BRIEESUMMARY

{0006] (8)-2-(1-(9H-purin-6-ylamino)propyl}-5-fluoro-3-phenylquinazolin-4(3H)-one,
has been chosen for further development. Consequently, it is desired to produce this
compound in a form that is bioavailable and stable. I-ene-sspectpProvided herein are
polymorphs of ()-2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-4( 3 H)-

one, a compound having the molecular structure:
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Specifically, polymorphic Forms I, II, 1IL, IV, V, VI and VII of (5)-2-(1-(9H-purin-6-
ylamino)propyl)-5-fluoro-3-phenylquinazolin-4(3H}-one, and methods of making and using
these polymorphic forms are provided. Also provided are polymorphic products obtained by
the processes (e.g. mefhods of making). Pharmaceutical compositions comprising one or
more polymorphic forms of (S)-2-(1-(9H-purin-6-ylamino)propyl)-3-fluoro-3-
phenylquinazolin-4(34)-one (any one or more of polymorphic Forms I, II, Iil, IV, V, VI and
VII) and a pharmaceutically acceptable carrier are provided. Aﬁicles of manufacture and unit
dosage forms comprising any one of more of the polymorphic forms of (5)-2-(1-(9H-purin-6-
ylamino)propyl)-5-fluoro-3-phenylquinazolin-4(3H)-one (e.g., any one of more of
polymorphic Forms 1, II, IIT, IV, V, VI and VII) are provided. Kits comprising any one of
more of the polymorphic forms {e.g., polymorphic Forms [, IL, IIL, IV, V, VI and VII of (§)-2-
(1-(9H-purin-6-ylamino}propyl)-5-fluoro-3-phenylquinazolin-4(3/)-one), and instructions
for use (e.g., instructions for use in PI3K-mediated disorder, such as cancer) are also

provided.

[0007] These polymorphs are characterized by a variety of solid state analytical data,
including for example X-ray powder diffraction pattern (XRPD) and differential scanning

calorimetry (DSC).



1006721 ™ a first aspect, there is provided a volvmorph of (5)-2-(1-{9H -purin-6-

yviaminoproovh-5-fluoro-3-phenvlguinazolhn-4({3H-one, wherein the polvmorph is Form 1

having an X-ray powder diffraction pattern comprising characteristic peaks, plus or minus 0.2

degrees 28, at 17.7 degrees 20 and 24.9 degrees 28,

10007b] In a second aspect, there is provided a polvmorph of (8)-2-(1-(9H-purin-6-

viaminopropyl-5-fluoro-3-phenvicvinazolin-4(3/N-one, wherein the polvmorph is Form 1

having an X-rav powder diffraction pattern substantislly as shown in FIG. 1A,

H0407¢] In a third aspect, there is provided a polyvmorph of (53-2-(1-(9H-purin-6-

viaminopropvll-5-fluoro-3-phenviguinazolin-4(3#-one. wherein the polvmorph is Form |

having a unit cell. as determined by ervsial X-rav cryvstallosraphv. of the following
dimensions: a=12.6971{NA b =11.3577(8) A, ¢ =15.2065 (10} A, o = 90.00° B =
104.112°: and v = 90.00°.

[0007d] In a fourth aspect, there is provided a polvmorph of (53-2-(1-(9H-purin-6-

vlaminoipropyik-S-fluorg-3-phenviguinazolin-4(3H-one which is bioequivalent fo the

polvmornh of anv one of the first to thizd aspects,

007l In1 a fifth aspect, there is provided a composition comprising the polvmorph of

anv one of frst to fourth aspects, wherein the composition is substantially free of nolvmorphs

other than volvimorphic Form | of (5)-2-(1-{OH purin-6-viaminooropvli-5-Huoro-3-

phenviguinazolin-4{ 35 -one.

074 In a sixth aspect, there is provided a method of preparine the nolvmorsh of

anv one of the first to third aspects comprising:

a) combining (5-2-11{SH-purin-6-viamino inronvl - 5-fluoro-3-phenviauinazoiin-4(35)-

one with a solvent to form a mixture:

[+, heating the mixture to form a solution: and

¢l cocling the heated solution to form the nolvmorph of anv one of the first to third

aspects.

G007l In o seventh aspect, there is provided a polvmorph of {5201 -(9H-purin-6-

viaminopropvD-5-fluoro-3-vhenviguinazolin-4(3 5 -one, wherein the polvmorph is Form I

having an X-rav nowder diffraction nattern comprising a characieristic peak. nlus or minus

0.2 deerees 28, gt 18.6 deerees 26,

GO07hi In an gighth aspect, there 1s provided 2 polyvmorph of ($}-2-(1-(9H-purin-6-

viaminoipropvll-S-fluore-3-phenviguinazolin-4{3H)-one, wherein the polvmorph iz Form 11

haviang an X-rav powder diffraction pattern substantially as shown m FIG. 2A.
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(G007 In a ninth aspect, there is provided a polymorph of (5)-2-(1-(¢H-purin-6-

vlaminonronyl)-S-fluore-3-phenviguinarchn-4(3H-one, wherein the polvmorph is Form H

having a unit cell. as determined by ervstal X-rav erystalloeraphy. of the following
dimensions: a = 9.1183(3) A b= 11.3299(3) A: ¢ =20.7936(5) A; o= 90.00% [f = 98.498°;
and v = 90.00°.

108471 In 3 tenth aspect, there is provided a polvmorsh of (53-2-(1-(9H-punn-6-

viaminolpropyl)-5-fluoro-3-phenvlguinazolin-4{ 3/)-one which is bioeguivalent to the

solvmorph of any one of the seventh to ninth aspects.

10647k In an eleventh aspect. there g provided a composition compriging the

polvmorph of anv one of the seventh to tenth aspects, wherein the composition ig

substantially free of polvmorphs other than polvmoernhic Form U of (9)-2-001-(9H-purin-6-

viaminolpropyii-5-fluore-3-phenvlguinazolin-4{ 3 H}-one.

[OOGTIH Tn a twellth asnect, there is provided a method of preparning the polyvmorph of

any one of the seventh to ninth aspects, comprising:

al reinding polvmorobic Form T of (8)-2-(1 -(9H-nurin-6-vlaminoipronyD-3-fluoro-3-

phenviawinazelin-4(3H-one: and

stirring the sround pvolvmorphic Form | in a solvent to form the polvmorph of anv or
b} £ th d polymorphic F Lin a solvent to form the polvmorph of one

af the seventh 1o ninth aspecis.

0067 m In a thivteenth aspect. there is nrovided a method of preparing a nolvmorph of

any one of the seventh to ninth aspects, comprising:

compressing polvmorphic Form | of (83-2-(1-(9H-purin-6-viaminoipropyl)-5-fluoro-3-

phenviguinazolin-4( 3 -one at a presswre of between about 500 os1 and 5000 psiio form a

polyvmornh of anv one of the seventh 1o ninth aspects,

0007l In & fourteenth aspect, there 1s provided a composition comprising

polvmorphic Form | and polymorphic Form 11 of {(5)-2-(1 {9H-purin-6-vlamingipropyi)-3-

fluoro-3-nhenviguinazolin-4( 3 H-one, wherein:

the polyvmorphic Form [ has an X-ray powder diffraction pattemn comprising characteristic

peaks, plus or minus 0.2 degrees 28 at 17.7 degrees 20 and 24.9 degrees 26: and

the polyvmorphic Form Il has an X-rav powder diffraction paftern comprising a characteristic

peak, plus or minus 0.2 degrees 28, at [8.6 deorees 26.

10076l In a fifieenth aspect, there is provided 2 composition comprising nolvimorphic

Form I and polvmorphic Form 11 of (31-2-01-(OH-punn-6-vieminenroovD-5-fluoro-3-

phenviguinazolin-4{ 3/ -one. wheren the polvoorshic Form 1§ has an X-ray nowder

diffraction pattern substantially as shown in FIG. 1A wherein the nolvimorphic Form 1 has
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an ¥-rav nowder diffraction pattern substantiallv as shown in FIG. 2A, wherein the

composition is substantially free of polvimorphs other than polvmorphic Form 1 and

nolvmorphic Form U of {5-2-{1-(SH-purin-G-viaminooropvl-5-fluore-3-vhenvliguinazolin-
43 -one.

HG In a sixteenth aspect, there is provided a sharmaceutical composition

compriging the polvmorph of any one of the first to fourth aspects. and seventh 1o tenth

aspects. and one or more sharmacentically accentable carriers or excipients,

HIO 7 gl In a seventeenth aspect, there is mrovided a kit comprising the nolyvmormh of

any one of the first to fourth aspects and seventh to tenth aspects. and packaging.

1007 ] In an eishteenth aspect. there is provided g pharmaceutical composition

comprising the composition of any one of the fifth, eleventh, fourteenth and Tifteenth aspects.

and one or more pharmaceutical acceptable carriers or excipients.

0607s! In g nineteenth aspect. there i1s provided a use of a composition comorising the

nolymorph of anv one of the first to fourth, and seventh o tenth aspects and one or more

pharmaceuticallv acceptable carriers or excipients in the mmanufacture of 3 medicament for

treating a batient m need of a cancer treatment.

Geg74 In a twentieth aspect, there is provided a use of 3 composition of any one of

the fifth, eleventh, fourtcenth and fifteenth aspects. or a pharmaceutical composition of any

one of the sixteenth and eighteenth aspects, and one or more phanmacenticallyv acceptable

carriers or gxcipients in the manufacture of a medicament for treating a patient with a cancer,
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CLAIMS ¢

What is claimed is: 4

I. A polymorph of (S)—Z—(1—(9H~purin—6—ylamjno)propyl)-S—ﬂuoro—3—phenquuin§zolin~
4(3H)-one, wherein the polymorph is Form I having an X-ray powder d1ff1 action
pattern comprising characteristic peaks at about 17.7 degrees 28 and ab(aut 249

degrees 20,

2. The polymorph of claim 1, wherein the X-ray powder diffractiozfiaattern further
comprises characteristic peaks at about 14.3 degrees 28, about 17.2 degrees 28, about

20.9 degrees 20, and about 23.9 degrees 20.

3. A polymorph of (§)-2-(1-(9H-purin-6- ylammo)prc)pyl) S fluoro-3-phenylquinazolin-
4(3H)-one, wherein the polymorph is Form I havmg an X-ray powder diffraction
pattern substantlaliy as shown in FIG. 1A.

4. A polymorph of any one of claims 1 to 3 obtamed by:
a) combining {8)-2-(1-(9H-purin- 6 ylarmno)pxopyi) 5-fluoro-3-
phenylquinazolin-4(3H}-one _;Mth a solvent to form a mixture:
b) heating the mixture to fmma solution; and
c) cooling the heated solugié% to form the polymorph of any one of claims 1 to 3.

5. The polymorph of claim 4 wherein the mixture is heated to a temperature of at least

50°C. 7/

&
&

Py
6. The polymorph of gfaim 4 or 5, wherein the heated solution is cooled to a temperature

of at least aboutf;%“C.

7. The polymgr”f;h of any one of claims 4 to 6, wherein the solvent comprises water, an

. F .
organic sélvent, or a mixture thereof.
&

8. Theﬁglymorph of any one of claims 1 to 7, wherein the polymorph is anhydrous.

9. The polymorph of any one of claims 1 to 8, wherein the polymorph is a substantially

&

; pure polymorph.
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10. A polymorph of (5)-2-(1-(9H-purin-6-ylamino)propyl)-5-flucre-3-phenylquinazolin-

4(3H)-one which is bioequivalent to the polymorph of any one of claims 1 to 9.

i1, A composition comprising the polymorph of any one of claims 1 to 10, wherein tha
composition is substantially free of polymeorphs other than polymorphic Form I of (S)

2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-4(3H)-one. /f

12. A method of preparing the polymorph of any one of claims 1 to 9 compl;;smg,
&) combining (S)-2-(1-(9H-purin-6-ylamino)propyl)-5-flucro-3-

phenviquinazolin-4(3H)-one with a solvent to form a mixtgf%;

b) heating the mixture to form a solution; and

c) cooling the heated solution to form the polymorph ogany one of claims 1 to 9.

/

&

13. | The method of claim 12, wherein the mixture is heated to a temperature of at least

about 50°C. Vi

14, The method of claim 12 or 13, wherein the soluion is cooled to a temperature of at

least about 30°C. ff

15.  The method of any one of claims 12 to }A, further comprising:
isolating the polymorph as solids; fff
g}eﬁ"
washing the isolated solids; and

i
drying the washed isolated soliﬁs.
/

16, The method of any one of/ﬁaims 12 to 15, wherein the solvent comprises water, an

rd

organic solvent, or a rr;;ﬁ"{/ture thereof.
' '
17. A polymorph of (S)’2 (1-(SH-purin-6-ylamino)propyl}-5- ﬂumo 3-phenylguinazolin-
4(3H)-one, whefem the polymorph is Form I having an X-ray powder diffraction

pattern comphses a characteristic peak at about 18.6 degrees 26.

3-’

18.  The po}ﬁhorph of claim 17, wherein the X-ray powder diffraction pattern further

compi%ses characteristic peaks at about 24.3 degrees 20 and about 14.0 degrees 29.

19. Af polymorph of (§)-2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-
4(3H)-one, wherein the polymorph is Form IThaving an X-ray powder diffraction
i pattern substantially as shown in FIG. 2A.
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20.

21

22.

23.

24.

25.

26.

27.

28.

29,

WO 2013/134288 PCT/US2013/029157

A polymorph of any one of claims 17 to 19 obtained by:
a) grinding the polymorphic Form I; and _
b) stirring the ground polymorphic Form I in a solvent to form the polymorphsbf

any one of claims 17 to 15.

The polymorph of claim 20, wherein the polymorph is obtained by further};t@éating the
f

stirred mixture to form the polymorph of any one of claims 17 to 19.  /
The polymorph of claim 20, wherein the ground polymorphic Forr%f is stirred in the

solvent at a temperature of between about 10°C and 25°C. ;‘j '
;

The polymorph of any one of claims 20 to 22, wherein the g__jfﬁré}ding is performed

using a mortar and pestle, a high shear wet mill, a high ng@%r dry mixer, a jet mill, a

bali mill, or a combination thereof. f/’f
The polymorph of any one of claims 20 to 23, whgféin the solvent comprises an
organic solvent. 4

A polymorph of any one of claims 17 to 19btained by compressing polymorphic
Form T of (8)-2-(1-(9H-purin-6-ylamino fg{}ffopyl} 5-fluoro-3-phenylquinazolin-4(3H)-
one at a pressure of between about SQﬁ psi and 5000 psi to convert at least a portion of

the polymorphic Form I to a poly%lorph of any one of claims 17 to 19.

The polymorph of any one fiilaims 17 to 25, wherein the polymorph is anhydrous.

The polymorph of any ¢ ode of claims 17 to 26, wherein the polymorph is a
substantially pure polfmorph

A polymorph ofﬁ(&@')«E—(1w(9H»«purin~6—ylanﬁno)propyl)—iwﬂuoro—3—pheny1quinazolinm
4(3H)-one which is bioequivalent to the polymorph of any one of claims 17 to 27.
.

&
/f/"

A composmon comprising the polymorph of any one of claims 17 to 28, wherein the
compositmn is substantially free of polymorphs other than polymorphic Form II of

(S);QQl-(QH-punn -6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-4(3H)-one.

g’
ﬁ\ method of preparing the polymorph of any one of claims 17 to 19, comprising:

4 a) grinding the polymorphic Form I; and
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31.

32.

33.

34,

36.

37.

WO 2013/134288 : PCT/US2013/029157

b) stirring the ground polymorphic Form I'in a solvent to form the polymorph of

any one of claims 17 to 19.

Ei

The method of claim 30, further comprising heating the stirred mixture to form t};e

polymorph of any one of claims 17 to 19.

The method of claim 30, wherein the ground polymorphic Form 1 is stil:re’c}*#in the

‘;5/

solvent at a temperature of between about 10°C and 25°C

The method of any one of claims 30 to 32, wherein the grinding is‘_p%‘rformed using a

mortar and pestle, a high shear wet mill, a high shear dry mixer, 4 jet miil, a ball mill,
wj'f

or a combination thereof. . ’

The method of any one of claims 30 to 33, wherein the sg;l‘%ent COMmprises an organic

solvent.

7

A method of preparing a polymorph of any one og;éflaims_ 17 to 19, comprising:
compressing polymorphic Form I of (S}~2~(1~(%ﬁ—pux‘in—é—yla1nino)propyl)—S—ﬂuo;‘o-
3-phenvlquinazolin-4(3H)-one at a pressureﬁ% between about 500 psi and 5000 psi to
form a polymorph of any one of claims 1_21%’*"&"{0 19,

/
A composition comprising polymoggf’;c Form I and polymorphic Form II of {§)-2-(1-

(9H—pu1*in—6—ylamino)propyl)—S—%ﬁéro—B—phenquu_inazoiin—4(3H)—one, wherein:

the polymorphic Form I has _a;‘f{f‘X-ray powder diffraction pattern comprising
characteristic peaks at ab%zzl't 17.7 degrees 26 and about 24.9 degrees 28; and
/

&

the polymorphic Fo?fﬁ has an X-ray powder diffraction pattern comprising a
characteristic peak, it about 18.6 degrees 26,

The compositjﬁi; of claim 36, wherein:

the X—ray_p:)wder diffraction pattern for the polymeorphic Form I further comprises
one or ;ﬁ}}re characteristic peaks at about 14.3 degrees 20, about 17.2 degrees 20,
abogf f20.9 degrees 28, and about 23.9 degrees 26; and

Jf

gﬂie X-ray powder diffraction pattern for the pelymorphic Form II further comprises

one or more characteristic peaks at about 24.3 degrees 20 and about 14.0 degrees 20.
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38.

| WO 2313/1342.88. POT/US2013/029157
The composition of claim 36 or 37, wherein the weight ratio of polymorphic Form I to
polymorphic Form 11 is between 90:1 and 99:1. /A’

39,

40.

41.

42,

43.

44,

45.

46.

47.

A composition comprising polymorphic Form I and polymorphic Form I of (S)-Z}@{—
(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-4(3H)-one, wherein}ﬁ:e
polymorphic Form I has an X-ray powder diffraction pattern substantially as‘.éfs;%own in
FIG. 1A, wherein the polymorphic Form IT has an X-ray powder diffracti}gi{pattem
substantially as shown in FIG. 2A, wherein the composition is substaqpi’glly free of
polymorphs other than polymorphic Form I and polymorphic Form I’{.of {($)-2-(1-(9H-
purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-4({3H)- one

Fa
r

A pharmaceutical composition comprising the polymorph of any one of claims 1 to

10, and 17 to 28, and one or more pharmaceutically acceptable carriers or excipients.

7
A kit comprising the polymorph of any one of ciair}}s’ 1 to 10, and 17 to 28, and

F
e

packaging. / #

A pharmaceutical composition comprising th€ composition of any one of claims 11,
v

29, and 36 to 39, and one or more phmlgggéutical acceptable cairiers or excipients.

fﬁ
Fi

The pharmaceutical composition of gfaim 42, wherein the pharmaceutical

composition is a tablet. #

A method of treating a patlem in need of a cancer treatment, comprising administering
to the patient a composm@n comprising the polymorph of any one of claims 1 to 10,
and 17 to 28, and one @*"r more pharmaceutically acceptable carriers or excipients.

A method of treatjri“f;é a patient with a cancer, comprising administering to the patient a
composition oﬁany one of claims 11, 29, and 36 to 39, or a pharmaceutical
composumm of claim 42 or 43, and one or more pharmaceutically acceptable carriers
or exc1p nts.

rd

The/nethod of claim 44 or 45, wherein the cancer is a hematologic matignancy.

g‘{‘he method of claim 44 or 45, wherein the cancer is selected from the group
consisting of acute lymphocytic leukemia (ALL), acute myeloid leukemia (AML),

chronic lymphoceytic leukemia (CLL), small lymphocytic lymphoma (SLL),
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myelodysplastic syndrome (MDS), myeloproliferative disease (MPD), chronic

myeloid leukemia (CML), multiple myeloma (MM), non-Hodgkin’s lymphoma

(iNHL), refractory iNHL., non-Hodgkin's lymphoma (NHL), mantle cell lymphoma ﬁf
/
(MCL), follicular lymphoma, Waldestrom’s macroglobulinemia (WM), T-cell 7

4

Iymphoma, B-cell lymphoma, and diffuse large B-cell lymphoma (DLBCL). f‘?

&
#
5

48. The method of claim 44 or 45, wherein the cancer is selected from the gro‘yg

¢
consisting of chronic lymphocytic leukemia (CLL), non-Hodgkin’s lyn}ﬁhoma

(iNHL), and refractory iNHL.

I
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CLAIMS

What is claimed is:

1.

A polymorph of (5)-2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-
4(3H)-one, wherein the polymorph is Form I having an X-ray powder diffraction pattern
comprising characteristic peaks, plus or minus 0.2 degrees 20, at 17.7 degrees 26 and
24.9 degrees 26.

The polymorph of claim 1, wherein the X-ray powder diffraction pattern further
comprises characteristic peaks, plus or minus 0.2 degrees 20, at 14.3 degrees 20, 17.2

degrees 20, 20.9 degrees 26, and 23.9 degrees 26.

A polymorph of (§)-2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-
4(3H)-one, wherein the polymorph is Form 1 having an X-ray powder diffraction pattern
substantially as shown in FIG. 1A,

A polymorph of (5)-2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-
4(3H)-one, wherein the polymorph is Form I having a unit cell, as determined by crystal
X-ray crystallography, of the following dimensions: a = 12.6971(7)A; b= 11.3577(8) A;
c=15.2065 (10} A; o= 90.00° B = 104.112°; and y = 90.00°,

A polymorph of any one of claims 1 to 4 obtained by:

a) combining (5)-2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-
4(3H)-one with a solvent to form a mixture;

b) heating the mixture to form a solution; and

c) cooling the heated solution to form the polymorph of any one of claims 1 to 4.

The polymorph of claim 5, wherein the mixture is heated to a temperature of at least
50°C.

The polymorph of claim 5 or 6, wherein the heated solution is cooled to a temperature of

at least about 30°C,

The polymorph of any one of claims 5 to 7, wherein the solvent comprises water, an

organic solvent, or a mixture thereof.

52




10.

I

12.

13.

14,

15.

16.

17.

18.

The polymorph of any one of claims 1 to 8, wherein the polymorph is anhydrous.

The polymorph of any one of claims 1 to 9, wherein the polymorph is a substantially pure
polymorph.

A polymorph of (8)-2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-
4(3H)-one which is bioequivalent to the polymorph of any one of claims 1 to 10.

A composition comprising the polymorph of any one of claims T to 11, wherein the
composition is substantially free of polymorphs other than polymorphic Form I of (5)-2-
(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-4(3H)-one.

A method of preparing the polymorph of any one of claims 1 to 10 comprising:

a) combining (5)-2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-
4(3H)-one with a solvent to form a mixture;

b) heating the mixture to form a solution; and

c) cooling the heated solution to form the polymorph of any one of claims 1 to 10.

The method of claim 13, wherein the mixture is heated to a temperature of at least about
50°C.

The method of ¢laim 13 or 14, wherein the solution is cooled to a temperature of at least

about 30°C.

The method of any one of claims 13 to 15, further comprising:
isolating the polymorph as solids;
washing the isolated solids; and

drying the washed isolated solids.

The method of any one of claims 13 to 16, wherein the solvent comprises water, an

organic solvent, or a mixture thereof.

A polymorph of (5)-2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-
4(3H)-one, wherein the polymorph is Form II having an X-ray powder diffraction pattern

comprising a characteristic peak, plus or minus 0.2 degrees 26, at 18.6 degrees 20.
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19.

20.

21.

22.

23.

24,

23.

26.

27.

The polymorph of claim 18, wherein the X-ray powder diffraction pattern further
comprises characteristic peaks, plus or minus 0.2 degrees 29, at 24.3 degrees 20 and 14.0

degrees 20.

A polymorph of (5)-2-{1-(9H-purin-6-ylamino)propyD)-5-fluoro-3-phenylquinazolin-
4(3H)-one, wherein the polymorph is Form II having an X-ray powder diffraction pattern
substantially as shown in FIG. 2A.

A polymorph of (S)-2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-
4(3H)-one, wherein the polymorph is Form II having a unit cell, as determined by crystal
X-ray crystallography, of the following dimensions: a=9.1183(3) A; b=11.3299(3) A; ¢
=20.7936(5) A; a = 90.00°; B = 98.498°; and v = 90.00°.

A polymorph of any one of claims 18 to 21 obtained by:

a) grinding polymorphic Form I of (8)-2-(1-(9H-purin-6-ylamino)propyl}-5-fluoro-
3-phenylquinazolin-4(3H)-one; and

b) stirring the ground polymorphic Form I in a solvent to form the polymorph of any

one of claims 18 to 21.

The polymorph of claim 22, wherein the polymorph is obtained by further heating the

stirred mixture to form the polymorph of any one of claims 18 to 21.

The polymorph of claim 23, wherein the ground polymorphic Form 1is stirred in the

solvent at a temperature of between about 10°C and 30°C,

The polymorph of claim 24, wherein the ground polymorphic Form 1is stirred in the

solvent at a temperature of between about 10°C and 25°C.

The polymorph of any one of claims 22 to 25, wherein the grinding is performed using a
mortar and pestle, a high shear wet mill, a high shear dry mixer, a jet mill, a ball mill, ora

combination thereof.

The polymorph of any one of claims 22 to 26, wherein the solvent comprises an organic

solvent.
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28.

29,

30.

31.

32.

33.

34,

35.

36.

37.

The polymorph of claim 27, wherein the solvent comprises acetone or isopropyl alcohol.

A polymorph of any one of claims 18 to 21 obtained by compressing polymorphic Form I
of (8)-2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-4(3H)-one at a
pressure of between about 500 psi and 5000 psi to convert at least a portion of the

polymorphic Form 1 to a polymorph of any one of claims 18 to 21.

The polymorph of any one of claims 18 to 29, wherein the polymorph is anhydrous.

The polymorph of any one of claims 18 to 30, wherein the polymorph is a substantially
pure polymorph.

A polymorph of (§)-2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-
4(3H)-one which is bioequivalent to the polymorph of any one of claims 18 to 31.

A composition comprising the polymorph of any one of claims 18 to 32, wherein the
composition is substantially free of polymorphs other than polymorphic Form II of (S)-2-
(1-(9H-purin-6-ylamino)propy!)-5-fluoro-3-phenylquinazolin-4(3/{)-one.

A method of preparing the polymorph of any one of claims 18 to 21, comprising:

a) grinding polymorphic Form I of (S)-2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-
3-phenylquinazolin-4(3H)-one; and

b) stirring the ground polymorphic Form I in a solvent to form the polymorph of any

one of claims 18 to 21.

The method of claim 34, further comprising heating the stirred mixture to form the

polymorph of any one of claims 18 to 21.

The method of claim 35, wherein the ground polymorphic Form I is stirred in the solvent

at a temperature of between about 10°C and 30°C.

The method of claim 36, wherein the ground polymorphic Form | is stirred in the solvent

at a temperature of between about 10°C and 25°C.
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38,

39,

40.

41.

42,

43.

The method of any one of claims 34 to 37, wherein the grinding is performed using a
mortar and pestle, a high shear wet mill, a high shear dry mixer, a jet mill, a ball mill, or a

combination thereof.

The method of any one of claims 34 to 38, wherein the solvent comprises an organic

solvent.
The method of claim 39, wherein the solvent comprises acetone or isopropyl alcohol.

A method of preparing a polymorph of any one of claims 18 to 21, comprising:
compressing polymorphic Form I of (S)-2-(1-(9H-purin-6-ylamino)propyl)-5-fluoro-3-
phenylquinazolin-4{3H)-one at a pressure of between about 500 pst and 5000 psi to form
a polymorph of any one of claims 18 to 21.

A composition comprising polymorphic Form I and polymorphic Form II of (5)-2-(1-
(9H-purin-6-ylamino)propyl}-5-fluoro-3-phenylquinazolin-4(3H)-one, wherein:

the polymorphic Form I has an X-ray powder diffraction pattern comprising
characteristic peaks, plus or minus 0.2 degrees 28, at 17.7 degrees 20 and 24.9 degrees
20; and

the polymorphic Form 1l has an X-ray powder diffraction pattern comprising a

characteristic peak, plus or minus 0.2 degrees 28, at 18.6 degrees 26.
The composition of claim 42, wherein:

the X-ray powder diffraction pattern for the polymorphic Form I further comprises one or
more characteristic peaks, plus or minus 0.2 degrees 26, at 14.3 degrees 26, 17.2 degrees

26, 20.9 degrees 26, and 23.9 degrees 26; and

the X-ray powder diffraction pattern for the polymorphic Form II further comprises one
or more characteristic peaks, plus or minus 0.2 degrees 20, at 24.3 degrees 20 and 14.0

degrees 20.
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44,

45,

46.

47.

48,

49,

50.

51,

52.

The composition of claim 42 or 43, wherein the weight ratio of polymorphic Form [ to

polymorphic Form II is between 90:1 and 99:1.

A composition comprising polymorphic Form I and polymorphic Form II of (5)-2-(1-
(9H-purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-4(3H)-one, wherein the
polymorphic Form 1 has an X-ray powder diffraction pattern substantially as shown in
FIG. 1A, wherein the polymorphic Form Il has an X-ray powder diffraction pattern
substantially as shown in FIG. 24, wherein the composition is substantially free of
polymorphs other than polymorphic Form I and polymorphic Form II of (S)-2-(1-(9H-
purin-6-ylamino)propyl)-5-fluoro-3-phenylquinazolin-4(3 H)-one.

A pharmaceutical composition comprising the polymorph of any one of claims 1 to 11,

and 18 to 32, and one or more pharmaceutically acceptable carriers or excipients.

A kit comprising the polymorph of any one of claims 1 to 11 and 18 to 32, and
packaging.

A pharmaceutical composition comprising the composition of any one of claims 12, 33,

and 42 to 45, and one or more pharmaceutical acceptable carriers or excipients.

The pharmaceutical composition of claim 46 or 48, wherein the pharmaceutical

composition is a tablet.

Use of a composition comprising the polymorph of any one of claims 1 to 11, and 18
1032, and one or more pharmaceutically acceptable carriers or excipients in the

manufacture of a medicament for treating a patient in need of a cancer treatment.

Use of a composition of any one of claims 12, 33, and 42 to 45, or a pharmaceutical
composition of any one of claims 46, 48 and 49, and one or more pharmaceutically
acceptable carriers or excipients in the manufacture of a medicament for treating a patient

with a cancer.

The use of claim 50 or 51, wherein the cancer is a hematologic malignancy.
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53.

54.

The use of claim 50 or 51, wherein the cancer is selected from the group consisting of
acute lymphocytic leukemia (ALLL), acute myeloid leukemia (AML), chronic
lymphocytic leukemia (CLL), small lvmphocytic lvmphoma (SL.L), myelodysplastic
syndrome (MDS), myeloproliferative disease (MPD), chronic myeloid leukemia (CML),
multiple myeloma (MM), indolent non-Hodgkin’s lymphoma (iNHL), refractory iNHL,
non-Hodgkin's lymphoma (NHL), mantle cell lymphoma (MCL), follicular lymphoma,
Waldestrom’s macroglobulinemia (WM), T-cell lymphoma, B-cell lymphoma, and
diffuse large B-cell lymphoma (DLBCL).

The use of claim 50 or 51, wherein the cancer is selected from the group consisting of
chronic lymphocytic leukemia (CLL), indolent non-Hodgkin’s [ymphoma (iNHL), and
refractory iNHL.
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