR (P UNS0A o8 B
conversion. In another embodiment of Step 2, Na,CO; solutions as concentrated as }5% are
used in the conversion.
15
In one embodiment of Step 3, 1.1 equivaient of base is added (1.0 equiv. NaOH, and 0.1
equiv. Na;COs). In another embodiment of Step 3, from about 1.1 to about 1.34 equivalent
of base is added. In another embodiment of Step 3, more than 1.34 equivalent of base is
added. In another embodiment, 2.5 equivalent of base (1.0 equiv. NaOH plus 1.5 equiv.
20 NaxCO0s) is added.

In another embodiment of Step 4, 3 portions of 1 kg water / kg 15 are used in the wash. In

another embodiment of Step 4, the wash is mixed with the cake to increase the contact time.

25 In another embodiment, crystal size and strength may be affected by imitiating
crystallization through seeding prior to addition of the first 0.1 equivalent of sodum
carbonate. In another embodiment, the batch is cooled prior to crystallization. In another

embodiment, a miscible solvent, such as ethanol or isopropanol, is added to the reaction.

30
Powder X-ray diffraction was performed using an XDS-2000/X-ray diffractormeter

equipped with a 2 kW normal focus X-ray tube and & Peltier cooled germanium solid-state
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of base is added. In another embodiment of Step 3, more than 1.34 equivalent of base is added. In
another embodiment, 2.5 equivalent of base (1.0 equiv. NaOH plus 1.5 equiv. 20 Na2CO3) is added.
In another embodiment of Step 4, 3 portions of | kg water / kg 15 are used in the wash. In another
embodiment of Step 4, the wash is mixed with the cake to increase the contact time. 25In another
embodiment, crystal size and strength may be affected by initiating crystallization through seeding

prior to addition okthe firsh 0. & savivalenhof sadivm carborate.dnantharsmbegiment, the batch is

cooled prior to crystallization. In another embodiment, a miscible solyent, such as ethanol or
isopropandkTEoRdtaH - he TAXEHGIE 3 @ B AL FRERA{- A dtidr %&ﬁ%@ﬁ%%& Hising an
XD S-2000/Xkray:difftaetonmeterigauipned hdthoai erdtédrnanmatciet dsi X-wsiyguitoandaPeltier cooled

germanium sqlid-state detector (Scintag.IRc., I cessed using
DMSNT s%ﬁ%vglfg'j\%rg?én Hf kol ]Igﬁ sgﬁ%{yﬁgoﬁ%‘é%‘% %’ o‘egﬁe‘%‘[{}?%gnﬁé%ﬁ%%% at 1.54178 A)
operated é@d@WﬂénﬂamﬁdAth@%@hﬁﬁ@ﬁ@éﬁfﬁé@j@ﬁﬁ%ﬁ&&%@@ﬁ&%’é& B ®5ing a Corundum
standard. Fhgysample was placed in a thin layer (with no prior grinding) onto a zero 5 background
plate and continuously scanned at a rate of 2 20 per minute over a range of 2-40 20. It is meant to
be understood that relative intensities of peak heights in a PXRD pattern may vary and will be

dependent on vdriahtessueheas dasstenh fetatlrty sinewitry sty iz baghtOmeibrdldgytisample
Preparatiog, oL SRS HFAILINE RO VRIEIL Gt e TN AUEBROMEtor i arlsR eant o be

understoo positions may vary when measured with different radiation sources. For
examiple, OARIAONIH KEP & FrRAE R Y- FenPARI SN 1 BIsARrIg W R N R <61 54060 A, 0.7107 A,
1.7902 A ggk33éaA, respectively, may

1t is also meant to be understood that peak positions may vary when measured with
different radiation sources. For example, Cu-Kay, Mo-Ka, Co-Ka and Fe-Ka radiation,
15  having wavelengths of 1.54060 A, 0.7107 A, 1.7902 A and 1.9373 A, respectively, may
provide peak positions which differ from those measured with Cu-Ko radiation, which has a

wavelength of 1.5478 A.

The term “about” preceding a series of peak positions means that all of the peaks of
20 the group which it precedes are reported in terms of angular positions (two theta) with an
allowable variability of £ 0.1° as specificd by the U.S. Pharmacopeia, pages 1843-1884
(1995). The variability of = 0.1° is intended to be used when comparing two powder X-ray
diffraction patterns. In practice, if a diffraction pattern peak from one pattern is assigned a
range of angular positions (two theta) which is the measured peak position + 0.1° and if those
25  ranges of peak positions overlap, then the two peaks are considered to have the same angular
position. For example, if a peak from one pattern is determined to have a position of 11.0°,
for comparison purposes the allowable variability allows the peak to be assigned a position in

the range of 10.9.°-11.1°,

30 Accordingly, for example, the phrase “about 9.9°, 11.0° and 11.8° and one or more

than one additional peaks having respective 26 values of about 14.6°, 15.2°, 18.2°, 19.6°,

0.



provide peak positions which differ from those measured with Cu-Ka radiation, which has a
wavelength of 1.5478 A. The term "about" preceding a series of peak positions means that all of the
peaks of 20 the group which it precedes are reported in teans of angular positions (two theta) with an
allowable variability of 0.1 as specified by the U.S. Pharmacopeia, pages 1843-1884 (1995). The
variability of 0.1 is intended to be used when comparing two powder X-ray diffraction patterns. In

practice, it @ diffraetiop patierg-peakdiromone patiernds assigned, aargenehangulaidesitions (two
theta) which is the measured peak position 0.1 and if those 25ranges of peak positions overlap, then

the two peaKE ard demuilbiSdud M PRIChATaRglipesrisks Mormscsmprtvi 20 palietrom one
pattern is determineg-toaye fopositian £5d Lidnforcomparison PuspasEs te allpwable variability

allows the peak to be assigned a position in the range of 10.9.-11.1. 30Accordin3ly, for example, the

phrase "about 308 piowrd 11. Savd bhewd shae Bah srbasadiieraPpedi& halin espective 20
values of gheyr, 14163:10 21 L8 Rorkd B0 Rarf drd atidiford $haknbvdd R R db vaR4sed herein,

means about 9.9, about 11.00 and about 11.8 and one or more than one additional peaks having

respectiveP@vallés dbEdbut 13°6; AboUdf 25 2 Vel £820 dbai ot Hpdli$28.8,1about 21.3, about
22.5, abouh22.8ahous 24.7, §00ut-28 5 and @boutPS.1 ang plsgmeans 9.9 0.1,11.0 50.1and 11.8

4

0.1and one or more than one additional peaks having respective 20 values of about 146 0.1, 15.2
0.1, 182 0.1, 19.6' 0.1, 20.3 0.10,21.3 0.1,225 0.1,22.8 0.1,24.7 0.1,28.5 0.1and 29.1 0.1.

The term "aboutTREGEedING RAdeReHaL A RPBAsSRaRIMANHE PIReraiupe2G: Eorddrexample, about
25C means 25C 2C or 23T-27C. Heat flow was measured using a differential scanning

calorithetertpldet 2026 Wi et Advaffageversfon 1. IA operating software (TA Instruments,
. New Castle, DE). A sample (1-4 mg) was weighed into an aluminum pan, and the pan was covered
with and 15alumipumyid Conainingd PSSR aN \BRONIR S353RRwT fRdaa ey sgied pan was
Thermal Advantage version 1, 1A operating software (TA Instruments, New Castle, DE). A
sample (1-4 mg) was weighed into an aluminum pan, and the pan was covered with and
15 aluminum lid containing a pinhole to allow vapor to cscape. The partially sealed pan was
placed in the furnace and heated in an open pan at a rate of 10 °C/min. Indium standards
were used for temperature and heat of fusion calibration. Data analysis was performed using
separate software (Universal Analysis for Windows 2000/XP, version 4.2E, TA
Instruments, New Castle, DE).
20

As shown in Figure 3, when heated at 10 °C/min, ABT-888 Crystalline Form 1
exhibits a single endothermic event, corresponding to melting at 188.3 °C. Multiple

determinations showed a melting point 188.6 = 0.8 °C,

25 Raman spectra were measured using a laser Raman spectrometer (RamanRxn1 HTS-
785 785 nm NIR laser and model HLS-L microprobe, with Holograms™ version
4.004.0.0230 and Holomap™ version 2.3.4 software, Kaiser Optical Systems, Inc., Ann
Arbor, MI}.

30 Transmission infrared spectra of the solids were obtained using a Fourier-transform

infrared spectrometer (Nicolet Magna 750 FT-IR Spectrometer, Nicolet Instrument

23-



placed in the furnace and heated in an open pan at a rate of 10 C/min. Indium standards were used for
temperature and heat of fusion calibration. Data analysis was performed using separate software
(Universal Analysis for Windows 2000/XP, version 4.2E, TA Instruments, New Castle, DE). 20 As
shown in Figure 3, when heated at 10 C/min, ABT-888 Crystalline Form 1 exhibits a single
endothermic event, corresponding to melting at 188.3 C. Multiple determinations showed a melting
point 188 6,03 4den 2RI SPGEapNal e Measierusioga jasaliRamay spestiometer (RamanRxnl
HTS- 785 785 nm NIR laser and model HLS-L microprobe, with HologramsTM version 4.004.0.0230
and HoloHat MRS deKstN e semels v Bp %ﬁ%&?&é&%smmé‘ L3R R?E?'JEWII) 30Transmission
infrared spgg FHr@ Rithe spligs were,Qbtainedusing a:fFoutigitransform infrared spectrometer (Nicolet
Magna 750 IR Spectrometer, Nicolet Instrument Corporation, Madison, WI) equipped with a
Nicolet NIC-PLAN Microscope and MCT-A liquid nitrogen cooled detector. The sample was placed on

al3mmx1 mﬂT%ﬁ%?e diskpSample: holdanandbd @@ammre&p&lﬂcmlmeﬁmw n@sdlistion. 5The
foregoing is me be [ tratlv of the in n and.not in ende t |t it to the disclosed
embodiméft&isy 8 18’?5@06#5’8 éiélah n\%l%ngi %‘aﬂ & € ‘irlm(l:isln the & are "Inténded to be within the
scope andnnatdré toftiheithirethticnoas aheffimed drofitfee atniengon R €inad i the claims.
24(R)-2-Methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide Crystalline Form 1 which, when
measured at about -100C in the tetragonal crystal system and P432[2 space group with radiation at
0.7107 A, is characterized by respective lattice parameter values a, b and c of 8.218 A 0.002A, 8.218

A 0.002 A and 36.06 A 0.01 A and a, p and

224



5y values of 90. 2. 24(R)-2-Methylpyrrolidin-2-34)-1H-benzimidazole-4-carboxamide Crystalline
Form 1 which, when measured at about 25C with radiation at 1.54178 A, is characterized by a powder
diffraction pattern having respective 20 values of about 9.9, 11.0 and 11.8 and toone or more than one
additional peaks having respective 20 values of about 14.6, 15.2, 18.2, 19.6, 20.3, 21.3, 22.5, 22.8,
24.7, 28.5 and 29.1. 3. A composition comprising an excipient and 24(R)-2-Methylpyrrolidin-2-y1)-
1H-benzimgigazpleng-carboxamide Crystalline Form 1 which, when measured at about -100C in the
tetragonal crystal system and P43212 space group with radiation at 0.7107 A, is 15characterized by
respective lattice parameter values a, b and c of 8.218 A 0.002A, 8.218 A 0.002 A and 36.06 A 0.01
A and a, f3 and y.values(@)9DMeth¥pfroietihethof- rddtingicadeetcd-aanbamamaledampiBirg
administering thereto, with or without one aor more than one additional anticance ,a
therapeut%%%ﬁ}lﬁgg?i\’/é” léer{ﬁ%eﬁflgfe gf{‘(ﬁ 9&&1@&9%@%% s Pfiﬁ?&%%Sffr%iiénaézgfiéﬁﬁ-carboxamide
Crystalling2Qcresnp &ivhictiatidren OasUked dtaaisoui28 Gywithpratiiatioti atykiBat®8 A, is
characterized b owd ifftacti I vin tiv u bout 9.9, 11.0 and 11.8
and one O 514 PR SHE S o) BUAR Wk L e Pl a0 2 To
19.6',20.3,2uds &265.22.8, 24.7, 28.5 and 29.1. 5. A process for making
24(R)-2-Methylpyrrolidin-2-y1)-1H-benzimidazole-4- 25carboxamide Crystalline Rhin 1, comprising:
providing a mixture comprising 2-((R)-2-methylpyrrolidin-2-y1)-1H-benzimidazole-4- carboxamide and
solvent, whereinkhe 2363 p2véeiyiisyreslidim2¥ ] Hhoseinidarale dreerhorartdu St completely
dissolved i the salankiRsaUsine2 (Rba-Methylpy relidinog 4¢1) skitrbén zirdidazelg-4dagrboxamide

a powder diffraction pattern having respective 20 values of about 9.9°, 11.0° and 11.8° and
10 one or more than one additional peaks having respective 20 values of about 14.6°, 15.2°,

18.2°,10.6°,20.3°, 21.3°,22.5°,22.8°,24.7°, 28.5° and 29.1°.

3. A composition comprising an excipient and 2-((R)-2-Methylpyrrolidin-2-yI)-
1H-benzimidazole-4-carboxamide Crystalline Form 1 which, when measured at about -100°C
in the tetragonal crystal system and P432,2 space group with radiation at 0.7107 A, is

15 characterized by respective lattice parameter values a, b and ¢ of 8.218 A + 00024, 8.218
A +0.002 A and 36.06 A +0.01 A and «, B and v values of 90°.

4, A method of treating cancer in a mammal comprising administering thereto,
with or without one or more than one additional anticancer drugs, a therapeutically effective
amount of 2-((R)-2-Methylpyrrolidin-2-y1)- IH-benzimidazole-4-carboxamide Crystalline

20 Form 1 which, when measured at about 23°C with radiation at 1.54178 A, is characterized by
a powder diffraction pattern having respective 20 values of about 9.9°, 11.0° and 11.8° and
one or more than one additional peaks having respective 26 values of about 14.6°, 15.2°,

18.2°, 19.6°,20.3°, 21.3°, 22.5°,22.8°, 24.7°, 28.5° and 29.1°.

5. A process for making 2-((R)-2-Methylpyrrolidin-2-yi}-1H-benzimidazole-4-

25 carboxamide Crystalline Form 1, comprising:

25



Crystalline Form 1 to exist in the mixture, which 2-((R)-2-Methylpyrrolidin-2-yl)-1H-
benzimidazole-4-carboxamide Crystalline Form 1, when isolated and measured at about - 100C in the
tetragonal crystal system and P43212 space group with radiation at 0.7107 A.,is  characterized by
respective lattice parameter values a, b and c of 8.218 A 0.002A, 8.218 10 A 0.002 A and 36.06 A 0.01
A and a, 13 and y values of 90. 6.The process of claim 5 further comprising isolating the 24(R)-2-

'V'ethy'Py”o'idi”;?5%25%‘5‘-Bﬁz%&igﬂgeiﬁsﬁé@.%{ﬁ%%y@lg ystadtine oM bedRdilnARIgcess for
making 24(R)-2-Methy -y1)-1H-benzimidazole-4- carboxamide Crystalline Foot' |

rrolidin-2
Comprisin@aﬂ@g&m6@&;}%HWW@E{R@&@Eépg)gggthylpyﬁdidiﬂ-2-Y1)~1H~b6n21mid32016-4-
methylpyrgalidinminiclls trnbenainitazeler4raarbaxaiide and a base and crystallization or
recrystallization of 24(R)-2-methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide to 2-
((R)-2-Methylpyrrolidin-2-y1)-1H-benzimidazole-4-carboxamide Crystalline Form 1, 20crystallizing or
recrystallizing 2Rjn2-2réRyApytetiidinreoldjnt Hybe H2thermrofezelc rohar#iiiécCrystalline Ram 1
from a solid, semisithyay argilfelaneB:0Rn2n 2-((R)-2-Methylpyrrolidin-2-yl)-1H-

methylpyrrolidin-2-y0-1H-benzimidazole-4-carboxamide that 53 ixed with one or. magre than one

solvent fr&ﬁp%ﬁjéi%% Oﬁh@f@p@&gﬁgﬁsﬁallme Form 1, when 1solated and measured at about -
100°C in the tetragonal crystal system and P4,22 space group with radiation at 0.7107 A, is

characterized by respective lattice parameter values a, b and c of 8218 A + 0.002A, 8.218
10 A+0.002A and 36.06 A+0.01 A and e, B and y values of 90°.

6. The process of claim 5 further comprising isolating the 2-((R)-2-
Methylpyrrolidin-2-y1)-1 H-benzimidazole-4-carboxamide Crystalline Form I.

15 7. In a process for making 2-((R)-2-Methylpyrrolidin-2-yl)-1H-benzimidazole-4-
carboxamide Crystalline Form 1 comprising reacting an acid or diacid salt of 2-({R}-2-
methylpyrrolidin-2-yl)-1H-benzimidazole-4-carboxamide and a base and crystaliization or
recrystallization of 2-((R)-2-methylpyrrolidin-2-y!)-1H-benzimidazole-4-carboxamide to 2-
((R)-2-Methylpyrrolidin-2-y1)- 1H-benzimidazole-4-cartboxamide Crystalline Form 1,

20 - crystallizing or recrystallizing 2-((R)-2-methylpyrrolidin-2-yl)-1H-benzimidazole-4-
carboxamide Crystalline Form 1 from a solid, semisolid, wax or oil form of 2-((R)-2-
methylpyrrolidin-2-y[)-1H-benzimidazole-4-carboxamide that is mixed with one or more

than one solvent from the deprotonation reaction.

26~



