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SOLID FORMS OF AN N-TERMINAL DOMAIN ANDROGEN RECEPTOR
INHIBITOR AND USES THEREQOF

CROSS-REFERENCE TO RELATED APPLICATIONS
[6601] This application claims the benefit of US. Provisional Application No. 63/011 671,

filed April 17, 2020, the disclosure of which is incorporated by reference herein in ifs entirety.

FIELD OF THE INVENTION
{8602} The present disclosure relates to solid forms of Compound T or a pharmaceuatically
acceptable salt and/or solvate thereot, phammaceutical compositions comprising the crystalline
form, and therapeutic uses thereof In particular, the present disclosure relates to solid forms of
Compound I or a pharmaceutically acceptable salt and/or solvate thereof, which are useful for

treating various diseasgs, including cancers such as prostate cancer.

BACKGROUND OF THE INVENTION
{8603} Androgens mediate their effects through the androgen receptor (AR). Androgens play
a role in a wide range of developmerdal and physiological respounses and are involved in male
sexnal differentiation, maintenance of spermatogenesis, and male gonadotropin regulation (R
K. Ross, G A Coetzee, C. L. Pearce, | K. Rechardt, P. Bretsky, L. N. Kolonel, B, E.
Henderson, E. Lander, B, Altshuler & G. Daley, Fur Urel 35, 355-361 {1999); A. A Thomson,
Reproducrion 121, 187-193 (2001} N. Tanj, K. Acki & M. Yokovama, Arch Androl 47, 1-7
{2001)). Several lines of gvidence show that androgens are associated with the development of
prostate carcinogenesis. Firstly, androgens induce prostatic carcinogenesis i rodent models
{R. L. Noble, Cancer Res 37, 1929-1933 (1977); R. L. Noble, Oncology 34, 138-141 (1977}
and mcn receiving androgens in the form of anabolic steroids bave a bigher incidence of
prostate cancer {J. T. Roberts & D M. Essenhigh, Zances 2, 742 (1986}, J. A Jackson, 1.
Waxman & A M. Spickerman, Adrch intern Med 149, 2365-2366 (1989); P. D, Guinan, W.
Sadoughi, H. Alsheik, R 1 Ablin, . Alrenga & 1 M. Bush, Am J Surg 131, 599-600 (1976)).
Secondly, prostate cancer does not develop if humans or dogs are castrated before puberty (1.
D. Wilson & C. Rochrbom, J Clin Endocrine! Metab 84, 4324-4331 (1999);, . Wilding,
Cancer Surv 14, 113-130 {1992}, Castration of adult males causes invohution of the prostate
and apoptosis of prostatic epitheliurn while chctting no effect on other male external genitalia
{(E. M. Bruckheimer & N. Kypnanou, Cell Tissue Res 301, 153-162 (2000); 1. 1. Isaacs,

Frostate 5, 545-557 {(1984}). This dependency on androgens provides the underlying rationale
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for treating prostaie cancer with chenucal or surgical castration also known as androgen
ablation therapy {ABT} or androgen deprivation therapy (ADT).

{0004} Androgen receptor (AR} is a transcription factor that plays dual roles 1 breast cancer
cells: promoting or mhibiting proliferation depending on expression and activity of estrogen
receptor-alpha. Expression of AR 1s detected in up to 90% of all breast cancers.

10603] Androgens alse play a role in fomale diseases such as polveystic ovary syndrome as
well as cancers. Oue cxample 18 ovarian cancer where clevated levels of androgens are
associated with an increased risk of developing ovanan cancer (K. J. Helzlsouer, A, J. Alberg,
G. B, Gordon, C. Longeope, T. L. Bush, 8. €. Hoffman & G. W. Comstock, JAM4 274,
1926-1930(1995); R J. Edmondson, J. M. Monaghan & B. R. Davies, Br.J Carncer 86, §79-885
(200233. The AR has been detected in a majority of ovanan cancers (H. A. Risch, J Natl Cancer
Inse 90, 1774-1786 (1998); B. R. Rao & B. I. Slotman, Endocr Rev 12, 14-26 (1991}, G. M.
Clinton & W. Hua, Urif Rev Oncol Hemarol 23, 1-9 {19973, whereas estrogen receptor-alpha
{ERa) and the progesterone receptor are detected i tess than 30% of ovarnan tumors.

{8606} The only effective treatment available for advanced prostate cancer is the withdrawal
of androgens which are essential for the survival of prostate luminal cells. Androgen ablation
therapy causcs a temporary reduction 1n tumor burden concomitant with a decrease in serum
prostate-specific antigen (PSA}. Untortunatelv, prostate cancer can eventually grow again
the absence of testicular androgens {castration-resistant disease)} (Huber ef of 1987 Scand J.
Ural Nephirol. 104, 33-39). Castration-resistant prostate cancer that is still driven by AR is
biochenucally characterized before the onset of symptoms by a nising titre of serum PSA
{Miller et al 1992 J Urpl. 147, 956-961). Once the discase becomes castration-resistant most
patients succumb to their disease within two years.

{8607} The AR has distingt functional domains that include the carboxy-tormunal
ligand-binding domain {LBD), a DNA-binding domain (DBD)} comprising two zme finger
motifs, and an N-terminus domamn (NTD} that confams two transcriptional activation units
(taul and tau5} within activation function-1 (AF-1). Binding of androgen {ligand) to the LBE
of the AR results in ©fs activation such that the receptor can cffectively bind to its specific DNA
consensus site, termed the androgen response element {ARE), on the promoter and enhancer
regions of “normally” androgen regulated genes, such as PSA | to imitiate transcription. The AR
can be activated in the absence of androgen by stimulation of the cAMP-dependent protein
kinase (PKA) pathway, with interleukin-6 {(IL-6) and by various growth factors {(Culig et o/
1994 Cancer Res. 54, 5474-53478; Nazarcth ef ¢! 1996 J. Biol Chem. 271, 1990019907, Sadar
1999 J. Biol Chem. 274, TT77-7783; Ueda ef gl 2002 A J. Biol Chem. 277, 7076-7083; and

[\]
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Ueda er af 2002 B J. Biol Chem. 277, 38087-38094). The mechanism of ligand-mdependent
transformation of the AR has been shown to nvolve: 1} increased noclear AR protein
suggesting nuclear translocation; 2) inereased AR/ARE complex formation; and 3} the
AR-NTD (Sadar 1999 J. Biol Chem. 274, 7777-7783; Ueda ef ¢f 2002 A J. Biol Chem. 277,
7076-7085; and Ueda e o 2002 BJ. Biol Chem 277 38087-38094). The AR can be activated
i the absence of testicular androgens by alternative signal transduction pathways in castration-
resistant disease, which 15 cousistent with the finding that nuclear AR protemn is present in
secondary prostate cancer tumors (Kim er of 2002 Am. J Pathol. 160, 219-226; and van der
Kwast er af 1991 Inter. J Cancer 48, 189-193}.

{3008} Clinically available inhibitors of the AR include nonsteroidal antiandrogens such as
bicalutamide {Casodex™, nilutanude, futamide, and enzalutamide. There 1s also a class of
sterordal antiandrogens, sach as cyproterone acetate and spironolactone. Both sterodal and
non-steroidal antiandrogens target the LBD of the AR and predominantly fail presumably due
to peor affinity and mutations that lead to activation of the AR by these same antiandrogens
{Taphin, ME., Bubley, G.I, Kom Y I, Small EJ., Uptonm M, Rajeshkumarm B., Balkm 5P,
Cancer Res., 59, 2511-2515 (1999)), and comstitutively active AR sphice variants.
Antiandrogens have no effoct on the constitutively active AR splice variants that lack the
ligand-binding domain (LBD) and are associated with castration-recurrent prostate cancer
{(Dehm SM, Schmidt L, Heemers HV, Vessella RL, Tindall B, Cancer Res 68, 5469-77,
2008; Guo Z, Yang X, Sun F, Hang R, Linn BE, Chen H, Chen H, Kong X, Melamed J§, Tepper
CG, Kung Hi, Brodie AM, Edwards §, Qu Y., Cancer Res. 69, 2305-13, 20609; Hu et al 2009
Cancer Res. 69, 16-22; Sun et al 2010 J Clin invest. 2010 120, 2715-30) and resistant to
abiraterone and enzalutamide (Antonarakis et al., N Engl J Med. 2014, 371, 1028-38; Scher et
al JAMA Oncol 2016 doi 101001y Conventional therapy has concentrated on
androgen-dependent activation of the AR through its C-terounal domain.

[8009] Other relevant AR antagomists previously reported {see, WO 2010/000066, WO
Z011/0R2487, WO 201 1/082488, WO 2012/145330, WO 2015/03 1984, W 2016/058080; and
WO 2016/058082) that bind 1o fuli-length AR and/or truncated AR splice vanants that are
currently being developed melude: AR degraders such as niclosanmide (Lin C et al 2014),
galeterone (Nyar of al 2013; Yu Z at al 2014}, and ARV-330/Androgen receptor PROTAC
{Neklesa et al 2016 J Clin Onecel 34 suppl 25, abstr 267); AR BBD mhibitor VPC-14449 (Dalal
Koetal 20147 Biol Chem, 289(38)y.26417-29; Li H et al 2014 J Med Chem. 37(15):6458-67);
antiandrogens apalotamide (Clegg NJ et al 2012}, ODM-201 (Moilanen AM et al 2015), ODM-
204 {Kalhio ot al J Ciin Oneol 2016 vol. 34 no. 2_suppl 2303, TAS3681 (Mimmamiguchi et al
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2015 J Clin Oneol 33, suppl 7, abstr 266); and AR NTD mhibitors 3E10-AR441bsAb
{Goicochea NL ct al 2015), and sintokamide {Sadar ot ai 2008; Banuelos ¢t al 2016},

{0019} The AR-NTD 15 alse a target for dmg development {e.g. WO 2000/601813; Mvung ef
al S Clin. fnvesr 2013, 123, 29483, smnce the NTD contains Activation-Function-1 (AF-1)
which is the essential region requared for AR transenptional activity (Jenster et al 1991, Mo/
Endocrinel. 5, 1396-404). The AR-NTD mportantly plays a role in activation of the AR inthe
absence of androgens (Sadar, M D, 1999 . Hiol Chem. 274, 7777-7783, Sadar MD ef o 1999
Fndocr Relar Cancer. 6, 487-502; Ueda et of 2002 J. Bicol Chem. 277, 7076-7085; Ueda 2002
J Biol Chem. 277, 38087-38094; Blaszczyvk ef ol 2004 Clin Cancer Res. 10, 18603-9; Dehm of
al 2006 J Bial Chem. 28, 27882-93; Gregorwy et af 2004 J Biol Chem. 279, 711930} The
AR-NTD 1s important in hormonal progression of prostate cancer as shown by application of
decov molecules (Quayle er af 2007, Proc Natl Acad Sci U S A, 104,1331-1336).

10611} While the crystal structure has been resolved for the AR C-terminus LBD, this has not
heen the case for the NTD due to its high flexibility and intninsic disorder in selution {(Reid er
afl 2002 J Biol Chem. 277, 20079-20086}) thereby hampering virtual docking drug discovery
approaches. Compounds that modulate AR, potentially through interaction with NTD domain,
imchude the bisphenol compounds disclosed in published PCT Nos: WO 2018/000066, WO
WO 2013/028572; WO  2013/028791, WO 2014/179867, WO 2015/031984, WO
2016/058080; WO 2016/038082; WO 2016/112455; WO 2016/141458;, WO 2017/177307;
WO 201077210771 WO 2018/045450; WO 2019220001 WO 2026/081999,) and WO
20201987140, which are hereby incorporated by reference m their entiretics.

18012} Transcriptionally active androgen receptor plays a major role in CRPC m spite of
reduced blood levels of androgen {Karantancs, T. ef af Uncogene 2813, 32, 3501-5511; Harris,
W. P. ef al Nature Clinical Practice Urofogy, 20609, 6, 76-85). AR mechanisms of resistance
to ADT melade: overexpression of AR (Visakorpi, T. ef af Nature (enetics 1998, 9, 401-406;
Kotvisto, P. ef al Scandinavian Journal of Clinical and Laboraiory Invesiigation
Supplementum 1996, 226, 57-63); gain-of-function mutations 1o the AR LBD (Culig Z. er of
Molecular Endocrinology 1993, 7, 1541-1550); mtratumoral androgen synthesis (Cai, C. et af
Cancer Research 2811, 77, 6503-6513); altered expression and function of AR coactivators
{Ueda, T. et al The Journal of Biological Chemisiry 2082, 277, 38087-38094; X} ef al Naiure
Reviews Cancer 2009, ¥, 615-630); aberrant post-transiational modifications of AR (Gioehi .
et al Molecilar and Celiular Fndocrinelogy 20882, 332, 70-78; van der Steen T. e of

International Journal of Molecular Sciences 2843, 74, 14833-14859}); and expression of AR
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splice vanants {AR-Vs) whach lack the hgand-binding domain (LBD) (Karantanos, T. e o/
Oncogene 2813, 32, 5501-5511; Andersen R J. et al Cancer Cell 2010, 17, 535-546; Myung J.
K. ei al The Journal of Clinical Investigation 2013, 123, 2948-2960; Sun 8. et af The Journal
of Clinical Tnvestigation 2010, 120, 2715-2730). Anti-androgens such as bicalutamide and
enzatutamide target AR LBD, but have no effect on truncated constitutively active AR-Vs such
as AR-V7(LiY . etal Cancer Research 2013, 73, 483-489), Expression of AR-V7 is associated
with resistance to current hormone therapies (a1 Y. er af Cancer Kesearch 2813, 73, 483-489;

Antonarakis B. 5. ef af The New Fngland Journal of Medicine 20814, 371, 1028-1038}.
SUMMARY OF THE INVENTION

[3813] The present disclosure relates to a crystalline form of an androgen receptor modulator,

Compound I or a pharmaceutically acceptable salt, solvate, or solvate salt thereof

o Py A

/\\\\Yj

[3814] In one crabodiment, Compound 1 15 an androgen receptor N-terminal domain imbubitor,

{Compound I}

[B015] The present disclosure relates to a crystalline form of Compound [ or a
pharmaceutically acceptable salt, solvate, or solvate salt thercof. In one cmbodiment, the
crystalline form is anhvdrous or non-soivated. In onc embodiment of the crystalline form,
Compound 115 not present as a pharmaceutically acceptable salt.

[8616] In one embodiment of the present disclosure, the crystalline form of Compound for a
pharmaceutically acceptable salt, solvate, or solvate salt thereof exhibits an X-ray powder
diffraction {(XRPD) pattern comprising peaks at about 17.48+:0.2, 207802, and 21 80+0.2
degrees two-thota, In one embodiment, the XRPD pastern further comprises peaks at about
519402 and 12.9440.2 degrees two-theta. In one embodiment, the XRPD pattern further
comprises at feast two peaks selected from about 17 80:0.2, 18 74:0.2, 19 57+0.2, 22 5902,
25.28+0.2, or 299520 2 degrees two-theta,

{8617} In one embodiment of the present disclosure, the crystalline form of Compound for a
pharmaceutically acceptable salt, solvate, or solvate sait thereof exhibits an XRPD pattern
comprising peaks in Table 1B, In one embodiment, the XRPD peaks at about 519402,
12,9402, 1748402, 20.7820.2, and 21 .8040.2 degrees two-theta have peak mtensitics of at

least 35%
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{8618} In one embodiment of the present disclosure, the crystallineg form of Compound 1 1s
Form A exhubiting an XRPD pattern substantially similar to Figure 1, provided that peaks at
273402 and 31.7+0.2 degrees two-theta are excluded.

{8619} In one embodiment of the present disclosure, the crvstalline form of Compound Tor a
phammaceutically acceptable salt, solvate, or solvate salt thereof exhibits a differential scanning
calorimetry {I38C) thermogram comprising an endothorm peak which onset at about 182 °C.
16628} In one embodiment of the present disclosure, the crystalline form of Compound for a
phammaceutically acceptable salt, solvate, or solvate salt thereof exhibits a thermogravimetric
analysis {TGA) thermogram comprising a change in slope which onset at about 284 °(C.
{30821} In one embodiment of the present disclosure, the crystalline form of Compound lora
pharmaceutically acceptable salt, solvate, or solvate salt thereof has a purity in the range of
about 30% to about 99%. In one embodiment of the present disclosure, the crvstalline form of
Compound | or a pharmaceutically acceptable salt, sclvate, or solvate salt thereof has a punty
of about 95% or higher. In one embodiment, the crystalline formg has a purity of about 97% or
higher. In one embodiment, the crystalline form has a purity of about 99% or higher.

18622} The present disclosure relates to an amorphous form of Compoond I or a
pharmaceutically acceptable salt, solvate, or solvate salt thercof In one embodiment, the
amorphous form is anhydrous or non-solvated. In one embodiment of the amorphous form,
Compound 1 15 not present as a pharmaccutically acceptable salt. In another embodiment, the
amaorphous form of Compound | or a pharmaceutically acceptable salt, solvate, or solvate salt
thercof i1s in a pharmaceutical composition. In a specific embodiment, the pharmaceutical
composition comprises Compound I in a solid dispersion.

{8623} In onc embodiment of the present disclosure, the amorphous form of Compound 1
cxhibits an XRPD pattern substantially sumilar to Figure 7 (third spectrum from bottom),
provided that peaks at 27 3+0.2 and 31.7+0.2 degrees two-theta are excluded.

[8024] The present disclosure relates o an amorphous form of Compound T or a
phammaccutically acceptable salt, solvate, or solvate salt thereof which exhibits a differential
scanning calorimetry (DS8C) thermogram comprising an exothero peak at about 91 °C. To one
embodiment, the amorphous form exhibits a differential scanning calonmetry {(DSC)
thermogram comprising an endotherm peak which onset at abount 178 °C.

{8625} The present disclosure relates to an amorphous form of Compound I or a
pharmaceutically acceptable salt, solvate, or solvate salt thereof which oxhibits a glass

transition temperature at about 61 °C.
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{8626} The present disclosure selates fo an amorphous form of Compound | or a
pharmaceutically acceptable salt, solvate, or solvate salt thercof which coxhibits a
thermogravimetric analysis {TGA) thermogram comprising a change in slope which ounset at
about 280 °C.

16627} In one embodiment of the present disclosure, the amorphous form of Compound Fora
phammaceutically acceptable salt, solvate, or solvate salt thereof has a purity in the range of
about 80% to about 99%. In one embodurent of the present disclosure, the amorphous form of
Compound I or a pharmaceutically acceptable salt, solvate, or solvate salt thereof has a purity
of about 95% or higher. In one embodiment, the amorphous form has a purity of about 97% or
higher. In one embodiment, the amorphous form has a purity of about 99% or higher.

{0028} The present disclosure also relates 10 a composition comprising any one of the
crystalling forms or the amorphous forms of Compound § or a pharmaceutically acceptable salt,
solvate, or solvate salt thereof as disclosed heroin, and a pharmaceutically acceptable carmer.
16029} In one embodiment, the compositions disclosed herein comprises a crystalline fom s
Form A. In onc embodiment, the composition further comprises an amorphous form of
Compound I or a pharmaceutically acceptable salt, solvate, or solvate salt thereof.

{8038} In onc cmbodiment, any one of the compositions disclosed herein can further
coraprising an additional therapeutic agent. In one cmbodiment, any one of the compositions
disciosed herein can further comprising one or more additional therapeutic agents.

10631} The present disclosure also relates to 2 method for treating cancer comprising
adounisicring any one of the crystalline forms or the amorphous forms of Compound 1 or a
phammaceutically acceptable salt, solvate, or solvate salt thereof as disclosed herem. In one
embodiment, the cancer 1s selected from prostate cancer, breast cancer, ovarian cancer, bladder
cancer, pancreatic cancer, hepatocellular cancer, endometrial cancer, or salivary gland
carcinoma. In one embodiment, the cancer 1s prostate cancer. {n one embodiment, the prostate
cancer is primary or localized prostate cancer, locally advanced prostate cancer, recurrent
prostate cancer, advanced prostate cancer, metastatic prostate cancer, non-meiastatic
castration-resistant prosiate cancer, metastatic castration-resistant prostate cancer, and
hormone-sensitive prostate cancer. In one embodiment, the prostate cancer is metastatic
castration-resistant prostate cancer. In one embodiment, the prostate cancer expresses full-
length androgen receptor or truncated androgen receptor splice varant.

{80832} The present disclosure also relates to a method for modulating androgen receptor
activity, administering any one of the erystaliine forms or the amorphous forms of Compound

{ or a pharmaceatically acceptable salt, solvate, or solvate salt thercof as disclosed herein. In

o~
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one embodiment, the modulating androgen receptor activity 1s for treating a condifion or
disease selected from prostate cancer, breast cancer, ovanan cancer, bladder cancer, pancreatic
cancer, hepatocchiular cancer, endometrial cancer, salivary gland carcinoma, hair loss, acne,
hirsutism, ovarian cvsts, polycystic ovary disease, precocious puberty, spinal and bulbar

muscular atrophy, or age-related macular degeneration.

BRIEF DESCRIPTION OF THE DRAWINGS
{8633} Fig. 1 shows X-ray powder diffraction (XRPD} spectrum of crystalline Form A of
Compound L
{0034} Fig. 2 shows thermogravimetric analysis (TGA)/differential scanning calonmetry
{(DSC) thermograms of crystalline Form A of Compound 1
18635} Fig. 3 shows dvnamic vapor sorption {BVS) profile of crystalling Form A of Compound
i
16036} Fig. 4 shows XRPD spectrum overlay of Compound { in crystalline Form A, Material
C with crystaline Form A, Matenial B, and Matenial D
{8637} Fig. § shows thermogravimetric analysis {(TGAY/differential scanning calorimetry
{DSC) thermograms of Material B of Compound L
{3038] Fig. 6 shows XRPD spectrum overlay of Compound 1 e crystalline Form A, Matenial
[} before drying, and Material D after drving soder vacuum at 50-52 °C for 3 days.
10639} Fig. 7 shows XRPD spectrum overlay of NaCl amorphous form of Compound |
disordered Form A of Compound L, and disordered form of Compound 1.
{8644} Fig. 8 shows a temperature modulated DSC thermogram of an amorphous form of
Compound L
{8641} Fig. 9 shows a TGA thermogram of an amorphous form of Compound L
{3042] Fig. 10 shows XRPD spectrum overay of disordered Form A and Form A obtamed
from crystallization experiments of amorphous and disordered Compound 1
10643} Fig. 11 shows XRPD spectrum overlay of Form A of Compound obtained
experimentally and calculated patiom of Form A from single crvstal data.
186044} Fig. 12 shows mdividual tamor volume change from baseline measured at the end of
expenment for oral admimistration of representative compounds o male NCG mice bearing
LNCaP tumors
[0045] Fig. 13 shows XRPD spectrum overtay of SDD composttions A-E and Form A of
Compound 1.
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{8046] Fig. 14 shows modulated DSC thermogram overlay of SDD compositions A-E of
Compound L

{8647} Fig. 15 shows XRPD spectrum overlay of SDD compositions H-J and N-R Compound
i

[30348] Fig. 16 shows solability of amorphous form of Compound L

DETAILED DESCRIPTION
[8649] All pubhications, patents and patent applications, mncluding any drawings and
appendices therein are incorporated by reference in their entivety for all purposes to the same
extent as if each individual publication, patent or patent application, drawing, or appendix was
specifically and individually indicated to be jncorporated by reference n iis entircty tor all

PUTPOSES.

Definiiions

1860548] While the following terms are believed to be well understood by one of ordmary skill
in the art, the following definitions are sct forth to facilitate explanation of the presently
disclosed subject matter,

{0051] Compound T 15 N-{4-{(4-{2-]3-chloro-4-(2-chlorocthoxyv}-5-cvanopbenyljpropan-2-
viiphenoxyimethylipynnudin-2-yvl ymethavesulfonamide having the structare shown below.
Compound { is disciosed in W 2020/081999 which is hercby incorporated by reference in ifs

cutirety. Inone ernbodiment, Compound 1is an androgen receptor N-terminal domamn inhibitor.

2N
/\\//{y//
QA n
/;\S/ VN ey //\O/\\/’ ‘
<IN
O N o

{(Compound )

[88632] Throughout the present specification, the terms “about” and/or “approximately” may
be used in conpunction with numerical values and/or ranges. The term “about” is understood 1o
mean those values near to a recited value. Furthermore, the phrases “less than about [a value]”
or “greater than about {3 value]” should be understood in view of the defimition of the term
“about” provided herein. The terms “abowt” and “approximately” may be used interchangeably .
18653} Throughout the present specification, numerical ranges are provided for certain
quantttics. 1t 1s to be undersiood that these ranges comprise all subranges therein. Thus, the

range “from 50 to 807 includes all possible ranges therein {e.g., 51-79, 5278, 33-77, 54-76,
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55-75, 6070, ete.). Furthermore, all values within a given range may be an endpoint for the
range encompassed thereby {e.g.. the range 50-80 inclodes the ranges with endpoints such as
35-80, 56-73, etc ).

[8834] The term “a” or “an” refers to one or more of that entity; for example, “a androgen
receptor moduolator” refers to one or more androgen receptor modudators or at least one
androgen roceptor modulator. As such, the terms “2” {or “an™), “onc or more” and “at least
one” are used interchangeably heren. In addition, refercnee to “an inhibitor” by the indefinie
article “a” or “an” does not exclude the possibility that more than one of the inhubitors is
present, unless the context clearly requires that there is one and only one of the inhibitors.
{8655) As used herein, the verb “comprise” as is used 1o this description and in the claims and
its conjugations are used in ifs non-imiting sense to mean that terns following the word are
mcladed, but items not speaifically mentioned are not excluded. The present mvention may
suttably “comprise™, “consist of, or “consist essentially of”, the steps, elements, and/or
reagents described in the claims.

{8656} It 1s further noted that the claims may be drafied to exclude any optional element. As
such, this statement s intended o serve as antecedent basis for use of such exclusive
terminology as "solely”, "only" and the like in connection with the recitation of claim clements,
ot the use of a "negative” limitation.

{3857] The term “pharmaceutically aceeptable salts” includes both acid and base addition salts.
Pharmaceutically acceptable salts include those obtained by reacting the active compound
functioning as a base, with an inorganic or organic acid to form a salt, for example, salts of
hydrochloric acid, sulfuric acid, phosphoric acid, methanesulfonic acid, camphorsulfonic acid,
oxalic acid, malerc acid, succinic acid, citrie acid, formic acid, hydrobromic acid, benzoic acid,
tartaric acid, fumaric acid, salicvlic acid, mandelic acid, carbonic acid, etc. Those skilled m the
art will further recognize that acid addition sakts may be prepared by reaction of the compounds
with the appropriate inorganic or organic acid via any of a number of known methods.

{0658] As used herein, “solvate” means a complex formed by solvation (the combmation of
solvent molecules with molecules or 1ons of the active agent of the present invention), or an
aggregaie that consists of a solute ion or molecule {(the active agent of the present invention)
with one or more solvent molecules. In the present invention, the preferred solvate is hydrate.
Examples of hydrate mchude, but are not limited to, hemihvdrate, monohydrate, dihydrate,
trihvdrate, hexabydrate, ete. It should be understood by one of ordinary skill m the art that the
pharmaceutically acceptable salt of the present compound may also exist i a solvate form

(solvate salt}. The solvate is typically formed via hydration which is either part of the

10



WO 2021/212032 PCT/US2021/027771

preparation of the present compound or through natural absorption of moisture by the
anhvdrous compound of the present mnvention. Solvates including hyvdrates may be consisting
n stoichiometric ratios, for example, with two, three, four salt molecules per solvate or per
hvdrate molecule. Another possibility, for example, that two salt molecules are stoichiometric
related to three, five, seven solvent or hydrate molecules. Solvents used for crystallization, such
as alcchols, especially methanol and ethanol, aldehydes; ketones, especially acetone; esters,
c.g. cthyl acetaie; may be embedded in the crystal grating. Preferred are pharmaceutically
acceptable solvents,

{18059 The term "treating” means one or more of relieving, alleviating, delayving, reducing,
muproving, or managing at least one sympiom of a condition in a subject. The term "treating”
may alsc mean one or more of arresting, delaving the onset (1., the period prior to clinical
mamifestation of the condition) or reducing the nisk of developing or worsening a condition.
10660] An "effective amount” means the amount of a fornnudation according to the mvention
that, when adounistered to a patient for treating a state, disorder or condition is sutficient to

fiect such treatment. The "effective amount” will vary depending on the active ingredient, the

<

state, disorder, or condition to be treated and its seventy, and the age, weight, physical
condition and responsiveness of the mammal to be treated.

{08061} The term "therapeutically effective” apphied to dose or amount refers to that guantity of
a compound or pharmaceutical formulation that 15 sufficient to result in a desired clinical
benefit after administration to a patient in need thereof

10662} As used herein, a “subject” can be a human, non-human primaie, mammal, rat, mouse,
cow, horse, pig, sheep, goat, dog, cat and the Iike. The subject can be suspected of having or at
risk for having a cancer, such as prostate cancer, breast cancer, ovarian cancer, salivary gland
carcinoma, or endometrial cancer, or suspacted of having or at risk for having acne, hirsutism,
alopecia, benign prostatic hyperplasia, ovanan cvsts, polyoystic ovary discase, precocious
puberty, spinal and bulbar muscular atrophy, or age-related macular degencration. Biagnostic
methods for various cancers, such as prostate cancer, breast cancer, ovarian cancer, bladder
cancer, pancreatic cancer, hepatocellular cancer, salivary gland carcinoma, or endomeinial
cancer, and diagnostic methods for acne, hirsutism, alopecia, benign prostatic hyperplasia,
ovarian cysts, polycystic ovary discase, precocious puberty, spinal and bulbar muscular
atrophy. or age-related macular degencration and the clinical delineation of cancer, such as
prostate cancer, breast cancer, ovanan cancer, bladder cancer, pancreatic cancer, hepatoccliular
cancer, sabivary gland carcinoma, or endomeirial cancer, diagnoses and the climcal delineation

of acne, hirsutism, alopecia, beoign prostatic hyperplasia, ovanan cysts, polyeystic ovary
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disease, precocious puberty, spinal and bulbar muscular atrophy, or age-related macular
degeneration are known to those of ordinary skill m the art.

{3063} “Mammal” inchides humans and both domestic animals such as laboratory animals
{e.g., mice, rats, monkeys, dogs, ete.) and houschold pets (e. g, cats, dogs, swing, cattle, sheep,
goats, horses, rabbits), and non-domestic antmals such as wildhife and the hike.

10664] All weight percentages (1.e., "% by weight" and "wt. %" and w/w) referenced herein,
unless otherwise indicated, are measured relative 1o the total weight of the phammaceutical
COMposition.

{8665} As used heremn, "substantially” or "substantial” refers to the compicte or neardy
complete oxtent or degree of an action, characteristic, property, state, steucture, item, or result.
For example, an object that 1s "substantially” enclosed would mean that the object 1s cither
completely enclosed or nearly completely enclosed. The exact allowable degree of deviation
from absclute completeness may i some cases depend on the specific context. However,
generally speaking, the neamess of completion will be so as to have the same overall result as
if absolute and fotal completion were obtained. The use of "substantially” is equallv applicable
when ased in a negative connotation to refer to the complete or near complete lack of action,
characteristic, property, state, structure, itom, or result. For example, a composition that is
"substantially free of" other active agents would either completely lack other active agents, or
so nearly completely lack other active agents that the effect would be the same as if i
completely lacked other active agents. In other words, a composition that is "substantially froe
of " an ingredicnt or clement or another active agent may stifl contain such an ttem as long as
there 1s no measurable effect thereof.

{8664} Polymorphism can be characterized as the ability of a compound to crystallize to
different crystal forms, while maintaining the same chemical formula. A cryvstalline polvimorph
of a given drug substance is chemically identical to any other crvstaliine polyvmorph of that
drug substance m containing the same atoms bonded to one another in the same way, but differs
ity crystal forms, which can affect one or more physical properties, such as stability,
solubility, melimg pomt, bulk density, flow properties, bicavailabiity, ete.

{8667} As used herein, the term “solid dispersion” is a system i a solid state {as opposed to a
hquid or gaseous state} comprising at least two components, wherein one component is
dispersed more or iess evenly throughout the other component or components {homogenous
mix}. Generally, a solid dispersion formulation of a therapeutically active agent{s) refersto a
dispersion mixture of the therapeutically active agent{s) m an mert carner. Inert carriers can be

a crystalline carrier (such as sogars), a polymeric carmer {sach as HPMCAS]}, or a mixture of
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surfactants and polvmers. Typically, a sobid dispersion of a therapeutically active agent
mercases the surface arca of the therapeutically active agent and enhances drug solubiity
and/or dissolution rate.

{8068} The following description includes information that may be useful in understanding the
present wvention. It is not an admission that any of the information provided herein is prior art
or relevant to the presently claimed inventions, or that any publication specifically or implicitly

referenced is prior art.

Solid Forms of Compound I

{8669} In one embodiment, the present disclosure relates to solid forms of Compound fora
pharmaceutically acceptable salt, solvate, or solvate salt thercof. In one embodiment, the solid
form 18 for Compound I (not a salt, not a solvate, not a solvate salt}. In ong embodiment, the
solid form is for a pharmaceutically acceptable salt of Compound {. In one embodiment, the
solid form is for a pharmaccutically acceptable solvate of Compound 1 In one embodiment,
the sohd form s for a pharmaceutically acceptable solvate salt of Compound 1 In one
embodiment the sohid form i1s amorphous or crystalline form.

18678} In another embodiment, the amorphous form of Compound | or a pharmaceutically
acceptable salt, solvate, or solvate salt thercof is m a pharmaceutical composition. fn a specific
embodiment, the pharmaceutical composition comprises Compound [ in a solid dispersion.
10671} In one embodiment, the solid form of Compound I is crystalline Form A, In one
embodiment, the solid form of Compound I 1s amorphous form. In one embodiment, the solid
form of Compound [ 1s Material B. In one embodiment, the sohid form of Compound 1 is
Matenial C. In one embodiment, the solid form of Compound §1s Matenal D

{8672} In one embodiment, the present disclosure relates to an isolated solid form of
Compound 1 or a pharmaceutically acceptable salt, solvate, or solvate salt thereof. In one
embodiment, the isolated solid form 15 an isolated crystalling form of Compound 1 or a
phammaceutically acceptable salt, solvaie, or solvate salt thereof. In one embodiment, the
1solated solid torm is an isolated crystalling Form A of Compound 1 In one crebodiment, the
isolated solid form 1s an isolated amorphous form of Compound [ or a pharmaceutically
acceptable salt, solvate, or solvate salt thereof. In one embodiment, the isolated sclid form i
an isolated amorphous form of Compound L

{3873} In onc cmbodiment, the solid form of Compound 1 or a pharmaceutically acceptable
salt, solvate, or solvate salt thereof has a purity of at least about 75%, at least about 80%, at

fcast abowut 85%, at least about 909, at least about 95%, at least about 97%, at least about 989%,
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or at least about 99%. In one embodiment, the solid form of Compound I or a pharmaceutically
aaceptabie salt, solvate, or solvate salt thereof has a punty of at least about 75%, at least about
80%, at lcast about 83%. at lecast about 90%, at least about 95%, at least about 97%, at lcast
about 98%, or at least about 59% with respect to one specific solid form of Compound Tor a
pharmaceutically acceptable salt, solvate, or solvate salt thercof.

103674} In one embodiment, the solid form of Compound { or a pharmaceutically acceptable
salt, solvate, or solvate salt thereof has a purity of at least about 99.9%, about 99 8%, about
88 7%, about 99.6%, about 99.5%, about 9945, about 99.3%, about 99.2%, about 99.1%,
about 99.0 %, about 98%, about 97%, about 96%, about 95%, about 94%, about 93%, about
092%, about 91%, or about 90%. In one embodiment, the solid form of Compound L or a
pharmaceutically acceptable salt, solvate, or solvate salt thereof has a punity of at least about
549 9%, about 99 8%, about 99.7%, about 99.6%, abouwt 99.53%, about 99.4%, about 99.3%,
about 99.2%, about 9.1%, about 99.0 Y. about 989, about 97%, about 96%, about 95%, about
94%, about 93%, about 92%, about 91%, or about 90% with respect to one specific solid form
of Compound 1 or a pharmaceutically acceptable salt, solvate, or solvate salt thercof.

{8675} In one embodiment, the solid form of Compound T or a pharmaceutically acceptable
salt, solvate, or solvate salt therecfhas a purity of about 75% to about 99%. In one embodiment,
the solid form of Compound 1 or a pharmaceutically acceptable salt, solvate, or solvate salt
thereof has a purity of about 80% to about 99%. In one embodimeni, the solid form of
Compound | or a pharmaceutically acceptable salt, sclvate, or solvate salt thereof has a punty
of about 853% to about Y9%. In one embodiment, the solid form of Compound I or a
phammaceutically acceptable salt, solvate, or solvate salt thereof has a purity of about 0% to
about 99%. In one embodiment, the solid form of Compound | or a pharmaceutically acceptable

salt, solvate, or solvate salt thercof has a purity of about 95% to about 99%

{3876} In onc cmbodiment, the solid form of Compound 1 or a pharmaceutically acceptable
salt, solvate, or solvate salt thereof has a purity of about 75% to about 99% with respect to one

spacific solid form of Compound | or a pharmaceutically accoptable salt, solvate, or solvate
salt thercof. In one embodiment, the sohid form of Compound | or a pharmaceutically
acceptable salt, solvate, or solvate salt thereof has a punity of about 80% to about 99% with
respect (o ong specific solid form of Compound 1 or a pharmaceutically acceptable salf, solvate,
or solvate salt thereof. In one embodiment, the solid form of Compound 1 or a pharmaceutically
acceptable salt, solvate, or solvate salt thereof has a purity of about 85% to about 99% with
respect fo one specific solid form of Compound [ or a pharmaceutically acceptable salt, solvate,

or solvate salt thereof. In one embodiment, the solid form of Compound | or a pharmaceutically
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acceptable salt, solvate, or solvate salt thereof has a punity of about 90% to about 99% with
respect (o ong specific solid form of Compound 1 or a pharmaceutically acceptable salf, solvate,
ot solvate salt thereot. In one embodiment, the solid form of Compound ¥ or a pharmaceutically
acceptable salt, solvate, or solvate salt thereof has a purity of about 95% to about 59% with
respect to one spectfic solid form of Compound [ or a pharmaceutically acceptable salt, solvate,
or solvate salt thereof.

16077} In one embodiment, the specific solid form of Compound 1 or a pharmaccutically
acceptable salt, solvate, or solvate salt thereof with high punty is crystalline Form A of
Compound . In one embodiment, the specific solid form of Compound I or a pharmaceutically
acceptable salt, solvate, or solvate salt thereof with bigh purity is an amorphous form of
Compound 1.

18678} In one embodiment, the present disclosure relates to sohid forms of Compound Lora
phamaceutically acceptable salt, solvate, or solvate salt thereof, wherein the solid form
comprises one or more solid forms of Compound 1 or a pharmaceutically acceptable salt,
solvate, or solvate salt thereof, In one embodiment, the solid form of the present disclosure
comprises one or more forms sclected from the group consisting of: crystalline Form A of
Compound 1 amorphous form of Compound I, Material B of Compound I Material C of

Compound I, and Matenial D of Compound L

Crystalline Form of Compound {

16079} In one embodiment, the present disclosure relates to a erystalline fom of Compound 1
or a pharmaceutically acceptable salt, solvate, or solvate salt thereof. In one embodiment, the
present disclosure relates to an anhydrous or non-solvated crystalline form of Compound  or
a pharmaceutically acceptable salt thereof. In one embodiment, the present disclosure relates
to an anhvdrous or non-solvated crystalline form of Compound [ (not a salt). In onc
embodiment, the present disclosure relates to a erystalline form of Compound I (not a salt). In
one embodiment, the present disclosure relates to a crystalline form of Compound §, which is
Form A,

{8684} In one embodiment, the crysialhine forms are characterized by the mierlattice plane
mitervals determined by an X-ray powder diffraction (XRPD) paitern. The spectrum of XRPD
is typically represented by a diagram plotting the intensity of the peaks versus the location of
the peaks, 1.¢., diffraction angle 28 (two-theta) in degrees. The tutensities are often given m
parenthesis with the following abbreviations: very strong = vst: strong = st; medm = m; weak

= w; and very weak = vw. The characteristic peaks of a given XRPD can be selected according

Pt
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to the peak locations and their relative intensity to conveniently distinguish this crystalline
structure from others. The % mtensity of the peaks relative to the most intense peak may be
represented as Vo,

{8081} Those skilled n the art recognize that the measurements of the XRPD peak locations
and/or intensity for a given crystalline form of the same compound will vary within a margin
of error. The values of degree 28 allow appropriate error margins. Typically, the error margins
arc represented by "7, For example, the degree 28 of about 17 482027 denotes a range from
about 1746 to 17.50 degree 28. Depending on the sample preparation techmigues, the
calibration techniques applied to the instruments, human operational variation, and etc., those
skilled in the art recognize that the appropriate error of margins fora XRPD can be about +0.7;
+0.6; £0.5; £0.4; £0.3; £0.2; £0.1; £0.05; or less.

80682} Additional details of the methods and equipment used for the XRPD analysis are
descrbed in the Examples section.

10083} In one embodiment, the crystalline forms are characterized by Differential Scamung
Calorimetry (D5C). The DSC thermogram is typically expressed by a diagram plotiing the
normalized heat flow n units of Watts/gram (“W/g™) versus the measured sample temperature
i degree Celsius. The DSC thermogram 1s usually evaluated for extrapolated onset and end
{ouisct) tomperaturcs, peak temperature, and heat of fusion. A peak characteristic value of a
DSC thermogram s often used as the charactenstic peak to distinguish thus crystalling structure
from others.

10684} Those skilled in the art recognize that the measurements of the DSC thermogram for a
given crystalline form of the same compound will vary within a margin of error. The values of
asingle peak characteristic value, expressed in degree Celsius, allow appropriate error margins.
Typically, the error margins are represented by “+”. For example, the single peak characternistic
value of about “17.48=0.2" denotes a range from about 17.46 1o 17.50. Depending on the
sample preparation techniques, the calibration technigues applied to the mstruments, human
operational variations, and etc., those skilled i the art recognize that the appropriaie error of
margins for a single peak characteristic value can be £2.5; £2.0; £1.5; 1 .0; +0.5; or less.
{8683} Additional details of the methods and equipment used for the DSC thermogram analysis
are described in the Examples section.

{8086} In one embodiment, the crysialtine forms are characterized by Dynamic Vapor Sorption
(DVS). The DVS profile 1s typically expressed by a diagram plotting the sample relative
humidity (RH) versus the change i mass {(%). The DVS profile provides nformation on

hveroscopicity of the crystalline form at different RH conditions.
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{8687} Additional details of the methods and equipment used for DVS are described in the
Examples section.

{0083} In one embodiment, the present disclosure relates to Form A, which s a crystalline
form of Compound 1 that 1s anhvdrous or non-solvated. In one embodiment, Form A 15 more
stable than other crystalline forms of Compound I, pharmaceatically acceptable salt, solvate,
or solvate salt thereof. In one embodiment, Form A oxhibiis high stability. In one embodiment,
Forma A is the most thermodynamically stable form.

{6689} In one embodiment, Form A of crystalline form of Compound I may comprise of a
mixture of one or more forms of polymorphs of Compound I In some embodiments, the
crystaliine form of Compound 1 may comaprise of substantially pure form of one polymorph
tvpe. In one embodiment, the crystalline form of Compound I may compnise of over about
549 9%, about 99 8%, about 99.7%., about 99.6%, about 99.5%, about 99.4%, about 99.39%,
about 99.2%, about 99.1%, or about 99.0% of Form A In ancther embodiment, the crystalline
form of Compound | may comprise over about 99%, 98%, 97%, 96%, 953%, 94%, 93%, 92%,
81%, or 90% of Form A. In some embodiments, the crystalline form of Compound T may
comprise over about 9%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, or 40% of Form
A,

{3099 In one embodiment, crvstalling Form A of Compound { exhibiis an XRPD pattern
comprising peaks af about 17 48, 20.78, and 21 80 degrees two-theta with the margin of error
of about =0.5; about =0.4; about £0.3; about £0.2; about =0.1; about £0.05; or less. In ancther
embodiment, the XREPD of the crystalline Form A of Compound | further comprises peaks at
about 5.19 and 12.94 degrees two-theta with the margin of error of about £0.5; about +0.4;
about +£0.3; about +0.2; about +03.1; about +0.05; or less. In firther embodiment, the crystaliine
Form A of Compound | further comprises at feast two peaks selected from about 17 80, 18,74,
1957, 22.59, 25 28, or 29.95 degrecs two-theta with the margin of ervor of about=0.5; about
+0.4; about £0.3; about +0.2; about £0.1; about £0.03; or less. In further embodiment, the
crystalling Form A of Compound ! further comprises at least three peaks selected from about
17.80, 1874, 1957, 22.59, 2528, or 2995 degrees two-theta with the margin of crror of
aboutt0.5; about £0.4; about £0.3; about £0 2; about =0.1; about £0.05; or less. In further
embodiment, the crystalline Form A of Compound 1 further comprises at least four peaks
selected from about 17.80, 1874, 1957, 22.59, 25.28, or 29.95 degrees two-theta with the
margin of error of aboutx0.5; about £0.4; about £0.3; about £0.2; about £0.1; about £0.05; or
less. In further embodiment, the crystalline Form A of Compound 1 further comprises at least

five peaks sclected from about 17.80, 1874, 19.57, 22 .59, 25 28, or 29.93 degrees two-theia
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with the margin of ervor of aboui=0.5; about £0.4; about £0.3; about £0.2; about £8.1; about
+0.03; or less. In forther cabodiment, the crystalline Form A of Compound I further comprises
peaks at about 17.80, 18.74, 19.57, 22.59, 25 .28, and 29.95 degrees two-theta with the margin
of error of about+0.5; about £0.4; about £0.3; about +0.2; about £0.1; about £0.05; or less.
{6691} In one embodiment, crystalline Form A of Compound T exhibits an XRPD pattern
comprising peaks at about 17.48+0.2, 207802, and 21 80402 degrees two-theta. In one
embodiment, cryvstalline Form A of Compound ¥ exhibits an XRPD patiern comprising peaks
having intensity of at least 50% at about 17.48+0.2, 2078202, and 21.80+0.2 degrecs two-
theta. In one embodiment, crystalline Form A of Compound I exhibits an XRPD pattern
coraprising peaks havimg intensity of at least 60% at about 17.48+0.2, 20.78+0.2, and
21.80+0.2 degrees two-theta. In one embodiment, crystalline Form A of Compound T exhibits
an XRPD pattern comprising peaks having intensity of at least 65% at about 17.48+0.2,
2078202 and 21,8040 2 degrees two-theta.

16692} In one embodiment, crystaline Form A of Compound 1 extubits an XRPD patiemn
comprising peaks at about 5.19+0.2 and [2.94+0.2 degrees two-theta. In one embodiment,
crystalling Form A of Compound [ exhibits an XRPD pattern comprising peaks having intensity
of at least 30% at about 5.19+0.2 and 12.944+02 degrecs two-theta. In one cmbodiment,
crystalline Form A of Compound ¥ exhibits an XRPD pattern comprising peaks having inteosity
of at feast 35% at about 519402 and 1294402 degrees two-theta, In one embodiment,
crystatling Form A of Compound | exdubits an XRPD pattern comprising peaks having intensity
of at least 40% at about 519102 and 12.94+0.2 degrecs two-theta. In one embodiment,
crvstatline Form A of Compound I exhibits an XRPD pattern comprising peaks having intensity
of at least 35% at about 519402, 1294402 17 48402, 207802, and 21 80402 degrees
two-theta.

{3093} In one embodiment, crystalline Form A of Compound | exhibits an XRPD pattern
coroprising at least two peaks selected from about 17.80+0.2, 18,7402, 19.57+0.2 2259402,
25.28+G2, or 299502 degrecs two-theta. In one cmbodiment, crystalline Form A of
Compound 1 exiubits an XKPD pattem comprsing peaks at about 1780402, 187402,
1957402, 225902, 2528+0.2, and 2995402 degrees two-theta. In one embodiment,
crystalling Form A of Compound [ exhibits an XRPD pattern comprising peaks having intensity
of at least 15% atabout 17.8040.2, 1874402 1953702, 22 5902, 2528402, and 29 95+0.2
degrees two-theta. In one embodiment, crystalline Form A of Compound 1 exhibits an XKPD
pattern comprising peaks having mfensity of at least 20% at about 17.804£0.2, 18.7440.2,

1957402, 22 59402 2528402 and 2995402 degrees two-theta,

i3



WO 2021/212032 PCT/US2021/027771

{8694} 1n one embodiment, crystalline Form A of Compound 1 exhibits an XRPD patiem
comprising peaks having intensity of at least 30% at about 5.1940.2, 1294402, 1748402,
1780072, 1874502, 207802, and 21 80402 degrees two-theta. fn one embodiment,
crystalline Form A of Compound [ exhubits an XRPD pattern comprising peaks having intensity
of at least 35% at about 5.1940.2, 12.9440.2, 1748402, 18.74+0.2, 20.7840.2, and 21 80402
degroes two-theta,

16093} In one embodiment, the crvstaliine Form A of Compound exhibits an XRPD comprising
peaks shown in Table 1A below. In one embodiment, the crvstalline Form A of Compound 1

exhibits an XRPD comprising peaks shown in Table 1B below.

19



PCT/US2021/027771

WO 2021/212032

ompound |

4
v

[8696] Table 1A XRPD Table of Form A of




WO 2021/212032 PCT/US2021/027771

[8697] Table 1B. XRPD Table of Form A of Compound §

Ny
L

{8098] In one specific embodiment, the crystalline Form A of Compound 1 exhibits an XRPD
pattern that 1s substantially similarto Fig. 1. o one embodiment, the XRPD spectrum presented
mn Fig. 1 contains small amount of NaCl. In one embodiment, the XRPD peaks at 27.340.2 and
at 31.7402 degrees two-theta in Fig. 1 i attributed to the presence of small amount of Na(l
In one embodiment, the XRPD peaks at 27.3+0.2 degrees two-theta in Table 1A 13 attributed
o the presence of small amount of Na(l.

18099} In one embodimment, the crystalline Form A of Compound [ exhibits an XRPD pattern
that is substantially similar to Fig. 1 provided that peaks at 27 320.2 and at 31.7+0 .2 degrees
two-theta are excluded as not being part of the characterization of Form A In one embodiment,
the crystalline Form A of Compound [ exinbits an XRPD pattemn comprising peaks shown in
Table 1A, provided that peaks at 27 320 2 degrees two-theta are excluded as not being part of
the characterization of Form A.

10108] In one embodiment, the cryvstathine Form A of Compound 1 exhibits a TGA thermogram
substantially similar to Fig. 2 (fop). v one embodiment, crystaliine Form A of Compound 1
shows change in the slope of a TGA thermogram starting at about 284 °C (onsct}. Without
bound to any theory, this change in the slope of the TGA thermogramn is hikely associated with
the decomposition of erystalline Form A of Compound L

13101} In one embodiment, the crystalline Form A of Compound I exhibits a BSC thermogram
comprising an endotherm peak at about 182 °C (onset) with the error of margio of about +2.5;
about +2.0; about =1.5; about =1.0; about =0.5; or less. In one embodiment, the crystalline
Form A of Compound T exhibits a DSC thermogram comprising an endotherm peak at about
185 °C {peak) with the error of margin of about £2 .5, about £2.0; about +1 5; about +1.0; abowt
+0.5; or less. In one cmbodiment, the crystaline Form A of Compound 1 exhibits a DSC

thermogram that is substantially sinular to Fig. 2 (bottom)}.



WO 2021/212032 PCT/US2021/027771

18102} In one embodiment, crystaliing Form A of Compound { can be obtained as a suitable
single crvstal. In one embodiment, single crystals of Form A has a crystal system that is
monochinic and the space group is P2u/e. In one cmbodiment, the cell parameters and the
calculated volme of the single crystals of Form A are about: @ = 17.5550 = 0.0002 A, b =
10.96169 £ 0.00013 A, 0= 13.7961 £ 0.0002 A, ¢ = 90°, f=104.5717 £ 0.0015°, v = 90°, and
V= 256940 + 0.06 A®. In one embodiment, single erystals of Form A has a density of about

1.384 g/om’.

Amorphous Form of Compound 1

{8103} In one embodiment, the present disclosure relates to solid forms of Compound fora
pharmaceutically acceptable salt, solvate, or solvate salt thereof. In one embodiment, the
present disclosure relates to an amorphoss form of Compound I or a pharmaceutically
acceptable salt, solvate, or solvate salt thereof fn one embodiment, the present disclosure
relates to an amorphous form of anhvdrous or non-solvated Compound | or a pbarmaceutically
acceptable salt thereof. In one embodiment, the present disclosure relates to an amorphous form
of anhydrous or non-solvated Compound I (not a salt). In one embodiment, the present
disclosure relates to an amorphous form of Compound I {not a salt, not a solvate, not a solvate
salt),

13104] In another embodiment, the amorphous form of Compound 1 or a pharmaceutically
acceptable sali, solvate, or solvate salt thercof is in a pharmaceutical composition. In a specific
embodiment, the pharmaceutical composition comprises Compound [ in a solid dispersion.
{8103} In one embodiment, the amorphous form of Compound I exhibits an XRPD patiern that
15 substantially similar to Fig. 6, third spectnum from the bottom, excluding peaks attributed to
the presence of NaCl at about 27 and at about 32 degrees two-theta.

{3106 In one embodiment, the amorphous foum of Compound | exhibits a glass transition {7y)
at about 61 °C with the crror of margin of about £2.5; about £2.0; about £1.3; about £1.0; about
+0.5; or less, as a step change in the reversing heat flow signal. In one embodiment, the glass
transition tomperature is mcasured by temperature modulated DSC (TMDSC). In one
embodiment, the amorphous form of Compound I exhubits a DSC thermogram comprising an
exotherm peak at about 91 °C (peak) with the error of margin of about 2 3; about +2.0; about
+1.5; about £1.0; about £0.5; or less. In one embodiment, the amorphous form of Compound |
exhubits a DSC thermogram comprising an endotherm peak at about 178 °C (onset) with the

error of margin of about £2.5; about £2.0; about £1.5; about £1.0; about £0.5; or less. In one
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embodiment, the amorphous form of Compound 1 exlubits a DSC thermogram that is
substantially similar to Fig. 7.

{3107} In one embodiment, the amorpbous form of Compound { exhibits 2 TGA thermogram
substantially sinular to Fig. 8. In one embodiment, amorphous form of Compound 1 shows
change mn the slope of TGA thermogram starting at about 280 °C {onset). Without bound to
any theory, this change in the slope of the TGA themmogram is likely associated with the
decomposition of the amorphous form of Compound L

18108} In some embodiments, the amorphous form of Compound I exhubiis a glass transition
temperatare (Tg) in the range of about 60 °C to about 180 “C as measured by differential
scanning calorimeter. In some crubodiments, the amorphous form of Compound 1 exhibits a
glass transition temperature {Tg) in the range of about 60 °C to about 90 °C as measured by
differential scanming calorimeter. In some embodiments, the amorphous form of Compound 1
exhibits a glass transition temperature (Tg) in the range of about 70 °C to about 80 °C as
measured by differential scanoning calorimeter. In a specific embodiment, the amorphous form
of Compound 1 1s in a pharmaceutical composition, or in a more specific embodiment, a solid
dispersion composiiion.

{8109} In somc embodiments, the amorphous form of Compound 1 exhibits an X-ray powder
diffraction (XRPD) pattern substantially similar to any one of the patterns shown 1 Figure 13
and 13. In a specific embodiment, the amorphous form of Compound { is in a pharmaceutical
composition, or in a more specific embodiment, a solid dispersion composition.

10119} In some embodiments, the amorphous form of Compound 1 exhibits an XRPD paticmn
substantially similar to a pattern labeled as SDI-A, SDD-B, SDD-C, SDD-D, or SDD-E n
Figure 13 or a pattern labeled as SDD-H, SDD-L, SDD-J, SDBD-N | SBB-0O, SBD-C, SDD-P,
SPD-G, or SBB-R 1 Figure 15, In some embodiments, the amorphous form of Compound {
exhubits an XRPD pattern substantially sinuilar to a patiern labeled as SDD-H, SDB-L SDD-I,
SDB-N, SDD-0O, SBD-0, SDB-P, 8DD-Q, or SDD-R m Figure 15, In a specific embodiment,
the amorphous form of Compound 1 is in a phammaceutical composition, or in a more specific
embodiment, a solid dispersion composition.

{8111} In some embodiments, the amorphous form of Compound 1 exhibits a modulated
differential scanning calorimetry (mDSC) thermogram substantially similar (o the thermogram
labeled as SDD-A, SDD-B_ SDD-C, SDB-D, or SBD-E in Figure 14, In a specific embodiment,
the amorphous form of Compound | is in a pharmaceutical composition, or in a more specific

embodiment, a solid dispersion composition.
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Pharmaceutical Compositions and Formulations

18112} In another embodiment, the present invention provides a pharmaceutical composition
coraprising a therapeutically effective amount of a crystalline form of Compound | or a
pharmaceutically acceptable salt, solvate, or solvate salt thereof, as disclosed herein, as the
active ingredient, combined with a phamaceutically acceptable exeipient or carrier. In one
embodiment, the present invention provides a pharmaceutical composifion comprising a
therapeutically cffective amount of a crvstalline Form A of Compound 1 In one embodiment,
the present vention provides a pharmaceutical composition comprising a therapeutically
cffective amount of a crystalhne Form A of Compound T and a pharmaceatically acceptable
excipient or carrier. The excipients are added to the formulation for a variety of purposes.
{8113} In one embodiment of the present disclosure, the pharmaceutical composition
comprises Compound { or a pharmaceutically acceptable salt, solvate, or solvate salt thereof as
a mixture of different forms. In one embodiment, the pharmaceutical composition compriscs
cws‘ca’iiine Form A of Compound 1 in about 99.9%, about 99 8%, about 99.7%, about 99.6%,
about Y o, about 99 4%, about 99.3%, about 99.2%, about 9919, or about 99.0% of the
total amount of Compound | or a pharmaceutically acceptable salt, solvate, or solvate salt
thereof. fo one cmbodiment, the pharmaceutical composition comprises crystalline Form A of
Compound I in about 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 90% of the total
amount of Compound I or a pharmacetically acceptable salt, solvate, or solvate salt thereof.
In one embodiment, the pharmaceutical composiﬁon camprﬁses crystathing Form A of
Compound 1 in about 90%, 85%, 80%, 75%, 70%, 65%, 60% o, S0%, 459, 40%, 35%,
38%, 25%, or 209 of the total amount of Compound fora phaﬂnaceuticaﬂy acceptable salt,
solvate, or solvate salt thereof. In one embodiment, the pharmaceutical COMPOosition comprises
crystalline Form A of Compound tin about 0.1%. 0.2%, 0.3%, 0.4%, 0.5%, (.6%, 0.7%, 0.8%,
0.9%, 1%, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4 3%, 5%, 5.5%, 6%, 6.5%, 7%, 7.5%, 8%, 8.5%,
9%, 9.5%, 10%, 11%, 12%, 13%, 14%, 13%, 16%, 17%, 18%, 18%, or 20% of the total amount
of Compound 1 or a pharmaceutically acceptable salt, solvate, or solvate salt thereof.

10114} In one cmbodiment, the present invention provides a pharmaceutical composition
comprising a therapeutically effective amount of an amorphous form of Compound 1, or a
pharmaceutically acceptable salt, solvate, or solvate salt thersof, as disclosed herein, as the
active ingredient, combined with a pharmaceutically acceptable excipient or camier.

{3115} In one embodiment, the pharmaceutical composition comprises an amorp.hous form of
Compound I 1n about 99.9%, about 99.8%, about 99.7%, about 99.6%, about 99 5%, about

59 4%, about 99.3%, about 99.2%, about 99 1%, or about 99.0% of the total amount of
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Compound [ or a pharmaceutically acceptable salt, solvate, or solvate salt thereof In one
embodiment, the pharmaceutical composition comprises an amorphous form of Compound 1
n about 99%, 98%, 97%, 96%. 85%, 94%, 93%, 92%. 91%, or 90% of the total amount of
Compound I or a pharmaceutically acceptable salt, solvate, or solvate salt thereof. In one
embodiment, the phammaceutical composition cmmprises an zmmmhmus form of Compound 1
m about 90%, 85%, 80%, 75%, T0%. 65%, 60%., 35%, 50%, 45%, 40%, 35%, 30%, 25%, or
20% of the total amount of Compound 1 or a pharmaceutically acceptable salt, solvate, or
solvate salt thereof In one embodiment, the pharmaceutical composition comprises an
amorphous form of Compound 1 in about 0.1%, 0.2%, 8.3%, 0.4%, 0.5‘?/&,, G.6%, 0.7%., 0.8%,
0.9%, 1%, 1.5%, 29, 2.5%, 3%, 3.59%, 4%, 4.53%, 5%, 5.5%, 6%, 6.5%, 7%, 7.5%, 8%, 8 59,
9%, 9.5%, 10%, 11%, 12%, 13%, 14%, 13%, 16%, 17%, 18%, 18%, or 20% of the total amount
of Compound 1 or a pharmaceutically acceptable salt, solvate, or solvate salt thereof.
10116} In one cmbodiment of the present disclosure, the pharmaceuntical composition
comprises a mixture of a crvstailine foom and an amorphous form of Compound T or a
phammaceutically acceptable salt, solvate, or solvate salt thereof. In one embodiment, the
mixture comprises an amorphous form of Compound T in abowut 99%, 98%, 97%, 96%, 95%,
4%, 93%, 92%, 91%, or 90% and a crystalline form of Compound I in about 1%, 1.5%, 2%,
2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 5.5%, 6%, 6.5%, 7%, 7.5%, 8%, 8.5%, 9%, 9.5%, or 10%,
wherein the amount represents the perceniage of the total amount of Compound { or a
phammaccutically acceptable salt, solvate, or sclvate salt thercof in the mixture. In one
embodiment, the vuxture comprises an amorphous form of Corapound ¥ in about 90%, 85%
0%, 75%, T0% o, 60%, 55%, SO%, 45%, 40%, 35%, 30%, 25%, or 20% and aclys‘{aliinc
form of (,Ompsundim about 10%, 153%, 20%, 25%, 30%, 35%, 40%, 45%, 30%, 55%, 60%
5%, T0%, 75%, or 0%, wherein the amount represents the percentage of the total amount of
Compound | or a pharmaceutically acceptable salt, solvate, or solvate salt thereof in the
mixture. In one embodiment, the mixture comprises a erystalling form of Compound I in about
G9%, 98%, 97%. 96%, 95%, 94%, 93%, 92%, 91%, or 90% and an amorphous form of
Compound 1o about 19, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%. 4.3%, 5%, 3.5%. 6%, 6.5%, 7%,
7.5%, 8%, 8.5%, 8%, 9.5%, or 10%, wherem the amount represents the percentage of the total
amount of Compound | or a pharmaceutically acceptable salt, solvate, or solvate salt thereof n
the mixture. In one crubodiment. the mixture comprises a crystaliine form of Compound [ 1in
about 0%, 85%, 80%, 75%, 70%, 65%, 60%. 35%., 50%, 45%, 40%, 35%, 30%. 258%, or 20%

0, o,

and an amorphous form of Compound I about 10%, 13%, 20%, 25%, 30%, 35%, 40%, 45%,

50%, 53%, 60%, 65%, 70%, 75%, or 80%, wherein the amount represents the percentage of

]
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the total amount of Compound 1 or a pharmaceutically acceptable salt, solvate, or solvate salt
thercof 1n the mixture. In one embodiment, the crystalime form of Compoonnd 1is Form A.
{3117} Inone embodiment, the Compound | can be present in the pharmaceutical composition
as a pharmaceutically acceptable salt. In one embodiment, the Compound I can be present in
the pharmaceutical composition as a phanmaceutical solvate. In one embodiment, the
Compound { can be present in the pharmaceutical composition as a pharmaceutical solvate salt.
In one embodiment, the Compourd | can be present 1n the pharmaceutical composition as an
amorphous form. fn one embodiment, the Compound T can be present in the pharmaceutical
composition as a crystalling form that 1s not Form A In one embodiment, the Compound I can
be present 1o the pharmaccutical composition as a crystalline foro that is vot Form A that is
anhydrous Compound I In one cmbodiment, the Compound | can be present i the
pharmaceutical composition as a crystalline form that is not Form A that is anhvdrous free base
of Compound L

10118} In one embodiment, a pharmaceutical composition, as described herein, further
comprises onc or more additional therapeutically active agents. In one embodiment, one or
more additional therapeutically active agents are selected from therapeutics asefid for treating
cancer, nourclogical disease, a disorder characterized by abnormal accumulation of o-
synuclein, a disorder of an aging process, cardiovascular discase, bacterial infection, viral
mwfection, mitochondnal related disease, mental retardation, deafness, blindness, diabetes,
obesity, autoimmune disease, glaucoma, Leber's Hereditary Optic Neuropathy, and rheamatoid
arthritis. In one embodiment, one or more additional therapeutically active agenis are selecied
from therapeutics usetil for treating prostate cancer of breast cancer,

18119} In some embodimenis, the one or more additional therapeutic agents 1s a poly {ADP-
ribose) polymerase (PARP) inhibtior including but not limited to olapanb, niraparib, racaparib,
talazoparth; an androgen receptor higand-binding domain mbibitor including bt not limited to
enzalutamide, apalutamide, darvolutamide, bicalutanide, miluwtamide, flutamide, ODM-204,
TAS3681; an mhubitor of CYPI7 inclhuding but not himited o galeterone, abiraterone,
abiraterone acctate; a microtubule inhibitor including but not limited to docetaxel, paclitaxel,
cabazitaxel (XRP-6238}; a modulator of PD-1 or PD-L1 mcluding bui not limited to
pembrolizumab, durvalumab, nivelumab, aterzolizamab; a gonadotropin releasing hormone
agonist ncluding but not limited to cyproterone acctate, leuprolide; a 5-alpha reductase
mhibitor mecluding but not linuted to finastenide, dutasteride, turosteride, bexlosteride,
izonsteride, FCE 28260, SKF105,111; a vascular endothelial growth factor mhibitor including

but not limited to bevacizumab (Avastin); a histone deacetylase mhibitor meluding but not
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hmiated to OSU-HDAC4Z; an integrin alpha—v-beta—3 mhibitor including but not limited to
VITAXIN; a receptor tvrosing kinase inchuding but not limited to sunitumib; a
phosphoinositide 3-kinase mhibttor including but not luontted to alpelisib, buparlisib, idealisib;
an anaplastic lymphoma kinase (ALK) mhibitor meluding but not himited to cnzotimb,
alectinib; an endothelin receptor A antagonist including but not limited to ZD--4034; an anti~
CTLA4 inhibitor including but not limited to MDX-019 (ipibmumab}; an heat shock protein
27 (HSP27)y mhibttor including but not hinuted to OGX 427; an androgen receptor degrader
mehuding but not hmited to ARV-330, ARV-110; a androgen receptor BNA-binding domam
mhibitor incloding but not himited to VPC-14449; a bromodomain and extra-terminal motif
{BET) mhubitor including but not tontted to BI-894999, GRK25762, GS5-5829; an N-terounal
domain mhibitor including but not himited to a sintokamide; an alpha-particle emitting
radicactive therapeutic agent including but not hmited to radium 233 or a salt thergof,
niclosamide; or related compounds thereof, a selective estrogen receptor modulator (SERMj)
mcluding but not limited to tamoxifen, raloxifene, foremifene, arzoxifone, bazedoxifene,
pipindoxafene, lasofoxifene, enclomiphene; a sclective estrogen receptor degrader (SERD)
mechuding bt not limited to fudvestrant, ZB716, OP-1074, clacestrant, AZD9496, GDL0810,
G927, GW3638, GWT604,; an aromatase inhibitor including but not imited to anastrazole,
exemestane, letrozole; selective progesterone receptor madulators (SPRM) including but not
fnited to mifepristone, lonaprison, onapristone, asoprisnil, lonaprisnil, abipristal, telapristone;

a ghicocorticoid receptor inhibitor including but not hmited to mifepristone, CORIO8297,

trastuzumab, neratinib; or 2 mammalian target of rapamyvein (MTOR) mhibitor including but
not limited to everolimus, temsirolimus, an AKT mhibitor including but not Hmited to MK-
2206; a Bel-2 mhibitor mcluding but not limited to venctoclax; an aurora kinase mhibitor
mchuding but not hmited 1o alisertib; a Wit-targeting antagounist inchuding but not hinuted to
DKK-1-4 proteins (Dikhopt), secreted Frazzie related proteins (sFRP);, a CYP1Hia mhibutor
mchuding but not limited to ODM-208; a selective androgen receptor N-terminal domain
rhibitor including but not hmited to LY 2452473; or EZH2Z indubitor including but not liwnited
to CPI-1205. In ancther embodiment, the second therapeutically active agent 1s a nonsteroidal
antiandrogen (NSAA).

8128f In one embodiment, pharmaceutical composition comprises a} enzalutamide,
apalutamide, or darolutamide, b} a crystathine Form A of Compound 1, or a pharmaceutically
acceptable salt, solvate, or solvate salt thereof, and ¢) a phammaceutically acceptable carner or

gxciptent. In one embodiment, pharmaceutical composition comprises a} enzalutamide, b a
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crvstalline Form A of Compound 1, or a pharmaceustically acceptable salt, solvate, or solvate
salt thereof, and ¢y a pharmaceutically acceptable carrier or excipient.

{3121} In one embodiment, pharmaceutical composition comprises a} cnzalutamide,
apalutanide, or darolutamide, b) an amorphous form of Compound I, or a pharmacewtically
acceptable salt, solvate, or solvate salt thereof, and ¢ a pharmaceutically acceptable carrier or
excipient. In ong embodiment, pharmaceutical composition comprises a) enzalutamide, by an
amorphous form of Compound |, or a pharmaceutically acceptable salt, solvate, or solvate salt
thercof, and ¢) a pharmaceutically aceeptable carmer or excipient.

18122} In one embodiment, pharmaceutical composition comprises venetoclax, a crystaliine
Form A of Compound 1, or a pharmaceutically acceptable salt, solvate, or selvate salt thereot,
and a pharmaceuiically acceptable carner or excipient.

13123} In one embodiment, pharmaceutical composition comprises venetoclax, an amorphous
form of Compound L, or a pharmaceutically acceptable salt, solvate, or solvate salt thereof, and
a phamacentically acceptable carvier or excipicunt.

{8124} In a further embodiment of the present disclosure, a pharmaceutical composition
comprising one or more sohid forms of Compound I {¢.g., a crystalline form such as Form A or
an amorphous form), or a pharmaceutically acceptable salt, solvate, or solvate salt thereof, and
a pharmaceutically acceptable cxcipient or adjuvant is provided. The phammaceutically
aceeptable excipients and adjuvants are added to the composition or formulation for a variety
of purposes. In ancther embodiment, a pharmaceutical composition comprising one of more
solid forms of Compound 1, or a pharmaceutically acceptable salt, solvate, or solvate salt
thercof, further comprises a pharmaceutically acceptable cammer. In one embodiment, a
pharmaceutically acceptable carrier includes a pharmaceutically acceptable excipient, binder,
and/or diluent. In one embodiment, suitable pharmaceutically acceptable excipients include,
but arc not limited to, water, salt solutions, alcchol, polvethviene glveols, gelatin, lactose,
amvlase, magnesium stearate, tale, silicic acid, viscous paraffin, hydroxymethyleellulose and
polyvinvipyrrolidone.

10125} In cortain embodiments, the pharmaceutical compositions of the present disclosure may
additionally contain other adjunct components conventionally found m pharmaceutical
compositions, at their art-cstablished usage levels. Thus, for example, the pharmaceutical
compositions may contain additional, compatible, pharmaceutically-active materials such as,
for example, antipruritics, astringents, local anesthetics or anti-inflanumatory agents, or may
contain additional materials useful in physically formulating various dosage forms of the

compositions of the present nvention, such as dyes, flavorimg agents, preservatives,
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antioxidants, opacifiers, thickening agents and stabilizers. However, such materials, when
added, should not unduly interfere with the biological activities of the components of the
corapositions of the present inverdion. The formulations can be stenilized and, if desired, muxed
with auwaliary agents, e.g., lubricants, preservatives, stabilizers, wetting agents, emulsifiers,
salts for influencing osmotic pressure, buffors, colorings, flavorings and/or aromatic substances
and the iike which do not deletericusly interact with the oligonucieotide(s) of the formulation,
10126} For the purposes of this disclosure, the solid forms of Compound | of the present
disclosure can be formulated for admimstration by a variety of means ncluding orally,
parenterally, by inhalation spray, topically, or rectally in formelations containing
pharmaceutically acceptable carmers, adjuvanis and vehicles. The term parenteral as used here
meludes subcutaneous, intravenous, intramuscular, and intraarterial imjoctions with a variety of
mfusion technigues. Intraaricrial and intravenous injection as used hercin inclades
administration through catheters.

10127} The solid forms of Compound | disclosed herein can be formulated in accordance with
the routine procedures adapted for desired administration route. Accordingly, the solid forms
of Compound I disclosed herein can take such forms as suspensions, sohutions or emulsions n
oily or aqueous vehicles, and can contain formulatory agents such as suspending, stabilizing
and/or digpersing agents. The sohid forms of Compound 1 disciosed herein can also be
formulated as a preparation for implantation or injection. Thus, for example, the solid forms of
Compound 1 can be formulated with suitable polymeric or hydrophobic materials {e.g., as an
emulsion in an acceptable oi) or ion exchange resins, o1 as sparingly soluble derivatives (e .z,
as a sparingly soluble salt). Altematively, the active mngredient can be in powder form for
constitution with a suitable vehicle, ¢.g., stenile pyrogen-free water, before uss. Swuitable
formulations for each of these methods of administration can be found, for example, 1
Remington: The Science and Practice of Phammacy, A. Gennaro, ed., 20th edition, Lippincott,
Williams & Wilkins, Philadelphia, PA.

10128} In certain embodiments, a phammaceutical composition of the present disclosurg is
prepared using known techniques, mehiding, but not lumtted to mixing, dissolving, granulating,
dragee-making, levigating, emulsifving, encapsulating, entrapping or tableting processes.
{8129} In one embodiment, the present disclosure provides a phamaceutical composition
comprising a compound of formula (1)-¢V1) and/or {A)-(H-I}, or a pharmaceutically acceptable
salt, solvate, or solvate salt thercof, as disclosed herem, combined with a pharmaceutically
acceptable carrier. In one embodiment, suttable pharmaceutically acceptable carners include,

but are not hmited to, inert solid fillers or diluents and stenile aquecus or orgamic solations.
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Pharmaceutically acceptable carriers are well known to those skilled m the art and include, but
are not limited to, from aboot 0.01 to about 0.1 M and preferably 0.05M phosphate buffer or
0.8% saline. Such pharmaceutically acceptable carners can be aqueous or non-aqueous
solations, suspensions and emulsions. Examples of non-aqueous solvents sutable for vse in
the present application inclade, but are not hmited to, propylens ghyeol, polvethylene glyeol,
vegetable oils such as olive oil, and injectable organic esters such as ethyl oleate.

10138} Aqueous carriers suitable for use in the present application include, but are not himited
to, water, ethanol, alcoholic/agueous solutions, glyveerol, emulsions or suspensions, mcluding
saline and buffered media. Oral carners can be ehixirs, syrups, capsules, tablets and the hke.
{3131} Ligud carricrs suitable for use n the present application can be used m prepanng
solutions, suspensions, emulsions, syrups, eliars and pressunized compounds. The active
mgredient can be dissclved or suspended in a pharmaceutically acceptable liand carmier such
as water, an organic solvent, a mixture of both or pharmaceutically acceptable oils or fats. The
ligmd carmer can comtain other switable phamuaceutical additives such as solubilizers,
emulsifiers, buffers, preservatives, sweeteners, tlavoring agents, suspending agents, thickening
agents, colors, viscosity regulators, stabilizers or osmo-regulators.

18132} Liquid carriers suitable for use in the present application include, but are not imited to,
water {(partially containing additives as above, ¢.g. cellulose derivatives, preferably sodmm
carboxymethyl cellulose solution), alcchols {inchuding monchydric alcohols and polyvhydric
alcohols, e.g. glycols) and their denivatives, and oils {e.g. fractionated coconut oif and arachis
oil}. For parenteral adounistration, the carrier can also clude an oily ester such as cthyl oleate
and sopropy! mynistate. Steride hiquad carriers are usetul in sterile hguid form comprising sohid
forms of Compound I for parenteral admimstration. The liguid carrier for pressurized
compounds disclosed hercin can be halogenated hydrocarbon or other pharmaceutically
acceptable propellent.

{8133} Solid carriers suitable for use n the present application include, but are not hmited to,
mert substances such as lactose, starch, ghicose, methyl-celhilose, maguesium stearate,
dicalcium phosphate, mannitol and the ke, A solid carrier can further mclude one or more
substances acting as flavoring agents, lubricants, solubilizers, suspending agents, fillers,
ghdants, compression aids, binders or tablet-disintegrating agents; & can also be an
encapsulating material. In powders, the carrier can be a fingly divided sohid which is
admixture with the finely divided active compound. In tablets, the active compound is mixed
with a carrier having the necessary compression properties in suitable proportions and

compacted i the shape and size desired. The powders and tablets preferably contain up to 99%
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of the active compound. Suitable sohd carters mclude, for example, calcium phosphate,
magnestum  stearate,  talc, sugars, lactose, dextnn, starch, gelann,  celhdose,
polyvinvipyralidine, low meling waxes and ion exchange resins. A tablet may be made by
corpression or molding, optionally with one or more accessory ingredients. Compressed
tablets may be prepared by compressing in a suitable machine the active mgredient in a free
flowing form such as a powder or granules, opticnally mixed with a binder {e.g., povidone,
gelatin, hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative, dismicgrant
{c.g., sodium starch glveolate, cross-linked povidone, cross-linked sodium carboxymethyl
cellulose) surface active or dispersing agent. Molded tablets may be made by molding m 2
suttable machine a mixture of the powdered compound moisiened with ar mert hguid duuent.
The tablets may optionally be coated or scored and may be formulated 50 as to provide slow or
controlled release of the active mgredient therein using, for example, hydroxypropyl
methyleeliulose in varying proportions to provide the desired release profile. Tablets may
optionally be provided with an emienic coating, to provide release in parts of the gut other than
the stomach.

{8134} Parenteral carners suitable for ase in the present application mehude, but are not houted
ta, sodnun chloride solution, Ringer's dexirose, dextrose and sodium chlonde, lactated Ringer's
and fixed oils. Intravenous carmiers include fhind and nutrient replenishers, electrolvie
replenishers such as those based on Ringer's dextrose and the like. Preservatives and other
additives can also be present, such as, for example, antinicrobials, antioxidants, chelating
agends, inert gases and the like.

18135} Carricrs suitable for use in the present application can be mixed as needed with
disintegrants, diluents, granulating agents, lubricants, binders and the like using conventional
techniques known in the art. The carriers ¢an also be sterilized using methods that do not
deleteriousty react with the compounds, as is generally known i the art.

{3136} Diluents may be added to the formulations of the present invention. Biluents increase
the bulk of a solid pharmaceutical composition and/or combination and may make a
phammaccutical dosage form countaiming the composition and/or combination casier for the
patient and care giver to handle. Diluents for sohid compositions and/or combinations include,
for example, microcrvstalhine cellulose {e.g., AVICEL), microfine cellulose, iactose, starch,
pregelatinized starch, calcium carbonate, calcium suifate, sugar, dextrates, dextnin, dextrose,
dibasic calcium phosphate dihydrate, trnibasic calcium  phosphate, kaolin, magnesium
carbonate, magnesium oxide, maltodextrin, mannitol, polymethacrvlates  {e.g.,

EUDRAGIT(r}), potassiam chlonde, powdered cellidose, sodium chlonde, sorbitol, and tale.



WO 2021/212032 PCT/US2021/027771

18137} Additional embodiments relate to the pharmaceutical formulations wherein the
formulation 1s selected from the group consisting of a solid, powder, liguid and a gel. In certain
crobodiments, a phammaceutical composition of the present invention is a selid {e.g., a powder,
tablet, a capsule, gramdates, and/or aggregates). In cerfain of such embodiments, a solid
pharmaceutical composition comprising one or more ingredients known 1n the art, incloding,
but not limited to, starches, sugars, diluents, granulating agents, lubricants, binders, and
disintegrating agents.

{8138} Solid pharmaceutical compositions that are compacied into a dosage form, such as a
tablet, may include excipients whose functions include helping to bind the active ingredient
and other excipients together after comapression. Binders for solid phammaceutical compositions
and/or combmations include acacia, alginic  acid, carbomer ({og., carbopol),
carboxymethylcellelose sodinum, dextrin, ethyl cellulose, gelatin, guar gum, gum tragacanth,
hydrogenated vegetable oif, hydroxyethyl cellulose, hydroxvpropyl cellulose (o.g., KLUCEL),
hydroxypropyl methyvl cellulose {e.g., METHOCEL), liguid glucose, magnesium aluminum
silicate, maltodextrin, methvicellulose, polymethacrviates, povidone {e.g., KOLLIDON,
PLASDONE), pregelatimzed starch, sodium alginate, and starch.

18139} The dissclution rate of a compacted solid pharmaceutical composition in the patient’s
stomach may be increased by the addition of a disintegrant to the composition and/or
combination. Disintegrants inclade  alginic  acid,  carboxymethyleelluiose  calcium,
carboxymethvicellulose sodiim {og., AC-DI-SOL and PRIMELLOSE), colloidal sthicon
dioxide, croscarmeliose sodium, crospovidone {c.g., KOLLIDON and POLYPLASDONE),
guar gum, magnesium alummum sibicate, methy! cellulose, microcrystallme cellulose,
polacrilin potassium, powdered celhilose, pregelatinized starch, sodium alginate, sodiam starch
glveolate {e.g., EXPLOTAB), potato starch, and starch.

{8148} Glidants can be added to waprove the flowability of a non-compacted solid composition
and/or combmation and to mmprove the accuracy of dosing. Excipients that may function as
ghidants include colloidal silicon dioxide, magnesium trisilicate, powdered cellulose, starch,
tale, and tribasic calcium phosphate.

{6141} When a dosage form such as a tablet s made by the compaction of a powdered
composition, the composition 1s subjected to pressure from a punch and dyve. Some excipients
and active ingredients have a tendency to adhere to the surfaces of the punch and dye, which
can cause the product to have pitting and other surface yregularttics. A lubricant can be added
to the composition and/or combination to reduce adhesion and gase the release of the product

from the dve. Lubricants inchude magnesium stearate, calcium stearate, glyceryl monostearate,
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glveeryl palmuiostearate, hydrogenaied castor o1, hydrogenated vegetable oil, mineral o,
polvethylene glyeol, sodinm benzoate, sodinum lavryl sulfate, sodivm stearyl finmarate, stearic
acid, talc, and zinc stearate.

{3142 Flavoring agents and flavor enhancers make the dosage form more palatable to the
patient. Common flavoring agents and Havor eshancers for pharmaceutical products that may
be included 1n the composition and/or combination of the present inveuntion include maltol,
vanillin, ethyl vanillin, menthol, citric acid, fumaric acid, ethyl maltol, and tartaric acid.
18143} Solid and hguid compositions may also be dyed using any pharmaceutically acceptable
colorant to improve their appearance and/or facilitate patient identification of the product and
untt dosage level,

{3144} In certain embodiments, a pharmaceutical composition of the present invention 18 a
hgad {e.g., a suspension, elixir and/or solation). In certamn of such embodiments, a liguid
phammaceutical composition is prepared using ingredients known in the art, including, but not
himited to, water, glvcols, oils, alcohols, flavoring agents, preservatives, and coloring agents.
18145} Liquid phammaceutical compositions can be prepared using one or more sohid forms of
Compound |, or a pharmaceutically acceptable salt, soivate, or solvate salt thereof, and any
other solid excipients where the components are dissolved or suspended in a liquid carrier such
as water, vegetable oil, alcohol, polvethyvlene glvenl, propylenc glyveol, or glveenn.

18146] For example, formulations for parenteral admunistration can contain as common
excipients sterile water or saling, polyalkylene glyvcols such as polyethylene glycol, oils of
vegetable orngin, hyvdrogenated naphthalencs and the like. In particular, biocompatible,
biodegradable lactide polymer, lactide/glveolide  copolvmer, or  polvoxyvethyieng-
polvoxypropylene copolymers can be oseful excipients to control the release of active
compounds. Other potentially useful parenteral delivery systems include ethylene-vinyl acctate
copolymer particles, osmotic pumps, implangable infusion svstems, and liposomcs.
Formulations for inhalation administration contai as excipients, for example, lactose, or can
be aqueous sohitions containing, for example, polyvoxyethylene-9-auryi ether, glveocholate and
deoxvcholate, or mly solutions for adnunistration in the form of nasal drops, orasa gel to be
applied intranasally. Formulations for parenteral administration can also include glveocholate
for buccal admmistration, methoxysalicvlate for rectal admnistration, or eitric acid for vaginal
administration.

{0147} Liguid pharmaceutical compositions can contain emulsifying agents to disperse
wniformly throughout the composition and/or combination an active mgredient or other

excipient that is not soluble in the hquid camier. Emualsifying agents that may be useful in liguid
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compositions and/or combinations of the present invention include, for example, gelatin, egg
yolk, casein, cholestercl acacia, tragacanth, chondrus, pectin, methyl cellulose, carbomer,
cetosteary! alcohol, and cetyi alcohol.

{3148} Ligud pharmaceutical compositions can also contain 3 viscosity enhancing agent to
mmprove the mouth-feel of the product and/or coat the lining of the gastrointestinal tract. Such
agents include acacia, alginic acid bentonite, carbomer, carboxymethylcellulose calcium or
sodium, cctostearyl alcohol, methy! cellnlose, ethyleellulose, gelatin guar gw, bvdroxyethyl
cellulose, hydroxypropyl cellulose, hvdroxypropyl methyl cellulose, maltodextrin, polyvinyl
alcohol, povidone, propyviene carbonate, propylens glycol alginate, sodium alginate, sodium
starch glvcolate, starch tragacanth, and xanthan gum.

{3149} Sweetening agents such as aspartame, lactose, sorbifol, saccharin, sodium saccharn,
sugrose, aspartame, fructose, mannitol, and invert sugar may be added to improve the taste.
{0150} Preservatives and chelating agenis such as aleohol, sodium benzoate, butylated
hydroxyl toluene, butvlated hvdroxvamsole, and ethylenediamine tetraacetic acid may be
added at levels safe for mgestion to improve storage stability.

{8151} A hguid composition can also contain a buffer such as guconic acid, lactic acid, citric
acid or acetic acid, sodium guconate, sodium lfactate, sodium citrate, or sodium acetate.
Sclection of excipients and the amounts used may be readily determined by the formulation
scientist based apon experience and consideration of standard procedures and reference works
i the field.

10152} In one embodiment, a pharmaceutical composition is prepared for administration by
mjection {¢.g., miravenous, subcuiancous, intramuscular, ete ). In certam of such embodiments,
a pharmaceutical composition comprises a carrier and 15 formulated m aquecus solution, such
as water or physiclogically compatible baffers sach as Hanks's solution, Ringer's solution, or
physiological saline buffer. In certain embodiments, other ingredicuts are mehuded {(c.g.,
mgredients that aid in solubihity or serve as preservatives). In certain embodiments, injectable
suspensions are prepared using appropriate fpud carriers, suspending agents and the hike.
Certain pharmaceutical compositions for injection are presented in uveit dosage form, ¢.g., i
ampoules or in multi-dose containers. Certain pharmaceutical compositions for ingection are
suspensions, solutions or emulsions w oily or agueous vehicles, and may contain formulatory
agents such as suspending, stabilizing and/or dispersing agents. Certain solvents suitable for
use in pharmaceutical compostiions for injection include, but are vot hmuted to, lipophiic
solvents and fatty oils, such as sesame o1l, synthetic fatty acid esters, such as cthyvl oleate or

triglveerides, and liposomes. Aqueous injection suspensions may contamn substances that
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merease the viscosity of the suspension, such as sodium carboxymethyl celludose, sorbiiol, or
dextran. Optionally, such suspensions mayv also contain suitable stabilizers or agents that
merease the solubdity of the pharmaceutical agents to allow for the preparation of highly
concentrated solutions,

{3153} The sterile mjoctable preparation may also be a sterile injectable solution or suspension
m a non-toxic parcuterally acceptable diluent or solvent, such as a solation in 1,3-butanc-diol
or prepared as a lvophilized powder. Among the acceptable vebicles and solvents that may be
emploved are water, Ringer's solution and isotonic sodium chloride solution. In addition, sterile
fixed oils may conventionally be employed as a solvent or suspending medivm. For this
purpose any bland fixed o1l may be emploved including synthetic mono- or diglveendes. In
addition, fatty acids such as oleic acid may likewise be used m the preparation of mjectables.
Formulations for intravenous admimistration can comprise solutions in sterile 1sotonic agueous
buffer. Where necessary, the formulations can also include a solubilizing ageot and a focal
anesthetic to case pain at the site of the injection. Generally, the ingredients are supphied either
separately or mixed together in umit dosage form, for example, as a dry lvophilized powder or
water free concentrate i a hermetically scaled container such as an ampule or sachet indicating
the quantity of active agent. Where the solid form of Compound | is to be adnunistered by
mfusion, i can be dispensed m a formulation with an infusion bottle containing sterile
pharmaceutical grade water, saline or dextrose/water. Where the solid form of Compounnd s
administered by injection, an ampule of sterile water for injection or saline can be provided so
that the ingredients can be nuxed prior to administration.

{81584} Suitable formulations further include agueous and non-agueous sterile imjection
sohitions that can contain antioxadanis, buffers, bacteriostate, bactencidal antibiotics and
solutes that render the formulation 1sotonic with the bodily fluids of the intended recipient; and
aqueous and non-aqueous sterile suspensions, which can include suspending agents and
thickening agents.

{0155} In certain embodiments, a pharmaceutical composttion of the present invention is
formulated as a depot preparation. Certam such depot preparations are tvpically longer acting
than non-depot preparations. In cerfain embodiments, such preparations are adnunistered by
mplaotation {for example subcotancously or mtramuscularty} or by intramuscular injection. In
certain embodiments, depot proparations are prepared using suitable polymeric or hydrophobic
maternals {(for example an enmulsion 1o an acceptable oi) or ion exchange resins, or as sparingly

soluble denivatives, for example, as a spanngly soluble salt.
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{8186} In centain embodiments, a pharmaceutical composition of the present mvention
comprises a delivery system. Examples of delivery systems include, bat are not hmited to,
liposomes and couddsions. Certain dehivery systeras are uscful for preparmg cortam
pharmaceutical compositions including those comprising hydrophobic compounds. Tn certain
embodiments, certain organic solvents such as dimethyisulfoxide are used.

10187} In certain embodiments, a pharmaceutical composition of the present mvention
comprises a co-solvent system. Certain of such co-solvent systeras comprise, for example,
benzyl alcohol, a nonpolar surfactant, a water-miscible organic polvmer, and an agueous phase.
In certam embodiments, such co-solvent systems are used for hydrophobic compounds. A non-
hmiting example of such a co-solvent system 18 the VP co-solvent system, which is a solution
of absolute cthanol comprising 3% w/v benzyl aleohol, 8% wiv of the nonpolar surfactant
Polysorbate 80 and 63% w/v polyethylene glycol 300, The proportions of such co-solvent
systems may be varied considerably without sigmificantly altering their solubility and toxicity
characteristics. Furthermore, the idemtity of co-solvent components may be vaned: for
example, other surfactants may be used mstead of Polysorbate 80; the fraction size of
polvethylene glycol may be varied; other biocompatible polymers may replace polyethylene
glveol, e.g., polyvinyl pyrrolidone; and other sugars or polysaccharnides may substitute for
dextrose.

[3158] In certain embodiments, a pharmaceutical composition of the present mvention
comprises a sustamed-release system. A non-limiting example of such a sustained-release
system is a semi-permeable matrix of solid hydrophobic polymers. fo certain embodunents,
sustamned-release svstems may, depending on their chemical nature, release pharmaceutical
agents over a period of hours, days, weeks or months.

{8159} Appropnate phamaceutical compositions of the present disclosure can be determined
according to any clinicallv-acceptable route of administration of the composition to the subject.
The manner in which the composition is administered is dependent, in part, upon the cause
and/or location. One skilled m the art will recognize the advantages of certain routes of
adounistration. The method includes adnunistering an effective amount of the therapeutically
active agemt or one or more solid forms of Compound 1 {or composition comprising the
therapeutic agent or Compound [} to achieve a desired biological response, ¢.g., an amount
effective to alleviate, ameliorate, or prevent, in whole or tn part, a symptom of 3 condition to
be treated, ¢, oncology and necurology disorders. In various aspects, the route of
administration is svsiemic, ¢.g., oral or by imection. The therapeutic agents or Compound 1, or

phamaceutically acceptable salts or dernvatives thereof, are administered orally, nasally,
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transdermally, pulmonary, inhalationally, bucecally, sublingually, intraperintoneally,
subcutaneously, intramuscularly, intravenously, rectally, mtrapleurally, mtrathecally,
miraportally, and parenterally. Altematively or in addition, the route of administration is Jocal,
¢.g., topical, intra-tumor and peri-tumor. In some embodiments, the solid form of Compound 1
ts adnunistered orally.

101690} In certain embodiments, a phammaceutical composition of the present disclosurg is
prepared for oral admuustration. In certain of such embodiments, a phammaceutical
composition 18 formulated by combining one or more agents and pharmaceutically acceptable
carriers. Certain of such carmiers enable pharmaceutical compositions to be formulated as
tablets, pills, dragees, capsules, hiquids, gels, syrups. slurnies, suspensions and the hike, for oral
mgestion by a subject. Suitable excipients nclude, but are not mited to, fillers, such as sugars,
mclading lactose, sucrose, mannitol, or sorbitol; cellulose preparations such as, for example,
maize starch, wheat starch, rice starch, potato starch, gelatin, gum tragacanth, methyl cellulose,
hvdroxypropyvlmethvi-cellulose, sodium carboxymethyicellnlose, and/or polyvinyipyrrolidone
{(PVP). In certain embodiments, such a mixture 15 optionally ground and auxshiaries are
optionally added. In certain embodiments, pharmaceutical compositions are formed to obtain
tablets or dragee cores. In certain embodiments, disintegrating agents {e.g., cross-linked
polyvinyvl pyrrohidone, agar, or alginic acid ot a salt thercof, such as sodium alginaic) are added.
{3161} In certain embodiments, dragee cores are provided with coatings. In certain such
embodiments, concentrated sugar solutions may be used, which may optionally contain gum
arabic, tale, polyvinvl pyrrolidone, carbopol gel, polyethvlene glycol, and/or titanium dioxide,
lacquer solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may
be added to tablets or dragee coatings.

18162} In certain embodiments, pharmaceutical compositions for oral administration are push-
fit capsules made of gelatin. Certain of such push-fit capsules comprise one or more
pharmaceutical agents of the present invention in admixture with one or more filler such as
lactose, binders such as starches, and/or lubricants such as tale or magnesium stearate and,
optionally, stabilizers. In certain cmbodiments, phammaceutical compositions for oral
administration are soft, sealed capsules made of gelatin and a plasticizer, such as glyeerol or
sorbitol. In certain soft capsules, one or more phammaceutical agents of the present invention
are be dissolved or suspended in suitable liquids, such as fatty otls, liquud paraffio, or ligud

poiyethvlene glveols. In addition, stabilizers may be added.
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{8163} In certain embodiments, pharmaceutical compositions are prepared for buccal
administration. Certain of such pharmaceutical compositions are tablets or lozenges formalated
in conventional manner.

[3164] In certam embodimenis, a pharmaceutical composition 1¢ prepared for transmucosal
admanistration. In certain of such embodiments, penetrants appropriate o the barrier to be
permeated are used m the formudation. Such penetrants are generally known in the art.

10163} In certain embodiments, a pharmaceutical composition 15 prepared for adnunistration
by inhalation. Certam of such pharmaceutical compositions for inhalation are prepared in the
form of an acrosol spray in a8 pressurized pack or a nebolizer. Certain of such pharmaceutical
corapositions comprise a propellant, e.g., dichlorodifluoromethane, trichlorofivoromethane,
dichlorotetrafluorocthane, carbon dioxide or other suttable gas. In certain embodiments using
a pressurized acrosol, the dosage unit may be determined with a valve that delivers a metered
amount. In certain cmbodiments, capsules and cartridges for use in an mhaler or insufflator
may be formulated. Certan of such formulabions comprise a powder nuxture of a
phammaceutical agent of the invention and a suttable powder base such as lactose or starch.
{8166} In other embodiments the solid forms of Compound I of the present disclosure are
administered by the intravenous route. In further embodiments, the parenteral administration
may be provided m a bolus or by infusion.

{167} In cortarn embodiments, a pharmaceutical composition 18 prepared  for rectal
administration, such as a supposttory or retention enema. Certain of such phammaceutical
compositions comprise known ingredients, such as cocoa butter and/or other glveendes.
{8168} In certain embodiments, a pharmaceutical composition s prepared for topical
administration. Certain of such pharmacestical compositions comprise bland moistunzing
bases, such as oiniments or creams. Exemplary suitable ointment bases include, but are not
hmited to, petrolatum, petrolatum plus volatide silicones, and lanolin and water i od
emulsions. Exemplary suitable cream bases include, but are not hmuted to, cold cream and
hvdrophilic oimtment.

10169 In certain embodiments, the therapeutically effective amount is sufficient to prevent,
alleviate or ameliorate symptoms of a disease or to prolong the survival of the subject bemg
treated. Determination of a therapentically effective amount 1s well within the capability of
those skilled in the art.

{3179} In certain crobodiments, one or more solid forms of Compound L, or a pharmaceutically
acceptable salt, solvate, or solvate salt thercof, are formulated as a prodrug. In cortain

embodiments, upon in vivo administration, a prodrug is chemically converted to the
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biologically, pharmaceutically or therapeutically more active form. In certain embodiments,
prodrugs are useful because they are casier to administer than the corresponding active form.
For example, i certain instances, a prodrug may be more bioavailable {c.g., through oral
adrownistration) than 18 the corresponding active form. In certam mstances, a produg may have
mmproved solubility compared to the corresponding active form. In certain embodiments,
prodrugs are less water soluble than the corresponding active form. In certain instances, such
prodrugs possess superior transmittal across cell membrancs, where water solubility 1s
detrimental fo mobility. In certain embodiments, a prodrug is an ester. In certain such
embodiments, the ester is metabolically hydrolyzed to carboxylic acid upon admimstration. In
certam instances the carboxviic acid comtaming a solid form of Compound | i the
corresponding active form. In certain embodiments, a prodrug comprises a short peptide
{polvaminoacid) bound to an acid group. In certan of such embodiments, the peptide is cleaved
upon admimistration to form the corresponding active form.

10171} In certain embodiments, a prodrug is produced by modifving a pharmaceutically active
compound such that the Compound 1 will be regenerated upon in vivo administration. The
prodrug can be designed to alter the metabolic stability or the transport characteristics of a
drug, to mask side effects or toxicity, to mmprove the flavor of a drug or to alter other
characteristics or properties of a drug. By virtue of knowledge of pharnmacodynamic processes
and drigg metabolism in vivo, those of skill in this art, once a pharmaceutically active compound
1s known, can design prodrugs of the compound (see, e.g., Nogrady {i1985) Medicinal
Chenustry A Biochemical Approach, Oxford University Press, New York, pages 388-392).
18172} In various aspects, the amount of the one or more solid forms of Compound 1, or a
pharmaceutically acceptable salt, solvate, or solvate salt thereof can be admmistered at about
6.001 mg/kg to about 100 mg/kg body weight {c.g., about 8.G] mg/kg to about 10 mg/ky or
about 0.1 mg/ke to about 5 mg/fkg).

{3173} The concentration of a disclosed solid forms of Compound I in a pharmaceutically
acceptable mixtare will vary depending on several factors, including the dosage of the solid
forms of Compound 1 fo be admuustered, the phammacokinetic characteristics of the solid
form(s) emploved, and the route of adnunistration. The agent may be admimstered in a single
dose or in repeat doses. The dosage regimen utibizing the solid forms of Compound 1 of the
present invention is selected m accordance with a variety of factors including type, specics,
age, weight, sex and medical condition of the patient; the severity of the condition to be treated;
the route of administration; the renal and hepatie function of the patient; and the particular solid

forms or salt thereof employed. Treatments may be administered daily or more frequently
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depending upon a number of factors, inchiding the overall health of a patient, and the
formulation and route of adnunistration of the selected form(s}). An ordinarily skilled physician
ot veterinarian can readiy determine and preseribe the eftective amount of the drug required
to prevent, counter or arrest the progress of the condifion.

{8174} The solid forms of Compound I, or a pharmaceatically acceptable salt, solvate, or
solvate salt thercof, or pharmaceutical compositions of the present disclosure may be

manufactured and/or adounisiered 10 single or multiple voit dose forms.

Therapeutic Use

{3175} The crystalline forms and the pharmaceutical compositions of the present disclosure
find use m any number of methods. For example, i some embodiments the crystalline forms
and the pharmaceatical compositions are usefid in methods for modulating androgen receptor
{AR)}. In some embodiments, modulating androgen receptor (AR} activity i in 2 mammalian
cell. In some embodiments, modulating androgen receptor (AR} can be 1o a subject 1o veed
thereot (c.g., a mammalian subject) and for treatment of any of the described conditions or

disea

1771
[9Y
7]

18176} In one embodiment, the modulating AR {5 binding to AR, In other embodiments, the
modulating AR (s inhibiting AR

18177} In one embodiment, the modualaning AR 1s modulating AR N-terminal domain (NTD).
In one embodiment, the modulating AR 1s binding to AR NTB. In other embodiments, the
modulating AR is inlubiting AR NTD. In one embodiment, the modulating AR is modulating
AR N-terminal domamm (NTD)}. In some embodiments, modulating the AR is inhibiting
transactivation of androgen receptor N-terminal domain (NTD).

18178} In other emmbodiments, modulating androgen receptor (AR} activity 1s for treatment of
at least one indication selected from the group consisting of) prostaie cancer, breast cancer,
ovanan cancer, bladder cancer, pancreatic cancer, hepatocellular cancer, endometrial cancer,
salivary gland carcinoma, hair loss, acne, hirsutism, ovanan ¢ysts, polyeystic ovary disease,
precocious puberty, spinal and bulbar muscular atrophy, age related macular degeneration, and
combinations thereof. For example, in some embodiments, the indication 1s prostate cancer. In
other embodiments, the prostate cancer is primary/localized prostate cancer, locally advanced
prostate cancer, recurrent prostate cancer, metastatic prostate cancer, advanced prostate cancer,
or metastatic castration~-resistant prostate cancer (CRPC), or hormone-sensitive prostate
cancer. While in other embodiments, the prostate cancer is androgen dependent prostate cancer.

In other cmbodiments, the spinal and bulbar muoscular atrophy 18 Kennedy's disease.
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18179} In one embodiment of the present disclosure, a method of treating a condition
associated with cell proliferation in a patient in need thereof is provided. In one embodiment,
the present nvention provides a method of treating cancer or tumors. {n another embodiment,
the present invention provides a method of treating prostate cancer or breast cancer. In ancther
embodiment, the present invention provides a method of treating prostate cancer.

101890} In one ombodiment of the present disclosurg, a method of reducing, inhibiting, or
amehorating cell proliferation 1o a patiert m veed thereof s provided. fn one cmbodiment, the
reducing, inhibiting, or ameliorating in the method disclosed herem, is in vive. In another
embodiment, the reducing, inhibiting, or ameliorating 18 in vitro.

{3181} In onec embodiment, the cells in the method disclosed herein, are a cancer cells. In one
embodiment, the cancer cells are a prostate cancer cells. In one embodiment, the prostate cancer
cells are cells of pnimary/localized prostate cancer {(newly diagnosed or early stage), locally
advanced prostate cancer, recurrent prostate cancer {e.g., prostate cancer which was not cured
with primary therapy), metastatic prostate cancer, advanced prosiate cancer {e.g, afier
castration for recurrent prostate cancer), metastatic castration-resisiant prostate cancer (CRP(O),
or hormong-sensitive prostaie cancer. In another embodiment, the prostate cancer cells are cells
of a metastatic castration-resistant prostate cancer. In other embodiments, the prostate cancer
cells are an androgen-dependent prostate cancer cells or an androgen-independent prostate
cancer cells. In one embodiment, the cancer cells are breast cancer cells.

10182} In one embodiment, the condition or discase associated with cell proliferation is cancer.
In one embodimert of any one of the methods disclosed herein, the cancer 1s selected from the
group consiating of) prostate cancer, breast cancer, ovanan cancer, endometnial cancer, salivary
gland carcinoma, hair logs, acne, hirsatism, ovanan cvsts, polveystic ovary disease, precocious
puberty, spinal and bulbar muscelar atrophy, and age-related macular degeneration. In ong
embodiment, the condition or discase is prostate cancer. In one embodiment, prostate cancer is
selected from primarv/localized prostate cancer, locally advanced prostate cancer, recurrent
prostate cancer, meiastatic prostate cancer, advanced prostaie cancer, metastatic castration-
resistant prostate cancer {CRPC), or hormone-sensitive prostate cancer. In another
embodiment, the prostate cancer is a metastatic castration-resistant prostate cancer. In some
embodiments, the prostaie cancer is an androgen-dependent prostate cancer cells or an
androgen-independent prostate cancer. In one embodiment, the condition or discase is breast

cancer. In one embodiment, the breast cancer 1s AR-positive triple negative breast cancer.
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18183} In another embodiment of the present disclosure, a method for reducing or preventing
tamor growth, comprising contacting tumor cells with a pharmaceutical composition or a
combination as disclosed herein.

{3184} In one embodiment, reducing or preventing tumor growth includes reduction 1n tumor
volume. In one embodiment, reducing or preventing tumor growth mehides complete
climination of tumors. In one embodiment, reducing or preventing tumor growth includes
stopping or halting the exasting tursor to grow. in one embodiment, reducing or preventing
tmor growth includes reduction in the rate of tumor growth. In one embodiment, reducing or
preventing twmor growth inclades reduction 1n the rate of tumor growth such that the rate of
tor growth before treating a patient with the methods disclosed herein (1) is faster than the
rate of tumor growth after said treatment (v2) such that r1 > 12,

{3185] In one embodiment, the redocing or preventing in the method disclosed herein is in
vive. In another embodiment, the treating is in vifro.

10186} In onc cmbodiment, the tumor cell i the method disclosed herein 5 selected from
prostate cancer, breast cancer, ovarian cancer, endometnal cancer, or salivary gland carcinoma,
In one embodiment, the tiwmor cells are prostate cancer tumor cells. In one embodiment, the
prostate cancer tumor cells are tumor cells of primarv/localized prostate cancer, locally
advanced prostate cancer, recurrent prostaie cancer, mctastatic prostate cancer, advanced
prostate cancer, metastatic castration-resistant prostate cancer (CRPC), or hormone-sensitive
prostate cancer. In other embodiments, the prostate cancer 1s a metastatic castration-resistant
prostaie cancer. In some crmbodiments, the prostaie cancer i1s androgen-dependent prostate
cancer or androgen-independent prostate cancer. In another embodiment, the tumor cells are is

breast cancer tumor cells.

Therapeuric Use Relared to Androgen Receptor Driven (rene Fxpression

{3187} In one embodiment, the present disclosure provides a method for treating a subject
having a cancer, comprising, obtaining a sample of the cancer before and/or after treatment of
the subject with a sohid form of Compound 1 or a phammaceutically acceptable salt, solvate, or
solvate salt thercof.

{8188} In onc embodiment of the present disclosure, a method of treating a patient with
abnormal androgen receptor driven gene activity with a solid form of Compound 1 or a
pharmaceutically acceptable salt, solvate, or solvate salt thereof, alone or in combination with

a second therapeutic agent is provided.
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{6189} In one embodiment, the present disclosure provides a method for treating a subject
having a cancer, comprising, obtaiing a sample of the cancer before treatment with a sohd
form of Compound {, and determining in the sample, the expression level of an androgen
receplor driven genes. In another specific embodiment, after testing the expression level of
androgen receptor driven genes, the sabject 1s administered a solid form of Compound [ or a
phammaceutically acceptable salt, solvate, or solvate salt thereof, alone and or in combination
with a second therapeutically active agent as disclosed berein. In a specific erabodiment, the
genes are one or more selected from the group consisting of KL 2, FERFP3, TMPRSS2, KI.K3,
NCAPD3, NKX3-1, NDRGI, STEAPY, FAMIOSA, AKAFP12, PMEPAL PLPPI SNAIZ, ACSL3,
ERRFIL, CDC6, ELL2, CENPN, RHOU, FAF2, SGKI, SLC1646, TIPARP, IGFIR CONDI,
ADAMTS], and PRRISL.

13198] In one embodiment, the present disclosure provides a method of treating cancer in a
subject having abnormal gene expression of one of more androgen roceptor driven genes,
comprising administering to the subject a solid form of Compound T or a pharmaceutically
acceptable salt, solvate, or solvate salt thereof In one embodiment of any one of the methods
disclosed herein, the androgen receptor ditven gene is an androgen receptor full-length driven
gene. In onc embodiment, the androgen receptor driven gene is an androgen receptor V7 driven
gene. In one cembodiment of any one of the methods disclosed herein, the gene with an
abnommal activity 1s selected from KLK2 FKBPS TMPRSS2, KIK3, NCAPD3, NKX3-1,
NDRGI, STEAP4, FAMIO5A, AKAPI2 PMEPAL PLPPI SNAIZ ACSL3, ERRFIL, CDCo,
ELL2 CENPN, RHOU, EAF2 SGKI, SLCI6AS TIPARP, IGFIR, CONDI, ADAMTSI, or

PERISE. In one embodiment of the methods disclosed herein, cancer 1s selected from prostate
cancer, breast cancer, ovarian cancer, endometrial cancer, or salivary gland carcinoma. In one
embodiment, the cancer is prostate cancer. In one embodiment, the prostate cancer is selected
from primary/localized prostate cancer, locally advanced prostate cancer, recurrent prostate
cancer, metastatic prostate cancer, advanced prostate cancer, metastatic castration-resistant
prostate cancer {CRPC), or hormone-sensitive prostate cancer. In other embodiments, the
prostate cancer is a metastatic castration-resistant prostate cancer. In some embodiments, the
prostate cancer 13 androgen-dependent prostate cancer or androgen-independent prostate
cancer. In another embodiment, the cancer 1s breast cancer. In a specific embodiment, the solid
form of Compound 1 is orystalline Form A In a specific embodiment, the solid form of
Compound I is an amorphous form.

{3191} In one embodiment, the present disclosure provides a method of treating cancer m a

subject having abnormal gene expression of one or more androgen roceptor driven genes,
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comprising admunistering to the subject a solid form of Compound T or a pharmaceutically
acceptable salt, solvate, or solvate salt thereof In one embodiment, the sohd form of
Compound I is crystalline Form A or an amorphous form 1o combination with a second
therapeutically active agent as disclosed hercin. In a specific embodiment, the second
therapeutically active agent is a nonsteroidal antiandrogen (NSAA). In one embodiment of the
phammaccutical composition of the present disclosure, the androgen receptor ligand-binding
domain mhibitor is enzalutamide, apalutamide, darolutanude, bicalutamide, milutamide,
flutamide, GDM-204, or TAS3681. In one embodiment, the androgen receptor ligand-binding
domain inhibitor is enzalutamide.

{3192} In one embodiment of any one of the methods disclosed herein, the androgen recepior
driven gene 1s an androgen receptor full-length driven gene. In one embodiment, the androgen
receptor driven gene is an androgen receptor V7 driven gene. In one embodiment of any one
of the methods disclosed herein, the gene with an abnormal activity is selected from KLAZ,
FKBPS, TMPRSS2, KIK3, NCAPD3 NKX3-1, NDRGI, STEAPL, FAMIOSA, AKAPI2
PMEPAL, PIPPI SNAIZ, ACSL3, ERREL, CDC6, FIL2, CENPN, RHOU, EAF2, SGKI,
SLCIoA6, TIPARE, IGIIR CONDI ADAMTSNI, or PRRISLE. In one embodiment of the
methods disclosed herein, cancer is selected from prostate cancer, breast cancer, ovarian
cancer, endometnial cancer, or sabivary gland carcinoma. In one embodiment, the cancer is
prostate cancer. In one embodiment, the prostate cancer is selected from primary/localized
prostate cancer, locally advanced prostate cancer, recurrent prostate cancer, metastatic prostate
cancer, advanced prostate cancer, metastaiic castration-resistant prostate cancer {CRPC), or
hormone-sensitive prostate cancer. In other embodiments, the prostate cancer is a metastatic
castration-resistant prostate cancer. In some embodiments, the prostate cancer is
androgen-dependent prostate cancer or androgen-independent prostate cancer. In another
embodiment, the cancer i1s breast cancer. In a specific embodiment, the sohid form of
Compound 1is crystalline Form A and the second therapeutically active agent 1s enzalutamide.
In a specific embodiment, the solid form of Compound | is an amorpbous form and the second
therapeutically active agent (s enzalutamide.

{8193} In one embodiment, the present disclosure provides a method for treating a subject
having a cancer, comprising, obtaining a sample of the cancer after treatment with an androgen
recoptor modulator, and determining, in the sample, the expression level of an androgen
receptor driven gene, where if the genc expression level, when compared to a referonce
standard level, is decreased before or afler treatment with the androgen receptor modulator,

then proceeding with or resuming treatment of the subject with a therapeutically effective
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amount of the androgen receptor modulator and/or a second therapeuticall active agent. Ina
specific embodiment, the gene is selected from one or more of the group consisting of KL.K2,
FRKBPS, TMPRSS2, KLK3, NCAPD3, NKX3-i, NDRGI, STEAP4 FAMIO54, AKAPI2,
PMEPAL PLPPI, SNAI2, ACSL3, ERRFII, CDCe, ELL2, CENPN, RHOU, FAF2, SGKI,
SECI6As, TIPARFP, IGFIR CCONDI, ADAMTS!, and PRRISL. In onge embodiment, an
androgen receptor modulator administered before the sample of cancer is obtained can be the
same or different from an androgen receptor modulator admimstered afier the androgen
receptor driven gene oxpression levels are assessed. In one embodiment, the androgen receptor
modulator 1s a solid form of Compound { or a phammaceatically acceptable salt, solvate, or
solvate salt thercof.

{3194} In one embodiment, the present disclosure provides a method for treating a subject
having a cancer, comprising, obtaining a sample of the cancer after treatment with an androgen
receptor modualator, and determining, in the sample, the expression level of an androgen
receptor drven gene, where if the gene expression level, when compared to a reference
standard level, 18 decreased before or after treatment with the androgen receptor modulator,
then procecding with or resuming treatment of the subject with a therapeutically effective
amount of the androgen receptor modulator or a different androgen receptor modulator and a
second therapeutic agent, wherein the gone is selected trom one or more of the group consisting
of KLK2, FKBP3, TMPRSS2, KIK3, NCAPD3, NKX3-1, NDRGI, STEAP4, FAMIOSA,
AKAPI2 PMEPAL PLPPI SNAI2, ACSL3, ERRFII, CDCs, ELL2, CENPN, RHOU, FAF2,
SGK, SLC1646, TIPARP, IGFIR CONDI, ADAMIS!, and PRR/SL. In one embodiaent, the
second therapeutic agent i3 an androgen receplor ligand-bmding domain inhibitor is
enzalatamide, apalutamide, darcletamde, bicalutamide, nilatamude, flatamide, ODM-204, or
TAS3681. In one embodiment, the androgen receptor ligand-binding domain inbibitor is
enzalutamide. In one embodiment, the second therapeutic agent 15 a Bel-2 inhubitor. fn one
embodiment, the Bel-2 inhibitor 18 venctoclax. In one embodiment, the second therapeutic
agent 1s an androgen receptor N-terminal domain inhibitor. In one embodiment, the androgen
receptor modulator 18 a solid form of Compound | o1 a pharmaceutically acceptable salt,
solvate, or solvate salt thereof

{8195} In one embodiment, the present disclosure provides a method for treating a sabject
having a cancer, comprising, obtaining a sample of the cancer affer treatment with an androgen
receptor modulator, and detervuning, 1n the sample, the expression level of an androgen
receplor driven genes, where 1f the gene expression level, when compared to a reference

standard level, is decreased before or afier treatment with the androgen receptor modulator,

£
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then procecding with or resuming treatment of the subject with a therapeutically effective
amount of a solid form of Compound I or a pharmaceutically aceeptable salt, solvate, or solvate
salt thereof, and enzalutamide, wherein the gene 1s selected from KLK2, FKBPS, TMPRSS?,
KLEK3, NCAPD3, NKX3-1, NDRG], STEAP4, FAMIO34, AKAP12, PMEPA], PILPPI, SNAL,
ACSL3, ERREII, CDC6, ELL2, CENPN, RHOU, EAF2 SGKI, SLCI6AS, TIPARP, IGFIR
CONB, ADAMTS!, or PRRISE. In ong embodiment, the androgen receptor modulator is a
sohid form of Corapound L

[8196] In one embodiment, the present disclosure provides a method for treating a subject
having a cancer, comprising, obtaining a sample of the cancer after treatment with a solid form
of Compound | or a pharmaceutically acceptable salt, solvate, or solvate salt thereof, and
determining, n the sample, the expression level of an androgen receptor driven genes, where
if the gene expression level, when compared to a reference standard level, 1s decreased before
or after treatment with 3 solid form of Compound | or a pharmaceutically acceptable salt,
solvate, or solvate salt thereof, then proceedimg with or resuming treatmoent of the subject with
a therapeutically effective amount of the solid form of Compound I or a phamaceutically
acceptable salt, solvate, or solvate salt thergof. In a specific embodiment, enzalutamide may be
co-administered as second therapeutic agent. In another specific embodiment, the gene is
sclected from KIK2, FRKEPS, TMPRSS2, KELK3, NCAFPD3 NKX3-1, NODRG!, STEAP4,
FAMIOSA, AKAPI2 PMEPAI PLPPI, SNAIZ2 ACSL3, ERRFI, CDC6, KLL2 CENEN,
RHOU, FEAF2, SGK I, SECI0A6, TIPARP, IGF IR CCNDI, ADAMTSI, or PRRISE.

10197} In onc crobodiment, the present disclosure provides a method for treating a subject
having a cancer, comprising, obtaning a sample of the cancer after treatment with an androgen
receptor modulator, and detersuning, in the sample, the expression level of an androgen
receptor driven genes, where if the gene cxpression level, when compared to a reference
standard level, 15 decreased before or atter treatment with the androgen receptor modulator,
then proceedmg with or resumung treatment of the subject with a therapeutically effective
amount of a solid form of Compound 1 or a pharmaceutically acceptable salt, solvate, orsolvate
salt thereof, wherein the gene 1s sclected from one or ore selected from the group consisting
of KIK2, FKBPS3 TMPRSS2, KLK3, NCAPDS3 NKX3-1, NDRG], STEAP4, FAMIOSA,
AKAPI2, PMEPAL PLPPI, SNAIZ, ACSL3, ERRFII, CDC6, ELL2, CENPN, RHOU, EAF2,
SGKI, SLCI6AG, TIPARP, IGFIR CUNDI, ADAMITS!, and PRRI51. Inone embodiment, the
androgen recepior modulator is a solid form of Compound | or a pharmaceutically acceptable

salt, solvate, or solvate salt thereof.
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{8198} In one embodiment, the present disclosure provides a method for treating a subject
having a cancer, comprising, obtaining a sample of the cancer after treatment with a solid form
of Compound | or a pharmaceutically acceptable salt, solvate, or solvate salt thereof, and
determining, n the sample, the expression level of an androgen receptor driven genes, where
if the gene expression level, when compared to a reference standard level, 1s decreased before
or after treatment with 3 solid form of Compound | or a pharmaceutically acceptable salt,
solvate, or solvate salt thereof, then proceedimg with or resuming treatmoent of the subject with
a therapeutically effective amount of the solid form of Compound T or a pharmaceutically
acceptable salt, solvate, or solvate salt thereof, wherein the gene 1s selected from one or more
sclected from the group consisting of KLK2, FKBPS, TMPRSSZ, KLK3, NCAPD3, NKX3-1,
NDRGI, STEAP4, FAMIOSA, AKAPI2, PMEPAI PIPPI SNAI2, ACSL3, ERRFI, CDCy,
ELL2, CENPN, RHOU, FAF2, SGKI, SLC1640, TIPARP, IGFIR, CCNDI, ADAMTSI, and
PRRISL.

10199} In one embodiment of the methods disclosed herein, cancer 15 selected from prostate
cancer, breast cancer, ovarian cancer, endometrial cancer, or salivary gland carcinoma. In one
embodiment, the cancer 1s prostate cancer. In one embodiment, the prostate cancer is selected
from primarv/localized prostate cancer, locally advanced prostate cancer, recurreni prostate
cancer, metastatic prostate cancer, advanced prostate cancer, metasiatic castration-resistant
prostate cancer {CRPC), or hormone-sensitive prostate cancer. In other embodiments, the
prostate cancer is a metastatic castration-resistant prostate cancer. In some embodiments, the
prostate cancer is androgen-dependent prostate cancer or androgen-independent prostate
cancer. In another embodiment, the cancer 1s breast cancer,

{8208} In onc embodiment of any one of the methods disclosed herein, the androgen receptor
modulator 1s a solid form of Compound 1 or a pharmaceutically acceptable salt, scivate, or
solvate salt thereof. In one embodiment, the solid form of Compound 1 s erystalline Fomn A
In one embodiment, the sohid form of Compound I 1s an amorphous form. In one embodiment,
the solid form of Compound is Material B, C, or D

10201} In one embodiment of any one of the methods disclosed herein, the androgen receptor
driven gene is an androgen receptor full-length driven gene. In one embodiment, the androgen
receptor driven gene 1s an androgen receptor V7 driven gene.

{0202} In onc cmbodiment of any one of the methods disclosed herein, the gone with an
abnormal activity s sclected from KILKZ FEBPS, TMPRSS2 KIK3, NCAPD3 NKX3-1,
NDRGI, STEAP4, FAMIOSA, AKAPI2, PMEPAI PIPPI SNAI2, ACSL3, ERRFI, CDCy,
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FLL2, CENPN, RHOU, FAF2, SGK], SLCI646, TIPARP, IGFIR CONDI, ADAMTS], or

PRRISL. See WO 2U20/198718, which 15 hereby incorporated by reference in its entirety.

{8203} Having now generally described the mvention, the same will be more readily
understood through reference to the following examples, which are provided by way of

tHustration and are not intended to be limiting of the present invention,

EXAMPLES

{8204} The disclosure now being generally described, it will be more readily understood by
reference to the following examples which are included merely for purposes of dhustration of
certain aspects and embodiments of the present invention, and are not intended fo limit the
mvention

10203} General Procedures — Analviical Methods

{0206} X-Ray Powder Diffraction (XRPD)

18207} Figures labeled "Image by PatternMatch v3.0.4" were generated using unvabidated
software. XRPD patterns were collected with a PANalytical X' Pert PRO MPD diffractometer
or a PANalvtical Empyrean diffractometer using an incident beam of Cu radiation produced
using an Optix long, fine-focus source. An cliptically graded multilaver mirror was used to
focus Cu Ka X-ray radiation through the specimen and onto the detector. Prior to the analvsis,
a silicon specimen {NIST SRM 640¢) was analyzed to venity the observed position of the Si
{111} peak is consistent with the NIST-certified position. A specimen of the sample was
sandwiched between 3-um-thick films and analyzed i transmission geometry. A beam-stop,
short antiscatter extension, and antiscatter kaife edge, were used to minimize the background
gencrated by air. Soller slits for the incident and diffracted beams were used to mininuze
broadening from axial divergence. Diffraction patterns were collected using a scanning
position-sensitive detector (X Celerator) located 240 mm from the specimen and Data
Collector software v. §.3. The data acquisition parameters for each pattern are displaved above
the image {X'Pert PRO MPD) or within the Data Viewer v. 1.8 uwnage (Empyrean) of cach
pattern in the Data sectuion ot this report.

{0208} XRPD Indexing

10209} The high-resolution XRPD patterns were indexed using proprictary SSCT software
{Triads™, see US 8,576,985} or X'Pert High Score Plus 2.2a (2.2.1) in this study. Indexing and
structure refinement are computational studies. Agreement between the allowed peak positions,

marked with red bars, and the observed peaks mdicates a consistent unit cell determination.

43



WO 2021/212032 PCT/US2021/027771

Successtul mdexing of the pattern indicates that the sample 1s composed primarily of a single
crystalline phase. Space groups consistent with the assigned extinction symbol, unit cell
parameters, and derived quantities are tabulated below cach figure showing tentative indexing
solation. To contirm the tentative mdexing solution, the molecular packing motifs within the
crystallographic unit cells must be determined. No atiempts at molecular packing were
performed.

10218} Thermogravimetry (YGA} and TGA/DSC Combo Analysis

18211} TGA and TGA/DSC Combo analvses were performed using a Metiler-Toledo
TGA/DSC3+ analyzer. Temperature and enthalpy adjustiments were performed using indium,
tin, and zing, and then verified with indium. The balance was verified with calcium oxalate.
The sample was placed in an open alummnum pan. The pan was hermetically sealed, the hid
piereed, then inserted into the TG furnace. A weighed aluminum pan configured as the sample
pan was placed on the reference platform. The furnace was heated under nitrogen. The data
acquisition parameters arc displayed in the images in the Figure section or Data section of this
Feport.

18212} Temperature Modulated Differential Scanning Calorimetry (TMDS(C)

18213] TMDSC was performed using Mettler-Toledo DSC3+ differential scanning calorimeter,
TOPEM® ovedays the isothermal or ramped temperature with a time series of random
temperature pulses of different durations. A tau lag adjustment 1s performed with mndium, tin,
and zinc. The temperature and enthalpy are adjusted with octane, phenyl salicyiate, indium, tin
and zinc. The adjustment 15 then venfied with octane, phenyi salicvlate, indiwm, tin, and zing.
The sample was placed into a hermetically sealed alvmunum DSC pan, and the weight was
accurately recorded. The pan lid was pigrced then nserted mio the DSC cell. A weighed
aluminum pan configured as the sample pan was placed on the reference side of the cell. The
data was collected from -50 °C to 160 °C with a modulation amaplitude of £ 025°Cand a 1510
30 second period with an underlving heating rate of 2°C/minute.

10214} Single Crystal X-Ray Diffraction (SCXRIY

10218} 1. Preparation of the Single Crystal Sample: A solution of Compound | m acctone
was prepared and filtered through a 0.2-pm nylon filter into a clean glass vial covered with
perforated fol. The sample was allowed to evaporate slowly to dryness at ambient temperature.
A single crystal was carefully removed from the vial wall for analysis.

{3216} 2. Data Collection: A colorless plate having approximate dimensions of 0.28 x §.12 x
$.04 mm3, was mounted on a polymer loop 1 random orientation. Prelinunary examination

and data collection were performed on a Rigake SaperNova diffractometer, equipped with a
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copper anode microfocus sealed X-ray tube (Cu Ka b = 1.54184 A) and a Dectris Pilatus3 R
200K hybrid pixel array detector. Cell constants and an orientation matrix for data collection
were obtained from least-squares refinement using the setting angles of 6525 reflections in the
range 4.7930° < 8 < 77.0370° The space group was deternuned by the program
CRYSALISPRO (CrysAlisPro 1.171.38.41r, Rigake Oxford Diffraction, 2015} to be P2i/e
{international tables no. 14} The data were collected to a maximum diffraction angle (26) of
155.124° at room temperature.

18217} 3. Data Reduction: Frames were infegrated with CRYSALISPRGO. A total of 13457
reflections were collected, of which 5294 were unique. Lorentz and polarization corrections
were applied to the data. The linear absorption coefficient is 3.352 mm ™ for Cu Ka radiation.
An empirical absorption correction using CRYSALISPRO was applied. Transmission
cocticients ranged from 0.789 to 1.000. Intensities of equivalent reflections were averaged.
The agreement factor for the averaging was 2.22% based on intensity.

10218] 4. Structure Solution and Refinement: The structure was solved by direct methods
using SHELXT (see Sheldrick, G M. Aot Crysr. 2015, A71, 3-8). The remaining atoms were
located in succeeding difference Fourier syntheses. The stracture was refined using SHELXL-
2014 (see Sheldnck, G M. Acta Crysi. 2008, A64, 112-122; /d ). Hydrogen atoms residing on
nitrogen were refined mdependently. Hydrogen atoms residing on carbon were included 1o the
refinement but restrained to ride on the atom to which they are bonded. The structure was

refined in full-matrix least-squarces by minimizing the function:

P
= {= §
=

£

SdEf -

10219] where the weight, w, is defined as Vo {(F07) + (010098 (0 9289P)], where £ = (7,7
+28.2)/3. Scattering factors were taken from the “International Tables for Crystallography”
{International Tables for Crystallography, Vol €, Kluwer Academic Publishers: Dordrecht,
The Netherlands, 1992, Tables 4268 and 6.1.1.4). Of the 5294 reflections used n the
refinements, only the reflections with mtensities larger than twice theiruncertanty [ 7> 200 |,
4317, were used in calculating the fit residual, K. The final ovele of refinement ncleded 351
variable parameters, 15 restraints, and converged with respective unweighted and weighted

agreement taciors of
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[8228] The standard deviation of an observation of unit weight {(goodness of fit) was 1.05. The
highest peak in the final difference Fourier had an electron density of 0.674 ¢/A°. The minimum
negative peak had a value of —0.649 ¢/A°,

{3221} 8. Calculated X-ray Powder Diffraction (XRPD} Pattern: A calculated XRPD
pattern was generated for Cu radiation wsing MERCURY (Macrae, C. F. Edgington, P. R
Mcabe, P. Pidcock, E. Shields, G. P. Taylor, R Towler M. and van de Streck, §. .7 4ppl
Cryst., 2006, 39, 453-457) and the atomuc coordinates, space group, and unit ccll parameters
from the single crystal structure.

[8222] 6. Atomic Displacement Ellipsoid and Packing Diagrams: The atomic displacement
cllipsoid diagram was prepared using MERCURY . Atoms are represented by 50% probability
anisotropic thermal eilipsouds.

168223} Abbreviations

Abbreviafions Acronvins Ful Mame Wesoriptiog

[8224] Example 1: Synthesis and characterization of crystalling Form A of N-{(4-{{4-(2-(3-
chloro-4-(2-chloroethoxy)-S-cvanophenvijpropan-2-vijphenoxymethyBpyrimidin-2 -
vhmethanesulfonamideN-{4-({4-(2-(3-chloro-4-(2-chlorocthoxy}-5S-cyanophenylpropan-2-

vhphenoxyymethypyrnmidin-2-vimethanesulfonamide (Compound 1)



WO 2021/212032 PCT/US2021/027771

K,CO / R
L Ao e ;A\ﬁ o8
S\F,N\ Ao J:N\*’ 5 hrs /S\(/N\I/AO,J/\; A N B L
Ty AL \«/\ G =" T ) THEIH,0,
~z R b
& step 14 e 20°C, 16 his
i 2 3 step 2
\V4 -
Ve APl
e A H i !
O Ry N MsNH;, KGOy O\\ SN A Ti\‘f‘J\'”'/\\/CE
"‘:?S-I/ N. \/\ - ; 1 /' Ny Ci - /S\ \/ i } i
P ey e )
/ \I’ TP e MeCN, 85°C, 5 hirs © N\/ ol
N Ci
g step 3
4 Compound §

[{03225] Step 1: A mixture of 4-{chloromethvl)-2-methylsulfanyl-pyrimidine {1} (324 g, 1 86
mmol), 3-chloro-2-(2-chloroethoxy)-3-(2-{4-hydroxyphenyDpropan-2-yhbenzomtrile  {2)
(0.5 g, 1.43 mmol) and K2CGs (493 mg, 3.57 mmol) in MeCUN (4 mL) was stirred at 80 °C for
5 hrs. LCMS and HPLC showed the reaction was completed and 81.4% of the desired product
formed. The resulting vuxture was quenched with sat NHCl (10 mL) and extracted with
EtOAc (10 mL x 3}, The combined organic lavers were washed with brine (10 mL), dred
over NanS(;, filtered and concentrated under reduced pressure. The residue was purified by
MPLC 10 give 3-chlorg-2-(2-chloroethoxy}-5-2-{4-{{(2(methylhio}pynmidin-4-
viymethoxyphenylpropan-2-yhbenzonitrile (3} (0.34 g, vield: 77 .4 %) as colorless syrup. 'H
NMR (400MHz, CDCl) 8 =854 (d, /=4 8 Hz, 1H), 745{d, /=24 Hz, 1H), 732 {(d, J=24
Hz, 1H). 7.22(d. /=52 Hz 1H), 712{(d. /=88 Hz 2H), 6 .89 (d, /=8 8§ Hz. ZH), 5.09 (s, 2H),
443 (t, /=64 Hz, 2H), 3.88 (£, =64 Hz, 2H), 2.59 (s, 3H), 1.65 (5, 6H). after work up: HPLC
220 nm): 94.7%. LCMS (220 nm): 93.5%. Exact Mass: 487.1; found 488.0/490.0,
{@226} Step 2 To a suspension of  3-chloro-2-(Z-chloroethoxy 3-5-(2-{4-({(2~
{methyithiojpyrimidin-4-yhmethoxy} phenvlpropan-2-vlbenzonurile (33 (1.07 g 2.19
mmol) i THF (20 mmlL) was added a suspension of Oxone (5.39 g, 8. 76 mmol) in water (20
mb} at 20 °C. The mixture was stirred at 20 °C for 16 hrs. LCMS and HPLC showed the
reaction was completed and 93.0% of the desired product formed. The resulting mixture was
guenched with sat Na:S(Gs. The agueous layer was extracted with EtOAc (30 mL x 3} The
combined organic layvers were washed with brine (30 mL), dried over NaxSQOyq, filtered and
concentraied under reduced pressure to give 3-chloro-2-(2-chloroethoxy 3-5-(2-{4-((2~
{methyiselfonvDpyvrimidin-4-vi) methoxyipbenviipropan-Z-vijbenzonitrile (4} (1.04 g, vield:
91.2 %) as colorless syrup. 'H NMR (400MHz, CDCLY 8§ =894 (d, /=4 8 Hz, 1H}, 785 (d,
J=48 Hz, 1H), 7454(d, /=24 Hz, 1H), 731 (d, /=24 Hz, IH), 7.15 (d, /=8 8 Hz, ZH), 691
(d, /=88 Hz, 2H), 530 {s, 2H), 443 (t, /=64 Hz, ZH), 3.88 (1. /=6.0 Hz, ZH), 3.40 {s, 3H),
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1.66 (s, 68, 1PC detection: HPLC (220 nm): 92.936%. LCMS (220 nm): 93.0%. Exact Mass:
519.1; found S20.1/522 1.

{3227} Step 3: A suspension of  3-chloro-2-(2-chlorocthoxy 3~5-(2-(4-{(2-
(methyisulfonylpyrnmidin-4-vlymethoxy) phenyDpropan-2-viibenzontrile {4) (30 mg, 0.058
mmol}, methanesalfonamide (11 mg, 0.12 mamol} and K:CG5 (15 9 mg, 0.12 mmol) in MeCN
{2 mb} was stirred at 85 °C for 5 hrs. LCMS showed the reaction was completed and 91 .6%
of the desired product formed. The resulting mixture was partitioned between EtOAc (2 ml)
and ag NHaCl (2 mL). The agueous layer was extracted with EtOAc (2 mE x 3). The combined
organic layers were washed with brine (2 mL), dried over Nax§0s, filtered and concentrated
ander reduced pressure to give Compound I, Form A {40 mg) as yellow solid. 'H NMR
{(400MHz, CDC) 8 =877 (brs, E,H), 8.64 (d, /=4 8 Hz, 1H), 745 (d, J=2.4 Hz, 1H), 7.32
(d, J=2.4 Hz, 1H), 7.29 (d, /=52 Hz, 1H)}, 713 (d, /=8.8 Hz, 2H)}, 6.90 (d, J=8.8 Hz, 2H),
501 (s, 2H), 443 (¢, /=6.0 Hz, 2H), 3.88 (1, /=6.0 Hz, ZH), 3.48 (s, 3H), 1.65 (s, 6H}. IPC
detection: LEMS (220 nm}: 91.6% purnity. Exact Mass: 534.1; found 535.1/537.2.

18228} XRPD spectrum was obtained for Form A as shown in Fig, 1 and Tables 1A-1B. The
sample hkely contains small amount of NaCl. The sharp peaks at 27.3+0.2 and at 31.7+0.2
degrees two-theta s congistent with the presence of Nall Form A was deternuned
successfully in this study, and the results indicate 1t 15 an anhydrous/unsolvated materal.
[6229] TGA/DSC thermograms werg also obtaned for Form A as shown in Fig, 2. By TGA,
a weight loss of 2.2 wit% was observed from 50-230 °C, which is likely due to the loss of
residual solvents 1o the sample. The dramatic change 1o the slope of the thermogram starting
at about 284 °C {onset) 18 likely associated with the decomposition of the material. By DSC,
an endotherm is observed at approximately 182 °C {onset), which could be due to the melting
of the matenal.

{3230} DVS {dynamic vapor sorpiion) analvsis was cared out on Form A (Table 2, Fig. 3).
The BVS profile of Form A displayed a total of 5.474% weight gain during sorption from 5%
1o 95% RH, with the majority of the weight gain occurred above 5353% RH (1.978 wi% gain
from 55% to 85% RH and 3.106 wit% gain from 83% KH 10 95% RH). During desorption
from 953% RH 1o 5% RH, the sample displaved 5.472% weight loss, and some hysteresis was
observed from 93% to 25% RH. The DVS data suggest that Form A exlubits low
hygroscopicity within 5%-55% RH, limited bygroscopicity within 353%-85% RH, and
significant hvgroscopicity within 85%-95% RH.

{8231} Solids recovered after DVS analysis was consistent with Form A by XRPD analysis.

[
2
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. BVS Isotherm Analysis
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10233] Example 2: Solubility Experiments and Polymorph Screening Experiments
{8234] The approximate selubility of Compound | in vanious organic solvents was determuned
by adding solvent aliguots to weighed samples Compound {. Weighed samples of Compound
1 were treated with aliquots of the test solvents or solvent mixtures at ambient temperature.
Complete dissolution of the test material was determined by visual inspection. Solubility was
estimated based on the total solvent volume used to provide complete dissolution. The actual
solubility may be greater than the value calculated because of the use of solvent aliquots that
were too large or due to a slow rate of dissolution. H complete dissolution was not achieved
during the experiment, the solubility i1s expressed as “less than” (<}, If complete dissolution
was achieved by only one aliguot addition, the value 1s reported as “larger than™ ().

18235] A summary of the approximate solubility of Compound | m various organic solvents is

provided in Table 3.
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[18236] Table 3. Approxumaic Solubility of Compound |

THygervation after Stovags

Rolvent Inifial Ofservaiion

{a}): Unless otherwise specified, solubilitics are estimated at ambient temperature and rff‘pon‘wd
to the nearest mg/mb.; if complete dissolution was not achieved, the value is reporied as *<7;
if complete dissolution was achieved with one aliquot of solvent, the value 1s reporied as

the actual solubility may be larger than the value calculated because of the use of solvent
aliquots that were too large or duc 1o a slow rate of dissolution.

{b). Based on observations during the screen on samples at much larger scales, the
approximate solubility in p-dioxane i within 35-103 mg/mL.

{c}: Equilibrium solubility data acquired at 24 hours.

10237} Various method of polymorph screening was conducted as described below.

18238] The slurry-trituration expermments were conducted by stirring Compound T speaified
organic solvents or solvent mixtures at various temperatures for 4-12 days. Sufficient amounts
of solids of Compound [ were added to selecied solvents or solvent mixtures so that excess
solids remained. The nmuxiures were then triturated with stir bars at designated temperatures for
specitied periods of time. Solids were 1solated by centrifugation using Spin-X ceninifuge tubes
equipped with a .45 gm nylon filter. Solids were air dried before analysis.

19239] A sunumary of experimental conditions and resulis is included in Table 4. Based on
XRPD analysis, all shurry-irituration expeniments generated solids that are consistent with

Form A of Compound |

[
(s
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{0244] Table 4. Polymorph Screen of Compound I — Shurry-Trituration Experiments

Sobvent Cireevvation

~ sy & X
Y A P ————
RY L3 QIANVED

Vrh § ek

Sy
Fostny £

o

Form &

Rt
18241] To examine the propensity of Compound I to exist as hydrates, the slurry-trituration
experiments were also conducied in selected agueous mixtures with high water activitios (4w >
~0.7}. As shown in Table 5, all the water activity slurries generated Form A of Compound L

{0242] Table 8. Polymorph Screen of Compound I - Water Activity Shurries

Solvent {(a} A 1) Conshitions Olxervations | ARPDB Reendis

RT, ad

882 : =

&4 o S
1.4l RI, 64 beige solids Form &
3.78G RT. 64 berge solids Formy A

{a). Solvent ratios are approximate and by volume.

{b): Water activity values are approximate and represent the water activity of the solvent
system at 25 °C. The activity coefficient calculations are based on modeling the interactions
between functional groups present in the components. These calculated water activity values
were not

(¥4
N
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verified experimentally.

182431 Polymorph screening was performed using various solvent-based approaches incloding
cvaporation, cooling, solvent/anti-solvent addition, and combinations of the techniques. For
slow cooling (SC) and fast cooling (FS) experiments, saturated or concentrated solutions of
Compound I were prepared n selected solvents at elevated temperatures and filtered through
pre-warmed §.2-um nylon filters (unless specified in Table 6) into pre-warmed clean vials at
the temperature. Solutions were then removed from the heating plate and left at ambient
conditions (FC}, or allowed to conl to ambient temperature on the heating plate with heat tumed
off (SC}. It no handleable amount of solids appeared m vials, samples were moved (o sub-
ambient conditions. If not handleable amount of solids appeared afier sub-ambient storage, the
experiment was converted to an anfi-solvent addition experiment.

{8244} For solvent/anti~-solvent addition {SAS) expeniments, Sub-ambient solutions from
cooling attempis, or saturated/concentrated solutions of Compound T prepared 10 selected
solvents were filtered through 0.2-wm nylon filicrs into specified antisclvent at ambient
temperature. Samples were cither solated 1wmmediately for analysis, or stirred at specified
conditions before 1solation. Detatled cooling and anti-solvent addition expenimental conditions,
observations, and XRPD results are summarized in Table 6.

10245} When using dicxane as the solvent during solvent/anti-solvent addition attempts, it was
observed that the choice of an anti-solvent significantly impacts the experimental resulis. As
detaled m Table 6, the addition of a dioxane solution info H2O generated Form A, while the
addition into beptane or hexanes viclded Material B or Material D, respectively. Insufficient
arpount of solids were observed when a dioxane solution was added iio E020. In all these
atterpts, the solvent ratio was kept constant at 1.3 (v/v) of dioxane/anti-solvent.

18246] Table 6. Polvmorph Screen of Compound - Cooling and Anti-Solvent Addition

Solvent {a) Conditions Observations ARPD
Results
1) APl solution {c.g., 1} clear solution
Compound I solution} in 10 2} clear solution
11 acetone/heptane | i, acerone filtered into 10 -

mL. heptane
2y stitred, RT, 12 4 (days)
DSCm ACN, 30 °C o RT, 1y clear sohution
kept3 d 2} clear yellow solation

12 ACNALO Dykeptat2-8°C, 7 d 3} clear yellow solution Form A
3keptinfreezer, 5Sd 4y white cloudy sohution,
4y added cold solution into wet beige solids, needles,
Ho, centnifuged B/E
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2). shaken then let sat on
bench for § min
Mystirred, RT, 1 d

3) no appareptly 18crease n
solids amount

Solvent (a} Conditions {Observations XRPE?
Results
1y APT solution in 3 mL 1} solution became bazy but
dioxanc fikered tnto 9 mL 0o apparerd sclids
113 dioxane/FuC | BRO 2} solids observed IR

1.3 dioxanc/heptane

1) API solution in 5 mi.
dioxane filtered into 15
mi. heptane, shaken
2YVF

1} immediate white ppt, piok
suspension

23 pink solids, minor B/E,
UM

Material B

1) AP sohution in 53 mL

1y immediate white ppt, pink

dioxane filtered into 15 suspension Material B
ml heptane, shaken 2} pink solids, needles, B/E;

2) centrifuged, analyzed wet analyzed wet

1} APT solution in S ml 1} inunediate white ppt, pink

diexane filtered into 15 ;b suspension Material B
heptane. shaken 2y mutky spspession, beige

2y stirred, RT, 3 d sohids

1y API solution in 5 mL 1) white solids, ncedies

dioxane filtered 1ot 15 mal. & agg., B/E Material B

heptane, shaken
2y stired, RT, 154

1:3 dioxane/hexanes

1} AFI solution in 3 mL
dioxane filtered into 9ml.
hexanes; shaken
2ystirred, BT, 1 4;
centrifuged

1} solation turned cloudy
immediately upon addition;
solids on the side and
bottom

2) beige solids; agg., UM,
partial B; analyvzed damp

Material B

1:3 dioxane/H,O

1y APl solation in 3 ml
dioxane filtered into 9mlL
H20

23 centrifuged

1) imunediate ppt
2} beige solids; agg. of B/E
particles; analyzed wet

Form A

1.2 EtCA/EIOH

1 SC i EtOAc, 30 °C 1o RT
Dykeptat2-8°C. 4 d

3y kept infreezer, 5d

4) added cold solution into
EiOH, centrifuged

car solution

ear yellow solation
ear yellow solation
car solution, no solids

)¢l
2} ¢l
33cl
43 ¢l

1.3 MEK/ERO

DFCmMEK, 50 °Cto RT
Dkeptat 2-8°C, 7d

3) kept in freezer, 5d

4y added cold solution into
50, centrifuged

1) clear solution

2) clear vellow solution

3) clear vellow solution

4} clear solution, no solids

1:3 THE/MeOH

I FCin THF, 30 °C o BT
2ykeptat2-8°C.7d

3) kept m freezer, 5d

4) added cold solution into
MeOH, centrifuged

1} clear solution

23 clear yellow sohition
3) clear yellow solution
43 clear solution, no solids

3:10 THF 'hexanes

1) AP sohition in 2 mL THF
{iltered 1nto 10 mL hexanes
2y VF

iy irorpediate white ppt
2 pink solids, B/E, UM

Form A

{a} Solvent ratios are by volume. MEK = methyl ethyl ketone




WO 2021/212032 PCT/US2021/027771

{68247} Evaporation studies were conducted. For fast evaporation (FE) and slow evaporation

(SE), sohutions of Compound [ were prepared in selected solvents and filtered through 8.2-pm

nyion filters into clean glass vials, and allowed to evaporate at ambient temperature from open

vials (FE} or from vials covered with perforated alumunure fodl (SE). Fast evaporation was

assisted with a steady flow of N2 gas where indicated. Detailed experimental conditions,
-

observanions, and XRPD results for gvaporation studies arg summarized in Table 7.

{0248] Table 7. Polvmorph Screen of Compound |~ Evaporation

Sobvent Condition Qservation XRPD Resuld
3CETONT SERT Fornn A {a}
DM T Form A
N, -
L Form A
Ll
T Forog A
SE RT beige sobds, Tonp A

{a} identitied by single crystal x-ray diffraction
18249] The majority of the experimental conditions for polymorph screening generated solids

that are consistent with Form A.

18258] Example 3: Observation of Materials B, , and D in Polymorph Screening
Experiments

{3251] As shown i Example 2, multiple solvent/anti-solvent attempts were performed in 153
(v/v} dioxanc/heptane (Table 6}, which consistently produced Compounnd I m a form labeled
as Material B. See Fig. 4 for XRPD spectram of Material B. Indexing attempts on XRPD
pattem of Material B were not successful.

[8252] Material B was found to be unstable upon dryving {(Table 8), and therefore it was not
further characterized. A mixtore of Form A and Material C was obtained when Material B was
dried at 65-66 °C under vacuum. See Fig. 4 for XRPD spectrum of Material € with Form A
When dried at ambiont conditions on a filter paper, Matenial B converted to a disordered
Material C. Based on expernimental conditions to generaie Material B and s drving studies,
without being bound to any theory, Material B could be a solvated matenial which can convert

to Matenal C upon dryving.
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{0253] Table 8. Drving Study on Matenal B

Afaterial CUenditions {54 Chservations ZRPD Reuults

Rigtenial B

Rigtenial B

Form &

10284] In order to evaluate the relative stability between Form A and Material C, a competitive
shurry was performed. About equal amounts (by mass} of Matenal T (mixture w/ some Form
A} and Form A were added to acetone so that solids persisted and were stirred at room
temperature for 9 days. Solids were 1solated by centrifugation using Spin-X centrifuge tubes
cquipped with a 0.45 wm nylon filter. Beige sohids were observed. By XRPD, the post-slurry
solids are consistent with a pure phase of Form A mdicating Form A is more stable than
Material € under the examined condition. Material U could be an anhydrous material.

10285) Material D was observed 1n 1.3 (v/v) dioxane/hexanes by solvent/anti-solvent addition
followed by ambient slurry for 1 day (Table 5). Based on visual observations, Material D and
Material B appear to have some similarity in their XRPD patterns. See Fig. 4 for XRPD
spectrum of Material D Indexing attompts on XRPD pattermn of Material D were not successful.
{8256] Further analvses, including "H NMR and TGA/DSC were performed on Material D.
The 'H NMR spectrum of Material D is consistent with the provided chemical structure of
Compound 1. Based on the NMR spectrum, Matenial D contains about 8.9 mol/mol of dioxane
and trace amound of hexanes.

18257} The TGA/DSC thermograms of Material D are shown in Fig, 5. By TGA, a step-like
weight loss 1s observed with an onset at about 93 °C, indicating Material I is a solvaied material.
The sample displays a weight loss 0f 13.6 wit% within 48-125 °C, corresponding to ~0.9%6 moies
of dioxane, which is consistent with the NMR data. The DSC thermogram shows an endotherm
at about 90 °C {onset}, which is consistent with the TGA step-like weight loss and 1s hkely due
to desolvation of Material D Upon further heating, 3 sharp endotherm is observed at 182 °C
{onset), which could be due to melting of Form A Matenial D hkely converts to Form A upon
desolvation.

[8258] The endotherm observed at 182 °C is likely due to Form A melting because Material

D was observed to desclvate tnto Form A by XRPD when dnied at 50-52 °Cl/vacuum conditions

64
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for 3 davs (¥Fig. 6). Based on characterization data and the dryving result, without being bound

to any theory, Material D 15 Likely a solvated matenal of Compound L

[3239] Example 4. Amorphous Form of Compeound §
[08260] Variety of solvent-based techniques, including rotary evaporation and lyophilization,
were carried out to screen for an amorphous form of Compound 1 Experimental conditions,
observations, and XRPD results are detailed in Table 9.

[8261] Table 9. Experiments to Screen for an Amorphous Form of Compound |

TRED

Sabvent Condition Dispprvadinn -
Revali

DOM
wre Haily
dioxane ay B, denrdered

18262} Rotary evaporation experimenis were performed using DCM as a solvent. Dilute
solutions of Compound [ were prepared in DCM and filtered through 6.2-pm uylon filters into
a clear round bottom tlasks. The flasks were attached 1o a rotary evaporator and tomersed in a
water bath at specified temperatures and DCM was rapidly evaporated (o dryness under
vacuum. The samples underwent secondary drying under vacuum at room femperature in a
vacuum oven before XRPD testing.

18263] The sample generated from the first rotary evaporation experniment was secondary drigd
at ambient temperatare under vacuum for 1 day and then analyzed by XRPD. By XRPD, the
sample displays broad halos with crystalime peaks due to Na{l, indicating successtul
generation of an amorphous form of Compound I (Mx-ray amorphous™). See Fig. 7, third

spectrum from bottom.
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10264] Matenials deseribed as “x-ray amorphous™ are typically characterized further by thermal
analysis where the appearance of a glass transition (7%) provides support for the non-crystalline
nature of the material. Temperature modulated DSC was performed on the material to
mvestigate the Tg{Table 18} As shown n Fig. 8, 7z was obscrved at approxamately 61 °Casa
step change in the reversing heat flow signal. On further heating, an exotherm hikely due to
crystallization was observed at about 91 °C {peak). The endotherm at about 178 °C {onset)
could be, without bound to any theory, due to melting of the crystallized matenal, which could
be Form A based on crystalhization study {Table 11}, The endotherm has a shghtly lower
temperatare than the endotherm observed for Form A (182 °C, Fig. 2), which could be due to
the specimen containing an amorphous or disordered portion (i ¢, not completely crystallized
during the analysis).

[68265] Table 18, Analysis of Selected Matenial

Aaterind Ansdysis Besults {g}

Forwe A SCXERL

2 o

s fromn 48-123 70

T A TR e
TEADSS

1787 L oaset

{a): Temperatures from DSC and TGA are rounded to the whole numbers; ACp and wt%
from TGA are rounded to one decimal place.
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[8266] Table 11 Crystallization Study of Amorphous or Disordered forms of Compound 1

- Stnrting IO - . XRED
Safvent P Canditions {a) hservations
Xaterisd -

Hesulis

sped

T
. Phosiner B
- Arvaorphous RS S

{0267} Further analyses including "H NMR and TGA were also collected on this amorphous
sample {Table 10). The 'H NMR spectrum was consistent with the chencal structure of
Compound I and contaims trace amount of DCM. By TGA (Fig. 9), about 1.0 wt% loss 18
obiserved from 45-200 °C, which is fikely due to the residual DM and moisture in the matenal.
The dramatic change m the slope of the TGA thermogram starting at 280 °C {onset) is hikely
associated with the decomposition of the material. This amorphous form of Compound 1 was
observed to become disordered Form A upon ambient storage in a desiccator for about 10 days
{Fig. 10, top spectrum), indicating amorphous Compound | is physically not stable and
crystaliizes into Form A at ambicnt temperature. A repeated rotary evaporation atterapt from
DCM solution generated disordered Compound T Form A (Fig. 7, second spectrum from
bottom} after the sample was secondary dried at ambient temperature under vacuum for 3 days,
which provides further evidence that amorphous Compound | s not physically stable.

18268] One lvophilization experiment targeting amorphous Compound { was performed from
a diluted sobution in dioxane. A dilute solution of Compound T in dioxane was prepared and
flash frozen by filtering it through a 0.2-um nylon filter into a clean glass flask 1o dropwise.
The glass flask was pre-cooled to -78 *C in a dry ice/acetone bath. The sample was attached to
a Labeonco FreeZone 71040 BenchtopFreeze Dryer and lyoplulized for 6 days.

18269] The resulting solids were found to be disordered Compound { by XRPD (Fig. 7. bottom
spaectrum). Crystallization studies were performed on this disordered material (Table 10) and
solids were stiured m acetone and H2O for 4 days at ambient conditions. Both experiments
generated crystalline Form A (Fig. 18, bottom two specira).

{8278] Solubility: Generally, the solubtlity of an amorphous form is higher than that of the
corresponding crystal form, duc to the lack of crystalline lattice forces in the amorphous staie.
Solubility of the amorphous form of Compound [ was studied by slow addition of the
amorphous form from an organic stock solution inio the pH 6.5 phosphate-buffered saline
{(PBS) solution or 8.3%wt simulated infestinal fluid (SIF) in pH 6.5 PBS. When the amorphous
solubility is reached, a drug-rich phase forms which typically scatters hight (¢ g, hguid-liqud

phase separation or LLPS), which can be detected by scattenng of UV/Visible light and/or by
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dynamic light scattering (DLS).

182711 No scattening event prior to erystallization was cbserved. Based on the data obtained,
the amorphous solubility 1 pH 6.5 PBS and 0.5% SIF (pH 6.5) was > 2.5 ug/ml and > 25
ug/mi, respectively (Fig. 16}, While an exact concentration could not be determined n this
test, the amorphous solubility appears to be at least 20x higher than the cryvstalling solubihity
i simulated intestinal media. Fig, 16 shows concentration (solids lines) and scattoring (dotied
lines) vs. time during addition of a 95:53 THF Water solution of amorphous form of Compound

1 into blank PBS or 0.3% SIF in PBS.

{3272} Example 5. Single Crystal Structure Determination for Form A of Compound |
{3273} Dunng the screen, single crvstals of Form A were observed by slow evaporation from
an acetone sohution {Table 7). A suitable single crystal was therefore selected and analyzed by
single-crystal X-ray diffractometey, and the structure of Form A was determined successfully,
10274} The crystal system is monoclinic and the space group is £21/¢c. The cell parameters and
calculated volume are: g = 17.5550(2) A, b = 10.96169(13) A, 0= 13796 {2 A, e = 90°, =
104.5717(15)°, v = 90°, and V= 2569 40{6} A*. In one embodiment, single crystals of Form A
has a density of about { 384 g/ocm’. The molecular weight 1s 33543 g/mol with Z = 4, resulting
i a calculated density of 1.384 g/emy’. Standard uncertainty is written in crystallographic
parenthesis notation, e.g. 0.123{4) is equuvalent to 0.123 + 0.004.

10275} The guality of the structure obtained was high, as indicated by the it residual, R, of
0.0359 (5 599%). R-factors in the range 2%—6% are guoted o be the most reliably determined
structures (Glusker, Jenny Pickworth et al. Crvstal Structure Analysis: A Primer, 274 ¢d
Oxford University press: New York, 1985, p.87). The asymmetric unit was determined to
comtain one Compound | molecule. The evano and chlorine moicties on the phenyl ring were
found to be rotationally disordered by 180°, refuung to 78% in the predominant orientation.
The calculated XRPD pattern of Form A from the single crystal data is shown in Fig. 11, along

with the experimental pattern acquired {see Example 1}

18276} Example 6. Activity of Exemplary Compounds in Cellular Assays

{8277} LNCaP cells were transiently transfocted with the PSA (6.1 kb)-huciferase reporter for
24 h, and then treated with tndicated concentration of representative compounds with synthetic
androgen, RIS81 {1 nM) for 24 b After 24 h of incubation with RI881, the celis were

harvested, and relative luciferase activities were determined. To determine the 1Cse, treatments
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were normalized to the maximum activity with androgen-induction (in the absence of test
compounds, vehicle only) (Table 12).

10278] Luciferase Assav: Lysates were thawed on ice then collected into V-bottom 96-well

tissue culture plates. Lvsates were centrifuged at 4°C for 5 minutes at 4600 rpm. To measure
fominescence of ENCaP cell lysates the Firefly Luciferase Assay System (Promega) was
employed, according to manufacturer’s protocal.

10279) Statistical analyses were performed using GraphPad Prism (Version 6.01 for Windows;
La Jolla, CA, USA}. Comparisons between treatment and control groups were compared using
Two-Way ANOVA with post-hoc Dannett’s and Tukey’s tests. Differences were considered
statistically significant at P values less than 0.05. Densitometric quantification of relative AR
levels was determined by Image.

[68280] Reference Compound X and EPI-002 have the following structures:

I

o N
N T A L SN
Sy -*v"{\f'!' E L’k»’[’ &
PR by \{.J,J K .OH
H iR {5
L\ 4}
o RO ok
Compound X; EP-002

10281} The PSA-Luc % intubition 1Cs0 values Compound 1 is shown in Table 12,
10282] Table 12, ICs0 of Compound ¥ on Androgen-Induced PSA-Luciferase Activity

Compound 1D Androgen m;gize(i ‘;I;?X iuciferase a
X 1054 3
Compound | 535 2
EPL-0G2 9580 2
Enzalutamide 189 R
Bicalptamide 306 2

{0283] Cell Proliforation Assay: Cell proliferation/viability was measured m LNCaP and PC3

cells with Alamar blue, and proliferation was measured in LN-CaP93 cells with BrdU
incorporation. In LMNCaP cells, AR specific proliferation is calculated by measuring the
difference between control cells treated with or without 0.1 nM R1881. See Table 13.

[8284] Table 13, ICs0 of Compound T on Cell Proliferation/Viability

Cellular Proliferation/Viability 1Csy (uM)
Compound ID LNCaP PL-3 ENCaP95
X 3.00 >10 4 00
Compound § (44 >10 378
EPL-002 8.00 >10 ~20
Enzalutamide (.35 >10 >10

[N
(s
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18285] Example 7: In vivo Activity of Representative Compounds i LNCaP Xenografis
Model

{3286} Tumor growth was measured in male NCG mice beaning ENCaP tumors. Castration
was performed when tumors reached ~ 100 mm® and dosing (60 mg/kg PO qd) started 1 week
after castration. Body weight of the mice were captured biweekly in the animals which showed
no drug related toxicity. Individual tumor volume change from baschine measured at the end of
the experiment. See Fig. 12, Data demonstrated that the representative compounds showed
activity and mduced partial regressions of tumor growth. The Cuw at 5 mg/kg PO and
extrapolated Cmin tnn ¢fficacy of the representative compounds are shown in Table 14,

{0287} Table 14, Cuw at 5 mg/kg PO and Cemin at 5 mg/kg PO

Compound | Cmin at Smgkg PO | Cwmin at 5 mg/kg PO
J 1)) {1Vi} {ud)
Coempound } .68 8.18
Enzalutamide 3.80 22.8

{3288} Example 8: Solid Dispersion Composition Study |

16289 Compound I has very low crystailine solubility and very ligh amorphous solubihity
enhancement. It erystallizes rapidly from supersaturated agueous solutions, dosed alone or
with pre-dissolved precipitation-ivhibiting polvmers. Amaorphous form of Compound 1 has a
moderate glass transition temperature (Tg = 62 °C) and partially re-crystallizes during heating
of the amorphous form {(Class 2 glass former).

{0294} Based on these characteristics, compositions were preparad at 10% active loading with
5 differerd polyroers or polymer blends (Table 15} All manufactured formulations were
amorphous by x-ray powder diffraction (XRPD).

10291} Table 15, Compositions

%DD Compositions S’igid Pﬁt:emy
Ne. (%) (mgA/g)
A 10/90 Compound VHPMCAS-H a3 104 £0.1
B 10/80/10 Compound VHPMCAS-H/Soluplus 96 107 201
C 10/90 Compound VHPMCAS-L 94 102 £0.3
B 10/90 Compound FPVP K30 91 106 £0.3
E 10/90 Compound I/Eudragit L1090 a3 102 0.1

mgA/g = milligrams of Compound { per gram of SDD composition

10292} Five spray dricd dispersion (SDD) compositions were successfully manufactured with
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high vields on a Bend Lab Drver with 35 kg/hr drying capacity (BLID-33). Al SDDs were
sprayved at the same atomization pressure (120 psig). After spray drving, the SBDs were
secondary dried in a heating vacoum tray dryer for about 24 hours to remove residual solvent.
Manufacturing parameters are listed in Table 16.

1293} Table 16. 5DD composition manufacturing summary

Batch size (g} 3

Solvent (wiw} 5/1 BCM/methanol
Solids Content (wi%) 4

Atomizer Schhick 2.0

Dryving Gas Flow Rate {g/min} 500

Solution Flow-rate {(g/min) ~35

Atomization Pressure {psig) 120

Inlet Temperature (°C) 71 {(for SBD-A); 77 (for SBD-B to SDBD-E)}
Outlet Temperature (°C) 35

10294} All SDDs contained amorphous form of Compound | by X-ray diffraction analvsis
{Fig. 13). The Tg of cach 5DD was dominated by the type of polymer as determined by
modulated differential scanning calonmetry (mDBSC}. A water or solvent loss peak 1s observed
for each SDD, being most intense for SDD composition B (Fig. 14). The solid hines of the
mPSC thermograms of Fig. 14 are the reverse heat flow and the dashed lines are the non-
reversing heat flow. Summary of the mDBSC data is histed in Table 17

10295} Table 17. Tabulated mDSC data for SDD compositions

SDD Ne. Tg (°C} ACp (Ji{g"Ch
A 99+ 0.5 033002
B 9706 0.33+0.03
C 98 =02 (034002
F) 145+ 0.03 029+ 001
E 176 +2.0 0414010

10296} Example 9: Sohid Dispersion Composition Study 2
18297} SDD compositions G-M of Compound T were saccessfully manufactared with high
yields on a Bend Lab Drver with 35 kg/hr drying gas capacity (BLD-35) (Table 18). All SDDs

were spraved at the same atomization pressure {120 psig). Aftor spray drying, the SDPs were
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secondary dried n a heating vacuum tray dryer at 40 °C for about 23 hours to remove residual
solvent. Manufacturing parameters are listed in Table 19,

{3298} Secondary Drving was monitored by headspace gas chromatography in a separate tray
drying space for an SDD composition of Table 18. Prior to sccondary drving {wet sample),
residual solvent in the SDD composition of Table 18 at storage temperature of 53 °C and 30°
€ in sealed, stainless steel contaimers. Some solvent foss during storage and/or sampling was
observed. SPBD dried quickly during secondary drying, falling below ICH linuts for residual
DCM (600 ppm bt and permitied daily exposure of 6.0 mg/day) i less than 2 hours. Data
supports secondary dryimg step of about 6 hours,

{6299} All manufactured formulations (stored at 2-8 “C after manufacturing} were amorphous
by x-ray powder diffraction {(XRPD), exhibiting the expected amorphous halo with no
evidence of crystalline Compound T after manufacturing.

10300} Table 18, 5DD Compositions

%DD Compositions Yie.id Pmm;‘:y
No. {%a} {mgAlg)
Al 10/90 Compound VHPMCAS-H a3 104 £0.1
G 15/85 Compound VHPMCAS-H 93 157
H 20/80 Compound VHPMCAS-H 94 209

H 25/75 Compound VHPMCAS-H 96 261
3 30/70 Compound VHPMCAS-H a3 314
K 60/40 Comapound VEudragit L1060 91 616
L 20/70/10 Compound FPVP-VAS4/Soluplus a1 215
% 20/80 Compound 5cluplus 101 210

From Example 8. mgA/g = milligrams of Compound ¥ per gram of 8DD composition

{8301} Table 19 SBD composition manufacturing summary

Batch size (g} 5-10 g

Solvent {(w/w) 9/1 BCM/methanol

Solids Content (wi%) 4

Atemizer Schlick 2.0

Drying Gas Flow Rate (g/min) 300

Selution Flow-rate {g/min} ~35

Atomization Pressure {psig) 120

Inlet Temperature (°C) 80 (SDD-(); 85 (SDD-H and SDD-T); 84 (SDD-]y;
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76 (SBD-K): 75 (SDD-L and SDD-M)

Outlet Temperature (°C) 35

10302} Tg of selected SDD compositions were determined by modulated differcutial scanning
calorimetry (mBSC). The dry Tg (Tg determined under dry conditions) decreased with
mereased loading of Compound I The dry Tg of ail the SDBD compositions showed
sufficiently ugh for storage under dry conditions Table 20. The Tg decreased at elevated RH
due to plasticization by absorbed water. SDD compositions | and K absorbed about 3% water
at 75% RH while SBD composition M absorbed about 6% water, which is consistent with the
decrease in Tg at 7T5%RH observed for SDD composition M.

10303} Table 28. Tabulated mDBSC data for SBD compositions

SBD Ne. Bry Tg (°Ch T8%RH Tg (°Cy | Water at 75%RH (wt%s}
A 1612 - -
G 1.6 - -
H &9 - -
i 79.4 60.3 3
K 67.5 584 3
M 698 289 6

[3304] Example 18 Solid Dispersion Composition Study 3

168305} 5DD compositions H-J and N-R of Compound I were successfully manutactured with
high vields on a Bend Lab Dryer with 35 kg/br dryving gas capacity {(BLD-35) (Table 213 All
SPs were sprayed at the same atomization pressure (120 psig). After spray drying, the SD3Ds
were secondary dried 1n a heating vacuum tray dryer at 40 °C with 3 liters per mynute or 2.5
hters per munute of N2 sweep gas for about 18.5-23 hours to remove residual solvent
Manufacturing parameters are listed in Table 22

{3306} Table 21. 5DD Compositions

Sﬁ? Compositions ng,:f;i ?:i;e:ig Eﬁzgg E R;;g;;ai
) ' TR {witYs) {wt%}
H 20/80 Compound VHPMCAS-H 82 210 NP NP
i 25/75 Compound VHPMCAS-H 85 260 ND ND
J 30/70 Corpound VHPMCAS-H 96 310 ND ND
N 35/65 Compound VHPMCAS-H a5 360 ND ND
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SDD . . Vield | Potency | Hoodual| Residual
No {ompositions (%) (mgA/ “} MeOH BCM
’ e BAE (wto) (wt%o)
O 40/60 Compound VHPMCAS-H 96 410 ND 0.01
P 457535 Compound VHPMCAS-H 93 430 <0G (.03
) 50/50 Compound VHPMCAS-H 93 5040 <LOQ (.06
R 75125 Compound VHPMCAS-H 93 750 <0G (.09

mgA/g = milligrams of Compound { per gram of SDD composition; LOGQ = limit of
guantification

{8307} Table 22. SDD composition manufacturing summary

Batch size {g) I-15 ¢

Sobvent {wiw} 9/1 BCM/methanol
Solids Content (wi%) 4

Atomizer Schlick 2.0
Drying Gas Flow Rate (g/min) 300

Solution Feed Rate {g/min} 30-44

Atomization Pressure {psig) 120

Outlet Temperature (°C) 40-42

[3308] All manufactured formulations (stored at 2-8 *{ after manufacturing} were amorphous
by x-ray powder diffraction (XRPD), exlubiting the expected amorphous halo with no

evidence of crvstalline Compound I afier manufacturing (Fig. 15},

18309} The patents and publications listed herein describe the general skill in the art and are
hereby incorporated by reference in thewr entireties for all purposes and to the same extent as if
cach was specifically and individually indicated to be incorporated by reference. In the case of
any conflict between a cited reference and this specification, the specification shall control. In
describing embodiments of the present application, specific terminology is emploved for the
sake of clanty. However, the invention is not intended to be Himued to the specific terminclogy
so selected. Nothing i this specification should be considered as lumiting the scope of the
present invention. All examples presented are representative and non-limiting. The above-

described embodiments may be modified or varnied, without departing from the mvention, as
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appreciated by those skilled in the art m light of the above teachings. It 15 therefore to be
understocd that, within the scope of the claims and their equivalents, the mvention may be

practiced otherwise than as specifically described.

-3
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What is Claimed:

1 A crystalline form of Compound L
. N
{:‘/.
S A
P | .
A Ao o
| s
U N__» Ci

§

{Compound D)

or a pharmaceutically acceptable salt, solvate, or solvate salt thereof.

2. The crvstailine form of claim 1, wherein Compound [ i1s anhydrous or non-solvated.
3 The crystalline form of claim 1 or 2, wherein Compound 1 is not present as a

phamaceutically acceptable salt,

4. The crvstaliime form of any one of claims 1-3 which exlubits an X-ray powder
diffraction {XRPD) pattern comprising peaks at about 17.48+0.2, 20.78+0.2, and 21 .80+0.2

degrees two-theta.

5. The crystalline form of claim 4, wherein the XRPD pattern further comprises peaks at

about 5.19+0 2 and 12.94::0.2 degrees two-theta,

6. The crystatline form of clamm 4 or §, wherem the XRPD pattern further comprises at
feast two peaks selected from about 17 80402, 1874402, 19.57402, 22 39+0.2, 25 28402,

or 29.954+0.2 degrees two-theta.

7. The crystaliing form of any one of claims 4-6 which exhubits an XRPD pattemn

comprising peaks in Table 1B.

8. The crystaliine form of claim 4 or 5, wherein the XRPD peaks at about 5.19+0.2,

12,9402, 17.48+0.2, 20.7840 2 and 21 80402 degrees two-theta have peak intensities of at

~3
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9, The crystalline form of anv one of claims 1-3, which is Form A exhibiting an XRPD
pattern substantially similar to Figure 1, provided that peaks at 27 340 2 and 31.740.2 degrees

two-theta are excluded.

10, The crystailine form of any one of claims 1-9 which exhibits a differential scanning

calorimetry {38C) thermogram comprnsing an endothorm peak which onset at about 182 °C.

11, The crystalline form of any one of claims 1-10 which exhibits a thermogravimetric

analysis {(TGA) thermogram comprising 3 change in slope which onset at about 284 °C.

12. The crystalling form of any one of claims 1-1 1, wherein the crystalline form has a punity

i the range of about 80% to about 99%.

13, The crystalline form of any one of clams 1-11, wherein the crystalline forn has a purity

of about 93% or higher.

14, The crystalline form of any one of claims 1-11, wheroin the crystalline form has a purity

of about 99% or higher.

15. An amorphous form of Compound [

{Compound I}

ot a pharmaccutically acceptable salt, solvate, or solvaie salt thercof,

16, The amorphous form of claim 15, wherein Compound I is anhydrous or non-sclvated.

17. The amorphous form of claim 135 or 16, wherein Compound 1 is not present as a

pharmaceutically acceptable sait,

~— 1
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18 The amorphous form of any one of claims 15-17 exhibiting an XRPD pattem
substantially sinniar to Figure 7 (third spectrum from bottom), provided that peaks at 27 3402

and 31.7+0 2 degrecs two-theta are excluded.

19. The amorphous form of any one of claims 15-18 which exhibits a differential scanning

calorimetry (38C) thermogram comprising an exotherm peak at about 81 °C.

20. The amorphous form of any one of claims 15-19 which exhibits a differential scanning

calonimetry (BSC} thermogram comprising an endotherm peak which onset at about 178 °C.

21 The amorphous form of any one of claims 15-20 which exhibits a glass transition

temperature at about 61 °C.

22 The amorphous form of any one of claims 15-21 which extubits a thermogravimetric

analysis {TGA) thermogram comprising a change m slope which onset at about 280 °C.

23 The amorphous form of any onc of claims 15-22, wherein the amorphous form has a

purity in the range of about 80% to about 99%.

24. The amorphous form of any one of claims 15-22, wherein the amorphous form has a
purity of about 95% or higher.
25. The amorphous form of any one of clatms 15-22, wheremn the amorphous form has a

purity of about 99% or higher.

26. The amorphous form of claim 15, wherein the amorphous form exhibits an X-ray
powder diffraction (XRPD) pattern substantially similar to any one of the patterns shown in

Figures 13 and 15

27 The amorphous form of claim 26 which exhibits an XRPD pattern substantially
similar to a pattern labeled as SBD-A, §DB-B, SBD-C, SDD-D, or SPD-E o Figure 13 ora
pattern labeled as SDD-H, SDD-, SDB-J, SDD-N | SDD-0, SDD-O, SDD-P, SPD-Q, or
SBD-R in Figure 13

~3
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28, The amorphous form of clamm 26 which exhibits an XRPD pattern substantially
similar to a pattern labeled as SDD-H, §DDB-1, SBD-}, SDD-N, 5DD-0, SDB-0O, SBD-P,
SED-Q, or SDD-R i Figure 13,

29. The amorphous form of any one of claims 26-28 which oxhibits a glass transition
emperature {1g) in the range of about 60 °C to about 180 °C as measured by differential

scanning caloumeter,

30.  The amorphous form of any one of claims 26-28 which exlubits a glass transttion
temperature (g} 1o the range of about 60 “C 1o about 90 °C as measured by differential

scanming calormeter.

31 The amorphous form of any one of claims 26-28 which exbibits a glags transition
temperature (Tg) in the range of about 60 °C to about 80 °C as measured by differential

scanning calorimeter,

32, The amorphous form of any onc of claims 26-31 having a purity in the range of about

80% to about 999%,.

33, The amorphous form of any one of claims 26-31 having a purity of about 95% or higher.
34, The amorphous form of any one of claims 26-31 having a purity of about 99% or higher.
35, The amorphous form of any one of claims 26-34 comprising less than 10% of

crystalline form of Compound I or a pharmaceutically acceptable salt, solvate, stereoisomer

or prodrug thereof.

36. The amorphous form of any one of claims 26-34 comprising less than 5% of crystalline
form of Compound [ or a pharmaceutically acceptable salt, solvate, stereoisomer or prodrug

thereof.

37 A composition comprising a crystalline form of any one of clains 1-14 and a

pharmaceutically acceptable carrier,

~3
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~
Ji
i

38 The composition of claim 37, wherein the crystalline form is Form A,

39 The composition of claim 37 or 38, further compusing an amorpbous form of

Compound I or a pharmaceutically acceptable salt, solvate, or solvate salt thereof.

43, A composition comprising an amorphous form of any one of claims 15-36 and a

phammacecutically acceptable carrier,

41 The composition of claim 40, wherein the composition is a pharmaceutical solid dispersion

COMPOSIION.

47. The composition of any one of claims 37-41, further comprising one or more additional
Y ; 4

therapeutic agents.

43, A method for treating cancer, comprising administering the crystalline form of any one

of claims 1-14, to a subject in need thereof

44, A method for treating cancer, comprising admnistering the amorphous form of any one

of claims 15-36, {0 a subject in need thergof.

45, The method of clatm 43 ord4, wherein the cancer is sclected from prostate cancer,
breast cancer, ovarian cancer, bladder cancer, pancreatic cancer, hepatocellular cancer,

endometnal cancer, or salivary gland carcinoma.

46, The method of claim 43 or 44, wherein the cancer is prostate cancer.
47 The method of claim 46, wherein the prostate cancer is primary or localized prostate

cancer, locally advanced prostate cancer, recurrent prostate cancer, advanced prostate cancer,
metastatic prostate cancer, non-metastatic castration-resistant prostate cancer, metastatic

castration-resistant prostate cancer, and hormone-sensitive prostate cancer.

48.  The method of claim 46, wherein the prostate cancer is metastatic castration-resistant

prostate cancer.

~3
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49, The method of claim 46, wheren the prostate cancer expresses full-length androgen
receptor or truncated androgen receptor sphice vartant,

540 A method for modulating androgen receptor activity, comprising administering the
crystalline form of any one of claims 1-14, to a subject in need thereof.

51, A method for modulating androgen receptor activity, comprising administering the

amorphous form of any one of claims 13-36, to a subject in need thereof,

532, The method of claim 50 or 31, wherein the modulating androgen receptor activity is for
treating a condition or disease sclected from prostate cancer, breast cancer, ovarian cancer,
bladder cancer, pancreatic cancer, hepatocelhidar cancer, endometnal cancer, salivary gland
carcinoma, hair loss, acne, hirsutism, ovarian cysts, polyovstic ovary discase, precocious

puberty, spinal and bulbar muscular atrophy, or age-related macular degeneration.

~3
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