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CLAIMS:

(dimethylamino)-2-butenamide and maleic acid in a water-alcoho! solufion at/an elevated
temperature.

2. The method of Claim 1, further comprising the steps of cogiing said solution to
precipitate said maleate salt and filtering said solution after cooling to obfain crystalline (E)-N-{4-
[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolin
butenamide maleate.

4-(dimethylaming)-2-

3. The method of Claim 1 or 2, wherein said elevated temperature is from about 40°C to
about 60°C.

4, The method of Claim 2 or 3, wherein said ¢
temperature of about 37°C or less.

ling continues until the solution reaches a

5, The method of Claim 4, wherein sdid cooling continues until the solution reaches a
temperature of about 30°C or less.
6. The method of any one of Claims 1-5, wherein said water-alcohol solution comprises
from about 5% to about 20% by/volume water and from about 80% to ahout 95% by volume
alcohol.

7. The method of any one of Claims 1-6, wherein said alcohol is n-propanol.

8. The method/of Claim 7, wherein said water-alcoho! solution comprises about 10% by
volume water aneébout 90% by volume n-propanol.

9, The/method of any one of Claims 1-8, wherein said solution further comprises at least
one compound selected from the group consisting of;
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10.  The method of any one of Claims 2-9, wherein said crystalline (E)-N-{4-[3-chloro-4-(2-

pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-8-guinolinyl}-4-(dimethylamino)-2-butenamide
maleate comprises crystals in anhydrous form, monchydrate form, or combinations thereof.

11. A pharmaceutical compositiory/for the inhibition of HER-2 kinase activity comprising, a
therapeutically-effective amount of/{E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilina]-3-cyano-7-
ethoxy-6-quinoliny(}-4-(dimethylamino)-2-butenamide  maleate and a pharmaceutically

acceptable carrier.

12, The pharmaceutieal composition according o Claim 11 wherein said (E)-N-{4-[3-chloro-
4-(2-pyridinylmethoxy)anilino]-3-cyano- 7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide
maleate is in a fo

selected from the group consisting of: an anhydrous form, a monohydrate
form, and combifations thereof.

13. The/pharmaceutical composition according to Claim 11 or 12 further comprising at least

one compound selected from the group consisting of:
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14. A compound selected from the group consigting of:
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15. A method for preventing, treating, or inhibiting cancer comprising, administering to a
subject a therapeutically-effective amount of (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino}-3-
cyano-7-ethoxy-8-quinolinyl}l-4-(dimethylamino)-2-butenamide maleate.

16.  The method according to Claim 15 wherein said cancer is selected from at least
breast cancer, ovarian cancer, epidermoid turors, colon cancer, prostate cance
cancer, bladder cancer, larynx cancer, esophagus cancer, stomach cancer, and lung/cancer.

17. A method of preparing (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)apilino}-3-cyano-7-
ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide maleate monohydraté comprising the
steps selected from the group censisting of:

a dissolving anhydrous (E)-N-{4-[3-chloro-4-(2-pyridinyimethoxy)arilino}-3-cyano-7-ethoxy-
8-guinelinyl}-4-{dimethylamino)-2-butenamide maleate with an orgafiic solvent, adding water,
and filtering;
h. dissolving anhydrous (E)-N-{4-[3-chloro-4-(2-pyridinylmgthoxy)anilino}-3-cyano-7-ethoxy-
8-quinolinyl}-4-(dimethylamino)-2-butenamide maleate with’ an organic solvent, adding a
solution of a second organic sclvent and water, and filter
c. dissalving anhydrous (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilinc]-3-cyano-7-ethoxy-
8-quinolinyi}-4-(dimethylamino}-2-butenamide maiegfe with an organic solvent containing water,
and filtering; and
d. reslurrying  anhydrous  (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino)-3-cyano-7-
ethoxy-6-quinolinyl}-4-(dimethylamino)-2-byténamide maleate with an organic solvent

containing water for a period of days, and/filtering.

18. The method of claim 17, w
4-(2-pyridinylmethoxy)anilino]-3-

rein the steps are dissolving anhydrous (E)-N-{4-[3-chloro-
ano-7-ethoxy-6-quinolinyl}-4-(dimethylaming)-2-butenamide

maleate with an organic salvent, adding water and filtering.

19.  The method of clgim 18, wherein the organic solvent is dimethylsutfoxide.

20. The methog/of Claim 18 or 19 further comprising heating the solution to between about
45°C to about 60°C,

21.  The¢/method of ¢laim 17, wherein the steps are dissolving anhydrous (E)-N-{4-[3-chloro-

4-(2-pyridinylmethoxy)anilino}-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide
malegte with an organic solvent, adding a solution of a second organic solvent and water and
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22.  The method of claim 21, wherein the organic solvent is dimethylsulfoxide, the second
organic solvent is selected from the group consisting of tetrahydrofuran, isopropanol, n-
propanol, acetone, ethanol, methanol, and acefonitrile, and the amount of water present j
about 7.5% to abouf 15% by weight.

23.  The method of claim 17, wherein the steps are dissalving anhydrous (E)-N-{4-[3-chloro-
4-(2-pyridinylmethoxy)anilinc}-3-cyano-7-ethoxy-8-quinelinyl}-4-(dimethylamino)-2-butenamide
maleate with an organic solvent containing water and filtering.

24.  The method of claim 23, wherein the organic solveni is seleciéd from the group
consisting of tetrahydrofuran, isopropanol, n-propancl, acetone, efffanoi, methanol, and
acetonitrile, and the amount of water present is about 7.5% fo about 20% by weight.

25, The method of claim 24, wherein the organic solvent is
water present is about 10% to about 15% by weight.

-propancl and the amount of

26.  The methed of claim 17, wherein the steps are: reSlurrying anhydrous (E)-N-{4-[3-chloro-
4-(2-pyridinyimethoxy)anilino)-3-cyano-7-ethoxy-8-quigolinyl}-4-(dimethylamino)-2-butenamide
maleate with an organic solvent containing water for'a period of days, and filtering.

27.  The method of claim 26, wherein the grganic solvent is tetrahydrofuran and the period of
days is about 10-20.

28. A method of preparing anhytrous (E)-N-{4-[3-chloro-4-(2-pyridinyimethoxy)anilino]-3-
cyano-7-ethoxy-8-quinolinyl}-4-(dirpethylamino)-2-butenamide maleate comprising drying under
vacuum monchydrate  (E)-Né{4-[3-chloro-4-(2-pyridinyimethoxy)aniline]-3-cyano-7-ethoxy-6-
guinolinyl}-4~(dimethylamino)
about 12 to about 48 houry!

-butenamide maleate at a temperature greater than 30°C for

28.  An isolated cpystaliine form of (E)-N-{4-[3-chloro-4-(2-pyridinylmeihoxy)anilino]-3-cyano-
7-ethoxy-6-quinolipyi}-4-(dimethylamino)-2-butenamide maleate monohydrate, characterized by
X-ray diffractionypeaks at the following angles (£0.20°) of 28 in its X-ray diffraction paitern: .53,
8.43, 10.16, A2.19, 12.47, 13.01, 15.17, 16.76, 17.95, 19.86, 21.11, 21.88, 23,22, 23.78, 2569,
26.17, 27,06, 27.58, 28.26, 28.73, and 28.77.

30. /' An isolated crystalline form according fo Claim 29 having substantially the X-ray
diffraction paitern as shown in Fig. 7.
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31. An isolated crystalline form of  anhydrous (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide
maleate, characterized by X-ray diffraction peaks at the following angles (20,20 of 28 in its
ray diffraction pattem: 6.16, 7.38, 8.75, 10.20, 12.24, 12.61, 14.65, 15.75, 17.33, 18.64, 19°99,
20.66, 21.32, 22.30, 23.18, 24.10, 24.69, 25.489, 26.09, 26.54, 27.52, 28.62, and 29.43.

32.  An isolated crysialline form according to Claim 31 having substantially the X-ray
diffraction pattern as shown in Fig. 6.

33. An isolated crystalline form of anhydrous (Ey-N-{4-[3-chloro-4-(2-
pyridinylimethoxy}anilino]-3-cyano-7-ethoxy-6-quinoliny}-4-(dimethylaminé)-2-butenamide
maleate, characierized by an onset temperature of about 196°C and£&nding temperature about
204°C, as measured by differential scanning calorimetry.

34.  Anisolated crystaliine form of (E)-N-{4-[3-chloro-4-(2/pyridinylmethoxy)aniling]-3-cyarno-
7-ethoxy-6-quinolinyl}-4-(dimethylaminc)-2-butenamide mgaleate monohydrate, having a water
content of about 2.5 to 2.7%, by weight.

35. An isolated crystaline form of gartially hydrated (E}-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-guinolinyl}-4-(dimethylamino)-2-butenamide
maleate, having a water content of about 1.5% to about 2.3%, by weight.




CLAIMS:

1. A method for preparing (E})-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-
cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide as a maleate salt
comprising the steps of:

i) mixing (E)-N-{4-[3-chloro-4-{2-pyridinylmethoxy)anilino}-3-cyano-7-
ethoxy-6-quinclinyl}-4-(dimethylamino}-2-butenamide and maleic acid in a
water-alcohol solution at a temperature in the range of between about 50
°C to about 60 °C;

i} cooling said solution to a temperature of about 40 °C and maintaining the
cooled solution at about 40 °C for about 12 hours to precipitate the
maleate sait;

iii) further cooling the cooled solution to room temperature (about 25 °C)
over about 4 hours and maintaining the further cooled solution at room
temperature {(about 25 °C) for about 2 hours;

iv) filtering the maintained, further cooled solution to obtain crystalline (E)-N-
{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-
4-(dimethylamino)-2-butenamide maleate.

2. The method of claim 1, wherein the obtained crystalline (E)-N-{4-[3-chloro-4-
(2-pyridinylmethoxy)anilino}-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate comprises (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-
3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylaminoc)-2-butenamide maleate,
monohydrate, Form [l

3. The method of claim 2, wherein the obtained crystalline (E)-N-{4-[3-chloro-4-
(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate, monohydrate, Form Il is characterized by X-ray diffraction
peaks at the following angles (£0.20°) of 2Theta in its X-ray diffraction pattern:
6.53, 8.43, 10.16, 12.19, 12.47,13.01, 15.17, 16.76, 17.95, 19.86, 21.11, 21.88,
23.22, 23.78, 25.69, 26.17, 27.06, 27.58, 28.26, 28.73, and 29.77.

4. The method of claim 3, wherein the obtained crystalline (E)-N-{4-[3-chloro-4-

(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate, monohydrate, Form Il, has a water content of about 2.5 to

2.7%, by weight.

5. A method of formulating neratinib as a maleate salt, according to the method
of claim 1, the resulting salt being capable of increased oral absorption.

8. The method of claim 5, wherein the obtained crystalline (E)-N-{4-{3-chloro-4-
(2-pyridinyimethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyi}-4-(dimethylamino)-2-
butenamide maleate comprises (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-
3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide maleate,
monohydrate, Form |l

7. The method of claim 6, wherein the obtained crystalline (E)-N-{4-[3-chloro-4-

(2-pyridinylmethoxy)anilina]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate, monohydrate, Form Il is characterized by X-ray diffraction

peaks at the following angles (+0.20°) of ZTheta in its X-ray diffraction pattern:
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6.53, 8.43, 10.16, 12.19, 12.47, 13.01, 15.17, 16.76, 17.95, 19.86, 21.11, 21.88,
23.22, 23.78, 25.69, 26.17, 27.086, 27.58, 28.26, 28.73, and 29.77.

8. The method of claim 7, wherein the obtained crystalling (E)-N-{4-[3-chloro-4-

(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate, monchydrate, Form i, has a water content of about 2.5 to

2.7%, by weight.

9. The use of neratinib as a maleate salt in the manufacture of a medicament for
treating or reducing emesis associated with neratinib therapy, wherein the
neratinib maleate salt is prepared according to the method of claim 1.

10. The use of claim 9, wherein the obtained crystalline (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate comprises (E}-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino}-
3-cyano-7-ethoxy-8-quinolinyl}-4-{dimethylamino)-2-butenamide maleate,
monchydrate, Form Il

11. The use of claim 10, wherein the obtained crystalline (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate, monochydrate, Form 1l is characterized by X-ray diffraction
peaks at the following angles (£0.20°) of 2Theta in its X-ray diffraction pattern:
6.53, 8.43, 10.16, 12.19, 12.47, 13.01, 15.17, 16.76, 17.95, 19.86, 21.11, 21.88,
23.22, 23.78, 25.69, 26.17, 27.06, 27.58, 28.26, 28.73, and 29.77.

12. The use of claim 11, wherein the obtained crystalline (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylaminoc)-2-
butenamide maleate, monohydrate, Form I, has a water content of about 2.5 to
2.7%, by weight.

13. The use of neratinib as a maleate salt in the manufacture of a medicament
for treating or reducing diarrhea associated with neratinib therapy, wherein the
neratinib maleate salt is prepared according to the method of claim 1.

14. The use of claim 13, wherein the obtained crystalline (E)-N-{4-[3-chloro-4-(2-
pyridinyimethoxy}aniling]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate comprises (E£)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-
3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide maleate,
monohydrate, Form Il.

15. The use of claim 14, wherein the obtained crystalline (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate, monchydrate, Form Il is characterized by X-ray diffraction
peaks at the following angles (+0.20°) of 2Theta in its X-ray diffraction pattern:
6.53, 8.43, 10.16, 12.19, 12.47, 13.01, 15.17, 16.76, 17.95, 19.86, 21.11, 21.88,
23.22,23.78, 25.69, 26.17, 27.06, 27.58, 28.26, 28.73, and 29.77.

16. The use of claim 15, wherein the obtained crystalline (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilinoj-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate, monohydrate, Form i, has a water content of about 2.5 to
2.7%, by weight.
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17. The use of neratinib as a maleate salt in the manufacture of a medicament
for treating cancer, wherein the neratinib maleate salt is prepared according to
the method of claim 1.

18. The use of claim 17, wherein the obtained crystalline (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate comprises (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-
3-cyano-7-ethoxy-6-quinolinyl}-4-{dimethylamino)-2-butenamide maleate,
monochydrate, Form |I.

19. The use of claim 18, wherein the obtained crystalline (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate, monohydrate, Form Il is characterized by X-ray diffraction
peaks at the following angles (+£0.20°) of 2Theta in its X-ray diffraction pattern:
6.53, 8.43, 10.16, 12.19, 12.47, 13.01, 15.17, 16.76, 17.95, 19.86, 21.11, 21.88,
23.22, 23.78, 25.69, 26.17, 27.06, 27.58, 28.26, 28.73, and 29.77.

20. The use of claim 19, wherein the obtained crystalline (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate, monohydrate, Form I, has a water content of about 2.5 to
2.7%, by weight.

21. The use of claim 17, wherein the cancer comprises one or more of breast
cancer, ovarian cancer, epidermoid tumors, colon cancer, prostate cancer,
kidney cancer, bladder cancer, larynx cancer, esophagus cancer, stomach
cancer, or lung cancer.

22. The use of claim 21, wherein the cancer comprises breast cancer.

23. The use of claim 21, wherein the cancer comprises ovarian cancer.

24. The use of claim 21, wherein the cancer comprises lung cancer.

25. The use of claim 21, wherein the cancer comprises colon cancer.

26. The use of claim 21, wherein the cancer comprises stomach cancer.

27. The use of claim 21, wherein the cancer comprises epidermoid cancer.

28. The use of claim 21, wherein the cancer comprises esophagus cancer.
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