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Crystal Forms of Crenolanib and Methods of Use Thereof
RELATED APPLICATION

This application claims the benefit of priority to U5, Provisional Patent Apphication

senal number 63/G53,921, filed kuly 20, 2020

TECHNICAL FIELD OF THE INVENTION

{001} The present invention relates to novel polymorphic forms of 1-[2-{5-[(3-Mcthy]-3-
oxetanyDmethoxy {-1H-benzimidazol-1-vl}-8-quinolinyi}-4-piperidinamine,

monobenzengsuifonate and to methods for their preparation and purification. The invention
also relates to use of such forms in pharmaceutical composiions contaning at least one

polymorphic form, or composttions contaming one sabstantially pore polyvmorphic form.
BACKGROUND OF THE INVENTION

{002] Compound 1 {also referred 1o as “crenolanib besvlate™) is a potent and sclective
inhibitor of FMS&-like tyrosine kinase 3 (FLT3) and platelet denived growth factor receptor
(PDGER) tyrosine kinases (Lewis, Lowis ot al. 2009, Smith, Lasater ot al. 2014). These
kinascs are mutated or aberrantly expressed in a number of proliferative diseases and
pharmacceutical agents that target these kinases have had some success i treating such
discases. FLT3 is commonly muitated in acute myeloid leukemia, and drugs in development
for treating this subgroup, including crenclanib besylate, have been suceessful in recent
vears (Wang 2019). PDGEFR is mutated or abermantly expressed in a large number of
proliferative diseases included sohid tamor cancers, and sigpalling through the PBGEFR
pathway plays an ¢ssential role in angiogenesis, the process by which new blood vessels are
formoed to provide nutricuts to a growmg tumor {Heldin, Lennartsson ot al. 2017,
Tsioumpekou, Cunha et al. 2020}, Agents targeting angiogengsis cut off the blood supply

and aid in inhibition of tumor growth.
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[003] Y (Compound 1)

{004} Compound 1 and pharmaceutically acceptable salts thereof are described in U5 Pat.
Na. 7,019,147 and U.S. Pat. No. 7,071,337 The process and mcthods to manufacture
Compound 1 are descobed v U.S. Pat. No. 7,183,414, The use of Compound 1 and
pharmaceatically acceptable salts thercof in the treatment of proliferative disorders is

described in U8, Pat. No. 9,023,880 and U.S. Pat. No. 9,101,624,
{0051 SUMMARY OF THE INVENTION

{0061 The present invention is based on the discovery of several novel polymorphic forms
of Compound 1. Each polymorphic form can be uniquely identified by several different
analviical methods including, but not hmited to, X-rayv powder diffraction peaks, FT-IR
spectra, or combinations thereof. The specific bigcherical charactenstics of the dentified
novel polymorphic forms are also detatled herein, especially as they pertain to the

polymorph’s stability, selubility, hvgroscopicity, and other characteristics.

{007] In some embodiments, the present invention includes a novel cryvstaliing form of 1-
{2~[5-1(3-Methyl-3-oxetanyhmethoxy -1 H-benzimidazol- 1-vl}-8-quinohinyl] -4~

piperidinamine monobenzenesulfonate wherein said crvstalline form has a powder x-ray
diffraction pattern comprising peaks at one or more of diffraction angles (28+£0.23 7.1, 14.8,
and 18.3. In another aspect, the erystaliine form has additional peaks at diffraction angies
(28+£0.2)7.1,14.8, 18 3,24 3 and 26.9. In another aspect, the cryvstalime form has additional
peaks at diffraction angles 28 + 0.2) 7.1, 148, 16.0, 175, 182, 243, 253, and 269 In
another aspect, the crystalling form bas additional peaks at diffraction angles 2@+ 023 7.1,
148,160,168, 175,182, 197,21 4,24 3,253, and 26.9. In another aspect, the crystalline
form has additional peaks at diffracvon angles 28+ 0271, 80,96, 11 4, 115,139, 145,
148, 155, 160, 163, 168, 17,5, 182, 187, 183,196, 197, 20.0, 203,209, 214, 218,
22.6,243,253,259,269, 281,295,299, 31.0,323, 334, and 34.3. In another aspect,
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the crystalline form is anhydrous. In a further aspect, the erystalline form has a melting pomt
onset of 264°C. In another aspect, the crystalline form has a FT-IR spectrum comprising
peaks at about 1479, 1271, 1185, 1033, 824, 751, 728, 690, 612, and 564 cm!. In another
aspect, the crystalling form is non-hygroscopic. In another aspect, the crystalline form has a
mass uptake of about 0.9% at 90% RH. In a further aspect, the crvstalline form has
birefringent, rod-like morphology by polarized light microscopy. fn another aspect, the

crystatline form 18 substantially pure.

{00R]  In other embodiments, the present invention includes a novel crystaliing form of 1-
{2~[5-1(3-Methyl-3-oxetanyhmethoxy -1 H-benzimidazol- 1-vl}-8-quinohinyl] -4~

piperidinamine monobenzenesulfonate wherein said crvstalline form has a powder x-ray
diffraction patiern comprising peaks at one or more of diffraction angles (28 + 0.2) 5.3,
18.7, and 23.0. In another aspect, the crystalline form powder x-ray ditfraction pattern has
additional peaks at diffraction angles 28+ 0.2) 53, 12,8, 155, 187, and 23.0. In another
aspect, the crystalline form powder x-ray diffraction pattern has additional peaks at
diffraction angles (2@ + 02353 128, 152 155, 187, 23.0, and 24 2. In another aspect,
the crystalline form powder x-rav diffraction pattern has additional peaks at diffraction
angles 20 £ 02) 3.3, 128, 152, 155, 17.2, 187, 203, 23.0, 23.5 and 24 2. In another
aspect, the crystalling form powder x-ray diffraction patiern has additional peaks at
diffraction angles 20 £ 0.2) 33,35, 38,53, 6.1, 64, 8.0, 85,88, 89,96, 105, 11.1,
105,124, 128 13,1, 133, 137, 140, 142, 145,159, 152, 155,162, 17.0, 172, 176,
18.1, 187, 193, 198, 203, 209,213,220, 23.0,235,23.7, 242, 250,256,258, 264,
266,274, 283 286,291,294, 309, 315, 317, 319,320,322 32,8, 338, 348, and
399, in another aspect, the crystalline form 15 a henu-hvdrate. In another aspect, the
crystalline form has a melting pomt onset of about 174°C. In another aspect, the crystalline
form has a FT-IR specirum comprising peaks at about 1480, 1187, 1124, 1016, 821, 750,
728,693, 613, and 563 con!. In another aspect, the crystalline form is slightly hvgroscopic.
In another aspect, the crvstalline form has a mass uptake of about 1.5% at 90% RH In
another aspect the cryvstalline form has highly birefningent rod-like morphology by polarized

light microscopy. In another aspect the crystalline form is substantially pure.

{009]  In other embodiments, the present invention includes a novel crystatline form of 1-
{2-15-1(3-Methyl-3-oxetanyhmethoxy |- 1H-benzimidazol-1-vij-R-quinolinyl}-4-

piperidinamme monobenzenesulfonate wherein said crystaliine form has a powder x-ray
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ditfraction pattern comprising peaks at one or more of diffraction angles 26 £ 0.2) 158,
19.8, and 21.7. In ancther aspect, the crvstalline form powder x-ray diffraction pattern has
additional peaks at diffraction angles 28+ 0.2y 126, 158, 198, 20.5, and 21.7. In another
aspect, the crystalline form powder x-ray diffraction patiern has additional peaks at
diffraction angles (28 = 0.2) 101, 12.6, 158, 198, 20.5, 21.7, 23.2, and 26.7. In another
aspect, the crystalhing form powder x-ray diffraction pattern has additional peaks at
diffraction angles (20 £ 0.2) 7.4, 10,1, 12,6, 158, 183, 198, 205, 21.7, 22.8, 232, and
26.7. In another aspect, the crvstalline form powder x-ray diffraction pattern has additional
peaks at diffraction angles 28+ 02)2.1,30,63,74,79.87, 101, 121,126,132, 13 4,
136,149, 158 163, 165, 167 169 173,176, 185,191, 193, 198, 205, 208, 20.9,
207,220,224, 228 229,232, 238,243,245, 251,259, 261,267, 270,274,275,
8.2, 28

N
Do

L2899, 301, 30,6, 31.0, 314, and 31.9. In another aspect, the crystathine form is
anhydrous. In ancther aspect, the crystalline form has a meliing point onset of about 251°C.
In another aspect, the erystalline form has a FT-IR spectrum comprising peaks at about 1509,
1169, 1015, 954, 821, 799, 749, 728, 613, and 562 cov’!. In another aspect, the crystalling
form is slightly hvgroscopic. In another aspect, the crystalline form has a mass uptake of
about 1.5% at 90% RH. In another aspect, the crystalline form bas highly birefringent rod-
tike morphology by polarized hight microscopy. In another aspect, the crystalline form 1s

substantially pure.

{0010} In other embodiments, the present invention includes a novel crystalline form of 1-
{2-15-1(3-Methyl-3-oxetanyl pncthoxy |- H-benzimidazol-1-y1-8-quinclinyl}-4-

pipendinamine monchenzenesubfonate wherein said crystatling form has a powder x-ray
diffraction pattern comprising peaks at one or more of ditfraction angles 28 = 0.2} 4 8,
22.6, and 23.8. In another aspect, the crystalling form powder x-ray diffraction patiern has
additional peaks at diffraction angles (284 0.2y 4.8, 137, 20.6, 22.6, and 23 8. In another
aspect, the crystalline form powder x-ray diffraction pattern bhas additional peaks at
diffraction angles (20 02y 4.8, 7.5, 13.7, 18.2, 20.6, 22.6, and 23.8. in anocther aspect, the
crystatline form powder x-ray diffraction pattern has additional peaks at diffraction angles
(20x 02348 75 137 182 184, 189,200, 20.6, 226, and 23 &. In another aspect, the
crystalline form powder x~ray diffraction pattern has additional peaks at diffraction angies
(28+02)48,63,75,93,11.6, 134, 13.7, 145,152,154, 156, 167, 173, 17,8, 182,
184, 189, 194,200, 202,206,209, 213,226,229 238, 244 24¢ 253,262, 274,
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278,281,283, 284, 289, 293, 298, 31.0, 32.1, 32,6, 333, and 34 2. In another aspect,
the crystalling form is a solvate. In ancther aspect, the solvate form is a NN-
dimethylacetamide solvate. In ancther aspect, the solvate form is an acetonitride, butyl
acetate, or cthanol solvate. In another aspect, the crvstalline from has a degradation point
onset of about 241°C. In another aspect, the crystalline form has a FT-IR spectum
comprising peaks at about 1479, 1272, 1184, 1033, 824, 731, 728, 690, 612, and 564 el
In another aspect the crystalline form 1s hvgroscopic. In another aspect, the crystalline form
has a mass uptake of 1.5% between (9 and 10% RH. In another aspect, the crystalline form
has weakly birefringent with no defined morphology by polanzed light microscopy. In

another aspect, the crystalline forn is substantially pure.

{0011} In othor embodiments, the present invention includes a solid form of 1-{2-]5-{(3-
Methyl-3-oxetany Dmethoxyi-1H-benzimidazol-1-vii-8-quinolinyl}-4-piperidinamine

monobenzenesulfonate wherein said form is amorphous.

{0012} In other crabodiments, the present mventions nchides a pharmaceutical composttion
comprising  a crystallime  form of  1-{2-[5-](3-Methvl-3-oxetanyimethoxy - 1H-
benzimidazol-1-y1}-8-quinohinyl]-4-piperidinanine moncbenzenesulfonate, tts hydrates or

solvates, and a pharmaceutically acceptable camer.

{0013} In other embodiments, the present mmvention includes a method for the treatment of
a subject suffering from a discase comprising administering a therapeutically effective
amount of a crystalline form of Compound 1. In one aspect, the disease 13 a proliferative
disorder. In one aspect, said proliferator disorder is selected from Hodgkin's discase,
myeioma, acute lymphooviic leukemuia (ALL), acutc myeloid leukemia (AML), acute
promyelocyiic leukemia (APL), chronic lymphocviic leukemia {(CLL), chronic myelod
leukemia (CML), chronic neutrophilic leukemia (CNL}, acute wndifferentiated leukenua
{AUL}, anaplastic large-cell lvmaphoma (ALCL), prolvmphocytic leukemia (PML), juventle
myclomonocyiic leukenmia (JMML), adult T-cell ALL, AML with trilincage myelodysplasia
{(AMLITMDS), mixed lineage leukemia (MLL), myvelodysplastic syndromes (MDS),
myeloproliferative disorders (MPD), multiple myeioma, biliary tract cancer, bladder cancer,
breast cancer, cervical cancer, CNS cancer, colon cancer, colorgctal carcinoma, esophageal
cancer, gasiric cancer, gastrocsophageal junction (GEI) adenocarcinoma, gastric

adenocarcinoma, stage B gastric adenocarcinoma, stage 1V invasive gasiric



WO 2022/019998 PCT/US2021/033618

adenocarcinoma, metastatic esophageal adenocarcinoma, glioblastoma, head and neck
cancer, hepatocellular carcinoma, liver cancer, lung cancer, melanoma, non-small cell
cancer, nasopharyngeal cancer, neuroendocring cancer, ovarian cancer, pancreatic cancer,
prostate cancer, renal cancer, salivary gland cancer, small cell cancer lung cancer, squamous
cell cancer, sk cancer, stomach cancer, testicular cancer, thyroid cancer, thymoma, uterine

CAneey, or other tumaors.

{00141 In other embodiments, the present tovention includes a process for the preparation
of a crystalline form, comprising suspending 1-{2-[5-{(3-Methyl-3-oxctanvhmethoxy{-1H-
benzimidazol-1-v1i-8~qumocliny! |-4-piperidinamine monohenzenesulfonate in 1,1~

dimethoxymethane or 1-butanol; and then stirring or shaking until precipitation.

{0015} In other embodiments, the present invention includes a process for the preparation
of a crystalline form, comprising suspending 1-{2-[5-{(3-Mecthyl-3-oxetanylymethoxy |- 1H-
benzimidazol-1-vii-8-quinolinyl{-4-piperidinamine monobenzenesulfonate in 98.5%

cthanol/1.5% water (%6v/v); and then shaking until precipitation.

{0016} In other embodiments, the prosent invention includes a process for the preparation
of a crvstalline form, comprising suspending 1-{2-15-{(3-Methvi-3-oxctanvDmethoxy |- 1H-
benzimidazol- 1-vl}-8-gquinolinyl|-4d-piperidinamine monobenzenesulfonate in 99%

ethanol/1% toluens (Yov/vy; and then shaking until precipitation.

{0017} In other embodiments, the present mmvention ncludes a process for the preparation
of a crystalline form, comprising suspending 1-{2-[5-{{3-Methyi-3-oxetanylmethoxy}-1H-
berzimidazol-1-vl}-8-quinolinvl]-4-piperidinamine monobenzencsulfonate in NN~
dimethylacetamide, acetonitrile, butyl acetate, or ethanol; and then shaking until

precipitation.
BRIEF DESCRIPTION OF THE DRAWINGS

{001&] For a more complete understanding of the features and advantages of the present
wnvention, reference is now made to the detailed description of the invention along with the

accompanying figures and in which:

{0019} Fig.d presents the X-ray powder diffraction pattem of anhydrous Form { carried out

on a PANalvtical X pert pro with PiXcel detector.
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{00201 Fig. 2 presents a DSC thermogram of anhvdrous Form I carried out on a TA
Instruments Discover DSC 230 differential scanning calorimeter equipped with a2 RC90

cooler using a heating rate of 10°C/mim.

{0021} Fig. 3 presents the Fourier Transformed Infrared Spectroscopy spectrum of

avhydrous Form | carried out on a Bruker ALPHA P specirometer,

{00221 Fig, 4 presents the Dynamic Vapor Sorption iscform plot of anhydrous Formy 1
carried out on a balance by Surface Measurerent Systeras with relatively oidity rampimg

at 10% increments

{0023} Fig. § presents the Polansed Light Microscopy images of anhiydrous Form T imaged

using an Olympus BXS0 microscope equipped with cross-polarnizing lenses.

[0024] Fig. 6 presents the X-ray powder diffraction pattemn ot heroi-hydrate Form I carnied

out on a PANalvtical X pert pro with PIXcel detector.

{00251 Fig. 7 presents a DSC thermogram of hemi-hydrate Form I carried out on a TA
Instruments Discover DSC 230 differential scanoing calorimeter equipped with a2 RCS0

cooler using a heating rate of 10°C/mimn.

{0026} Fig. 8 presents the Fourier Transformed Infrared Spectroscopy spectrum of henu-

hydrate Form H carried out on a Bruker ALPHA P spectrometer.

{0027} Fig. 9 presents the Dyvnamic Vapor Sorption seform plot of anhydrous Form IR
carried out on a balance by Surface Measurement Systems with relatively humidity rampmg

at 10% incremenis

{002&] Fig. 10 presents the Polarised Light Microscopy tmages of hemi-hydrate Form I

imaged using an Glvmpus BX 30 microscope equipped with cross-polarizing lenses.

{0029} Fig. 11 presents the X-ray powder diffraction patiern of anhydrous Form HI casried

out on a PANalytical X pert pro with PIXcel detector.

{00301 Fig, 12 presents a DSC thermogram of anhydrous Form HI carried out on a TA
Instruments Discover DSC 250 differential scanning calorumeter equipped with a RC90

cooler using a heating rate of [0°C/mm.
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{00311 Fig. 13 presents the Founer Transformed Infrared Spectroscopy spectrum of

anhydrous Form HI carried out on a Bruker ALPHA P spectrometer.

[0032] Fig. 14 presents the Dynamic Vapor Sorption isoform plot of anhyvdrous Form HI
carried out on a balance by Surface Measurement Systems with reiatively humidity ramping

at 10% mncrements.

{0033} Fig. 15 prescuts the Polarised Light Microscopy images of anbydrous Form i

imaged usmg an Olympus BX 30 microscope equipped with cross~-polarizing lenses.

{0034} Fig. 16 presends the X-ray powder diffraction patters of ashydrous Form 1V carried

out on a PANalvtical X'pert pro with PIXcel detector.

10035] Fig, 17 presents a DSC thermogram of anhvdrous Form 1V carried out on a TA
= i & »
Instruments Discover DSC 250 differential sc;»mninq calormmeter equipped with a RC90
e quipp

cooler using a heating rate of 10°C/min.

{00361 Fig. 18 presents the Fourier Transformed Infrarsd Spectroscopy spectrum of

anhydrous Form IV carried out on a Bruker ALPHA P spectrometer.

{0037} Fig. 19 presents the Dynamic Vapor Sorption isoform plot of anhydrous Form IV
carried out on a balance by Surface Measurement Systems with reiatively humidity ramping

at 10% mncrements

0038] Fig, 20 presents the Polarised Light Microscopy images of anhvdrous Form IV
o p p 1 R =

imaged using an Olympus BX30 microscope equipped with cross-polarizing lenses.

{0039} Fig. 21 presents the X-raw powder diffraction pattern of anhvdrous Form | (top} and
the amorphous form obtained from ecthanol/water slurry (bottom) carvied out on a

PANalytical X pert pro with PiXcel detector.

DETAILED DESCRIPTION OF THE INVENTION

{0040} While the making and using of various embodiments of the present invention are
discussed m detat] below, it should be appreciated that the present invention provides many

apphicable inventive concepts that can be embeodied in a wide variety of specific contexts.
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The specific embodiments discussed herem are merely iustrative of specific ways to make

and use the mvention and do not dehimit the scope of the invention.

{0041} To facilitate the understanding of this invention, a number of terms are defined
below. Terms defined herein have meanings as commonly understood by a person of
ordinary skill in the arcas relevant to the present mvention. Terms such as “a”, “an” and
“the” are not intended to refer to only a singular entity but include the general class of which
a spectfic example may be used for llustration. The terminoclogy heremm is used to describe
specific embodiments of the mvention, but their usage does not delumit the invention, except

as outlined in the claims.
{0042} Definitions

{00431 Asused heroin, the term “Compound 17 refers o the chemical compound crenolanib
(1-(2-45-{(3-methyi-3-oxetanylmethoxy |- LH-benzimidazol- 1 -vi} -8~qunolinyl)}-4-
piperidinamine} or its benzene sulfonate salt. It 1s herein used interchangeably referred to as

“Compound 17, “crenolanib”, and “crenclanib besylate”.

{00441 As used herein, the term “polymorph” or “polymorphic form” refers to different
crystafline forms of the same compound. These formms include, but are not limited to,
anhydrous forms, hydrates, hemi-hvdrates, or solvates, and distinguished one trom another

by distinctive characteristics such as X-rav powder diffraction paiterns,

{00451 Asused herein, the term “substantially pure” in reference o a particular amorphous,
crystalline, or polvmorphic form means that the form mchudes less than 10% umpuorities by
weight, preferably less than 5%, preferably less than 1% by weight of any other forms of the

compound.

{0046} As used herein, the term “2 theta” or “287 refers to the common measurement unit
in diffraction pattems in which the angle between the incident beam and the reflected beam.
The 26 vadues used in description of the novel polymorphic forms disclosed herein should
be understood to refer to the experimental conditions used fo characterise the forms. These

expenmental conditions are detailed herem.

{00471 The peak value at the diffraction angle §, or at two times the diffraction angle ¢

(28}, may cxhibit a minor measurement error dug 1o, e.g., instramental error o7 variation in
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the conditions under which the measurement 1s taken. Accordingly, in cerfain
cmbodiments, the characteristic peaks in the XRPD pattern have a vahie of 28+ 0.2°. In
certain emmbodiments, the characteristic peaks in the XRPD pattern have a value of °28 =
0.1°. In certain ernbodiments, the characteristic peaks m the XRPD pattern have a vahlue of

o284+ 0.06°,

{0048} Asused berein, the term “amorphous” refers 10 a sohid substance that lacks a defined
three-dimensional structural order, or only has order over short distances, or both.
Amorphous substances display XRPD patterns of a diffuse natare, with few or no sharp,

defined peaks, rostead displaving a small number of broad peaks.

{0049} As used herein, the term “crystalline” refers to a solid substance with a well-defined
three-dimensional order. Crystalline substances display XPRD patterns with multiple sharp,

defined peaks that are distinctive between different polvmorphic forms.

{0050} As used heren, the term “anhvdrous™ refers 1o a solid substance that 1s crystaliine

and contains no water or solvent within the lathice structure.

{00511 As used herein, the term “hydrate” refers to a solid substance that 1s crystatline and
ncorporates water imio the crystalline lattice structure in a stoichiometric or oon-

stoichiometric amount.

{0052} Asused herein, the term “hemi-hydrate™ refers to a solid substance that is crystalling
and meorporates one molecule of water for every two molecules of compound 1 within the

{attice structure.

{0053} As used hercin, the term “solvate” refers to a solid substance that 1s crystalline and
mcorporaics solvent molecules within the lattice structure. In certain cmbodiments, there is
one molecule of solvent for every one molecule of compound 1 within the lattice structure.
In certain embodiments, there are two molecules of solvent for every two molecules of

compound 1 within the lattice structure

{0054} As used herem, the term “XRPD pattern” refers the diffraction patiern observed
when a form of compound 1 s subjected Xeray powder diffraction under the experimental

conditions that are defined herein.
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As used heremn, the term “FT-IR” or “Fourter-transformed infrared spectroscopy” refers to
the infrared spectrom observed from a given form of compound 1 under the experimental

conditions defined herein.

{0055] As used herein, the term “birefringent™ refers to phenomenon in which a material’s
refractive index 18 dependent on the polarization of light, which results 1 a contrast image

when viewed through a microscope with polarizing filters, as detailed heren.

{0056} As used heremn, the term “hygroscopicity” refers to the capacity of a form of
compound 1 1o absorb or release water vapor when exposed to humidity. Hygroscopic forms
absorb water in normal or huwmid conditions, which affects the physical charactenistics and
can make a specific form unsuttable for pharmaceutical compositions and long-term

stability.

{0057} As used heremn, the term “DSC” refers to difforential scanning calorimetry which is
used {o determine phase transitions {¢.g. melting point} and other events such as loss of
solvent or water molecules and recryvstallization of a form. The experimental conditions used

o characterize the novel polymorphic forms disclosed are detailed herein,

{0058} As used hercin, the term “TGA/DSC” refors to simultancous thermogravimetric
analysis and differential scanning calonimetry used to determine the hvdrated/solvated status
of a novel polymorphic form. The experiment condifions used to characterize the novel

polymorphic forms disclosed are detailed herein.

{00591 Asused berein, the term “discase” refers to a disorder in a subject, including a human

sabject, that produces specific signs or symptoms,

{0060} As used herein, the terms “proliferative disease” or “probiferative disorder” refer to
excess cell proliferation of one or more subset of cells 11 a multiceHular organized resulting
in harm (.e. discomfort or decreased life expectancy) to the multicellular organism.
Proliferative disorders can occur in different types of animals and homans. As used herein,
these terms include neoplastic disorders or cancers. Non-limiting examples of proliferative
disorders  for treatment with the present wmvention imciude levkemia, mycioma,
myeloproliferative disease, myelodysplastic syndrome, 1diopathic hyperesosmophilic

syndrome (HES), bladder cancer, breast cancer, cervical cancer, UNS cancer, colon canger,
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csophageal cancer, head and neck cancer, hiver cancer, lung cancer, nasopharyvngeal cancer,
neuroendocring cancer, ovarian cancer, pancreatic cancer, prostate cancer, renal cancer,
salivary gland cancer, small cell tung cancer, skin cancer, stomach cancer, testicular cancer,

thyroud cancer, uterine cancer, and hematologic malignancy.

{0061} As used herein, the term “composition” refers to a product comprising the specified
ngredients 1 the specified amounts, as well as any product which results, directly or
indirectly, from combinations of the specified ingredients in the specified amounts. In one
example, the composition includes crenclanmb or a pharmaceutically aceeptable salt thereof

{c.z. the benzene sulfonate salt) in an amount sufficient for the treatment of a disease.

{0062} Pharmaceutical compositions for use may contain one or more pharmaccutically
acceptable carriers includimg excipients or awaliaries such ag stabilizers, diluents, dispersing
agents, suspending agents, and/or thickening agents which facilitate the processing of
preparations aceepiable for use in the treatment of disease in a mammal. The choice of
administration route wil mform the proper forowmlation using techmigues, carriers, and
explements known in the art. Suitable pharmaceutical carmers mnclude mert diluents or
fillers, water and various organic solvents. The phermaceutical compositions may, if desired,
comtain additional mgredients such as flavorings, binders, excipients and the like. Thus, for
oral adnunistration, tablets comtaining various excipienis such as cifric acid may be
cmployed together with vanous disintegrants such as starch, alginic acid and certain
complex silicates and with binding agents such as sucrose, gelatin and acacia. Additionally,
tubricating agents such as magnesium stearate, sodiom lauryl sulfate and talc are ofton useful
for tableting purposes. Solid compositions of a similar type may also be emploved in soft
and hard filled gelatin capsules. Preferred maternials, therefore, include lactose or mitk sugar
and high molecular weight polyethyiene glycols. When agueous suspensions or elixirs are
desired for oral administration the active compound therein may be combined with various
sweetening or flavoring agents, coloring matters or dyes and, if desired, emulsifying agents
or suspending agents, together with diluents such as water, ethanol, propyleng glycol,

glycerin, or combinations thereof.

{0063} The term “pharmaceutically acceptable carrier or adjuvant” refers to a carrier or

adjuvant that may be administered to a patient, together with a compound provided herewith,
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and which does not destroyv the pharmacological activity thereof and is nontoxic when

administered in doses safficient to deliver a therapeutic amount of the compound.

{0064} Pharmaceutically acceptable carriers, adjuvants and vehicles that may be used in the
pharmaceutical compositions provided herewith include, but are pot himited to, ion
exchangers, alumina, aluminum stearate, lecithin, self~enmulsifving drug delivery systerns
(SEDDS) such as d-a-tocopherol polvethvlencglyeol 1000 succmate, surfactants used in
pharmaceutical dosage forms such as Tweens or other simular polymeric delivery matrices,
serum proteins, such as human serum albumin, buffer substances such as phosphates,
glyeine, sorbic acid, potassium sorbate, partial glveeride wuxtures of saturated vegetable
fatty acids, water, salts or clectrolvies, such as protamine sulfate, disodium hydrogen
phosphate, potasstum hydrogen phosphate, sodiuvm chioride, zine salts, colloidal silica,
magnestum trisilicate, polyviny! pyrrolidone, cellulose-based substances, polyethviene
giveol, sodium  carboxyvmethyleellulose,  polvacrylates, waxes, polvethyviene-
polyvoxypropylene-block polymers, polyethvlene glyeol and wool fat. Cyclodextrins such as
a-, [~ and vy-cyolodexirin, or chemically modified denvatives such as
hvdroxyalkvicvclodextrins, including 2- and 3-hydroxypropvi-f-cyvclodextrins, or other
solubilized denvatives may also be advantageously used to enhance delivery of compounds

of the formulae described herein.

{00651 The term “diluent” refers to chemical compounds that are used to dilute the
compound of mnterest prior to delivery. Diluents can also be used to stabilize compounds
because they can provide a more stable environment. Salts dissolved in buffered solutions
{which also can provide pH conirol or mamienance) are utithized as diluents in the art,
mclading, but not himited to a phosphate buffered saline solution. In certain embodiments,
diluents increase bulk of the composition to facilitaie compression or create sufficient bulk
for homogenous blend for capsule filling. Such compounds inchude ¢.g., lactose, starch,
manmitol, sorbitol, dextrose, microcrystalline cellulose such as Avicel®); dibasic calcium
phosphate, dicalcium phosphate dihydrate; tricalcium phosphate, calcium phosphate;
anhrydrous lactose, spray-dried lactose; pregelatinized starch, compressible sugar, such as
DiPac® (Amstar); mannitol, hyvdroxypropvimethvicellulose, hydroxyvpropvimethvicellulose
acetate stearate, sucrose-based diluents, confectioner’s sugar, monobasic calciam sulfate

monchydrate, calcium sulfate dihvdrate; calcium lactate trihvdrate, dexirates; hydrolyzed
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cereal solids, amyvlose; powdered cellulose, calcium carbonate; glveme, kaoling mannitol,

sodium chiloride; inositol, bentonite, and the hike.

{0066} The term “disintegrate” mcludes both the dissolution and dispersion of the dosage
form when contacted with gastrointestinal fluid. “Dhsintegration agents or disintogrants”
facilitate the breakup or disintegration of a substance. Exampics of disintegration agents
nclude a starch, ¢.g., a natural starch such as com starch or potato starch, a pregelatinized
starch such as National 1551 or Amijel®, or sodiim starch glycolaie sach as Promogel® or
Explotab®. a cellulose such as a wood product, methylorystalling cellulose, e.g., Avicel®,
Avicel® PHIOL, Avicel® PHIO2, Avicel® PHI03, Elcema® P100, Emcocel®, Vivacel®,
Ming Tia®, and Solka-Floc®, methyicellulose, croscarmellose, or a cross-linked cellulose,
such as cross-linked sodium  carboxymethyleelulose {(Ac-DH-S0l®), cross-linked
carboxvmethylicelinlose, or cross-linked croscarmeliose, a cross-linked starch such as
sodium starch glveolate, a cross-linked polymer such as crospovidone, a cross-linked
polyvinyipyrrolidone, alginate such as alginic acid or a salt of alginic acid such as sodiom
alginate, a clav such as Veegum® HYV (magnestum aluminum silicate}, a gum such as agar,
suar, locust bean, Karava, pectin, or tragacanth, sodium starch glycolate, bentonite, a natural
sponge, a surfactani, a resim such as a cation-exchange resin, citrus pulp, sodiwm laurvl

sulfate, sodium lauryl sulfate in combination starch, and the like.

{00671 The pharmaceutical compositions may be in the form of a sterile injectable
preparation, for example, as a sterile injectable aqueous or oleaginous suspension. This
suspension may be formulated according to technigques known 1n the art using suitable
dispersing or wetting agents {(such as, for example, Tween 80} and suspendmg agents. The
sterile injectable preparation may also be a stentle injectable sohition or suspension in a non-
foxic parenterally acceptable diluent or solvent, for example, as a solution in 1 3-butanediol.
Armong the acceptabic vehicles and solvents that may be employed are maneitol, water,
Ringer's solution and sotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose, any bland
fixed oil may be emploved wncluding synthetic mone- or diglycendes. Fatty acids, such as
oleic acid and its glveende derivatives are useful m the preparation of njectables, as are
natural pharmaceutically-acceptable otls, such as olive o1l or castor oil, gspecially in their
polyoxyethylated versions. These oil solutions or suspensions may alsc contain a fong-chain

alcohol dilucnt or dispersant, or carboxymethvl cchiulose or similar dispersing agents which
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are commonly used in the formulation of pharmaceutically acceptable dosage forms such as
emulsions and or suspensions. Other commonly used surfactants such as Tweens or Spans
and/or other similar emulsifying agents or bicavailability enhancers which are commonly
used i the manufacture of pharmaceutically acceptable sohid, liquid, or other dosage forms

may also be used for the purposes of formulation.

[0068] “Flavoring agents” and/or “sweeteners” usefitl 1n the formulations deseribed herem,
include, e.g., acacia syrup, acesulfame K, alitame, anise, apple, aspartame, banana, Bavanan
cream, berry, black currant, butterscotch, calcium citrate, camphor, caramel, cherry, cherry
cream, chocolate, cinnamon, bubble gum, citrus, citrus punch, citrus cream, cotton candy,
cocoa, cola, cool cherry, cool citrus, cyclamate, cviamate, dextrose, gucalvptus, eugenol,
fructose, fruit punch, ginger, glyeyrrhetinate, glycyrehiza (licorice} syrup, grape, grapefnut,
honey, isomalt, lemon, lime, lemon cream, monoammonuny ghyrrhizinate (MagoaSwect®),
maltol, mannitol, maple, marshmallow, menthol, mint cream, mixed berry, neohesperiding
DC, neotame, orange, pear, peach, peppermunt, peppernunt cream, Prosweet® Powder,
raspberry, root beer, num, saccharin, safrole, sorbitol, spearmint, spearnunt cream,
strawberry, strawberry cream, sicvia, sucralose, sucrose, sodium saccharnn, saccharin,
aspartame, acesulfame potassium, mannitol, talin, sylitol, sucralose, sorbitol, Swiss cream,
tagatose, tangerine, thawmatin, tottt frotts, vanilla, walnut, watermelon, wild cherry,
wintergreen, xylitol, or any combination of these flavormg ingredients, ¢ g., anise-menthol,
cherry-anise, cmnamon-orange, cherry-cinnamon, chocolate-mint, honey-lemon, lemon-

bime, lemon-mint, menthol-cucalyptus, orange-cream, vanilla-mint, and mixtures thereof.

{0069} “Lubricants” and “ghidants”™ are compounds that prevent, reduce or inhubit adhesion
or friction of matertals. Exemplary lubncants include, ¢ g, stearic acid, caloium hydroxide,
talc, sodium steary! fumeraie, a hydrocarbon such as nmineral oil, or hydrogenated vegetable
oil such as hvdrogenated sovhean otl {Sterotex®), higher fatty acids and their alkali-roetal
and alkaline carth metal salts, such as aluminum, calonim, magnesium, zing, stearnic acid,
sodium stearates, glycerol, tale, waxes, Stearowet®, bore acid, sodiom benzoate, sodium
acctate, sodium chloride, leucme, a polvethviene glveol {cg, PEG-40060) or a
methoxyvpolyethvlene glyveol such as Carbowax ™, sodium oleate, sodium benzoate, glycervl
behenate, polyethylene glycol, magnesium or sodivum lavuryl sulfate, colloidal silica such as

Syiowd™, Cab-0O-5S1®, a starch such as corn starch, silicone od, a surfactant, and the like.
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{0070} “Plasticizers” arc compounds used 1o sofien the microencapsulation material or film
coatings to make them less brittle. Suitable plasticizers inchude, e.g., polyethylene glycols
such as PEG 300, PEG 400, PEG 600, PEG 1450, PEG 3350, and PEG 800, stearic acid,
propvlene glveol, oleic acid, tricthyl ccliulose and tnacctin. In some embodimends,

plasticizers can also function as dispersing agents or wetting agents.

{00711 “Solubilizers” include compounds such as tracetin, tnicthyicitrate, ethyl oleate, ethvl
caprylate, sodium lauryl sulfate, sodium doccusate, vitamin E TPGS, dimethyvlacetamide,
MN-methyipyrrolidone, N-hydroxyethyvlpyrrolidone, polyvinylpyrrolidone,
hvdroxypropyimethyl celiulose, hvdroxypropyl evelodextring, ethanol, n-butanol, isopropyl
alcohol, cholesterol, bile salts, polyethylene glveol 200-600, glveofurel, transcutol,

propylene glyeol, and dimethyl isosorbide and the like.

{00721 “Stabilizers” include compounds such as any antioxadation agents, buffers, acids,

preservatives and the like.

{0073} “Suspending  agents” include compounds such as polyvinylpyrrolidone, eg.,
polyvinylpyrrolidone K12, polvvinylpyrrolidone K17, polyviylpyrrolidone K235, or
polyvvinylpyrrohidone K30, vinyl pyrrolidone/vinvl acctate copolyvmer (8630), polvethyiene
glyeol, e.g.. the polyethylene glyeol can have a molecular weight of about 300 o about 6000,
or about 3350 to about 4000, or about 7000 o about 5400, sodium carboxymethyicelulose,
methyleellulose, hvdroxypropyimethyiceliulose, hvdroxvmethyicellulose acetate stearate,
polysorbate~-80, hvdroxvethvicellulose, sodium alginate, gums, such as, ¢.2., gum tragacanth
and gum acacia, guar gum, xanthans, including xanthan gum, sugars, celhdosics, such as,
e.g.. sodium carboxymethyicelhilose, methylceliulose, sodium carboxymethyicelhilose,
hydroxypropyimethvicellulose, hyvdroxyethyicellulose, polvsorbate-80, sodium alginate,
polyethoxylated sorbitan monolaurate, polvethoxylated sorbitan monclaurate, povidone and

the like.

{0074} “Surfactants” include compounds such as sodivm lauryl sulfate, sodium docusate,
Tween 60 or 80, triacetin, vitamin E TPGS, sorbitan monoolecate, polvoxyethylene sorbitan
monooleate, polysorbates, polaxomers, bile salts, glveeryl monostearate, copolymers of
cthylene oxide and propylene oxide, ¢.g., Pluronic® (BASF), and the hke. Some other

sarfactants mnclude polyoxyethylene fatty acid glycerides and vegetable oils, ¢.g.,
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polvoxyethvlene (60} hvdrogenated castor oil; and polvoxyethylene alkylethers and
alkyiphenyl ethers, e.g., octoxynol 10, octoxynel 40, In some embodiments, sarfactants may

be included to enhance physical stabiity or for other purposes.

{0075] “Viscostty ¢nbhancing agents” mmclude, e.g., methyl cellulose, xanthan gum,
carboxymethyl  cellulose, hydroxvpropyl celludose, hydroxvpropvimethyl cellulose,
hydroxyvpropylmethyi cellulose acetate stearate, hvdroxvpropyimethvi cellulose phthalate,

carbomer, polyvinyi alcohol, alginates, acacia, chitosans and combinations thereof,

[0076] “Wetting agents” mclude compounds such as oleic acid, glveeryl monostcarate,
sorbitan monooleate, sorbitan monolavrate, tricthanolamine oleate, polyvoxyethylens
sorbitan monooleate, polvoxvethylene sorbitan monolauraie, sodium docusate, sodium
oleate, sodium laurvl sulfate, sodium doccusate, triacetin, Tween 30, vitamin E TPGS,

ammonium salts and the hike.

{0077} Topical adminstration of the pharmaceutical compositions provided herewith is
useful when the desired treatment involves areas or organs readily accessible by topical
application. For application topically to the skin, the pharmaceutical composition should be
formulated with a suitable omtment contamming the active componends suspended or
dissoived in a carrier. Camers for fopical admunistration of the compounds provided
herewith include, but are not houted to, mineral oil, iquid petroleum, white petroicum,
propylene glyeol, polyoxvethylene polyoxvpropyiene compound, emulsifying wax and
water. Alternatively, the pharmaceutical composition can be formulated with a suitable
lotion or cream containing the active compound suspended or dissolved in a casrier with
suitable emulsifving agents. Suitable carners include, but are not Limited to, suneral oil,
sorbitan monostearate, polysorbate 60, cetyl esters wax, cetearvl alcohol, 2-octvidodecanol,
benzyl alcohol and water. The pharmaceutical compositions provided herewith may also be
topically applied to the lower intestinal tract by rectal suppository fornmulation or in a

suitable enema formulation. Topically-transdermal patches are also included.

{0078} The pharmaceutical compositions provided herewith may be administered by nasal
acrosol or inhalation. Such compositions are prepared according to techmigues well-known
in the art of pharmaccutical formulation and may be prepared as solutions mn saline,

employing benzyl alcohol or other suitable preservatives, absorption promoters to enhance
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bioavailability, Hluorocarbons, and/or other solubihizing or dispersing agents known in the

art.

[0079] The term "therapeutically effective amount” as used herein, vefers to an amount of
active compound or pharmaceutical salt that clicits the biological or medicinal response in
a subject that 18 being sought by a rescarcher, vetermarnan, medical doctor or other clinician,

which includes alleviation of the symptoms of the disease or disorder being treate

{0080} Compounds of the present invention may be administered to a subject systemically,
for example, orally, intravenously, subcutaneously, intramuscularly, miradermally, or
parenterally. The compounds of the present invention can also be administered to a sabject

{ocally.

{0081} Compounds of the present invention may be formulated for slow-release or fast-
release with the objective of maintaining contact of compounds of the present invention with

{argeted tissues for a desired range of time,

{0082} Compositions suitable for oral admumistration include solid forms, such as pills,
tablets, caplets, capsules, granules, and powders; or hquid forms, such as solations,
emulsions, and suspensions. Forms useful for parenteral administration include sterile
solutions, emulsions and suspensions. Forms useful for topical administration mnclude
ointments or creams. Forms useful for rectal admimstration mchude supposifories. In some
embodiments, the solid dosage forms disclosed herein may be in the form of a tablet,
(including a suspension tablef a fast-melt tablet, a bite-disintegration tablet, a rapid-
disintegration tablet, an effervescent tablet, or a caplet), a pill, a powder (including a sterile
packaged powder, a dispensable powder, or an effervescent powder} a capsule {inchuding
both soft or hard capsules, ¢.g., capsules made from animal-derived gelatin or plant-denived
HPMC, or “sprinkle capsules™), solid dispersion, solid solution, bioerodible dosage form,
controlled release formulations, pulsatile release dosage forms, multiparticulate dosage
forms, pellets, granules, or an acrosol In other embodiments, the pharmaceutical
formulation 1s in the form of a2 powder. In still other cmbodiments, the pharmaceutical
formulation is in the form of a tablet, including but not linuted to, a fast-melt tablet

Additionally, pharmaceutical formuslations described herein may be administered as a single
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capsule or i multiple capsule dosage form. In some embodiments, the pharmaceutical

formulation is administered in two, or three, or four, capsales or tablets.

{0083] Surtable carners for use in the sohd dosage forms described herein include, but are
not limited to, acacia, gelatin, colloidal silicon dioxide, calcium glycerophosphate, calcium
{actate, maltodextrin, glyveerine, magoestum silicate, sodium cascinate, sov lectthin, sodmm
chlonde, tricaleium phosphate, dipotassium  phosphate, sodium  stearovl  lactviate,
carrageenan, monoglyeeride, diglyceride, pregelatimzed starch,
hydroxypropyimethyicellulose, hydroxypropylmethyiceliulose acetate stearate, sucrose,

nuicrocrystalling cellulose, lactose, maannitol and the like,

{0084} Surtable filling agents for use 10 the sohd dosage forms described herein include, but
are not hmited to, lactose, calcium carbonate, calcium phosphate, dibasic calcium
phosphate, calcium sulfate, microcrysialline cellulose, cellulose powder, dextrose, dextrates,
dextran, starches, pregelatinized  starch,  hydroxypropyimethyeellulose  {(HPMO),
hvdroxypropyimethyeellulose phthalate, byvdroxypropyvimethyicellulose acetate stearate
{(HPMCAS), sucrose, xylitol, factitol, mannitol, sorbitol, sodium chlonde, polyethylene

glycol, and the ike.

{00851 The daily dosage of the compounds of the present invention may be varied over a
wide range from 50 to 500 mg per adult homan per day. For oral administration, the
compositions are preferably provided 1 the forro of tablets containing 20, 60, 80, or 100
nulligrams. The compounds of the present invention may be admimstered on a regimen up
to three times or more per day, preferably three times per day. Optimal doses to be
adnumnisicred may be determined by those skilled wn the art, and will vary with the
polvmorphic form of the present tnvention used, the mode of administration, the time of
administration, the strength of the preparation, the details of the disease condition. Factors
associated with patient characieristics, such as age, weight, and diet will call for dosage

adjustments.

{0086} General synthetic methods which may be reforred to for preparing Compound 1 are
provided m U.S. Patent No. 5,990,146 (issued Nov. 23, 1999) (Wamer-Lambert Co ) and
PCT published application numbers WO 99/16755 (published Apr. 8, 1999) (Merck & Co))
WO 01/40217 (published Jul. 7, 2001) (Pfizer, Inc), US Patent Apphcation No. US
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2005/0124599 (Pfizer, Inc.} and U5, Patent No. 7,183,414 (Pfizer, Inc.}, relevant portions

incorporated herein by reference.
{0087} Experimental Conditions Used to Charactenze Novel Polvmorphic Forms

{0088} Fach identified novel polvmorphic crvstallime form was characterized using
conventional methods used in the art. The detatled methods of the experimental conditions

used for such characterization are detailed herein.

{0089} The X-ray powder diffraction {XRPD) paticrns of the identificd polymorphic forms
were carmned out on a PANAlvstical X'pert Pro with PiXcel detector (128 channels),
scanning the samples between 3 and 35° 26, The material was gently ground 1o release any
agelomerates and loaded onto a multiOwel plate with Kapton or Mylar polymer film to
sapport the sample. The multi-well plate was then place into the diffractometer and analyzed
using CuK radiation (e = 1.5460 A; oo = 1.54443 A; B = 139225 A: qu. oo ratic = 0.5)
running m transmission mode (step size 0.0130° 26, stem time 18.87¢) using 40 kV/40 mA
generator settings. Data were visualized and images generated using the HighScore Plus 4.7
desktop application (PANalviical, 2017}, The peak values for cach form are summarized in

tables below, along with the relative wdensity of cach wdentitied peak.

{0090} It will be appreciated by those skilled in the art that peak positions (28) and peak
mtensity will show some vanability between different apparatus and expermmentation
conditions, typically by + 0.2 degrees. Accordingly, where peak positions are reported
herein, one with skill in the art will appreciate that such numbers are intended 0 encompass
this variability. Further, those skilled m the art will appreciate that the relative peak
intensities, as displayed in both diffractogram patterns and the peak tables disclosed herein,
will also vary between apparatus as well as other external factors such as degree of

crystallinity, preferred onentation, and others.

{0091} Thermogravimetric Analysis/Differential Scanning Calorimetry {(TGA/DSC) was
used 1o determine the phase transition and degradation points as well as the
hydrated/solvated states of the various polymorpluc forms dentified. Approximately 3-10
milligrams of material was added into a pre-tared open aluminum pan and loaded into a TA
Instruments SDT 650 Auto - Simultancous DSC and held at room temperature. The sample

was then heated at a rate of 10°Cinuin from 30°C 1o 400°C during which time the change n
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sample weight was recorded along with the heat flow response (DSC). Nitrogen was use
as the sample purge gas, at a flow rate of 200 cm™/min. Skilled artisans will appreciate that

ambient iaboratory conditions may cause shight variability in these readings.

{0092} Dhfferential Scanning Calorimetry was used to determine the melting point of stable
polvmorphic forms. Approximately 1-3 milligrames of material was weighed mnto an
aluminum DSC pan and scaled non-hermetically with an aluminum hd. The sample pan was
then loaded nto a TA Instruments Discovery DSC 2500 differential scanning calorimeter
equipped with a RC90 cooler. The sample and reference were heated to 240°C at a scan rate
of 10°C/min and the resultimg heat flow response monitored. The sample was re~conled to
20°C and then reheated again to 325°C all at 10°C/min, Nitrogen was used as the purge gas,
at a flow rate of 30 cm’/min. Skilled artisans will appreciate that ambient laboratory

conditions may cause slight vanability m these readings.

{00931 Fourier Transformed Infrared Spectroscopy was performed on the stable
polyvmorphic forms identified to further characterize these forms. These experiments were
carried out on a Bruker ALPHA P spectrometer. Safficient material was placed onto the
center of the plate of the spectrometer and the specira were obtained using a resolution of
4o, background scan time of 16 scans, sample scan time of 16 scans, data collection of
40600 to 400 o™, and result spectrum were generated on the basis of transmittance. Spectra

were analyzed and generated using OPUS version 6 computer software.

{0094} Dynamic Vapor Sorption (DVS) was used to determine the hygroscopicity of stable
polymorphic forms. Approximately 10-20 pulligrams of sample was placed n to a mesh
vapor sorption balance pan and loaded into an mirinsic dynamic vapor sorption balance by
Surface Measurement Systerns. The sample was subjected to ramping profile from 40-90%
relative humidity (RH) at 10% increments, maimtain the sample at each step wntil as table
wetght had been achieved (dnv/dt 0.0004%, minimum step length 30 numiptes, maximum
step length 500 minutes) at 23°C. After completion of the sorption cvcle, the sarapiec was
dried using the same procedure to 0% RH and then a second sorption cvele back to 409%
RH. Two cycles were parformed. The weight change during the sorption/desorpiion cvcles
were plotted, allowing for the hygroscopic nature of the sample tot be determined. XRPD
was then carmied out on any solid retained to determne if there was change between

polymeorphic forms during the process.
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{00951 The presence of crystallimity {birefrmgence) was deternmine using polarized hght
microscopy. Samples were imaged using an Olympus BX50 microscope equipped with
cross-polarizing lenses and a Motic camera. Images were captured using Motic Images Plus

2.0. All images were recorded using the 20X objective.
{0096} Novel Polymorphic Forms of Compound i
{00971 Polymorphic Form |

{0098} Polymorpbic Form I of Compound 1 is an anhydrous crystalline form of the besylate
salt. Methods for producing Compound 1 are detaded m US. Pat. No. 7183414
Polvmorphic Form | was produced by shirrying the amorphous form of the begvlate salt of
Compound 11n 1,1-dimethoxymethane or I-butanol, by adding approximately 5 volumes of
solvent to 10 mg of amorphous Compound 1, with shaking under ambient conditions. The
shurry was then matured using themmal cycling, using 4-hour cyeles of ambient and 40°C
femperatures for approxamately 24 hours, after which the solids were isolated via
cenirtfugation and dried for 24 hours 1n a 40°C oven. XRPD analysis after mitial solubility
screening, of the wet solid post-thermal cycling maturation, and of the dried solid confirmed

that only Polymorph Fomm 1 was present.

{0099] Form | has several unexpected advantages over the amorphous form and other
polymorphic forms identified heremn. As an anhydrous form, Form 1 1s not subject to the
potential impurities that may be associated with solvated or hydrated form. In addition,
though Form H is the most thermodynamically stable crystalline form under competitive
shurry conditions (1., Form { will convert to Form (] when Form 11T sceds arc present in a
shirry), Form [ has a higher temperature for onset of degradation and s non-hygroscopic
with a mass uptake of 0.9% at 50% RH, making this form more suitabie for long-term
storage under vanable conditions and for processing for pharmaceutical compositions and
forms such as tablets. Form T has mncreased flowability and tabletability. Form T also has
mixing properties suitable for dry granulation with both low and high dose formuldations.
This limits the need for solvents during production of the pharmaceutical product, hmiting
the possibility of contamination from solvents and maudaining high ratios of active drug to
excipient levels. In addition, as Form I does not convert to Form 1 in the absence of seeding,

has a higher temperature of degradation onset, and is stable at ambient conditions for long-
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term storage, Form { is ideally suited for standard pharmaceutical compositions n various

forms such as tablets or capsules.

(0100} Crystalline Form 1 was characterized by the XRPD pattern shown in Fig 1.
Table 1 shows the position of the peaks (expressed as 28) and welative intensity, of the
XPRD pattern for Form T as measured on a PANAlytical X' pert Pro with CuK radiation as

detailed heremn.

TABLE 1

Angle (DBegree 28) Relative Intensity (%)
7.1 100.0
8.0 6.8
2.6 7.6
114 16.3
118 16.0
138 2.2
14.3 226
14.8 452
153 4.9
16.8 324
16.3 18.3
16.8 228
17.5 30.5
17.9 28.8
18.2 496
i8.7 28
193 4.6
1%.6 6.2
28,8 111
28.3 5.8
28.9 16.4
21,4 268
21.8 20.6
22.6 4.1
22.9 17.9
24.3 377
253 322
259 9.2
26.9 33.9
28.1 2.5
28.5 53
9.9 4.1
9.9 37

31.8 2.9
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TABLE 1
Angle (Degree 28) Relative Intensity (%)
32.3 3.6
33.4 2.9
34.3 1.9

100101} Crystalline Form 1 was also charactenized by DSC (Fig. 23 TGA/DSC showed
a small endothermic event with onset at 264°C and peak at 268°C immediately followed by
a sharp exothermic ovent, associated with a melt and degradation event. Melt and

degradation was associated with a 2.5% mass loss as measured by TGA.

100102] Infrared spectrometry (FT-IR) was used to further characterize Form | of
Compound 1. Fig. 3 shows the FT-IR spectra of Form 1. The complete list of peak positions

presented as wavenumber {cov') and their relative intensity is included in Table 2.

TABLE 2
Wavenumber (em™) Relative Intensity

3098 0.603
3048 0.009
2954 0.003
28358 0.012
2864 0.031
2796 0,01

2781 0.003
2626 0.002
2588 0.006
2487 0.004
2452 0.003
2462 0.602
2158 0.012
1660 0.026
15368 0.011
1346 0.013
1362 0.017
1497 0.009
1479 0.09

1467 0.012
1449 0.047
1383 0.044
1373 0.604
1337 0.011
1273 0.006
1253 0.023

1226 0.015
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TABLE 2
Wavenumber (car?) Relative Tntensity

1286 0.018
1188 .13

1154 0.025
1125 $.032
11313 $.054
1068 0.006
1433 0.076
1617 0.037
1869 0.006
298 .031
984 0.025
941 6.004
9286 6.016
882 0.005
858 $.025
833 0.003
8§24 0.073
704 0.037
751 0.071
718 (.064
713 0.006
699 0.056
647 6.028
612 0.0699
564 0.063
S99 0.013
484 0.022
464 0.005
449 0.024
440 0.003
414 ¢.011

(00103} Dynamic vapor sorption studies of Form | showed that this novel polymorphic

form 15 non-hygroscopic, with a mass uptake of approximaicly 0.9% at 90% relative
hunudity, as shown in Fig. 4. No form change was seen during DVE cycling or post-DVE,
mdicating this form is stable and not prone to water uptake, which presents a sigoificant
tochnical advantage m pharmaceutical composition processing, storage, stability, and

maintained efficacy after long-term storage at ambient conditions.

{00104 Polymorphic Form I of Compound 1 was further characterized using polarized
light microscopy. Form [ displayed birefringent, rod-iike morphology with limited

agglomeration observed. The limited agglomeration provides beneficial characteristics for
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pharmaceutical compositions by mmproving the solubility of the compound. Representative

images are displayed i Fig. 5.

[00105] In some embodiments, the present mvention includes a novel crystalline form
of 1-f2-15-1(3-Methyl-3-oxetanylymethoxy i-1 H-benzimidazoi-1-v1}-8-quinchinyl}-4-

piperidinamme monobenzenesulfonate wherein said crystalline form has a powder x-ray
ditfraction pattem compnising peaks at one or more of diffraction angles 284 0.2) 7.1, 14.8,
and 183, In ancther aspect, the crystalline form has additional peaks at diffraction angles
(20x0.2Y7.1,14 8, 18 3,24 3 and 26.9. In another aspect, the crystaliine form has additional
peaks at diffraction angles (36 = 0.2) 7.1, 148, 16.0, 17.5, 18.2, 243, 253, and 26.9. In
another aspect, the crvstalline form has addiional peaks at diffraction angles 28+ 0.2) 7.1,
148 166,168 175,182, 197 21 4,243,253, and 26.9. In another aspect, the crystalline
form has additional peaks at diffraction angles 20+ 0271, 80,96, 114, 11.8, 13,9, 145,
14.8, 155, 16.0, 163, 168, 175, 182, 187, 193, 19,6, 19.7, 20.0, 203,209, 214, 218,
226,243,253,259,269, 281,295,299 31.0,323, 334, and 34.3. In another aspect,
the crystalline forny is anhydrous. In a further agpect, the crystalline form has a melting point
onset of 264°C. fn another aspeet, the crystalline form has a FT-IR spectrurn comprisimg
peaks at about 1479, 1271, 1185, 1033, 824, 751, 728, 690, 612, and 564 cm. In another
aspect, the crystalline form is non-hygroscopic. In another aspect, the crystalline form has a
mass uptake of about 0.9% at 90% RH. In a further aspect, the crystalline form has
birefringent, rod-like morphology by polarized bight microscopy. In another aspect, the

crystalline form 1s substantially pure.

[00106] In other embodiments, the present mvention includes a process for the
preparation of a cryvstalline form comprising suspending 1-]2-{5-[{3-Methyl-3-
oxctanyhmethoxy |-1H-benzimidazol-1-vl}-8-quinolinyi}-4-piperidinamine
monobenzenesulfonate 1n 1, 1-dimethoxvmethane or I-butanol; and then stirring or shaking

until precipitation.
{00107] Polymorphic Form I

{00108] Polvmorphic Form H of Compound 1 is a hemi-hvdrate crvstalline form of the
besvlate salt. Methods for producing Compound 1 are detaled in U.S. Pat. No. 7,183,414,

Polvmorphic Form H was produced by slurrving the amorphous form of the besvlate salt of
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Compound 1 n 98.5% cthanol/ 5% water (%v/v), by adding approximately 5 volumes of
solvent to 10 mg of amorphous Compound 1, with shaking ender ambient conditions. The
shirry was then matured using thermal cyeling, using 4-hour cycles of ambient and 40°C
temperatures for approxumately 24 hours, after which the solids were isolated via
cenirtfugation and dried for 24 hours m a 40°C oven. XRPD analysis afier initial solubility
screening, of the wet solid post-thermal cycling maturation, and of the dried solid confirmed

that Polyoorph Form I was present.

{00109] Form I has several unexpected advantages over the amorphous form and other
polymorphic forres identified horein. As a henu-hydrate, it has better solubility in agueous
solutions {(Form II 1s more soluble in aqueous solutions at neutral pH than the anhvdrous
Forms | and 1), which makes Form H potentially more suitable for formudations such as
oral hiquid or topical solutions. Patients with oral sores related to mucositis, gastroniestinal
1gsues, or patients uncomfortable or unable to swallow tablets or capsules for other reasons

may benefit from oral suspension solutions.

[00110] Crystalline Form H was charactenized by the XRPD patiemn shown in Fig 6.
Table 4 shows the position of the peaks {expressed as 26) and relative miensity, of the

XPRD pattern for Form 1 as measured on a PANAlvtical X pert Pro with CeX radiation as

detailed herein.
TABLE 3
Angle (Degree 28) Relative Intensity (%)

3.3 1.8%
3.5 1.35

38 1.1
53 100

6.1 238
6.4 0.87
8.6 19.41
8.5 0.87
8.8 1.73
8.9 1.66
9.6 1.4

16.5 1.83
111 0.96
118 1.98
124 3.48

12.8 36.96
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TABLE 3
Angle (Degree 28) Relative Intensity (%)
13.1 16.84
133 16.51
13.7 0.91
14.0 1.91
14.2 1.43
14.8 0.77
152 31.03
188 54.18
1838 18.12
16.2 15.1
17.8 213
17.2 28.07
17.6 10.61
18.1 1.95
18.7 63.91
183 10.17
188 14.43
28.3 2432
28.9 5.89
21.3 22.36
22.8 887
23.8 59.54
3.3 23.22
23.7 18.96
24.2 30.51
25.0 19.3
25.6 10.74
25.8 1.28
26.4 4.64
26,86 5.48
27.4 3.1
28.3 15.42
28.6 534
1 721
284 4.76
3.0 485
31.5 1.83
31.7 1.37
3.9 171
32.8 2.7
32.2 2.09
32.8 4.85
338 7.22

34.8 a
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TABLE 3
Angle (Degree 28) Relative Intensity (%)
KR 1.98

{00111 Crystalline Form H was also characterized by BSC (Fig. 7). TGA/DSC showed
a large cndothermic event with onset at 124°C and peak at 130°C followed by a large
endothermic event with onset of 174°C with a peak at 186°C, associated with loss of water
and a decomposition cvent, respectively. Thermal degradation was obsecrved with an onset
ot 165°C. Mcht and degradation was associated with a 2. 8% mass loss as measured by TGA,
related to the loss of 0.7 cquivalents of water. The observed degradation pomt of Form 1

was significantly lower than that of Form I, indicating that it 15 ess stable.

{00112} Infrared spectrometry (FT-IR) was used to further charactenize Form I of
Compound 1. Fig. & shows the FT-IR spectra of Form H. The complete list of peak positions

presented as wavenumber (en') and their relative intensity is included in Table 4.

TABLE 4
Wavenumber (em™) Relative Intensity
2852 0.004
2866 0.019
1643 0.603
1598 0.015
1563 0.005
1589 0.030
1480 0.059
1441 0.038
1388 0.020
1334 0.015
1278 0.031
1253 0.011
1229 0.010
1263 0.008
1187 0.082
1169 0.013
1155 0.028
1148 0.021
1124 0.047
1669 $5.012
1652 $.008
1833 0.037
1816 0.071
996 0.014
954 0.03%
949 0.021

860 0.012
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TABLE 4
Wavenumber (car?) Relative Tntensity
850 0.007
831 0.007
821 0.060
798 0.046
788 0.0611
756 6.059
728 6.073
693 0.048
648 6.022
613 0.128
363 0.059
316 0.018
{00113] Drvnamic vapor sorption stadies of Form H showed that this novel

polymorphic form is shightly hygroscopic, with a mass uptake of approxamately 1.5% at
90% relative humidity, as shown in Fig. 9. No form change was seen during DVS cycling,
mndicating this form 1s stable and not prone to water uptake, which presents a sigoificant
technical advantage 1 pharmaceutical composition processing, storage, stability, and

maintained efficacy after long-term storage at ambient conditions.

{00114} Polymorphic Form I of Compound 1 was further characterized using polarized
light microscopy. Form I displayed small, highly bireftingent, flakes with a prism like
morphology.  The lmited agglomeration provides bencticial characteristics  for
pharmacentical compositions by mmproving the solubility of the compound. Representative

images are displaved in Fig. 10

{00115] In other embodiments, the present tovention includes a novel crystalling form
of 1-f2-15-1(3-Methyl-3-oxetanylymethoxy i-1 H-benzimidazoi-1-v1}-8-quinchinyl}-4-

piperidinamme monobenzenesulfonate wherein said crystalline form has a powder x-ray
ditfraction patfern comprising peaks at one or more of diffraction angles (28 + 0.2} 5.3,
18.7, and 23.8. In another aspect, the crvstalline form powder x-ray diffraction pattern hags
additional peaks at diffraction angles (28 £ 0.2) 53, 128, 153, 187, and 23 0. In ancther
aspect, the crystalline form powder x-ray diffraction patiern has additional peaks at
diffraction angles 28 + 02} 53, 128, 152, 155, 187, 23.0, and 242, In another aspect,
the crystalline form powder x-ray diffraction pattern has additional peaks at diffraction
angles (20 = 0.2y 53, 128, 152, 155, 172, 187, 203, 23.0, 235 and 24.2. In another

aspect, the crystalline form powder x-ray diffraction pattern has additional peaks at
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diffraction angles (2@ £ 02) 33,35, 38,53,6.1,64,80,85,85,89, 96,105, 11.1
115,124, 128 131,133,137, 140, 142, 145,159, 132, 155,162, 170, 172, 176

18,1, 187,193, 198,203, 209, 213, 22,0, 23.0, 23.5, 23.7, 242, 250, 256, 258, 26 4,
266,274, 283, 286, 291, 294, 309, 31.5, 317, 31.9,32.0,32.2, 328 338, 345, and

B

399, In another aspect, the crystalline form 1s a henu-hvdrate. In another aspect, the
crystalline form has a melting point onset of abouwt 174°C. In another aspect, the crystalime
form has a FT-IR spectram comprising peaks at about 1480, 1187, 1124, 1016, 821, 750,
728,693, 613, and 563 covl. In ancther aspect, the crystaliine form is slightly hvgroscopic,
In another aspect, the crvstalline form has a mass uptake of about 1.5% at 90% RH. In
another aspect the crvstalline form has bighly birefringent rod-like morphology by polarized

light vucroscopy. In another aspect the crystalline form s substandially pure.

{00116} In other embodiments, the present wwvention includes a process for the

preparation of a crystalline form of Compound I comprising suspending 1-{2-{3-[(3-

Methyl-3-oxetanymethoxy}-1H-benzimidazol-1-y1-8-quinolinyl}-4-piperidinamine
Qs Qs

monobenzencsulfonate in 98.5% ethanol/1.5% water (Yov/v); and then shaking vatil

precipiiation.
{00117} Polymorphic Form I

{00118} Polymorphic Form Hi of Compound 1 is an anhydrous crystaliine form of the
besylate salt. Methods for producing Compound 1 are detatded in U.S. Pat. No. 7,183 414,
Polymorphic Form I was produced by slurrying the amorphous form of the besvlate salt
of Compound 1 in 99% ethanol/1% toluene (%ov/v), by adding approximately 5 volumes of
solvent to 16 mg of amorphous Compound 1, with shaking under ambicnt conditions. The
shurry was then matured using thermal eyching, using 4-howr cycles of ambient and 40°C
temperatures for approximately 24 hours, after which the solids were isolated via
centrifugation and dried for 24 bours in a 40°C oven. XRPD analysis after initial solubility
screcning, of the wet solid post-thermal cvcling maturation, and of the dried solid confimmed

that Polvmorph Form I was present.

{00119] Form IF has several unexpected advantages over the amorphous form and
other polvmorphic forms identified herein. As an avhydrous form, Form {1 18 not subject to

the potential impunties that may be associated with solvated or hvdrated form. In addition,
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Form 1 1s the most thermodynanueally stable crystalline form under competitive shurry
conditions {1.c. Form I will convert to Form 1 when Form I seeds are present in a shurry).
In addition, Form H1 has a higher temperature for onset of degradation than Form Il Asan
anhydrous form, Form IH also has advantages over the hemi-hydrate Form i and solvated
Form IV, both of which undergo form changes under certamn environmental conditions,

particularly desclvation followed by conversion o anhvdrous erystalline forms,

{00120} Crystalline Form IH was characterized by the XRPD pattern shown in Fig 11
Table 5 shows the position of the peaks {(expressed as 28 and relative intensity, of the
XPRD pattern for Form 1 as measured on a PANAlvtical X pert Pro with Cuk radiation

as detailed herein.

TABLE S
Angle (Begree 28) Relative [atensity

2.3 23.0
3.6 4.3

6.3 26.9
7.4 28.8
7.9 3.6

8.7 0.8

16.3 30.3
123 26.5
12.6 33.8
i3.2 123
i34 116
13.8 13.0
14.9 18.5
15.8 524
16.3 17.6
i6.5 10.2
18.7 3.5

16.9 12

17.3 14.0
17.6 206
i85 263
% 24.0
19.3 158
19.8 100.0
20.5 36.0
20.8 20.9
20.9 20.2

23.7 56
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TABLE S
Angle (Degree 26) Relative Intensity
22.8 6.6
22.4 2.4
22.8 27.8
228 97
23.2 337
23.8 7.3
24.3 16.1
24,5 18.2
25,1 141
25.9 %3
26.3 6.3
26.7 33.0
27.8 8.3
27.4 72
27.6 78
28.2 114
28.% 11
24,3 7.7
30,1 2.5
30,6 50
3.8 2.7
314 0.9
319 50

{00121} Crystalline Form HI was also characterized by DSC (Fig. 12). TGA/DSC
showed a small endothermic event with onset at 231°C and peak at 235°C followed
vamediately by an exothermic event. Melt and degradation was associated witha 1.7% mass
loss as measured by TGA, related to the loss of approximatelv 0.2 equivalents of excess

ethanol. The observed degradation point of Form I was lower than that of Form L

{00122} Infrared spectrometry (FT-IR) was used to further characierize Form Hi of
Compound 1. Fig. 13 shows the FT-IR spectra of Form III The complete st of peak

positions presented as wavenumber {cm™) and their relative miensity is included in Table 6.

TABLE 6
Wavenumber (cm) Relative Tntensity
2954 0.046
2888 0.010
2873 0.005
16458 0.010
1614 0.041

1601 0.014
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TABLE 6
Wavenumber (cm) Relative Intensity
1564 0.013
1569 0.116
1482 0.054
1461 0.021
1440 0.062
1460 0.021
1378 $.039
1334 0.048
1277 0.067
1253 0.024
1236 (0.049
1262 0.033
1189 0.010
1169 0.149
1154 0.020
1140 0.059
1124 0.052
1167 0.040
1069 $.029
1052 $.040
1933 0.050
1815 0.112
1663 0.006
296 0.040
954 0.697
R 0.050
860 0.021
830 0.028
831 0.019
821 0.138
799 $.096
759 0.033
749 0.122
728 0.148
$93 0.087
640 0.067
613 0.211
562 0.102
518 $.039
485 0.032
464 $0.020
453 0.007
432 0.053

411 0.006
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TABLE 6
Wavenumber (cm) Relative Intensity
401 0.016
[00123] Dvnamic vapor sorption studies of Forma 1 showed that this novel

polymorphic form 18 shightly hygroscopic, with a mass uptake of approximately 1.5% at
90% relative humidity, as shown in Fig. 14, No form change was seen during DVS cycling,
indicating this form is stable and not prone to water uptake, which presents a significant
techoical advaotage 1w pharmaceutical composttion processing, storage, stabiity, and

maintained etficacy after long-term storage at ambient conditions.

{00124} Polvmorphic Form I of Compound 1 was further characterized using polarized
light microscopy. Form I displaved highly birefringent rod-like morphology.

Representative images are displayed m Fig. 15,

{06123] In other embodiments, the present invention mcludes a novel crystalline form
of F-}2-{3-1(3-Methvi-3-oxetanylmethoxy i-1H-benzimidazol- 1 -vi{-8-quinclinyl-4-

pipendinamine monchenzenesulfonate wherein said crvstalline form has a powder x-ray
diffraction patiern comprising peaks at one or more of ditfraction angles (28 4 0.2) 1538,
19.8, and 21.7. In another aspect, the crystalline fom powder x-ray diffraction pattern has
additional peaks at diffraction angles 28 £ 0.72) 12,6, 158, 19.8, 205, and 21.7. In another
aspect, the crystalline form powder x-ray diffraction pattern has additional peaks at
diffraction angles (268 £ 02) 101, 12,6, 158, 198, 205, 217, 23.2, and 26.7. In anocther
aspect, the crystalline form powder x-ray diffraction pattern has additional peaks at
diffraction angles (20 £ 0.2) 7.4, 101, 12.6, 158, 185, 198, 205, 21.7, 228, 23 2, and
26.7. In another aspect, the crvstalline form powder x-ray diffraction pattern has additional
peaks at diffraction angles 20+ 02)21,30,63,74,79, 87 101,121, 126,132, 13 4,
13.9, 149, 158, 163, 165, 16,7, 169, 173, 17,6, 185, 191, 193, 19.%, 205, 208, 20.9,
21.7,220,224,228, 225,232,238, 243, 245,251,259, 26.1,267,270,274, 276,
282,289,299 301,306,310, 314, and 31.9 In another aspect, the crystathing form 1
anhydrous. In another aspect, the erystalline form has a melting point onset of about 251°C.
In another aspect, the crystalline form has a FT-IR spectrum comprising peaks at about 1509,
F169, 1015, 934, 821, 799, 749, 728, 613, and 362 cm™'. In another aspect, the crystalline

form is shightly hygroscopic. In another aspect, the crystalline form has a mass uptake of
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about 1.5% at 90% RH. In another aspect, the crvstailine form has highly birefringent rod-
Like morphology by polarized hight microscopy. In another aspect, the crvstalline form is

substantially pure.

{00126] In other embodiments, the present wvention includes a process for the
preparation of a crvstaliine forom of Compound | compusing suspending 1-{2-[5-(3-
Methyl-3-oxetanyiimethoxy}-1H-benzimidazol-1-y1j-8-quinolinyl}-4-pipendinamine
moncbenzenesulfonate in 99% cthanol/1% toluene (%v/v); and then shaking unil

precipitation.
{00127} Polymorphic Form IV

{00128] Polyvmorphic Form IV of Compound 1 1s a solvated erystallime form of the
besviate salt. Methods for producing Compound 1 are detailed in U.S. Pat. No. 7,143,414,
Polyrmaorphic Form IV was produced by slurrving the amorphous form of the besvlate salt
of Compound 1 in N N -dimethvlacetamide by adding approximately 3 volumes of solvent
to 10 mg of amorphous Compound 1, with shaking under ambient conditions. The slurry
was then matured using thermal cycling, using 4-hour cyeles of ambient and 40°C
temperatures for approximately 24 hours, afier which the solids were isolated via
centrifugation and dried for 24 hours in a 40°C oven. XRPD analysis after tmtial sohibility
screentng, of the wet solid post-theomal cycling maturation, and of the dried solid confirmed
that only Polymorph Form IV was present. Form IV can also be obtained from slurrying
Compound 1 in additional solvents including acetoniinle, butyl acetate, or cthanol,

mdicating that 1t may be an isostructural solvate.

{00129} Form IV has several unexpected advantages over the amorphous form and
other polymorphic forms identified herein. As an isostructural solvate that can be obtained
with cthanol, 1t may be sutted to formulations reguiring dissolution, such as oral suspensions
or topical solutions using cthanol, or other pharmaceutical safe polar solvents such as
glycerol, propylenc glyeol, or isopropyi aleohol. Patients with oral sores related to muocosttis,
gastrointestinal issues, or patients uncomfortable or unable to swallow tablets or capsules

for other reasons may benefit from oral suspension solutions.

[00130] Crystalling Form IV was characterized by the XRPD pattern shown in Fig 16.

Table 7 shows the position of the peaks (expressed as 26) and relative intensity, of the
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XPRD pattern for Form IV as measured on a PANAlvtical X'pert Pro with Cuk radiation

as detaled heremn.

TABLE 7
Angle (Begree 26 Relative Intensity
4.8 100.0
6.3 295
7.5 44.8
2.3 6.3
186 148
134 87
13.7 46.2
14.5 27.0
15.2 6.0
15.4 7.0
15.6 19.4
16.7 203
i7.3 57
i7.8 122
182 341
18.4 33.8
18.9 32.0
19.4 254
20.8 34.1
20.2 1.7
20.6 50.6
24.9 22
21.3 283
22.6 643
22.9 20.8
23.8 72.8
24.4 55
24.8 16.5
25.3 12.3
26.2 38
27.4 10.9
27.8 4.0
28.3 28
28.3 29
28.4 28
28.9 53
2%.3 3.49
29.8 271
3.8 0.63

326 374
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TABLE 7

PCT/US2021/033618

Angle (Degree 26)

Relative lntensity

34.2

2.01

234

100131} Crystalline Form IV was also characterized by DSC {Fig. 17). TGA/DSC

showed a large very broad endothermic event at 144°C related to desolvation followed by

recyrstallization observed starting at 182°C. A second large, very broad endothermic even

with onset at 241°C was related to a degradation even. Melt and degradation was associated

with a 13.3% mass loss as measured by TGA, related to the loss of approximately |

equivalent of DMA.

[00132] Infrared spectrometry (FT-IR) was used to further characterize Foro 1V of

Compound 1. Fig. 18 shows the FT-IR spectra of Form IV, The complete list of peak

positions presented as wavernumber (om™) and their relative intensity is included in Table 8.

TABLE S

Wavensmber (em™)

Relative Intensity

3550
2856
2633
2865
2799
2508
2127
16587
1660
1368
1546
1568
1498
1479
1468
1448
1384
1337
1272
1253
1226
1265
1184
1168
1154

4,000
0.021
0.058
0.018
$5.009
0.015
0.606
0.047
0.021
0.029
0.014
0.159
0.020
0.085
$.081
0.021
0.117
0.042
0.027
0.029
0.220
G.010
0.056
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TABLES
Wavenamber {em™) Relative Intensity
1128 6.059
1313 0.102
1668 0.013
1633 0,144
1617 0.077
1669 0.0609
998 0.024
984 (.048
233 0.016
941 0.010
921 6.033
886 6.007
858 0.047
833 0.015
824 0,143
794 0.076
751 0.140
718 0.130
713 0.011
698 0.114
647 0.657
612 0.791
364 0.131
516 0.025
483 0.052
448 0.0538
408 0.011
{00133] Drvnamic vapor sorption stadies of Form IV showed that this novel

polymorphic form desolvates, with a mass loss of 9.4% durimg the first cvele. The
desolvated form was found to by hygroscopic, with a mass uptake of 1.5% between 0%
and 10% humadity, as shown m Fig. 19, XPRD performed post-DVS cyeling showed that

Form IV converts to the hemi-hvdrated Form H when exposed to high humidity.

{00134} Polvmorphic Form IV of Compound 1 was further characterized using polarized
light microscopy. Form IV was shghtly birefringent, with no defined morphology.

Representative images are displayed m Fig. 20,

{00135 In other embodiments, the present invention mncludes a novel crystalline form
of I-2-~{5-](3-Mgethyl-3~oxetanvlmethoxy i- IH-benzimidazoi~- 1 -v1{-8-quinohnyl -4~

piperidinamine monobenzenesulfonate wherein said cryvstalline form has a powder x-ray
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ditfraction patfern comprising peaks at one or more of diffraction angles (28 + 02} 4.8,
22.6, and 23.8. In another aspect, the crystalline form powder x-ray diffraction pattern has
additional peaks at diffraction angles (284 0.2} 4 8, 13.7, 20.6, 22.6, and 23.8. In ancther
aspect, the crystalline form powder x-ray diffraction paticrn has additional peaks at
diffraction angles (28+ 0.2} 4.8, 7.5, 137, 182, 20.6, 22.6, and 23 8. In another aspect, the
crystalling form powder x-ray diffraction pattern has additional peaks at diffraction angles
(2002348, 75,137, 182, 184, 18.9, 20.0, 20.6, 22.6, and 238, In another aspect, the
crystathine form powder x-ray diffraction pattern has additional peaks at diffraction angles
20+ 0.2348,63,735, 93,116,134, 137 145,152,154, 136,167,173, 178, 182,
I84, 189, 194,200,202, 206,209 213,226,229, 238 244, 248,253,262, 274,
278, 281,283,284, 289,293 298, 31.0, 32.1, 32,6, 333, and 34.2. In another aspect,
the crystalline form is a solvate. In another aspect, the solvate form is a NN'-
dimethylacetamide solvate. In another aspect, the solvate form is an acetomitrie, butyl
acetate, or cthanol solvate. In another aspect, the crystalline from has a degradation point
onset of about 241°C. In another aspect, the crystalline form has a FT-IR spectrum
comprising peaks at about 1479, 1272, 1184, 1033, 824, 751, 728, 690, 612, and 564 cmL.
In ancther aspect the crystalline form is hygroscopic. In another aspect, the crystalline form
has a mass uptake of 1.5% between (% and 10% RH. In another aspect, the crystalline form
has weakly birefringent with no defined morphology by polanized light microscopy. In

another aspect, the crystalline form i3 substantially pure.

{00136} In other embodiments, the present nvention nchudes a process for the
preparation of a crystalline of Compound 1 comprising suspending 1-{2-{5-{(3-Methvi-3-
oxetanvlmethoxv -1 H-benzimidazol- I-vij-8~quinohnvij-4-piperidinamine

mongobenzenesulfonate i NN -dimethylacetamide, acetomtnle, butyl acetate, or ethanol;

and then shaking until precipitation.
1001371 Amorphous Form

{00138] Methods for producing Compownd 1 are detaded in U8, Pat. No. 7,183,414,

Amorphous Compound 1 was characterized by the XRPD pattern shown m Fig 21
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{00139] In other embodiments, the present invention mcludes a solid form of 1-{2-[5-
{(3-Methvl-3-oxetanyDmethoxy |- 1H-benzimidazol- 1-yi}-8-quinchnyl}-4-piperidinamme

moncbenzenesuifonate wherein said form is amorphous.

{00140] In other embodiments, the present inventions includes a pharmacecutical
composition comprising a crystaliine form of 1-{2-{5-](3~-Methvi-3-oxetanyhmethoxy}-1H-
benzinudazol- 1-yi}-8-quinolinyvl]-4-piperidinamine monobenzenesulfonate, its hydrates or

solvates, and a pharmaceutically acceptable carrigr.

{00141} In other embodiments, the present invention mncludes a method for the
treatment of a subject suffering from a disease comprising administering a thorapeutically
effective amount of a crystalline form of Compound 1. In one aspect, the discase is a
proliferative disorder.  said proliferator disorder 18 selected from Hodgkin’s disease,
myecloma, acute lymphocviic leukemia (ALL}, acute myveloid leukenna (AML), acute
promyelocviic foukemia {APL), chronic lymphocytic leukemia (CLL), chronic myeloid
leukemia (CML), chronic neutrophilic leukemia (CNL}, acute undifferentiated leukemia
{AUL), anaplastic farge~-cell ymphoma {ALCL), prolymphocytic leukemia (PML), juvenile
myelomonocytic leakemia (JMMLY}, adult T-cell ALL, AML with trilineage myelodysplasia
{(AMLITMDS), mixed lincage leukemia (MLL), myelodysplastic syndromes (MDS),
myeloproliferative disorders (MPD), multiple aveloma, biliary tract cancer, bladder cancer,
breast cancer, cervical cancer, UNS cancer, colon cancer, colorectal carcinoma, esophageal
cancer, gasiric cancer, gasirogsophageal junction (GEI} adenocarcinoma, gastric
adenocarcinoma, stage (B gastric  adenocarcinoma, stage 1V wnvasive  gastric
adenocarcinoma, metastatic esophageal adenocarcinoma, ghoblastoma, head and neck
cancer, hepatocelular carcinoma, liver cancer, hing cancer, melanoma, non-small cell
cancer, nasopharyogeal cancer, neurocndocring cancer, ovarian cancer, pancreatic cancer,
prostate cancer, renal cancer, salivary gland cancer, small cell cancer lung cancer, squamous
cell cancer, skin cancer, stomach cancer, testicular cancer, thyroid cancer, thymoma, uterine

Cancer, or other tumors.
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A crystalline form of 1-{2-{5-[(3-Mgthyi-3-oxetanylimethoxy-1H-benzimidazol-1-
vi-8-guinolinyii-4-piperidinamine monobenzenesulfonate wherein said crystalline
form has a powder x-ray diffraction patiem comprising peaks at diffraction angles (20

+02)7.1, 148 and 182 .

The crvstalline form of claim 1, wherein the powder x-ray diffraction paittern has peaks

at diffraction angles 28 £ 0.2y 7.1, 148, 182, 243 and 26.9.

The crystalline from of ¢laim 1, wheremn the powder x-ray diffraction pattern has peaks

at diffraction angles 28 £ 0.2) 7.1, 148, 160, 17.5, 182,243, 253, and 26 9,

The crystathine from of claim 1, wherein the powder x-ray diffraction pattern has peaks
at diffraction angles (28 = 02) 7.1, 148, 16.0, 168, 175, 182, 197,214, 243,253,

and 26.9.

The crystalline from of ¢laim 1, wheremn the powder x-ray diffraction pattern has peaks
at diffraction angles 20 = 0.2} 7.1, 8.0, 96, 114, 11.8, 139, 145, 148, 1535, 16.0,
163, 168, 17.5, 182, 187, 193, 196, 197, 200, 203,209, 214, 21 .8, 22.6, 243,

253,259,269, 281,295,299, 310,323,334, and 343

The crystaltine form of any one of claims -3, wherein said crvstalline form is

anhydrous.

The crystalline form of anv one of clauus -6, wherew said crystalline form has a

melting point onset of 264 °C.

The crystalline form of any one of claims 1-7. wherein said erystaliine form has a FT-
IR spectrum comprising peaks at about 1479, 1271, 1183, 1033, 824, 751, 728, 690,
612, and 564 cm',

The crystatime form of any one of claims 1-8, wherein said cryvstatline form is non-
hygroscopic.

The erystalline form of any one of claims 1-9, wherein said crystalline form has a mass
uptake of about 0.9% at 90% RH.

The crystalline form of any one of claims 1-10, wherein said crystalline form has

birefringent, rod-like morphology.
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14.

i6.

17.

18.
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]

The crystallime form of any one of claims 1-11 wherein said crystalline form 1

substantially pure.

A crystaline form of 1-|2-{5-{(3-Methvi-3-oxetanvlimethoxyi-1H-benzimidazol-1-
yi-8-gquinolinyl}-4-piperidinamine monobenzenesulfonate whercin said crystalline
form has a powder x-ray diffraction pattern comprnsing peaks at of diffraction angles

Q@ =072)53, 187, and 23 0.

The crystalline form of claim 13, wheremn the powder x-ray diffraction pattern has peaks

at diffraction angles 28+ 02353, 128, 155, 18,7, and 23.0.

The cryvetalline form of claim 13, wherein the powder <-ray diffraction paticrn has peaks

at diffraction angles 28+ 0.2) 53, 128, 152, 155, 18.7,23.0, and 242

The crystalling form of claim 13, wheren the powder x-ray diffraction pattern has peaks
at diffraction angles 20+ 0.2y 53 128 152, 155,172, 187,203, 23.0, 235 and

242

The cryvetalline form of claim 13, wherein the powder <-ray diffraction paticrn has peaks
at diffraction angles 28+ 0.2y3.3,35, 38,53, 6.1,64,80,8.5,88,89,96, 105,
0L, 115,124, 128, 13,1, 133, 137, 140, 142, 145,159, 152, 155, 16.2, 17.0,
172,176, 181, 187,193, 198, 203, 209, 213, 22.0, 23,0, 23.5, 237, 242, 25.0,
256,258,264, 266,274,283, 286,291,294,309 315 317,319,320, 322,
328,338,348, and 399

The crystalline form of anv one of claim 13-17, wherein said crystalline form 18 a hemi-
hydrate.

The erystalline form of any one of claims 13-18, wherem said crystalime form has a
melting point onset of about 174°C.

The crystalhine form of anv one of clavms 13-19, wherem said crystalline form has a

FT-IR spectrum comprising peaks at about 1480, 1187, 1124, 1016, 821, 750, 728, 683,

3
(]

613, and 363 em'!

{4

The crystatime form of any onc of claims 13-20, wherein said crystaliine form is
shghtly hvgroscopic.
The crystalline form of any one of claims 13-21, wherein said crvstalline form has a

mass uptake of about 1.5% at 90% RIHL
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23, The crystalline form of any one of claims 13-22, wherein said crystalline form has

highly birefringent rod-like morphology.

24, The crystalline form of any one of claims 13-23, wherein said crystalline foro 15

substantially pure.

25, A crystallme form of 1-{2-]5-[(3-Methyl-3-oxctanylymethoxy i~ 1 H-benzimidazol-1-
vi-8-quinolinyli-4-pipenidinamine monobenzencsulfonate wherein said crystalline
form has a powder x-ray difftaction patiern comprising peaks at of diffraction angles
(20 =02)158 198, and 21.7.

26, The crystalline form of claim 25, wherein the powder x-ray diffraction paticm has peaks
at diffraction angles 28+ 0.2) 126, 158, 198,285, and 21.7.

27 Thecrystalling form of claim 23, wheremn the powder x-ray diffraction pattern has peaks
at diffraction angles 28+ 0.2) 10.1, 12,6, 158, 19.8,20.5,21.7,23.2, and 26.7.

28, Theerystalline form of claim 235, wherein the powder x-ray diffraction patterm has peaks
at diffraction angles 28+ 0.2) 74, 10,1, 12,6, 15.8, 185, 198, 20.5, 21.7, 22 8, 232,
and 26.7.

29, The crystaliing form of claim 23, wherein the powder x-ray diffraction patiern has peaks
at diffraction angles 20+ 0.2)2.1,3.0,63,74,79,87,10.1,12.1, 12,6, 13.2, 13 4,
139, 149 158 163, 165, 167, 169, 173, 176, 185, 191, 193, 198, 205, 208,
209,207, 220,224,228, 229,232,238, 243,245, 251,259,261, 267,270,
274,276,282,289,299,30.1,306,31.0,31.4, and 31 9.

30, The crystaliine form of claim 23-29, whercin said crystalline form ts anhydrous.

31, 'The crystalhine form of any one of claims 25-30, wherein said crystalline form has a
melting point onset of about 251 oL,

32, The crystallime form of any one of claims 25-31, wherem said erystalline form has a
FT-IR spectrum comprising peaks at about 1309, 1169, 1015, 934, 821, 798, 749, 728,
613, and 362 e

33, The crystalime form of any one of claims 25-32, wherein said crystalline form 1

slichtly hveroscopic.
o y o
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44.

46

The erystalline form of any one of claims 25-33, wherem said crystalime form has a

mass uptake of about 1.5% at 90% RH.

The crystalline form of any one of claims 25-34, wherein said crystalline form has

highly birefringent rod-like morphology.
The crystatline form of claim 25, wherein said crystalline form is substantially pure.

A crystalline form of 1-{2-{5-[(3-Mgthyi-3-oxetanylimethoxy-1H-benzimidazol-1-
vi-8-guinolinyii-4-piperidinamine monobenzenesulfonate wherein said crystalline
form has a powder x-ray diffraction patiem comprising peaks at diffraction angles (20

+£0.2)4.5,22.6 and 2338,

The crvstalling form of claim 37, wherein the powder x-ray diffraction pattern has peaks

at diffraction angles (28 02y 4.8, 13.7,20.6, 22.6, and 23 .3.

The crystalline form of claim 37, wherein the powder x-ray diffraction pattern has peaks

at diffraction angles 28+ 062y4.8, 75,137, 182, 206,22.6, and 23 8,

The crystalline form of claim 37, wheremn the powder x-ray diffraction patiern has peaks
at diffraction angles (26 + 023 48, 7.5, 13.7, 182, 18,4, 189, 200, 206, 22.6, and

238,

The crystalline form of claim 37, wherein the powder x-ray diffraction pattern has peaks
at diffraction angles 20 £ 0234.8,63,7.5,93, 116,134,137, 145,152,154, 156,
167, 173, 178, 182, 184, 189, 194, 200, 202,206,209, 213,226, 229, 23 8,
244 248, 253,262, 274,278, 281,283, 284,289,293, 298, 310, 32.1, 326,

333, and 34.2.
The crystalline form of claim 37-41, wherein said erystalline form is a solvate.

The crystathne form of claim 37-42, wheremn said solvate form s a NN-
dimethylacetamude solvate.

The erystalline form of claims 37-43, wherein said solvate form is an acetontrile, butyl
acetate, or ethanol.

The erystathine form of any one of clamms 37-44, wherein said crystalline from has a

-~

degradation poing onset of about 241°C
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The erystalline form of any one of claims 37-45, wherem said crystalime form has a
FT-IR spectnum comprising peaks at abooat 1479, 1272, 1184, 1033, 824, 751, 728, 690,

612, and 564 cmt

The crystaliing form of any one of claims 37-46, wherein said crystalline form is

hygroscopic.

The erystalline form of any one of claims 37-47, wherem said crystallime form has a

mass uptake of 1.5% between 0% and 10% RH.

The crystalline form of any one of claims 37-48, wherein said crystalline form has

weakly birefringent with no defined morphology.
The crystatline form of claim 37, wherein said crystalline form is substantially pure.

A solid form of 1-{2-[5-[(3-Mgthyi-3-oxetany Bmethoxy |- 1H-benzimidazol-1-vi]-8-

guinolinyl{-4-piperidinamine monobenzenesulfonate wherein said form is amorphous.

A pharmacentical composttion comprising a crystalline form of anv one of claims 1-

51, and a pharmaceutically acceptable camer,

A method for the treatment of a subject sufferng from a disease comprising
administenng a therapeutically effective amount of a crystalline form of any one of

claims 1-51.
The method of claim 53, wherein said disease is a proliterative disorder.

The method of claim 54, wherein said proliferative disorder is sciected from Hodgkin™s
disease, myeloma, acute lvmphocvitic leukemia (ALL), acute myveloid leukemia (AML),
acute promyelocytic leukemia (APL), chronic lvmphoeytic leukemia (CLL), chronic
mycloid feukemia (CMLY}, chronic neutrophilic leukemia {CNL), acute andifferentiated
feukenua (AUL), anaplastic large-cell vmphoma (ALCL), protvimphocytic leukemia
{PML), juvenile myelomonocyvtic leukemia (JMML), adult T-cell ALL, AML with
trilincage myclodysplasia  (AMLITMDS), mixed lineage leukemua (MLL},
myelodysplastic syndromes {MDS), myeloproliferative disorders (MPD), multiple
myeloma, biliary tract cancer, bladder cancer, breast cancer, cervical cancer, UNS
cancer, colon cancer, colorectal carcinoma, esophageal cancer, gastric cancer,
gastroesophageal junction {GEJY adenocarcinoma, gastric adenocarcimoma, stage B

gastric adevocarcinoma, stage IV jovasive gasiric adenocarcipoma, metastatic
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esophageal adenocarcinoma, ghioblastoma, head and neck cancer, hepatocchular
carcinoma, hver cancer, lung cancer, melanoma, non-small cell cancer, nasopharyngeal
canger, neurocndocrine cancer, gvarian cancer, pancreatic cancer, prostate cancer, renal
cancer, salivary gland cancer, small cell cancer lung cancer, squamous cell cancer, skin
cancer, stomach cancer, testicular cancer, thyroid cancer, thymoma, uterme cancer, or

other tumors.

A process for the preparation of the crystalline form of claim 1, comprising suspending
1-{2-15-{(3-Methyi-3-oxetany Dmethoxy |- 1H-benzimmdazol-1-vi}-8-qainolinyif-4-
piperidinamine monobenzencsulfonate o 1, I-dimethoxyvmethane or i-butanol, and

then stirming or shaking votil precipitation.

A process for the preparation of the crystaliine form of claim 13, comprising suspending
1-{2-[5-{(3-Methyl-3-oxetany hmethoxy -1 H-benzinudazol- 1 -vi-8-quinolinyij-4-
piperidinaminge monobenzenesultonate in 98.5% ethanol/1.5% water (%ovivy; and then

shaking until precipitation.

A process for the preparation of the crystalline form of claim 23, comprising suspending
1+ 2-[5-]{3-Mcthyl-3-oxetany]ymethoxy |- 1 H-benzimidazol-1-vi}-8~guinoliny if-4-
piperidinamine monobenzencsulfonate 1n 99% ethanol/1% toluene (Yv/v), and then
shaking unti precipitation.

~

A process for the preparation of the crystalline form of claim 37, compnising suspending
1-{2-15-{{3-Methyi-3-oxetany Dmethoxy |- 1H-benzimmdazol-1-yl}-8-gquinoliny -4~
piperidinanune monobenzenesulfonate o NN -dimethylacetamide, acetountirile, butyl

acetate, or ethanol; and then shaking until precipitation.
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US 21/33618

Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:
)

3. Claims Nos.: 7-12, 19-24, 30-36, 42-50, 52-55
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II.  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this intermational application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. L__l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. E] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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IPC - AG61K 31/4709; A61K 45/06 (2021.01)
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According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2007/0088032 A1 (Tom et al.) 19 April 2007 (19.04.2007) entire document especially para 51

- [0071]-[0072]

A 1-6, 13-18, 25-29, 37-41

and 56-59

A . US 2005/0124599 A1 (Kath et al.) 09 June 2005 (09.06.2005) entire dpcument especially para | 1-6, 13-18, 25-29, 37-41,
[0006); {0093] 51 and 56-59

A US 2014/0194464 A1 (Arog Pharmaceuticals, LLC) 10 July 2014 (10.07.2014) entire document | 1-6, 13-18, 25-29, 37-41,

51 and 56-59

I:] Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents;

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or which
is cited to establish t qﬁpubhcanon date of another citation or other
special reason (as specified)

“O” documentreferring to an oral disclosure, use, exhibition or other means

“P” document published prior to the international filing date but later than

the priority date claimed
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later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

14 July 2021

Date of mailing of the international search report

AUG 06 2021

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer

Kari Rodriquez

Telephone No. PCT Helpdesk: 571-272-4300
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