CRYSTALLINE FORMS OF 5-CHLORO-N4-[2-(DIMETHYLPHOSPHORYL)PHENYL]-N2-
{2-METHOXY-4-[4-(4-METHYLPIPERAZIN-1-YL)PIPERIDIN-1-YL]PHENYL} PYRIMIDINE-
2,4-DIAMINE

[0001] This application is directed to novel crystalline forms of 5-chloro-N4-[2-
(dimethylphosphoryl)phenyl]-N2-{2-methoxy-4-[4-(4-methylpiperazin-1-yl)phenyl}piperidin-1-
yl]pyrimidine-2,4-diamine (also referred to as, “AP26113” and “brigatinib”), compositions

comprising such crystalline forms, and methods of their preparation and use.

[0002] Brigatinib has the chemical formula C,9H33CIN;O,P which corresponds to a

formula weight of 584.09 g/mol. Its chemical structure is shown below:

[0003] Brigatinib is a multi-targeted tyrosine-kinase inhibitor useful for the treatment of
non-small cell lung cancer (NSCLC) and other diseases. It is a potent inhibitor of ALK
(anaplastic lymphoma kinase) and is in clinical development for the treatment of adult
patients with ALK-driven NSCLC. Crizotinib (XALKORI®) is an FDA approved drug for first-
line treatment of ALK-positive NSCLC. “Despite initial responses to crizotinib, the majority of
patients have a relapse within 12 months, owing to the development of resistance.” Shaw et
al., New Eng. J. Med. 370:1189-97 2014. Thus, a growing population of cancer patients are
in need of new and effective therapies for ALK-positive cancers.



{08041  Brigatinih is alse polentially useful for iraating other diseasss or conditions in
which ALK or other profein kinases inhibited by brigatinib are implicated. Such kinases and
their associated disordars or conditions are disclosed in WO 2008/143388, both of which are

hersby incorporated herein by reference for all purposes.

FOG05ET Knowledge of the potential polymorphic forms of actve phammaceutical
ingredients (AP such as brigatinib can be useful in the development of drugs, as is
knowledge of characteristics of thoss polymorphs,  Not knowing the specific polymuorphic
form prasent or desired in the AP can result in inconsistent manufacturing of the AP, thus
resulis with the drug can potentially vary between various lots of the AFPL  In addilion,
knowledgs of the polymorphic forms of an API informs and pernmils long ferm systematic
stability determination of the APL  Once a spesific polymorphic form is selected for
pharmaceutical davelopment, a method for reproducibly preparing that polymorphic form can
bhe useful, His also useful for there to be a process for making APls such as brigatlinib at or

above a specified level of chemical andfor polymorphic purity.

[GO08]  The chemical siructure of brigatinib was first disclosed in WO 2000/143389,
which is also owned by Applicant {ARIAD Phammacsuticals, Inc.) and is hereby incorporated
hersin by referance in is entirety for all purposes. Exampls 122 of WO 2008/143388
discloses tha synthesis of brigatinib and states that the product was oblained as an off-white
solid but doss not provide further characterization, such as chemical purity or solid form.

Example 122 does not state to what degree, i any, its product was orystalline.

{0071 Provided herein are ceriain crystalline and other polymorphic forms of brigatinib,

certain of which are suilable for pharmacsutical formulation devalopment.

[GO081 In some embodiments, the prasent disclosure ralates o crystalling brigatinib, In

some embodiments, the present disclosure relates to substantially pure aryslaliine brigatinib,

[6088] In one embodiment, the present disclosure is direcled to polymarphs of brigatinib,
The polymorphs of brigatinih are herein designated as Form A, Form B, Form ©, Form D,

Form E, Form F, Form G, Form M, Form J, and Form K

{G018] In another embodiment, the present disclosure is directed 1o substantially pure
crystalline forrns of brigatinih, The substantially pure crysialline forms of brigatinib are herein
designated as Form A, Form B, Form €, Form D, Ferm E, Form F, Form G, Form H, Form 4,

and Form K,



[0011]  In another embodiment, the present disclosure is directed to pharmacsutical
compositions consisting essantially of a crystalline form of brigatinib disclosed harein and at
least one additional component chesen from pharmaceutically acceptable carriers,
pharmaceutically acceplable vehicles, and pharmaceutically accepiable excipients. In
another embodiment, the present disclosure is directed to pharmaceutical compositions
consisting of at least one polymorph of brigatinib disciosed herein and at least one additional
componsant chosen from pharmaceutically acceptable carriers, pharmaceutically acceptable

vehicles, and pharmaceutically accaptable sxcipients.

[0012]  In another embodiment, the present disclosure is directed o a method of treating
a disorder and/or condition in a subject that responds o the inhibition of a protein kinase by
administering fo the subject a polymorph of brigatinib disclosed herein.  In certain
embodiments, at least one of the disorders and/or conditions is non-small cell lung cancer
{(NSCLC).

00137 In another embodiment, the present disclosure is dirsctad to a method of treating
a disorder and/or condition in a subject that responds to the inhibition of a profein kinase by
administering to the subject a substantially pure crystalline form of brigatinib disclosed
herein. In cerlain embodiments, at igast one of the disorders and/or conditions is NSCLC

when the protein kinase is ALK or a mutant form thereof.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The following drawings form part of the present specification and are includsd fo
further demonstrate cerlain embodiments of the present disclosure. The disclosure may be
understood by reference to one or more of these drawings in combination with the detalled

dascription of embodiments disclosed harein.
[0018] FIG. 1 is a synthelic scheme for brigatinib.

[0016] FIG. 2 is an X-Ray Powder Diffraction (XRPD) pattern obtained from a sample of
brigatinib Form A. Relalive Intensity (in counts} is shown on the vertical axis and angle (in

degress two theta (°28)} is shown on the horizonial axis.

{0017} FIG. 3 is a sorplion-desorpiion plot of the dynamic vapor sorption {(DVS)
experiment of a sample of brigatinib Form A, Change in mass (%} is shown on the vertical

axis and Targset RH (%) is shown on the horizontal axis.
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098] FiG. 4 is g differentiad scanning calorimetry {(DESC) scan obtained from a sample
of Form A of brigatinib, Heat flow (mW) is shown on the veriical axis and temperature ("G is

shown on the horizontal axis.

FOG1%] FIG. 5A is a thermogravimstric analysis/singls differential thermal analysis

thermogram {TGASDTA) for a sample of brigatinib Form A,

[G0207 FIG. 5B is a thermogravimetric mass spectromelry {(TGMS) thermogram for a

sampls of brigatinib Form A

(60241 FIG. 6 is an "H-NMR spectrum oblained for a sample of brigalinib dissolved in
G300, Normalized infensity s shown on the vertical axis and chemical shift {ppm) is

shown on the horizontal axis.

3022 FIG. 7 is a PC-NMR spectrum obiained for a sample of brigatinib dissolved in
CDCE. Normalized inlensity is shown on the vertical axis and chemical shift {ppm) is shown

on the horizontal axis.

{00231  FIG. 8 is a mass speciral fragmentation pattern of a sample of brigatinib Form A
Relative abundance is shown on the vertical exds and atomic weight {m/z) is shown on the

horizontal axis.

f024] FIGS. 9A-8E depict the fragmentation pattern of lons of a sample of brigatinib
Formy A using coliisional aclivation, measwed using an clectrospray time of flight mass
spactromster. Relative abundance is shown on the vertical axis and atomic weight (miz) is

shown on the horizontal axis.

(028}  FIG. 10 s & orystal structure of brigatinib Form A, as determined by single-crysial

¥-Ray diffraction.

[0026] FIG. 11 is a differential scanning calorimetry {DSC) scan oblained from a sample
of brigatinib Form B, Hsaal flow {mW) is shown on the vertical axis and temperalure (°C) is

shown on the honzontal axis.

(G027 FIG. 12 is a oyclic differential scanning calorimetry {D8C) scan of a sample of
brigatinib Form B; heating fo 180° C at 10° C/min and cooling 1o 25° © at the same rate,
Haat flow {(mVW) is shown on the vertical axis and temperature (*C) is shown on the

horizontal axis.



[0028] FIG. 13A is a cyclic differential scanning calorimetry {DSC) scan of a sample of
brigatinib Form B, heating to 180° C at 10° C/min, cooling to 25° C at the same rate,
followed by a second heating to 300° C at the same rate. Heat flow (mW) is plotled on the

vertical axis and temperature (°C} is plotted on the horizontal axis.

[0029] FIG. 13B is a cydlic differential scanning calorimetry {DSC) scan of a sample of
brigatinib Form B; heating to 190° C at 10° Cimin, cooling o 25° C at the sams rats,
followed by a second haating fo 300° C at the same rale. Heat flow {mW) is ploted on the

vertical axis and time {min} is plolted on the horizontal axis.

[0030] FIG. 13C is a thermogravimetric analysis/single differential thermal analysis

thermogram (TGA/SDTA) for a sampile of brigatinib Form B.

[8031] FIG. 13D is a thermogravimelric mass spectromelry {TGMS) thermogram for a

sample of brigatinib Form B.

[0032] FIG. 14 is a X-Ray Powder Diffraction (XRPD) paltarn oblained from s sample of
brigatinib Form B. Relative Intensity {in counts) is shown on the vertical axis and the angle

{in degrees two theta ("28}) is shown on the horizontal axis.

[0033] FIG. 15 is a differential scanning calorimelry (DSC) scan obtained from a sample
of brigatinib Form C. Heat flow {mW) is shown on the vertical axis and temperature (°C) is

shown on the horizontal axis.

[0034] FIG. 16A is a thermogravimelric analysis/single differential thermal analysis
{TGA/SDTA)Y thermogram of a sample of brigatinib Form C. A water mass loss of 4.25%

was ohserved up to about 75° C, corresponding to 1.44 water molecules,

[0038] FIG. 168 is a thermogravimetric mass spectrometry {TGMS) thermogram of a
sample of brigatinib Form C. A water mass loss of 4.25% was observed up o about 75° C,

cotresponding to 1.44 water molecules.

[0838] FIG. 17A is a thermogravimetric analysis/single differential thermal analysis
{TCA/SDTA} thermogram of a sample of brigatinib Form C. A walser mass loss of 8.14%
was observed up to about 75° C, corresponding to 2.12 waler molecules.

{00371 FIG. 178 is a thermogravimatric mass spectrometry (TGMS) thermogram of a
sample of brigatinib Form C. A water mass loss of 8.14% was observed up to about 75° C,

&



carresponding io 2,12 water molecules.

[B038] FIG. 18 is a X-Ray Powder Diffraction (XRPD) pattern obizined from a sample of
prigatinib Form C. Relative intensity {in counts) ts shown on the vertical axis and the angle

{in degrees two theta (7283 s shown on the horizontal axds.

{303%9] FIG. 18 is @ X-Ray Powder Diffraction (XRPD) patlern obtained frore a2 sample of
brigatinib Form D Relative intensity {in counts) is shown on the vertical axis and the angle

{in dagrees wo thela (*281) is shown on the horizontal axis,

[B040] FIG. 184 is a thermogravimelric analysis/single differential thermal analysis

thermogram {TGA/SDTA) for a sample of brigatinib Form D,

[G044] FiG. 188 is a thermogravimatlric mass spectrometry {TGMS) thermogram for a

sample of brigatinib Form [

[B042] FIG. 204 iz 2 themogrevimetric analysis/single differential thermal analysis
{TGASDTA)Y of a sample of brigatinib Form &

f043] FIG. 208 is a thermogravimetric mass specirometry {TGME)} thermogram of &
sample of brigatinik Form EFIG. 21 is & X-Ray Powder Diffraction (IRPD) pattern obtained
from a sample of brigatindh Form £, Relative Intensity {n counis) is shown on the vertical

axiz and the angle (in degrees two theta (°28)) is shown on the horizonial axis.

(6044 FIG. 22 s a thermogravimetrde analysis/single differential thermal analysis
{TGA/SDTA) of a sample of brigatinib Form F.

004581 FIG. 23 is g X-Ray Powder Diffraction OXRPDY) patlern obtained from a sample of
Irigatinib Form F. Relative Intensity {in counts} is shown on the vartical axis and the angle

{in degrees bwo thela (*28)) is shown on the horizontal axis.

(00481 FIG. 24 is a X-Ray Powder Diffraction {(XRPD) pattern oblained from a sample of
brigatini Form G, Relative Intensily {in counis} is shown on the vertical axis and the angle

{in degrees two theta (°28)} is shown on the horizontal axis.

G047 FIG. 25 iz a X-Ray Powder Diffraction (XRPD) pattamn oblained from & sample of
brigatinih Form H. Relative Intensity {n counis} is shown on the vertical axis and the angle
{in degrees two theta {°28)) is shown on the horlzonial axis.
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[0048] FiG. 26 s a X-Ray Powder Diffraction {XRPD) paitern obtained from the mixiure
of a sample of brigatinib Form A and Form J. Relative Intensity (in counts) is shown on the

vertical axis and the angle {in degrees two thata {°28)) is shown on the horizontal axis.

(00481 FIG. 27A is a X-Ray Powdsr Diffraction (XRPD) overlay patiern oblained from a
sample of a mixture of brigatinib Form A and Form K, & sample of a mixture of brigatinib
Form A and Form L, and a sample of brigatinib Formy A, Relative Intensity (in counts) is
shown on the vertical axis and the angle (in degrees two theta (°29)) is shown on the

horizontal axis.
60801  FIG. 27B is an axpansion of FIG, 27A.

[0084]  FIG. 28 conlains overlald X-Ray Fowder Diffraction (XRPD)} patterns of brigatinib
Form A that has been subjected fo grinding experiments for various lengths. Relative
intensity (in counts) is shown on the vertical axis and the angle (in degrees twa theta (°28))

is shown on the horizontal axis.

[0052]  FiG. 29 depicts the solubility data for brigatinib Form A and Form B at 25° C and
37° C, at varying pH values.

f00837 FIG. 30A is an expansion graph of FIG. 30B, showing the concentrations of
brigatinib Forms A and B vs. time obtained from the intrinsic dissclulion rate (IDR)
expariments, where concaniration {mg/ml) is plotied on the vertical axis and time (min) is

plotted on the horizontal axis.

{00547 FIG. 30B is a plot of the concentrations of brigatinib Forms A and B vs, time
obiained from the intrinsic dissolution rate {(IDR) experiments, where concentration (mg/mb}

is piotied on the vertical axis and time (min} is plotted on the horizontal axis.

[00888] FIG. 31 is a plot of concentration of brigatinib Forms A and B vs. time obiained
from the DR experiments at 25° C and 37° C in pH 1.0 HCI buffer. Concentration {mg/mL)

is shown on the vertical axis and ime {min) is shown on the horizontal axis.

[O088] FIG. 32A is an expansion graph of FiG. 32B, showing the plot of the
concentration of brigatinib Form A and Form B vs. time obtained from the DR axperiments
at 25° C and 37° C in pH 6.5 buffer. Concentration {(mg/mlL} is plolted on the verlical axis

and time (min) is plotied on the horizontal axis.
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[G0587]  FiG. 328 is a plot of the concentration of brigatinib Form A and Form B vs. time
pbtained from ths DR experiments at 25 © and 37" C in pH 6.5 buffer. Concentration

{mg/mi) is plotled on the vertical axis and Hime {min} is piotied on the horizontal axis.

(00881  FiIG. 23A iz an expansion graph of FIG. 338, showing the concentration of
brigatinib Form A and Form B v, time oblainad from the 1DR experiments at 25° C and 37°
C in SGF. Concentration {mg/ml} is plolted on the vertical axis and time {min) is plotted on

the horizontal axis.

[O0881  FIG. 33B is a plot of the concentration of brigatinib Form A and Form B vs. tims
abiained from the DR experiments at 25° € and 37° € in 3GF. Concentration {mg/mL) is

plotted on the verticat axis and time {min) is ploited on the horizontal axis.

{00601  FIG. 34 is a plot of the concentration of brigatini Form A vs. time obiained from

the DR experiments gt 25° C in water and agueous buffers of pH 1.0, 4.5 and 6.5,

[0081]  FIG. 35 is 2 plot of the concaniration of brigatinib Form A vs. Hime obtained from

the IDR experiments ai 37° € in waler and agqueous buffers of pH 1.0, 4.5 and 8.5,

00827 FIG. 36 is a plot of the concentration of brigatinib Form B vs. time obiained from

the IDR experimenis at 25° © in water and aqueous buffers of pH 1.0, 4.5 and 8.5,

{00831 FIG. 37 is a plot of the concentration of brigatinib Form B vs. time obiained from

the IDR experiments at 37° © in water and agueous buffers of pH 1.0, 4.5 and 8.5,

[G064]  FIG. 38A is an expansion graph of FIG. 388, showing the concentration of
brigatiniby Form A vs. time obtained fram the IDR sxperiments in water at 25° C and 37° (.
Concentration {mg/mb} is plotied on the varical axis and time {min} is plotsd on the

horizontal axis.

[B068]  FIG. 388 is a plot of the conceniration of brigatinik Form A vs. time obtained from

the DR experiments in waler at 258° C and 37° C. Concentration {mg/mlb) is plotted on the

verlical axis and time {min} is plotied on the horizonial axis.

(G088  FiG. 38A s an expansion graph of FIG. 388, showing the concentration of
brigatinib Form A vs. time obtained from the IDR experiments in pH 8.5 buffer at 25° C and
37° C. Concentration {mg/ml) is plotted on the verlical axis and ime {min) is plotted on the

horizontal axis.



{0087] FIG. 35Bis a plot of the concaniration of brigatinib Form A vs. time obtained from
the DR experiments in pH 6.5 buffer at 25° C and 37° C. Concentration {mg/mL) is plotted

on the vertical axis and fime {(min) is plotled on the horizontal axis.

{0068] FIG. 40A is an expansion graph of FIG. 40B, showing the concentration of
brigatinib Form B vs. time obtained from the IDR experiments in pH 6.5 buffer at 25° C and
37° C. Conceniration {(mg/ml) is plotted on the verlical axis and time (min) is plotted on the

horizontal axis.

[0069]  FIG. 40B is a plot of the concentration of brigatinib Form B vs. time obtained from
the IDR experiments in pH 6.5 buffer at 25° C and 37° €. Conceniration {mg/mi) is plotted

on the vertical axis and time {min} is plotted on the horizonial axis.

[6070] FIG. 41A is an expansion graph of FIG. 418, showing the concentration of
brigatinib Form A and Form B vs. time obtained from the IDR experiments at 25° CinpH 8.5
buffer. Concentration {mg/ml) is plotted on the vertical axis and thime (min} is plotted on the

horizontal axis.

[0071] FIG. 41B is a plot of the concentration of brigatinib Form A and Form B vs. time
ohiained from the IDR experments at 25° C in pH 6.5 buffer. Conceniration {mg/mib) is

plotted on the vertical axis and time (min) is plottad on the horizontal axis.

[0072] FiG. 42A is an expansion graph of FIG. 42B, showing the conceniration of
brigatinib Form A and Form B vs. time obiained from the IDR expariments gt 37° CinpH 6.5
buffer. Concentration {mg/mL} is plotted on the vertical axis and fime (min) is plotted on the

horizontal axis.

{00731 FIG. 42B is a plot of the concentration of brigatinib Form A and Form B vs. time
obiained from the DR experiments at 37° C in pH 8.5 buffer. Concentration (mg/mk) is

plotted on the vertical axis and time {min) is plotted on the horizontal axis.

f0074]  FIG. 43A is a plot of the concentration of brigatinib Form A and Form B vs. time
abtained from the dissolution rate (DR} experiment in watsr at 37° €. Conocantration

{mg/mL} is plotied on the vertical axis and time {min) is plotted on the horizontal axis.

[0O0758] FIG. 43B is an expansion graph of FIG. 43A, showing the concentration of
brigatinib Form A and Form B vs. time oblained from the dissolution rate (IDR) experiment in

water at 37° C. Concentraion (mg/mbL) is plotted on the vertical axis and time (min) is
9



piotied on the horizontal axis,

[B076]  Fig. 44 18 @ DVS plot of Farm B, wherein the lotal gain in mass al 5% RH

corresponded (o 2.28 waler molacules,

fOO771 Fig. 48 is a DVS plot of Form B, wherein the iofal gain In mass at 85% RH

corresponded to 5.6 water molecules.

IGO78] Fig. 48 iz a DVE plot of Form B, wherein the tolal galn in mass at 85% RH

corresponded to 5.15 water moleculas,

079 Fig. 47 s @ DVS plot of Form B, wherein the fotal gain in mass al 5% RH

corrasponded to 7.2 waler moleculss,
[O080]  Fig. 48 is an overlay of XRPD patterns of Forms A, B, Cand D,

f0081] Fig. 48 iz an overlay of XRPD patterns of Forms A, B, C, D E, F, G H, and A

sribxad with J.

[GO82]  Fig. 50 is an inter-conversion scheme for Forms A, B, C and D based on
axperiments. The dashed box shows that, at 30°C, increasing the humidity lead {o hydration
of Form B io Form © and eventually to Form D. The changes are revarsible upon humidity
decrease. The sofid-line box shows that, at ambient humidity, increasing the temperature
lwad {0 dehydration of Form C© and Form D o Form B (at about 40°C) and to Form A via
solid-solid transition at about 150°C. These convarsions are not reversible: Form A remains

stable upon temperature decrease

[0083]  Disclosed hereln are various crysialline forms of brigatinib.  As used hergin, the
terms “crysiatine formy,” "polymorphic form,” and "polymorph” are used interchangeably, and
refer to a solid form of brigatinib that is distinct from the amorphous form of brigatinib and
from other solid formis) of brigalinib as evidenced by cerlain properties such as, for
example, kinetic and/or thermodynamic stabilily, cerlain physical paramsters, Xeray crysial
structure, DEC, andior preparation processes, Polymorphic forms of a compound can have
diferent chemical and/or physical properties, including, for example, siabilittes, solubiiities,
dissoiution rates, oplical properties, meling points, chemical reactivities, mechanical
properties, vapor pressures, and/or densities. These properties can aflect, for example, the
ability 1o process andior manufacture the drug substance and the drug product, stability,

dissclution, and/or binavaitability. Thus, polymorphism may affect at least one properly of a
10



drug including, but not imited to, qualily, safety, andfor efficacy.

{00841 While polymorphism classically refers to the ability of a compound to crystallize
into mora than oneg crysialline form (having identical chemical structure), the term
“pseudopolymorphism” is typically applied o solvate and hydrate crystalline forms.  For
purposes of this disclosure, however, both true polymorphs as well as p‘seudmpaiymorphs
{i.e., hydrate and solvate forms) are included in the scope of the term "crystalline forms" and

“polymorphic forms.” In addition, "amorphous” refers o a non-crystaliine solid state.

[00858) it should be there can be variation in the angle of peaks (XRPD maxima values)
i XRPD diffractograms. Those of ordinary skill in the art are aware that a variance in 2-8
peak position may be observed, such as for exampls a variance of 0.2 °28 or a variancs of
+0.3 °28. Furthermore, those of ordinary skill in the art would recognize that the relative
intensities {expressed in counts) of peaks can vary betwsen samples, for example, due o
preferred orientation. See, e.q., U.8. Pharmacopeia <841> X-Ray Diffraction. Accordingly,
crystafiine forms disclosed herein have X-ray powder diffraction patlerns substantially as
shown in certain figures, e.g., Forms A ~ H  respectively have X-ray powdsr diffraction
pattarns substantially as shown in the Figures 2, 14, 18, 19, and 21-25. Of course, those of
ordinary skill in the ant would recognize that any additional component{s} in an XRFPD sample
can give contribute peaks to the XRPD patiern cbserved for the sample which peaks can
mask or overlap (either partially or completsly} peaks altributabls o the crystalline form{s) of

brigatinib in the XRPD sampls.

[0G868]  As used hersin, the ferms "isolated” and "substantially pure” mean that more than
50%, such as more than 60%, such as more than 70%, such as more than 80%, such as
maore than 85%, such as mare than 90%, such as more than 95%, such as mors than 98%,
such as more than 99.5%, such as more than 99.8%, or such as more than 99.9% of the
brigatinib present in a sample is of a singls crystallineg form {(as can be delermined by a
methed in accordance with the art). For example, some embuodiments of the invention is
subsiantially pure crystalling brigatinib Form A. In some embodiments, the substantially pure
crystalling form of brigatinib containg less than 5%, such as less than 1%, such as less than
0.5%, such as less than 0.2%, or such as less than 0.1% of any other solid form of brigatinib
{as can he delermined by a method in accordance with the art, such as XPRD analysis, for

example).

{00877  As used herein, when used with reference to the chemical purity of a compound
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such as brigatinib, “pure” means that more than 80%, such as more than 858%, such as more

than 98%, such as more than 99.5%, such as more than 99.8%, or such as more than

98.89% of the sum of all chemicai{s} present in the selsctad material, 8.g., in a sample of AP,

is the brigatinib molecule (as can be determinad by a method in accordancs with the ard).

{00881 The following abbreviations for solvenis may be used hereiny

DCM
DMA
DMF
DMSO
EOAs
E{OH
PA
LIHDMS
MeON
fMe(OH
NMP
TFE
THF

2 @ & @ & & @ & € & &£ @© 2 €

Dichloromethanse

M, N-Dimethylacetamide
N N-Dimethylformamide
Dimethylsulfoxide

Ethyl acetate

Ethanol

lsopropyl aleohol

fithium bis{trimethyisilyliamide
Acstonitriis

Methanol
N-Methyipyrrolidine

2,2 2-Trifluoroethansl
Tetrahydrofuran

2-methyiTHF Z-Methyltetrahydrofuran

Cther abbreviations {alphabetical ordar) that may be used herein includs:

Am

AR

AS

DSC
Vs
HPLC
RIS

MS
NSCLC
psi

USA

RH

&

SDTA
SGF

S

TGA
TEMS
VH-XRPD
YVT-XRPD
Xaniphos
ARPD

® & & @ 4 © & & @ & & @& & & @& &€ @& % & & & @

Amorphous

Active Pharmaceutical Ingredient

Anti-solvant

Differential Scanning Calorimetry

Dynamic Vapor Sorption

High-Performance Liquid Chromatography
Intrinsic Dissolution Rate

Mass Speciroscopy

Non-Small Cell Lung Cancer

pounds per squars inch

Quantilative Solubility Asseasment

Relathive Humidily

Solvent

Single Differential Thermal Analysis

Simulated Gastric Fluid

Starting Malerial

Thermogravimelric Analysis
Thermogravimstric Analysis Coupled with Mass Speclroscopy
Variable humidity X-Ray Powdear Diffraction
Variable temperaturs X-Ray Powder Diffraction
4,5-bis{diphenylphosphinoe}-8,8-dimethyixanthens
X-Ray Powder Diffraction
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[0088] A "subject” to which/whom administration is contemplated includes, but is not
fimited fo, a human {i.e., a male or female of any age group, e.4., a pediatric subject {a.q.,
infant, child, adolescent) or adult subject {e.g., young adult, middle-aged adult or senior
adult)), ancther primate {8.g., cynomolgus monkeys, rhesus monkeys}, 8 mammal, including,
but is not limited to, catile, pigs, horses, sheep, goats, cats, and/or dogs; and/or birds,

including, but is not iimited to, chickens, ducks, geese, quall, and/or turkeys.

(60901  XRPD patterns disclosed herein were obtained using the Crysiallics T2 high-
throughput XRPD setup. The plales were mounied on a Bruker GADDS diffractometer
equipped with a Hi-Slar area delecior. The XRPD plalform was calibrated using Silver

Behenats for the long d-spacings and Corundum for the short d-spacings.

[0091] Daia collection was carried out at room temperature using monochromatic Culo
radiation in the 28 region between 1.5° and 41.5°% The diffraction paltern of each well was
collected in bwo 28 rangss (1.5 ° <28 £ 21.5 ° for the first frame, and 18.5° <28 <4158 ° for
the second) with an exposure time of 80 seconds for each frame. No background subtraction

or cuive smogthing was applied to the XRPD patterns in the Figures.
[8092]  The carier material used during XRPD analysis was transparent to X-rays.

[0G93]  High resolution X-ray powder diffraction patterns disclosed herein were collected
on a D8 Advance sysiem in the Brag-Brentano geomelry squipped with LynxEys solid stats
detector. The radiation used for collecting the dala was CuKal (A = 1540586 A)
monochromatized by germanium crystal. The palterns were collected in the range of 4 -
41.5°28, with a step in the range of 0.016 28 without further processing. All patterns were
faken at room temperature, approximately 285 K. The material was placed in a boron glass
capilary of 0.3 mm diameter.For variable humidily and variable temperature experiments
disciosed herein, an ANSYCO HT chamber was used. The malerial was placed on a fixed
sample holder that was mounted inside the chamber. The humidity was applied locally and

varied from 10% to 80% (dew point). The temperature variation rate was 10°C/min.

[0094]  The step used during the experiments were 0.018, 0.017 or 0.064°28/sec.

[0885] Melting properties disclosed herein were obtained from DSC thermograms,
recorded with a heat flux DSCB22¢ instrument (Metller-Toledo GmbH, Switzerland). The
DSC822Ze was calibrated for temperature and enthalpy with a small piece of indium {m.p. =

156.6°C; [Hf = 2845 J.g7). Samples were sealed in standard 40 pbL aluminum pans, pin-
13



holed and healed in the DSC from 25°C o 300°C, at & heating rate of 10°C mir Dry Mo
gas, at @ flow rale of 50 mb min® was used to purge the DSC equipment during

measurement,

[GOBE]  Mass loss dus to solvent or water ioss from the various orystal samples disclosed
herain was determined by TOASDTA, Monitering the sample weight, during heating in a
TEASDTASS e instrumeant {Melller-Tolado GmbH, Switzerland), resulied in a weight vs.
temnparature curve. The TOA/SDTASS1s was calibrated for temperature with indium and
aluminum. Samples were weighed into 100 ul aluminum crucibles and sealed. The seals
wers pin-holed and the crucibles heated in the TGA from 28 to 300°C at a hesting rate of

10°0 min”. Dry Nz gas was used for purging.

(606971  The gases evolved from the TRA samples were analyzad by @ quadrupsle mass
spechrometer Omnistar GSD 331 T2 {Pleiffer Vacuurm GmbH, Germany), which analyses

masses in the range of 3-200 amu.

[00%8]  Digial images disclosed herain ware automatically collected for all the wells of
sach well-plate, smploving a Philips PCVC 840K CCD camera controlled by Avantium

Photoslider softwars.

[009%]  HPLOC analysis disclosed herein was parformed using an Agilent 120030 HPLC

systamn equipped with UV and M3 dateciors following the conditions presanied below:

HPLC Equipment:  LO-MS

fManuiacturer Agitent

HPLE: Agltent 1200

Uh-detecior Agiltent DAD

MS-detectorn Agilent 1100 API-ES MSD Vi-lype

Column Waters Sunfire G138 (100 x 4 8rom; 3.5uml.

Colummn femp 360

Mobile shage: Gradisnl mode

Mobile phase A TOO0 HaOITEA (v}

Mobile phase B: 1O00/8; ACNAMeOHTEA (viv)

Flow: 1.¢ ml/min

Gradiend prograny Timsfmink %A % B
€ 88 2
5 28 2
G 86 14
22 73 27
30 50 53
30.14 a8 2
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Postiime: 7

DAD

: 200 - 400 nm
Wavelength: 244 nm
St Width: 4 nm
Time: 0-30 min
MS-Detecton: MSD
Scan: positive
Mass Range: 70~ 1000 amu
Fragmentator: 70
Tims: (3-30 min
Autosampler:
Temperature: Mot controlled
Injection mode: loop
Injection volume: 5l
Needle wash: 213; ACNH O (vAv)
Ditution solvent; 3.1% TFA water/CAN

[00100] Compound integrity disclosed herein is expressed as a “psak-arsa %" for

each peak {other than the peak due to injection), which is calculated by dividing the area of
each peak in the chromalogram (“peak-area” by the iotal peak-area ("tolal-area”™ and

multiplying by 100%, as follows:

P Ay
peak — area¥h = S * 1000

[066101] The peak-area percentage of the compound of interest may be employed as

an indication of the purity of the component in the sample.

f00102] Mass spectromastry disclosad hersin was performed using a Finnigan jon-trap
Mass Specirometer Model LTQ XL, Samples were infused through a syringe pump info an
atmospheric pressure electrospray ionization (ESI) probe. Fragmentation of the ions was
achisved using collisional aclivation, and mass spectral data were collected in full scan
{(MS1) and multilevel MS modes (MS2 and MS3). The structures of the praduct ions were
deduced using established fragmentation rules and through use of Mass Frontier software

{High Chem Lid., Slovak Republic, version 5.1.0.3).



L POLYMORPHIC FORMS OF BRIGATINIB

{00163} Through analyses disclosed harein, ten polymorphic forms of brigatinib were
identified. The ten new polymorphic forms are referred o herein as Form A, Form B, Form
C, Form D, Form E, Form F, Form G, Form H, Form J, and Form K. In general, crystalline
forms of brigatinib have physical properfies {(such as high siabilily, elc) that are
advaniageous for the commercial preparation of solid dosage forms as compared o
amorphous brigatinib. The distinction between crystalline brigatinib and amorphous brigatinih
can be readily seen with the sams type of physical chamical data {g.g., DSC, XRFPD, thermal
analysis) ihat is used fo distinguish the individual crystalline forms of brigatinib disclossad

herein.
Form &:

[66104] Form A was the predominant crystalline fonm identified in the experimenis
disclosed hersin. Form A can be obtained from the the final synthelic step in the synthesis of
brigatinib shown in Figure 1, for example, by elevaling the temperature of crystallization o
80°C and adding a NaOH solution al a slow rate. Form A is anhydrous and not hygroscopic.
Form A did not convart info other forms via sobvent-mediated or solid-solid transition or
axposure o slavated temperature, slevated humidity, mechanical pressure, or grinding as

disclosed herain,

[80:105] The chemical and orystal structures of Form A have been unambiguously
established by & combination of nuclear magnstic resonance speciroscopy (NMR}, mass
specirometry (M), and X.ray powder diffraction {(KRPD), single crystal X-ray crystallography
with confirmatory data from elemental analysis (EA} end Fourisr transform infra-rad (FT-IR})

spaeciroscopy.

[60106] In some embodimeants, the present disclosure relates o crystalling Form A of
brigatinih. in some smbodimants, the presant disclosure relates {o orysialiine Form A of
brigatinib, wherein the crysiailine Form A of brigatinib is substantially pure. In some

smbodiments, the crystalline Form A is anhydrous,

[80167] Sampies of Form A were analyzed by X-ray powder diffraction (XRPDL In
some embodiments, the present disclosure relales o crysialline Form A having an x-ray

powder diffraction paltiern substantially as shown in Figure 2.



{00108] In some embodiments, the XRPD pattern of crystalline Form A has at least
one, at least two, at least three, at least four, at least five, at least six, at least seven, at least
eight, at least nine, at least ten, at lsast sleven, at least twelve, at lsast thirlesn, at least
fourteen, at least fifteen, at least sixteen, or at least saventeen peaks expressed in degress
two-theta chosen from 6.1, 8.6, 86, 10.8, 11.3, 13.5, 14.3, 189, 17.2, 18.8, 19,4, 20.1, 21.8,
226, 231, 23.9, and 27.7. As previcusly noted, in some embodiments, a variance of £0.3

°26 may be chservad in one of more 2-8 peak positions.

{00109] In some embodiments, the XRPD pattern of crystaliine Form A has at least
one, at least iwo, atl least three, al least four, al least five, at least six, at least seven, at least
eight, at least nine, at Isast ten, at least eleven, at least twelvs, at least thirteen, at least
fourteen, at least filleen, at lsast sixtesn, or at least seveniesn peaks exprassed in degrees
two-theta chosen from 6.1, 8.58, 8.58, 10.78, 11.34, 13.46, 14.34, 15.9, 17.22, 18.86, 19.38,
201, 21.82, 22.58, 23,14, 23.88, and 27.86. A variance of £0.30 28 may be observed in

one or mors 2-8 peak positions in some ambodiments.

001103 In some embodiments, the present disclosurs relates 1o the crystalling Form
A having an x-ray powder diffraction patiern with al least one, at least two, at least three, at
lzast four, al least five, or at least six peaks expressed in degrees fwo-theta chosen from
9.6, 17.2,18.4, 2014, 23,1, and 27.7. In some embodiments, a variancs of £0.3 “28 may be

ohserved in one or more 2-8 peak positions.

(80111} in some embodiments, the present disclosure relates to the crystalline Form
A having an x-ray powder diffraction paltern with at least one, at least two, at least three, at
least four, at least five, or at least six peaks expressed in degrees two-theta chosen from
§9.58, 17.22, 19.38, 20.1, 23.14, and 27.68. in some embodiments, a variance of £0.30 °2¢

rmay be observed in one or more 2-8 peak positions.

[001123 In a differential vapor sorption (DVS) experiment with Form A, the sample
was first dried at 0% RH for 8 hours. Then, the refative humidity was cycled from 5% to 85%
RH {sorplion), then to 5% RH (desorption) at a constant temperature of 25°C, with a hold
firne of 80 minutes per step. As shown in Figure 3, these results demonsirate that Form A is

not hygroscopic,

[00113] With reference 1o Figure 4, the melting point of Form A was determined by

differantial scanning calorimalry (DSC). A sample of Form A was analyzed in a pin-holed 40
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ul. aluminum pan in the temperature rangs of 25°C o 300°C at a heating rate of 10°Cimin,
An endothermic peak at 214.5°C was observad. Accordingly, in some embodiments, the
present disclosure raiates to crystaline Form A having an onsel melling tempsrature of
214.5 °C. In some embodiments, the onsel meliing temperature of crysialline Form Ais 214

“C. In some embodiments, the onset melling temperature of crysialling Formn As 215 °C.

[06114] With reference to Figure 5, thermogravimsiric analysisfsingle differential
thermal analysis {(TGA/SDTA) and thermogravimetric mass spectrometry {TGMS) were
performed on Form A, The sample, contained i a pin-holed crucible, was healed in the
TGA instrument from 25°C to 300°C at a healing rate of 10°C min™!, with dry N, gas used for
purging. Gases svolved from the TGA were anabzed using & quadrupole mass
spectrometer. The TGATGME experiment indicated that a3 mass loss of 0.23% (water) was

observed over a temperature range of 30°C-100°Cy.

f00115] Elemantal analysis was performad on a Form A sample for hydrogan, carbon,
nitrogen, chiorine, phosphorous and oxygen. The rasulls are shown in Table 1 and confirm
the molscular formula of brigatinib as  CpHCIN-OP. The determinsd  elemental

compasition 15 consistent with the molscular formula of brigatinib.

Tabls 1. Elemental Analysis Resulis

hydrogen 7.01% A3%
carbon 58.88% 58.83%
nifrogen 18.73% 16.70%
chiorine ’ 586% ’ 8.07%
..................... T
C oxygen - 838% I 548%
{00118} Soiution phase NMR studies ware performed on Form A {o obitain a compiets

assignment of 'H, °C and Y'P resonances, and hence to confirm the chemical formula of
mrigatinib. "H NMR analyses wers parformed on a sample of Form A dissalved in CD,00
solvent, while °C NMR analyses were performad on a sample of Form A dissolved in CDCh
solvent. Figure 8 provides the 1D "H-NMR spectra of Form A, Figure 73 shows the 1D 7C-
MNMR spectra of Form A,

(00117} Table 2 summarizes the relevant chemical shift data of Form A obtained from



the 'H, and “C-NMR experiments. The number of signals and their relative intensity
{integrals} confirm the number of prolons and carbons In the structure of Form A of
brigatinib. The *'P-NMR chemical shift for the single phosphorous atom in brigatinib was
43.8 ppm. These 'H and C-NMR chemical shift data are reported according fo the atom

numbering schame shown immaediately below:

H-NMR Assignments v PONMR Assignments

Tabie 2: 'H and °C Chemical Shift Data (in pprm) of Form A of Brigatinib

5 6H, 1.8-1.9
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(44 18]

B 12H.386-370 | Foi 1848
7 1H. 8.3 & 155 8
8 1H. 8.8 H 11149
8 iH, 7.2
10 3H, 7.5-7.7
17H, 1.0-3.0,
11 :
unassigned

With referencs to Figure 8, mass speaciral expariments of Form A were carried

out using an Agilient electrospray time of flight mass spactrometer (Mode! 8210 operating in

positive fon mode using fiow injection sample introduction.

Samples of Form A were

dissoived in methanolwater and were analvzed and the mass observed was miz 584.263

(M+HTY with the calculated exact mass being 5384.2884 (M+H') The observed molecular

mass is consistent with the elemental composition calculaled from ths molecular formulg of

brigatinib.

160115}

Using

the Finnigan

jon-tfrap  mass  spectrometer

dascribad  above,

fragmentation of the ions was achisved using collisional activation, and mass spactral dala

were colfected in full scan (MST) and multilevel ME modes (MSZ and MS3} as shown In

Figure 8. The struciures of the product ions were deducsd using sstablished fragmentation

rudes and through use of Mass Frontier software (High Chem Lid,, Slovak Republic, version

-

51.0.3) a8 shown in Table 3.

The proposed structures of the key product ions were

consistent with the structure of brigatinib as shown in Table 4

Table 3: Mass Speciral Product lons of Brigatinib

MG Full Scan 584 {M+H"} molecudar ion
MET (MEMS) 584 484, 458, 452

MSY(MEMISIMS) [ 486 467,455,452, 448, 430, 416, 315, 287, 18
MS® (MS/MES/MS) | 456 434 420, 400, 388, 379, 287, 262, 185, 160
MG (MSMEMIS) | 452 435, 418, 387, 340, 299
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Table 4: Mass Speciral Data of Product lons of Brigatinib

mifz of the
Product on

Proposed Structure of the lon

amu Difference
from Precursor
fon

Chemicsal
Groups Lost
from Precusor

Molecular lon mfz 584

TVher

Fataatacey e,
" . 5
orrrrsssd crrrrrred

{

Molecular ion

MHT, Calculation
based on the
nominal
monoisolopic
molecular weight

with 35Ct atom.

MSEV'Experiment ~ Product lons of the Moelecular lon 'mizésa

) O .~
e e e
TR R
K R ‘ 5
3 § i
{ i
{ i
R By
i
i
b
&, o
Ry
N
i
H
}

LT,

106

N-meth
piperazine




N
2

""" miz of the Proposed Structure of the lon | amu Difference | Chemical Groups |
Product lon from Pragursor Lost from
o lon Precursor fon
- 454G 128 N-mathyi
piparazine and
sthylens
5ES YRR T T
piperazine and
CH5OH
487
S I t»;»k\
\{‘ ».g =
5 T TR b R A
experiment m/z 584 — 2 A
4862 identical to that produced in MS2 | 32 CH3OH
LOXPBHMENtZ 5B — L e




4

2.5

Omi

Boo. . ——

G L4 O

283 z

B R 2

£ &g T

3 (o 3
fine

28

e @

L3

Boo

22z )

23 &

£y & &

: 5 ¢
o < [20]

& w0 ,nD

Proposed Structure of the lon

448

miz of te
Product lon

430

416

23



s g YT Zdimetnyd
phosphoryl aniline

e VYETT CyakqaNG

e FE S

> : ¥

1 H i

i N H

i { i

i Y i

SN A By

TRt RGN £ o
- '\\A'\ v Rt -
LRy 4 RN S y
HuN N M

{CH2 PO

s of the Precursor lon nyz 458
32 CHaOH

424

M,'
"

A
4




mz of the
Product ion

Proposed Structure of the lon

amu Difference
from Pracursor
lon

Chemical Groups
Lost from

Precursorion

5 35 e
406 50 *HNCI
T R g T B0 “




~f

=~

297 CapHoNG
5i5 C~gQHgNGCEMMW
iz of the Proposed Structure of the lon amu Difference Chemical

Product ion

from Precursor

Groups Lost
from Pracursor
fon

CqpHgND, HEY,
{CHaHCH) PO

B
a3




oty 4N4OPC

296

: *OH

HCH

17

Product ions of the Precursor lon vz 452

mS® Experiment

{ -

160

435

416

27



587 RS
S HCL{CHE} ..............
PO
mt\
iz Gf the 2 mu - [} Eﬁ:eraﬁi‘:e rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr C ﬁémi{;ag AAAAAAAAAAAAAAAAAAAAAA

Product ion

from Pracursor
ion

Groups Lost
from Frecursor

7777777777777777777777777 fon
285 N 153 2-dimethyl
v phosphoryl
’ phanyl
= SE]\
\’\A\\\M
001208 Single-crystal X-ray diffraction was emploved o solve the orystal structure of

Form A of rigatinip. Crystais of brigatinik Form A wers obiained from MeOH-ipluens, the



struciure of Form A brigatinib is shown in Figure 10, and crystallographic parameters are

summarized in Table 5. The structure is composed of hydrogen-bonded dimers. Based on

this structure solution, it was determinad that Form A is unsolvated. Some disorder in the

crystal is associated with the terminal N-methy! piperidine molety of brigatinib.

Table §: Crystal Data and Struclure Refinement for Brigatinib Form A

Empirical formula CogHggCIN
Fy 584 11
Space group P -1 {No. 2)
Unit cell dimensions:
a[A] 9.5610(11)
b {A] 10.8027{13)
cIA] 14.9715(17)
afy 75.685(5)
514 79.835(8)
e R ————
v AT 1431.8(3)
Z 2
""" D lgfem3] 11385
Crystal size [rim3] 0.20x0.20x0.02
—— T

“Radiation {wavelength, A}

- Cu K{1.54184)

Monochromator » confocal optics
Linear abs coef, mm-1 2035
Absorption correction applied ermnpirical
Transmission factors: min, max .79, 0.96

Diffrai:tnmeter

Rigaku RAPID-

h, k, trangse

28 range, deg

-ittie 9 12012 7017




Mosaicily, deg

Pragrams used

Foon
Weighting | o2 (F o) H0 HB06P)2+0.00008] where
Fra(F e+ 2F o) s
. SRS
Unigque Dats 4179
R;nt ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S
¢ Data used in refinement 4178

Cutoff used in R-factor cainulations F»2.00(F 49)
Dataw;ti*ai>2()mi}242() ............................

Refined extinction coef | go034
T g——

Largest shifesd in final eycle | ooo
R{FQ} AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA R
""" Relfly e o

Goodness of it 1.010

100121

The % transmiltance FT-IR spectrum of brigatinib Form A s shown in Tabls

8, with a summary of selected IR band assignments provided in Table 8. Data was collected

on a Form A sampls within a potassium bromide salt plats.

Table 8: Selected IR Band Assignment of Brigalinib

Assigronend

e e
F FRGEENEY & W}

Sirgtches for benzene and aliphat
and aromatic amines

Aromatic nitregen

i

3241.0, 31851

80010 27083.2

el

14411 80 12108

Aromaiic esler

1354 510 1278.0




Assignment Eroguinney gmnz‘f}
Phosphoryl group 1183.6 10 1135.0
Alkane streiches 1094.910 7846
P sy
benzensa
Aliphatic secondary amines 768.6t0 716.8
00122} In some embodiments, the present disciosure relates to crystalline Form A

having an FT-IR spectrum with any at least one of the following frequency bands:

 Frequency {cm')

32410, 3165.1
29800 to 2793.2
$16.4 to 1417.6
14411 to 12198

1354 6 to 1278.0
1307 4 to 1196.1
1163.8 to 1135.0
1064.9 10 794.6
867.4

Form B:

[00123] Form B is hygroscopic. Form B can be obtained, for example, indirecily from
dehydration of hydrated Forms C and D. A mixiure of Forms A, B, and C can form through
vapor diffusion onto solids using water as the solvent. None of the direct erystallization

experiments disclosed herein afforded Form B,

{00124} Form B can convert {o the hydrated Forms C and D depending, for example,
on the humidity level (e.g., above 80% RH at 30°C). That conversion was determined fo be
raversible. Form B converts irreversibly via solid-solid transition o Form A at about 150°C at
ambient humidity as evidencad by XRPD. Form B also transforms fo Form A upon slurrying
in aqueous media at high temperalure, for example, at least 37°C. The solubility of Form B
could not be determined via slurries as Form B converted either to Forms D and/or C (at
25°CY or Form A (at 37°C).

[00125] in the DSC thermogram shown in Figure 11, a minor endotherm was

B
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ohserved up o approximately 530°C, corresponding to walsr loss of some small quantity of
Formm © present in the sample. Thereafier, Form B transformed via solid-solid fransition
{axotherm shown gt 171.8°C) to Form A, which then melled {endotherm shown at 214.3°C)

That serigs of svents was confirmed by VT-XRPD experimants on Form B,

JO0126] wo oyclic DSC experiments using Form B were performed.  In the first
expariment, the lemperature was elevaled by 10°Cimin to 180°C and subseguently
decreased by 10°Cimin to 25°C as shown in Figure 12, The endotherm at around 76°C in
Figure 12 can be aliributed o the presence of a small quaniity of Form O and its waler loss,
The exctherm at 181°C can be attributed {0 the solid-solid fransformation of Form B to Form
A XRPD analysis of the solids at the snd of the cyclic DSC expariments confirmed that the

solid had transformad to Form A,

{08427} The second cyclic DSC experiment was performad with the following thermal
profile; heating by 19°C/min to 180°C, cadling by 10°Chmin 1o 25°C; second healing by
10°Chmin o 300°C. The obtained thermogram is shown in Figure 13, The op thermogram is
piotied vs. time and the hotlom thermogram is plotied vs. temperaturs. For the first healing
and cooling ssgments, the behavior was as describsd above for the first cyclic SO
expariment.  Upgon the second heating, only the maling of Foarm A was observad at
Trea=214.0°C.

{301 28] In same embodiments, the present disclosure relates o crystalline Form B of
brigatinib. In some embodiments, the present disclosure relates 1o crysialine Form B of

brigatinib, wherein the crysialiine Form B of brigatinib is substentially purs.

[00129] Samples of Form B were analyzed by Xoray powder difftaction (XRPD). In
some embodiments, the present disclosure relales fo crysialline Form B having an x-ray

powder diffraction patiern substantialy as shown in Figure 14,

[061346] in some embodiments, the XRPD pattern of crystalling Form B has gt least
one, at least two, at least thres, al isast four, at least five, at least six, at least seven, at least
eight, at lsast ning, ol least len, al least eleven, at least twelve, or al least thireen peaks
exprassad in degrees two-thela chosen from 8.7, 9.2, 11.5, 12.8, 14.5, 155, 18.8, 17.7,
18.2, 20.4, 21.8, 23.2, and 28.5. In some embodiments, a variance of £0.3 °28 may be

ohserved in ong o more 2-8 peak positions.

1001317 It some embodiments, the XRPD patlern of crystailine Form B has at lsast
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ong, at least two, at least three, al least four, at least five, al least six, at least seven, at least
gight, at least nine, at least ten, al least cloven, al least twelve, or at least thirteen peaks
axpressad in degrees two-thela chosen from 5.74, 8.22, 11.48, 12.82, 145, 15.48, 16.94,
17.66, 19.22 2038, 21.78, 23,18, and 29.54. In some embodiments, a variance of £0.30

°28 may be observed in one or more 2-8 peak positions.

[00132] In some embodiments, the present disclosure is related to crystalline Form A
having an x-ray powder diffraction patiern with at Isast two peaks sxpressed in degrees two-
theta chosen from 11.5, 14.5, 168, 19.2 and 23.2. In soms embodiments, a8 variance of

+0.3 °28 may be cbserved in one or more 2-8 peak posilions.

(00133} In some embodiments, the present disclosure is related to crystalline Form A
having an x-ray powder diffraction pattern with at least two peaks expressed in degrees two-
theta chosen from 11.48, 14.5, 16.94, 19.22 and 23.18. In certain embodiments, th In some

embodiments, a variance of £0.30 "28 may be observed in one or more 2-8 peak positions.
Form C:

(00134} Form C can be oblainad, for example, from either partial dehydration of
hepta-hydrated Form D or by hydration of Form B, Form C is a hydrate that dehydrates to
Form B upon sxposurs o relative humidity levels below 25% RH at 30°C. Form C converls
to Form D upon exposure to 80% RH at 30°C. Thesse conversions are reversible with
hysterssis. Upon temperature increase at ambient humidity, Form C dehydrates to Form B,
which converts ireversibly via solid-solid transition to Form A as measured by XRPD. No

direct crysialiization experiment as described herein afforded Form C.

[00135] The DSC thermogram in Figure 15 shows an endotherm that corresponds fo
watler loss {as confirmed by TGMS)} by which the solid form convertad o Form B. Form B
converted via solid-solid transition {exotherm at 158.6°C} to Form A, which in turn meited
{endotherm at 214.3°C). That series of events was confirmed by VT-XRPD experiments on

Form C.

{00138] Two TGMS thermograms from different samples of Form C are shown in
Figures 16A/8 and Figures 17A/B, each containing a TGA/SDTA plot on top and TGMS plot
at botiom. These thermograms show water mass losses of 4.25% and 6.14% respectively.
The corresponding numbers of water molecules are 1.44 and 2.12, suggesiing a degree of

hydration of 2.
33



(08137} Form C can be obiained as a mixture of Forms A B, and C through vapor
diffusion onto solids using water as solvent. A mixture of Forms A and © can be oblained by
cooling crystallization with hol filiration using as solvent systems  any one of aceloneiwater
(50750, water/methano! {(80/50), and waler/t 4-dioxane (BI/50).  Ancther route to formation

of Form O is svaporation from acetonsfwater {(50/50) solvent.

F00138] iy soime embodiments, the present disclosurs relates o crystaliing Form © of
brigatinib. In some embodiments, the present disclosure relates to orystalling Form © of

brigatinib, wherein the orystaline Form C of brigatinib is substantially pure.

[O0138] Samples of Form © wers analyred by X-ray powder diffraction (XKRPD In
some embodiments, the present disclesure relates to crysialline Form C having an weray

powder diffraction pattern substantially as shown in Figurs 18,

{60401 In some embodiments, the ARPD pattern of crysialling Form C has at least
ong, at least two, at least three, at least four, ot least five, at least six, at legst seven, at least
eight, at least nine, at least tan, at least elevan, at leas! twalve, at lsast thiteen, ot least
fourteen, at leasi fifteen, at least sixlgen peaks expressad in degrees wo-theta chosen from
2.1, 25 54, 28, 109, 12.8 14.9, 158,186, 173, 178, 182 208, 23,9, 288, and 27 4,
As previously noted, in some smbodiments, a varance of £0.3 “28 may be ohasrved in one

of mors 2-8 peak positions.

(BG4} I some embodiments, the XRPD patlern of crystalline Form © has at lsast
ong, al lsast two, gt least three, at least four, &t least five, al least six, a8t least seven, a least
sight, &t lsast nine, al least ten, al least eleven, al least twelve, gt least hirteen, at least

fourteen, at least fifieen, at least sixteen peaks expressad in degrees two-thela chosan from

(881427 2.4, 254, 542, 89, 10.9, 12.86, 1486, 1594, 1662, 17.28, 17.58, 19.18,
2058, 23.594, 26,87, and 27 42, iIn some embodimenis, a variance of £0.30 °20 may he

ochsenved in one of mors Z-8 peak posilions.

To0143] in some embadiments, the XRPD paltern of orysigliine Form € has of least
one, al leasi two, at least thres, at least four, at loast five, at least six peaks expressed in
degress two-theta chosen from 5.4, 14.2, 1588, 173, 19.2, and 23.8. In some embodimants,

z vanance of £0.3 28 mavy be ohserved in one or more 2-9 peak positions.

Form B
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fo0444] Form Dt is a heptahydrate that can be obiained directly from crystallization
with methonal as the solvent and water as the anti-solvent. Form D can also be obiained
from Form B, via Form C, upon slurries in agqueous media and exposure to high relative
humidity {80% or higher, at 30°C). Form D dehydrates (partially) to Form C at about 80% RH
at 30°C. Upon temperature increase at ambient humidity, Form D dehydrates o Form C as

measurad by XRPD.

[00145] in some embodiments, the present disciosure relates {o crystalline Form D of
brigatinib. In some smbodiments, the present disclosure relates to crystalline Form D of

brigatinib, wherein the crystalline Form D of brigatlinib is substantially pure.

[00146] Samples of Form D were analyzed by X-ray powder diffraction (XRFD). In
some embodiments, the present disclosure relales o crystalline Form D having an x-ray

powder diffraction pattern substantially as shown in Figure 18.

001477 In some embodiments, the XRPD pattarn of crysialline Form D has at least
one, at least two, at least three, at least four, at least five, al least six, at least seven, at least
eight, at isast nine peaks expressed in degress two-theta chosen from 4.7, 8.2, 8.7, 111,
14.5, 17.4, 18.9, 224, and 23.7. As previously noted, in some embodiments, a variance of

+0.3 °26 may be cbserved in one or more 2-6 peak positions.

[00148] In some embodiments, the XRPD pattern of crystalline Form D has at least
one, at least two, at least three, at least four, at least five, at lsast six, at least seven, at least
eight, at least nine peaks expressed in degrees two-thela chosen from4.868, 8.22, 874,
11.08, 14.54, 17.38, 18.94, 22.42, and 23.88. As previcusly noted, in some embodiments, a

variance of £0.30 °26 may be observed in one or more 2-8 peak positions,

{00149 In some embodiments, the XRPD pattern of arysialline Form D has at least
ong, at least two, at least three, at lsast four, at least five peaks expressed in degrees two-
theta chosen from 8.7, 111, 174, 188, and 237. As previously noted, in some

ambodiments, a variance of £0.3 28 may be observed in one or mors 2-8 peak positions.

{00150] In some embodiments, the XRPD pattern of crystalline Form D has ai least
one, at least two, at least three, at least four, al least five peaks expressed in degrees two-
theta chosan from 9.74, 11.06, 17.38, 18.84, and 23.68. In some embodiments, a variance

of £0.3 “28 may be observad in one or more 2-G peak positions.



Convarsion of Forms A-Bh

[06181] Once Form A s oblainsd, no conventiona! method disclosed herein was
found o convert this form to ancther form. Forms B, C and D, however, all interconvertad

depending on the lemperature and relative humidity conditions.

fo0152] A 30 °C, increasing the humidity lead to hydration of Form B to Form © and
sventually o Form 0. The changes were reversible upon humidity decrease and ogourred
with & hystersgsis: Form B converted fo Form © at about 85% RH while Fomrn C debydrated
i Form B at 25% RH. Similarly, Form © converied 0 Form D af about 30% RH while Form
D pariially dehydrated {o Form © al 30% RH.

[B0153] At ambilent humidity, incraasing the temperature lead o dehydration of Forms
C and [ to the anhydrous Form B (af about 40°C) and to Form A via solid-solid fransition at
about 180°C. Thesse conversions were nol reversible: Form A remained stable upon

temperature decreass.

(001841 Therma! stabilily and stabilily under molsture were assassed following
storage for g mesdmum of 5 weeks at 50°C, 78°C (for Form A} and 40°C/758% relative
humidity (for both Forms A and B}, Within this period samples were analyzed by XRPD and
HPLC as follows: afler 1 day, 3 days, 1 week, 2 wesks, 3 weeks, 4 weeks and 5§ wesks.
Form A was physically and chemically stable under all tested conditions. Form B, howevear,
converted to the hydrated Form © after 1 day in the climate chamber and subsequently to

Form A {pariially} {data up 1o 3 wesks).
Form E:

[00158] Form E can be oblained from fresze-drying from chioroform, and & 3
chloroform solvate. Form E can also be obiained as a mixturs with Form A by slurrying with
chloroform.  Afler saveral weaks at ambisnt femperature, Form £ may reveri to Form A as
measured by XRPD. Analysis by TOA/SDTA (Figurs 20A) indicated a mass loss of 23.4% in
the temperature range of 40-120 °C, corresponding o 1.5 chioroform molecules per
brigalinib molecule. According o the SDTA signal and the indicaled melting point, the solid

gocuring upon desolvation is Form A

001567 In some embodiments, the present disclosure relates 1o crystailineg Form E of

brigatinilz. In some embodiments, the present disclosure relates to crystalling Form & of



brigatinib, wherein the crystalline Form E of brigatinib is substantiaily pure,

[001587] Samples of Form E were analyzed by X-ray powder diffraction (XRPD). In
some ambodiments, the present disclosure relates o crysialline Form E having an x-ray

powder diffraction pattern substantially as shown in Figure 21.

[00158] In soms embodiments, the XRPD pattern of crystaliine Form E has at least
one, at least two, at least three, at least four, al least five, at least six, at least seven, al least
eight, at least nine, at least {en, at least eleven, at least twelve, at least thirteen, at least
fourteen, at least fifteen, al least sixteen, at least seventeen, at least eighteen, at least
nineleen peaks expressed in degrees two-thela chosen from 8.4, 10.2, 11.2, 12.0, 13.7,
14.4, 188,165, 17.4, 183, 19.2, 21.8,22.3, 23.1, 23.8, 26.0, 264, 25.8, and 28.3. In some

ermnbodiments, a variance of £0.3 °26 may be observed in one or more 2-8 peak positions.

[0015%] in some embodiments, the XRPDKpattem of crystalline Form E has at least
one, at least two, at least three, at least four, al least five, at least six, af least seven, at least
gight, at least nine, at lsast ten, at least eleven, at least twelve, at least thirteen, at least
fourteen, at least fiflsen, at least sixieen, at least sevenieen, at least eighteen, at least
nineteen peaks expressed in degrees two-theta chosen from 9.06, 10.22, 11.18, 11.88,
13.66, 14.42, 15.82, 16.54, 17.42, 18.34, 18.22, 21.62, 22.3, 23.14, 23.9, 26.02, 26842,
25.78, and 29.34. In some embodiments, g variance of £0.30 "28 may be cbserved in one or

maore 2-8 peak positions.

f00180] in some smbodiments, the XRPD pattern of crystalling Form E has at least
one, al least two, at least three, at least four, at least five peaks expressed in degrees fwo-
theta chosen from 9.1, 10.2, 15.8, 19.2, and 23.9. In some embodiments, a variance of £0.3

‘20 may be observed in one or more 2-8 peak positions.

f00161] n some emboediments, the XRPD paltern of crystalline Form E has at isast
one, at least two, at lsast three, at lsast four, al least five peaks expressed in degrees two-
theta chosen from 8.06, 10.22, 18.82, 1822 and 23.9. In some smbodiments, a variance of

+0.30 °28 may be observed in one or more 2-8 peak positions.
FormF:

(60162} Form F was obtained from a fresze-drying experiment using TFE/water, and

is & TFE solvate. Form F desolvaled to give Form A upon heating or siorage at ambient
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conditions for § weeks as measured by XRPD Anzlysis by TGA/SDTA {Figure 22} indicated
g mass loss of 17.5% in the lemperature range of 404180 °C, comesponding o 1.24
friffuoroethanal molecules per brigatinib moleculs. According to the SDTA signal and the

indicated maiting point, the solid ocourring upoen desclvation Is Form A

(80163} I some embodiments, the prasent disclosurs relates 1o crystalline Form F of
brigatini, In some embodiments, the present disclosure relates to orystalline Form F of

brigatinib, whersin the orysialiine Form F of trigatinib is subsiantially pure.

[ 64] Samples of Form F were analyzed by X-ray powder diffraction (XRPDY. In
some ambodiments, the present disclosure relates o crystaliine Form F having an x-ray

powder diffraction patiern substantially as shown in Figure 22.

joa168] Inn some embodiments, the XRPD pattem of arystaling Form F has af feast
ong, gt lsast o, atleast three, at least four, gt lsast five, gl Inast six, o least sevaen, al isast
aight, at least nine, al least ten, ol least eleven, at least twelve, at lzast thideen peaks
axpressed in degrees bwo-theta chosen from 8.5, 8.8, 111, 18.3, 17.8, 17.6, 18.7, 194,
203, 22.0, 232, 23.8, and 27,1 In some embodiments, a varance of $0.3 °268 may be

phservad in one of more 2-5 peak positions.

foa168) in some embodiments, the XRPD paltern of crysialline Form F has at least
one, at least bwo, al lsast three, gt legst four, at least five, 8t least six, at lesst seven, at least
eight, al lzast nine, at least ten, at least sleven, at least twelve, at least thirtsen peaks
expressad in degrees bvo-theta chosen from 8.48, 8.78, 11,14, 18.34, 17.02, 17.88, 18.74,
18.38, 20.34, 22.02, 23.22, 23.88, and 27.1. In soms embodiments, a variancs of £0.30 °28

may be observed in one or more 2-8 peak positions.

JO0187] In some embodiments, the XRPD pattern of crystalling Form F has af least
one, &t least two, at least three, at least four, at least five peaks expressed in degrees two-
theta chosen from 8.8, 17.0, 19.4, 20.3, and 27.1. In some embodiments, 8 variance of 0.3

“26 may be observed in one or more Z2-8 peak positions.

{33168} i some embodimants, the XRPD pattera of orystalline Form F has at isast
one, at least two, at least three, &t least four, at least five peaks axpressed in degrees hwo-
theta chosen from 8.78, 17.082, 18.38, 20.34 and 27.1. In some embodiments, a varance of

0,30 °26 may be observed in ong or more 2-8 peak positions.

38



Form G

{00169 Form G was obtainad from a crash crystallization experiment, with chloraform
as solvent and acetonitrile as anti-solvent. Form G in mixture with Form A was also obtained
from two other experiments using chioroform {anti-solvent addition and thermocycling).
Remeasurement by XRPD of Form G, after siorage of the measuring plate al ambient
conditions for 5 weeks, showed that Forrn G had transformed to Form AL Form G may be an
instable form, and may, for example, be a chioroform solvate, which desolvates and converts

to Form A upon storage at ambient conditions.

(00170 In some embodiments, the present disclosure reiates to crystalline Form G of
brigatinib. In some embodiments, the present disclosure relates to orysialline Form G of

brigatinib, wherein the crystalline Form G of brigatinib is substantially pure.

(001711 Samples of Form G were analyzed by X-ray powder diffraction (XRPD). In
some embodiments, the present disclosure relates to crystalline Form G having an x-ray

powder diffraction pattern substantially as shown in Figure 24.

(001721 In some embodiments, the XRPD paltern of crystalline Form G has af least
one, at least two, at least thres, at least four, al least five, at least six, al lsast seven, at least
eight, at least nine, at least ten, at least eleven, al least twelve, at least thineen, al least
fourteen peaks expressed in degrees two-thela chosen from 7.2, 8.3, 8.7, 10.4, 12.8, 15.§,
18.1, 18.7, 20.7, 21.5, 22.8, 23.5, 24.5, and 26.8._In soms embaodiments, a variancs of £0.3

°26 may be cbserved in one or more 2-G peak positions.

[00173] In some embodiments, the XRPD patlern of crystalline Form G has at least
one, at least two, at least three, at least four, at lzast five, at least six, at least seven, at least
eight, at least nine, at least ien, at least eleven, at least twelve, at least thirleen, at least
fourteen peaks expressed in degrees two-theia chosen from_7.22, 8.34, 9.7, 10.38, 12.86,
1578, 181, 18.7, 20.74, 21.48, 22.82, 23.54, 24.5, and 26.82. In some embodiments, a

variance of £0.30 °28 may be observed in one or more 2-0 peak positions.

[00174] In some embodimants, the XRPD paltern of crystalline Form G has at lsast
one, at least two, at least three, at least four, at least five, at least six, at least seven, at lzast
eight peaks expressed in degrees two-theta chosen from_ 8.3, 9.7, 12.9, 158, 181, 20.7,
22.8, and 26.8. In some embodiments, a variance of £0.3 °28 may be observed in one or
more 2-8 peak positions.
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{08478} in soms embodiments, the XRPD pattern of crystalline Form G has at least
one, at least two, at least three, gt least four, at least five, at least six, at least seven, at least
eight peaks expressed in demees two-thets chosen from 834, 8.7, 12.88, 1578, 18.1,
20.74, 22 .82 and 26.82. In some embodiments, a variance of £0.30 28 may be observad in

one or more 2-8 peak positions.
Form H:

1001763 Form H can b obtained as a pure form or as a mixiure with Form A through a
cogling-evaporative method from a varisty of solvents, such as for example sthanoliwater,
1.4 dioxanefwater, methanol, methanclichioroform, and methanolacedoniirile. Form H may
be a solvale that sccommuodaies small alcohols such as methanol, ethanol, and 1 4-dioxane.
After storage at ambient conditions for 1-3 weeks, Form H had parlially transformed to Form
A as determined by XRFD.

o017 73 in some ermbodiments, the present disclosure relates to orystalling Form H of
brigatinib. In some embodiments, the present disclosure refates 1o orystaliine Form H of

brigatinib, wherein the orystalliine Form H of brigatinib is substantisily pure.

Bo17al Samples of Form H weare analyzad by X-ray powder diffraction (XRPD). In
zome embodiments, the present disclosure relates 1o crystalline Form H having an x-ray

powder diffraction patiern substantially as shown in Figure 25,

60173} in soms embodiments, the XRPD paltern of orystalline Form H has st lsast
one, at leas! bwo, al aast three, at least four, al lsast five, al least six, at least saven, at least
eight, al least nine, at lwast len, at lzast eleven, st lsast twelve peaks expressed in degraes
two-theta chosen from 4.2, 5.2, 84, 109, 127, 15.0, 1587, 16.5, 17.2, 184, 185, and 21.3.
In some embodiments, a variance of £0.3 "28 may be observad in ons or more 248 peak

posiions,

(60180} It soms smbodimants, the XRPD patlern of crystaliine Formy H has at lsast
ona, al lsast two, at least three, at least four, at leasi five, at least st at least sevan, at leas!
aight, at lsast nine, al lsast len, at least eleven, at least twelve peaks exprassed in degrees
two-theta chosen from 4.22, 5.22, 8.38, 10,88, 12.68, 14 48, 158.74, 165, 17,18, 1842, 14.5,
and21.3. In some embodiments, a vanance of £0.30 °28 may be observed in one or morg 2-

& peak positions.

(80181 in some embodimants, the XRPD pattern of crystalline Form H has at lsast
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one, at least two, at least three, at least four, at least five, at lsast six peaks expressed in
degrees wo-theta chosen from 4.2, 52, 8.4, 10.9, 12.7, and 21.3._in soime embodiments, a

variance of £0.3 "2¢ may be observed in one or more 2-8 peak positions.

(00182} in some embodiments, the XRPD pattern of crystaling Form H has at least
one, at least two, at least three, at least four, al least five, at ieast six peaks expressed in
degrees ifwo-thela chosen fromd4.22, 522, 8.38, 10.86, 1268, and 21.30. in some

embodiments, a variance of £0.30 °28 may be observed in one or more 2-6 peak positions.

FormJ:

[00183] Form J was obtained as a mixture with Form A from 2-methoxyethanol in a
cocling svaporative experiment at pl scale. Remeasurement by XRPD of the mbdure of
Forms A+J, after storags of the measuring plats at ambient conditions for 3 weeks, showad
that the material was still a mixture of Forms A+J; however, the component of Form A was

clearly larger.

[o0184] The mixture of Form A and Form J was analyzed by X-ray powder diffraction
{(XRPD} and the patlern is shown in Figure 26. The XRPD patiern has at least one or all of
the following peaks in degrees two theta (28) is shown for Forms A+d: 8.3, 7.8, 11.2, 17.6,
18.5, 19.8, and 21.3. In certain embodiments, the mixture of Forms A+J is characterized by
a XRPD pattern comprising one or more of the following peaks in degress fwo theta (28):
7.6, 17.8, and 21.3. In cerlain embodiments, the XRPD patiern of the mixiure of Forms A+d

can have two peaks or three peaks of the above-listed peaks.

Forms ¥ and L:

(00188} Forms K and L were obfained as mixtures with Form A and their XRPD
patterns exhibit only minor differences with that of Form A, Form K was obtained as a
mixture with Form A from THE/NMP mixture in a cooling evaporative experiment at pb scale.
Remeasuremeant by XRPD of the mixture of Forms A+, after storage of the measuring plate
at ambient conditions for 3 weeks, showed that the material was siill a mixture of Forms
A+K.

[00186] Form L was also obiained as a mixture with Form A from siurry experiments
with n-heplane, hexane or meathylcyciohexane, Remeasurement by XRPD of the mixiures

A+l afier storags of the measuring plate at ambient conditions for 3 waeks, showed that the

41



aclids wera still a mibdure of A+l

001873 Figures 27A and 278 show the XRPD patterns chserved for the mixiures A+K
and A+L. The markers indicate the 28 posttions where the additional intensily peaks appear.
For Form K, the peaks that are additional to Form A, as described above, include in degraes
two thata (28 5.8, 7.7, and 12.3. For Form L, the peak that is addiions! to Form A, as
daescribed above, In degrees two theta {261 182, In certain embodiments, the XRPD
paterns of either Form K or Form L can show hwo peaks or three pasks of the above-listed

pagks.

Amorphous form of brigatinib

faoieal Grinding experimenis were performed o obtain amorphous brigatinih.  After
grinding a sampis of Form A for 30 and 80 minutes, XRPD studies indicated an increasse in
amorphous covent as shown in Figure 28, Purity was assessed by HPLC and confimed
that chemical degradation did nol occuwr during the grinding process. In g mechanical stress
fmst vig grinding, a sample of Form A was ground for 2, 3, 4 and 5 hours. Recovered solids
were anabyzed by XRPD and HPLO, By § hours, the sample was almost compleiely

amorphous,

B, EXPERIMENTS IDENTIFYING BRIGATINIB POLYMORPHIC FORMS

Faai8gl initial efforts to identify polymorphic forms of brigatinib were divided into fwo
phases. Phase 1 included staring-material characterization, faasibility testing, solubility
siudies, compression studiss, and intrinsic dissoiution rate to provide data for the solvant
sedection for Phase 2. Phase 2 included polymorph screening experiments at mifliliter {mil)
and ricrofiter (L} scales. These efifors led o the identification of 10 polymorphic fonms:

Form A&, Form B, Form C, Form D, Form E, Form F, Form G, Form M, Form J, and Form K.

Phase 1: Starting Material Characterization

(801 50] The starting material, brigatinib, was provided as an offwhite solid and its
chemical purily was assessed by HPLC as 899.8%. Mass spectral dats confirmed the
molecutar weight of brigatinib to be 884 g/mol. TGA and TGMS analyses showed (0.23% of
mass loss {corresponding o about 0.08 water molecuies per Form A melscule) in the
temnperature interval of 30°C-100°C. D0 analysis showad an endothermic event with T =

214.5°C, refated o melling of the compound, brigatinib. The waler content of Form A was

4
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determined by coulometric Karl Fischer method. The average water content from two
determinations was found to be 0.32%. Representative residual heavy meials in brigatinib
Form A were determined by ICP-MS. The detected slements included cadmium {0.02 ppmj),
copper (.14 ppm), molvbdenum (0.10 ppm), palladium {(0.087 pom) and silver (0.03 ppm).

The following metals were not detscted: antimony, arsenie, bismuth, lead, mercury and in.

[00181] NaOH tilration experiments were performed to investigate the influence of the
MaOH addition rate and crystallization temperature on the isclated crystal form. A stock
solution of brigatinil Form A was prepared by weighing in 450 mg of Form A and slurrying in
8 mbL water for 10 min. A quantity of 4.5 mbL of 1M HCI was added to dissolve the brigatinib
{final AP concentration 33.3 mg/mb). For sach experiment, 3 mbL of slock solution was
added in an & mL vial, containing a stirring bar, pH probe and tubing connected to the tifrator
{Titrino}. The vial was placed in the Crystaliine and brought o temperaiure before initiating
NaOH titration. A volume of 3 mL 0.1M NaOH solution was titfrated at a predefined rate.
Buring the experiment, bottom slirring at 500 rpm was applied. While brown solids appeared
during titration; upon stirring (10 min) the color changed to pink. Subsequently, all solids
were separated from the solution by centrifugation, washed two times with 5 mL of water and
then dried.

1001921 Four sets of NaOH addition rate {(ml/min) and temperature °C conditions
were evaluated: 0.02 ml/min at 25 °C, 20 ml/min at 80 °C, 0.05 mi/min at 25 °C, and 20
mb/min at 60 °C. Direct formation of Form A is possible from aquecus media when the
process occurs al 80°C and a slow NaOH addition is applied. A fast NaQOH addition led to a
mixture of Form A and the hepta-hydrated Form D while at 25°C, the crystallized from was

the heplahydrate independently of the NaOH addition rate.

Phase 1: Solubility Study

[00193] Quantitative solubility testing was performed on brigatinib starting material,
emploving a set of 24 solvenis (DMSO, heptane and water were performed in triplicate). In a
vial, about 40 mg of starting material, 400 ul of solvent and a stir bar were added. After
stirring for 24 h at 20 °C for 24 hours, the liquid was retrieved, filterad, and analyzed for API
conient by HPLC. The residual solids were characterized by XRPD and found to be Form A.

The resuits are summarized in Table 7.



Table 7: Solubllity of Brigatinib

Acetone 1.69 Form A
B o e
1-Buiano 17.74 Form A
2-Butanone 1114 Form A
' Butyl acsiate (.32 Form A
Chioroform | >181.8 .
Cyclohexans UR2,<G,{}1 Form A
e oo g R
Dichloromsthans ! =188 87 w
X A-Dimethoxyethane 1.43 Form A
U Dimetny! Sulfoxide ' 288 Form A
Dimathyi Sulfoxide 3.02 Form A
Dimethyl Sulfoxide ' 3.05 Form A
N N-Dimethylacetamids ' .47 Form A
14-Dioxane 1 401 1 FormA
Ethanol 3 68.71 Form A
Ethyi Aceiate .42 Form A
Ethyi Formate ' 0.99 Form A
n-Heptane L UR, <001 Form A
n-Heptane LOUR <0.01 Form A
n-Hapiane UR <01 Form A
lsopropyl acsiate L UR <001 Form A
Methanol T a5 Form A
Niromethane G.41 Form A
sopropanod 1.58 Form A
Tetrahydrofuran UR <0.01 Form A
B e o
Water .09 Form A
Water " {008 Form A
e —— P o
2 2 Z2-rifucroethanold »Z224
2,2 2-rifiueroethanol/water {9(}:10}3 >172

2,2 2-wifiuoroethanolwater (80:20)3 >158
1 Samples were dissolved after 24 h equilibration ime, no solids were harvested.

2 Under Range, lower then detection limil, the concentration is lower than 0.22 mg/ml
3 Data obtained from freeze drying expariment
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(001841 The solubility of Form A was also evaluated in Simulated Gastric Fluid and
chserved to be 52 mg/ml. AL 37°C in aguecus buffers, solubilities of Form A were observed
to be 70 mg/mL {in pH 1.0}, 26 mg/mL {in pH 4.5) and 6 mg/mL (in pH 6.5).

[00195] in a second solubiiity study, the solubility of Forms A and B were determined
in triplicate at 25°C and 37°C in water, pH 1.0 buffer (0.1 N HCI )}, pH 4.5 acstate buffer, pH
6.5 phosphate buffer and simulated gastric fluid SGF at 37°C. For each medium, a standard
1.8 ml screw cap vial was charged with circa 40 myg of the starting material, 400 ul of
solvent and a magnetic stirring bar (in the cases of chioroform and dichloromethane 200 i
of solvent were used). The vials were subsequently closed and equilibrated at the
corresponding temperature for 24 h while stirring. The liquid part was retrieved with a syringe
and filtered (0.5 micron filter); the isolated mother liquors were diluted to two dilutions
selectad according to the calibration curve. Quantities of the AP in the diluted solutions were
determined via HPLC analysis (DAD). The calibration curve was obtained from two
independently prepared stock solutions of compound brigatinib in 50% water / 50%
acetonitrile / 0.1% TFA. Subsequently, the separated solids were measured wet by XRPD to

confirm the solid form of which the solubility was measured.

[00198] in Table 8, the solid forms of the separated slurries are listed. Form A
remained stable in all media, while Form B converted fo the hydrated Forms 3 and/or C in
the experiments at 25°C and to Form A in the experiments at 37°C. At the latier temperature
and in water, Form B converted to the hydrates C and D and not fo A as in the rest of the
media. The sclubility of Form B could not be measured as it converted to other solid forms.
The average solubility values, shown in the same table, refer to the solid form to which the
initially placed Form B was transformed. Hence, it was not possible {o measure the solubility
of Form B but rather that of Form C {and of C+D). The solubility values are plotted in Figure

28. The solubility is greater in acidic media compared to basic ones.

Table 8. Form Attained at Solulility Study Conclusion




TFosnisT ¢ Ueseso | AT Vo708

| 260:00 C+D | 24814 | A | 251503

TB2x01  CeD | 1azni3 | A 60201
51.710.8 A 513203 |

[00197]

as shown in Table 8.

in a third solubility study, Form A was measured in different buffer solutions

Table 9 Soilubility Measurements of Form A in Buffers

2.4 Potassium hydrogen phithalate/MHC 328

3.8 Potassium hydrogen phthalate /HOI 173 '
&5 R B IR g
7.2 KHPO/NalH o 11

Phase 1: Feasibility Study

[00138]

matarial that could be employed in some crystailization technigues of the Phase 2 portion of

Faasibilily tests were performed o asflempt to oblain amorphous starling

the study. Two techniguss wers amployad, Le. grinding and freeze-drying. The rasults are

prasented halow.

[00198]

with two different durations (30 and 80 min) al a frequency of 30 Hz, Thelr amorphous

Grinding. Two grinding experiments were performed on sampies of Form A

content increased with time, but their purity was stable at abowt 100%. Mechanicsal stress
vig grinding experiments were also performed, with grinding times of 2, 3, 4, and 5 hows.

Similarky, amporphous conlent increased without degradation of chemical purity.

190200]

of Form A as described in Table 10, Samples 1, 2, and 4 remained mostly crysiafling, but

Fresze-dryving. Six fresze-drying experiments were performed with samples

samples 3 and 5 were amorphous and contained about 15-18% residual solvent. Sample 6
was amarphous and containad about 7% residual sohvent. Forms £ and F were produced
using this msthod. Howsver, due to the variable form and solvation, freeze-drying was not

further employed to obiain amorphous brigatinib,

Table 1 Freere-drying Feasibility Study of Brigatinib, Form A
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sample | Setvemt
Chilorofor e 3 4
1 Chiorotorm 199 Form& 2 o+ ------------
2 Dichloromethane 19.9 :gg Form A 2.23
3 2,2 2-Trifluoroethanol | 224 foo FormA® {eg
: 224 amorphous
2,22 1172 100
4 TrifluoreethanolWater 172 Form F 17.5
S0/ 0
2,2,2- 153 100 Form A ¢
5 TrifluorcethanolWater 159 arrarprhous 186.1
. ;
80/20
222 T 202 s00 |
8 TriffuorcethanclWater 40.4 amorphous | 6.9
50750
Phase 1: Ccmpre&sien'
{00201} Compression tests were performed on brigatinib Form A in order to determine

whether pressure-induced phase fransformations or loss of crystallinity occurred. The press
used was an Atlas Manual 25 Ton Hydraulic Press {from SPECAC). Experiments ware
carried out at 3 and & ton/om” for one minute in each case. The pressed solids were
measurad by XRPD and no phase transitions or peak shifts in the XRPD patierns were
revealed. The purily by HPLC of the two samples subjected to the comprassion tests ware

both datermined o be comparable to that of the starting malsrial.

Phase 1: intrinsic Dissolution Rate

(002023 For measuring the intrinsic dissoiution rate (IDR), the starting material was
tableted using a mink-lIDR comprassion systaem {plON/Haath Scientific). For preparation of
the {ablets, approximatsly 11 mg of material was prassed in the cylindrical hole of a
passivated stainless steel die, to a uniform, fiat surface, with an exposed area of 0.072 cm?.
The pressure applied was approximately 50 bar for 3-5 min. The sample die was inserted in
a cylindrical Tefion rotaling disk carrier containing an embedded magnetic stirring bar at its
base. The die/stirrer assembly was placed in a flal boltomed glass vial, ready for dissolution

analysis.

[00203] The dissolution rate was measured in 20 mb of solvent {medium) and the
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path length of the UV meler was 2 mm. Applied stirring speed during measurement was 100

rpr. Measurements weare parformed at 20°C and 37°C.

(002043 For determining the dissolution rate from a powdered sample, approximately
5 mg of brigatinib (Form A or B} was weighed inlo a § mi dissolution vial and the dissolution
probe was inserted into the vial, Subseguently, 4 mb of waler was added at the same time

the measuremant was iniliated. The concentration was recorded for 20 .

[00205] i the first series, the DR of Forms A and B were determined in monoplicate.
The measwrements were carried oul in at 25°C and 37°C in waler, pH 1.0 {61 N HCH)
buffer, pH 6.8 phosphate buffer and in simulated gastiic fluid SGF. In Figures 30-37, the
I2Rs are ploled for comparison babveon the forms and the same medium or belween
various media and the same form, The DR of sach of Forms A and B in the various media

increases with increasingly acidic media (see Figures 34-37).

[O0206] The intrinsic dissolution rate meassurements of Form A in pH 1.0 and SGF
shows that, within 5 min, roughly a concentration of (.25 mg/mi could be reachad. That
indicates that, in the siomach, togethar with a 200 mi glass of water, about 88 mg of Form A

could be dissolved (numbers are only indicative).

(G207 Furthermore, the DR experimenis show that Form A remains stable when
siurried in water, SGF, and pH 1.0 aguecus buffer. Bassd on those resulls, no conversion

would be expected to take place i the stomach.

FO0208% I several cases, the resulls were counter-intuitive. Thess resulls wers
refated to (1) the dissolution rate of the compound at 25°C being higher compared {o that at
37°C {in the cases of Form A in waler and pH 8.5 buffer — for the first 3-4 min — and of Form
B in pH 8.5 buffer — in the whole rangse)}, while it is expecied that the DR at 37°C would be
the highest; and (2) the IDR of Form A being higher compared fo that of Form B, st pH 85
buffer, while one would expect the opposite on the basis of the relative stability of Forms A
and B, To further study these results, two additional series of experiments wers parformed:
{a) the IDR’s of Forms A and B were measured {in monoplicate) in water at 25°C and in pH
8.5 buifer at 25°C and 37°C; and (b} the IDR's of Form A were measured in friplicate in
water and pH 6.5 buffer at 25°C. The results of these additional axperniments are plotted in
Figures 38-42.

{60208} With respect to the first obhservation {IDR of Form A higher at 25°C compared
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to that at 37°C), the following comments can be made:

002101 Figure 30: The IDR of Form A in water at 25°C appears to be higher for the
first 3 min. One possibility Tor this result is detachment of a tablet grain, which adds to the
concentration. Thereafter, the concentrations of both Forms A and B are higher at 37°C,
which is as expected. However, remeasurements of the DR of Form A in water at both
{ermperatures, showed considerable variability (Figures 38A/8), One possibility for this result
is the low concenirations, which make the measurement more sensitive o measuring

conditions.

[00211] Figure 31: Similarly, the 1DRs in pH 1.0 buffer of both Forms A and B at 25°C
appear o he higher, one possibilily is the detachmant of tablet grains, as the large increase
in conceniration {(at about 1 min) in both cases indicates. Concentrations higher than 0.25

mg/mb are not plotted as the detector reaches saturation at about these values.

[00212] Figures 32A/8: The IDR of Form A in pH 6.5 buffer at 25°C appears 1o be
higher than that at 37°C for the first 4 min, one possibility is the detachment of tablet grains;
after 4 min, the IDR at 37°C becames higher. However, remeasurements of the IDR of Form
A in pH 6.5 buffar, showed that the rate was higher at 37°C compared to that at 25°C
{Figures 38A/B). The IDR of Form B appears to be higher at 25°C, however, the
concentration of Form B at both temperatures appears {o be stable. On a repstition of the
IBR measurements of Form B in pH 6.5 buffer, in the second seriss of experiments, the
results showed that the 1IDR at 37°C was higher than that at 25°C (Figures 40A/B). However,
it is possibile there was variability in the measurements, again likely due o the low

concentrations, which make the measurement more sensitive to measuring conditions. .

{00213} The observation that Formy A appeared to dissolve fasier than Form B
{Figures 32A/B) was investigated in a second series of IDR measurements. In Figure 41, all
IDR measuwrements of Forms A and B at 25°C are plotied: the second series of experimenis
showed that ater 3 min, the concentration of Form B is the highest, which is expected. Prior
to 3 min, large increases of concentration ars observed in several cases, indicating grain
detachments from the lablets. In Figures 424/8, all IDR measurements of Forms A and B at
37°C are plotled: the second series of experiments showed that after about 1 min, the

concentration of Form B was the highest.

[00214] it is noted that, in the cases of the IDR’s of Forms A and B in water and pH

8.5 buffer, at both 25 and 37°C, the concentration values are very low, making the recorded
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values very sensitive io the measuring conditions. Measuremenis al these concenlrations
ars prone 1o varlabillly fo a larger exient compared o measurements at higher

concentrations. These values of DR should be taken as indicative rather than absolule.

[06215] Figures 33 A/B: The IDR of Form A in S8GF at 25°C appears io be higher than
that at 37°C for the first § min, possibly from detachmant of g tablet grain in the beginning of
the measuremant which adds io the concentration. Thereafler, the IDR's of Form A at bath
25 and 37°C appear similar. The DR of Form B is higher at 37°C than at 25°C, as sxpected.
In pit 1.0 buffer and SGF, the IDRs of bolh Forms A and B and at both temperatures are
comparable {sse Flgure 31 and Figures 33A/8). At concentrations around 0.3 mg/mb, the

detecior is close {o saturation.

[00218] Figure 34: Plois of inoreasing concentration of Form A vs. Hime from DR

expariments at 25°C in waler and aquecus buffersof pH 1.8, 4 5 and 8.5..

(002171 Figure 35: Plots of increasing concentration of Form A vs. time from DR

axperiments at 37°C in water and agqueous buffers of pH 1.0, 45 and 8.5,

{00218} Figure 38: Plols of increasing concentration of Form B vs. time from DR

sxpedments at 28°C In waler and aqueous buffersof pH 1.8, 45 and 8.5

(00219} Figure 37, Plots of incressing concentration of Form B vs. time from DR

expariments at 37°C in water and agueocus buffers of pH 1.0, 4.5 and §.5..

(002281 For measuring the dissolution rate from powdar, the test was only performed
in water for Forms A and B at 37°C, as the solubilities of Forms A and 8 wers low enough fo

parmit detection.

{00221} iy Figures 43 AJB, the concentration of Forms A and B ve. ime are plotied. In
both cases, within aboul 10 min, the concentration reached a "madimum” and thereatier the
dissolution was slowed down. Between 10 min and 20 h, the concentration of Form A almost
doubled {(from G.07 o 014 mgiml). For Form B, between 10 min and Z80 min, a
concantration decresse was observed; thereafler, the conceniration increased again,
raach at the end of the experimeni & vaiue slightly higher comparad o that al 10 min. The
concentration increase might bs connectad to the iransivrmation of Form B to Form D, which
re-dissoivad. Dus 1o detecior saturgtion at about 4.3 mg/ml, the maximum conceniration of

Form B was nol conclusively delsrmined.



Phase 2: Polvmorph identification

{00222} The polymorph screening experimenis for brigatinib were carrisd out at
millilifer (ML} scale using nearly 300 different conditions and also at microliter scale using
nearly 200 different conditions. Six different crysiallization procedures were applied: (1)
cooling-evaporation; (2} evaporative crystallization; (3) vapor exposure; {4} cooling
crystallization with hot fillration; {8) crash crystaliization with anti-solvent addition; (8) siury;
{7} vapor diffusion info solution; (8) vapor diffusion onfo solids; (8) grinding, (10
thermooycling; (11) VT-XRPD; (12) VH-XRPD; (13) DVS,; and {14) dehydration. After the
soresning experiments were completed, the materials were collected and analyzed by XRPD
and digital imaging.

Cooling-Evaporative Crystaliization Experiments

[00223] The cooling-evaporative experiments shown at Tables 11-14 at pl scale were
performed in 96-well plates, employing 24 different solvents and solvent mixures, 2
cencentrations, and 2 temperature profifes. In each well, 4 mg of Form A was weighed.
Then, the screening solvent was added to raach a concentration of cirea 40 mg/ml or &0
mgimb. The plates, with sach well individually sealed, were placed in a CrystaiBresder™ to
undergo a femperature profile as describad in Table 10 below. The plates were then placed
under vacuum and evaporated for sevsral days under 200 mbar andior 8 mbar, then

analyzed by XRPD and digital imaging. The final Form obtained is given in Tables 12-14,

Table 11: Cooling-evaporative crystallization parameters

5182 e
§7-144 Ta 80 80 I 48
Sdia) = 5 | s 55 gt s
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Table 12. Cooling-evaporative crystallization experimental resulls: T1 and 72 profiles

teri-Butyl methyl ether 1
Methyt acetate 2 A
Methanol 3 AtH 5
Tetrahydrofuran 4 A 28 A 52 A 78 A
Acetonitrile 5 A28 DA sy A LT A
7Y 2 Dimethoxyethane & ATT1T30 A 54 A 78 A
{sopropyl acetate 7 AL 5 A 58 A 78 A
1,4-Dioxane 8 A3 L A |56 | A 80 | A
.................. SR 9{\}\533;& e o X
Atd
2-Hexanone 10 AL 34 A 58 AT az A
Heptane 11 AL 35 A 59 A 83 A
1-Pantanol 12 A3 A B0 | A 84 A
Acetone/Dichioromethane 13 AL 37 A 81 A 85 A
(5O/50) :
Methanol/Chloroform {50/50) 14 1 A+H | 38 A 62 | A+H | 88 A
tert-Buiyl methyl 15 A8 A 63 A 87 A
ether/Chiloroform (50/50) :
“hethanolfAcetonitrile (5U/50) | 48 A AR AT RS A
Acetonitrile/Cnioroform (50/80) |17 A 40 A &5 A gg | A
A

Haptane/Ethyl formate (30/50) 1
1.4-Dioxane/Cyclohexane 1

(BO/50) 3
Water/Msthanol (50/30) | 20 A 44 A TeE | A e A
"""""""""" Cyclohexane/N- 21 T A 48 A 69 A 93 A
Methylpyrrolidone (33780 |
Tetrahydrofuran/N- 22 ATTaE AT A e A
Methyipyrolidone (80/50) | ‘
1,2.34- - 23 A 47 A 71 A a5 A

Tetrahydronaghthalene/
Acetonitrile {(50/50)

Chiorobenzene/ 24 0 A 48 A 72
N-Methyipyrrolidone (80/50)

b
Vol
%54
»

Tabis 13: Cooling-avaporative crystallization expenmental results: T profile 3

o
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{ert-Bulyl methyi ether g7 A 121 A 1485 A 169 A
Methyl acstate 88 A 122 A 148 A 170 A
""""""""""" Methanol 99 123 147 171
Tetrahydrofuran 100 | A | 124 1A 148 1 A 172 1 A
Acetonitrile 101 A 125 A 148 1 A | 173 | A
" 1,2-Dimethoxysthane 102 A 126 A 150 A 174 1A
isopropyl acstate 103 A7 A 151 A 175 A
1.4-Dioxans 104 A 128 A 152 A 178 A
"""""" 2-Methoxyethanol 108 A 128 A 183 AL ATT LA
2-Hexanone 106 AU R0 A 154 A 178 A
Heptane 107 A L1310 A 155 A 178 A
1-Pantanol 108 A 132 A 156 A 180 A
Acetone/Dichioromethane | 108 A 133 A 187 A 181 A
(BO/50)
Methanol/Chioroform 110 H—s 134 n 158 | H— 182 | H—
{50/50) At
tert-Butyl methyl 111 135 159 A 183
| ether/Chioroform (80/50)
Methanol/Acetonitrile 112 136 160 A 184
{50/50)
Acetonilrile/Chloroform 113 137 161 185
{50/50)
Heptane/Ethyl formate 114 138 162 186 |
{50/50)
1,4-Dioxane/Cycichexane | 115 138 183 187
{50/50}
- Water/Methano! (50/50) | 116 140 184 | A | 188 |
Cyciohexane/N- 117 14 185 189
Methyipyrrolidone {(80/50)
Tetrahydrofuran/N- 118 142 168 180
Mathyipyrrolidone {50/50}
1,2,3.4- 118 143 187 BRI
Tetrahydronaphthalens/
Acetoniiriie {50/50)
Chiorobenzens/ 120 144 188 192
N-Methylpyrrolidons
(5080

Table 14: Cocling-evaporative crystallization experimental results: T profile 4
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tert-Bubyl mathyl ether 183 A 247 A
Methy! acetate 194 A 218 A
Methanol 185 | o g A
Tefrahydrofuran | 198 | A 220 A
Acatonitrile 1oy A 221 A
1.2-Dimathoxyethane 148 A 222 A
isopropyl acetate 188 | A 223 1 A
B S5 o ST o
"""""" 2-Methoxyethanol | 201 | A | 235 | A
2-Hexanons 202 A 238 A
Foptana ST e e B
C i-FPentanl | 204 A ] 2280 A
Acstone/Dichloromethane | 205 A 228 A
{5050}
e T TR T
{50/50) At A
fart-Butyl methyl 207 A 231 A
sther/Chioroform (86/80)
Methanol/Acetonitrife 208 | A | 232 A
{50/50)
Acatonitnle/Chloroform | 209 A 235 1A
{BB0}
Heptane/Ethyl formate | 210 A 2340
{BU/B0)
1.4-Dioxans/Cyelohexans | 211 A 235 A
{BL/50) j
Water/Methanol (50/80) | 212 A 236 | A
Cyclohexana/N- 243 A 237 A
Methyipyrrolidone (3450}
TatrahydrofuraniN- 214 A 238 A
Methyipyrrolidone (BIVS0)
1.2,3,4- 215 A 239 A
Tetrahydronaphthaleng/
Acetonitrile (S0/50) .
Chiorobenzene! | 218 | AL 240 A
N-fethyipyrrolidone
{50/80)

Evaporative Crystaliization Exparimants

[&y])
KN




(062243 Brigatinib Form A and 30 different solutions wers emploved. In a vial, 20 mg
of material was weighed and 1000 ul. of the given solvant was added. After stirring at it for
a maximum of 3 hours, the solvents were evaporated at ri (st 200 mbar for 120 h, then §
mbar for 48 hours}. Solids oblained were analyzed dry by XRPD and digital imaging as

shown in Table 15,

Table 158: Evaporative crystallization experimants

10.8 Acetons M A
21.4 Cyclohexane N A
e . i
233 isopropyl Acetate || N A
- 19.4 n-Heplane N A
217 Cyclohexanons N A
19,7 Ethyl formate N A
513 ot By sty st T G
208 Chioroform Y A
18.8 Methanol 1 Y A
575 ¥ N
212 Ethyl acetals N A
(203 Fthanol N A
555 R ———— % A
1218 isopropanol N A
20.8 Ethylene Glycol Dimethyl Ether N A
514 e N i
213 | 14-Dioxane N A
202 = Toluene N A
5 BT R —— . A
197 | 2-Hexanone 17 N A
208 | Anisole N A
20 N N-Dimethylacetamide N A
20.2 Dichioromethane D Yo AT
208 | Acetone/Water (50/50) N AvE
5 g T T g
{50/50)
201 WatsrMethanol (50/50} N A
203 | Cyclohexane/t 4-Dioxane (50/50) N A
554 T e N
205 Cyclohexane/Cyclohexanona(50/50) N A
65 B g
Dimethyl-2-butanone (80/50) f




202 | Cyolohexanons/cis-Decalin N A

Yapor Exposurs BExperimeants

FB0225] The stability of Form A upon sxposure o solvent vapors was investigated in
twenty solvents as shown in Table 18, Approximatsely 20 myg of brigatinih Form A was
waighad in 1.8 mb vials. The vials were left open and placed in closed 40 mb vials
containing 2 mb of solvent. The materal was exposad fo solveni vapours at room
tamperature for bun weeks, At the end of the experiment time, the solids wears harvested wet

and dry and anabyzed by XRPD and digital imaging.

Table 16 Vapor exposure sxparimenis

Acetone
20.8 Acetonitrile
18.5 r-Hepiane
267 isopropyl Acetatle
20 U 2-Methyletrahydrofuran
218 Tetrahydrofuran
AAAAAAAAAAAAAAA S Kt
205§ Ethanol
20.8 Iscpropans
18.5 isobutanol
"""""""" 196 | Methyl acetate
186 | Ethyl acelste
24 Propyl acetate
2.7 Z-Butanone
............... T e
202 U teri-Butyl methyl ather
208 | oyclohsxane |



Cooling Crystallization with Hot Filtration Expsriments

{0022863 The cooling crystallization method with hot filtration included 34 solvents and
solvent mixtures. Supersaturated solutions were prepared by stirring slurries of brigatinib in
1300 ubl of a given solvent or mixture at 60°C for one hour. Subsequently, the liguids wers
separated from the solids by filiration. The solutions were placad in a Crystal18™ instrument
to undergo the following cooling profile.  Samples were warmed fo 80 °C and held for 80
min, then cooled at a rate of 1 °C/hr untif reaching 8 °C. The samples were then held at that
temperalure for 48 hrs. in each experiment, precipitation was not observed at the end of the
thermal profile. The solvents were evaporated, at 200 mbar for 104 hours and at § mbar for
70 hours. In several cases, svaporation at 5 mbar continued for about 400 hours while in
some other cases, no yield was oblained after evaporation of the solvent. All obiained solids
weare analyzed by XRPD and digilal imaging. Table 17 provides the applied crystallization

conditions and corresponding obtained solid forms.

Table 17: Cooling crystaliization with hot filtration expariments

Methanol/Acetonitrile ' 86 N N A
 Acstone/Water 45 % N A+C
 Acetonitrile/Chloroform I 87 N N A

Cyclohexane/Tetrahydrofuran 23 Y Y A
- tert-Butyl methyl sther/1,2-Propanediol M Y N A
- Isoamyl acetate/Chioroform T N N A

isopropyl ether/Disthoxymethane | 220y N
2,2 4-Trimethylpentane/isopropy! ether 21 Yoo N -

Water/Methanol s ¥ N ArC
 Cyclohexane/t 4-Dioxane

e

isopropyl ether/ p-Xylene
Cyclohexane/Cyclohexanone 18

< <




Cycichexane/cis-Decahydro-naphthalene v_
Waaterfisopropyl Acelaile 22 Y N A
Water/1 2-FPropansdinl 24 b ’ N A
Y

2.2 4-Trimethylpentane/Mesitylene 24 N N
cis-Decahydronaphthalane/ 18 Y N -
MethylCyclohexane

2,2 4-Trimethylpe
naphthalens ‘
p-Xylens/Anisole 23 Y N A
T e - ¥ I
Ayl acetate/1-Octanal 20 v N y
1,2,3,4-Tetrahydronaphthalene/Cumene 21 Y N A

,,,,, T T T e S g N %
Cumene;’cis{)écahydmnéﬁhihaiene 2 Y N
Anisole/Nitrobenzene 44 Y N A
Cyclohexanone/N-Mathyk-Z-pyrrolidons a7 Y N AT
Ethyleneglveo! diacetaie/Bis(2-methoxy 25 Yy oob N A
ethyhether
Cyclohexanone/Nitrobenzene 22 Y M A

Grash Crystallization with Anti-Solvent Addition

002271 It the crash-crystallization experiments, 34 different crystallization conditions

were applied, using 8 differsnt sobvanis and 24 diffsrent anti-solvenis {see Table 17}, The
anti-solvent addition experiments ware parformed forward. For each selvent, a slock solution
was prepared, the conceniration of brigalinib in each case being that altained at saturation at

ambient temperature afier equilibration for 24 hours before filtering.

(002287 For each experiment, the anti-solvent was added o each solvant vial, with a
sobvant 1o ant-solvent ratio of 1:0.25. In the cases where no precipitation ocowred, this ratio
was increasad (o 111, and i again no precipitation occourred the ratic was increased o 1.4
with & walting time of 80 minules bebween the addilions {up to the third addition) and 35
minutes between the third addilion and {ourth addition. When no orystallization occurred or

not enough solids precipitated for separatlion, samples were kKept at 5 °C for 17 howrs. The
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precipitated solids were separated from the liquids by cenirifugation and decantation. When

decantation could not be applied, the liquid was carefully ramoved using Pasteur's pipeltes.

The solids were dried at 200 mbar for 17 hours and analyzed by XRPD and digital imaging.

in the cases where no precipitation ocourred, the solvents were evaporated at 200 mbar for

17 hours prior to lowering the vacuum o 5 mbar, All obtained solids wers analyzed by XRPD

and digital imaging. The measuring plales containing the final solid were stored al ambient

temperature for 5 weeks. The solid form was assessed again by XRPD. The arrows in Table

18 indicate If the form changed during storage.

Table 18. Crash crystallization with anti-solvent addition experiments

naphthalene

Mathano! 800 | Acetonitrile 4 No A
Acetone 7400 | Water 4 No™* .
et T o i & ol
- A,
A {dry,
ML
Cyclohexane 7400 | Tetrahydrofuran 4 No*™ -
- tert-Bulyl methyl 7400 | 1,2-Propane diol 4 S No™
sther
 Diisopropyl ether | 7400 | Diethoxyme ane | 4 Ne™ .
2,24~ 7400 | Isopropyi ether 4 No** -
Trimethyipentans
Mathano 800 | Water 4 No D
1,4-Dioxane 3800 | Cyclohaxane 4 ~ No A
Ethanol 4300 Water 4 No A+H
Tetrahydrofuran 3800 | Cyciohexanone 4 No A
n-Heptane 7400 | Cyclohexane 4 Mo
1,4-Dicxane 3900 Water 4 No AtH
Cyclohexang 17400 | Cyclohexanone 4 No™ -
- 3,3-Dimethyi2- 7400 224 T Yes™ 0
butanone Trimethylpentane
- Cyclohexane 7400 | Cis-Decahydro- s No**
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7400 1 Water 4
1. 2-Fropanediol 7400 1 Water 4 Nt
Formamide FAGE L Waler 4 KNo*™
n-Hepiane, | TAN D PXylene 4 Nt
””” Cle-Decahydro- | 7400 1 Methyloyolohexane | 4 | Ne* | .
naphthalans
2.2, 4-Trimethy 7440 | Cis-Decahydro- ho™
pentans naphthalene
- Anisole 7400 1 P-Xylene 4 Mo &
Ci-Ootanol 7400 n-Nonane | 4% TN A
1-Octanc 7433 | M-Aumnyl acelats 4 No A
1,2,3 4-Telrahydro 7400 | Cumens 4 Mo
naphthalans :
Cyclohexanong | 7400 | Cis-Decahydro- | & U N A
naphthalens
N-Amyl acetale 7400 | Cihyisneglycol 4 Na™
dinceiate
Cumene 7400 | Cis-Decahydro- 4 No*™
naphthalens
 soamyt acetate 7400 | Nirobenzene 4 Not -
Anisole T4G3 1 Mitrobenzens 4 MNo*
T Cyciphaxanons 7a0 | M-Methyl-2- 4 Ne™
pyrrolidons
Ethylene glyeot T4 | Bis(Z-mathoxy & Mo™
diacetain athyl) ather

* ML = From mother fiquour; * No yield;
o additions applied; *™" Single crystal picked from liguid

Shurry Experiments

180229}

temperature (20 "C) and 40 °C, using 34 solvents. in alf cases, & seivent volume of 250 ul
was used. The slurmies were stirred for two weeks. Al the end of the slurry time, the vials
wers centrifuged and sofids and mother liquids separated. The solids were analyzed wet and
dry by XRPD and digital imeging. The measwring plates were then stored at ambient
conditions for 3-4 weeks and ancther XRPD was obtained of the solid, any form changs is
shown by an arrow,

obtainad solid forms

Tables 12a and 12b summarizes the experimenial conditions and

&0

A tolal of 88 slurry experiments wers perforrmed with brigatinit both al room




Table 19a: Slurry experiments at 20°C

Ethyi formate
324 tert-Butyl methyl 89.8 ] A A
ather
283 | Acsbone - 105.2 A A
555 e R GE s A i
228 Chioroform® 904 - - A+E
. SRR 75 R TG
555 T e R T i A
162 | Hexane Arl—ArL | AsL-ARL
19.9 . Ethyl acetate LAY A
20.8 - Ethanol A A
23.0 Cyclohexane A A
205 Acetoniirile A AT
565 T i A
240 1,2-Dimsthoxy A A
gthane
20.8 Isopropyt acetate 83.2 A A
20.0 Hepta e 80 At s AL A
25.8 2-Butanol T 1032 A A
””””” 248 | Water 1 88.4 A A
23.3 Methyleyciohaxane 93.2 ) AtL—A+L A
"""" 18.4 1,4-Dioxane | 738 A A
18.6 N-propy] aceiate 744 A A
217 Isobutano 86.8 A A
238 | Toluene 1 85,8 A A
245 fsobutylac ta e 1 B A A
23.3 2-Methoxyethanol 83.2 ' AT AT
249 | n-Butyl acetate 00.8 A A
368 2-Hexanone : 1064 T A A
194 Chiorobenzene 78.4 R A A
186 3-Ethoxyethanol 758 A A
24.8 1-Pentanol ggz | A A
.......... ET T ] Gi W i
RN Cumene 78.8 A AT
555 R s PR i &
formamide
“““““““ 18.5 Anisolse 74 AT A

Table 18h: Slurry experiments at 40 °C
g1



Ethyl formate

tart-Butyl methyl 135.6 A A
ether _
35.8 Acstone 1432 A a
S e et 368 . P
"""" 35.8 Chioroform® 1438 N ASE
33.3 Methanol 1233 A A
95 T T e A 5
‘‘‘‘‘ s 54 5 e
Ethyl acelate 128.4 AL A
Ethano A
Cyclohexane A
AAAAA A
2-Propanot . A
1,2-Dimethoy 1854.8 A A
athans
374 isopropyt acetats 1484 A A
““““““ 329 | Heptane 1318 _ A AT
““““ 41.3 2-Butanol 1862 1 A A
555 e 554 i 5
32.0 Methyioycichexane | 128 A A
AAAAAAAAAA . R s s I
378 1 N-propyl acelate 151.8 A A
361 isobutanct | 144.4 AT A
e e 515 S T —_—
,,,,,,,,,, T R e
""""" 310 2-Msthoxyethanct 124 1A A
n~-Butyl acetale 384 A A
e T N I
Chiorobenzene 1438 & A
S Efopathanal T RS i I,
e e I e o
m-Kylene 4328 A A
Cumens 164 .4 A A
T e P e
formamids
333 Anisole {332 A A

*in this expeniment, the solids dissolved after 14 days

[00230]

in a second set of slurry experiments, the same amounts of Farm A and Form

B were weighed into 1.8 ml vials, and charged with a stirring bar. After addition of the



solvent, the slurries were placed at 25°C and 80°C, under stirring. Material from the shurries
was sampled at the time points of 2, 4 and 14 days {(sampling from the same vial per solvent
and per temperaiurs). These materials were analyzed wet by XRPD and digital imaging. As
seen in Table 20, Form B converted o Form A in all organic solvents and in water at 37°C.
The sampling after 2 and 4 days in water at 25°C showed that the solids were a mixiure of
Form A and the hepla-hydrated Form D, This observation indicated that Form B converted to
Form D in an agqueous environment and that Form A remained stable. In the sampling on the
14th day, only Form A was present, indicating its higher stability in watler, compared to Form
D,

Table 20 Sturry experimsnis

‘ Water + A TA+D A A
""" n-Heptane | A A A A AT
Bt A i i a A o
T R i i X 5
185 A Acetone | A | A AT A A A
2878 Water A A A A A A
3478 n-Heptane | A | A A A AT A
3748 i-Butancl | A 1 A AT A A A
284B | Methanol | A | A A A A A
2768 Acetons A A A A A A
Yapor Diffusion into Solution Experiments
fag2aty For the vapor diffusion info solution experiments, saturated solutions of

brigatinib were exposed o anti-solvent vapors at room temperature for fwo weeks. An

aliquot of saturated solution was transferred to a vial which was left open and placed in a

closed container with anti solvent (see Table 20). After two weeks, the samples were

evaiuated for solid formation. Where solids were present, the liquids were separated from

the solids, which were then dried at full vacuum. In the cases where no precipitation was
83



observed, the solvents were placed overnight at 5°C io promole pracipiiation. If no solids

weare present, the liquids were svaporated at 200 mbar for 75 hours, or, i still no solids were

prasent, the lquids weare further svaporated &t 10 mbar for 3 maximum of 10 days. Al

ohtained solids were analyzed dry by XRPD and digital imaging. Table 21 provides the

aexpermeanial conditions and corresponding solid forms obtained.

Table 21: Vapor diffusion into solution experiments

Anisols 8000 Mitrobenzens M A
 PXylens 30000 | Anisole
T Diisopropyl | B000 | Diethoxymethane
- ether”
feoprony sases T N X
- Acetats
T Foeee S e e ——
naphthalene
""" Cyclohexanons 40000 | N-Methyi-2- N A
pyrrofidons
...... L T O o e e N g
Ethyl Formate 8000 | Ovclohexane N AT
 Ethyl Farmate goso | 2324 i N A
Trimsthyipeniane
Ethyl Formate 800G | neHeptane N A
Tetrahydrofuran | 40000 | Cyclohexanons N A
Ethylene Glycol 8000 n-Pentane | N A
Dimethyi Ether
~ Ethylene Glycol 800071 Z-Methylpsntane N AT
Dimethyl Ether
- Ethylene Glyool 8000 n-Hexane | N r
Diimnet
""" Sihylene Glyeol | 8000 Cyclohexans N TTTTTATTTTTT
Dimethyl Ether
Ethylene Glycol 8000 | n-Heplane M AT
Dimethyl Ether
- Ethylene giycol 8000 | Bis(Z-methoxyethyly | N
diacetate™ ather
“““ n-Nonane® | 40000 | 1-Octancl VTN T
SR Sh67 B B e
Tetrahydro
naphthalene™



*No yield after svaporation

Vapor Diffusion Onto Solids Experimeants

160232

Dioxane, 1,4- 2000 Cyclohexane N A
{Extra dry)
isoamyl acetate® | 4000 | Nitrobenzene N A
n-Heptans 140000 | P-Xylene N A
Cis-Decahydro- 8000 | MethyiCyclohexane N Am
naphthalens
2,24 Trimethyl 8000 | Cis-Decahydro- N A
pentane naphthalene
1,2-Propanadiol | BO00 | tert-Butyimsthyl N
ether
1, 2-Propanediol® | 8000 Water |7 N -«
N-Amyl acelats 8000 1-Octanol N A
N-amyl acetale”® 8400 Ethyvleneglycol N
, ; diacetale
VVVVV T R T e S e
Methano! 800 | Water Y A
Acetons™ 84400 Water N -
""" Chioroform UG8 et Butyimethyl T
sther
Chloroform® 200 Acetonitrile -
""""" Cumense 8000 | Cis-Decahydro- A
naphthalene

For the 34 vapor diffusion onto solids experiments, amorphous brigatinib was

prepared by grinding the starting material for 4 hours. The vials containing the amorphous

brigatinib were left open and placed in closed 40 mb vials containing 2 mb of sclvent (see

Table 21). The amorphous brigatinib was exposed {0 solvent vapors al room temperature for

two weeks. At the end of the expsariment fime, the solids ware harvested wet and dry and

analyzed by XRPD and digital imaging. For the applled crystallization conditions and

corresponding obtained solid forms see Table 22.

Table 22. Vapor diffusion onto solids

Ethyl ether

...................................................




Botvant Assisted Grinding Experiments

196233]

ter-Bulyimethyl 30.8 A A
gther

P sy e g i
Methyl acetate e Y A A

- Chioroform 288 M - A+ Am

T R S5 y % G
Tetrahydrofuran 317 Y A A
e g 5 i
Eihyl acetate Y A A

- Ethanol ¥ AL A

T e S T i
Cyclohexane . Y £ A

,,,,, b : v i o

- 2-Propano g, ¥ AT A
1,2-Dimathoxy 36.1 Y A A
ethane

T S5 N i i
ronai Y g P i
Heptane 39,1 Y A A
5B S A S o 5 5
MethyiCyclohexane | 8.9 ¥ A A

- N-propyt acetate 34.8 Y AT A

,,,,, e e A
fsobutanot | 33 Y o A A
R 58 > i s

eohuiviaeiaie 5 v P G
1-Butano 3|40 YT A A
Water 376 Y A A+B+C

B e Ki g 9 g
Z-Hexanone | e T Y o A A

- Chisrobenzens 338 Y A A

et B e E R o

in the selvent assisted grinding experiments, a small amount of solvent was

added to solid brigatinib which had been mechanically ground In 2 slainless stee! vial

cantaining 2 stainless steel grinding balls, In this manner, 17 diffarent sclvanis were

investigated. Typically, 30 mg of slanting material was weighed into the grinding visl and 10
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ul. of solvent was added to the vial. The grinding experiments were parformed at 30 Hz for
80 min. Subsequently, the samples were colleciad and analyzed {(wel) by XRPD and digital
imaging. For the applied crystallization conditions and corresponding obtained solid forms
see Table 23.

Table 23: Solvent assisted grinding experiments

Cyclohexane | 10

..... A % R
2-propanol 35.0 10
Ethylens Glycol 31.% 10
Dimethyl Ether
isopropyl Acelate 36.3 10 A
n-Heptane 321 10 A
Water 32.5 10 A

" 1,4-Dioxane 320 10 A
isobutanol 315 16 A

- Toluene 31.8 10 A
BT Bnetats BT B P P
2-Hexanone 0.7 10 AT
Chiorobenzsne 30.8 10 A
Acstone 3.3 10 A

- Cumene 31.0 i A
Anisole 31.8 10 A

Thermocyoling Experiments
[00234] A total of 33 sluries and 1 solution {chioroform) of starting material in

solvents ware prepared at room {emperature. The midures were placed in a Crystalig™ {o

undergo tha following temperature profile:

1. Heating at a rate of 5°C/h uniil reaching 40°C, with stirring {500 rpm)

2

2 Coolingatarate of §

2

Cihv until 5°C, with stivring (200 rom)
3. Aging for 30 min at 5°C
4. Repeat 8 cycles

[GG235] After complstion of the cyeling program, the solids were separaled from the
g7



mother liguids by centrifugation, dried under 200 mbar for 48 hours {2-sthoxyethanal for 283

hours) and analyzed by ARPD and digital imaging. For the applied orysisgllization conditions

and corresponding obtained solid forms, sea Table 24, Solid form {or mixture) following the

arrow (-} was oblained upon remeasuwrement by XRPD afler storage of the measuring

plates at ambient conditions for 5 weeks.

Table 24: Thermocycling experimsnts

wi Formate

fert-Butylmethyl Y A .
ether
Acsione 20.0 750 Y A -

 Methyl acetale 218 750 Y oo AT -
Chioraform 1733 400 Y A A+ G
Methanol 20.8 500 N A ~

Tetrahydrofurann | 206 | 750 1 Yo AT T A
Hexang 204 750 Y A
Ethyl acetale 220 750 Y A -

~ Ethanol 16.2 750 Y A &
Gyclohexane 19.8 750 Y A
Acetonitrie 198 780 1 Y A

""""" isopropanol | 244 L ¥R0 LY L AT
Ethylene Ghycol 23.4 750 Y A
Dimnethyi Ether ‘

;;;;;; D A M e e —
n-Heptane 192 750 Y A AL A
2-Butanol 179 756 1 v AT ’

Waler 247 750 Y A

""""" MethyiCyciohexane | 188 | 750 Y A
1.4-Dicxane 2.7 750 Y A
Propy! acelate 237 750 Y A .
iscbutanol 21.3 750 1 Y A A




Toluene 205 | 750 1 Y A,
iscbutyl aceta 21.0 750 ¥ A ~
2-Methoxyvethanol 58.5 750 Y A A
Bulyl acetate 189 | 780 | v A
2-Hexanone 2241 750 Y 1 A
Chiorobenzene 20.0 750 Y | A A
..... ZEthoxysthanol | 201 | 750 N A .
1-Pentanol 184 780 Y A A
 mXylene | 204 | 750 Y A
Cumene 1.ler | 780 Y A -
N N-Dimsthyi 20.0 750 Y A A
formamide
Anisole 18.8 750 Y A A
Variable Temperature XRPD Experiments
[00238] Data was collscted for Forms A, B, C, and D almost immsdiately after
reaching the target tempesrature (within approximately 10 min}.
(06237} For Form A, the temperatures used in the experiment were 28, 40, 80, 100,

120, 140, 180, 180, 170, 180, 180, and 200 °C. Data collsction lasted 20 min per
femperature and the stabilization time in between was 10 min. The variable temperature
XRPD dala collected for Form A did notl reveal any phase transformation. The only peak

shifts observed were attributed to thermal expansion.

{02381 For Form B, the temperatures used in the experiment wers 25, 40, 60, 100,
120, 140, 150, 155, 160, 185, 174, 180, and 180 °C. Dala coliection lasied 45 min per
temperature and the stabilization time In belwseen was 10 min. At 180°C, partial conversion
o Form A was obsaived and at 1585°C the conversion was complete. Therealter, Form A

remainad stable for the rest of the lemperature profils.

{00239] For Form G, the lemperatures used in the experiment were 25, 40, 60, 70, 80,
100, 120, 140, 150, 155, 160, 165, 170, 175, 180, 194, and 200 °C. Data coliection lasted
40 min per temperature and the stabilization time in betwesn was 10 min. Form C is instable
at temperatures higher than 25°C. By the first measurement, the material had already

partially converted fo the dehydrated Form B. Thereafter, the solid form transformations
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rasembled those observaed in the VT-XRPD experiments of Form B, with the difference that
the transformation of Form B o Form A was initiated already at 120°C. The conversion was
complated though at the same lemperature {(185°C).  Agsin, no phass iransition was

ohserved upaen cooling.

[06244] For Form B, the temperatures used in the experimant wears 25, 35, 45, 55, 65,
75, 85, 100, 120, 140, 150, 185, 160, 165, 170, 175, 180, 180, and 200 °C. Data coliection
fasted 10 min for lemperatures 25-85°C with a siabilization time of 1 min, and 40 min for
tamperaturas 100-25°C with a stabiization time of 10 min. The variable temperaturg XRPD
confirmed that the hepla-hydrated Form D is unstable at lemperatures higher than 25°C.
Indeed, after the first measuremeant, Form [ had already converted {partially} to the hydrated
Form C {at 35 °C) and to the dehydraied Form B at 45°C. Thereafler, the solid form
fransformations resembled those observed in the VT-XRPD experiments of Form C: Form B
converted (pardalhy) to Form A at 120°C. The conversion was completed at 150°C. No

phase lransition was obsarved upon cooling.
Yariable Humidiby-XRPD Experiments

08241} The relative humidity was increased from the stariing amount, rought up 0
the maximum, then dried back to the minium valus, The data collection time was 41 min at

sach step, me starting after squilibration of the relative humidity.

[00242) For Form A, the collected XRPD patterns of Form A did not show any phase
transition, naither at 3¢ nor at 80°C. Only some minor, but clsar, peak shifts of the order of
£.03°28 wers observed in specific peaks, starting al aboul 80% RH. The psaks shifts ware
revarsible at RH of about 30%. A sample of Form A was than exposed to 80% RH for 15 h.
The peaks shifis had ocourred after 80 min, and the extent of the shifls remainad constant
throughout the exposure at 80% RH for 18 h. Upon refurn o 10% RH, the peaks shifted to
thair original position. To investigate the amount of waler adsorbed, a new sample of Form
A was exposed for 2 h at 80% and a TGMSE of this sampls was measursd, Ths TGMS

thermogram showed a mass loss of 8.38% corrssponding o 0.1 water molecules,

[00243] For Form B, the relative humidily was measurad at 30 °C. The RH% values
measured ware 10, 30, 80, 88, 85, 70, 75, and 80%. Upon sorplion, Form B converts o the
hydrated Form C, starting at about 65% RH. At 80% RH the conversion fo Form © was
completed, Upon desorplion, Form C dehydrates to Form B, siarding at about 30% RH. AL

10% RH the conversion to Form B was completad.
73



002447 For Form C, a hydrate, the relative humidity was measured at 30 °C. The
experimant was performed starling at the maximum RM and dehydrated, then rehydrated
back up fo the maximum value. The RH% values measured were 10, 15, 20, 25, 30, 35, 40,
60, and 80%. Upon desorplion, Form C dehydrated to Form B, starling at about 25% RH. At
10% RH, the conversion to Form B was complets. Upon sorption, Form B converted o Form
C, starting at about 60% RH. At 80% RH the conversion io Form C was complete. The

resuils are consistent with the corresponding experiments of Form B.

[00245] For Form D, a hydrate, the relative humidily was measured at 30 °C. The
experiment was performed starting at the maximum RH and dehydrated, then rehydrated
back up to the maximum vaiue., The RHY% values measured were 10, 15, 20, 25, 30, 3§, 40,
G0, and 80%. Despile attempts fo have freshly prepared Form D, sven the first
measurements al 80% RH showed that the solid had already partially transformed o Form
C. Thereafter, the solid fransformed to the hydrated Form C and eventually {0 the anhydrous
Form B, as already obsarved in the VH-XRPD measurements of Formis B and C. Upon
desorption, the hepta-hydrated Form D converted to the hydrated Form €. Form C
dehydrated to Form B, starting at about 20% RH. At 10% RH, the convsrsion to Form B was
complete. Upon sorption, Form B converted to Form C, starting al about 40% RH. At 80%
RH, the conversion fo Form C was complete. The solid did not hydrale fo Form D as a
relative humidity of 80% is not sufficient; for the conversion fo Form D, an exposure at

relative humidity of 95% can be employed.
Dynamic Vapor Sorption Experiments
[00248] In three DVS experiments, the relative humidity was varied as follows;
Expt.1: 5% - 95% — 65% RH
Expt 2: 5% — 95% — 5% RH
Expt 3. 8% — 895% RH
Expt. 4 0% for 6h — 8% for 1th — 15% for 1 h — 25-85% gradientover 2h — 95 for 5 h RH

[00247]) For Expt. 1, during sorption, Form B adsorbed water mass corresponding to
2.26 molecules of waler between 45 — 95% RH, as shown in Figure 44. Upon desorption to
55% RH, the gainad water mass remained almost constant. XRPD measurement of the solid

showed that it was the hydrated Form C. The additional gained water mass can be atiributed
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to adsorption on the surface of the maternal

{60248] For Expt. 2, dwing sorption, a8 two-step water mass gain was observed, as
shown in Figure 45, In the first step, bebwaen 45 — 85% RH, a mass change of 6.45% was
observed comresponding o 2.1 water molscules. The data are consistent with the hydratad
Form © being formad af this slage. In the second step, bebtween B5% and 85% RH, a lotal
change in mass of 16.7% was reached. A further mass increase of 17.4% was observed al
85% RH during desorption. The increasing mass gain during desorption indicates that no
squilibrivm was reached within one howr st 85% RH, and the water adsorption continued at
least uniil 85% RH, during humidity decrease. The maximum change in mass corresponded
to 5.6 waler molecules. The data are consistent with the hepta-hydrated Form D being
{partially) formed ai the maxdmum RH. During the two-step desorplion, ths change in mass
was roughly slable up to about 5% RH and #, thersafler, reduced to about 5.2%. The laiter
change in mass corresponded o about 1.7 water moelecules, At this stage, the data was
consistent with the hydrated Form C being formed. Tharealter, and until about 28% RH, the
gained mass decreased to 4.2%, corresponding o 1.4 waler molecules. The data is
consistent with a mixture of the hydrated Form € with the anhydrous Form B being formed.
Thereafter, the gained water was lost in one step, belween 25% and 158% RH. The XRPD of
the material at the end of the sorplion-desorption cycle showsd that it was a mixlure of

Forms B and C.

(002497 For Expt. 3, the DVE indicated a two-step waler adsorption as shown in
Figure 48, The change in mass during the first step {(between 45-85% RH} was 558%
corresponding o 1.8 watlsr molecules. The total change in mass at 85% RH was 15.88%
corresponding to 5.15 watler molecules. XRPD measurement of the solid after the cycle

showed that it was Forms B+C.

[GO2801 For Expl 4, deviations between the measured values of waler mass gain or
insses and the expected corresponding water molecules can be attribuled o the fact that the
meaasurements were performed prior fo reaching the equilibrium of an event. Therefore, in
this experiment, the Relative Humidily profile was modified in order io investigale the impact
of ionger equilibration time at sach step. As seen in Figure 47, the maximum change in
mass was 22.2% corresponding to 7.2 water molecules, The XRPD patiern of the material

after the cycle was Forms G+

Hydration Studies of Forms A and B
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(002511 Slurrying of Forms A and B (separately) was performed at room temperature
in water, HC! buffer of pH 1.0 (GiN HCD and SGF {for Form A}, The solids were harvested
and measured wet by XRPD after 45 min, 1.5 h, 15 h, 48 h and 10 days {(not in SGF}. Form
A remained siable even after 10 days slurrying In water and the HCI buffer or 1.5 h in SGF.
Form B converted to the hepiahydrate Form D afier 45 min, which remainsd stable, st lsast
for 10 days. In a separate experiment, where Form B was exposed o 80% RH for one day,
the material convertad to a mibdure of Forms C and D,

Dehydration of Forms € and D

[00825823 in Table 25, a list of drying conditions for Form © are presented togsther with
the final solid form. Al ambient pressure, Form C appsars o be stable after 1.5 hours at
30°C while al 40°C it converted to Form B within one hour,

{00283 In Table 28, g list of diving processes of Form D are presented. Form D under
5 mbar pressure and at 6G°C led to the formation of Form B after 24 h. In some instances,
small quantities of Form C were visible on the XRPD pafterns, even after § days of drying.
This observation could be altributed to different particle morphology (fine particles vs.
agglomerates/aggregatas). At 80°C and at 50 mbar pressure, Form D converted to a mixture
of Forms B+C after 86 h and to Form B afler 110 h. In general, depending on the time and
prassurs, Forms 8 and © ooour.

Table 25. Dehydration of Form C.

5 days - B+C
& days -~ i B
Dt S —




[00254]

15 (RT)

20 (RTY
15
.
- 8e B+ -
65 R S S
86 8 . - i <
,,,,,,,,, TR e e
closad vial
atRT

in Table 27, the ccowrence of solid forms of brigatinib is given, together with

the crysialiization methods from which they orystallized and the relaled sobents. The table

provides the rasulls of over 800 experiments with solid forms measured by XRPD wet and/or

dry {wet and dry count as separate experiments). In eight cases, no form assignment was

made dus i low vield. The solid formis) ollowing the arrow wasiwere oblained upon

remaeasurament by XRPD after storage of the messuring plates al ambisnt conditions for

soveral waeks (2-5 weeks).

Table 27 Summary of Brigatinib Solid Forms

- Mot filtration, 1 ;
- Vapor diffusion onfo solids, 1

2.2 A-trimethylpertans/
Pinacolone (30/50);
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| Wapor dissusion onio liguids, 1 Cis-Decahydro-
; naphthalens/
rMathyicyolohexans
(SO50):
Dichloromsihans
.............. P me— R .
< e S othanet (SaAS
S 1 Fresze-drying Chlorsformy
"""" F 1 Freeze-drying Trifluoroethanotiwater
(90:10)
GA EE Anti-solvent Chioroform (837
acetonilrile (AS)
H— 1 5 Cooling-evaporative (pL. scale) | | MethanolChioroform
AdH A {B0/50)
Ab Am 1 Vapor diffusion  on omo | Ohioroform



solids
CA+B+C 1 Vapor diffusion onto solids Water
A+C 4 Hot filtration, 3 AcetoneVater (50/50)
Water/Msthanol (80/50)
Water/1,.4-Dioxane
{50/80)
Evaporative, 1 Acstona/\Water (80/50)
A+E 2 Shurry Chioroforns
A+G 2 Anti-solvent, 1 Chioroform (8Y/
tert-Butyl mathyl ether
Thermocyeling, 1 {AS)
Chioroform
A+ H 12 AS 2T Ethanol {(S)Water(AS)
1,4-Dioxane{S)Water(AS)
Cooling-evaporative (L scale), Methanol
10 Methanolf Chioroform
{50/50)
MethanolAcetonitrile
{50/50)
A+ 1 Cooling-evaporative {pul. scale) 2-Methoxyethanol
A+ d
AvK— | 1| Cooling-evaporative (ul. scale) Tetrahydrofuran/ N-
A+ K - Methyi-2-pyrrolidons
{50/50)
A+l 4 Shurry Hexane;,
ArlA n-Heptane;
} Mathylcycichexans

. PHARMACEUTICAL COMPOSITIONS

{00258]

in some embodiments, the present disclosure providss pharmacsutical

compositions comprising at least one crystalline form of brigatinib and at least one

compaonent chosen from pharmaceutically acceptable carrlers, phanmaceutically accepiable

vehicles, and pharmaceutically acceptable exciplents. In some embodiments, the at least

one crystalline form of brigatinib is present in a therapeutically effective amount. In some

agmbodiments, the at least one crystalline form of brigatinib Is substantially pure. In some

embodiments, the at least one crystalline form of brigatinib is chosen from Form A, Form B,

Form C, Form D, Form E, Fom F, Form G, and Form H.
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crysialline brigatinib is Form A,

{00288} In some embodiments, 3 unit dosage form of & pharmaceutical composition
comprises a single orystal form of brigatinih as the AR In some embodiments, the present
disciosure provides pharmaceutical compositions consisting of one corystalline form of
brigatinib. In some embodiments, the  present disclosure provides pharmaceuticsl
compositions consisting of one crysialliine form of brigatinib and at least one component
chosan fram pharmaceutically acceptable carriers, pharmacsulically acceptable vshicles,
and pharmaceutically acceptable excipients. In some embodiments, the present disclosure
provides pharmaceutical compositions consisting essentially of one crystaliing form of
brigatinib and oplionally at least one component chosen from pharmacsutically acceplabis

carriers, pharmaceutically accepiable vehicles, and pharmacesutically acceplable excipients.

(80287} It some embodiments, the present disclosure provides pharmacsutical
compositions produced by combining at lsast one orystaline form of brigatinib and al least
one component chosen from phammacsulically acceptable camers, pharmaceutically

accapiable vehicles, and pharmaceutically acceptable excipients.

[60258] In some embodiments,, a unit dosage form of @ pharmaceutical composition
comprises more than one crystal form of brigatinib. In some smbodiments, more than 50%,
mora than 70%, more than 80%, more than 90%. more than 858%, or more than 99%, of
brigatinib in the composition is in a single crysialiine form.  In some embodiments, the singls
crysiafiing form of brigatinib is chosen from Form &, Form B, Form C, Form D, Form &, Form
F, Form G, and Form H. In some embodiments, the single crysialline form of brigatinib is
Form A,

(002553 In some sembodimants, one or all of the crystailine forms is substantially purs.
For example, in some embodiments, the pharmacsutical composition comprises
substantially pure Form A of brigatindh and at least one component chossn from
pharmacseulically  acceptable carrders, pharmacsutically  acceplable  vehicles, and
pharmacsulically accepiabls excipients. in some embodiments, a pharmaceutical
composition comprises Form A and Form B of brigatinib and at least one component chosen
from pharmaceutically accepiable carriers, pharmaceutically accepiable vehicles, and
pharmaceutically acceptable excipients. Other embodiments are variations of this thems
that will be readily apparent to those of ordinary skilt in the art reading this disclosure. For

example, i1 some embodiments, a pharmaceutical composition can comprise Form A and at
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least one additional crystalline form of brigatinib chosen from Forms B, C, D, E, F, G, H, 4,
and K, and at least one component chosen from pharmaceutically acceptable carriers,

pharmaceutically acceptable vehicles, and pharmaceutically acceptable excipients.

[00260] The at least one component may be readily chosen by one of ordinary skill in
the art and may be determined by the mode of administration. Hustrative and non-limiling
examples of suitable modes of administretion include oral, nasal, parenteral, topical,
transdermal, and rectal. The pharmaceutical compositions disclosed herein can take any
pharmaceutical form recognizable to the skilled artisan as being suitable. Mon-limiting
examples of suitable pharmaceutical forms include solid, semisolid, liquid, and ivophilized
formulations, such as tablets, powders, capsules, suppositories, suspensions, liposomes,

and asrosols.

{00281] in some embodiments, the pharmacsutical compositions optionally further
comprise at least one additional therapeutic agent. In some embodiments, a compound as
disclosed herein can be administered to a subject undergoing one or more other therapeutic
interventions {e.g. Crizotinib or other kinase inhibifors, interferon, bone marrow fransplant,
farnesyl transferase inhibitors, bisphosphonates, thalidomide, cancer vaccines, hormonal
therapy, antibodies, radiation, elc). For example, in some embodiments, the compound as
disclosed herein can be used as a component of a combination therapy with at least one
additional therapeutic agent (such as, for example, an anticancer agent), the at lsast one
additional therapeutic agent being formulated together with or separately from the compound

as disclosed herein.

(002823 As used hsrein, the term “compound as disclosed herein” refers to at least
one crystaliine form of brigaiinib chosen from those disclosed herein, namely Forms A, B, C,
D, EF, G, H, 4, and K and amorphous brigatinib. A compound as disclosed herein can be
present in a pharmaceutical composition as the single active agent or can be combined with
at least one additional active agent which may be another formy or amerphous brigatinib, or

anocther non-brigatinib compound.

[00263] In some embodiments, a pharmaceutical composition disclosed herein can be
specially foermulated for administration in solid or liquid form, including as non-limiting
examples those adapied for the following: oral administration, for example, drenches
{agueous or non-agqueous solulions or suspensions), fablets (8.¢., those targeted for buccal,

sublingual, and systemic absorption), capsules, boluses, powders, granules, pastes for
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applicaiion to the tongus, and intradupdenal routes, parentsral adminisiration, including
intravenous, intrasrteral, subcutaneous, inbramuscular, inlravascular, intraperfioneal or
fusion as, for exampie, 3 sterile sohition, a slerdle suspension, or a sustained-release
formulation; topical application, for example, as a cream, an ciniment, & controlled-release
patch, of spray applisd o the skin, infraveginelly or infrarectally, for example, a5 a pessary,
craam, stent or foam; sublingually, ocularly; pulmonarily] local delivery by catheter or stani;

intrathecally, or nasally.

[ah284] Mon-fimiting examples of suilable camisrs that can be smploysd in
pharmaceutical compositions disclosed hersin include water, ethanol, polb/ols {such as
givcerol, propylens glyeol, polyethviene glyvood, and the Bike), vegetabis oils (such as olive
o), injectable organic eslers {such as ethnd oleats) and mbdures thereof Proper fluidity can
ba maintained, for example, by the use of coating materials, such as lecithin, by the
maintanance of the reguired parlicks size in the case of dispersions, and by the uss of

surfactants,

[GGZ285] in some smboediments, the compositions disciosed herein also comprise at
lsast one adivvant chosen from preservatives, wetling agents, emulsifving agenis,
dispersing agents, Rkibricants, anticodants, antibacterial agents, antifungal agenis {e.g.,
paraben, chiorobutanol, phenol sorbic acid, and the Hke), isolonic agents {e.g., sugars,
sodium chioride, and the Hke), and agents capable of delaving absorption {e.g., aluminum

monosisarale, gelatin, and the like}.

{B0268] Methods of preparing the compositions disclosad hersin may, for example,
comprise  bringing into association at least one compound as disciosed herein and other
componant(s}, such as, for example, champtherapsutic agent{s) andfor carrier(s). In some
embodimanis, the compositions are prepared by uniformly and intimataly bringing info
association a compound as disclosed herein with &t lsast one carrier chosen from liquid

carriers and finely divided solid camiers, and then, i nescessary, shaping the product.

[G02671 Fraparations for such pharmacsautical composiiions are wellbknown in the art.
See, e.g., Anderson, Philip O.; Knoben, James E.; Troutman, Willam G, eds., Handbook of

finical Drug Dats, Tenth Edition, MceGraw-Hill, 200Z; Pratt and Taylor, eds., Principles of
Orug Action, Third Edition, Churchill Livingston, NMew York, 1890, Kateung, ed., Basic and
Chnical Pharmacology, Ninth Edition, McGraw Hill, 2003, Goodman and Gilman, eds., The

Fharmacologiead Basis of Therapeutics, Tenth Edilion, McGraw Hill, 2001, Heminglon's
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Fharmaceutical Sciences, 20th Ed., Lippincott Williams & Wikins., 2000; Martindale, The
Exira Fharmacopoeia, Thinty-Second Edition (The Pharmaceutical Press, London, 1899); all
of which are incorporated by reference hersin in their entirety. Except insofar as any
conventional excipient medium is incompatible with the compounds provided herein, such as
by producing any undesirable biological effect or otherwise interacting in a deleterious
mannear with any other component(s) of the pharmaceutically acceptable composition, the

axcipient's use is contemplated 1o be within the scope of this disclosure.

[00268] In soms embodiments, the concentration of brigatinib in the disclosed
pharmaceutical compositions is less than 100%, about 80%, about 80%, about 70%, about
80%, about 50%, about 40%, about 30%, about 20%, about 18%, about 18%, about 17%,
about 168%, about 15%, about 14%, about 13%, about 12%, about 11%, about 10%, about
9%, about 8%, about 7%, about 8%, about 5%, about 4%, about 3%, about 2%, about 1%,
about 0.5%, about 0.4%, about 0.3%, about 0.2%, about 0.1%, about 0.09%, about 0.08%,
about 0.07%, about 0.08%, about 0.05%, about 0.04%, about 0.03%, about 0.02%, about
0.01%, aboui 0.009%, about 0.008%, about 0.007%, about 0.006%, about 0.005%, about
(.004%, about 0.003%, about 0.002%, about 0.001%, about 0.0008%, about 0.0008%,
about 0.0007%, about 0.0006%, aboul 0.0805%, about 0.0004%, about 0.0003%, about
0.0002%. or about 0.0001% wiw, wiv or viv. As used herein, “about” means £10% of the

value being modified.

[00269] In some embaodiments, the conceniration of brigatinib in the disclosed
pharmaceutical compositions is graater than about 90%, about 80%, about 7%, about 80%,
about 50%, about 40%, about 30%, about 20%, about 19.75%, about 18.50%, about 19.25%
about 18%, about 18.75%, about 18.50%, about 18.25%, about 18%, about 17.75%, about
17.50%, about 17.25%, about 17%, about 16.75%, about 18.50%, about 16.25%, about
16%, aboul 15.75%, about 15.50%, about 15.25%, about 15%, aboul 14.75%, about
14.50%, about 14.25%, about 14%, about 13.75%, about 13.50%, about 13.25%, about
13%, aboul 12.75%, about 12.50%, about 12.25%, about 12%, about 11.75%, about
11.50%, about 11.25%, about 11%, about 10.75%, about 10.50%, about 10.25%, about
10%, about 8.75%, about 8.50%, about 8.25%, about 9%, about 8.75%, about 8.50%, aboul
8.25%, about 8%, about 7.75%, about 7.50%, about 7.25%, about 7%, about 8.75%, about
6.50%, about 8.25%, about 8%, about 5.75%, about 5.50%, about 5.25%, about 5%, about
4.75%, about 4.50%, about 4.25%, about 4%, about 3.75%, about 3.50%, about 3.25%,
about 3%, aboul 2.75%, about 2.50%, about 2.25%, about 2%, about 1.75%, about 1.50%,

about 1.25%, about 1%, about 0.5%, about 0.4%, about 0.3%, about $.2%, about 0.1%,
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about 0.08%, about 0.08%, about 1.07%, aboul 0.06%, about 0.05%, about 0.04%, about
0.03%. aboul 0.02%, about 0.01%., about 0.008%, about 0.008%, about 0.007%, about
1.006%, about 0.005%, about $.004%, about (.003%, about 0.002%, about 0.001%, abouwl
wont 0.0007%, about $.0006%, about §.0005%, about 8.0004%,

% or about 0.0001% wivw, wiv, or viv. Ag used herain, "about’

£ RSN, about QDN &

abnut G.0003%, shout Qg

means £10% of the value being modified.

002703 in some embodiments, the conceniration of brigatinh in the disclosed
pharmaceutical compositions {5 ranges from approximately $.0001% o approsimataly 0%,
approximataly 0.001% to approximately 40%, approximately 0.01% fo approximately 3%,
approximately 0.02% fo approximately 29%, approximalely 0.03% to approximately 28%,
approximately 0.04% o approximately 27%, approximately 0.05% to approvimately 28%,
approximately 0.08% fo approximately 25%, approximately 0.07% to approximately 24%,
approximately 0.08% lo approximately 23%, approximately 0.03% to approximately 22%,
approximately 0.1% to spproximately 21%, approximately 0.2% to approximately 20%,
approximately 0.9% to approximately 18%, approximately 04% to approximately  18%,
spproximately 0.5% o approximately 7%, approvimately 0.6% fo approximately 18%,
approximately 0.7% o approximately 15%, approximatety 0.8% i approximately 14%,
approximately 0.9% o approximately 12%, approximalely 1% 1o approximately 10% wiw,

whiv or viv, wiy. As used herein, “approximately” means £10% of the value being modified.

002711 it some embodiments, the conceniration of brigatinik in the disciosed

o4

pharmaceutical compositions ranges from approximately 0.001% to approximately 10%,

approximately 0.01% o approimately 8%, approximately 0.02% o approximately 4.5%,
approximately 0.03% io approximately 4%, approximately 0.04% to approximately 3.5%,
approximately 0.05% to approximately 3%, approximately 0.08% to approximately 2.5%,
appraximately 0.07% io approximately 2%, approximately 0.08% to approximately 1.5%,
approximataly D.09% o approximately 1%, approximately 0.1% approximately §.9% wiw,

wiv or wiv. As used herein, “approximataly’ means +10% of the value being modified.

f00272Y n some embodiments, ithe amount of brigatinib in the disclosed
sharmaceutical compositions is squgl i or isas than about 10 g, about 9.3 g, about 9.0 g,

about 8.5 g, about 8.0 g, about 7.5 g, about 78 g, sbout 8.5 ¢, about 8.0 g, about 5.5 g,

about 5.0 g, abolt 4.5 g, about 4.0 g, sbout 3.5 g, abowt 30 5. about 2.5 g, about 2.0 g,
about 1.5 g, about 1.0 g, about 0.9% g, about 18 g, about §.85 g sbowt 8.8 g, about 075 g,
about 0.7 g, about 0.65 g, aboul 0.8 3, abaul §.88 g, sbowt B8 g, about 048 g, about 04 g,
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about 0.35 g, about 8.3 g, about 0.25 g, about 0.2 g, about 8.15 g, about 0.1 g, about 0.09 g,
about 0.08 g, about 8.07 g, about 0.08 g, about 8.05 g, aboul 0.04 g, about 0.03 g, about
0.02 q, about 0.01 g, about 0.009 g, about 0.008 g, about 0.007 g, about 0.006 g, abou!
3.005 g, about 0.004 g, about 0.003 g, about 0.002 g, about 0.001 g, about 0.0009 g, about
0.0008 g, about 0.0007 g, about 0.0008 g, about 0.0005 g, about 0.0004 g, about 8.0003 g,
about 6.0002 g, or about 0.0001 g. In some embodiments, the amount of one or more of the
compounds as disclosed hersin can be mors than about §.0601 g, about 0.0002 g, about
0.0003 g, about 0.0004 g, about 0.0005 g, about 0.0008 g, about 0.0007 g, about 0.0008 g,
about 0.0009 g, about 0.001 g, about 8.0015 g, about 0.002 g, about 8.0025 g, about 0.003
g, about 0.0035 g. about 0.004 g, about 0.0045 g, about 0.0058 g, about 0.6055 g, about
0.008 g, about 0.0085 g, about 0.007 g, about 0.0075 g, about 0.008 g, about 0.0085 g,
about 0.009 g, about 0.0085 g, about 0.01 g, about 0.015 g, about 0.02 g, about 0.025 g,
aboul 0.03 g, about 0.035 g, about 0.04 g, about 0.0458 g, about 0.05 g, aboul 0.085 g, about
(.08 g, about 0.065 q, about 0.07 g, about 8.075 g, about 0.08 g, about 0.085 g, about 0.09
g, about .085 g, about 0.1 g, about 0.18 g, about 0.2 g, about 0.25 g, about 0.3 g, about
0.35 g, about 0.4 g, about 0.45 g, about 0.5 g, about 0.55 g, about 0.6 g, about 0.65 g, about
0.7 g, about .75 g, about 0.8 g, about 0.85 g, about 0.8 g, about 8.95 g, about 1 g, about
1.5 g, about 2 g, abowt 2.5, about 3 g, about 3.5, about 4 g, about 4.5 g, about 5 g, about 5.5
g, aboul 8 g, about 8.5 g, aboul 7 g, about 7.5 g, about 8 g, about 8.5 g, about 8 g, about 8.5

g, or about 10 g. As used harein, "about” means £10% of the value being maodified.

(002733 in some smbodiments, the amount of brigatinib in the disclosed
pharmaceutical compositions ranges from about 0.0001 to about 10 g, about 0.0005 g to
about 8 g, about 0.001 g fo about 0.5 g, abouwt 8.001 g to about 2 g, about 0,001 g 1o about 8
g, about 0.005 g to about 2 g, about 0.005 g to about 7 g, about .01 g to aboul 6 g, about
.05 g to about 5 g, about 8.1 g to about 4 g, about 8.5 g to about 4 g, or about 1 g to about

3 g. As used herein, “aboul” means 110% of the value being modified.

(00274} in some embodiments, the present disclosure provides pharmaceuiical
compositions for oral administration comprising at least one compound as disclosed herein
and at least one pharmaceutically acceptable excipient suilable for oral administration. In
some embodimeants, the present disclosure provides pharmaceutical compositions for oral
administration comprising: (i} a therapeutically effective amount of at least one compound as
disclosed herein; optionally {ii} an effective amount of at least one second agent; and (i) aat
least one pharmacsutically acceplable sxcipient suitable for oral adminisiration. In some

embodimenis, the pharmaceutical composition further comprises {iv) an effecltive amount of
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at least one third agent.

00275} In some embodimenis, the pharmaceulical composition can be a liquid
pharmaceutical composition suitable for oral consumption. Pharmaceutical compositions
suitable for oral administration can be presented, for example, as discrete dosage forms,
such as capsules, cachets, or iablets, or Hguids or aerosol sprays sach containing a
predeterminad amount of an active ingredient as a powder or in granuiss, a solution, or &
suspansion in an agusous or non-agquesus liquid, an oil-in-waler amulsion, or a watar-in-cil
liguid emulsion. Such dosage forms can be prepared by any of the methods of pharmacy,
hut all methods include the step ofbringing the aclive ingredient into association with the
carrier, which constiiutes ons of more ingredisnis. in general, the pharmaceautical
camnpositions are prepared by uniformiy and intimately admixing the active ingredient with
liguid carriers or finely divided solid carriers or both, and then, if nacessary, shaping the
product inte the desired pressntation. For example, a tablet can be prepared by compression
or molding, optionally with one or more accessory ingredients. Compressed tablels can be
prapared by compressing in @ sullable maching the aclive ingredient in 38 free-flowing form
such as powder or granules, optionally mixed with an excipient such as, but not limited {o, a
binder, a lubricant, an inert diluent, and/or a surface aclive or dispersing agent. Molded
tablets can be made by molding in a suilable machine a mixture of the powderad compound

moistensd with an inert liquid diluent.

(G276} The lablets can be unceoated or coaled by known technigues to delay
disintegration and absorption in the gastrointestinal tract and thereby provide a sustained
action over 3 longer period. For example, a time delay material such as glyceryl
monosisarale or ghycaryl distearate can be employed. Formuldations for oral use can also he
prasented as hard gelatin capsules wherein the active ingredient can be mixed with an inert
solid diluent, for example, caiclum carbonate, calcium phosphate or kaolin, or as soft gselatin
capsules wherein the aclive ingradient can he mixed with waler or an off medium, for

sxample, peanut oll, liguid paraffin or olive ofl.

(80277} The present disclosure further encompasses it some embodiments
anhydrous pharmaceutical compositions and dosage forms comprising at least ong aclive
ingradisnl. Water can faciliiate the degradation of some compounds. For example, water
can be added {e.q., about 5%} in the pharmacsutical ants as a means of simulating long-term
storage in order to determine characteristics such as shelf-life or the stability of formuigtions
over time. Anhydrous pharmaceutical compositions and dosage forms can be prepared



using anhydrous or low moisture containing ingredients and low moisture or low humidity
conditions. For example, pharmaceutical compositions and dosage forms which contain
lactose can be made anhydrous if substantial contact with moisture and/or humidity during
manufacturing, packaging, andior siorage is expecied. An ahhydrous pharmaceutical
composition can be prepared and stored such that its anhydrous nature is maintained.
Accordingly, anhydrous pharmaceutical compositions can be packaged using mailerials
known o prevent exposure {o water such that they can be included in suitable formulary kits.
Examples of suilable packaging include, but are not limited fo, hermetically sealed foils,

plastic or the like, unit dose containers, blister packs, and sirip packs.

(0278 An aclive ingredient can be combined in an intimate admixiure with a
pharmaceutical carrier according o conventional pharmaceutical compounding fechnigues.
The carrier can iake a wide variely of forms depending on the form of preparation desired for
adminisiration. In preparing the pharmaceutical compositions for an oral dosage form, any of
the usual pharmaceutical media can be employed as carriers, such as, for exampie, water,
glyeols, oils, alcohols, flavoring agenis, preservatives, coloring agents, and the like in the
case of oral liquid preparations (such as suspensions, solutions, and elixirs) or aerosols; or
carriers such as starches, sugars, micro-crystaliine cellulose, diluents, granulating agents,
fubricants, binders, and disintegrating agents can be used in the case of oral solid
preparations, in some embodiments without employing the use of laciose. In some
embodiments, compounds can be admixed with lactose, sucrose, starch powder, cellulose
esters of alkanoic acids, celiulose alkyl esters, talc, stearic acid, magnssium slearale,
magnesium oxide, sodium and calcium salts of phosphoric and sulfuric acids, gelatin, acacia
gum, sodium alginaie, polyvinylpyrrolidone, and/or polyvinyl alcohol for subsequent
formulation. For example, suilable carriers include powders, capsules, and tablets, with the
solid oral preparations. In some embodiments, tablets can be coated by standard agueous

or nonagueous techniques.

[00279] Non-limiting examples of binders suitable for use In pharmaceutical
compositions and dosags forms disclosed herein includs, but are not limitad to, corn starch,
potato starch, and other starches, gelatin, natural and synthelic gums such as acacia,
sodium alginate, alginic acid, other alginates, powdsred tragacanth, guar gum, cellulose and
its derivatives (s.g., sthyl cellulose, cellulose acetsle, carboxymethy! cellulose calcium,
sodium carboxymethy! cellulose), polyvinyl pyrrolidone, methyl celliulose, pre-gelatinized

starch, hydroxypropyl methyl cellulose, microcrysialline cellulose, and mixtures thereof.
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[Go2801 MNon-limiting examples of fillers suitable for use in the pharmaceutical
composiiions and dosage forms disciossd herain include, but are not limited fo, tale, calcium
carbonate {e.q., granules or powder), microcrysialine cellulose, powdered cellulose,
dexirates, kaolin, manniiol, silicic acld, sorbitol, starch, pre-gelatinized starch, and mixtures

thereof.

[0G281} Disintegranis can be ussd in the pharmacsutical compositions and dosage
forms disclosed herein to provide iablets that disintegrate when exposed 1o an aqusous
environment. Too much of a disintegrant can produce tablels which can disiniegrale in the
battie. Too liltle can be insufficient for disintegration o occur and can thus aller the rale and
extent of release of the active ingradient(s) from the dosage form. Thus, a sufficient amount
of disintegrant that is neither foo #itle nor too much {o detrimentally alter the release of the
active ingradient{s) can be usad to prepare the pharmaceutical compositions and the dosags
forms disclosed hergin. The amount of disintegrant can vary bassd upon the type of
formulation and mode of administration,and can be readily discarnible 0 those of ordinary
skiff in the arl. For sxample, in some embodiments, about 0.5 fo about 15 total weight
parcant of at least one disintegrant may bs usad. In some ambodiments, about 1 o abowt 5
total weight percent of at least disintegrant can be used in the pharmaceutical compaosition,
Disintegrants that can be used includs, bul are not Bmited 1o, agaragar, alginic acid, calcium
carbonate, microcrysialline celivlose, croscarmeliose sodium, crospovidone, polacrifin
potassium, sodium starch ghycolate, potato or tapioca starch, other starches, pre-gelatinized

starch, other starches, clays, sther algins, other celluloses, gums, and mixtures thersol,

[00282] Lubricants which can be used in pharmacsutical compositions and dosage
forms disclosed hersin includs, but are not imited {o, calcium stearale, magnesium stearals,
mineral oif, light mineral off, ghyoerin, sorbifol, manniiol, polvethviens glveol, other ghools,
stearic acid, sodium lauryl sulfate, ialc, hydrogenaled vegetable oil {e.g., peanul oil,
cotionsaad o, sunflower oll, sesame oil, olive oil, corn oil, and soybean olf}, zinc stearals,
athyi oleate, ethylaureate, agar, syloid silica gel, coagulated asrosdl of synthelic silica, and
mbdures thareof. A lubricant can optionally be added in an amount of less than about 1 total

weight percani of the pharmaceutical compasition,

{00283} When agusous suspensions and/or elixirs are chosen for oral administration,

the pharmaceutical composiions may further comprise at least one additional agent chosen

from swaetening agents. flavoring agenis, coloring matiers, dyes, emuisifying agenis,

suspending agsnis, and diluents (s.g., water, ethanol, propylens glycol, glycerin and the
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iike).

{00284] Surfactanis which can be included in the pharmaceutical compositions and
dosage forms disclosed herein include, but are not limited {o, hydrophilic surfactants,
lipophilic surfactants, and mixtures thereof. Thatis, a mixture of hydrophilic surfactants can
be employed, a mixture of lipophilic surfactants can be employed, or a mixture of at least

one hydrophilic surfactant and at least one lipophilic surfactant can be employed.

[00285] i some embodimens, hydrophilic suifactani(s) has an HLB value of at least
about 10, while lipophilic surfactant(s) has an HLB value of or less than about 10, An
empirical parametar used to characlerize the relative hydrophilicity and hydrophobicity of
non-ionic  amphiphilic compounds is the hydrophilic-lipophilic balance ("HLB" value).
Surfactants with lower HLE values are more lipophilic or hydrophobic, and have greater
solubility in oils, while surfactants with higher HLB values are more hydrophilic, and have
greater solubility in aqueous solutions. Hydrophilic surfactants are generaily considered to
be those compounds having an HLB value greater than about 10, as wall as anionic,
cationic, or zwitlerionic compounds for which the HLB scale is not generally applicable.
Similarly, lipophilic (i.e., hydrophobic) surfactants are compounds having an HLE value equal
to or lass than about 10. However, HLB value of a surfactant is merely a rough guide

generally used to enable formulation of industrial, pharmaceutical and cosmstic emulsions.

[00288] Hydrophilic surfactants can be either ionic or nonionic. Suitable ionic
surfactants include, but are not limited to, alkylammonium salls; fusidic acid salts; fatty acid
derivatives of amino acids, oligopeptides, and polypaptides; glvceride derivatives of aming
acids, oligopeptides, and polypeplides; lecithins and hydrogenated lecithing; lysolecithins
and hydrogenated lysolecithins, phospholipids and derivatives thereof, lysophospholipids
and derivaiives thereof; carniline falty acid ester salts; salts of alkylsulfates; fatty acid salts;
sodium docusate; acylactylates; mono- and di-acetylaied tartaric acid esters of mono- and
di-glycerides; succinylated mono- and di-glycerides; citric acid esters of mono- and di-

glycerides; and mixtures thereof,

(00287} Within the aforementioned group, ionic surfactants include, but are not limited
to, lecithins, lysolecithin, phospholipids, lysophospholipids and derivatives thereof; camiiine
fatly acid ester salts; salls of alkyisulfates; fatty acid salts; sodium docusate; acylactylates;
mono- and di-acelylated tartaric acid esters of mono- and di-glycerides; succinylated mono-

and di-glycerides; cilric acid esters of mono- and di-glycerides; and mixtures thereof.

85



(60288} Other non-miting examples of ionic swifactants include ionized forms of
lecithin, lysolacithin, phosphatidyicholine, phosphatidyisthanolaming, phosphatidyiglyeerst,
phosphatidic acid, phosphatidylserine, ysophosphatidylcholine,
lysophosphalidylethanclamine, lysophosphatidvigiveeral, lysophosphatidic acid,
ysophosphatidyisering, PEG-phosphatidyisthanolaming, PVP-phosphatidylethanolamine,
actylic  esters  of fatty acids, siearoyl-Z-lactylete, stearoyl lactvlate, succinylated
monoglycerides, monofdiacetyiated tartanic acikd esters of mono/diglycsrides, citric acid
asters of mono/dighyeerides, cholvlsarcosine, caproats, capryiate, caprate, laurale, myrisiate,
palmilate, sleate, ricincleate, ingleate, linclenate, siearale, laury! sulfale, teracecyt sulfats,

docusate, lauroyl carnitines, palmitoyl carmitines, myristoyl carnitines, and saits and mdures

thereof.
(60288} No-dimiting  examples  of  hydrophiiic nondenic surfactants  include
alkvlglucosides;  alkyimaltosides;  alloyithioglucosides;  lauryl macrogolglycerides;

polvoxyaikyiena alkyl ethers such as polyethylene ghreol alkyl ethers; polyoxyalkylene
alkylphenols such as polyethviene glyeol alkyl phenols; polvoxyaliolene aliyl phenot fatty
acid esiers such as polyethviene glyeol falty acids monocesiars and polyethyiene glyool fatty
acids diestars; polyethylene ghycol glycercl Tatty acid asters; polyglycerol fatly acid esters;
polvoxyaikylene sorbitan falty acid eslers such as polyethylene glyool sorbitan fatly acid
asters; hydrophilic transesterification products of a polyol with al least one member of
glycerides, vegstable ods, hydrogsnated vegetabls ofls, falty acids, and sierols;
polvoxyethylens sterols, derivatives, and analogues therecf, polyoxysthylated vitamins and
derivatives thereof, polyoxyethyiens-polyoxypropyiens block copolymers; and mbiures
theraof, polysthylene glyool sorbitan falty acid ssters and hydrophilic fransesterification
products of & polvol with &t least one member of Gighycerides, vegetable olls, and
hydrogenated vegetable ofls. The polvol can be glycerol, ethylene glyool, polyethyiens

glycol, sorbitol, propyiene glycol, pentaerythritol, or a saccharide.

(662308 Cther hydrophilic-non-ionic surfactants include, but are not limited to, PEG-10
laurate, PEG-12 laurate, PEG-20 laurats, PEG-32 laurale, PEG-32 dilaurate, PEG-12 oleate,
PEG-15 oleate. PEG-20 oleale, PEG-20 dicleats, PEG-32 oleale, PEG-200 oleats, PEG-4040
oleate, PEG-15 stearate, PEG-32 distearate, PEG-40 slearale, PEG-100 stearate, PEG-20
ditaurate, PEG-25 giveenyl trinleats, PEG-32 divlsate, PEG-20 glveeryl nurate, PEG-30
glyceryl laurate, PEG-20 glveery! stearale, PEG-20 glyceryl oleate, PEG-30 glyceryl oleate,
PEG-3C givceryl laurate, PEG-40 glvoeryt laurate, PEG-40 paim kemnel off, PEG-50

hydrogenated castor oil, PEG-4{ castor oll, PEG-35 castor ¢il, PEG-80 castor oil, PEG-40
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hydrogenated castor oil, PEG-60 hydrogenated castor oil, PEG-80 com oil, PEG-6
caprate/caprviate glycerides, PEG-8 caprate/caprylate glycerides, polyglyeeryl-10 laurats,
PEG-30 cholesterol, PEG-25 phyte stercl, PEG-30 soya sterol, PEG-20 tricleate, PEG-40
sorbitan oleate, PEG-80 sorbitan laurate, polysorbate 20, polysorbale 80, POE-8 lauryl
ether, POE-23 lauryl ether, POE-10 oleyl ether, POE-20 oleyl ether, POE-20 steary! ether,
tocopheryl PEG-100 succinate, PEG-24 cholestersl, polyglvceryl-10oleate, Tween 40,
Tween 80, sucrose monostearate, sucrose monolaurate, sucrose monopalmitate, PEG 10-

100 nonyl phenol series, PEG 15—100_ octyi phenol series, and poloxamers.

(662917 Suitable lipophilic surfactants inciude, but are not limited to, fatty akohols;
glycerol fatly acid estars; acetylated glycerol fatty acid ssters; lower alcohol fatly acids
esters; propylene glycol fatly acid esters; sorbitan fatty acid esters; polyethylene glycol
sorbitan Tatly acid esters; sterols and sterol derivatives; polyoxyethylated sterols and stero
derivatives; polvethylens glycol alkyl ethers; sugar esiers; sugar ethers; lactic acid
derivatives of mono- and di-glycerides; hydrophobic fransesterification products of a polyod
with at least one member ofglycerides, vegetable oils, hydrogenated vegetable oils, fatly
acids and sterols; oil-soluble vitamins/vitamin derivatives; and mixtures thersof Within this
group, non-iimiting examples of lipophilic surfactants include glycerol falty acid asiers,
propylene glycol falty acid esters, and mixtures thereof, or are hydrophobic
transesierification products of a polyol with at least one member of vegetable oils,

hydrogenated vegstable oils, and triglycerides,

[00292] In some embodiments, the pharmaceutical compositions and dosage forms
disclosed herein can include af least one solubllizer 1o ensure good solubilization andior
dissolution of a compound as disclosed herein and to minimize precipitation of the
compound. This may be uaeful for pharmaceutical compositions for nonoral use, a.g.,
pharmaceutical compositions for injection. A solubilizer can also be added to increase the
solubility of the hydrophilic drug andfor other components, such as surfactants, or o

maintain the pharmacautical composition as a stable or homogensous solution or dispersion.

[00283] Examples of suitable solubilizers include, but are not limited to, the following:
alcohols and polyols, such as ethanol, isopropanol, bulanol, benzyl alcohol, ethylene glycol,
propylena glycol, butanediols and isomers thereof, glycerol, pentaerythritol, sorbited,
mannitol, transculol, dimethyl isosorbide, polyethylene glycol, polypropylene  giycol,
polyvinylaicoho!,  hydxoxypropyl  methylcellulose and  other  celiulose  derivatives,
cyclodextring and cyclodexirin derivatives; ethers of polvethylene glycols having an average
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maiacular weight of about 200 to about 8000, such as tetrahydrofurfunyt alcohol PEG ather
{glycofurol} or methaxy PEG,; amides and other nitrogen-containing compounds such as 2-
pyrrofidone, Z-piperidons, e-caprolactam, N-alkylpyrrolidone, N-hydroxyalkyipyrrolidone, N-
aikyipiperidone, N-alkylcaprolaciam, dimethylacetamide and polyvinyipyrrolidone; esters
such as ethyl propionate, tibulylcitrate, acetyl iriethyicitrate, acetyl itributyl citrats,
iriethylcitrate, ethyl oleale, ethyl caprylate, ethyl bulyrate, triacetin, propyiens glycol
monoacetate, propylene givool diacstate, ¢ -—caprolactons and isomers thereof, &
valerolactone and isomers thereof, B-bulyrolactone and isomers thereof, and other
solubilizers known in the arl, such as dimethyl acetamide, dimethyl isosorbide, N-

methylpyrrolidones, monococtancin, diethylene glveol monosthy! ether, and water.

f00294] Midures of solubllizers can also be used. Examples include, bul are not
fimited 1o, triacetin, tristhylcitrate, sthyl oleate, ethyl caprviats, dimethylacetamide, N-
mathyipyrrolidons, N-hydxoxysthylpyrrolidons, polyvinylpyrrolidone, hydroxypropyl
mathyiceliviose,  hydoxypropyl  oyclodextring, ethanol, polvethylens  glycol  200-100,
glveofursd, transcuiol, propylene glycol, and dimethyl isosorbide. In some embodiments,
solublizers include sorbited, ghycerol, Wriacelin, ethyt alcohol, PEG-400, glycofurcl, and

propylene glycol.

[06298] The amount of solubllizer that can be included can vary with ths composition.
The amount of a given solubilizer can be limited to 3 bioacceptable amount, which can be
raadily determined by one of skill in the arl. In some circumstances, it can be advaniageous
to include amounis of solubilizers far in excess of bicacceptable amounts, for example o
maximize the concentration of the drug, with excess solubilizer removed prior 1o providing
the pharmaceutical composition o a subiect using conventional lechniguss, such as
distiliation or evaporation. Thus, if present, the solubilizer can be present in an amount of
about 10%, about 25%, about 50%, about 1009%, or up to about 200% by weight based on
the total weight of the composition. In some embodiments, solubllizer can be presant in an
amount of about 5%, about 2%, about 1% or even iess. In some emboediments, sclubllizer
can be present in an amount of about 1% 1o about 100%, such as from about 5% to about

25% by weight.

(60286} The pharmaceutical composition can further comprise at least oneg
pharmaceutically acceplable excipiant. Such sxcipients include, but are not mited lo,
detackifiers, anti-foaming agents, buffering agents, polymers, antioudants, presarvatives,
chedaling agents, viscomodulaters, fonicifiers, flavorants, colorants, cils, odorants, opacifiers,

28



suspending agents, binders, fillars, plasticizers, lubricants, and mixiures thereof.

{02871 Non-limiting examples of preservatives include antioxidants, chelating agents,
antimicrobial  preservatives, antifungal preservatives, alcohol  preservatives, acidic
preservatives, and other preservatives. Exemplary antioxidants include, but are not limited
to, alpha tocopherol, ascorbic acid, acorbyl palmitate, butylated hydroxyanisole, butylated
hydroxyloluene, monothioglycerol, potassium metabisulfite, propionic acid, propyl gallate,
sodium ascorbale, sodium bisulfite, sodium metabisulfite, and sodium sulfite. Non-limiting
examples of chelaling agenis include sthylenadiaminelstraacetic acid (EDTA), cifric acid
monohydrate, disedium edetate, dipotassium edetate, edetic acid, fumaric acid, malic acid,
phosphoric  acid, sodium edetate, tartaric acid, and trisodium edetate. Exemplary
antimicrobial preservatives include, but are not limited to, benzalkonium chioride,
benzethonium chioride, benzyl alcohol, bronopol, cetrimide, cetyipyridinium  chioride,
chiorhexidine, chiorobutanol, chiorocresol, chloroxylenol, cresol, ethyl alcohol, glycerin,
hexetidine, imidurea, phenol, phenoxysthanol, phenylethyl alcohol, phenyimercuric nitrate,
propylens glycol, and thimerosal. Exemplary antifungal preservatives include, but are not
limited fo, butyl paraben, msthyl paraben, ethyl paraben, propyl parabsn, bsnzole acid,
hydroxybenzoic acid, potassium benzoate, potassium sorbate, sodium benzoate, sodium
propionate, and sorbic acid. Exemplary alcohol preservatives include, but are not limited to,
gthanol, polyethylene glycol, phenol, phenclic compounds, bisphenol, chlorohutanol,
hydroxybenzoate, and phenylethy! alcohol. Exemplary acidic preservatives include, but are
not limited to, vitamin A, vitamin C, vitamin E, betacarotene, citric acid, acetic acid,
dehvdroacetic acid, ascorbic acid, sorbic acid, and phytic acid. Other preservatives include,
but are not limited io, tocopherol, tocopherol aceiate, deteroxime mesylate, cetrimide,
butylated hydroxyanisol (BHA), hutviated hydroxyloluene (BHT), sthylensdiamine, sodium
lauryl sulfate (SLS), sodium lauryl ether suifate (BLES), sodium bisuifite, sodium
metabisulfite, potassium  sulfile, potassium  metabisuifile, Glydant Plus, Phenonip,
methylparaben, Germall 115, Germaben i, Neolone, Kathon, and Euwyl In certain
embodiments, the preservalive can be an anti-oxidant In other embodiments, the

praservative can be a chelating agent.

(802981 Exemplary oils include, but are not limited to, almond, apricot kernsl,
avocado, babassu, bergamot, black current seed, borage, cade, camomile, canola, caraway,
carmnauba, castor, cinnamon, cocoa hulter, coconut, cod liver, coffee, comn, cotion seed, emuy,
eucalypius, evening primrose, fish, flaxsesd, geraniol, gourd, graps seed, hazel nut, hyssop,

iscpropyt mynistate, jojoba, kukni nut, lavandin, lavender, lemon, litsea cubeba, macademia
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nut, maiiow, mango sead, meadowioam ssad, mink, nutmeg, olive, orange, crangs roughy,
palm, palm kernel, psach Kemnel, peanul, poppy sssed, pumpkin sead, rapeseed, rice bran,
rosemary, safflower, sandalwood, sasquana, savoury, sea buckthorn, sasame, shea bulter,
silicons, soybean, sunflower, tea tree, thistis, tsubaki, vetiver, walnut, and wheat germ oils.
Exemplary oils include, bul are not limited to, butyl stearate, caprylic triglvcerids, capric
trighycaride, cyclomethicone, diethyl ssbacate, dimethicone 380, isopropyl mytisiate, mineral

oll, octyldodacanc!, oleyl alcohel, stlicone oif, and combinations thereof.

1602997 in some embodiments, the composition disclosed herein may be oilfagueous
formulations.  OWaguscus emuision formulations can comprise al least one emulsifier
optionally with al least one fat and/ oil. In some smbodiments, at least one hydrophilic
emulsifier can be included in the compositions disclosed herein, optionally together with at
lsast one lipophilic emulsifier, which may acts as a stabilizer. In some smbodiments, both an
oif and a fat can be used. The al least one smulsifisr optionally wilth at least one stabilizer
may create at least one emulsiiving wax, which may form an smulsifying ointmeant base.
This ointment base may form an ofly dispersed phase of cream formulations. Emuisifiers and
amulsion stabilizers suitable for use in the disclosed formulations include, but are not fimited
to, Twasen 80, Span 80, celostearyl alcohol, myristyl alcohol, glyceryl monosiearate, sodium
iauryt sulfate, glyceryl dislearate alons or with 2 wax, and other materials well known in the
art. In some casas, the solubliity of the active compound in the oii{s) likely to be used in the
pharmacsuiical emudsion formulations can be low. Straight or branched chain, mono- or
dibasic alkyl esters can aid solubiiity, such as di-isoadipais, isocelyl stearats, propyiens
glyeol diester of coconut falty acids, isopropyl myristate, decyl oleate, isopropyt palmilate,
butyl stearate, Z-ethylhexyl palmilate or a blend of branched chain esiers can be usead,
These can be used alone or in combination depending on the properfies required.
Altarnatively, high melling point lipids such as while soft paraffin and/or liquid parafiin or

other mineral oils can be used.

JG0306] in addition, an acid or a8 base can be incorporated infe the pharmaceutical
cormposition {o facilitate processing, to enhance siability, or for other reasons. Examples of
pharmaceutically acceptable bases include aming acids, aming acid esters, ammonium
hydroxide, potassium hydroxids, sodium hydroxdde, sodium hydrogen carbonate, aluminum
hydroxide, calcium carbonale, magnssium  hydroxide, magnesium  aluminum  silicate,
synthatic aluminum  silicate, synthetic hydrocaicite, magnesivm  aluminum  hydroxide,
diisopromwyiethviamine, sthanolamineg, sethylsnediamine, tristhanciaming, tristhyiamine,

frilsopropanciamine, frimethylamine, tris{hydroxymethyliaminomesthane (TRIS) and the like.
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Also suitable are bases that are salts of a pharmaceutically acceptable acid, such as acetic
acid, acrylic acid, adipic acid, alginic acid, alkanesulfonic acid, amino acids, ascorbic acid,
benzoic acid, boric acid, butyric acid, carbonic acid, ciliic acid, falty acids, formic acid,
fumaric acid, gluconic acid, hydroquinosulfonic acid, isoascorbic acid, lactic acid, maleic
acid, oxalic acid, para-bromophenyisulfonic acid, propionic acid, p-toluenssulfonic acid,
salicylic acid, stearic acid, succinic acid, {annic acid, tartaric acid, thioglycolic acid,
toluenesuifonic acid, uric acid, and the like. Sailts of polyprotic acids, such as sodium
phosphate, disodium hydrogen phosphate, and sodium dihydrogen phosphate can also be
used. When the Dhase is a sall, the cation can be any convenient and pharmaceutically
accaptable cation, such as ammonium, alkall metals, alkaline earth metals, and the like.
Examples can include, but nol limited 1o, sodium, potassium, lithium, magnesium, calclum

and ammonium.

F00301]3 Non-limiting examples of suitable acids are pharmaceutically acceptable
organic or inorganic acids. Examples of suitabls inorganic acids include, but are not limited
to, hydrochloric acid, hydrobromic acid, hydriodic acid, suifuric acid, nitric acid, boric acid,
phosphoric acid, and the like. Examples of suitable organic acids include, but are not limited
te, acetic acid, acrylic acid, adipic acid, alginic acld, alkanesulfonic acids, amino acids,
ascorbic acid, benzoic acid, boric acid, butyric acid, carbonic acid, cilric acid, falty acids,
formic acid, fumaric acid, gluconic acid, hydroguinosulfonic acid, iscascorbic acid, factic acid,
maleic acid, methanesulfonic acid, oxalic acid, para bromophenylsulfonic acid, propionic
acid, p-toluenesulfonic acid, salicylic acid, stearic acid, succinic acid, tannic acid, tartaric

acid, thioglycolic acid, toluenesulfonic acid, urie acid, and the like.

[00302] In some embodiments, provided hersin are pharmaceutical compositions for
parenteral administration containing at least one compound as disclosed herein and at least
one pharmaceutically acceptable excipieni suitable for parenteral administration. In some
embodiments, provided herein are pharmaceutical compositions  for  parenteral
administration comprising: (i} an effective amount of at least one compound disclosed
herein; optionally (ii} an effective amount of at least one second agent; and (i} at least ona
pharmacsutically acceptable exciplent suitable for parenteral administration. In some
ermnbodiments, the pharmaceutical compaosition further comprises {iv} an effective amount of

at least one third agent.

[00303] The forms in which the disclosed pharmaceutical compositions can be
incorporated for administration by injection include agueous or ofl suspensions, or
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emulsions, with sesame oil, corn ol cottonseed olf, or pearut off, as well as  slixirs,
mannitol, dextross, or a slerle aguecus solytion, and simiar pharmacsutical vehicles.
Agueocus soiutions in saline are aiso convanlionally used Jor injection. Ethanol, ghyoerol,
propyiene glyveol, iguid polvethyiens glycol, benzyl alcohol, and the like {(and suilable
rixiures thereof), oyclodextrin derbvatives, sodium chioside, tragacanth gum, buffers, and

vegetable oils can also be employad.

(603047 Aguecus solutions in saline are also conventionally used for injection.
Ethanol, glvesrol, propylene glyeol, liquid polyathylens glyeol, and the lke (and suitable
midures thereod), cyclodextin derivatives, and vegetabls olis can also be employad. The
propar fuidity can be maintained, for example, by the use of a coating, such as lecithin, for
the maintenance of the reqguired particle size in the case of disparsion and by the uss of
surfactants. The prevention of the aclion of microorganisms can be brought about by various
antibacterial and antifungal agents, for example, parabens, chiorohutancl, phenol, sorbic

acid, thimerosal, and the liks.

[B0308: in some embodiments, the active ingredient can also he administered by
injection as a composition with sultable carriers including, but not limited {0, saline, dexiross,
or water, or wilh cyclodextrin {g.q., Caplisol), cosobvant solubilization {e.q., propylens glycob

or miceliar solubifization (s.q., Tween 50},

i60308] Sterile injectable solutions can be prepared by incorporating s compound as
disclosed herein in the required amount in the appropriale solveni with varicus other
ingredients as enumerated above, a3 appropriste, followed by filtered sterilization.
Ganerally, disparsions are prepared by incorporaling ihe various sterilized aclive ingredients
o & starile vehicle which contains the basic disparsion medium and the appropriate other
ingredients from those enumsraled above. I the case of sterlle powders for the preparation
of sterile injsctable solutions, certain methods of praparation are vacuum-drying and freeze-
drying fechniques which vield a powder of the active Ingrediant plus any additional ingredient

from a previously steriie-filtered solution thereof,

{BO307] The sterile injeciable preparation can alse be g sterile injectable solution or
suspension in & noretoode parenisrally acceptable diluent or solvent, for example a3 a8
sglution in 1 3-bulanadiol. Among the acceptable vehicles and solvents that can be

emploved are water, Ringer's solulion, and isotonic sodiurn chioride solution. in addition,
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sterlle, fixed oils are conventionally employad as a solvent or suspending medium. For this
purpose any bland fixed oil can be smployed, including synthatic mono- or diglycerides. In

addition, fatty acids such as oleic acid find use in the preparation of injectables.

[00308] The injeclable formuiations can be slerilized, for example, by filtration through
a bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable
mediwm prior to use, Injectable compositions can contain from about 0.1% to about 5% wiw

of a compound as disclosed herein.

[66309] in some embodiments, provided herein are pharmaceutical compositions for
topical {s.g., transdermal} administration comprising at least one compound as disclosed
herein and at least one pharmaceutically acceptable excipient suitable for topical
administration. In some embodiments, provided herein are pharmaceutical compositions for
topical administration comprising (i) an affactive amount of at lsast one compound disclosed
herein; optionally (il) an effective amount of at least ons second agent; and (iii} at least one
pharmaceutically acceplable exciplents suitable for {opical adminisiration. In some
embodiments, the pharmacsutically acceptable composition further comprises (W) an

effective amount of at least one third agent.

{00310] Pharmaceutical compositions provided herein can be formulagted inte
prepargtions in solid, semi-solid, or liguid forms suitable for local or topical administration,
such as gels, water soluble jsllies, linements, creams, lotions, suspensions, foams, powders,
slurries, ointiments, solutions, oils, pastes, supposifories, sprays, emulsions, saline solutions,
dimethylsulfoxide (DMSO)-based solutions. In general, carriers with higher densities are
capable of providing an area with a prolonged exposure to the active ingredients. In contrast,
a solution formulation can provide more immediate exposure of the aclive ingredient to the
chosen area. For example, an ointment formulation can have either a paraffinic or a water-
miscible base. Alternatively, the active ingredient can be formulated in a cream with an oil-in-
water cream base. The agueous phase of the cream base can include, for example at least
about 30% wiw of a polyhydric alcohol such as propylens glycol, butane-1,3-diol, mannitol,

sorbitol, glycerol, polyethylene glycol and mixtures thereof,

00311} The pharmaceutical compositions also can comprise suitable solid or gel
phase carriers or excipients, which are compounds that allow increased penetration of, or

assist in the delivery of, therapeutic molecules across the siratum corneum permeability
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barrier of the skin. There are many of these penebration-anhancing molecules known to
those frained in the arl of topical formulation. Exampies of such carriers and excipienis
include, but are not limited 1o, humectanis (e.g., uresa), glvcols {e.q., propviens glycol),
alcohols {a.q., ethanol), fatly acids {e.g., olsic acid}, surfactants {e.g., isopropyl myrisiate
and sodium lauryl sulfale), pyrolidonss, glycerol monclaurate, sulfoxides, terpenes {(e.g.,
manthol}, amines, amidas, slkanes, alkanols, watsr, calclum carbonate, calcium phosphats,
various sugars, starches, celiulose derivatives, gelatin, and polymers asuch as polvethylene

gycols,

08312} Another exemplary formulation for use in the disclosed methods employs
transdermal delivery devices {"palches™. Such transdermal palches can be used to provids
continuous or discontinucus infusion of a compound as provided hereln in controlled
amounts, sither with or without another agent. Palchs can be either of the reservolr and
porous membrang fvpe or of a solid matrix variety. In sither case, the active agent can be
deiiversd continuously from the reservolr or microcapsules through a membrane inio the
aclive agent permeable adhesive, which is in contact with the skin or mucosa of the
recipient, If the active agent is absorbed through the skin, a conlrolied and predeiermined
flow of the active agent can be administered to the recipient. in the cass of microcapsules,

the encapsulating agent can also function as the membrane.

[06313] The construction and use of transdermal patches for the delivery of
pharmaceutical agents is well known in the art. See, eg., U.S. Pal Nos. 50232352
4,992 445 and 5,001,139, Such patchaes can be constructed for continuous, pulsatile, or on

damand delivery of gharmaceutical agents.

(803143 Suitable devices for uss in dalivering intradermal pharmaceutically acceptabls
compositions described hereln inchlude short needle devices such as those described in
LLS.Pat. Nos. 4886409, 5180,521, 5,328,483, 5,527,288, 4270537, 5015235;
5,141,488; and 5,417 862, Infradermal composifions can be administered by devices which
limit the effective pensiration length of a needle into the skin, such as those described in
PCT publication WO 99/34850 and functional equivalenis thereol. Jet injeclion devices
which deliver iguid vaccines to the darmis via a liquid] ol injector and/or via a needie which
pierces the stratum cornewm and produces a jet which reachss the dermis are suilable. Jet
inisclion devices ars described, for example, in U8, Pat Nos. 5480381, 5,548,302,
5334144, 5083.412; 5848,812; 5,589,189, 5,704,811, 5,383,851, 5,883,387, 5.486,220;
5,338,163; 5,312,335, 5,503,627, 5,064 413; 5,520,630, 4,586,558, 4,790,824, 4,941,880,
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4,840,460; and PCT publications WOG7/37705 and WO 97/13537. Ballistic powder/particle
dalivery devices which use compressed gas to accelerate vaccine in powder form through
the ouler layers of the skin to the dermis are suilable. Allernatively or additionally,
conventional  syringes can be used in the classical maniowx method of intradermal

administration.

[00315] Topically-administrable formulations can, for sxample, comprise from about
1% to about 10% {wiw} of a disclosed compound, although the concentration of the
compound of Formula | can be as high as the solubility limit of the compound in the solvent.
in some embodiments, topically-administrable formulations can, for example, include from
about 80.001% to about 10% {(wiw) compound, about 1% fo about 8% {(wiw) compound, such
as from about 1% to about 8% {wiw), further such as from about 1% to about 7% (wiw),
further such as from about 1% 1o about 8% {(wiw), further such as from about 1% fo about
5% (wiw), further such as from about 1% o about 4% {(wiw), further such as from about 1%
to about 3% {wiw}, further such as from about 1% fo about 2% {wiw), and further such as
from about 0.1% fo about 1% {(w/w} compound. In some embodiments, the fopical
formulation includes about 0.1 mg to about 150 mg administered ane to four, such as ons or
twio times daily. Formulations for topical administration can further comprise one or more of

the additional pharmaceutically acceptable excipienis described herein.

{60316} in some embediments, provided herein are pharmaceutical compositions for
inhalation administration comprising at least one compound as disclosed herein and at least
one pharmaceulically acceptable excipients suitable for {opical administration. In some
embodiments, provided herein are pharmaceutical compositions for inhalation administration
comprising: (i} an effective amount of at least one compound disclosed herein; optionally (i)
an effective amount of at least one second agent; and (iii} at least one pharmaceutically
acceptabie excipient suitable for inhalation administration. In some embodiments, the
pharmacsutical composition further comprises: {(iv) an effective amount of at least one third

agent.

[00317] Pharmaceutical compositions for inhalation or insuffiation include solutions
and suspensions in pharmaceutically acceptiable, agueous or organic solvents, or mixiures
thereofand powders. The liquid or soiid pharmaceutical compositions can contain suitable
pharmaceutically acceptable excipients as described hersin. For example, sultable
excipients inciude, but are not mited {o, saline, benzyl alcohol and flucrccarbons. In some
embodiments, the pharmaceutical compositions are administered by the oral or nasal

g5



raspiratory  route  for local or  gystemic  effect  Pharmacsutical composilions  in
pharmaceutically acceptable solvents can be nebulized by use of inert gases. Nebulized
solutions can be inhaled directly from the nebulizing device or the nebulizing device can be
attachad o a face mask tent, or intermillent positive pressure breathing machine, Solution,
suspension, or powder pharmaceutical compositions can be adiministered, e.g., orally or

nasally, from devices that deliver the formulation in an appropriate manner.

[00318] In some embodiments, provided herein are pharmacsutical compositions for
opthalmic administration comprising at least one compound as disclosed herein and at least
one  pharmaceutically  acceptable saxcipient suilable for ophthalmic  administration.
Pharmacsutical compositions suiiable for ocular administration can be presented as discrete
dosage forms, such as drops or sprays each contaihing a predetermined amount of an
active ingredient, a solulion, or a suspension in an aquaous or non-aguecus fauid, an oil-in-
waler emulsion, or a watsr-in-oll liquid emulsion. Other administration forms includs
intraccular injection, intravitreal injection, fopically, or through the use of a drug eluting
device, microcapsule, implant, or microfluidic device. In some cases, the compounds as
disciosed hersin ars administered with a camrier or excipient that increases the infrascular
penetrance of the compound such as an oif and water emulsion with colicld particles having
an oily core surrounded by an interfacial film. it i3 contampiated that all local routss o the
eye can be used including fopical, subconjunclival, periscular, retrobulbar, subdenon,
infracameral,  infravitreal,  intrascular,  subretinal,  juxiascleral  and  suprachoroidal
adminisiration. Systemic or parenteral administration can bs feasible including, but not
fimited {o, intravenous, subocutaneocus, and oral delivery., An exemplary method of
adminisiration can be intravitres!l or sublenon injecton of solulions or suspensions, or
infravitreal or subtenon placement of binsrodible or non-bicercdible devices, or by topical
coular administration of solutions or suspensions, o posierior juxtascleral adminisiration of a

gel or cream formukation.

[008315) Eye drops can be prapared by dissoiving the active ingredient in a sterils
aquecus solulion such as physiological saline, buffering solution, el of by combining
powder compositions to be dissolved before use. Uther vehicles can be chosen, as is known
in the art, including, bul not imited o7 balance sall sclution, saline solution, waler soluble
polysthers such as polvethyene glvool polyvinyis, such as pohyvinyl alcchol and povidons,
celiviose derivatives such as mesthyloeliulose and hydroxypropy! methyvicellulose, petroleum
derivatives such as mineral ol and while petrolatum, animal Tats such as lanclin, polymers of

acrvlic acikd such as carboxypolymethylene gel, vegetable fats such as peanut oil and
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polysaccharides such as dextrans, and glycosaminogiycans such as sodium hyaluronate. In
some embodiments, additives ordinarily used in the eye drops can be added. Such additives
include isolonizing agents {e.g., sodium chioride, etc.}, buffer agent (e.g., boric acid, sodium
monohydrogen phosphate, sodium  dihydrogen phosphate, etc.), preservatives (e.g.,
benzalkonium chioride, benzethonium chioride, chiorobutanol, efc.), thickeners (e.g.,
saccharide such as lactose, mannitol, maliose, elc.; e.g., hyaluronic acid or its salt such as
sodium  hyaluronate, potassium hyaluronate, elc,; e.q., mucopolysaccharide such as
chondritin sulfate, etc; e.g., sodium polyacrylate, carboxyvinyl polymer, crosslinked
polyacrylate, polyvinyl alcohol, polyvinyl pyrrolidone, methyl celluiose, hydroxypropyl
methyiceliulose, hydroxyethyl celiulose, carboxymethyl cellulose, hydroxypropyl cellulose or

ather agents known to those skilled in the art).

[003206] in some cases, the colioid particles include at least one cationic agent and at
least one non-ionic surfactant such as a poloxamer, tyloxapol, a polysorbate, a
polyoxyethylene castor oil derivative, a sorbitan ester, or a polyoxy! stearate. In some cases,
the cationic agent can be selected from an alkylamine, a terliary alkyl amine, a quarternary
ammonium compound, a cationiclipid, an amino alcohol, a biguanidineg salt, a cationic
compound or a mixture thersof. In some cases, the cationic agent can be a biguanidine salt
such as chlorhexiding, polyaminopropyl biguanidine, phenformin, alkyibiguaniding, or a
mixture thereof. In some cases, the gualernary ammonium compound can be a
benzalkonium halide, lauralkonium halide, cetrimide, hexadecyltrimethylammonium halide,
tetradecyitrimsthylammonium halide, dodecylirimethylammonium halide, cetrimonium halide,
benzethonium halide, behenalkonium halide, cetalkonium halide, cetethyidimonium halide,
cetylpyridinium  halide, benzododecinium  halide, chiorallyl  methenamine halide,
rnyristylalkonium halide, stearalkonium halide or a mixture of two or more thersof. In some
cases, cationic agent can be a benzakonium chicride, lauralkkonium  chioride,
benzododecinium bromide, benzethenium chioride, hexadecyitrimethylammonium bromide,
tetradecyltrimethylammonium bromide, dodecyltrimethylammonium bromide or a mixture of
two of more thereof. In some cases, ths oil phase can be mineral oif and fight mineral ol
medium chain triglycerides (MCT), coconut cil; hydrogenaled oils comprising hydrogenated
cotionseed oll, hydrogenated palm oil, hydrogenate castor oll or hydrogenated soybean oil;
polyoxyethylene hydrogenated casior oil derivatives comprising poluoxyl-40 hydrogenated

castor oil, polyoxyl- 60 hydrogenated castor oil or polyoxyl-100 hydrogenated castor oil.

[00321] In some embodiments, the amount of a compound as disclosed herein in the

formulation can be about 0.5% 1o about 20%, 0.5% io about 10%, or about 1.5% wiw.
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[a0322] In some embodiments, provided herein are phermaceutical compositions for
controliad release administration comprising at least one compound as disclesed herein and
al Isast one pharmaceutically acceplabls excipient suilable for controlled releass
administration. In some smbodimenis, provided herein are pharmaceutical compositions for
controlled release administration comprising: () an effective amount of at least one
compound disclosed hersin; optionally (i) an effective amount of at least one second agent;
and {iii}) at least ons phamnacautically acceptable exciplent suitable for controlied release
administration. In some embodiments, the pharmaceutical composition further comprises:

{iv} an effective amount of at least one third agent.

[00323] Active agents such as the compounds provided herein can be administered
by controlied release means or by delivery devices that are well known fo those ofordinary
skill in the arl. Examples include, but are not imited to, those described in U.S. Pal. Nos.
3,845,770, 3.916,8%%; 3,538,808, 3,598,123; and 4,00871%; 5674533, 5,059,585
5,591,767, 5,120,548, 5073,543; 5,638,478, 5,354 558, 5,639,480, 5,733,568, 5,730,108,
8,891,474, 5,822 350; 5872,801; 5880545, 5,983,855, 6,045,830; 6,087,324, 6,113,543,
8,197,350, 6,248,383; 6,264,870; 8,267,881, 8,376,481; 6,419,961, 6,588,548, 8,613,388,
8,659,500 sach of which is incorporated herein by reference. Such dosage forms can be
usad to provide slow or controlled release of one or more aclive agents using, for example,
hydropropylmethyl cellulose, other polymer matrices, gels, permeable meambranes, csmolic
systems, multilayer coatings, microparticles, posomes, microspherss, of a combination
thereof to provids the desired releass profils in varying propottions. Suitsble controlied
release formulations known o those of ordinary skilt in the art, ncluding those described
hersin, can be readily selected for use with the active agenis provided herein. Thus, the
pharmaceutical compositions providad encompass single unit dosage forms suitable for oral
administration such as, byt not mited o, iablets, capsules, gelcaps, and caplets that are

adapted for controlied release.

[00324] All confrolled release pharmacsulical producis have a common goal of
improving drug therapy over that achieved by thelr non controlied counlarpans. In some
simbodiments, the use of a controlled release preparation in medical treastment can be
characterized by a minimum of drug substance being emploved to cure or control the
dizsease, disorder, or condiion in a8 minimwm amount of time. Advantages of controlied
release formulations include extended activity of the drug, reduced dosage frequency, and
increasad subject compliance. in addition, controlled release formulations can be used o

affect the time of onset of action or other characleristics, such as biood levels of the drug,
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and can thus affect the ccowrrence of side {e.g., adverse) effecis.

[00325] In some embodiments, controlled release formulations are designed to initially
release an amount of a compound as disclosed herein that promptly produces the desired
therapeutic effect, and gradually and continually release other amounts of the compound to
maintain this level of therapeutic or prophylactic effect over an extended pericd of time. in
order to maintain this constant level of the compound in the body, the compound should be
released from the dosage form at a rate that will replace the amount of drug being
metabolized and excrated from the body. Conirolled release of an aclive agent can be
stimulated by various conditions including, but not limited to, pH, temperature, enzymes,

water, or other physiological conditions or compounds.

[00326] In certain embodiments, the pharmaceutical composition can be administered
using infravenous infusion, an implantable osmotic pump, a transdermal patch, liposomes, or
other modes of adminisiration. In some embodiments, a pump can be used (see, Sefton,
CRC Crit. Ref Biomed. Eng. 14:201 {1987); Buchwald et al., Surgery 88:507 (1980); Sandek
etal, N Engl J Med. 321:874 (1888}}. In another embodimeant, polymeric materiale can bs
used. in yet another embodiment, a controlied release systern can be placed in a subject at
an appropriate site determined by a praciitioner of skill, i.e., thus requiring only a fraction of
the systemic dose (ses, a.g., Guodson, Madical Applications of Controlled Release, 115-138
{vol. 2, 1984). Other controlled release systems are discussed in the review by Langer,
Science 249:1527-1533 (1890). The at least one active agent can be dispersed in a solid
inner  matrix, e.g., polymethylmethacrylate, polybutylmethacrylate, plasticized or
unplasticized polyvinylchloride, plasticized nvlon, plasticized polyethylenatersphthalate,
natural rubber, polvisoprens, polyisobutylene, polybutadiens, polvethylene, ethyiene-
vinviacetate copolymers, silicone rubbers, polydimethylsiloxanes, silicone carbonate
copelymers, hydrophilic polymers such as hydxogels of esters of acrylic and mathacrylic
acid, collagen, cross-linkad polyvinylalcohol and cross-linked partially hydxolyzed polyvinyl
acetate, that is surrounded by an outer polymeric membrane, e.qg., polyethviene,
polypropylens, ethylene/propylene  copolymers, ethylene/ethyl  acrylate  copolymers,
ethvienefivinylacetale copolymers, silicone rubbers, polydimethyl siloxanes, neoprens
rubber, chiorinated polyethylene, polyvinyichloride, vinyichloride copolymers with vinyl
acelate, vinylidens chioride, ethylene and propylene, ionomer polysthylene terephthalats,
butyl rubber epichlorohydrin rubbers, ethylene/vinyl alcohol copolymer, ethylenefvinyl
acetate/vinyl alcohol terpolymer, and ethylene/vinyloxyethanol copolymer, that is insoluble in

body fluids. The at least cne active agent then diffuses through the outer polymeric
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membrane in a release rate controling step. The parcentage of at least one active agent in
such parenteral compositions can depend on the specific nature thereof, as well as the

neads of the sublect.

FR03271 & compound  described herein can be delivered in the Torm  of
pharmaceutically acceptable compositions which comprise a therapeutically sffective
amount of af lsast one compound disclosed herein and/or at least one addiiona! therapeutic
agent, such as a chemotherapeutic, formulated logether with at lsast one pharmaceuticaily
accapiable excipient. in some embodimeants, only a2 compound provided herein without an
additional therapeutic agent can be included in the dosage form.  In soms instances, the
compound described herein and the additional therapeutic agent are administered in
separate pharmaceutical compositions and can {e.g., because of different physical andfor
chemical cheracleristics) be adminislersad by different routes (8.q., one therapeutic can be
administered orally, while the othsr can be administered intravenously). In other instances,
the compound described herein and the additional therapsulic agent can be administered
saparately, but via the same roule {e.g., both orally or both infravenocusly). In still other
instances, the compound described herein and the additional therapsutic agent can be

administered in the same pharmaceutical compaosition.

[e0328) The selacted dosags level will depend upon a varisty of faciors including, for
example, the activity of the particular compound employed, the severity of the condition, the
routs of adminisiration, the time of adminisiralion, the rate of excretion or melabolism of the
particular compound being employed, the rale and extent of absorption, the duration of the
freatment, administration of other drugs, compounds and/or materials used in combination
with the particular compound employved, the age, sex, weight, condition, ganeral health and
prior medical history of the patiant being treated, and like faciors well known in the medical

arts.

(803281 The dosage level can also be informed by in vitro or i vivo assays which can
optionatly be emploved o help identify optimal dosage ranges. Ones guide to affective doses
can be extrapolated from doss-response curves derived from in vifro or animal model test
systems, Furtharmore, after formulation with an appropriate pharmaceutically accepiable
carrier in a desired dosage, the compositions as disclosed hersin can be administered o
humans and other animals orally, rectally, parenterally, intracisternally, intravaginally,
infraperitonsally, topicaily {as by transdermal patch, powders, ointmenis, or drops),
sublingually, bucally, as an oral or nasal spray, or the like.
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[00330] in general, a suitable dailly dose of a compound described herein andlor a
chemotherapeutic will be that amount of the compound which, in some embodiments, can be
the lowest dose effective to produce a therapeutic effect. Such an effective dose will
generally depend upon the factors described above. In some embodiments, the dose of the
compounds described herein for a patient, when used for the indicated effects, will range
from about 0.0001 mg to about 100 mg per day, or about 0.001 mg to about 100 mg per day,
or about 8.01 mg to about 100 mg per day, or about 0.1 mg o abowt 160 mg per day, or
about 0.1 mg to about 125 mg per day, or about 0.0001 mg © about 500 mg per day, or
about 0.001 mg to about 500 mg per day, or about 0.01 mg to about 1000 mg per day, or
about 8.01 mg to about 8560 mg per day, or about 0.1 myg to about 500 mg per day, or aboud
1 mg to about 25 mg per day, or about 1 myg o about 50 mg per day, or about 5 mg to about
40 myg per day. An exemplary dosags can be about 10 fo about 30 mg per day. in some
embodiments, for a 70 kg human, a suitable dose would be about 0.05 to about 7 g/day,
such as about (.05 to about 2 g/day. in some embodiments, the daily oral dose is about 30
mg, about 80 mg, about 150 my, or about 180 mg. As used herein, “about” means £5% of
the value being modified.  Actual dosage levels of the active ingredients in the
pharmaceutical compositions described herein can be varied so as io obtain an amount of
the active ingredient which is effective to achieve the desired therapeutic response for a
particular patient, composition, and mode of adminisiration, without being toxic to the patient.
in some instances, dosage levels below the lower Bmit of the aforesaid range can be mors
than adequate, while in other cases still larger doses can bs employed without causing any
harmful side effect, o.g., by dividing such larger doses inio several small doses for

administration throughout the day.

{08331} I some embaodiments, the compounds can be administered daily, every other
day, thrae times a week, twice a waek, weekly, bi-wsekly, or ancther intermitient schedule.
The dosing schedule can include a "drug holiday,” L.e., the drug can be administered for two
weeks on, one week off, or three waeks on, one wesk on, or four weeks on, one week off,

etc., or continuously, without & drug holiday.

[00332] in some embodimanis, a compound as provided herein can be administered
in multiple doses. Dosing can be about once, fwice, three times, four times, five times, six
fimes, or more than six imes per day. Dosing can be about once a month, about once every
two weeks, aboul once a wesk, or about once every other day. In another embodiment, a
compound as disclosed herein and another agent are administered together about once per

day 1o about 6 times per day. For axample, the compound can be administerad one or more
101



times per day on a weekly basis {e.g., every Monday) indefinilely or for a periad of weeks,
2.g., 4 ~ 10 weeks, Alternatively, it can be administered daily for 3 period of days {(e.g., 2 -
10 days) followed by a period of days {8.g., 1 ~ 30 days) without administration of the
compound, with that cycle repeated indefinitely or for a given number of repititions, 8.g., 4 ~
13 cycles. As an example, a compound provided herein can be administered daily for &
days, than discontinued for & days, then administered dally for another § day period, then
discontinued for 9 days, and so on, repeating the cycle indsfinitely, or for a fotal of 4 ~ 10
Hmes. in ancther embodiment, the administration of a compound as provided herein and an
agent continues for less than about 7 days. In vet another embodiment, the administration
continues for more than about 8, about 10, about 14, aboul 28 days, about two months,
about six months, or aboul one vear. In some cases, continuous dosing can be achieved

and maintained as long as necassary.

f083333 Administration of the pharmacsutical compositions as disclosed herein can
continue as long as necessary. In some embodimants, an agent as disciosed harein can ba
administerad for more than about 1, about 2, about 3, about 4, abowt 5, about 8, about 7,
abaul 14, or about 28 days. In some embodiments, an agent as disclosed heveln can be
administered for less than about 28, about 14, about 7, aboul 8, about 5, about 4, about 3,
about 2, or about 1 day. in some embodiments, an agent as disclosed herein can be

administered chronically on an ongoing basis, e.g., for the treatment of chronic effencts.

(08334} When administered for the rsaiment or inhibition of a particular disease stale
or disorder, the effective dosage of the compound as disclosed herein can vary depending
upon the particulsr compound utilized, the mode of administration, the condition, and
severity thereof, of the condition being treated, as well as the various physical factors related
to the individual being treated. In some embodiments, the effective systemic dose of the
compound will typically be in the range of about 0.01 o about 500 mg of compound per kg of
patient body weight, such as aboul 8.1 to about 125 mgkg, and in some cases about 1 io
about 28 mo/kyg, administered in single or mulliple dosss. The projecied daily dosages are
expected to vary with route of administration. Thus, parenteral dosing will often be al levels
of about 10% to about 20% of oral dosing levels. Generally, the compound oan be
administerad to patients in need of such treatment in a daily dose range of about 50 1o about
2000 myg per patient. Administration can be once or muitiple times daily, weekly {or at soms

other mulliple-day interval} or on an infermitlent schedule.

(80335} In some embodimants, the dose of g compound as disclosed herain can be
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selected from 30, 60, 80, 120, 180, and 240 mg administered orally once daily. Another
dosing regimen can include 90 mg administered orally once daily, or an oral 80 mg dose
each day for 7 days followed by a 180 mg dose each day. In some embodiments, the

compound being dosed is brigatinib Form A,

{00336} Since the compounds described herein can be administered in combination
with other trealmenis (such as additional chemotherapeutics, radiation or surgery), the
doses of each agent or therapy can be lower than the corresponding dose for single-agent
therapy. The dose for single agent therapy can range from, for example, about 0.0001 {o
about 200 mg, or about 0.001 to about 100 mg, or about .01 {0 about 100 mg, or abowt §.1
to about 100 mg, or about 1 to about 50 mg per kilogram of body weight per day.

[00337] When a compound provided hersin is administered in a pharmacsutical
composition that comprises one or more agents, and one or more of the agenis has a
shorter hali-life than the compound provided herein, unit dose forms of the agent(s) and the

compound provided herein can be adjusted accordingly.

[860338] in some embodiments, provided herein are kits. The kils can include a
compound or pharmaceutical composition as described herein, In suitable packaging, and
written material that can include instructions for use, discussion of clinical studies, listing of
side eflects, and the like. Kits are well suited for the delivery of solid oral dosage forms such
as iablets or capsules. Such kits can also include information, such as scientific literature
references, package insert malerials, clinical trial results, and/or summaries of these and the
like, which indicate or establish the activiies and/or advantages of the pharmaceutical
composition, and/or which describe dosing, administration, side effects, drug interactions, or
other information useful 1o the heslth care provider. Such information can be based on the
results of varicus studies, for example, studies using experimental animals involving in vivo

models and studies based on human clinical trials.

[00339] In some embodiments, a memory aid can be provided with the kit, e.g., in the
form of numbers next {o the tablets or capsules whereby the numbers correspond with the
days of the regimen which the tablels or capsules so specified should be ingested. Another
example of such a mermory aid can be a calendar printed on the card, e.g., as follows "First
Week, Monday, Tuesday,... elc ... Second Week, Monday, Tuesday,... "etc. Other variations
of memory aids will be readily apparent. A "daily dose” can be a single tablet or capsule or

several tablets or capsules o be taken on a given day.
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[08344] The kit can further contain ancther ageni in soms embodiments, the
compound as disclosed hersin and the agent are provided as separasie pharmaceutiosl
compositions in separate containers within the kit In soms embodiments, the compound as
discinsed herein and the agent are provided as a single pharmaceutical composition within a
container in the kit. Suliable packaging and additional articies for use (8.9, Measwing cup
for liquid preparations, foil wrapping o minimize exposurs {0 air, and the like} are known in
the an and can be included iy the kit In other embodiments, kits can further comprise
devices that ars ussd to administer the active agents. Examples of such devices include, but
are not #mited to, syringes, drip bags, paltches, and inhalers. Kits described hersin can be
provided, marketed andior promoted {o heaslth providers, including physicians, nurses,
pharmacists, formulary officials, and the lke. Kits can also, in some embodiments, be

marketad directly to the consumer,

00341} An example of such a kit is a so-calisd blister pack. Blster packs are well
known in the packaging industry and are being widely used for the packaging of
pharmaceutical unil dosags forms {(tablels, capsules, and the Hke). Blister packs generally
consist of a sheel of relatively stiff material covered with a foll of a usually ransparent plastic
material. During the packaging process, recesses are formed in the plastic foll. The recesses
have the size and shape of the tablels or capsules to be packed. Next, the tablels or
capsules are placed in the recesses and the sheet of relatively stiff material is sealed against
the plastic foil at the face of the foil which is opposite from the direction in which the
recessss were formed. As a result, the iablets or capsulss are sealed in the recesses
between the plastic foll and the sheel. The strength of the shest is such that the tablets or
capsules can be resmoved from the blister pack by manually applying pressure on the
recessss whereby an opsning is formed in the sheetl al the place of the recess. The table! or

capsule can then be removed via said opening.

[00342] Kits can further comprise pharmaceutically acceptable vehicles that can be
used to administer ong or mors active agenis. For example, if an active agent is provided in
& solid form that must be reconstituted for parenteral adminisiration, the Kit can comprise a
sealed container ofa suitabie vehicle i which the active agent can be dissolved o form a
particulale free sterile solulion that is suifabls for parsnieral administration. Examples of
sharmaceutically acceptable vehicles include, but are not limited to) Water for Injection USP;
aqueonus vehicles such as, but not imitad o, Sodium Chioride Injection, Ringer's Injection,
Dexirose injection, Dexirose and Sodium Chioride Injection, and Laciated Ringer's Injection;

water-miscible vehicles such as, but not limited o, etiv alcohol, polysthylene glyonl, and
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polypropylene glycol, and non-aqueocus vehicles such as, but not limited o, com ol

cottonseed oif, peanut oil, sesame oil, ethyi olaate, isopropyi myristate, and benzyl benzoate.

(003433 The present disclosure further encompasses anhydrous pharmaceutical
compositions and dosage forms comprising an active ingredient, since water can facilitate
the degradation of soms compounds. For example, water can be added (s.g., about 5%) in
the pharmaceutical arts as a means of simulating long-term storage in order to determine
characteristics such as shelf-life or the stability of formulations over time. Anhydrous
pharmaceutical compositions and dosage forms can be prepared using anhydrous or ow
moisture containing ingrediants and low moisture or fow humidity conditions. For example,
pharmaceutical compositions and dosage forms which contain lactose can be made
anhydrous if subsiantial contact with moisture and/or humidity during manufacturing,
packaging, andfor storage is expected. An anhydrous pharmacsulical composition can be
prepared and siored such that its anhydrous nature is maintained, Accordingly, anhydrous
pharmaceutical compositions can be packaged using materials known to prevent exposure
fo water such that they can be included in sullable formulary kits. Examples of suitable
packaging include, but are not limited 1o, hermetically sealed foils, plastic or the like, unit

dose containers, blister packs, and strip packs.

iV, THERAPEUTIC METHODS

[00344] in some embodiments, pharmaceutical compositions comprising at least one
crystalline form of brigatinib can be used for treating cancer, by the administration of a
therapeutically effective amount of the pharmaceutical composition o the subject in need
thereof.  In some embodiments, the cancer is an AlLK+-driven cancer. In some

ambodiments, the cancer is non-emall cell lung canger.

f00345} A “therapeutically effective amount” is that amount effective for detectable
killing or inhibition of the growth or spread of cancer celis; the size or number of tumors; or
other measure of the level, stage, progression or severity of the cancer. The exact amount
reguired can vary from subject to subiect, depending on the spscies, age, and general
condition of the subject, the severily of the diseass, the particular anticancer agent, its mode

of administration, combination treatment with other therapies, and the like.

[860348] Disclosed herein are compounds having biological propsrties which make
thern of interest for freating or modulating disease in which kinases can be involved,

symptoms of such disease, or the affect of other physiological avents mediated by kinases.
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For instance, a number of compounds as disclosed hersin have been shown 1o inhibit
yrosing kinase aciivity of ALK, fak and c-mel, among other tyrosine kinasas which are
believed to mediale the growth, development andior metasiasis of cancer. A number of
compounds as disclosed herein have alse been found 1o possess polent in vilro aclivity
against cancer cell lines, including among others karpas 29% cells. Such compounds are
thus of interest for the treatmeant of cancers, mnchuding solid twumors as well as lymphomas

and including cancers which are resistant to gther therapias,

F03471 In some smbodiments, the cancer is an ALK+-driven cancer.  In some
embodiments, the cancer is non-small call lung cancer. in some embodimants, the cancer is
ALK-positive NBSCLC. in some smbodiments, the cancer is locally advanced or metastatic
AlLK-positive NSCLC. In some embodiments, the cancer/patient bas previously been treatsd
with erizotinih or another tyrosine kinase inhibitor. In some smbodiments, the cancer/patient

has not previously been treated with an ALK inhibitor.

003483 Such cancers include, but are not imited {0, cancers of the breast, non smal
celt fung cancer (NSCLO)Y, neural lumors such as glichiastomas and neursbiastomas;
esophaegeal carcinomas, soft issue cancers such as rhabdomyosaarcomas, among others;
various forms of ymphoma such as a non-Hodgkin's ymphorma (NHL) known as anaplastic
large-cell wmphoma (ALCL), various Torms of leukemia; and including cancers which are

ALK or o-met mediated.

10034581 Anaplastic Lymphoma Kinase (ALK} is a cell membrane-spannning recapior
yrosing kinase, which belong o the insulin receptor subfamily, ALK recaplor tyrosine kinase
(RTK) was initially dentified due to ils involverment in the human non-Hodgkin lymphoma
sublype known as anaplastic large-cell lymphoma (ALCLY. ALK normally has a resiricted
distribution in mammalan cells, being found at significant levels only in nervous system
during embryonic development, suggesting & possible role for ALK In brain development
{Duyster, J Et al., Crncogene, 2001, 20, B623-5637).

(003501 in addition o #is role in normal development, expression of the fuli-lengih
normal ALK has alss baan detected in cell lines derived from a varlety of tumors such as
nevroblastomas, neurcectedermal tumors (Lamant L Bt al, Am. J. Pathol, 2006, 7156, 1711
1721; Osajima-Hakomort Y., sl al, Am. J Pathol 2008, 187, 213-222) and glioblasioms
{(Powers C. st al, J Bigd, Chermn. 2002, 277, 14153-14158, Grzelinski M. et al., Int. J. Cancer,

2008, 117, 242-851; Mentlein, R, Et al., J Newochem., 2002, 83, 747-753) as wall as breast
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cancer and melanoma lines (Dirk WG, Et al,, Int. J. Cancer, 2002, 100, 48-58).

[60351] in common with other RTKs, translocations affsct the ALK gene, resulling in
expression of oncogenic fusion Kinases, the most common of which is NPM-ALK. For
example, approximately sixiy percent of anaplastic large cell lymphomas {(ALCL) are
associated with a chromosome mutation that generates a fusion protein consisiing of
nucleophosmin (NMP) and the intracellular domain of ALK, (Armitage, J.O. et al., Cancer:
principle and practice of oncology, 8% Edition, 2001, 22568-2316; kutok, J.L. & Aster J.C., J.
Clin. Oncol, 2002, 20, 3691-3702; Wan, W. et al,, Biood, 2008, 707, 1617-1623. This
mutant protein, NPM-ALK, possesses a constitutively active tyrosine kKinase domain that is
responsible for #s oncogenic property through activation of downstream effectors (Falini, B
and al., Blood, 1988, 84, 3508-3515; Morris, S.\W. et al., Bot J. Hasmalol., 2001, 113, 275-
295). Experimental data have demonstraled that the abserrant expression of constifutuvely
active ALK is directly implicated in the pathogenesis of ALCL and that inhibition of ALK can
markedly impair the growth of ALK positive lymphoma cells (Kuefer, Mu et al., Blood, 1897,
80, 2801-2810; Bal, R.Y. et al, Exp. Hematol, 2004, 28, 1082-1090; Slupianek, A. et al,
Cancer Res., 2001, 87, 2184-219%9; Turturro, F. et al. , Ciin. Cancer. Res., 2002, 8, 240-
248}, The constitutively activated chimeric ALK has also been demonsirated in about 0% of
inflammatory myofibroblastic tumors (IMTs), a slow growing sarcoma that mainly affecis
children and voung adulls {(Lawrence, B. et al, Am. J. Pathol, 2000, 157, 377-384).
Furthermore, recent reporis have also described the occurrence of a variant ALK fusion,
TPM4-ALK, in cases of squamous cell carcinoma (SCC) of the esophagus (Jazzi fr, et al,
World J. Gastroenterol., 2006, 12, 7T104-7112; Du X, et al., 4. Mol Med., 2007, 85, 863-875;
Aklilu M., Semin. Radiat. Oncol., 2007, 17, 62-88). Thus, ALK is one of the few examplas of
an RTK implicaled In oncogenesis in both non-hematopoietic and hematopoietic
malignancies. More recently, it has been shown that a small inversion within chromosome
2p resulis in the formation of a fusion gene comprisinig portions of the echinoderm
microtubule-associated protein-like 4 (EML4) gene and the anaplastic lymphoma kinase
{ALK} gene in non-small-cell lung cancer (NSCLC) cells (Soda M., et al., Nature, 2007, 448,
561-587).

[D0352] In some embodiments, an ALK inhibitor can craate durable cures when used
as a single therapeutic agent or combined with current chemotherapy for ALCL, IMT,
proliferative disorders, glioblasioma and other possible solid tumors cited herein, or, as a
single therapeulic agent, could be used in a maintenance role o prevent recurrence in

patisnis in need of such a treatment.
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{30383} Compounds as disclosed herein can bs administered as part of a freaiment
ragimen in which the compound s the sole active pharmaceutical agent, or used in
combination with one or more other therapeutic agents as part of a combination therapy.
When administered as one component of a a combination therapy, the therapaulic agenis
being administered can he formulated as separate compositions that are administered at the
same time or sequentially at diffsrent times {e.g., within 72 hours, 48 howrs, or 24 houwss of
one ancther), or the therapeutic agents can be formulsted fogether in & single

pharmaceutical composition and administered simulianesously.

(803541 Thus, the administration of brigatinib in a form disclosed herein can be in
conjunction with at least one additional therapeutic agent known o those skilled in the art in
the prevention or treatment of cancer, such as radiation therapy or cylosiatic agents,
eytotoxic agents, other anti-cancer agents and other drugs to ameliorate sympioms of the
cancer of side effects of any of the drugs. Non-limiting examples additional therapautic
agents include agenis suitable for mmunotherapy {such as, for axample, PD-1 and PDL-

inhibitors), antlangiogenssis {such as, for example, bevacizumab), andlor chemotherapy.

FR0355] if formulated as a fixed doss, such combination products employ campounds
as disclosad herein within the accepted dosage ranges. Compounds as disciosed herein can
alse be administersd ssguentially with other anticancer or cylotoxic agents when a
combination formulation is inappropriate.  Compounds as disclosed hersin can be
administerad prior to, simulatecusly with, or afler administration of the other anticancer or

oytotoxic agent,

{60388} Curranily, standard trestment of primary tumors consists of surgical excision,
whan appropriate, followed by either radiation or chemotherapy, and typically adminisiered
intravenously (V). The typical chemotherapy regime consists of either DMNA alkylating
agents, DNA intercalating agents, CDK  inhibitors, or microtubule poisons. The
chemotherapy doses used are just below the masdmal tolsraied doss and therefore dose
limiting toxicities typically include, nausea, vomiting, diarrhea, hair loss, neutropenia and the
fika.

003571 There are large numbers of antineoplastic agents available in commercial
use, in clinical evaluation and in pre-clinical development, which would be selected for
reatment of cancer by combinalion drug chemotherapy. And there are several major

cateqories of such antineoplastic agents, namely, anbibictic-lype agents, alkylaling agents,
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antimetabolite agents, hormonal agenis, immunological agents, interferon-type agents and a

category of miscelianecus agents.

[00358] A first family of antineoplastic agents which can be used in combination with
compounds as disclosed hersin includes antimetabolite-type/thymidilate synthase inhibitor
antineoplastic agents. Suitable antimetaboliie antineoplastic agents can be selected from,
but not limited 1o, 5-FU-fibrinogen, acanthifolic acid, aminothiadiazole, breguinar sodium,
carmofur, CibaGeigy COP-30694, cyclopentyl coytosine, cylarabine phosphate stearate,
cytarabine conjugates, Lilly DATHF, Merrel Dow DDFC, dezaguanine, dideoxycytidine,
dideoxyguanosine, didox, Yoshitomi DMDC, doxifluridine, Wellcoma EHNA, Merck & Co,,
EX-015, fazarabine, floxuridine, fludarabine phosphate, Sfluorcuracit, N-(21-furanidyl)
fluorouraci, Daiichi Seivaky FO-182, isopropyl pyrrolizineg, Lilly LY-188011, Lilly LY-264618,
methobenzaprim, methotrexate, Wellcome MZPES, norspermiding, NCI NSC-127716, NCI
NSC-264880, NCi NSC-38661, NCI NSC-612567, Warner-Lambert PALA, pentostatin,
piritrexim, plicamycin, Asahi Chemical PL-AC, Takeda TACT88, thioguanine, Hazofurin,

Erbamont TiF, rimetrexats, iyrosine kinase inhibitors, Taiho UFT and uricytin,

[00358] A second family of antineoplastic agents which can be used in combination
with compounds as disclosed hergin consists of alkylating-type antineoplastic agenis.
Suitable alkylating-lype anlineoplastic agents can be selected from, but not limited to,
Shionogt  254-S, aldo-phosphamide analogues, altretamine, anaxirone, Boshringer
Mannheim BBR-2207, bestrabucil, budctitane, Wakunaga CA-102, carboplatin, carmustine,
Chinoin-138, Chincin-153, chiorambucil, cisplatin, cyclophosphamide, American Cyanamid
CL-288558, Sanofi CY-233, cyplatate, Degussa D 384, Sumimoto DACHP{Myr2,
diphenvispiromustine, diplatinum cylosiatic, Erba distamycin derivatives, Chugal DWA-
2114R, ITH E08, elmustine, Erbamont FCE-24517, estramustine phosphate  sadium,
fotemustine, Unimed G M, Chinoin GYKI-17230, hepsulfam, ifosfamide, iproplatin,
lomustine, mafosfamide, mitolactolf Nippon Kayaku NK-121, NCI NSC-284395, NCI NSC-
342215, oxaliplatin, Upjohn PCNU, prednimustine, Proter PTT-118, ranimustine, semustine,
SmithKiine SK&F-101772, Yakult Honsha SN-22, spiromus-tine, Tanabe Seiyaku TA-877,

fauromustine, temozelomide, teroxirone, tetraplatin and trimelamol.

[003607 A third family of antineoplastic agsnts which can be used in combination with
compounds as disclosed herein includes antibictic-type antineopiastic agents. Suitable
antibiotic-type antinecplastic agenis can be sslecied from, but not limitad to, Tatho 4181-A,
aclarubicin, actinomycin [, actinoplanone, Erbamont ADR-458, aeroplysinin derivative,
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Ajinomoto AN I, Ajinomoto AN3, Nippon Sada anisomycing, anithracyciing, azino-mycin-A,
bisucaberin, Bristol-Myers BL-6853, Brisiol-Myers BMY-25067, Bristol-Myers BNY-25551,
Bristol-Myers BNY-Z8805 [BristolMyers BNY-27557, Bristol-Myers BMY-28438, bleomyein
sulfate, Dbryostatn-t, Talho C-1027,  calichemyein, chromoximycin,  dactinomycin,
daunorubicin, Kyowa Hakko DC-102, Kyowa Hakko DC-78, Kyowa Hakke DC-88A, Kyowa
Hakko, DCBB-AlL Kyowa Hakke DC92-B, ditrisarubicin B, Shionog DOB-41, doxorubicin,
doxorubicin-fibrinogen,  elsamicin-A,  epirubicin,  erbstatin,  esorubicin,  esperamicin-Al,
asperamicin-Alb, Erbamont FCE21954, Fujisawa FIK-873, fostriacin, Fujisawa FR-500482,
ghidobactin, gregatin-A, grincamycin, herbimycin,  idarubicin,  Hluding, kazusamycin,
kesarirhodins, Kyowa Hakko KM-5539, Kirin Brewery KRN-8602, Kyowa Hakke KT-5432,
Kvowa Hakko KT-8584, Kyowa Hakko KT-8148, Amsrican Cyanamid LL-D45184, Meij
Seika ME 2303, menogarll, mitomyeln, mitoxantrons, SmithKline M-TAG, nepsnactin,
Nippon Kavaku NK-313, Nippon Kayaku NKT-01, SR International NSC-357704, oxalysine,
oxaunomycin, peplomyein, pilalin, pirarubicin, porethramycein, pyrindanyein A Tobishi RASL
rapamycin, rhizoxin, rodorubicin, sibanomicin, siwenmyeln, Sumitomo SME887, Snow Brand
SN-TOB, Snow Brand SN-07, sorangicin-A, sparsomyein, 88 Pharmaceutical 88-21020, 88
Pharmaceutical 85-73138, S8 Pharmaceutical 5S-9816B, stefimycin B, Tatho 4181-2,
talisomycin, Takeda TAN-BBRA, terpentacin, thrazine, Fricrozarin A, Upjohn U-73875, Kyowa
Hakko UCN-100284, Fulisawa WF-34085, Yoshitomi Y-25024 and zorubicin,

603813 A fourth family of antineoplastic agenis which can bs used in combination
with compounds as disclosed herein includes a miscellansous family of antineoplastic
agents, such as tubulin interacting agenis, opoisomerase I inhibilors, topoisomerase |
inhibitors and hormonal agents, selected from, bul nol limited o, xcardiens, X-
diflucromethyil-arginine, acliretin, Biotec AD-8, Kyorin AHO-5Z, alstonine, amonafide,
amphathinile, amsacring, Anglostat, ankinomycin, anti-necplaston A10, antineoplaston A2,
anfingoplasion A3, entinzoplasion A5, antinsoplaston ABZ2-1F Henkel APD, aphidicolin
glycinate, asparaginase, Avarol, baccharin, batracylin, benfluron, benzotript, Ipsen-Beaufour
BiM-23015, bisantrens, BristoMyers BNY-40481, Vesiar boron-1, bromofosfamide,
Wallcome BW-502, Wellcome BW-FT3, caracemide, carmethizols hydrochioride, Ajinomoto
CDAF, chiorsulfaguinoxaione, Chemes CHX-20538, Chemex CHX-100, Warner-Lambest Cl-
g21, WarnerLambert C1-8937, Wamer-Lambert G841, Wamer-Lambert CI858, clanfenur,
claviridenone, iICN compound 1259, ICN compound 4711, Contracan, Yakult Honsha CPT-
11, crisnatol, curaderm, cytochalasin B, cytarabine, cytocytin, Merz D-808, DABIS malsats,

dacarbazing, datelliptinium, didemnin-B, dibhaemaloporphyrin ether,  dihydrolenperone,
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dinaline, distamycin, Toyo Pharmar DM-341, Toyo Pharmar DM-75, Daiichi Seivaku DN-
9693, docelaxe! eiliprabin, elliptinium aceiate, Tsumura EPMTC, the epothilones,
ergotamine, etoposide, eiretinate, fenrstinide, Fujisawa FR-57704t gallium nitrale,
genkwadapghnin, Chugai GLA-43, Glaxo GR-83178, grifolan NMFEN,
haexadecylphosphocholine, Green Cross HO-221, homeharringtonine, hydroxyurea, BTG
ICRF-187, iimofosine, iscoglulamine, isolrstinoin, Otsuka J-38, Ramot K-477, Olsuak K-
T8CO0Na, Kureha Chamical K-AM, MECYT Corp KI-8110, American Cyanamid L-823,
leukoregulin, lonidamine, Lundbeck LU 1121 Lilly LY-186641, NCI (US) MAP, marycin,
Merrel Dow MDL-27048, Medeco MEDR-340, merbarone, merocyanine derivatives,
methylanilinoacridine, Molecular Genstlics MGIM136, minactivin, mitonafide, mitoquidons
mopidamol, motretinide, Zenyaku Kogyo M3T-16, N-{ratinoyl}amino acids, Nisshin Flour
Milling N-021, N-acyiated-dehydroalanines, nafazatrom, Taishe NCU-180, nocodazole
derivative, Normosang, NI NSC-145813, NCI NSC-361458, NCI NSC-604782, NCI NSC-
95580, ocrectide, Ono ONO-112, oquizanocine, Akze Org-10172, paciitaxel, pancratistatin,
pazeiliptine, WarnerLambert PD-111707, Warmner-Lambert PD-115834, Warner-Lambert PD-
131141, Pierre Fabre PE-1001, ICRT pepiide D, piroxantrone, polyhaematoporphyrin,
polypreic acid, Efamol porphyrin, probimane, procarbazine, proglumide, Invitron protease
nexin I, Tobishi RA-700, razoxane, Sapporo Breweries RBS, restrictin-P, retelliptine, retinoic
acid, Rhone-Foulenc RP-48532, Rhone-Poulenc RP-56978, SmithKiing SK&F-104854,
Sumitomo SM-108, Kuraray SMANCSE, SeaPharm SP100894, spatol, spirocyciopropane
derivatives, spirogermanium, Unimed, 358 FPharmaceutical S83-554, strypoldinone,
Stypoidione, Suntory SUN 0237, Suntory SUN 2071, superoxide dismutase, Toyama T-506,
Toyama T-880, taxol, Teijin TERD303, teniposide, thalibiasiine, Eastman Kodak TdB-29,
tocotrienol, topotecan, Topostin, Teijin TT82, Kyowa Hakko UCN-01, Kyowa Hakko UCN-
1028, ukrain, Eastman Kodak USB-0068, vinblastine sulfate, vinoristine, vindesine,

vinestramide, vinorelbine, vintriptol, vinzolidine, withanolides and Yamanouchi YM.

{03623 Alternatively, the present compounds can also be used in co-therapies with
other anti-neoplastic agents, such as acemannan, aclarubicin, aldeslsukin, alemiuzumab,
alitretinoin, aliretamine, amifostine, aminolevulinic acid, amrubicin, amsacrine, anagrelide,
anastrozole, ANCER, ancestim, ARGLABIN, arsenic trioxide, BAM 002 (Novelos),
bexarotene, bicalutamide, broxuridine, capeciiabine, celmolsukin, cetrorelix, cladribing,
clotrimazole, cylarabine ocfosfate, DA 3030 (Dong-A), daclizumab, denileukin diftitox,
deslorelin, dexrazoxane, dilazep, docetaxsl, docosanol, doxercaleiferol, doxifluridine,

doxorubicin, bromocriptine, carmustine, cylarabine, fluorouracil, HIT diclofenac, interferon
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alfa, daunorubicin, doxorubicin, fretincin, edelfosine, edrecolomab efiomithing, emitefur,
epirubicin, epoetin bata, eloposide phosphate, sxemsstans, exisulind, fadrozole, filgrastim,
finasieride, fludarabine phosphate, formestane, folemusting, galllum nilrate, gemcitabine,
germfuzumab  zogamicin, gimeracilioleracilftegafur  combination, glycopine, goseraiin,
heptaplatin, human chorionic gonadotropin, human fetal alpha feloproleln, bandronic acid,
idarubicin, dmiquimod, interferon alfa, interferon alfa, natural, inlerferon alfa-2, interferon
aife-22, interfaron alia-2b, interferon alfa-Ni, interferon alfa-n3, interferon alfaconi, interferon
alpha, natwral, interferon beta, interferon betada, interferon beta-ib, interferon gamma,
natural interferon gamma-ia, interferon gamma-lb, interleukin-t beta, iohenguane, rinctecan,
rsogladine, lanrectide, LC 9048 (Yakult), leflunomide, lsnograstim, lentinan sulfate,
lstrozole, leukocyls alpha interferon, leuprorslin, levamisole + fluorcuracil, larozole,
iohaplatin, lonidamine, lovastatin, masoprocol, melarsoprol, metoaclopramids, mifepristone,
miltefosine, mirmostim, mismatched double stranded RNA, mitoguazone, milolaciol,
mitoxantrone, molgramostim, nafarelin, naloxone + pentazocine, nartograstim, nedaplatin,
nilutamide, noscapine, noval ernvthropoiesis stimulating protein, NSC 831570 octrestide,
opralvaekin, osaterone, oxaliplatin, paciiaxel, pamidronic acid, pegaspargase, peginterferon
aifa-2b, peniosan polysulfate sodium, pentostatin, picibanil, pirarubicin, rabbit antithymooyte
polyclonal antibody, polysthylens glveo!l interferon alfa-2a, porfimer sodium, raloxifens,
raltitrexed, rasburicase, rhenium Re 188 atidronate, R rslinamide, rituxdmab, romurtide,
samarfurm (153 Sm) lexidronam, sargramostim, sizofiran, sobuzoxane, senermin, strontium-
89 chioride, suramin, tasonermin, tazarotens, fegafur, temoporfing, temozolomide, teniposide,
tetrachiorodacaoxide, thalidomide, thymalfasin, thyrotropin aifa, lopolscan, toremifens,
fosttumomab-iodine 131, trasiuzumah, treosulfan, ftretinoin, ftrilosiane, itrimsirexate,
friptorelin, tumor necrosis facior alpha, natural, ubenimex, bladder cancer vaccine,
Maruyama. vaccine, melanoma lysate vaccing, valrubicin, verteporfin, vinoreibing,
VIRULIZIN, zinostatin stimalamer, or zoledronic acid, abarelby; AE 941 {(Asterna),
ambamustine, antisense oligonuciestide, bol-2 (Genta), APC 8015 (Dendreon), cetuximal,
daciiabine, dexaminoglutethimide, diazinuone, EL 532 {Elan), EM 800 (Endorecherche),
anituracil, etanidazole, fenrelinide! figrastim SDOT (Amgen). fulvastrant, galocitabine,
gasirin 17 immunogen, HLA-B? gene therapy (Vical), granulooyte macrophage colony
stimulating factor, histamine dihydrochioride, ibritumomab  tiuxetan, lomastal, M 862
{Cytran), interdeukin iproxifene, LD 200 (Milkhaus), lerdistim, lintuzumab, CA 125 MAb
{Biomira), cancer MADL (Japan Pharmacsutical Development), HER-Z and Fe Mab
{Medarex), idiotypic 105407 MADL (CRC Technology), idictypic CEA MAD {Trilex), LYM

joding 131 MAb {(Techniclone}, polymorphic epithelial mucin-ytrinm 80 MADL {Antisoma),
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marimastal, menogarll, mitumomab, molexafin, gadolinium, MX & (Galderma), nelarabine,
nolatrexed, P 30 protein, pegvisomant, pemelrexed, porfiromycin, prinomastat, RL 0803
{Shire}, rubltecan, salraplatin, sodium phenylacetate, sparfosic acid, SRL 172 (SR Pharma),
SU 5416 (SUGEN)y SU 6688 (SUGEN]}, TA 077 {Tanabe), telrathiomolybdate, thaliblastine,
thrombopoistin, tin ethyl stiopurpurin, tirapazamine, cancer vaccine (Biomira), melanoma
vaccing (New York University), melanoma vaccine (Sloan Keltering Institute), melanoma
encolysate vaccine (New York Medical Coliege), viral melanoma cell lysates vaccing (Royal

Newcastie Hospital), or valspodar.

V. SYNTHESIS of Brigalinib FORM A

{00363 The following represeniative synthesis of brigatinib Form A contains
additional information, exemplification and guidance which can be adapted to the practice of

the invention in its various embodiments and the equivalents thereof.

[00364] Examples are intended to help illustrate the invention, and are not infended
to, nor should they be construed to, imi its scope. Indeed, various modifications of the
invention, and many further embodimants thereof, in addition to those shown and described
herein, will become apparent o those skifled in the art upon review of this document,
including the examples which follow and the referencss to the scientific and patent liferature

cited herein.

(00365} The contents of those ciled references are incorporated herein by reference
to help Hlusirale the state of the arl. in addition, for purposes of the invention, the chemical
elements are identified in accordance with the Periodic Table of the Elemaents, CAS version,
Handbook of Chemistry and Physics, 75" Ed., inside cover. Additionally, general principles
of arganic chemistry, as well as specific functional moletiss and reactivity, are described in
“‘Organic Chemistry”, Thomas Somell, University Science Books, Sausalito: 1998 and
“Crganic Chemistry”, Morrison & Boyd (3d £d), the entire contents of both of which are

incorporatad hersin by refarence.

Step 1: {2-aminophenylldimethyiphosphine oxide



[o0366} A mixture of 2-lodoaniiine (86 g, 0.383 mol, 1.0 eq.), dimethyl phosphine
oxide {38.4 g, 0.466 mol, 1.19 eg.), polassium phosphate {82.4 g, 0423 mol, 1.1 sa.},
paliadium{ll) acetate (4.56 g, 0.02 mol, 0.05 eq.}, and Xaniphos {(11.8g, 0.02 mol, 0.05 eq.)
in DMF (700 mbL) was stirred at ~120° C for ~8 h. The color of the mixure tumed dark
brown. Upon cooling o i, celite (30 g} was added o the mibdure. The mbdure was then
fitered and the filter cake was rinsed with Et0AC (2 x 250 ml). The filrate was then

concentrated in vacuo to afford a residus.

[G0387] Ancther batch of (2-aminophenyiidimethyiphosphing oxide was synthesized
gt the same scale as parformed above, and the residue obiained from both baiches were

combined and purified as discussed below,

[e0368] To the combined rasidues was added Et0AC {1 L), and the resulting mixture
was stirred at 1t for ~1 h. The mbdure was filtered, and the collected residus was washed
with EfOAc {2 x 250 mL). The cambined filrate was dried over sodium sulfate, filtered and
concentrated in vacuo to afford an oil. The resulting ofl was dissobved in a mikiure of water /
cancentrated hydrochloric acld (1.2 L 7 300 mb) with agitation at i, and stfirred for 30 min.
The resulting mixure was filtered, and the collected residus was washed with aguecus
hydrochloric acid (10%, 300 mi}). The combined aguscus filirate was washed with Ei0Ac (2
x 1 L washas, followed by a 500 mi wash). Ths agueous layer was cooled in an ice balh
{less than 10° C internal mixture temperature} and the pH of the solution was adjusted o
~12 {as determined by pH paper) by adding agueocus sodium hydroxide (30% whw), while
maintaining an internal solution temperature of less than 20° O throughout the addilion. The
resulling solulion was extracted with IPA/DCM (13 wiv, 4 x 1 L}, and the combined organic
layers were dried over sodium suifate, filtered, and concaniraled iy vacuo to afford a viscous
oil, which corystaliized upon standing at 1. The resulling solids were tilurated with
EtCAciheptane (110 viv, 2 x 150 mbL) to afford 2-aminophenyiidimethyiphosphine oxide as

a light brown solid.
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Step 2: (2-((2,5-dichloropyrimidin-4-vilamino}phenylidimathyiphosphine oxide

{0036%] 2.4 S-trichloropyrimidine (542 g, 0286 mol, 10 eq) (2-
aminophenylidimethyl-phosphine oxide (50.0g, 0.296 mole, 1.0 eq.), potassium carbonate
{49.1g. 0.355 mol, 1.2 eq.} and tetrabutylammonium bisulfate (10.2 g, 0.03 mole, 0.1 eq.}
wera combined in DMF (1050 mL}, and heated a1t 85° C for ~8.0-8.8 h. During the course of
heating, an off-white suspension formed. Upon cooling, the mixture was cooled to 1 and
filtered. The collected solids were rinsed with DMF (2 x 50 ml), and the combined filtrates
were concentrated in vacuo. The resulting residue was dissolved in EfOCAc (1.3 L) and water
{350 mL). The aqueous layer was isolated and extracted with EtOAc (2 x 250 mL). The
combined organic layers were washed with brine (20% w/w, 500 ml), dried over sodium
sulfate, fillered, and concentrated in vacuo io afford (2-((2,5-dichioropyrimidin-4-

yllamino)phenyhdimethylphosphine oxide as an off-white solid.

Alternative Synthesis of (2-{(2,5-dichloropyrimidin-4-yliamino)phenyl}-
dimethyiphosphine oxide
JO0370) {2-((2,5-dichloropyrimidin-4-yhamino)phenyldimethviphosphine oxide can be
synthesized using the conditions in Table 28 according fo the previously described

procedurs.

Table 28, Reaction Conditions for the Synthesis of (2-({2,5-dichioropyrimidin-4-
yhaminojphenyidimethylphosphine oxide
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[00374)

A miture of S-fluoro-2-nitroanisole (85.6 g, 0.5 mol, 1.0 eq.}, 1-methyl-4-

{piperidin-d-yiipiperazing (81.7 g, 0.5 mol, 1.0 e}, and potassium carbonale (1385 g, 1.0

moi, 2.0 eq) in MaUN {800 mi) was stirred at reflux for ~13 h.

Upon cooling to v, DCM

L} was added to the mixiure and the resulting mixture was fillered. The collected residus

was washed with DOM {800 mL). The combined fillrates ware washed with waler (400 mi)
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and brine {20% wiw, 300 mL), dried over sodium sulfate, filtered, and concentraled in vacuo

o afford 1-{1-{3-methoxy-4-nitrophenybpiperidin-d-yh-4-methylpiperazine as a yeliow solid,

Step 4 Z-methoxy-4-{4-{4-methyipiperazin-{-yiipiperidin-{-ylaniline

NCE, NH;
g N

[00372] A mixivre of 1-{1-{3-methoxy-4-nitrophenyiipiperidin-4-yl)-4-methylpiperazine
{78 g, 0.233 mol} and Pd/C (10% loading, 50% wet, 4g, ~2.5 wt-%) in EtOH (800 mL) was
stirred under a hydrogen atmosphere {(~20 p.s.i) for ~2.5 h. Subsequently, the mixture was
filtered through a pad of Ceiile (50 g}, and the Ceilile pad was rinsed with TIOH (2 x 50 mi).

Tha combined fillrates were concentrated in vacuo fo afford Z-methoxy-4-{4-(4-

methylpiperazin-1-yhpiperidin-1-yhaniline as a purple solid.

Step 5: (2-{{5-chlore-2-{{2-methoxy-4-{4-{§-methyipiperazin-i-yiipiperidin-1-
yiiphenyllamino)pyrimidin-4d-yhamino}phenyiidimethyiphosphine oxide
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{30373} A mibtture of {2-{(2, 5-dichloropyrimidin-4-yhiaminophenyl-dimsathylphosphing
oxide (85 g, 8.174 mai, 1.0 eq.}, 2-methoxy-4-(4-4-methyipiperazin-1-yhpiperidin- -y aniine
{74.2 g, 3.244 mol, 1.4 g}, and HO in BtOH (2.8 M, 178 mL) in 2-methoxyethano! {758 mbL)
was stirred at 120° C for ~8 h. Upon cooling to 11, the mixiure was concentratad in veauo,
and the resulting residue was dissobvad in water (400 mb), and washed with FiGAc (500
mi.). Aqueocus sodium hydroxide (20% wiw) was added to the agusous layer uniil the pH
was ~12 {as delermined by pH paper}. The agueous layer was exiracted with DOM {3 x 500
mik}, and the combined organic layers were concanirated in vacuo. The residue was
trituratad with EI0AC/MeOH (841 viv, 250 mb) and EtOAc/ heplans (172 viv, 300 ml},

saquentially, at it for ~1 by, and then filtered 1o afford & light color solid {Batch A).

(0374} Another  balch  of  {2-{{5-chloro-2-{{2-methoxy-4-{4-{(4-mathyipiperazin-1-
yhpiperidin-1-yhiphenyllamino)pyrimidin-d-vilamino}phenyhdimethyi-phosphine  oxide was
prepared using {2-{{2 S-dichloropyrimidin-4-yhamino)phenyhdimethyiphosphine oxide {50.8
g, G.181 mol, 1.0 eq.}, 2-methoxy-4-{4-(4-methyipiperazin-t-yhipipendin-{-yhaniline (684 g,
0.225 mol, 1.4 eg.}, and HCl in BIOH (2.5 M, 1688 mL) in 2-methoxysthanol (880 mlL). After

the previously described workup, a soiid was obtainad (Batch B}

{00375} The two halchas (Batch A and Batch BY were combinsd and trituraled with
MeQH/EIOAS (1% viv, 500 mb) and MeOH/EIOAC (2.5% wiv, 500 mi) al it for ~30 min, and
then filterad. The isclated solids were then triturated with hot EtOAc {500 ml) for 15 minulss
followed by cooling fo i, and then filiration. The isclaled solids were then triturated in hot
VeGHEIOAC (2% viv, 500 mb) for 15 minutes followad by cooling to room temperature and
filtration. Then the isolated solids were triturated in DOM {750 mL) at room tempsrature.
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The resulting solution was filtered and the collected solid was dned in vacuo o afford (2-({5-
chioro-2-{{2-methoxy-4-{4-{4-methyipiperazin-1-vlipiperidin-1-y phenyilamino)pyrimidin-4-
yliamino)phenylidimethylphosphine oxide as a beige sofid. 127 g, 85% vield. "H NMR:
refer to Table 2. ESI-MS m/s: 584.2 [M+HT.

Vi, PHARMACGEUTICAL COMPOSITION EXAMPLES

[00376] Representative  pharmaceutical compositions and  dosage forms  of
compounds as disclosed herein (the active ingredient being referred to as "Compound”™) for

therapeutic or prophylactic use in humans may be as follows:

{a} Tablet | mgfiablet
ComMPoUNT ..o 100
Lactose PhEUN Lo 182.75
Croscarmelioss sodium ..o 12,0
Maize starch paste (5% wiv pasie) .............. 2.25
Magnesium steamte ... 3.0

(b) Tablet I maftablet
Compound ... RORRUIPTON 50
Lactose Ph.Eur i e 22375
Croscarmeliose sodium ..ovvnins 8.0
Maize starch ... crvenevene 1 5.0

Polyvinylpyfiolidone (5% wiv paste) ........... 2.25

Magnesium stearate ... RN R
¢} Tablet i madtablat

Compound ... s iR
Lactose Ph.EW i 8328

Croscarmellose sodium ..o L0



Maize starch paste (8% wiv pasta)..on,

Magnesium stearale .,

{d} Capsule

COompPoUng i i e i s

LACIOBE PRIEU Gt i st tost remin s e i i

BEGNBSIUITT i s 1l

Compound ... i et ey
1M Sodium hydroxide soliion oo
. 18 Hydrochloric acid

Polyathylens glyood 400 i

Water for injection to 100%

(i Inigction

CHMPOUT oo oo oo s
Sodium phosphate BP i
0. 1M Sodium hydroxide solution ...

Water for injection io 100%

Compound ..o e RN TN
Sodium phosphate BP i
CRric acld Lo

Polvethylens ghvoo! 400 L v

Water for injection to 100%

10

4888

{80 mg/mb}

5.0% wiv

15.0% viv

{to adjust pH 10 7.5}

4 5% wiv

........................
Wl
NS Fo
I wie

1R L vy

{1 madmb, aiisred fo b8

1, 1°% i
S N EE e he
R SN

0 %% iy

3.5% wiv



h) Aerosol |

COmMPOUN e e s s
Sorbian oIeae .o e
Trichlorofuoromethane o e

Dichiorodiffuorometha-ne oo o i

i} Aerosol i

Compountd ek e
Sorbitan troleale ..o o e
Trichlorofiuoromethans ..o ciciiinns
Dichlorodiffuoromethans ...,

Dichiorotetrafiuoroathane ..o o

Compound .......coeo oo
Sorbitan trioleate .. e
Trichlorofluoromethane ...miinnn.
Dichlorodiflucromethane ... e e

Dichlorotetrafluoroethane . oo,

{k} Asrosol iV

Compoung o G s e
Soya lecithin ...
Trichloroflucromethane Lo oo
Dichiorodiflucromethane .. ...

Dichiorotetraflucroathane oo o

ma/mb
0.2
0.27
70.0
280.0
1094.0

mag/mil

.25

3.38
67.5
1088.0

181.8

~1086.0

1916
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i Cintment ynitimk,

Compound .o RURURUIUOPONE 3 B 1114

Efhanol L e 300 ub

WEISE o, it 00 ik

1-Dodecylazacycioheptan one oo, 50 ik

Propylens ghyool ool e o 1ml

803771 These formulations can be prapared using conventional procedures well

known in the pharmaceutical art. The {ablets {a}-{c} can be enteric coated by conventional
means, i desired o provide 3 coating of celiuloss acetals phthalate, for exampls. In cartain
ambodiments, fablets suitable for oral administration contain about 30 mg, about 80 mg,
about 150 mg, or about 180 mg of substantially pure Form A of brigatinih, together with one
or more pharmacsulically acceptable exciplents such as are described herein. As used
herein, “aboul” means £5% of the valuse being modifisd. The aerosol formulations (-} can
he usad in conjunction with standard, melered dose geroscl dispensears, and the suspending
agents sorbitan tricleats and soya leckthin can be replaced by an aliernative suspanding
agent such as sorbitan monooleats, sorbitan sesquicleate, polysorbate 80, polyglyrerol

oleate or oleic acid,

Wil KINASE INHIBITION

fa0378} Compounds as described herein wers scraened for kinase inhibilion activity
as follows. Kinases suitable for use in the following profocs! includs, but are not limited o
ALK, Jak2, b-Raf, o-Met, Tie-2, FLT3, Abl, Lok, Lyn, Srg, Fyn, Syk, Zap-70, lik, Tec, B,
EGFR, ErbB2, Kdr, FLTT, Tek, InsR, and AKT,

f00379] Kinases are exprassed as either Kinase domains or full length construcis
fused to glutathione Sdransferase {GET) or polyHistidine taggad fusion proteins in either E.
colt or Baculovirus-High Five expression systems. They are purified 1o near homageneily by
affinity chromatography as previously dascribed {Lehr et al, 1888; Gish st al., 1985} In
some instances, kinases are co-expressed or mixed with purifisd or partially purified

regulatory polypeptides prior 1o measurement of activity.
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(603801 Kinase activity and inhibition can be measured by established protocols {ses
&.g., Braunwalder et al, 1996). In such cases, the iransfer of PO, from ATP to the
synthetic substrates poly{Giu, Tyr) 4.1 or poly{Arg, Ser} 3:1 attachad to the bicactive surfacse
of microtiter plates is taken as a measure of enzyme aclivity. After an incubation period, the
amount of phosphate transferred is measured by first washing the plate with 0.5%
phosphoric acid, adding liquid scintiflant, and then counting in a liguid scintillation detector.
The 1Cs, is determined by the concentration of compound that causes a 50% reduction in the

amount of P incorporated onto the substrate bound 1o the plate.

{00381} Other methods relying upon the tansfer of phosphate to peptide or
polypeptide  subsirate containing tyrosine, serine, threonine or histiding, alone, In
combination with each other, or in combination with other amino acids, in solution or

immobilized {.e., solid phase) are also useful.

[060382] For example, transfer of phosphate o a peplide or polypaptide can also be
detected using scintillation proximity, Fiuorescence Polarization and homogensous time-
resolved fluorescance. Altsrnatively, Kinase activity can be measured using antibody-based
mathods in which an antibody or polypeptide can usad as a reagent io detect

phosphorylated target polypeplids.

{00383] For additional background information on such assay methodologies, see
2,.g., Braunwaider et al.,, 1896, Anal Biochem. 234(1):23; Cleaveland et al., 1880, Anal
Biochern. 180(2):249; Gish et al. {1995). Protein Eng. 8(6):608; Kolb et al. {1998). Drug
Discov. Toda V. 3:333; Lehr of al. (1886). Gene 168(2):27527 — 87, Seethala et af. (1888}
Anal Biochem. 255(2}:257; Wu et al. (2000},

[00384] The inhibition of ALK fyrosine kinase aclivity can be demonstrated using
known methods. For example, in one method, compounds can be tested for their ability fo
inhibit kinase activity of baculovirus-expressed ALK using 3 modification of the ELISA
protoco! reported for rkA in Angeles, 7.8, et al., Anal Biochem. 1998, 236 48-55, which is
incorporated herein by reference. Phospharyiation of the substrate, phopholipase C-gamma
{FLC-y) generated as a fusion protein with glutathione-S-transferase {(GST) as reported in
rotin, D, ot al, EMBO J. 1882, 77, 5558-567, which is incorporated by reference, can be
detected with europium-labeled anti-phosphotyrosine antibody and measured by time-
resolved fluorescence (TRF). In this assay, 86-well plate is coated with 100uliwell of

10ug/ml substrate (phospholipase C-y in lris-buffered saline (TBS). The assay mixture (toial
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volume = 100uliwell} consisting of 20nM HEPES (pH 7.2, 1 pM ATP {K,, level), 5nM MnCly,
0.15% BSA, 2.5% DMSEO, and varipus concentrations of test compound is then added o the
assay plate. The reaclion is initiated by adding the enzyme (30 ng/mb ALK) and is allowed
to proceed at 37 degress © for 15 minutes. Datection of the phosphoryiated product can be
parformed by adding 100pbiwell of Eu-N1 iabeled PTE6 antibody {Perkim Elmer # ADD41).
incubation at 37 degress C then procesds for ons hour, followed by addition of 100pL
enhancement solution {for example Wallac# 1244-105). The plate is gently agitated and afler
thirty minutes, the fluorescence of the resulling solution can be measursd (for sxample using

EnVision 2100 {or 2102} muliiiabel plate reader from Perkin Elmer).

[00385] Data analysis can then be performed. Qs values can be calculasted by

plotting percent inhibition versus logqy of concentration of compound.

{06386} The inhibition of ALK tyrosine kinase aclivity can also be maasured using the
racombinant kinase domain of the ALK in analogy to VEDG-R kinase assay described in J.
Wood et al., Cancer Res 2000, 80, 2178-2188. In vilro enzyme assays using GST-ALK
protein tyrosine Kinase can be performed in 86-well plate as a filter binding assay in 20mM
Tris HCHL pH 7.5, 3mM MgCh, 10mM MnCl, 1nM DTT, 0.1 pCliassay {(=30ul) - PRATP,
2t ATP, 3ugiml poly {Glu, tyr 41} Poly-EY (sigma P-0275), 1% DMSQO, 25 ng ALK
anzyme. Assays can bs incubaled for 10 min, at ambient temperature. Reaclions can be
terminated by adding 50pl of 125 mb EDTA, and the reaction mixiure can be transferrad
onio a MAIP Multiscreen plate (Millipore, Bedford, MA) previcusly wet with mathanol, and
rehydrated for § minutes with water. Following washing {(0.58% H;PQ4), plates can be
counted in a liquid scintiflation countar. 1Cs values are calculated by linear regression

anaiysis of the percentags inhibition,

[00387) Certain compounds as disciosed herein have also been demonsirated
eylotoxic or growth inhibitory effects on tumor and other cancer cell linss and thus canbe
useful in the treatment of cancer and other call proliferative dissases. Compounds are
assayed for anti-lumor aclivity using In vivo and in vitro assays which are well known o
those skilled in the arl. Generally, initial screens of compounds o identify candidale anti-
cancer drugs are performed in cellular assays. Compounds identified as having anti-
profiferative aclivity in such cel-based assays can then be subsequently assayved in whole
organisms for anti-imor activity and toxicity. Gensrally speaking, celi-based scresns can be
parformed more rapidly and cost-effectively relative to assays that use whole orgamisms. As
disclosad hersin, the terms "anti-tumor™ and “anti-cancer” activity are used interchangeably.
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[G0338] Cell-based methods for measuring antiproliferative activity are well known
and can be used for comparative characterization of compounds as disciosed herein. In
general, celi proliferation and cell viability assays are designed to provide a dstectable signal
when cells are metabolically active. Compounds can be tested for antiproliferative activity by
measuring any observed decrease in metabolic activity of the cells after exposure of the
cells to compound. Commonly used methods include, for example, measurement of
membrane integrity (as a measure of cell viability){e.g. using trypan blue exclusion) or

measurament of DNA synthesis {e.g. by measuring incorporation of Brdl or 3H-thymidine).

(60389} Some methods for assaying cell proliferation use a reagent that is converted
into a detectable compound during cell proliferation.  Such reagents are fetrazolium salis
and include without limitation MTT (3-{4, 5-dimethylthiazol-2-yh)-2,5-diphenyltetrazolium
bromide; Sigma-Aldrich, St Louis, MO), MTS (3-{4,5-dimethylthiazoi-2-y1)-5-(3-
carboxymethoxyphenyl)- 2-(4-suifophenyl)-2H-tetrazolium), XTT (2,3-bis(2-Methoxy-4-nitro-
5-sulfophenyi)-2H-tetrazolium-5-carboxanilide), INT, NBT, and NTV (Bernas et al. Biochim
Biophys Acta 1451(1):73-81, 1999). More commonly used assays utilizing tetrazolium salts
detect celi proliferation by detecting the product of the enzymatic conversion of the
tetrazolium salis info blus formazan derivatives, which are readily detected by spectroscopic
methods (Mosman. J. Immunol. Methods. 65:55-83, 1983).

[00330] Other methods for assaying cell proliferation involve incubating cells in a
given growth medium with and without the compounds to be tested. Growth conditions for
various prokaryotic and eukaryolic cells are well-known to those of ordinary skill in the art
{Ausubel et al. Current Protocols in Molecular Biology. Wiley and Sons. 1999; Bonifacing et
al. Current Protocols in Cell Biology. Wilsy and Sons. 1899, both incorporated herein by
reference). To detect cell proliferation, the tetrazolium salls are added to the incubated
cultured cells to allow enzymatic conversion {0 the detectable product by active cells. Cells
are processed, and the optical density of the celis is determined to measure the amount of
formazan derivatives. Furthermore, commercially available kifs, including reagents and
protocols, are availabe for examples, from Promega Corporation (Madison, W), Sigma-
Aldrich (St Louis, MO), and Trevigen {Gaithersburg, MD).

[00391] in addition, a wide variety of cell types can be used to screen compounds for

antiproliferative activity, including the following cell lines, among others: COLO 205 {colon

cancer), DLD-1 (colon cancer), HCT-15 (colon cancer), HT29 (colon cancer), HEP G2

(Hepatoma), K-562 (Leukemia), A549 (Lung), NCI-H249 (Lung), MCF7 (Mammary), MDA~
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MB-231 (Mammary), SADS-Z {Ostecsarcoma), OVCOAR-3 {Qvarian), PANG-1 {Fancreas),
DU-145 {Prostate), PC-3 (Prostate), ACHN (Renal}, CAKK-1 (Renal), MG-83 {Garcoma},

{00392} While the cell line is can be mammalian, lower order eukaryotic cells such as
yeast can also be used o scresn compounds. Mammalian cell lines are derived from
humans, rals, mice, rabbits, monkeys, hamsters, and guinsa pigs since celis lines from

these organisms are well-studied and characterized. However, others can be used as well.

fa03831 Suitable mammalian cell lines are oflen derived from tumors. For sxampls,
the following tumor cell-types can be sources of celis for culluring cells: melanoma, myeloid
lsukemia, carcinomas of the lung, breast, ovariss, colon, kidnsy, prosiate, pancreas and
iestes), cardiomyocyies, andothalial cells, spithelial calls, ymphocyles (T-cell and B cell),
mast cells, sosinophils, vascular intimal  cells, hepalocyles, leukooytes  including
mononuciear leukocytes, sterm cells such as haemopostic, neural, skin, lung, Kidney, liver
and myocyte stem cells {for use in screening for differantiation and de-differentiation faclors),
ostecciasts, chondrooyies and other connective tssue celis, Keratinocytes, melanooylas,
liver cells, Kidney cells, and adipocytes. Non-limiting examples of mammalian celis fines that
have been widely used by researchers include Hela, NIHAT3, HTI080, CHO, COS-1,
2937, Wi-38 and CVI/EBNA-1.

[003584] Other cellular assays can be used which rely upon a reporter gens lo detect
metabolically active cells.  Non-imiting examples of reporfer gene expression syslems
include green fluorescent protein (BFP), and luciferase. As an example of the use of GFP o
soreen for potential antifumeor drugs, Sandman et al. (Chem Biol 8:541-51; incorporated
harein by reference} used Hela cells contalning an inducible variant of GFP {0 detect

compounds that inhibited expression of the GFP, and thus inhibited celf profiferation.

[003985] An example of aceli-based assay is shown below. The call lines that can be
used in the assay are Ba/F3, a murine pro-8 cell line, which has been stably ransfecied with
an expression vector pClneo™ (Promega Corp., Madison W1 coding for NPM-ALK and
subseguent selection of G418 resistant cells. Non-transfected Ba/F 3 celis depend on L3 for
cell survival, In consirast NPM-ALK expressing Ba/F3 cells (named Ba/F3-NPM-ALK} can
profiferate in the absence of IL-3 because they obtain prolifergtive signsl through NPM-ALK
kinase. Putalive inhibitors of NPM-ALK kinase therefore abolish the growth signal and result
in antiprofiferative activity. The antiproliferative activity of inhibilors of the NPM-ALK kinase

can however be ovarcome by addition of IL-3 which provides growth signals through an
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NPM-ALK independent mechanism. For an analogous celf system using FLT3 kinase, see E.
Weisherg et al. Cancer cell 2002, 1, 433-443. The inhibitory activity of compounds as
disclosed herein can be determined as follows: BaF3-NPM-ALK cells (15,000/microtiire plate
well} can be transferred to a 98-well microtitre plates. The test compound {dissolved in
DMSQO) is then added in a series of concenirations {dilution series) in such a manner that the
final concentration of DMSQ is not greater than 1% (v/v). Afler the addition, the piates can
be incubated for two days during which the conirof culires without test compound are abls
to undergo two cell-division cycles. The growth of BaF3-NPM-ALK cells can be measured by
means of Yopro'™ staining (T ldziorek et al., J. immuncl Melhods 1998, 185, 249-258).
Then, 25 pb of lysis buffer consisting of 20 mM sodium citrate, pH 4.0, 26.8 nM sodium
chioride, 0.4% NP40, 20 mM EDTA and 20 mM is added into each well. Cell lysis is
completed within 60 minutes at room temperature and total amount of Yopro bound 1o DNA
is determined by measurement using for example a CytoFluor I 98-well reader {(PerSeptive

Biosysterns). The I1Cs can be determinad by a computer alded system using the formula:
ECSOﬁ {(ABStest“ABSsraﬁ)!<ABScorxkrGl”ABSstarﬁ)}X1 Q0

irvwhich ABS is absorption. The 105 value in such an experiment is given as that
concentration of the test compound in question that results in a call count that is 50% lower

than that obtained using the control without inhibitor.

[00398] The antiproliferative action of compounds as disclosed herein can also be
determined in the human KARPAS-299 lymphoma cell line by means of an immunoblot as
described in WG Dirks st al. ol J. Cancer 2002, 700, 49-56., using the methodclogy
described above for the BaF3-NPM-ALK cell line.

[00387) In another sxample, antiproliferative activity can bs determined using
KARPAS-288 lumphoma cell fine in the following procedure: Compounds as disclosed
herein were incubated with the cells for 3 days, and the number of viable cells in sach well
was measured indirectly using an MTS tetrazolium assay (Promega). This assay is a
colorimelric method for determining the number of viable cells through measurement of their
metabolic activity. For example the detection of the product of the enzymatic conversion of
tetrazolium salts info blue formazan derivatives is achieved by measuring absorbance at 480
nm using a plate reader. 40 ul of the MTS reagent was added to all walls except the edge
walls and then the plates were returmned to the incubalor at 37°C for 2 howrs. The

absorbance in each well was then measured at 480 nm using a Wailac Victor'V plate reader,
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The g was caloulated by determining the concentration of compound required to decrease
the MTS signal by 50% in best-it curves using Microsoft XL software, by comparing with

basaling, the DMSO control, as 0% inhibilion.

{03581 Compounds identified by such celhidar assays as having anti-cell proliferation
activity can then be tested for anti-lumor activity in whole organisms, such as mammalian
species. Well-characterized mammalians systems for studying cancer include rodents such
as rats and mics. Typically, a twmor of interest is transplanied into a mouse having a
reducad ability o mount an immune response fo the tumor to reduce the likelihood of
rejection. Such mice include for sxample, nude mice {athymic) and SCID {severe combined
immunodeficiency) micae. Other fransgenic mice such as oncogens containing mics can be
used in the present assays (see for example USP 4,736,888 and USP §,175,383). Fora
review and discussion on the use of rodent models for antitumor drug testing, see Kerbsl
{Cancer Metastasis Rey, 17:301-304, 19858-55),

{00358%8] In general, the tumors of interes! are implanted in a lest corganism
subcutaneously. The organism containing the tumor is treated with dosses of candidate anti-
twmor compounds, The size of the tumor is periodically measured o determine the effects
of the fest compound on the lumor. Some tumor ypes are implanted al sites other than
subculansous siles {e.g. intraperitoneal sites) and survival is measured as the endpoint.
FParamelars to be assayed with rouline screening include different tumor models, various
wmor and drug routes, and dose amounts and schedule. For a review of the use of mice in
deteciing antitumor compounds, see Corbett et al. {invest New Drugs. 15:207-218, 1887,

incorporaied herein by refarence}.

[004007 The compounds disclosad hersin have inhibilory activity against a wild type or
mutant {especially a clinically relevant mutant) kinase, especially a kinase such as ALK, Met,
Jak2 | bRaf, EGFR, Tie-2, FLT3 or ancther kinase of interest with an 1Cs, value of 1 ubl or
less {as determinad using any scieniifically acceptable kinase inhibilion assay), such as with

an 1Cx of 500 nb or better, and further such as an 10 valus of 250 nM or hetler; or

s inhibitory activily against a given kKinase with an g value al lsast 100-fold lower than their

ICss valuas for other kinases of inlerast; or

= inhibitory activity for ALK, Met, JakZ or B-Raf with a 1 ubd or belter iC5 value against each;
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= a cytotoxic or growth inhibitory effect on cancer cell ines maintained in vitro, or in animal
studies using a scientifically acceplable cancer cell xenograft model, (such as Ba/F3 NPM-
ALK, Ba/F3 EML4-ALK, Karpas 299 and/or SU-DHL-1 cells with a potency at lsast as great
as the potency of known ALK inhibitors such as NVP-TAES84 and PF2341066 among
others, or with a potency at least twice that of known ALK inhibifors, or with a polency at

least 10 times thai of known ALK inhibitors as determined by comparative studies.

(004013 Compounds disclosed hersin were found 1o polently inhibit a number of
imporiant kinase targets. Compounds exhibited 1Csy's under 100nM, and in many cases
under 10nM and in some cases under 1 nM when tesied as inhibitors of the kinase, ALK, for
instance. Some compounds were singls digit nanomolar inhibilors of a panel of kinases
including kinases like ALK, FER, FLT3, FES/FPS, FAKPTKZ, BRK and others.
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CLAIMS

1. A crystalline form of brigatinib having the structure:

j‘ll\/\ICI

HN N NH O

,o(> @5\

N

E@
N
I
which is crystalline Form A characterized by an X-ray powder diffraction pattern having at

least two peaks chosen from 6.1, 8.6, 9.6, 10.8, 11.3, 13.5, 14.3, 15.9, 17.2, 18.9, 19.4, 20.1,
21.8,22.6,23.1,23.9, and 27.7 °26, with a variance of 0.3 °26.

5

2. The crystalline form of claim 1, which is characterized by an X-ray powder
diffraction pattern having at least two peaks chosen from 9.6, 17.2, 19.4, 20.1, 23.1, and 27.7

°20, with a variance of £0.3 °26.

3. The crystalline form of claim 1, which is characterized by an X-ray powder
diffraction pattern having peaks at 9.6, 17.2, 19.4, 20.1, 23.1, and 27.7 °20, with a variance of
+0.3 °26.

4. The crystalline form of claim 1, which is characterized by an X-ray powder

diffraction pattern substantially as shown in the X-ray powder diffraction pattern:
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5. The crystalline form of any one of claims 1-4, which is anhydrous.
6. The crystalline form of any one of claims 1-5, having an onset melting temperature of
214.5 °C.
7. The crystalline form of any one of claims 1-6, having a FT-IR spectrum with at least

one of the following frequency bands:

Frequency (cm™)
3241.0,
3165.1,

2980.0 to 2793.2,

1616.4 to 1417.6,

1441.1 to 1219.8,

1354.6 to 1278.0,

1307.4 to 1196.1,

1163.6 to 1135.0,

1094.9 to 794.6,
867.4, and
768.6 to 716.8.

8. The crystalline form of any one of claims 1-7, which is not hygroscopic.
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0. The crystalline form of any one of claims 1-8, which exhibits a weight loss of 0.23%

upon heating from 30 °C to 100 °C.

10.  The crystalline form of any one of claims 1-9, having unit cell dimensions of: @ = 9.6

A,b=108A,c=150A, a=76°B=80° andy = 74°.

11. A process for preparing the crystalline form of claim 1, comprising elevating the

temperature of crystallization to 60 °C and adding an NaOH solution at a slow rate.
12. A crystalline form of brigatinib having the structure:

j':jol

HN N NH O

/o@ Ayt

N

Y
)

which is crystalline Form B characterized by an X-ray powder diffraction pattern having at

5

least two peaks chosen from 5.7, 9.2, 11.5, 12.8, 14.5, 15.5, 16.9, 17.7, 19.2, 20.4, 21.8, 23.2,
and 29.5 °20, with a variance of 0.3 °26.

13. The crystalline form of claim 12, which is characterized by an X-ray powder
diffraction pattern having at least two peaks chosen from 11.5, 14.5, 16.9, 19.2, and 23.2 °26,

with a variance of £0.3 °26.

14. The crystalline form of claim 12, which is characterized by an X-ray powder

diffraction pattern having peaks at 11.5, 14.5, 16.9, 19.2, and 23.2 °26, with a variance of
+0.3 °20.

15. The crystalline form of claim 12, which is characterized by an X-ray powder

diffraction pattern substantially as shown in the X-ray powder diffraction pattern:
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A crystalline form of brigatinib having the structure:

Jf:jm

HN N NH O
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which is crystalline Form C characterized by an X-ray powder diffraction pattern having at
least two peaks chosen from 2.1, 2.5, 5.4, 9.9, 10.9, 12.9, 14.9, 15.9, 16.6, 17.3, 17.9, 19.2,
20.6, 23.9, 26.8, and 27.4 °20, with a variance of £0.3 °20.

17.

The crystalline form of claim 16, which is characterized by an X-ray powder

diffraction pattern having at least two peaks chosen from 5.4, 14.9, 15.9, 17.3, 19.2, and 23.9

©20, with a variance of +0.3 °260.
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18. The crystalline form of claim 16, which is characterized by an X-ray powder
diffraction pattern having peaks at 5.4, 14.9, 15.9, 17.3, 19.2, and 23.9 °20, with a variance of
+0.3 °26.

19.  The crystalline form of claim 16, which is characterized by an X-ray powder

diffraction pattern substantially as shown in the X-ray powder diffraction pattern:
100 +

80 4

irtersity

Redative

(=]
i

20. A crystalline form of brigatinib having the structure:
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HN N NH O
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which is crystalline Form D characterized by an X-ray powder diffraction pattern having at

least two peaks chosen from 4.7,9.2,9.7, 11.1, 14.5, 17.4, 18.9, 22.4, and 23.7 °20, with a

b
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variance of 0.3 °20.

21. The crystalline form of claim 20, which is characterized by an X-ray powder
diffraction pattern having at least two peaks chosen from 9.7, 11.1, 17.4, 18.9, and 23.7 °26,

with a variance of £0.3 °20.

22. The crystalline form of claim 20, which is characterized by an X-ray powder
diffraction pattern having peaks at 9.7, 11.1, 17.4, 18.9, and 23.7 °20, with a variance of +0.3
°20.

23.  The crystalline form of claim 20, which is characterized by an X-ray powder

diffraction pattern substantially as shown in the X-ray powder diffraction pattern:
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24. A crystalline form of brigatinib having the structure:
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which is crystalline Form E characterized by an X-ray powder diffraction pattern having at
least two peaks chosen from 9.1, 10.2, 11.2, 12.0, 13.7, 14.4, 15.8, 16.5, 17.4, 18.3, 19.2,
21.6,22.3,23.1, 23.9, 26.0, 26.4, 25.8, and 29.3 °20, with a variance of 0.3 °20.

25. The crystalline form of claim 24, which is characterized by an X-ray powder
diffraction pattern having at least two peaks chosen from 9.1, 10.2, 15.8, 19.2, and 23.9 °26,

with a variance of £0.3 °20.

26. The crystalline form of claim 24, which is characterized by an X-ray powder
diffraction pattern having peaks at 9.1, 10.2, 15.8, 19.2, and 23.9 °20, with a variance of +0.3
°20.

217. The crystalline form of claim 24, which is characterized by an X-ray powder

diffraction pattern substantially as shown in the X-ray powder diffraction pattern:
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28. A crystalline form of brigatinib having the structure:
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HN N NH O
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which is crystalline Form F characterized by an X-ray powder diffraction pattern having at

least two peaks chosen from 8.5, 9.8, 11.1, 16.3, 17.0, 17.6, 18.7, 19.4, 20.3, 22.0, 23.2, 23.9,

5

and 27.1 °20, with a variance of 0.3 °26.

29. The crystalline form of claim 28, which is characterized by an X-ray powder

diffraction pattern having at least two peaks chosen from 9.8, 17.0, 19.4, 20.3, and 27.1 °26,

with a variance of £0.3 °20.
30.  The crystalline form of claim 28, which is characterized by an X-ray powder

137



diffraction pattern having peaks at 9.8, 17.0, 19.4, 20.3, and 27.1 °20, with a variance of +0.3
°20.

31.  The crystalline form of claim 28, which is characterized by an X-ray powder

diffraction pattern substantially as shown in the X-ray powder diffraction pattern:
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32. A crystalline form of brigatinib having the structure:
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which is crystalline Form G characterized by an X-ray powder diffraction pattern having at

least two peaks chosen from 7.2, 8.3, 9.7, 10.4, 12.9, 15.8, 18.1, 18.7, 20.7, 21.5, 22.8, 23.5,
24.5, and 26.8 °260, with a variance of 0.3 °26.

b

33. The crystalline form of claim 32, which is characterized by an X-ray powder
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diffraction pattern having at least two peaks chosen from 8.3, 9.7, 12.9, 15.8, 18.1, 20.7, 22.8,
and 26.8 °20, with a variance of 0.3 °20.

34.  The crystalline form of claim 32, which is characterized by an X-ray powder
diffraction pattern having peaks at 8.3, 9.7, 12.9, 15.8, 18.1, 20.7, 22.8, and 26.8 °20, with a

variance of 0.3 °20.

35. The crystalline form of claim 32, which is characterized by an X-ray powder

diffraction pattern substantially as shown in the X-ray powder diffraction pattern:

36. A crystalline form of brigatinib having the structure:
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which is crystalline Form H characterized by an X-ray powder diffraction pattern having at

least two peaks chosen from 4.2, 5.2, 8.4, 10.9, 12.7, 15.0, 15.7, 16.5, 17.2, 18.4, 19.5, and
21.3 °20, with a variance of +£0.3 °20.

b
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37. The crystalline form of claim 36, which is characterized by an X-ray powder
diffraction pattern having at least two peaks chosen from 4.2, 5.2, 8.4, 10.9, 12.7, and 21.3

°20, with a variance of 0.3 °260.

38.  The crystalline form of claim 36, which is characterized by an X-ray powder

diffraction pattern having peaks at 4.2, 5.2, 8.4, 10.9, 12.7, and 21.3 °26, with a variance of
+0.3 °20.

39.  The crystalline form of claim 36, which is characterized by an X-ray powder

diffraction pattern substantially as shown in the X-ray powder diffraction pattern:
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40. A pharmaceutical composition comprising at least one crystalline form of brigatinib

of any one of claims 1-39, and at least one component chosen from the group consisting of
pharmaceutically acceptable carriers, pharmaceutically acceptable vehicles, and

pharmaceutically acceptable excipients.

41. The pharmaceutical composition of claim 40, wherein the at least one crystalline form

of brigatinib is Form A.
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42. Use of at least one crystalline form of brigatinib of any one of claims 1-39 for the

manufacture of a medicament for treating non-small cell lung cancer.

43. The use of claim 42, wherein the at least one crystalline form of brigatinib is Form A.

141



