What is claimed:

1. A ! crystalline ~ form  of  (§)-4-amino-6-((1-(3-chloro-6-

phenylimidazo[1,2-b] pyridazin-7-yl)ethyl)amino)pyrimidine-5-carbonitrile of the Formula A:;

NC

Formula A

or-wherein the crystalline said-form is Form IV;-; and

wherein crystalline Form IV is characterized by anthe X-ray powder diffractogram efEerm+V
comprising characteristic peaks at the-feHewing-diffraction angles (°20) of + 4.6 °+ 0.2 °20, 9.2
°+0.2°20,15.5°4+0.2°20, 17.8 °+ 0.2 °20, and 19.0 ° + 0.2 °204-6; 92,155 17-8;-and19-0

2. The crystalline form of claim 1, wherein said-the crystalline form is further

characterized by an X-ray powder diffractogram comprising additional characteristic peaks at
diffraction angles (°20) of 11.5°+ 0.2 °20. 12.0 ° 4+ 0.2 °20, 13.2°+ 0.2 °20, 16.0 ° + 0.2 °20.
and 22.6 °+ (0.2 °20E




5:3.  The crystalline form of any—ene—of-claims 1-4, wherein the eentent-of-other

crystalline  forms  of—S)-Famino-6-tH--R-chloro-6-phenvhmidazol- b 2-Dpyvridasin-7-
yhethyhamine)pyrimidine-S-earbenitrHe—ishas less than 40% by weight of other crystalline

forms of (8)-4-amino-6-((1-(3-chloro-6-phenylimidazo[ 1,2-b]pyridazin-7-
ylethyl)amino)pyrimidine-5-carbonitrile%;preferablyless-than30%;preferablyless-than20%;
e oo e B L Lo ot e s ee e Bl Lo han1%:;by-weie

4. The crystalline form of claim 3, wherein the crystalline form has less than 30% by

weight of other crystalline forms of (S5)-4-amino-6-((1-(3-chloro-6-phenylimidazo[1.2-

blpvyridazin-7-yl)ethyl)amino)pyrimidine-5-carbonitrile.

5. The crystalline form of claim 3, wherein the crystalline form has less than 20% by

weight of other crystalline forms of (85)-4-amino-6-((1-(3-chloro-6-phenylimidazo[1.,2-

blpvyridazin-7-yl)ethyl)amino)pvyrimidine-5-carbonitrile.

6. The crystalline form of claim 3., wherein the crystalline form has less than 10% by

weight of other crystalline forms of (85)-4-amino-6-((1-(3-chloro-6-phenylimidazo[1.2-

blpyridazin-7-ylethyl)amino)pyrimidine-5-carbonitrile.

7. The crystalline form of claim 3. wherein the crystalline form has less than 5% by weight

of other crystalline forms of (8)-4-amino-6-((1-(3-chloro-6-phenvlimidazol[1.2-b]pyridazin-7-

yl)ethyl)amino)pyrimidine-5-carbonitrile.

8. The crystalline form of claim 3, wherein the crystalline form has less than 1% by

weight of other crystalline forms of (S)-4-amino-6-((1-(3-chloro-6-phenylimidazo[1.,2-

blpyridazin-7-yDethyl)amino)pyrimidine-5-carbonitrile.

6. 9. A pharmaceutical composition, comprising an effective amount ef-ene-ermere
of the crystalline forms of any one of claims 1-58, and one or more the-pharmaceutically
acceptable carriers.

T 10. Use of the crystalline forms of any one of claims 1-5-8 in the manufacture of a
medicament for treating diseases associated with PI3K activity, such as autoimmune diseases,
inflammatory diseases, and cancer (preferably hematological malignancy), wherein, for
example, said autoimmune diseases, inflammatory diseases, and cancer are selected from
systemic lupus erythematosus, rheumatoid arthritis, multiple sclerosis, allergic rhinitis, chronic

obstructive pulmonary disease, psoriasis, asthma, lymphoma (such as Hodgkin's lymphoma,

46



non-Hodgkin's lymphoma, mantle cell lymphoma, follicular lymphoma, small lymphocytic
lymphoma, marginal zone lymphoma, Burkitt lymphoma, B cell lymphoma, T cell lymphoma,
NK cell lymphoma, and diffuse large B-cell lymphoma), leukemia (such as chronic
lymphocytic leukemia, acute lymphocytic leukemia, acute myeloid leukemia, and chronic
myelogenous leukemia), multiple myeloma, and Waldenstrom's macroglobulinemia.

hod-of oo di iated with PLK activity. suel .

9. 11. The crystalline forms of any one of claims 1-5-8 for use in the treatment of

diseases associated with PI3K activity, such as autoimmune diseases, inflammatory diseases,
and cancer (preferably hematological malignancy), wherein, for example, said autoimmune
diseases, inflammatory diseases, and cancer are selected from systemic lupus erythematosus,
rheumatoid arthritis, multiple sclerosis, allergic rhinitis, chronic obstructive pulmonary disease,
psoriasis, asthma, lymphoma (such as Hodgkin's lymphoma, non-Hodgkin's lymphoma, mantle
cell lymphoma, follicular lymphoma, small lymphocytic lymphoma, marginal zone lymphoma,
Burkitt lymphoma, B cell lymphoma, T cell lymphoma, NK cell lymphoma, and diffuse large
B-cell lymphoma), leukemia (such as chronic lymphocytic leukemia, acute lymphocytic
leukemia, acute myeloid leukemia, and chronic myelogenous leukemia), multiple myeloma,

and Waldenstrom's macroglobulinemia.
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12. A process for preparing the crystalline form of (S)-4-amino-6-((1-(3-chloro-6-

phenvlimidazo[1.2-b]pyridazin-7-vl)ethyl)amino)pyrimidine-5-carbonitrile of the Formula A

of claim 1:

Formula A

wherein the crystalline form is Form IV and

wherein crystalline Form IV is characterized by an X-ray powder diffractogram

comprising characteristic peaks at diffraction angles (°20) of 4.6 ° + 0.2 °26, 9.2 ° + 0.2 °20,
15.5°+0.2°20. 17.8° £ 0.2 °20, and 19.0 ° + 0.2 °20:

wherein the process comprises the following steps:

(1) mixing (5)-4-amino-6-((1-(3-chloro-6-phenylimidazo[1.2-b]pyridazin-7-

yl)ethyl)amino)pyrimidine-5-carbonitrile with:

(a) at least one dissolution solvent selected from the group consisting of (i)

methanol, ethanol, isopropanol, or n-butanol. (ii) a mixture of acetic acid and

isopropanol, and (iii) a mixture of acetic acid and methanol; or
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(b) a mixed solvent consisting of water and a water-miscible organic solvent

selected from the group consisting of methanol, ethanol, isopropanol, and n-

butanol;

and heating the mixture to reflux to obtain a solution;

(2) cooling the solution obtained in step (1) above until (S)-4-amino-6-((1-(3-chloro-6-

phenylimidazo[ 1,2-b1pyridazin-7-yl)ethyl)amino)pyrimidine-5-carbonitrile

precipitates;
(3) isolating Form IV of (S)-4-amino-6-((1-(3-chloro-6-phenylimidazol1.2-b]pyridazin-

7-yDethyl)amino)pyrimidine-5-carbonitrile of the Formula A: and

(4) optionally drying Form IV of (8)-4-amino-6-((1-(3-chloro-6-phenylimidazo[1,2-

blpyridazin-7-yl)ethyl)amino)pyrimidine-5-carbonitrile of the Formula A obtained in

step (3) above.

13. The process of claim 12. wherein the crystalline form is further characterized by an X-

ray powder diffractogram comprising additional characteristic peaks at diffraction angles (°20)

of 11.5°+0.2°20, 12.0°£0.2 °20, 13.2°+ 0.2 °20, 16.0 °£+ 0.2 °20, and 22.6 ° £+ 0.2 °20.

14. A process for preparing the crystalline form of (5)-4-amino-6-((1-(3-chloro-6-

phenylimidazo[ 1,2-b]pyridazin-7-yl)ethyl)amino)pyrimidine-5-carbonitrile of the Formula A

of claim 1:

NC

Formula A

wherein the crystalline form is Form I[V: and

wherein crystalline Form IV is characterized by an X-ray powder diffractogram

comprising characteristic peaks at diffraction angles (°20) of 4.6 ° + 0.2 °20, 9.2 ° + 0.2 °20,
15.5°+£0.2°20,17.8°+£ 0.2 °20, and 19.0 ° £+ 0.2 °26;

wherein the process comprises the following steps:

(1) mixing (5)-4-amino-6-((1-(3-chloro-6-phenylimidazo[1,2-b]pyridazin-7-

yl)ethyl)amino)pyrimidine-5-carbonitrile with:

(a) at least one dissolution solvent selected from the group consisting of (i)
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methanol, (i1) ethanol, (iii1) isopropanol, and (iv) a mixture of ethanol and 1.4-

dioxane; or

(b) a mixed solvent consisting of water and a water-miscible organic solvent

selected from the group consisting of (i) methanol, ethanol. or isopropanol,

and (ii) a mixture of ethanol and tetrahydrofuran;

and heating the mixture to reflux to obtain a first solution;

(2) adding water to the first solution obtained in step (1) above, to obtain a second

solution;

(3) cooling the second solution obtained in step (2) above until (S)-4-amino-6-((1-(3-

chloro-6-phenylimidazo[1,2-b]pyridazin-7-yl)ethyl)amino)pyrimidine-5-carbonitrile

of the Formula A precipitates:

(4) isolating Form IV of (S)-4-amino-6-((1-(3-chloro-6-phenylimidazol1.2-b]pyridazin-

7-yDethyl)amino)pyrimidine-5-carbonitrile of the Formula A: and

(5) optionally drying Form IV of (8)-4-amino-6-((1-(3-chloro-6-phenylimidazo[1,2-

blpvyridazin-7-yl)ethyl)amino)pyrimidine-5-carbonitrile of the Formula A obtained in

step (4) above.

15. A process for preparing the crystalline form of (S)-4-amino-6-((1-(3-chloro-6-

phenylimidazo[ 1,2-b]pyridazin-7-yl)ethyl)amino)pyrimidine-5-carbonitrile of the Formula A

of claim 1:

Formula A

wherein the crystalline form is Form IV; and

wherein crystalline Form IV is characterized by an X-ray powder diffractogram

comprising characteristic peaks at diffraction angles (°20) of 4.6 ° + 0.2 °20, 9.2 ° + 0.2 °20,
155°+0.2°20,17.8°+ 0.2 °20. and 19.0 ° + 0.2 °20:

wherein the process comprises the following steps:

(1) mixing (S)-4-amino-6-((1-(3-chloro-6-phenylimidazo[ 1,2-b]pyridazin-7-

yl)ethyl)amino)pyrimidine-5-carbonitrile with:

52



(a) at least one dissolution solvent selected from the group consisting of (i) methanol,

(i1) ethanol, (iii) isopropanol, and (iv) a mixture of ethanol and 1.4-dioxane: or

(b) a mixed solvent consisting of water and a water-miscible organic solvent selected

from the group consisting of (i) methanol, ethanol, or isopropanol, and (ii) a mixture of

ethanol and tetrahydrofuran;

and heating the mixture to reflux to obtain a first solution;

(2) cooling the first solution obtained in step (1) above, to obtain a second solution;

3) adding water to the second solution obtained in step (2) above until (S)-4-amino-

6-((1-(3-chloro-6-phenylimidazo[ 1.2-b]pyridazin-7-yl)ethyl)amino)pyrimidine-5-carbonitrile

of the Formula A precipitates:

4) isolating  Form IV of (S)-4-amino-6-((1-(3-chloro-6-phenylimidazo[1.2-

blpyridazin-7-yl)ethyl)amino)pyrimidine-5-carbonitrile of the Formula A: and

(5) optionally drying Form IV of (S)-4-amino-6-((1-(3-chloro-6-phenylimidazo[1.2-

blpyridazin-7-yDethyl)amino)pyrimidine-5-carbonitrile of the Formula A obtained in step (4)

above.

16. A process for preparing the crystalline form of (S)-4-amino-6-((1-(3-chloro-6-

phenylimidazo[ 1.2-b]pyridazin-7-yl)ethyl)amino)pyrimidine-5-carbonitrile of the Formula A

of claim 1:

NC

Formula A

wherein the crystalline form is Form I[V: and

wherein crystalline Form IV is characterized by an X-ray powder diffractogram

comprising characteristic peaks at diffraction angles (°20) of 4.6 ° &+ 0.2 °20, 9.2 ° + (0.2 °260,
15.5°+0.2°20,17.8°+ 0.2 °20. and 19.0 ° + 0.2 °20:

wherein the process comprises the following steps:

(1) suspending (S)-4-amino-6-((1-(3-chloro-6-phenylimidazo[ 1.2-b]pyridazin-7-

yl)ethyl)amino)pyrimidine-5-carbonitrile in a solvent selected from the group consisting of (i)

methanol, (ii) isopropanol, (iii) water, and (iv) a mixture of methanol and water;
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(2) stirring the suspension obtained in step (1) above:

3) isolating Form IV of (S)-4-amino-6-((1-(3-chloro-6-phenylimidazo[1.2-

blpyridazin-7-ylethyl)amino)pyrimidine-5-carbonitrile of the Formula A: and

4) optionally drying Form IV of (S)-4-amino-6-((1-(3-chloro-6-phenylimidazo[1.2-

blpyridazin-7-yDethyl)amino)pyrimidine-5-carbonitrile of the Formula A obtained in step (3)

above.

17. A process for preparing the crystalline form of (S)-4-amino-6-((1-(3-chloro-6-

phenylimidazo[ 1.2-b]pyridazin-7-yl)ethyl)amino)pyrimidine-5-carbonitrile of the Formula A

of claim 1:

Formula A

wherein the crystalline form is Form IV; and

wherein crystalline Form IV is characterized by an X-ray powder diffractogram

comprising characteristic peaks at diffraction angles (°20) of 4.6 ° &+ 0.2 °20, 9.2 ° + (0.2 °20,
15.5°4+0.2°20. 17.8°+ 0.2 °20. and 19.0°+ 0.2 °20;

wherein the process comprises the following steps:

(1)  suspending (S)-4-amino-6-((1-(3-chloro-6-phenylimidazo[ 1,2-b]pyridazin-7-

yl)ethyl)amino)pyrimidine-5-carbonitrile in ethanol;

(2) stirring the suspension obtained in step (1) above for less than 24 hours:

(3) isolating Form IV of (S)-4-amino-6-((1-(3-chloro-6-phenylimidazo[1.2-

blpvridazin-7-yl)ethyl)amino)pvyrimidine-5-carbonitrile of the Formula A: and

4) optionally drying Form IV of (S)-4-amino-6-((1-(3-chloro-6-phenylimidazo[1,2-

blpyridazin-7-ylethyl)amino)pyrimidine-5-carbonitrile of the Formula A obtained in step (3)

above.
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