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20 The invention also provides a method of preparing (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyanao-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide
maleate in anhydrous form (Form 1) comprising the step of: drying under vacuum (E)-N-{4-[3-
chlore-4-(2-pyridinylmethoxy) anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate as a monohydrate (Form Il) at a temperature greater than 30°C for about

25 1210 about 48 hours.

The invention also provides a pharmaceutical formulation comprising:; (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide
maleate and one or more associated compounds having the following structures:
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The present invention also provides a pharmaceutical composition for the inhibition of HER-2
kinase activity comprising a therapeutically-effective amount of (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4- (dimethylamino)-2-butenamide
maleate and a pharmaceutically acceptable carrier. The pharmaceutical composition may also
contain one or more of the associated compounds discussed above. The maleate salt may he
in an anhydrous form, a monohydrate form, and combinations of these forms.

The present invention also provides a method for preventing, treating, or inhibiting cancer by
administering a therapeutically-effective amount of (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyane-7-ethoxy-8-quinolinyl}-4-(dimethylamino)-2-butenamide
maleate to a subject. The subject may be a mammal, and more specifically, a human. The
maleate salt may be administered in its anhydrous form, monohydrate form, or partially hydrated
form. One or more of the associated compounds discussed above may also be administered
during this method.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. The XRD scans of two crystaline forms of (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino}-3-cyano-7-ethoxy-6-quinolinyi}-4-(dimethylamino)-2-butenamide
maleate, anhydrous Form | and monohydrate Form Il

-5-
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FIG. 2. A dynamic vapor sorption (DSV) isotherm plot of (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinelinyl}-4-(dimethylamino)-2-butenamide
maleate, Forms | and Il

FIG. 3. Adifferential scanning calorimeter (DSC) plot of Forms | and I},

FIG. 4. Atheromogravimetric analysis (TGA) plot of Forms | and |l.

FIG. 5. XRD scans of Forms [, Il and il (partial hydrate form) after exposure of Form | to 76%
relative humidity at an ambient temperature for 22 days.

FIG. 6. XRD scans of two batches of Form I.

FIG. 7. XRD scans of Form Il before and after exposure fo a relative humidity of 50-60% at an

ambient temperature of 20-25 °C for 24 hours.

FIG. 8 XRD scans of Form | before and after exposure to relative humidity of 50-60% at an
ambient temperature of 20-25 °C for 24 hours.

DETAILED DESCRIPTION OF THE INVENTION

{E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-
(dimethylamino)-2-butenamide is an irreversible inhibitor to Her-2 (also known as ErbB-2 or
neu) kinase, a member of the epidermal growth factor receptor (EGFR) family. EGFR family
members have been implicated in tumorigenesis and associated with poor prognosis in tumor
types in humans. The structure of the (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyanc-
7-ethoxy-8-quinolinyl}-4- (dimethylamino)-2-butenamide in the form of a'free base is shown
below:
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The compound (E)-N-{4-[3-chloro-4-{2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-
4-(dimethylamino)-2-buienamide in the form of a free base is described in U.S. Patent No.
6,288,082. The compound is classified, based on the Biopharmaceutical Classification System,
as a BCS Class IV compound (low water solubility and low permeability). The free base has low
solubility in water, with a water solubility of about 1pg/mL at about pH 7. The water solubility
increases with decreasing pH as the compound becomes ionized. This compound is water
soluble at gastrointestinal pH, and dissolution is not rate limiting. There is a need for a form of
this compound with improved physicochemical properties.

The present invention provides a water-soluble acid addition salt form of (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-8-quinolinyl}-4-(dimethylamino)-2-butenamide. The
free base compound is capable of forming salts with a variety of pharmaceutically suitable
acids. Pharmaceutically suitable acids include, but are not limited to for example, acetic,
fumuric, maleic, methanesulfonic, succinic, sulfuric, tartaric, and p-toluenesuifonic acid. The
physicochemical properties of each acid addition salt form were evaluated to screen for an
optimal pharmaceutical salt form, as shown in Table 1,
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5 Of the nine salts, the maleate salt exhibited advantageous physicochemical properties. The
ma[eate' salt was crystalline and less hygroscopic. The mesylate salt was hygroscopic and less
crystalline. The tosylate salt was even less attractive, primarily due to its higher molecular
weight and safety concerns. Although the acetate “salt” appeared to be crystalline, NMR
revealed that the product prepared from acetic acid was in fact not a salt. The fact that the

10 product prepared from acetic acid was insoluble in water with a resulting alkaline pH confirmed
that it largely retained the free base properties.

The (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-
(dimethylamino)-2-butenamide maleate salt is crystalline and has higher solubility in water as
compared to the free base as shown in Table 2.

.8-



Form (nmg/ kg) Day N Male Fenale Mal e Femal e Male Fenal e Mal eate 5 28 3

1199 1381 8224 9534 1645 1907 Sal t (138) (220) (630)
WO 2009/052264 PCT/US2008/080130

TABLE 2. SOLUBILITY COMPARISON OF FREE BASE AND MALEATE SALT

Solvent free base Maleate salt

Water < LOD* 0.43 mg/mL
{pH 8.2) {pH 5.00)

2% 0.05 mg/mL 1.12 mg/mL

Tween™

80* in

water {(pH 6.4) {pH 5.08)

*L.OD = limit of detection
**Also known as Polysorbate™ 80, a non-ionic solvent
prepared from polyoxylated sorbitol and oleic acid.

A comparison of the systemic exposure (SE) data for (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy}anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide  has
been conducted on data extracted from multiple preclinical studies in the rat. The analysis of
these data indicated that, in the rat, administration of the compound as the maleate salt
10  provided a two-fold increase in AUC (area under concentration), as compared to the free base,
when administered at a dose range of 5 to 45 mg/kg. The systemic availability of the compound
as the free base was relatively low (20%), and the presence of significant amounts of drug in the
feces could be attributed to poor absorption. The increased solubility of the maleate salt
appears to enhance the absorption of the compound in the rat. Table 3 presents the plasma
15  compound mean AUC and C,, data observed in rats.



(844) (126) (169) Free 10 10 3 814 ND 6785 ND 678 ND Base (116)

(642) (64) Maleate 15 28 3 3418 3555 30217 34177 2014 2278 Salt
WO 2009/052264 PCTIU82008/080130

TABLE 3. MEAN (SE) COMPOUND PHARMACOKINETICS IN RATS

AUCo.24
Chax (ng@/mL) {ng-hr/mL} AUC/Dose
Dose

Form (mg/kg) | Day | N Male | Female | Male Female | Male | Female
Maleate | 5 28 |3 1199 | 1381 8224 9534 1645 | 1907
Salt (138) | (220) (630) (844) (128) | (169
Free 10 10 |3 814 ND 6785 ND 678 ND
Base (116) (8642) &4
Maleate | 15 28 |3 3418 | 3555 30217 | 34177 | 2014 | 2278
Salt (802) | (B28) (2666) | (2654) | (178) | (177
Free 20 1 4 1008 | ND 8513° |ND 428 ND
Base (194) (1616) (81)
Free 30 10 ;3 1654 | 2437 20389 | 24956 |680 832
Base (65) (708) (2331) | (4318) | (78) (145)
Maleate | 45 28 |3 4615 | 4562 65062 | 75640 |1446 | 1681
Salt (560) | (406) (4791) | (6352) | (108) | (141)
Free 100 10 |3 3818 | ND 58270 | ND 583 ND
Base (656) (12513) (125)

a AUC,...

ND = Not Dosed
Maleate salt administered at 10 mL/kg with suspensions of 0.5 to 4.5 mg/mL
5 Free base administered at 10 mL/kg with suspensions of 1 to 10 mg/mL

-10-
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The maleate salt consistently and reproducibly exhibited beneficial physicochemical properties,
as shown in Table 4.

TABLE 4. PHYSICOCHEMICAL PROPERTIES OF MALEATE SALT PILOT BATCHES

Crystallinity |Particle [DSC o - Residual . Aqueous HPLC
Run g:::h (Microscopy |Size*  [(Tonset (/;;Fr\gmsture Solvent ;c.)ilutlon Solubility*** |Purity
) ) (%) (mgfa) (%)
Crystalline |5-10
1 05¢g Fine rods um 195 0.59 1.19 5.11 0.37 99.38
Crystalline |
2 66g [Fine m 1976 0.36 0.1 EtCAc (5.10 0.50 99.70
needles u )
Crystalline
3 l4ag |Fine 2100 | o5 035 ND*  |5.15 0.44 99.52
needles H )
* Particle size is estimated from the captured image from light microscope.
i ND: not determined

e s the free base
In addition to exhibiting poor water solubility, the compound (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide in the
form of a free base interacis with emectic receptors in the stomach, giving rise to diarrhea in
mammals. The maleate salt of (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-
ethoxy-8-quinolinyl}-4-(dimethylamino)-2-butenamide, however, unexpectedly mitigates such

problems and minimizes emectic receptor interactions in mammals.

The maleate salt is prepared by mixing (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-
cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide (the free base) with maleic acid
and dissolving the mixture in a water-alcohol solution at an elevated temperature. The resulting
{E)-N-{4-[3-chioro-4-(2-
pyridinylmethoxy)anilino}-3-cyano-7-ethoxy-6-quinalinyl}-4-(dimethylamino)-2-butenamide

solution is cooled and the cooled solution contains

maleate. According to one embodiment, (E)-N-{4-[3-chlora-4-(2-pyridinylmethoxy)aniling]-3-

cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide  maleate is prepared by
combining maleic acid and the free base in a solution of water and n-propancl, as described in

Scheme 1.

-11-
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SCHEME 1

CN
/ L
N s | maleic acid — CN

! o] N 1:9 watern-propanol 'T “ Z |

i PSS
EC

\N HOOC COOH

The reaction of the free base and maleic acid occurs at an elevated temperature of from about
40 °C to about 60 °C, preferably between about 40°C to about 50°C. The ratio of water:n-
propancl may vary, for example between about 1:10 to about 1:5, and the optimal ratio of
water:n-propanol is about 1:8. The water-alcohol solution may comprise from about 5% fo
about 20% by volume water and from about 80% to about 95% by volume alcohol. The alcohol
may be n-propanol. In one embodiment, the water-alcohel solution comprises about 10% by
volume water and about 90% by volume n-propanol. The volume of the solvent solution may be
between about 8 to about 25 volumes, including about 10 to about 12 volumes. About 1.0-1.2
equivalents of maleic acid is used per equivalent of the free base, preferably about 1.03
equivalents of maleic acid per equivalent of the free base.

The resulting solution of the maleate sait may be clarified by filtration prior to cooling. The
cooling step may be continued until the solution reaches a temperature of about 45°C or less,
including a temperature of about 39°C or less, and more preferably to about 30°C or less. In
one embodiment, the solution is filtered after cooling to about room temperature, preferably from
about 23°C to about 25 °C. Typically, the maleate salt begins to crystallize out of solution once
the temperature reaches 37°C or below. The solution may be allowed to sit for at least 12
hours, preferably about 12 to about 15 hours at room temperature, and is then filtered and
washed to recover the crystalline maleate salt product. The resulting filter cake may be
washed with the same or a different water-alcohol solution to obtain the product. The product
may be dried to obtain crystalline (E)-N-{4-[3-chloro-4-{2-pyridinylmethoxy)anilino]-3-cyano-7-
ethoxy-e-quinoIinyl}-@-(dimethylamino)-2-butenamide maleate. At this point, the maleate salt
product recovered and isolated is typically in the form of the monohydrate form of the maleate
salt.

The product may be dried under vacuum with heating to make the anhydrous form of the
maleate salt (Form [) at about 70 to about 85% vyield, preferably about 80 to about 95% vield.
This product is usually better than about 8% pure, and often about 99% pure. Typically, the
drying process is performed over about 12 to about 48 hours to get complete conversion of the
anhydrous form of the maleate salt to the monchydrate form of the maleate salt (Form II).

-12-
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embodiment, drying of the maleatesalt is performed af a temperatur greater than about 30°C,

preferably from about 40 °C to about 60°C, and in another embodiment at about 50°C.

The maleate salt is soluble in many polar solvents, which will be known to one skilled in the art,
but dimethy! sulfoxide (DMSO) is often used if a small solvent volume is desired. The DMSO
solution can be heated to about 45 °C to about 60°C to further enhance solubility. Once the
anhydrous maleate salt is in solution, water may be added, typically quickly, causing the
crystallization that provides the crystalline monohydrate form upen filtration. The anhydrous salt
may be dissolved in a solvent, for example DMSO, and to this solution may be added an
aqueous solution of water and an organic solvent, for example such as tetrahydrofuran (THF),
isopropanol (IPA), n-propanol, acetone, ethanol, methanol, and acetonitrile. In one embodiment,
the organic solvent used is IPA, in another embodiment it is n-propanol, and in a third
embodiment a mixture of these two organic solvents is used. The water content of the aqueous
solution can be as little as 5%, but may be about 7.5% or greater, and in one embodiment is
between about 10% and about 16%. The resulting solution then may be allowed to sit for up to
about 24 hours, and in one embodiment is allowed to sit for between about 12 hours and about
24 hours, to allow for crystallization to occur. Filtration of the mixture yields a crystalline
menohydrate form of the maleate salt. For purposes of this invention, the term “organic solvent
and water” refers to a solution of an organic solvent, such as for example tetrahydrofuran (THF),
DMSO, methanol, ethanol, isopropyl alcohol or acetonitrile, and water wherein the organic
solvent comprises greater then 50% of the solution by volume.

The invented maleate salt of {E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-
8-quinolinyl}-4-(dimethylamino)-2-butenamide was isolated in three different crystalline forms:
an anhydrous form (Form I}, a monohydrate form (Form Il) and a partially hydrated form (Form
1), which comprises a mixture of Form | and Form 1.

According to one embodiment, the anhydrous form of (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide
maleate (Form [) is obtained as a crystalline solid by drying the reaction product of {(E)-N-{4-[3-
chloro-4-(2-pyridinylmethoxy)anilino}-3-cyano-7-ethoxy-8-quinolinyl}-4-(dimethylamino)-2-
butenamide and maleic acid. Drying includes air drying, heating and drying under reduced
pressure. In an altemative embodiment, the anhydrous form of (E)-N-{4-[3-chioro-4-(2-
pyridinylmethoxy)anilino)-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide
maleate (Form 1} is obtained as a crystalline solid by drying the monohydrate form of (E)-N-{4-

- 13-
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[3-chloro-4-(2-pyridinylmethoxy}anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate (Form Ii}.

The 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 (Form ), is
characterized by differential scanning calorimetry (DSC), as exhibiting an onset temperature in
the range of about 198-204°C, at which melting and decomposition occur.

The anhydrous maleate salt (Form I} is characterized by X-ray diffraction (XRD) peaks at the
following angles (+0.20°) of 28 in its X-ray diffraction paitern: 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, 2549,
26.09, 26.54, 27.52, 28.62, and 29.43. In a separate embodiment, the isolated crystalline form
of anhydrous (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-8-quinolinyl}-4-
{dimethylamino)-2-butenamide maleate (Form |) exhibits an X-ray diffraction pattern wherein all
of the X-ray diffraction peaks are at about the 28 angles disclosed above.

According to one embodiment, (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy}anilino]-3-cyano-7-
ethoxy-B-quinolinyl}-4-(dimethylamino)-2-butenamide maleate is prepared in the form of a
crystalline monohydrate (Form Il) by mixing anhydrous (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamine)-2-butenamide
maleate (Form [) with an organic solvent and an amount of water and filtering crystalline
monohydrate that precipitates from the mixture.

In a separate embodiment, (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-
6-quinolinyl}-4-(dimethylamino)-2-butenamide maleate in the form of a crystalline monohydrate
{(Form If) is prepared by mixing anhydrous (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-
cyano-7-ethoxy-6-quinolinyl}-4- (dimethylamino)-2-butenamide maleate (Form ) with an organic
solvent; adding a solution comprising an amount of water in an organic solvent; and filtering
crysialline monchydrate that precipitates from the mixture.

In another embodiment, (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-
quinolinyl}-4-(dimethylamino)-2-butenamide maleate in the form of a crystalline monohydrate
{(Form 11) is prepared by mixing anhydrous (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-
cyano-7-ethoxy-6-quinolinyl}-4- (dimethylamino)-2-butenamide maleate (Form I} with an organic
solvent comprising an amount of water over a period of days and filtering crystalline
monchydrate that precipitates from the mixture. The period of days is suitably about 1-20 days.
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2009/ 0522 4t WwhiSein QB 6{ABOL-34) difchdibEpelakChre abBbAINBE 26 BRfldsdisEbSsk Hove.
wat er n-propano' r' T 0

15  As used herein, the term isclated means that more than 50% of the crystalline (E)-N-{4-[3-
chloro-4-(2-pyridinyImethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-{dimethylamino)-2-
butenamide maleate salt present is one of Forms | and Il. In one embodiment, at least 70% of
the crystalline (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-
4-(dimethylamino)-2-butenamide maleate salt present is one of Forms | and Il. In a second

20 embodiment, at least 80% of the maleate salt present is one of Forms | and Il. In a third
embodiment, at least 90% of the maleate salt present is one of Forms | and 1l

The two crystalline forms of (E)-N-{4-[3-chloro-4-(2-pyridinyimethoxy)anilino]-3-cyano-7-ethoxy-
6-quinolinyl}-4-(dimethylamino)-2-butenamide maleate, exhibit distinct XRD patterns and peaks.
The XRD pattern for each maleate salt form is unique to that salt form. The XRD patterns of

25 Forms ! and Il were determined by using techniques and equipment known to those skilled in
the art of analytical chemistry and X-ray crystallography. XRD patterns were produced using
powder samples and are comprised of a set of diffraction peaks, which can be expressed in 2
theta angles, d-spacing and/or relative peak intensities.  The XRD patterns are shown in
Figures 1, 5, 6, 7, and 8. Collection parameters for the X-ray data provided in Figures 1, 7 and 8

30 were as follows: voltage 40 kV; current 40.0 mA,; 5.00- 30.00 degree scan range; Bruker D8
Advance instrument; scan step size 0.01°; total scan time 30 minutes; using a Vantec-1 detector
and Ni filter. The X-ray data in Figures 5 and 6 were collected as follows: voltage 30 kV; current
15 mA; 3-40 degree scan range; 2.00°/min; Rigaku Miniflex bench top X-ray diffractometer.
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Cl The reaction of the free base and nmaleic acid occurs at an
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bet ween ab®®20800322%6¢ about 50C. The ratio of water:n- BEYUHEN8013Mmay
vary, for exanple between about 1:10 to about 1:5, and the opti nal
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enbodi ment, drying of the maleate salt is perforned at a tenperature
greater tiTas tedoyitali@Gormpr & f(B)apI-3-chibom-@hgtidinAtéhdg)aaideaHs- c@% 7-@Nhdky-

i n anot her i : T I : t ubl e i
o oo o SR TS B0 R BTN TR o 3% o B
but di net WPO"BEPWﬂ“dé:OK'”'DN/B@e n@leatptselhlslﬁs@@aimdw IaE - E@F”\/‘éﬁthe\f@ﬁ'%ﬁ%
i's desiredat Iﬂﬂm@%ﬁﬁlh‘éﬁnﬁ]@ﬁe&&ﬁdl%n Q%ﬁiéﬁ:oh@erﬁffé@élﬁre%ﬁézt@c’ abeuim ﬁQC
e S O SHTBeLt 0. JARLF b b
crystal | i zaehpedaiure hdt55p ICosaraesonting tm:toystoalnrblenendrarmbgfﬂr atdethéior mdiggtivg a
f T Al Ohan i AREALRUS 282t . LT ShBSGIRb BB BRI RB Fangl OF
exanple hi's “sol ut added "an aqueous sol ut10on

of water aibwtahgﬁﬁﬂj%{?m@i wocl emeltingf gnd ed@aﬁmpt@itigmcwcarg t ASCaathy ofansitien
(THF), i sqoghRpanes ahd Akt Adl, PP 3RREEed 38AL ANTA ifstlRRR mod@?tdmtpkmm ang

acetonjtrile. In one e nt, the organi c solyven is. |
.Js following parameterang(? min purge gas (ﬂ gscan range 46/ ?o 540l‘!8 scan rate F GA”C/mln

Pure, crystalline solids have a characteristic transition temperature, the temperature at which
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cyano- 7- et hoxy- 6- qui nol i ny1}-4- (di net hyl am no) - 2- but enam denal eat e( Fo
rm),is 5Scharacterized by differential scanning calorinetry (DSC), as
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(Form 1) is characterized by X-ray diffraction (XRD) peaks at the

f ol | owi ng PamythessupParzgChangfes 2&tg, i thesprosentagasditief pelid ttiapsitiqpatte arliquid. The
?9189 723&@&1%%%% #a, solﬂd%n@‘ﬂhe Iﬂq@id &lso sﬂ}élrp% smaPsaflesbfa §§’re sm]{%ta(ﬁée that

26, 54, 27 18S5geRRUals 530 bpnessiyed 18 JEp o BoaBble Uil ‘Ppgar soits t
i sol at ed cenystrailirks aeovedhein dnsiionhtethpetagires, and because pure solids tend to transition
(B-N {541%vé’rhé Qér? Ssfhal ?enﬂié?dt&lé 'Féﬂg@ﬁ%?@@@rmelnip@%lurg’s é’r)é%@n Zsr—ﬁjt IEQ'E:I tl@erﬁlw

nonnyl1l- 4- | am no) - 2- but'enam mal eate (Form | s an
X-ray dif FP@E‘H"S% %RSH@F}’?”\RA’?E%FW%PF tegpetaiye %ar%?i}d Eﬂ”f%‘%"a”é‘t"i‘dﬁr‘f‘f?f@ék@
are at abaeubutttecpulfy gl saBstahics oPuos edrsallioy solidfraGitioh oger a@egmarrow range of

enbodi men
(E)- N-{4- E%[n a—lutures wEer(efs mlxtur%s tra smor% prer a)béor?filt?nrwlpﬁrat%re range Ml%tures also tend
15et hoxy- 62 @Rnsiien @tﬁwp}e.ratur(eap@{@y |framﬂwa}a@emmr@ﬁgmqu@u%t eis

prepared in the formof a crystalline nonohydrate (Formll) by m xing
anhydrous é E)-N-{413-chl oro-4-(2-

pyri di ﬁ‘yl ‘EBEW&WFW?W]‘Y‘*BE“Ef&ﬂé"'?yda“ﬁéw‘s6°féﬁﬁ MalealR\Fok A7 PURMANESS iNa
m Nno) - 2- buFigareadri fbem ek tha tesldafecsainisl chanattefized by @ WA tah 0 badbiit 2e5t0 2am% by

o cci pi ¢t oot P RPN DEFCR DaSdH Fe Velaf TN ER Bl Fand ibnomyarate. e

(E) - N- (4432@Hans gzllgctgqguwa an WFTW@%W)’%Q | Aheting 1&g ahth C/igithgtpen 30-

6- qui nol i B¥d s dad HeABhMIKE FEARAIMEer Hidl BRRPUEALAR RRL & nitBgddne form of a
crystal line nonohydrate (Forml1l) is prepared by mXi ng anhydr ous

(E)-N-{443-chl oro-4-(2- pyr| di nyl met hoxy) ani | i no] - 3-
cyano-1é- etﬁhtﬁ%d’cr@stélhﬂe"f@rlni Bitide méreéténmthyb&mve@)an@rebéﬁea ReEs e paﬁla:e@a.%te

(Forml) C

brount  br (e s PraNeS g8 <EBE ge B Aot 7 Petihg SR8 o2 Bt e
nonohydr atmaleateadalt p Mecpaoiiain bysisatéd ((EDTNE{W -¢hlote-dr(2 pyridinylenetiiblpganilino]-3-cyano-7-
embodi MeNthoxy.6. qumohnyl} -4- (dlmeth Iamlno) 2 butenamlde maleate (Form [II) |s charactenzed b

(E) N-(443 chlo % # . r‘P?am % %){D

G ol | ny HPLeE PRI T 6) DB oG (R8P e G SR & /oabv
cryst aol i meighy hadey dn #teaveidhoofithd dompbendpr epar ed by m xi ng anhydr ous

(E) - N-{443-chl or o- 4- ( 2- pyri di nyl met hoxy) ani | i no] - 3-

cyano- 7- et hoxy- 6- qui nol i nyl } - 4- (di net hyl am no) - 2- but enam de nal eate
(Form 1) \®aom]Faporeo gelndes OSSP seantof easipafiashydigoua i osmh unvinoydraieaf @m 1barer
a period %‘émﬂ%ra@"ﬁhr&' i o E)Jikg{4_€|[§ YbBlal b Bﬁldf@ﬂ%ﬂ%ﬁ)gﬁllﬁ\ofﬁ ano 7- ethoxy -6-

precipitates fromthe m xtur eri o S I's sulta
1- 20 days q“‘”ﬁ}@'kﬂr&‘@?’ﬁ@%‘ﬁ?’@ﬁ‘{ﬁﬁﬁﬁg/'ﬁﬁﬁ%é E\fh%%f’%‘fﬁ gt g aGP ‘t“élfPri”h%f
form of ( HemMalfaAdSaitah b emivd h{ridipyor i7 68 ayaraehox ieheaiaturd6f 20250y BNER days.
et hoxy- 6- qui nol i ny1} - 4- (di net hyl am no) - 2- but enam de nal eate
nonohydrate (Forml1), exhibits water |oss at about 50C, as neasured
by DSG5 amthures &hiar ant edRlr estaby of wat émtchbe@nt & nicrysfalliad o (H)-NA453-tioor2-4{%

b ht T d

o the s R RAR R b &%g?ﬁoﬂaﬁéﬁé‘m“ﬁ“ﬁ kSt

of the norﬁ'?ﬂ'ﬂ?@r'&f%mf lorThe éFhVFWé‘S f?ﬁ'ﬂ ghihe malgp gb%{%&a%a%paét@llbgonp@ﬂ

I(:IE)SCRI-eE 42&6 fhﬁfm@i&hydrate form oféhe maleate salt at an ambient temperature of 20- 25°C over 24

- -C ridi ani
L) o0 1y PSR TEonyarBi Lo i TR S el e i B it SRt
nmonohyadr atoe2q-FICrorl24)hoirs. Clyareatitiestratee dn BRDXearagf cdistafline (F)iNofa- [P etides-4-(2-
XRD t o i . . i i. -, i i

bt Cer o ORI ARR R by e Ahipdfiyl- B b Bnds B ShehAt! o

17. 95, 19.patepip Fpim ”2931'85? 6@3""@2 expggur?go r%"’%@”"@ﬁy f750- QG% @ban Z'T‘bEBt
temperature of 20-25°C for 24 hours. Exposing the monohydrate form of the maleate salt to

-97-



WD 2009/ 052264PCT/ U82008/ 080130 The two-theta diffracti on angl es and
t he correspondi ng d-spaci ng val ues account for the positions of the
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WO 2009/ 052264PCT/ US2008/ 080130 Reactive crystallization of the free
base with maleic acid in different solvents was perforned to

det er m ne wigi2o¢p/05e2pst al | i ne fornm(s) of the nal eate sal tPCTES2DESEAE0130
Table 6 illustrates the results of the crystallization process in a
m xture of n-propanol and water at various operating conditions. The
wet cake iReaetive cogigiizdtioe nt tbe fres baservdth tnfadeicraniroin yiffesene sdivenisval peti@med to
mal eat e S &jefermWivRibn é’%ﬁé\wr%r%r%@%fﬁ"lgﬁlaﬁa@%gﬁ RIStk O TERIOE Il 1Rt TBERE R s of
salt after drying. TABLE 6. REACTI VE CRYSTALLI ZATI ON OF MALEATE SALT
I N WATER/ NPPROEANEIONERpFess 1 @ EixigisrRiintArepRec! esy wete(tvag i @Peighing coagijons.
solid (50Chamngt calcunmngl dxp@imebscantdirer thétydnaliyalrate fonm | df tHetthdledtd dalt, which

drying)s 2 AR.ekOWMHNRLRLaYIOAT & thoh bt sar af E@g % water Hydrate Form
11 4 Varci abei]‘e g%e@%ess acigf + I];1.%%/% wat er er(‘gte Form Il 1+11(1 hr
drying) 5 Variable 10% excess acid + 10% water Hydrate Form I |

TABLE 6. REACTIVE CRYSTALLIZATION OF MALEATE SALT IN WATER/N-PROPANOL

Exp Form, dry solid
# T, °C Conditions Form, wet cake | (50°C and vacuum)
1 25 10% water Hydrate Form Il |1+]1 (1 hr drying)
2 45 10% water Hydrate Form [l |---—--
3 60 10% water Hydrate Form Il |------
4 Variable |5% excess acid + Hydrate Form [l |1+ (1 hr drying)
10% water
5 Variable | 10% excess acid + Hydrate Form Il |------
10% water
6 Variable |20% excess acid + Hydrate Form Il j---—--
10% water
7 Variable | 15% water Hydrate Form (I | I+l (1 hr drying)
8 |25 13% water Hydrate Form Il | Anhydrous Form |
{overnight drying)
g 25 13% water Hydrate Form Il [---—-
10 |45 13% water Hydrate Form il |------
11 |45 13% water Hydrate Form Il |-—---
12 125 15% water Hydrate Form Il [--es--
13 |25 15% water Hydrate Form Il |Anhydrous Form |
{overnight drying)
14 |45 15% water Hydrate Form I} [------
15 |45 15% water Hydrate Form Il |------

Table 7 presents the results of reactive crystallization of the free base and maleic acid in various

solvents, which resulted in anhydrous form of the maleate salt in all experiments.

10 TABLE 7. REACTIVE CRYSTALLIZATION OF MALEATE SALT IN VARIOUS SOLVENTS
Exp # T, °C Solvent Form, dry solid 50°C and vacuum for
1hr
1 Variable | Ethanol Anhydrous Form |
2 Variable | Isopropanol Anhydrous Form |
3 Variable | Ethyl acetate Anhydrous Form |
4 Variable | Acetone Anhydrous Form |
5 Variable | THF Anhydrous Form |
6 Variable | Acetonitrile Anhydrous Form |
7 Variable | Isopropyl acetaie | Anhydrous Form |
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6 Variable 20% excess acid + 10% water Hydrate Form | 7 Vari abl e

15% wat er

Hydrate Form 11 1+11 (1 hr drying) 8 25 13% water Hydrate

Form 11 AnwpadoennszZor m | (overni ght drying) 9 25 13% wal@rUIAasroae1a0

Form 11
Form 11

10

156

20

10 45 13% water Hydrate Form Il 11 45 13% water Hydrate
12 25 15% wat er
One solvent that appreciably dissolves the (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-

cyano-7-ethoxy-8-quinolinyl}-4-(dimethylamino)-2-butenamide maleate salt is dimethylsulfoxide
(DMSO). Cooling, anti-solvent and evaporative crystallization were performed in mixtures of
DMSO and isopropanol or t-butyl methyl ether ({BME). The approach led to the decomposition
of the solute in many cases. Anti-solvent and evaporative crystallization did not result in any
new crystalline forms, as summarized in Tables 8 and 9.

TABLE 8. ANTI-SOLVENT CRYSTALLIZAT!ION OF MALEATE SALT FORMS

Exp |T,°C Solvent Form, wet cake
#
Salt dissolved in 5 vol. | 25 vol. IPA added at Anhydrous
1 DMSO at T=60 °C once Form |
Salt dissolved in 5 vol. | 20 vol. water added at | Hydrate Form Il
DMSO at T=60 °C once
3 Salt dissolved in 5 vol. | 2 vol. water and 25 vol. | Hydrate Form |l
DMSO at T=60°C |PA added. Nucleated
overnight

TABLE 9. EVAPORATIVE CRYSTALLIZATION OF MALEATE SALT FORMS

Exp# | Solvent Form, dry sample
1 DMSQ:IPA T=50°C vacuum Anhydrous Form |
2 DMSQ:IPA T= 50 °C vacuum Anhydrous Form |
3 DMSO:IPA T= 50 °C vacuum Anhydrous Form |
4 DMSQ:IPA T= 50 °C vacuum Anhydrous Form |

According to one embodiment, one way to convert anhydrous Form | into monohydrate Form |l
is by dissolving the salt into a solution of an organic solvent, for example such as THF,
isopropanol {[PA), n-propanol, acetone, ethanol, methanol, and acetonitrile, and water, where in
the water present is about 5% to about 20% by volume, though typically the water present is
about 10% to about 15% by volume. This solution may be heated to increase solubility of the
maleate salf; in one embodiment it is heated to about 45°C or greater, in ancther embodiment it
is heated to about 60°C. The solution is then allowed to sit for a period of hours to allow for
crystallization, and the crystals are then filtered to give monohydrate Form |l (see Table 6). In
one embodiment the solution is allowed {o sit for between ahout 12 and about 24 hours before
filtration.
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Hydrate Form ! 13 25 15% water Hydrate Form Il Anhydrous Form1
(overnight drying) 14 45 15% water Hydrate Form 11 15 45 15% wat er
Hydr at e FOW2009/052Zpébl e 7 presents the results of reactRGRUS2008/080130
crystallization of the free base and maleic acid in various solvents,
which resulted in anhydrous formof the maleate salt inall
exper i mentAscordioT IRBL FepIrateRImACTMERt, ERYSTACINVETIEH Itmr_m:“ R ENTENGAlNTorgagic
VARI QUS  SQ@oiVENESHtENMRg Watds arfd 2BWiNEME sbi0koRlto StaYd S@bded tEME réRfheMBEHIAR for
for 1 hr 1 Variable Eﬁhanol Anthygrous Form :CII.Z \ﬁ\rl@bjre Isogr.ogar_]ol
Anhydr ous s&}s&}r?hda%s, as shown in stabiltty studies summarized in Table 10. This conversion will take
place even in anhydrous solvents that have absorbed up to 1% water because anhydrous Form
5 | readily absorbs moisture, as evidenced by Figure 8. In one embodiment the re-slurry is

allowed to stand for about 14 days.

TABLE 10. STABILITY OF CRYSTALLINE FORMS OF THE RESLURRY AT ROOM
TEMPERATURE FOR 14 DAYS.

Exp# * | Solvent Initial | Final Form, wet
Form | cake

1 Ethanol | ]

2 IPA | ]

3 Ethyl acetate | |+ some Il
4 Acetone i |

5 THF | Il

6 Acetonitrile | |

7 Methanol | |

8 Water | Il

9 DMSQ:IPA{1:1) | |

10 Ethanol ] Il

11 IPA Il Il

12 Ethyl acetate ] H

13 Acetone Il l

14 THF ] ]

15 Acetonitrile Il I

16 Methanol i [

17 DMSC:IPA(1:1) ] |

10 The present invention is also directed to compounds associated with the free base or the
maleate salt of (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-8-quinolinyl}-
4-(dimethylamino)-2-butenamide, or the methods of this invention. One or more of these
associated compounds may be found in the cooled solution in a process of this invention. Since
these compounds may not be separated from the maleate salf, a pharmaceutical fermulation

16 prepared with the maleate salt may contain one or more of these compounds.

Formulations of the maleate salt were prepared and stored in 40°C/75%RH stability chambers
for six months and in a 56°C oven for one month. Samples were periodically pulled for testing.
Samples were dissolved in 50/50 volume/volume acetonitrile/water with a concentration at about
0.5 mg/mL. The solutions were assayed directly using LC/MS methodology to identify any
20  degradation products and impurities (referred to herein as associated compounds) at six-
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Vari abl e Et hyl acetate Anhydrous Form 4 Variabl e Acet one Anhydrous
Form1l 5 Variable THF Anhydrous Form 1 6 Variable Acetonitrile
Anhydr ous WOr299105726%ar i abl e | sopropyl acet ate Anhydr ousPqIiV§08/03446Y
2009/ 052264PCT/ US2008/ 080130 One sol vent that appreciably dissolves
the (E)-N-{443-chl oro-4-(2-pyridinyl net hoxy)anilinol-3-

cyano- 7- ethrishe- cStigethies (of iy Eissepiatadi qepRyndandeatesied byl YR £fa iRkedyalTebled -
salt i St dingedony |t£ﬁé1:af'rfb&ﬁt?_8f €@N5£arada€&?|ﬂrdwg éﬁbéigﬂé@'\an(E)M{i-[&éhtoro-él-(z
evaporative . crystalliz n were performnme m xt ures o .an
sonr opandy TS Brvisfitiek Ryt Erabei hd P BRRTL PR he
deconposi tmagatdiefedutrs byditereductipnmeetyodod e prespmttinvestohvent and
evaporative crystallization did not result in any new crystalline
forns, as summarized in Tables 8 and 9. TABLE 8. ANTI - SOLVENT
CRYSTALSLI ZATI ON OF MALEATE SALT FORMS Exp # T, C Solvent Form wet

cake 1 Salt dissolved in 5 vol. DVBO at T=60 C 25 vol. |PA added at
once Anhydrous Form | 2
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Hydrate Form ||

olved in 5 vol.
3 Salt diss

DVSO at T=60 C 20 vol.
DVSO at T=60 C 2 vol .

olved in 5 vol.

wat er added at once

wat er and WO 20@/052246PA added. Nucl eat ed over ni ght Hydr atRCTREH2MS8I0B0130
TABLE 9. EVAPORATI VE CRYSTALLI ZATI ON OF MALEATE SALT FORMS Exp #
Form dry sanple 1 DVBO | PA T= 5000 vacuum Anhydrous Form |

Sol vent

2 DVBO | PA T= 50 C vacuum Anhydrous Form |
4 DVBO | PA T= 50 C vacuum Anhydrous Form |
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N'-(4-[3-chloro-4-(2-
pyridinylmethoxy)aniling]-3-cyanc-7-

ethoxy-6-quinclinyl}-ethanediamide

Exact Mass: 516.13

20% by 81" THE.° t hougH
pbout 15% by vol une.
ty of the nal eate

oC or greatera in
he sol ution
or crystall

hydr at.e ormé,J
owed t 0 t
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6-amino-4-{3-chloro-4-(2-
pyridinylmethoxy)anilino]-7-ethoxy-3-

quinolinecarbonitrile

Exact Mass: 445,13

Degradatien Product A

cl
joy
o]
HN # N
5O il
o N
4-[3-chloro-4-(2-

HO
pyridinylmethexy)anilino]-7-ethoxy-6-
(2-hydroxy-5-oxopyrrolidinyl)-3-
quinolinecarbonitrite

Exact Mass: 529.15

Process Impurity D

@%

N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-

N

/

L~

ethoxy-6-quinolinyl}-3,4-
bis{dimethylamino)butanamide

Exact Mass: 601.26

Precess Impurity E

o cl
° HN N
K\f?f e
N N

N-{4-[3-chloro-4-(2-pyridinylmethoxy)anitino]-
3-cyano-7-ethoxy-6-quinolinyl}-1-methyl-2,3-

dioxo-4-piperidinecarboxamide

Exact Mass: 598.17

Process Impurity F

\CN&

Process Impurity G

e
© HN N
O Y
-
-0 N

~
/T‘

Process Impurity H
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4-[3-chloro-4-(2-

pyridinylmethoxy)anilino]-3-cyano-7-

ethoxy-6-quinolinyiformamide

Exact Mass: 473,13

Process impurity J

4-[3-chloro-4-(2-pyridinylmethoxy)anilino}-
7-ethoxy-6-[(1-methyl-2-
pyrrolidinylide ne)amino]-3-
quinolinecarbonitrile

Exact Mass: 526.19

10

The names of these associated compounds are;

2-({4-{3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}lamino)-2-oxoacetic

acid;

N1-{4-[3-chIoro-4—(2-pyridinylmethoxy)aniIino]-3-cyano-7-ethoxy-6-quinolinyl}-ethanediamide;

6-amino-4-[3-ch|oro—4-(2-pyridinylmethoxy)aniIino]-?-ethoxy-S-quinolinecarbonitrilé; )

4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-7-ethoxy-6-(2-hydroxy-8-oxopyrrolidinyl)-3-

guinolinecarbonitrile;

N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilinc]-3-cyano-7-ethoxy-6-quinolinyi}-3,4-
bis(dimethylamino)butanamide;
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I
11

7 Methanol | | 8 Water | |1 9 DMSO IPA(1:1) I | 10 Ethanol 11 11

| PA 11

10

15

20

25

Il 12 Ethyl acetate Il Il 13 Acetone Il 11 14 THF Il 11
WO 2009/052264 PCT/US2008/080130

N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino}-3-cyano-7-ethoxy-6-quinolinyl}- 1-methyl-2,3-dioxo-
4-piperidinecarboxamide;

N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilinoj-3-cyano-7-ethoxy-6-quinolinyl}acetamide;

(E)-4-({4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinalinyl}Jamino)-N,N,N-
trimethyl-4-oxo-2-buten-1-aminium

N'-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-N? N%
dimethylethanediamide;

4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinylformamide; and,

4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-7-ethoxy-6-[(1-methyl-2-pyrrolidinylidene)amino]-3-
quinolinecarbonitrile.

Crystaliine forms of the maleate salts of the present invention are useful for preventing, treating,
or inhibiting inflammation or cancer by administering a therapeutically-effective amount of (E)-N-
{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyana-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate to a subject. The subject may be a mammal, and more specifically, a
human. The maleate salt may be administered in its anhydrous form, monohydrate form or
parially hydrated form. One or more of the associated compeunds discussed above may also
be administered during this method.

Crystalline forms of the maleate salts of the present invention are useful for preparing
pharmaceutical compositions for the inhihition of HER-2 kinase activity, which is linked to the
treatment of cancer. The formulations contain a therapeutically effective amount of (E)-N-{4-[3-
chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-
butenamide maleate and a pharmaceutically acceptable carrier. The pharmaceutical
composition may be administered in its anhydrous form, monohydrate form or partially hydrated
form. One or more of the associated compounds discussed above may also be administered
during this method.,

Pharmaceutical compositions and formulations of the present invention may be useful in the
treatment of one or more of breast cancer, ovarian cancer, epidermoid tumors, colon cancer,
prostate cancer, kidney cancer, bladder cancer, larynx cancer, esophagus cancer, stomach
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pharmaceutical fornulation 15prepared with the nal eate salt may
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E}, 2822&5 I %ﬁthrcppﬁo%d%]o%p{eafg |@§T0t%$§}h Ei%sed dalllz'xm(ihe range of a%out Oj’ozmg/kg to
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The crystalline forms of maleate salts of the invention may be formulated with conventional

excipients, such as fillers, disintegrating agents, binders, lubricants, flavoring agents, color
20 additives, and carriers. The carrier may be a diluent, an agrosel, a topical carrier, an aqueous

solution, a nonaqueous solution or a solid. The carrier may be a polymer or a toothpaste. A

carrier in this invention encompasses any of the standard pharmaceutically accepted carriers,

such as phosphate buffered saline solution, acetate buffered saline solution, water, emulsions

such as an oil/water emulsion or a triglyceride emulsion, various types of wetting agents,
25  tablets, coated tablets and capsules.

If administered orally or topically, the crystalline forms of maleate salts of the invention may be
provided to a subject in different carriers. Typically, such carriers contain excipients such as
starch, milk, sugar, certain types of clay, gelatin, stearic acid, talc, vegetable fats or oils, gums,
or glycols. Specific carriers are typically selected based upon the desired method of delivery,
30 for example, phosphate buffered saline (PBS) could be used for infravenous or systemic
delivery and vegetable fats, creams, salves, vintments or gels may be used for topical delivery.

The crystalline forms of maleate salts of the present invention may be delivered together with
suitable diluents, preservatives, sclubilizers, emulsifiers, adjuvants and/or carriers useful in

treatment, inhibition or prevention of neoplasm. Such compositions are liquids or lyophilized or
-26-
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di oxo- 4- piogervisH drieddemwiatioriscand ixciuste digents: of y9@ous Puffer opient (for example, Tris-
2009/ 05226@?@3&&@%&&&@?—% Bhd bnR- &lh@k Oadkitikds such as albumins or gelatin to
(E)-4-({443-chloro 4 &? [ 3- chl or o-4- ( 2- . "
pyrl di ny! ﬁé%“ﬁ%‘xﬁg FﬂhP r'}B] SLgfa arfigtesaents (for example, TWEEN™ 20, TWEEN™ 80,
pyri di nyl reRUROXYO™@IF6E, bifz] ackt @yla;ﬂOsoKrbmzmg agents (for example, glycerol, polyethylene

pyri di %y| QI,S,EQQ ye}nﬂ%(ldér{? %}‘or3 :géa%%{éﬁascon% cuiy SOdIUI‘P metablsuﬁfatﬂ RfeRErvatlves (for

et hoxy-'6- qui ho yl'race oXy-"6- qui nanyl }am no
trimethy 1.343@94@ tlglmgmselnbqnzalnqlcmhglnparabens) bulking substances or tonicity modifiers (for

6- qui nol i RYdhpI®N2adBsediniRbitty| eSARAEHRAMER FPRGIeBSEh ABbiybthylefX8ftal,

Mass: 544 c%r%plexatron with metal ions, or incorporation of the compound into or onto particulate

preparations of hydrogels or liposomes, micro-emulsions, micelles, unilamellar or multilamellar

10 vesicles, erythrocyte ghosts, or spheroblasts. Such compositions will influence the physical
state, solubility, stability, rate of in vivo release, and rate of in-vivo clearance of the compound or
composition. The choice of compositions will depend on the physical and chemical properties of
the compound.

The crystalline forms of maleate salts of the invention also may be delivered locally via a

15 capsule that allows a sustained release of the compound over a period of time. Controlled or
sustained release compositions include formulations in lipophilic depots (for example, fatty
acids, waxes, oils).

The crystalline forms of maleate salts of the invention can also be dosed with other active
compounds that would be of benefit to a patient suffering from cancer, for example, other

20  chemo agents or anti-biotics, or in conjunction with radiation therapy. These active compounds
can be dosed with the compounds of the present invention simultaneously or in sequence. The
compounds of the present invention can also be formulated to include the other active
compound in the same dosage unit, for example both could be contained within one pill, table or
capsule. Some of the possible types of active compounds that the compounds of the present

25 invention could be used in combination with are mitotic inhibitors, such as taxol and vinblastine,
alylating agents, such as cisplatin and cyclophosamide, antimetabolites, such as 5-fluorouracit
and hydroxyurea, DNA intercalators, such as adriamycin and bleomycin, topoisomerase
inhibitors, such as etoposide and camptothecin, antiangiogenic agents, such as angiostatin, and
antiestrogens, such as tamoxifen.

30 This invention will be more fully described in conjunction with the following specific examples,
which should not to be construed as limiting the scope of this invention. A skilled artisan will be
able fo re-arrange, combine, modify, or eliminate steps in the exemplified process, depending
on process parameters and equipment.
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EXAMPLE 1: PREPARATION OF (E)-N-{4-[3-CHLORO-4-(2-PYRIDINYLMETHOXY)ANILINO}-
3-CYANO-7-ETHOXY-6-QUINOLINYL}-4-(DIMETHYLAMINO)-2-BUTENAMIDE MALEATE,
FORM Il

Crude (E)-N-{4-[3-chloro-4-{2-pyridinylmethoxy)anilino]-3-cyanc-7-ethoxy-6-quinolinyl}-4-
(dimethyiamino)-2-butenamide free base (0.100 kg, 0.158 mole} is rinsed with a 10% solution of
USP purified water in n-propanol (0.082 kg, 0.10 L) followed by the addition of water:n-propanol
solution (0.74 kg, 0.90 L). Maleic acid is added (0.0191 kg, 0.164 mole) and the mixture is
rinsed with 10% water:n-propanol {(0.082 kg, 0.10 L). The mixture is quickly heated to 50-60°C
and held for a minimum of 15 min. until a solution is obtained. The hot solution is clarified
through a pre-heated 50-60°C, 0.2 Mm filter cartridge and the filtrates are collected in a
preheated 45-55°C, 2 L multi-neck flask. The filter cartridge is rinsed through with 10% water:n-
propanol pre-heated to 45-55 °C (0.082 kg, 0.10 L). The solution is cooled over at least one
hour to 40 °C and held at that temperature for 12 hours then cooled fo room temperature (25 °C)
over a minimum of four hours and held at that temperature for at least two hours. The mixture id
filtered on a 12.5 cm diameter Buchner funnel for 5 min., then rinsed and washed with pre-
filtered 10% water:n-propanol solution (2 x 0.12 kg, 2 x 0.15 L). The cake is dammed and
suction maintained until dripping essentially stops, about 1 h,

EXAMPLE 2: PREPARATION OF (E)-N-{4-[3-CHLORO-4-(2-PYRIDINYLMETHOXY)ANILINO]-
3-CYANO-7-ETHOXY-6-QUINOLINYL}-4-(DIMETHYLAMING)-2-BUTENAMIDE MALEATE,
FORM I

The product from Example 1 (Form Il) is dried (50°C, 10 mm Hg, 24 h) to give 94.4g (88%
yield) of crystalline, anhydrous (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-
ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide maleate (Form [) (88% yield) with strength
80.8 % (free base), 17.4% (maleic acid), total impurities 1.06%, largest single impurity 0.38%.
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2009/ 0522 GeelhyIbinR0PBb @2 and maleic acid in a water-alcohol solution at an elevated
N-{413- Ch|§§Q“4Pé2 pyri di nyl met hoxy) ani | i no] - 3- cyano- 7- et hoxy- 6- qui no
linyl}-1 i 3- di oxo4- pi peri di necar boxam de;

N—{4-[3-ch|oro 4- (2- pyridi nyl met hoxy) ani | i no] - 3- cyano- 7- et hoxy- 6- qui n
ol i nyl }acet am W& method of Claim 1, further comprising the steps of: cooling said solution to

(B)-4-({4 n netho a - cyano- 7. et y.- 6
A N T S s B R e e e
N1-{4-] 3- éi’ncfmr@442-pwdwlmemomg)anﬂmph%wyamethom? q@ngipdine (dimetioianige) €= qui
nol i nylpl - NateNgniddmarERY | et hanedi am de;

4-[ 3-chl oro-4-(2-pyridi nyl net hoxy) ani | i no] - 3-cyano- 7- et hoxy- 6- qui nol
nyl f or mam de; and,

4- [ 3- chl ofo- 4- {Ie- pgthedipiryibimet PioX ywhgrein $airbdlevatadttprorgratere(ig fram tahgu 42°Gotpr
rolidinyl iaggnep@mn no] - 3- 10qui nol i necarbonitrile. Crystalline forns
of the naleate salts of the present invention are useful for
preventing, treating, or inhibiting inflammtion or cancer by

admi ni st edi ng Bhe methethef @laim R aryg, whérein skid socling eentingsfs until the solution reaches a
(B)-N{4- [%ned%lr@mr@uﬁab(oarmt belegy| met hoxy) ani |i noj - 3- cyano- 7- et hoxy- 6- g
ui nol i ny1}-4-(di net hyl am no) - 2- butenam de naleate to a subject. The
subj ect may be a mammal, and nore specifically, a 15 human. The

mal eat'® s&lt nHpe wethedi of Rlaie dr wherein Yaidscaglingy ehntinues fustiinthe polktidnywaces a
form or padridepdtiry ohepdidoacofiggsm One or nore of the associated
conpounds di scussed above may al so be adm nistered during this

met hod. Crystalline forms of the naleate salts of the present

i nventi on®ar e Tigemethod of anyrangaf iGRIM Ay whereintsaidawatercigeoeli solutienscomprises
t he i nhi bifbinibo@f sobERapduKEIVE B vaIGhE WateY andWRbR Rbbit sbtentk @Bodt D588 volume
20treatnen& of cancer. The fornul ations contain a therapeutically
effective fint of (E)-N-{4-] 3-

chl or o- 4- (2- pyri di nyl met hoxy) ani | i no] - 3- cyano- 7- et hoxy- 6- q

ui nol izay 1} 4- (theRéthod ARBhyEhe-o? clalthl £ENFe R BRI RB3KS iFFropanol.
pharmaceutically acceptable carrier. The pharmaceutical conposition
may be admi nistered in its anhydrous form nonohydrate form or

parti al | y8hydr Hieetiether af Clame’.orherain said watenalcehob slitian sdmprinep sberd g 0% by
di scussed vahay &afeP¥nddbs@ 9% HABIuReSRERA.

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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25during this nmethod. Pharmaceutical conpositions and fornul ations of
t he present invention may be useful in the treatnent of one or nore
of breast Wa®05226%ari an cancer, epidernoid tunors, cdEULEOEH130
prostate cancer, kidney cancer, bladder cancer, |arynx cancer,
esophagus cancer, stomach WD 2009/ 052264PCT/ US2008/ 080130 cancer
and | ung cancer. Accordiry t o one enbodi nent | the nal eate salt

particularly usefful in t eat ment § ofO bre cancer and/ or n
cancer. The phawo eut+|N 0Si tzrr ations ine u N
mal eate salt for rnEN ntion i B'st er ed” N

i ntral esi onal , mtg N toneal i nt l#ar or intrave

i njection; infusion; |iposone- rredl ated delivery; topi cal , nasal
Cl CI
|,

anal , vagi nal, suinngua , Wretheral, transdgrnal, n rat t heca
ocuIar or otic deIrveryJéEﬁ node of adnlnr tron t he cq

of the inventi on§l;§ t - osel’f\p’ﬁrﬁ Swijt iuni Y5 /i“
include tablets p0\/\rde‘r~s*N or i dfs ~
crystalline co the present/\b & on can be.adr #t er ed

orally. Such conpounds rray be adnministered from1l to 6 tinmes a day,
10 nore usually from 1 4 times a day. The°'effect| ve armunt |1 be

known to one of skill ey ar it may al i
formof the conpouyd, rtN n'%g‘o}w et Sty

t he condition bei e of s’R'
perform enpiricak~ Fty tests to.deterni b
conmpound in bioassays and, thus det er m ne what: dosage to adm ni ster.
However, in general, sat ctory results ca e obtained 15 with
corrpounds of the Fpresent v ntion dos d |Iy in the range of
about 0.5 ny/ kg tg abo C;O Orng/ kg ol bod , but usually the
ef fective dosage Ni's bt ween abo to about 300 ng/ kg
per day. The cr vhe forms of rEPe Nsalts of the invention may
be formulated with conventr onal excipients, such as fillers,

di sintegrating agents, binders, lubricants, flavoring agents, color
20 additi Vs, &rrimelapd Peany. o Cling £-8r Wheign E@dézwtﬁialllu%rﬁ% N-@ri3-gaiprool;

a ][ 08' C_al-_|h pYyedi riwﬁé’thoxﬁ)@nrﬁrﬂﬂl%yﬁirowmﬂxy-efqu[ﬂ@[l@@ﬂ%ﬂ]M@l@HﬁmﬁiQLﬂﬁdt%nﬁﬂe a
SOl | (S

rrnae ecoHt sc sa%sr %r%y%rfou fﬁpr %tﬁ dra(jjg Steo atr sﬁ‘;erecﬂ.
this inve &SFFp SES $RE™ R 6%:1%6%? s 3
accepted carriers, such as phosphate buf fered saline solution, _
acet at e buffer ﬁqahamlai:étﬂ.ca QbMFJ)sﬁli'c}n farah@rnmbﬂarwbshena I§146d a@&ityafomprising, a

oi | /water enulsi t rrou t S

vet ting agten?pe”{'cfg‘t"%lc&es coa?fe{!f5 F‘ 36%'”" 'B%tlogtﬁ' X%%‘?“noﬁé"cyanoq‘
admi ni st ers@xof-alinging}-4-{dpetevamipo)-2tenemigst ameieaie f@ndms aof phaanacgutcally
salts of thesptdbeaBiiePn My be provided to a subject in different
carriers. Typically, such carriers contain excipients such as starch,
m | k, sugar, certain types of clay, gelatin, stearic acid, talc,

veget abl e Rat sThsr phgFmaceutigamempesitiagl azeasisg tOSTdéimi Fii wheegin paid(F3-Najdd3-chloro-
typi caiol y 45(91 ?ﬁ&r@ﬂnéﬂ%ﬁ?@m%ﬁlﬁtc 8- wag eiturarsﬁnbr}ld (&?fﬁtetﬁﬁéﬁrhé)fﬂbut@r@mﬂeor
exarrp €, e | Zorww g|r ﬁ g %.I L‘éﬁé t Og Edl’ = te
i nt ravenoﬁ'sa §>/§t‘ Selepy %!NP aEH RGeS af“ét‘ Y %‘Fé%[PPs MeRPLHEE
oi nt ment s fam, gl ®@migtidve thesswfl f or t opi cal delivery. The crystalline
forms of maleate salts of the present invention may be delivered

t oget her th ui tabl e diluents eserva sol ubilizers, .

et st 11 end: | sl RADE e ta) GeasePioGrEu TS br i 11 % LB Erbtising at leas
i nhibiti ormnecormoevemmm fom theoplasmsisiBgeli conpositions are |iquids
or lyophilized or - 26 - WO 2009/ 052264PCT/ US2008/ 080130 ot herwi se
dried formul ations and include diluents of various buffer content
(for exanple, TrisHC, acetate, phosphate), pH and ionic strength,
additives such as albumns or gelatin to prevent absorption to

art dtJ Sttt n
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WD 2009/ 052264PCT/ US2008/ 080130 EXAMPLE 1: PREPARATI ON OF

(E) - N- { 4- [ 3- CHLORO- 4- ( 2- PYRI DI NYLMETHOXY) ANI LI NO]J -

3- CYANO 7-W0RMSB660UI NOLI NY14- 4- ( DI METHYLAM NO) - 2- BUT EMAKYB08/080130
MALEATE, FORM Il Crude(E)-N-{4-[3-chloro-4-(2- pyridi nylnethoxy)anil
i no] - 3-cyano- 7- et hoxy-6-qg uinol inyll-4- 5

(di met hyl ami no) - 2- but enari de free base (0.1 % kg, 0.159 nole) fs
rinsed with a 10% sol uti/@’ USP pu |ed i n n-propanol 082
kg, 0.10 L) fol+4owed égdltlﬂl opanol sol or@d
(0.74 kg, 0.90 Lﬂé@%@‘”a +d is add@ 0. 18 a
the m xture is r th 10% wat e noI (0 082~k :
The m xture is quickly heated to 50- 60C and held for a mni rrum of 15
mn. until asolutlonls"bb{galned The hot s tlon Iar|f| 'd 10

t hrough a pre- heated 50- 0.2 Mnfilter the
filtrates are co re‘heat’\qf45a .
The filter cartr) thro'ugﬁ ter

pre-heated to 452 082 kg, 0.10~L)s e sol uti on/t\g d over
at | east one hour to 4OC and held at that tenperature for 12 hours
then cooled to roomtenpéfature (25C) over afm ninum of four urs
and held at that terrper for at |east t u mxt

15 filtered on a ﬁte}w “Batixfier iaurfor °n. sy ﬁ
ri nsed and mashgdd*m ter ed ~pr opandt

x 0.12 kg, 2 x O« The cake is nd suctio ned
until dripping essenti aII stops about 1 h. EXAMPLE 2: PREPARATI ON
OF (E)-N-{413- CHLORO- 4- RI DI NYL MVETHOXY) | NOJ -

3- CYANO- 7- ETHOXY-6- (QJI -4- (DI HYLA - 2- BUTENAM DE
MALEATE, 20FORM I JT gut|fromEx mpl 871 (Forfm I'1) is dried (50C,
10 nm Hg, 24 h) to (88% crystalline, anhydrous
(E)-N-{413-chl or®6= N yr| di nyl met Hox “ i nol- 3- cyano- 7-

et hoxy- 6- qui nol i nyl} 4- (di met hyl am no) - 2 but enam de nmal eate (Forml)
(88% yield) with strength 80.8% (free base), 17.4% (nmaleic acid),
total i npdfitifgompayedseieciadfest the pioyp eofﬁ'ﬁ*ti@rqfty 0.38% WO

2009/ 052264PCT/ U52008/ 080130 CLAIMS: 1. A nethod for preparing
(E)-N-(413-chl oro-4-(2- py’i‘l d| nyl met hoxy) an| I Ino] 3-cyano- 7- ¢

et hoxy- 6- qui nol i 1} 4- ( yl am n ) de as a rral e a
conprising the wstep” ofun é) &Q E:
m xi ng(E) - N-{4-[ 3¢ pyrldlr’r’y ilinols

oxy- 6-qui nol i nyl}~ i rret hyl am nof)\O nam de an Facid in

a water-al cohol solution at an el evated terrper ature. 2. The nethod
of Claim1, further conprflsing the steps of C'coolln ai d sol uf |on to
precipitate said maleatﬁa andfllterlng soT 8n aft

cooling to obtai y (E‘)w ﬁj

[3-chloro-4-(2- p}m y) ank'l‘\“i‘ 7- et

inolinyl)-4-(d no) - 2- 10b i mal eat e. met hod
of Caiml or 2, wherein said elevated tenperature is from about 40C

to about 60C. 4. The rretchod of Claim2 or 3% wherein said cooFing
continues until the soI eaches a terrp re of bout i@«?

| ess. 155. The nethel oi h , Swthered | i ngN tin :&u I
t he sol ution reac ture ofHN S Or Ieés*N c od
of any one of Clai V\her ein s -aI cohol

conprises from about 5%to about 20% by vol ure wat er and f rom about

80% t o about 95% by vol une al cohol. 207. The thod of any one of
Clains 1-6, V\herelnosalﬁr [ /‘E/ 8. The net hod of

cphol is @ropa
Claim?7, wherein §%u d tergaj cohol ’sN ut I*“anNc ri ses about 10% by
vol une wat er and A % vol urrem@:mol. 9. The met hod of

any one of C ai ms~d~8~Wherein said n further conprises at
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HN  10. The nethod of any one of Clains 2-9, wherein said crystalline
(E)-N-{443-chl oro-4-(2-

pyri di nyl nWORE0SA# | | no] - 3- cyano- 7- et hoxy- 6- qui nol i ny IBCTAUS2893/A80139 | a
m no) - 2- but enam de nal eate conprises crystals in anhydrous form
nonohydrate form or conbinations thereof. 511. A pharnaceuti cal
conposi ti df- f ofr MeROd fehpisventios tsRtingERr Mhibiting $BNCEE EFORMSING cRIMBNIFEINGge &
therapeut |s@ﬁbét)é‘tﬁéréﬁ@hda\l)eefw&m}érﬁmdaﬁt of (E)-N- {4- 3-chloro-4-(2- pyndmylme’thoxy)amlmo] -3-

(E)-N-{443- chI i hox - no- 7-
thoxy. 6. quFtarrye B b b e Y%%%a?a@n%% leate and a
pharmaceutically acceptable carrier. 12. The phar maceuti cal
ESZD?; it Olﬁdacq?lfi)e" ﬁl?tﬂgd 5&0@ ltcmzlluﬂcn YORR&EIR s§|aic§hc(eﬁ)s géiec{téd frén chlle@.cﬂ Bne c(ij;
yri di nmet hox an||no oxy-6-qguinolinyl}-4-(di
oty 2oy RSP0 VTP Ao SRR o BTN Mol GPRR Seneice B PieoiEbe Kaney
gr oup congiasger, rbgaddér camr anmnxdeogs ebephagusEantsnslepdcatancéroand lurgancer.
conbi nations thereof 13. The pharnaceutical conpositi on according to
Claimll or, 12 fur onpri.sing. at elected frogm
Che or oup Fonsfseiort TRParRe cib R B o R B S8R Efyen o
t he group etewgbgtineigybi-(dmsNYI2009/D3L2IBHRET MIB2B0 81008FURE IEmArisied Hiol

for preverﬁépegelect,té@f%rﬁ ﬂﬂ'gro% cbrﬁﬂhr@‘ dfi ng cancer COWP“ si ng,
adm ni steri ng to a er apeutl C ef fective amunt

of
(E)-N-%%41&: chl BIF%P'VH‘S(&‘E]"WHS&?)M%&CHBSM @rﬁy?/ﬁ’ Iy etaxy)anilinol- Foyano-7-ethoxy-
cyano- 7- etehpuinptigdefeldimethylaynino)-2-b(tenamitd ylaatena & bigatioaofivete, aaingataer,
16. The netpgdy eqﬁ:,&ordl ng to Caim15 wherein said cancer is selected
fromat |east one of: 5breast cancer, ovarian cancer, epidernoid

tunors, cdton EiEFRMENG anpydsrus FEN-EhlRalero- "r(izoﬂilé?)"%%%)a"B’I‘Oééd‘é?“c’ﬂaﬁﬁ@w
I ar ynX camnolu@aamleamp%utemmmmlmcxeih adngtginin Golvamc akiding a

(E) N- - [g[uﬁcﬁncﬁ %rl("I %anlcscgvent er a de{ﬁ?qnﬁho] yano- 7-
et hoxy- 6- fui nowpmr}g anhy %é%)ﬁy{‘ah%ChbycL‘é@mxﬂ@%ﬁ?fﬂfé@}#ﬁ!ﬂ@&@éyano7ethoxy-

monohydr atesquaRnme)4SR@thyamin}-2petefahi@s halatt Wamah BGaflé SoNEnt hSirfidg Wier,
of : 10a. di sa%w n%n nhydr ous

(B)-N-{4- [a§ N0 o- -(2-pyridi nyl met hoxy) ani | i no] - 3- cyano- 7- et hoxy-

6- qui nol i iy 1} - Bsludvingt hgnhudiond) - B)-Hbit dhreered- (Zrayrdiyineltioxhanilinobd-evanpd-
sol venip, Qdﬂ)&ﬁlg- \Aﬁ&[ﬁf{l} 4-@d"|'f€|etf191érﬁ|ﬁd5)123i91tenam|deb m4&lb4iS Olith NGinaNdryHicd Uolvent
(BE)-N-{4 { f H%y? gl rg% rrgltq,; ) ani | i noJ - 3- cyano- 7- et hoxy6- q
ui nol i nyl}coﬁa'(‘ﬂpl’?@&eﬁ? ] 8)0 valtid e mal eate with an organic

sol vent, adding a 15solution of a second organic solvent and water,
and filterisng; Th&metllbd 6iarh A Y, \ﬂ{él?é{rdfh@léﬁaps are d[ssolwng anhydrous (E) -N-{4-[3-chloro-

E)-N-{4-[3-chl -4- th | th -
R e e I e e
sol vent camlestwithganyagasic solen, Fdding aatengnd fltacng. d.

resl urryi nganhydr ous(E) - N—{4 [3-chloro-4-(2-pyrid inyl nmethoxy)an

noj - 3- Wi @h aﬁl% %tg?ﬁ(%f \!T/%ewﬁeremygé organ(uc SO veﬁtqycliir%ghngglfo%dgm enani de

mal eat

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

21.  The method of claim 17, wherein the steps are dissolving anhydrous (E)-N-{4-[3-chloro-
4-(2-pyridinylmethoxy)aniline]-3-cyano-7-ethoxy-8-quinolinyi}-4-(dimethylamino)-2-butenamide
30 maleate with an organic solvent, adding a solution of a second organic solvent and water and

filtering.
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containing water for a period of days, and filtering. 18.The nethod
of claim 17, wherein the steps are dissolving anhydrous

(E) - N- (443wolhewisz264 PCT/US2008/080130

4- (2- pyridi nyl met hoxy) ani |l i no] - 3- cyano- 7- et hoxy- 6- qui nol i nyl}-4-(di nme
t hyl am no) - 2- but enam de nal eate with an organi ¢ sol vent, addi ng water
and fil terﬁ2ng Tizbmhethdhef efemhdid woéreinltbe migadc solbmk &i diméthgsulipxddmitie second

sol vent i rghhreidehs i g&é@téﬂlefrom 2Re JJoiB EH?@Q@Q of te@rﬂ(’dmulﬁl %op;lo%an ,
furt her cop%réh(ﬁ‘:s?q% heatln the solution to béetween about 45C'to 0bo

60C. € ?‘h‘?ﬂ hithapcl. R eestonifiige anq tssamaupt Eif g pEsyt '5
anhydr Ous about 7.5% to about 15% by weight.

(E) - N-{443-chl or 04- (2- pyri di nyl net hoxy) ani | i no] - 3- cyano- 7- et hoxy- 6- qu
i nol i nyl}-4-(dimethyl am no)-2-butenam de 30mal eate with an organic
o vent.” 2 G emEUL TG 3T, WA GRAeBt GRS FEMIOH e e
fi1teri ng.4-2\Did 08t 2GHHeET-C R 2 008 o3 6-hdid ol 22 -4 em ereyidmido) o butdnamite
21, wher el d e, B SIS Bboidifind b Bl h¥lndthh 01 de, t he second

or gani ¢ sol vent sel ected rothn group consi sting of

t et rahydrof uran, isopropanol, npropanol, acetone, ethanol, nethanol,
and acet orp4tri ‘ﬂaa rrmmddtdﬁa:lammtwmfewv&teebrgmesavdm lis selbaed frémSiet @oup

:Pg“él ig"o/fl’ \E}%( %ﬁ%gﬂtt trar‘]ﬁ ro%fn @p%f{%naf bl ?@a% Leat¥feT Ghdhof NRetRidPSand
4- (2- pfr i GERgSY wg@ &M PfAYBLES PEoyRt 5-aPowl THSK P20 BPHAY Meighh - 4- (di me
t hyl am no) - 2- but enam de mal eate with an organi c sol vent containing

wat er and i | tfﬁé RA&hog of %lglﬁ 2f4T\Qﬁer§(ﬁtt&0&8mlc EdAhiMs %Sprogﬁ'égﬁ ki e Sfount of

organic so vent 1S se consi s
t et rahydr dwatﬁrawseqtssaspwma%dp abqyt b‘%b@rﬂ@wht acet one, ethanol, methanol,
and 10acetonitrile, and the amount of water present is about 7.5%to

about 20%,Ry [ ' =Yg I C
sol vent i sgn- V\fﬁoeq‘ﬂ%g?d ‘%éﬁn% mwﬁ%ﬁ% %%ps%lnf %mﬁr%w%%ﬁtﬂ%%@%
about 15%*y- Wv&'@meihm anifng)- 3-%01?@(*%6@?'“@!1"& -fridimpethyteip@iZPutengmide
St eps @& e mdleatd with'ani ofganR3BIYEH @staining water for a period of days, and filtering.

(E) - N-{443-chl or 04- (2 pyridi nyl met hoxy) ani | i no] - 3- cyano- 7- et hoxy- 6- qu
inolinyl)-4-(dimet am no) - 2- but enam de 15nmal eate with an organic
sol vent c@it ai H'l'erﬂje%%{ ©lafipes. &’hﬁréml"%@do'"é‘i‘"'%%"t igishaiyrrofusin g1g.the pepiod of
The met hodapfis abaat 10-20, wherein the organic solvent is
tetrahydrofuran and the period of days is about 10-20. 28. A nethod
of preparing anhydrous

(E) - N-{ 4- [28- ch\gPeIbos P PispRIingi #PyeFeesh 65¢yN-triP£hlprgid:(8-pyridinylmethoxy)anilino]-3-
cyano- 7- EICP@DQYF @haxtien@lnomy k- dmetiaminby-Bitk iide’mHedte Banprdmg Rlirgainger

?%m rNI- :)Pgwpﬁ&ggﬂ’ate 2&&\@@%‘Qﬂlﬁg)%a?éﬂrrdlan&ﬁ&tho?)%mlgo -3- ?y T-ethoxyae-

qui nol i ny|qymwmwhﬁﬂmﬁwlaﬁm%&b@e@md@nraw?@ie el eaperature areﬁ@rr;ti@na%w efor

greater thant3ffe fvait meuk. 12 to about 48 hours. 29. An isolated

crystalline form of

(E)-N-{4-[3-chl oro-4-(2-pyridinyl met hoxy)anilino]-3-cyano7-et hoxy-6-q

ui nol i ny1)24- (4 iselaley Icevsialing fopm lofitRanedtiletehleratddapeidingimsthpuy)anilino]-3-cyano-

c(:gar2 Sg:t e][ |72&%x§15-q{,u35h§%} a@a«m@k]p)ttérh.a?tz -SlerRfRIeSAdatd msnahg&rh@%r@gacwﬁgém
(o] ) ra racti

(5" 70,2575 X3y ilisbich p5au™ ' ylgh3g andes GBLb oMyt nofrayyitigiogganiin o s

23. 78, 25.868, 12%,17.1°2,22, 40613 M7158], 1886.2G,95289.988 21.ah R1238. 28722, 2308, 28189,

i sol ated eB)$tAdel $esd o6 98 3669rMlBE7¥0 C aim 29 having substantially

the X-ray diffraction pattern as shown in Fig. 7. WO

2009/ 052264PCT/ 11S2008/ 080130 31.

Ani sol at edor ystwlisolatesf onystefficen Foyulr agsrglify - tht- ¢14ikB 28 HHaving -sdbgtantially the X-ray

pyri di nyl niflasydA8! abtgg,]w,ﬁngbéa-f\o 7- et hoxy-6-qui nol i nyll-4-(dinethyla
m no) - 2- but enam de mal eate, characterized by X-ray diffraction peaks
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204C, as neasured by differential scanning calorinetry. 34. An

I sol ated crystalline form of

(E) - N-{ 4- [ docbagiszeed- ( 2- pyri di nyl met hoxy) ani | i no] - 3- cy aPO7usisdggr36 - g

ui nol i nyl) - 4- (di net hyl am no) - 2- but enam de nal eat e nonohydrate, having

a water content of about 2.5 to 2.7% by weight. 1535. An isol ated

crystal | i rid. f oAm ofisqiled i aklyytaligedr afan( E) ofN- {ahhgdrold or ¢E)4N-{423-chloro-4-(2-

pyrl di nyl f@ﬁé?%&tﬁd}y)'ah|ﬂ€b¥|-3-%yé}bbainélh&y-%tcf&%%y@ 4qal}neﬂblhmﬁb)}2-ﬂutér%'n{ﬂ’et hyl a

m no) - 2- but enam d ea havi ng a vat conten ~1.5%t0

about 2. 3%2 W rgzmnzed by X ray diffraction peaks at the followmg angles (+O 20 ) of 26 |n its X-

ray diffraction pattern: 6.16, 7.38, 8.75, 10.20, 12.24, 12,61, 14.65, 15.75, 17.33, 18.64, 19.99,

5 20.66,21.32, 22.30, 23.18, 24.10, 24.69, 25.49, 26.09, 26.54, 27.52, 28.62, and 29.43.

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

33. An isolated crystalline form of anhydrous (E)-N-{4-[3-chloro-4-(2-
pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-8-quinolinyl}-4-(dimethylamine)-2-butenamide

10  maleate, characterized by an onset temperature of about 186°C and ending temperature about
204°C, as measured by differential scanning calorimetry.

34. An isofated crystalline form of (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-3-cyanc-
7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide maleate monohydrate, having a water
content of about 2.5 to 2.7%, by weight.

15 34, An isolated crystalline form of partially hydrated (E)-N-{4-[3-chloro-4-(2-

pyridinylmethoxy)anilino]-3-cyano-7-ethaxy-6-quinolinyl}-4-(dimethylamine)-2-butenamide
maleate, having a water content of about 1.5% to about 2.3%, by weight.

-34-



