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SOLID FORMS OF BCL-2 INHIBITORS, METHOD GF PREPARATION, AND USE THEREQF

FIELD OF THE DISCLOSURE

6081} Disclosed herein are solid fornss of Bel-2 inhibitor 2-((1 H-pyrrolef{2.3-blpvridin-S-vikexy-N-({4-
{{{1rAn-4-hrydroxy-4-methyvicvclobexyDinethviansins)-3-nitrophenyDsuifornyh-4-{2-((8)-2-(2-
isopropyiphenylpyrrolidin-1-y1)-T-azaspiro[3. 5 lnonan-7-yhbenzamide. pharmaceutical compositions

comprising the solid form, processes for preparing the solid form. and methods of use therefore.

BACKGROUND OF BISCLOSURE

[6002] Programmed cell death or apoptosis occurs tn mudticellular organismis to dispose damaged or
unwanted cells, which is critical for normal tissue homenstasis. {Br. I Cancer 1972, 26, 239). However
defective apoptotic pracesses have been implicated in a wide variety of diseases. Excessive apoptosis causes
atrophy, whereas an insufficient amount resudts inn nncontrolied cell proliferation. such as cancer {Cell 2011,
144, 646). Resistance to apopiotic cell death is a hallmark of cancer and contributes to chemoresistance {(Nat
Med. 2004, 10, 789-799). Several key pathways controlling apopiosis are commonly aliered in cancer. Somie
factors like Fas receptors and caspases promaote apoptosis. while some members of the B-cell lymphoma 2
(Bel-2) fanuly of proteins inhibit apoptosis. Negative regulation of apoptosis inhibits cell death signaling
pathways, helping fumors o evade cell death and developing drug resistance.

[0003] There are two distinct apoptosis pathways including the extrinsic patlrway and the intrinsic pathway.
The extrinsic pathway is activated in response to the binding of death-inducing lizands to cell-surface death
receptors {Nat Rev Drug Discov. 2017 16, 273-284), The B cell lymphoma 2 {BCL-2) gene family, a group
of proteins homologous fo the Bel-2 profein, encodes more than 20 proteins that regulate the intrinsic
apopriosis pathway. Bel-2 family proteins are characterized by containing at least one of four conserved Bel-2
homology (BH) domains (BH1, BH2, BH3 and BH4) (Nat. Rev. Cancer 2008, 8, 121; Mol Cell 2018, 37,
299; Nat. Rev. Mol. Cell Biol. 2014, 15, 49). Bcl-2 fanuly proteins, consisting of pro-apoptotic and anti-
apoptotic molecules, can be classified into the following three subfamilies according to sequence homology
within four BH domains: {1} a subfamily shares sequence homology within all four BH domains. such as Bel-
2. Bel-XL and Bel-w which are anti-apoptotic; (2} a subfamily shares sequence homology within BH1, BH2
and BHY, such as Bax and Bak which are pro-apoptotic; {3) a subfamily shaves sequence homology only
withinn BH3, such as Bik, Bid and HRK which are pro-apoptotic. One of the unique features of Bel-2 family
profeins is heterodimerization between anti-apopiotic and pro-apopiotic proteins, which is considered o
inhibit the biological activity of their partners. This heterodimerization is mediated by the insertion of 3 BH3

region of a pro-apoptotic profein into a hydrophoebie cleft composed of BHI, BH2 and BH3 from an anti-
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apoptotic protein. In addition o the BHI and BH2, the BH4 donzan is required for anti-apoptetic activity. In
contrast, BH3 domain is essential and, iself, sufficient for pro-apoptotic schivity.

[6084] Similar to oncogene sddiction, in which tunor cells rely on a single dominant gene for survival,
tamor cellx mpay alse becoune dependent on Bel-2 in order to survive. Bel-2 overexpress is found frequently in
avute myeloid lenkenya (AML), acute lymphocytic leukenua (ALL), relapsedirefractory chronic Iymphocytic
{fevkemia {CLL), follicudar Iymphoma {FL}, non-Hodgkin lymphoma (NHL) and solid tamors such as
pancreatic, prostate, breast, and small cell and non-small cell lang cancers (Cancer 2001, 92, 1122-1129;
Cancer Biol. 2003; 13:115-23; Cwr. Cancer Drug Targets 2008, 8, 207-222; Cancers 2011, 3, 1527-1549).
Dvsregulated apoptotic pathways have also been implicated in the pathology of other significant diseases
such as newrodegenerative conditions {up-regulated apoptosis), e.g., Alzheimer's disease; and proliferative
diseases (Jown-regulated apoptosist, e.g., cancers, autoinunue diseases and pro-thrombatic conditions.
[6085] International publication WQ2019/210828 disclosed a series of Bel-2 inhibitors, in particulardy, 2-
({1 H-pyrrolo2 3-blpyridin-S-yhoxy}-N-({4-{{{{ 1r.41)-4-hyvdroxy-d-methyvicvclohexyDmethyljamino)-3-
nitrophenyhsulfonyl-4-2-((S)-2-2-isopropviphenyhpyirolidin-1-vl}-7-azaspiro{3. Slnonan-7-yhbenzamide
(hereinafter Compound 1), which selectively inhibit Bel-2 proteins for the weatment of dysregulated
apoptotic diseases such as cancers, autotinnwne diseases and pro-throntbotic conditions,

[6006] Compound 1 has 13 freely rotatable bonds and a high molecular weight (Mw >800). Molecules with
a large degree of conformational flexibility tend 1o be extremely difficnlt to crystallize, and the most
important swlecular descriptors responsible for the crystallization behavior of these molecules were related 1o
the number of rotatable bonds and the length of the alkyl side chains (Brune C. Hancock. Predicting the
Crvsialiization Propensity of Drug-Like Molecwles. Jowrnal of Pharmaceutical Sciences, 2017, 106: 28-30).
In practice, for a particular compound especially with a large molecudar weight and many freely rotatable
boads. it is not passible to predict that whether a pure physical form can be obtained, and which physical
forms will be stable and suitable for pharmaceutical use. Similarly, it is equally impossible to predict whether
a particular crystalline solid-state form can be produced with the desived chemical and phyvsical properties
suitable for pharmacentical forpulations.

[6007] For all the foregoing reasons, there 1s a great need to find crystalline forms of Compeunnd 1 that
provide good stability and good manunfaciurability, The present disclosure advantazeously meets one or more

of these requirementis.

SUMMARY OF THE DISCLOSURE
[3808] The present disclosure addresses the foregoing challenges and needs by providing solid from,
preferably a crystalline form of Compound 1, which is suitable for pharmaceutical use. Although

Compound 1 was found to have multiple freely rotatable bonds and a high molecular weight of more than

28]
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8001, the inventor of the present disclosure unexpectedly found twenty-one crystalline forms for Componnd
1. incloding six anhydrates (Forms B, 8, U, M, F and N}, four liydrates/anhydrates (Forms HL R L and T},
and cleven solvates (Forms &, €, DL E, G, L L K, O, P and ), wherein isomorphism occurred during the
formatinn of Formy T, Farm L is a nretastable form, Formn N and Form T can cosvvert into each other during
storage, and Form § was obfatned by heating Form R to 158 °C,

[6089] The inventors discovered that Form A was an EtOAe solvate of Compound 1, which possesses good
physical properties, including better physical stability and betier solubility. However, #t is difficult to conirol
the content of ethvl acetate of Form A during the menufacture, storage and forpmlation, and Form A can be
converted info Form B after Form A s heatad to 160 °C, cooled back to roon: temperature and re-exposed to
the air atmosphere.

[6810] Solvates Formas C. D, J, K and O and anliydrate Form F can be converted to anlivdrate Form B after
being heated to high temperatures; Forms K and F can spontageously convert to Form B after long-time
storage. and Form R can be converied o anhydrate Form S after being heated to 150 °C.

[6011] Anhydrate Forms B, S, and M show betier physicochemical stability compared with Forms F, HU N
and R, when exposed under 25 °C/60%RH and 40 °C/75%RH for 1 week, and, 80 °C/sealed for 24 tus.
[8012] Furtherly, Form B has good thernrodynaniic stability with a high melting point and a shight
hygroscopicity with 0.9% water uptake at 25 °C/80%RH. K also showed good physicochemical and
thermodynamic stability, after exposing under 25 *C/80%RH, and shaking in acetone/HaO (19, v/v) and H:O
for about 4 days.

[6013] The inventors tried to scaled-up Form B, however, failed to obiain the desired form by routine
crystailization methods divectly. and had 1o heat Form A or weat Form K in certain solvents under 8
temperature about 100 °C to obtain Form B, which could not meet the requirements of the scaled-up process.
Form M with good stability was obtained from the solvent of CHCI: and heptane as anhydrate form, but
CHCl; is not friendly with the environment and belongs to Class 2 with low (0.6 mg/day of permitted daily
exposwre(PDE) from ICH guideline. Form U as an anhydrate of Compound 1 was unexpectedly obtained by
replacing CHCL with DCM in the recrystallization step. and it is also reproducible and suitable for the
scaled-up process. Form U showed good physicochemical, thermodynamic and physical stability, such as no
significant chemical purity change, no crystal form, and no optical purity changes sccuered when stored at
25+2°C/ 60+=5%RH, or 40=2°C /7545%RH conditions for up to 6 months. In addition, only Formi U can
remove a key dimer tnpurity in manufhcture, which 1s a process impurity formed by the reaction between an
acid intermediate {S3-2-((1 H-pyrrolof2 3-bipyridin-S-yloxyi-4-(2-(2-{2-isopropviphenypyrrolidin-1-vi-7-
azaspiro]3.5]nonan-7-yDbenroic acid with Compound 1, effectively.

[8014] Although Form U has a lower melting point than Form B, Form U has no challenges from such

as the issues of preparation, scaled-up process, solvent residue, and gualification of APT and pharmaceutical
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forpmlations, and has gond stability and the vapability of formation via solution crystallization. Thersfore,
Form U is more suitable for manufaciure and pharmaceuiical fornndations,

[8015]  a first aspect, disclosed herein is a erystalling form of 2-({1H-pyrrolo]2 3-blpyridin-S-yhoxy-N-
{{4-({{{ 11 4r)-3-hydroxv-4-miethylevelohexyhimethyhamine}-3-nitrophenylsulfonyvi}-4-(2-{(8)-2-{2-
isopropyiphenyDpyrrolidin- 1-yl)-7-azaspirof3. 5 ]nonan-7-yhbenzantide, designated as Formt &

[6016] Ina second aspect, disclosed herein 15 a crystalline form of Compound 1, which is an EtQAc
solvate, containing about 1 mol of E1OAc per mol.

[#817] In some embodiments, the crystalline form has an X-vay powder diffraction pattern comprising
diffraction peaks having 26 angle values at 16.5+0.1° and 24.5 20.1°

[6018] In some embodiments, the crystalline form has an X-ray powder diffraction pattern comprising
diffraction peaks having °28 angle values at 12.430.1%, 16.5+0.1° and 24.5 £0.17.

[6619] In some embodiments, the crystalline form has an X-ray powder diffraction pattern comprising
diffraction peaks having 26 angle values at 12.420.1°, 16.5+0.1°, 20.7=0.1% and 24.5 =0.1°

[6026] In some embodiments, the crystalline form has an X-ray powder diffraction pattem comprising
diffraction peaks having °20 angle values at 10.650.1°, 12.420.1°, 16.520.1°, 20.720.1° and 24.5 =0.1°,
[8821] In some embodiments, the crystalline form has an X-ray powder diffraction pastern comprising
diffraction peaks having °28 angle values ar 10.6 0.1 | 1242017, 13.840.1°, 16.550.1°, 206.7+6.1° and
24.5£0.1°.

[8622] In somse embodiments, the crystalline form has an X-ray powder difftaction pattern comprising
diffraction peaks having °26 apgle values at 10.620.1%, 12.440.1°, 13.8200.1°, 14.140.1°, 16,540 1%, 20,720, 1
and 24.5 =0.1°.

[6023] In somie embodinents, the crystalline form has an X-iay powder diffvaction pattem comprising
diffraction peaks having “28 angle values at 10.650.1°, 12.420.1°, 1382017, 14.120.17, 168.540.1°,
17.050.1°,20.720.1% and 24.5 =0.1°,

[6024] In some cmbodiments, the crystalline form has an X-ray powder diffraction patiern comprising
diffraction peaks having “28 angle values at 10.620.1°, 12 430.1°, 13.840.1°, 14.1+0.1°, 16.5+0.3°,
17.0£0.1%, 18.540.1°, 206.70.1° and 24.5 01",

[6023] In somne embodiments, the crystalline form has an X-ray powder diffvaction pattern comprising
diffraction peaks baving °20 angle values at 6.930.1°, 10.650.1°, 12.420.1° 13 8:0.1°, 14.120.1°, 16.550.17,
17.0£0.1%, 19.540.1° 20.7+0.1° and 24.5 =0.1°,

[3026] In some embodiments, the crystalline form has an X-ray powder diffraction pattern comprising
diffraction peaks having “28 angle values at 6.9:0.1°, 7.420.1°, 8.8:0.1°, 10.620.1°, 10.9+0.1°, 1244017,
12720.1°, 13.120.17, 13.420.17, 13.820.1°, 14 1=0.1°, 14.720.1°, 14.950.17, 15.420.1°, 1622017,
16.520.1°, 17.020.17, 17.520.1°, 18.2+0.1°, 18.5=0.1°, 19.120.1°, 19.520.1°, 20.7+0.1°, 21.1=0.1°,
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2LEE01° 22.450.1°, 22,850, 1%, 23 30.1°, 23.840.1°, 24.120.1°, 24.540.1%, 2584017, 26.74:0.1°,
27.31x0.1° 2762017, and 29,8201

[6027} In some embodiments, Form A has an XRPD pattern substantislly as shown in Figure 1A or Figuve
iE.

(6628} In scme embodimenss, Forpt A is charaeterized by having two endothern: peaks at about 1536 °C and
ghout 178 °C by differential scamning calorimetry {DSC).

[6029] In some embodiments, Form & has a DSC thermogram substantially as shown in Figare 1B,

[#830] In some embodiments, Form A is characterized by a crystal systen of wichnic and the space group is
Pl having the cell parameters: (a) is about 13.644 A, (b} is about 14.070 A {0} is about 13,0124, {«) is about
112.0262(3°, (P} is abowt 104.6821(3)°, and (v} is about 93.6307(2)".

[6831] In a second aspect, disclosed hereis is a crystalline form of Compound 1 is an anbydrate designated
as Form B.

[6032] In some embodiments, the crystalline form has an X-ray powder diffraction patiem comprising
diffraction peaks having °28 angle values at 14.450.1°

[6033] In some embodiments, the crystalline form has an X-ray powder diffraction pattem comprising
diffraction peaks having °28 angle values at 1442017 and 17.520.1%

[6034] In some embodiments, the crystalline form has an X-ray powder diffraction pattern comprising
diffraction peaks having 28 angle values at 14.4+0.1°, 17.520.1° and 18.450.1°.

[6835] Insome embodiments, the crystalline form has an X-ray powder diffraction patiern comprising
diffraction peaks having °2¢ angle values at 14.4=0.1%, 17,5015, 18.4+0.1° and 19.620.1°.

[6036] In some embodiments, the crystalitne form has an X-ray powder diffraction pattern comprising
diffraction peaks having °20 angle values at 7.220.1°, 14.450.1°, 17.5+0.1°, 18.420.1° and 19.620.1°.

[8037] In some embodiments, the crystalline form has an X-ray powder diffraction pattern comprising
diffraction peaks having “28 angle values a1 6.720.17, 7.250.1°, 13.820.1° 14.420.1°, 17.520.17, 1842017
and 19.6:0.1°.

[0038] Insome embodiments, the crysialline form has ang X-ray powder diffraction pattern comprising
diffraction peaks having °28 angle values at 6.7+0.1°, 7.220.1°, 13.820.17, 14.420.1°, 17.520.1°, 18.4£0.1°
and 19.620.1°

[6039] In some embodiments, the crystalline form has an X-yay powder diffraction pattem comprising
diffraction peaks baving °28 angle values at 6.720.1°, 7.220.17%, 11620, 1°, 12.340.1°, 13.320.1°, 13.820.1°,
1444030 15.720.1°, 16.220.1°, 17.520.17, 18.40.1°, 19.620.1°, 19.9+0.17, 23.0:0.17 anad 2492017,
[3040] In some embodiments, has ap XRPD pattern substantially as shown in Figure 24 or Figure 2D
[8041] In some embodiments, Form B is characterized by having one endothern peak af about 187 “C by

differential scanning calovimetry (BSC)L
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{8842] In some embpdiments, Form B has a DSC thermogrant substantially as shown in Figure 2B,

[6043] 1n a third aspect, disclosed herein is a crystailine form of Compeund 1 is an anlyrdrate desisnated as
Form UL

[8044] In soume embodiments, the crystalline form has an X-18y powder difftaction pattern comprisiteg
diffraction peaks baving °29 angle values at 11.320.1% and 2432017,

[6045] In some embodiments, the crystalline form has an X-ray powder diffraction pattem comprising
diffraction peaks having °20 angle values at 11.350.1°, 15.620.1° and 24.320.1°.

[#046] In some embodiments, the crystalline form has an X-ray powder diffraction pattern comprising
diffraction peaks having 26 angle values at 11.3=0.1°, 15.63£0.1°, 21 2+0.1° and 243G, 1",

[6047] In some embodiments, the crystalline form has an X-ray powder diffraction pattern comprising
diffraction peaks baving °28 angle values at 11.330.1%, 13.540.1°, 15.620.1°, 21.240.1° and 24 320.1°.
[6048] In some embodiments, the crystalline form has an X-ray powder diffraction pattern comprising
diffraction peaks having 26 angle values at 11.320.1°, 13.520.1°, 15.620.1°, 17.020.1%, 21 .250.1" and
24.350.1°.

[6049] In some embodiments, the crystalline form has an X-ray powder diffraction pattem comprising
diffraction peaks having °26 angle values at 11.320.1°, 13.520.1°, 15.6+0.17, 17.020.1°. 19.5+0.1° 21.2+0.1°
and 24.3+0.1°

[6050] In some embodiments, the crystalline form has an X-ray powder diffraction pattern comprising
diffraction peaks having °28 angle values at 7.020.1°, 11.386.17, 13.520.1°, 15.6:0.1°, 17.020.1°, 19.320.15,
21.240.1% and 24.320.1°,

[6051] In some embodiments, the crystalline form has an X-ray powder diffraction patiem comprising
diffraction peaks having °20 angle values at 7.02:0.1°, 11.350.1°, 13.540.1°, 15.620.1°, 17.020.17, 19.550.1°,
20.0+60.1°, 21.220.1% and 24.320.1°

[3052] In some embodiments, the crystalline form has an X-ray powder diffraction pattern comprising
diffraction peaks having “28 angle values at 7.020.1°, 94201, 11.320.1°, 13,5561, 15.620.1°, 17.0=01°,
19.5+0.1°, 28.0+0.1°, 21.2+0.1° and 24.340.1°,

[6853] In some embodiments, the crystalline form has an X-ray powder diffraction pattern comprising
ditfraction peaks having °28 angle values 8t 7.0:0.1°, 94201, 1135017, 13.540.1°, 15.6+0.1°, 17.0£0.1°,
17.540.1°, 1952017, 20.0:0.1°, 21.2+0.1° and 24.320.17.

[6054] In some embodiments, the crystalline form has an X-ay powder difftaction pattern comprising
diffraction peaks having °20 angle values at 7.020.17, 9.420.1, 11.320.1°, 13.520.17, 15.620.1°, 16.120.1°,
PPas0.0° 17,520,107 19.520.1°, 20.020.17, 21 250.1°, 21.620.1° and 24 .3£0.1°

[8055] In some embodiments, the crysialline form has an X-tay powder diffraction pattern comprising

diffraction peaks having °28 angle values at 7.0 £0.1°, 2.4 20.1°, 10.2 +0.1°, 107 20.1°, 11.3 20.1°, 135
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.15, 139015, 1492015, 150 20.1°, 156 0.1° 16,1 0.1°, 17.0 2017 TP 1 2015, 1752015 1

[«4]

8
=.31°, 18.420.1° 189017 192017 195 2017, 200 20,17 205 =0.1° 21 2 +G.1° 21 620,15 223
£0.3° 2262010, 2292017, 236 20,17, 243 2015, 257 20 1° 258 20.1° 261 2017, 27.6 50,17, 285
+0.1°, 28.940.1°, and 293 £0. 1%,

[8056] In soume embodiments, Forpt U has an XBPD pattersy substantially a5 shown in Figure 214

[6057] I some embodiments, Fornt U is characterized by having one endotherm peak at abowt 164°C by
differential scanning calorimetry (DSC).

[#058] In some embodiments, Form U has 2 DSC thermogram substantially as shows in Figure 21B.
[#859] In a fourth aspect, a crvstalline form of Compeund 1 is designated as Form C, Form D, Form E,
Formi F, Form (3, Form H, Formi 1, Form 1, Form K, Form L, Forma M, Form N, Form O, Form P, Form Q,
Form R, Form: S or Form T.

[6666] In somc embodiments, Form C, Form D, Form E, Form F, Form G, Forms H, Form I, Form J, Form
K, Form L, Formi M, Form N, Form O, Form P, Form @, Form R, Form S and Form T have an XRPD pattern
substantially as shown in Figure 3A. Figure 4A_ Figure 5A Figure 64, Figure 7A, Figure 8A, Figure 94,
Figure 180A, Figure 11A, Figure 12A, Figure 134, 14A, Figure 15A, Figure 16A, Figure 17, Figure 184,
Figure 19A has Figure 284, separately.

[6061] In some embodiments of all above aspects, the crystailine forms are at least 40%, 50%, 60%, 70%,
80%, 90°% or 83% crystalline.

[6062] Ina fifth aspect, disclosed hevein is an amorphous form of 2-{{ 1H-pyrrolof2 3-blpyridin-5-
vhoxyI-N-{{4-{{(({ 1. 41)-4-hvdroxy-4-methylcyelobexvhimethvijaniino)-3-nitropheny)sulfonyi)-4-
{2-{{8)-2-(2-1sopropylphenvDpvirolidin-1-y1}-7-azaspiro[3. Sjnonan-7-yi)benzamide (Compound 1}.
[6063] In sone embodiments, the amorphous of Compound 1 has an XRPD pattern substantially as shown
in Figure 224,

[0064] In some embodiments, the amorphous of Compound 1 is characterized by having a glass transition
sienal at about 127 °C (middie).

[8065] In some embodimernts of, the amorphous of Compound 1 contians no more than 1%, 2%, 3%. 4%,

%% or 10% of a crystalline form of Compound 1.

[8066] In a sixth aspect. disclosed herein Is a pharmaceatical composition comprising {4} a therapentically
effective amom of a solid form of Compound 1, preferably & orvstalline form of Comnpound 1 disclosed
herein or an amorphous form of Compound 1, and; () ane or niore phanmaceutically acceptabls excipients.
[#867] In some embodiments, the crystalline form of Compound 1 15 a crvsialline form of an EtOAC solvate

of Compound 1 contaming about 1 mol of EXOAc per niol, and an anhvdrate of Compound 1.

~d
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{8868 In some embpdiments, the crystalline form of Compound 1 15 Form A, Form B or Form U of
Compound 1.

[6069] Insome smbodiments, the crystalline form of Compound 1 is Form €, Form D, Form E, Form F
Form G, Forpy H, Forro I, Form J, Forns K, Form: L, Form M, Formi N, Form O, Form P, Form Q, Form R,
Form 8 or Form T of Conypound 1.

{6076} Ina seventh aspect, disclosed herein is a process for preparing a pharmaceutical solution of
Compound I, comprising dissolving a solid form of Compounnd 1, preferably a crystalline form of
Compound 1 of claim 1 in a pharmaceatically acceptable solvent or a mixture of solvents, or an amorphous
form of Compound 1

[6071] In eights aspect, disclosed herein is a method of treating a disease related to Bel-2 proteins inhibition,
comnprising administering fo a subject a therapentically effective amount of a crystaliine form of Compound
1. an amorphous form of Compound 1, or a pharmacentical composition disclosed herein.

[6072] In some embodiments, the disease related to Bel-2 proteins inhibition is & dysregulated apoptotic
disease. In somie preferred embodiments, the disease related to Bel-2 proteins inhibition is a neoplastic, pro-
thrombeotic, imnmne or sutoimmune disease.

[8873] In some embodiments, the crystalline form of Compound 1 is Formy A, Form B or Form U of
Compound 1.

[6074] In some embodiments, the crystalline form of Compound 1 is a crystalline form of an EtOAc solvate
of Compound 1 containing about 1 srol of E¥O A« per mol, or an anhydrate of Compound 1.

[6075] In some embodiments, the crystalline form of Compound 1 is Form C, Form D, Form E, Form F
Form G, Form H, Form I, Form I, Form K, Form L, Form M, Form N, Formi O, Form P, Form Q, Form R,
Form S or Form T of Compound 1.

[3076] In some embodiments, the therapeutically effective amount is orally administered at a dose of about |
mg to about 640 mg Compound 1 per day.

[8077] In some embodiments. the subject is a human.

[6878] In some embodiments, Form A is obtained by the process comprising any one of the following
procedures:

) dissolving Compound 1 in DCM, removing DCM, charging with EA, to obtain Form A]

b} dissolving Compound 1 in DCM. concentrating, charging with EA, exchanging BCM with EA,
MeOH and EA separately, to obtain Form A;

¢} dissolving Compound 1 in EA. heating and cooling, to ebiain Form A: of,

d} dissolving Compound 1 in THEFEtOAc (112, v/v) solvent nuixture, evaporating, to obtain Formt A

23
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{8879] Insome embpdiments, Form B is obtained by the provess comprising any one of the following
procedures:

a} dissolving Compound | i acetone, evaporating the solvent, to obtain the desived crystalline form;

b} leating Forpt A, Form €, Form O to abowt160 °C and cooling back to RT, to obtain Form B;

¢} heating Form A stepwise isothermally to about 100 °C, to ubtain Form B;

d} heating Form D or Form I to about 130 °C snd being isothermal, to obtain Form B; or,

&) adding Form K into heptane, refluxing at about 100 °C and cooling. to obtain Form B.
[#O8G] In some embodiments, Form 1 s obtained by the process comprising any one of the following
procedures:

a} dissolving Compound 1 in DCM, adding n-heptane in batches and stiring, to obtain Form U;

b} disselving Contpound 1 in the mixture of DCM/n-heptane (1:1, v/v) and stizring, to obtainn Form
U.
[6081] In some embodiments, Form A andfor Form B are obtained by the process of comprising adding a
crystal seed in the solution system.
[0082] In some embodinents, the amorphous form is obtained by the process comprising any one of
the followiag procedures:
a) dissolving Compound 1 m DCM, drving. o obiain the amorphous form. 1o obtain the

amorphous form; or,
by dissolving Compound 1 in a mixiure of solvent containing DUM, drving, to oftain the
amorphous forne.

[0083] In some embodiments, the amorphous form is obtained by the process of comprising dissolving

Compound 1 in a solid form, preferably a crystalline form of Compound 1.

BRIEF DESCRIPTION OF THE FIGURES

[0084] Figure 1A illustrates an X-ray powder diffraction (XRPD)} pattern of Compennd 1 Form A (EiOAc
solvate 1.1} prepared according to Example 1A.

[6085] Figure 1B illusirates a differential scanning calonimetry {DSC) profile of Cempound i Form A
prepared according to Example 14,

[6086] Figure 1C illustates a thermogravimetric analysts (TGA) profile of Compound 1 Fonn A preparad
according to Example 1A,

[#087] Figure 1D illustrates a 'H-nuclear magnetic resonance ({H-NMR) spectrum of Compound 1 Form A
{EtOAc solvate 11} prepared according to Example 1A

[0088] Fignre 1E illustrates the calculated XRPD of the single crysial structive and the experimental XRPD

of the single crystal of Compound 1 Form A
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[8089] Figure 2A illustrates an X-ray powder diffraction {XRPD) pattern of Compound 1 Form B
{anlivdrate} prepared according to Example 24,

[6090] Figure 2B ithwirates a differential scanning calorimetry (DSCY thermogiavimetyic analysis (TGA}
profile of Compound 1 Formm B prepared according to Example 24,

(6091} Figure 2C illusirates a He-nuclear magnetic resonance (1H-NMR) spectrant of Compound 1 Form B
prepared according to Examiple 2A.

[6092] Figure 2D illustrates an XRPD overlay pattern of Compound 1 Form B prepared according to
Example 2A before heating, heating fo 120°C and beating to 166°C.

[#093] Figure 3A illustrates an X-ray powder diffraction {(XRPD) pattern of Compound 1 Form C (MEK
solvate} prepared according to Example 3A.

[6094] Figure 3B illustrates a differcatial scanning calonimetry (D3CY thermogravimetric analysis {TGA)
profile of Compound 1 Form C prepared according to Example 3A.

[0695] Figure 3C illustrates 2 'H-nuclear magnetic resonance ('H-NMR) spectrum of Compound 1 Form C
prepared according to Example 3A.

[6096] Figure 4A illustrates an X-ray powder diffraction (XRPD) pattern of Componnd 1 Form D (IPAC
solvate) prepared according to Example 4A

[6697] Figure 4B iHustrates s differential scanning calorimetry {DSC) thermogravimetric analysis {TGA)
profile of Compeund 1 Form D prepared according to Example 4A.

[0098] Figure 4C illustraics a H-nuclear magnetic resonance ({H-NMR) spectrum of Compound 1 Form D
prepared according fo Example 44,

[6099] Figure SA illustrates an X-ay powder diffraction (XRPD} pattern of Compeound 1 Form E {(anisole
solvate) prepared according to Example 54

[3100] Figure SB illustrates a differential scanning calorimetry {DSCY thermogravimetric analysis {TGA)
profile of Compound 1 Form E prepared according to Example SA.

[8101] Fignre 5C illustrates a 'H-nuclear magnetic resonance ({H-NMR) spectnua of Compound 1 Form E
prepared according to Example SA.

[6102] Figure 6A illustrates an X-ray powder diffraction (XRPD) pattern of Compound 1 Form F prepared
according to Example 6A.

[6183] Figure 6B iHustrates a differential scanning calonmeny (DSC) thenmograviswetric analysis {TGA)
profile of Compeund 1 Form F prepared according to Exanple 8A

[#104] Figure 6C illusirates a 'H-nuclear magnetic resonance ("H-NMR) spectrum of Compound 1 Form F
prepared according to Example SA.

[8105] Fignre 7A illustrates an X-ray powder diffraction {XRPD} pattern of Compound I Forni G prepared

according to Example 7A.
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[2166] FTigure 7B Hlustrates a differential scanning calorimetry {DSCY thermogravimetric anatvsis {TGA}
profile of Compound 1 Form G prepared according to Exsmple 7A.

[8107] Figure 7C illustrates s "H-nuclear magnetic resonance (H-MMR] specirum of Compeund 1 Form G
prepared according to Example TA.

(8188} Figure 8A iflustrates an X-ray powder diffraction (XRPD) pattern of Compound I Form H
{snhvdrate/hydrate} prepared according to Example 84,

[6109] Figure 8B illusirates a differential scanning calorimetry (DSCY thermogravimetric analysis {TGA)
profile of Compeund 1 Form H prepared according to Example 8A.

[#4116] Figure 8C illustrates a 'H-nuclear magnetic resonance {({H-NMR} spectruin of Compound 1 Form H
prepared according to Example 84

[6111] Figure A illustrates an Xray powder diffraction (XRPD) pattern of Compeund 1 Form I (IPA
solvate} prepared according to Example 9A.

[6112] Figure 9B illusirates a differential scanning calonmetry (DSC)/ thenmogravimetric analysis (TGA)
profile of Compound 1 Form I prepared according to Example 9A.

[B113] Figure 9C illustrates a 'H-nuclear magnetic resonance ("H-NMR) spectrum of Compound 1 Form I
prepared according to Example SA.

[6114] Fignre 9D illustrates a differential scanning calorimetry (DSCY thermogravimettic analysis {TGA)
profile of Compeund 1 Form I prepared according to Example 9B.

[6115] Figure 9E illustrates a 'H-nuclear magnetic resonance ({H-NMR) spectrum of Compeound 1 Form I
prepared according to Example 9B.

[6116] Figure 10A illustrates an X-ray powder diffraction {(XRPD) pattern of Compound 1 Form J {2-
MeTHF solvate) prepared according to Example 10A.

(8117} Figure 10B illusirates a differential scanning calorimetry (DSC) thermogravimetric analysis {TGA}
profile of Compound 1 Form J prepared according to Example 10A.

[8118] Fignre 16C iHustrates a 'H-nuclear magnetic resonance {{ H-NMR) spectrum of Compound 1 Form
J prepared according to Example 10A.

[6119] Figure 11A illustrates an M-ray powder diffraction (XRPD) pattern of Compeund 1 Form K {methyl
acetate solvate) prepared according fo Example 11A.

[6120] Figure 11B illustrates a differential scanning ealotmetry (DSCY thermogravimetric analysis (TGA)
profile of Compound 1 Form K prepared according to Example 1A

[p121] Figure 11C illustrates 2 'H-nuclear magnetic resonance (“H-NMR) spectring of Compound 1 Form
K prepared according to Example 11A

[8122] Fignre 124 illustrates an X-ray powder difftaction (XRPD) patterny of Compound 1 Form L

{anhvdrate/hydeate) prepared according to Example 124

it
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[2123] Figure 12B fhistrates s differential scanning calotimetry (DSC)Y thermiograviinetric analysis {TGA}
profile of Compound 1 Form L prepaved according fo Example 124

[6124] Figure 12 illustrates a *H-nuclear magnetic resonance {{H-NMR) spectrnm of Compound 1 Form
L prepared according & Example 124,

{8125} Figure 134 illustrates an X-ray powder diffraction (XRPD) pattern of Compeund 1 Form M
{anhydrate) prepared sccording to Example 13A.

[6126] Figure 13B illusuates a differential scanning calorimetry (DSCY thermogravimetric analysis {TGA)
profile of Compeund 1 Form M prepared according fo Example 13A.

[#127] Figure 13C illustrates a 'H-nuclear magnetic resonance ({H-NMR) spectrum of Compeund 1 Form
M prepared according to Example 13A.

[6128] Figure 14A illustrates an X-ray powder diffraction (3IRPD} pattern of Compeound I Form N
{anhydrate} prepared according to Example 144,

[6129] Figure 14B illustrates a differential scanning calorimefty (DSC) thermogravimetric analysis {TGA)
profile of Compound 1 Form N prepared according to Example 14A.

[8136] Figure 14C illustrates a 'H-puclear magnetic resonance ("H-NMR) spectrium of Compeunnd 1 Form
N prepared according to Example 14A.

[6131] Fignre 15A illustrates an X-ray powder diffraciion (XRPD) pattern of Compeound 1 Form O
(toluene solvaie) prepared according to Example 15A.

[6132] Figure 15B illustrates a differential scanning calorimetry {BSCY thermogravinwetric analysis {TGA)
profile of Compeund 1 Form O prepared according to Example 15A.

[6133] Figure 13C illustrates a 'H-nuclear magnetic resonance {*H-NMR) spectrum of Compeund 1 Form
O prepared according to Example 15A.

[3134] Figure 16A illustrates an X-ray powder diffraction (XRPD) patiern of Cempound { Foom P
(chlorobenzene solvate) prepared according to Exanple 16A.

[8135] Figure 16B illustrates a differental scanning calorimmetry (DSCY thermogravimetric analysis {(TGA)
profife of Compound 1 Form P prepared according to Example 16A.

[6136] Figure 16C ithustrates a 'H-nuclear magnetic resonance ({H-NMR) specirum of Compound 1 Form
) prepared according to Example 164,

[6137] Figure 17A illustrates an Xoray powder diffiaction (XRPD) patters of Compound 1 Form O (1.4-
dioxane solvaie} prepared according to Example 17A

[8138] Figure 17B illucirates a differential scanning calorimetry (DSC)Y thermogravimetyic analysis {TGA}
profile of Compound 1 Form @ prepared according to Example 17A

[8139] Fignre 17C iHustrates a '"H-nuclear magnetic resonance  H-NMR) spectram of Componnd 1 Form

Q prepared according to Example 17A.
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{8140] Tigure 184 diustrates an X-ray powder difftaction {XRPD) pattern of Compound 1 Form R
{anlivdrate/hydrate) prepared according to Exsmple 184,

[6141] Fignre 18B illustrates a differential scaming calorimetry (DSCY thermogravimetric analysis (TGA)Y
profile of Compound 1 Formm R prepared according to Example 18A.

[6142] Figure 18C illusirates 8 H-uuolear magnetic resonance {{H-NMR) spectrum of Compound 1 Fonn
R prepared according to Example 18A.

[6143] Figure 19A illustrates an X-ray powder diffraction (XRPD) pattern of Cempound 1 Form 8
prepared according to Example 19A.

[#144] Figure 198 illusirates a differential scanning calotimetry (DSC) thermogravimetric analysis (TGA)
profile of Compeund 1 Form S prepared according to Example 19A.

[0145] Figure 19C illustrates a 'H-nuckear magnetic resonance (*H-NMR) spectrum of Compound 1 Form
S prepared according to Example 19A.

[6146] Figure 20A illusirates an X-ray powder diffraction {(XRPD) pattern of Compound § Form T
prepared according to Example 194,

[6147] Figure 21A illustrates an X-ray powder diffraction (XRPD) pattern of Cempound § Form U
{anhvdrate) prepared according to Example 21A.

[6148] Fignre 21B illustrates a differental scamning calorimetry {DSC) prodile of Compound 1 Form U
prepared according to Example 21A.

[0149] Figure 21C illustrates a theemogravimetric analvsis (TGA) profile of Compeund 1 Form U prepared
according to Example 214,

[6150] Figure 21D illustrates a 'H-nuclear magnetic resonance {*H-NMR) spectrum of Compeund 1 Form
U prepared according to Example 21,

[3151] Figure 22A illustrates an X-ray powder diffraction {(XRPD) patiern of Cempound i amorphous
Form.

[8152] Fignre 22B illustrates a differental scanning calorimetry (DSCY thermogravimetric analysis {(TGA)
profife of Compound 1 in the amorphous form.

[6153] Figure 23 illustrates the mterconversions of the crystalline forms of Compound 1.

DETAILED DESCRIPTION OF THE DISCLOSURE

{8154 Unless defined othenwise, all technical and scientific terms used herein have the same mesning a5 13
conunonly understood by one of skill in the art to which this invention belongs. All patenss, patent
applications, and publications referred to herein are incorporated by reference.

[B155] As used hevein. the term "solvate” refers to a trystathine form of Compeund 1 which contains

sofvent.
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[8156] As used berein. the form “subject.” “individual," or "patient.” used interchangeably. refers to any
amimal, inchiding mammals such as mice, rafs, other rodents, rabbits, dogs, cats, swine, cattle. sheep, horses,
primates, and nans. In sonte embodiments, the patient is & human. In some embodiments, the subject has
experieniced andfor exhibited at least one symptont of the disease or disorder to. be treated andfor prevented.
In sonte embodiments, the subject is suspected of having a nwmlii-tyrosine kinase-assoviated cancer.

[6157] As used herein, s “therapeuntically effective amount® of a crystalline form of a salt of Compound 1
is an amounnt that is sufficient to ameliorate, or tn some manner reduce a sympton or stop or reverse the
progression of a condition, or negatively modulate or mhibit the activity of 3 multi-tyrosine kinase. Such
amount may be administered as a single dosage or may be administered according to a regimen, whereby i is
effective.

[0158] As used herein. term “form” is used to described the a crystalline form, which is interchangeable
with term “type”™. The term “crystal form™ or “ervsialline form™ refers to a solid form thet is crystalline. In
ceriain embodinents, & orystal form of a substance may be substantially free of amorphous forms andfor
other crysial forms. In certain embodiments, a crystal form of a substance may contain less than about 1%,
{ess than about 2%6, less than abowt 3%, less than about 4%, less than about 524, less than about 6%, less than
about 7%, less than about 836, less than about 9%, less than about 10%, less than about 159, less than about
200, less than about 25%. less than about 30%, less than about 359%, less than about 409, less than sbout
45%, or less than about 30% by weight of one or more amorphous forms and/or other crystal forms. In
certain embodiments, a erystal form of a substance may be physically andfor chensically pwre. In certain
embadiments, a crystal form of a substance piay be about 99%, about 98%%, about 37%, about 96%. about
95%. about 94%%, about 93%, about 92%, about 91%. or about $0% physically andVor chemically pure.
[6159] As used herein, an “amorphous ferm™ refres to a particle without definite structure, such as lacking
crystaliine structure. Unless otherwise specified, the term “amorphous™ or “amorphous form™ means that the
substance, component, o product in question is pot substantially crystalline as determined by X-ray
diffraction. In particular, the ferm “amorphous form™ describes a disordered solid form. t.e., 2 solid form
iacking long range crystalline order. In certain embodinments, an amorphous form of a substance may be
substantially free of other amorphous forms andfor crystal forms. In certain embodiments, an amorphous
form of a substance may contain less than about 1%, less than about 2%, less than about 3%, less than about
4% less than about 5%, less than about 10%. less than about 159, less than about 20%, less than about 25%.,
{ess than about 30%, less than about 35%, less than about 40%, less than about 45%. or less than about 50%
by weight of one ar more other amorphous forms andfor crystal forms on a weight basis. In certain
embodiments, an amorphous form of 8 substance may be physically and/or chemically pure. In certain
embodinients, an amorphous form of a substance be about 99%, about 98%, about 87%, about $6%, about

B350, about 94%, abowt 93%, about 92%, about $1%. or about 90% physically andfor chemically pure.
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[2160] As used berein. “reatment” means any mamner iy which the symptonss or patholopy of a condition,
disorder or disease are ameliorated or otherwise beneficially altered. Treatment also encompasses any
pharmaceutical nse of the compositions herein.

[8161] As uvsed hercin, amelinyation of the synyptems of a partieular disorder by administration of &
particular pharmaceutical compuosition refers to any lessening. whether perntanent or tenipormy. lasting or
transient that can be atiributed 1o or associated with administration of the composition.

[6162] As used herein, the term “about” when used in reference to XRPD peak positions refers o the
inherent variability of peaks depending on the calibration of the instrument, processes used to prepare the
crystalline forms of the present invention, age of the crystalline forms and the type of instnunent used in the
analysis. The variability of the instrumentation used for XRPD analysis was about £ 0.1 28,

[0163] As used hersin, the tern “abeut” when usad in reference to DSC endothermic peak onset refers to
the inherent variability of peaks depending on the calibration of the instrunient, miethod used to prepare the
samples of the present invention, and the type of insirnment used in the analysis. The variability of the
instrumentation used for DSC analysis was about = 1 °C.

GENERAL METHODS

[#164] The general methods outlined below were used in the exemplified Examples unless otherwise noted.

[6165] I Crvstallization Technigues

[6166] Crystalline forms disclosed herein may be prepared using a variety of methods well known to those
skilled in the art including crystallization or recrvstatlization from a suitable solvent or by sublimation. A
wide variety of techniques may be employed, including those in the exensplified Examples, for crystallization
or recrystallization including evaporation of a waler-miscible or 3 water-immiscible solvent or solvent
mixture, orystal seeding in a supersanwated solution, decreasing the temperature of the solvent mixture, or
freeze drying the solvent mixture.

[#167] Crystallization disclosed herein may be done with or without crystal seed. The crystal seed may come
fromy any previous batch of the desired crysialline form such as Formi €, Form D, Form E, Form F, Form G,

Formt H, Form I, Form §, Form K, Form L, Form M, Form N, Form O, Form P, Form @, Form R, Form S or

Form T.
ABBREVIATIONS and ACRONYMS
Category Abbreviations /Acronvms Full Name/Description
BSC Differential scamming calorinelry
Analytical Techniques DVs Dvnamic vapor sorpiion
HPLC Hizh Perfonmance Liguid Chromatography
NMR WNuclear maenetic resonance
TGA Thermogravimetyic analvsis
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XRPD X-ray powder diffraction
MeQH Methanol
2-MeTHF 2-Methvierahydrofinan
Salvent ACN Acetonitrile
CHCE Trichioromethane
CPME Cyelopentyl Methyl Ether
BCM Dichlorpmethane
DMF N.N-Dimethviformamide
DMSO Dimethvisulfoxide
EtQAc, EA Ethyl acetate
EtQH Ethanol
IPA Isopropyi alcohol
IPAC Isopropyl acetate
MEK Methyi ethyvl ketone
MIBK Methyl isobutyl ketone
MTRE Methyl tert-butyl ether
NMP N-Methyl pyirolide
THF Tetrahydrofuran
Agent -BaOK Potassiwn fert-butoxide
EDSA 1.2-ethanedisulfonic acid
NaQH Sodiun: hvdroxide
(vthers ag. Agueous
BE Birefringence with Extinction
Eg. Equivalent
IBPC In process control
Vol or vol. Volums
Wiw Weight / weight

Instruments and Parameters
[6168] For XRPD analysis, 3 PANalytical Empyrean and X Pert3 X-ray powder diffractometer were used to
characterize the physical forms obtained in the present disclosure, without special instructions. The XRPD

araneters used are listed as follows.

Paramelers XRPD

Model Empyrean X Pert
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X-Ray wavelength

Cu. ke,
Kol{AY 1.540598,
Ka2 {&): 1.5344426

Kua2Kal miensity ratio: £.50

Cu, ka,
Kel {A): 1.540398,
K2 {AY: 1544426

Ka2/Kal odensity ratio: 8.58

X-Ray tube sctting

45kV. 40 mA

45 KV, 40 mA

Divergence slit Automatic 1/8°

Scan mode Continugus Continuous
Scan range ("2Theta) 3-40 3-40

Scan step time {(3) 17.8 48.7

Step size (°2TH) 8.0167 {3.4263

Test Tinze {5}

5 min 30 s

About 5 mins {5 min 64 3)

[6169] For XRPD analysis, a Bruker DB advanced X-Ray Powder diffractometer or equivalent was also used

to characterize Formn A and Form U, The XRPD parameters used are listed as follows.

Tube

Cu, ko, Ka (Ay 1.540598,

Generalor

Voltage: 40 kV: Cwrent; 40 mA

Fixed incident beam optics

Primary Soller olit: 2.5 deg
Secondary Soller slit: 2.5 deg
Divergence Sht: 0.60 mm

Stt: fixed

Detector

PSD QPENING 2.1

Detector Name: Lyaxeye (1 D mode)

Scan mode

Continyons PSD fast

Scan range {(°2Theta}

4-40 deg

Scan type

Coupled Two Theta'Theta

Increment

$.02 deg

Time/step

0.12 s/step

[8176] TGA and DSC were used to characterize the physical forms obtained in the present disclosure,

without special instructions, wherein TGA data were collected using a TA Q500/QS000 TGA from TA

Instruments; and, DSC was performed nsing a TA Q200/Q2000 DSC from TA Instruments. Detailed

arameters used are listed as follows.

Parameters | TGA DSC mbDSC
Method Ramp Ramp Modulated
Sample pan Ahuninum. open Aluminum. crimped Alnminum, crimped
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Temperature | BT - desired teniperahe

28 °C - desived temperanue

16 °C - desired temperature

Heating rate | 10 °Ci/min

18 °Cinun

3 *Chnin

Purge gas

N2

N2

[8171] For TGA and DGA analysis of Form A or U, soune insirupients were also used to conduct the testing,

wherein TGA data were collected nsing a NETZSCH TG 209 F1 Instruments; and, DSC was performed using

a TA Q 20 or TA DSC 250 Instraments. Detailed parameters used are listed as follows.

Parameters TGA

DSC

Method Ramp

Ramp

Sample pan Aluminwmn, open

Alununum, Sealed

Temperature BT - desived temperatue RT - desied temperature
Heating rate 16 °Cinin 16 °Cimin
Purge gas N2 N2

[6172] DVS of the obtained forms in the present disclosure was measurad via an SMS (Surface

Measurement Systems) DVS Intrinsic, without special instructions {(Methed A). The relative humidity at 28

°( was calibrated against deliguescence point of LiCL Mg{NO332 and KCl. Parameters for the DVS test are

{isted as follows.

Parameters DVS
Temperature 25°C
Sample size 18-~ 20 mg

Gas and flow rate

N2, 200 mL/min

dm/dt 0 002%/nn
Min. dm/dt stability duration 10 min
Max. equilibrivm time 150 min

RH range 7% RH-83%RH-0%RH-95%RH
RH step sire 10% (0%RH-30%RH, 90%RH-0%RH}

5% (90%RH-95%RH, 95%RH-80%RH)

[3173] DVS of Form A and U was also measured via an SMS (Surface Measurenient Systems) DVS

Inirinsic (Method B). The relative lnumidity at 25 °C was calibrated against deliquescence point of LiCl,

Me(NO3}2, and KTl Paranseters for DVS test are listed as follows.

Parameters

DVS

Temperature

28°C

18




WO 2023/030363 PCT/CN2022/116084

Gas and flow rate N2, 200 mbimin

dm/de <f.01min

Min. dw/dt stability duration 60 mip

Mas. equilibvium Hime 180 min

RH range Cyoler 40%6-0%-95%-0%-40%RH

[6174] The single crystal X-ray diffraction data were collected at 120 K using Rigaku XL AB Synergy R

{CuK radiation, 1.534184 A) diffractometer. The instrument paranieters are listed as follows.

Instrument Rigaku NitaL AR Synergy R
MicroMax-007HF X-ray source
(Cwkea: 1.54184 )

Detector HyPix 6000HE detector
Gonianeter Four-circle Kappa Gontometer
Cryostream-~700
{Oxford Crvosystems)
Seftware package CrysAlisPro (V1.171.40.14¢)

X-Ray sources generator

fow Temperature Devices

[#175] The following Examples are intended to illustrate frther certain emibodiments of the invention and
are not intended to limit the scope of the invention.

EXAMPLE

[0176] Methods for manufacturing the Bel-2 inhibitor 2-{{1 H-pyrrolof2, 3-bipyridine-5-yhioxy-N-{{4-
{{{{ir,4n)-4-hydroxy-4-methylcvclobexyhmethylamino)-3-nittophenyDsulfonyl)-4-(2-((8)-2-(2-
wssopropyiphenylpyrrolidin-1-y1}-7-azaspiro[3. S juonan-T-yljbenzamide (Compound 1}. are known, For
example, idernational Publication No. WO2019/210828 provides a detailed synthetic route for the

preparation of Compeound 1.

EXAMPLE 1A: Preparation of Compound I Form A Form A

[8177] Compound I {40 g) was dissolved in DCM (120 mL). After concentrating the solution fo dry, EA
{250 mL) was added. The resulting mixture was warmed to 60-70°C. slowly cooled to 15-25°C, and then
filtered. The resulting cake was dried for 16 hours ai 48-50°C to give compound | Form A (about 40 z).
which could be used as a crysial seed

[6178] Compound 1 (8.1 kg) was dissolved in DCM {58 kg} at 20-30°C. After concentrating the solution to
abont half the volume of the niixture, EA (45 kg) was charged to the solution, and a crystal seed (0.035 kg}

was added, After stirring for 1 hour at 20-30°C, the solution was concentrated o exchange EA solvent

1%
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mixture three times with EA (43 kg +43 kg+ 24 kg). The mixture was heatad to 60-7¢°C and stisred for 2
hours, and then slowly copled to 15-25°C.

[6179] MeOH (32 kg) was introduced to the resnlting mixtare at 45-55°C and stirred for 16 hows. After
solvent exchanging with MeOH (20 kg + 21 kg +20 kg theee tines, the mixture was retumead to EA solution
by exchanging with EA (23 kg + 47 kg +40 kg) three times. The nuxture was warmed to 64-70 °C and stimed
for 2.5 hows and then slowly cooled 1o 15-23°C, The resulting mixture was slowly cooled to 15-25°C and
filtered. The resulting cake was washed with EA {9 kg) and dried at 45-55°C for 18.5 howss, to give a product
as yellow solid, After sieving the solid, a total of 7.36 kg of Compound Form A was obtained.

[#180G] The X-ray powder diffraction {XRPD} pattern {conducted on Bruker D8 advanced X-Ray Powder
diffractometer) was used o characterize the obtained Form A. which showed that Form A was in a crystalline
form, see Figure 1A, The characteristic peaks and percent peak intensities obtained from the XRPD analysis
are Jisted in Table 1A,

Table 1A. XRPD pattern of Compound 1 Form A

[Pos. {°28]d-spacing {.fm}lRel. Int. %]
6.928 12.74962 09.9

7431 11.88607 5.9

8.762 10.68438 9.9

13,603 [8.33866 34.4

10.919  [R.G9612 i5.1

[

2,35

W

7.15614 5.4

12.654  [6.98993 828

13.090  [6.75786 14.8
13,363 16.62063 35.3

13.760  16.43051 37.7

14126  |6.26474 69 4

14701 602185 135

14936 |5.92683 143.9

15350 [8.76762 3.6

16,197 [S.46788 155
16456  [5.38232 34.2
16,828 |5.23335 87.0
17455 507668 i0.2
1R.179  M.B7613 5.¢

18456  [4.80356 116.6
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18142 W.63277 100.0
19524 14.54294 5.8

20.693  [4.2HE8S 357

20737 [4.279%6 k5.1

21,144 4 19839 i24
21.796¢ 407435 24.1

22380  [3.9692% 148.8

22,837 [3.8%098 0.2
23.251 [3.82285 10.6
[23.785 [3.7379% 1498
24.123  [3.6862 6.2

26.718  [3.3337¢ 4.7
27.108 |3.28677 ig.0
27.592  [3.23023 0.4

25.751  |3.0005% 9.1

[#181] 'H NMR spectnum of Compound From A was shown in Figure 1D. DSC/ TGA curve {conducted on
NETZSCH TG 269 Fl Instrument and TA Q 20) showed that a weight loss of §.8% up to 160 °C and two
endotherm peaks at 149.6 °C and 178.2 °C (peak) were observed (Figure 1B and Figure 1C). XRPD overlay
showed that Form A converted 1o From B affer heating fo 160 °C, cooling back to BT and re-exposed to air
conditions. Combined with TGA data and 'H NMR resuits, Form A was speculated as an EtQAc sobvate.
[6182] Compound 1 Form A was siepwise isothermal by TGA in a nitrogen atmosphere, When the weight
{oss reaches 0.02%, the system equilibrated at a certain temperatre ull weight loss <0.002%. The results
showed that after heating From A stepwise 1o 1080 °C, the TGA weight loss matched the weight loss detecied
by linear heating. Afier cooling back to RT. Form B of low crystallinity was obtained.

[6183] The DVS cycle was conducted at 25 °C {Method B}, the sorption and desorption were revisable
during the full DVS cycle, the water sorption i 0.4% at 95%RH bumidity, the Compound 1 form A is

slightly hvgroscopic.

EXAMPLE 1B: Preparation of Compound 1 Form A
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[#184] Compound 1 (7.0 g} was added biio EA (3140 1L} then was heated to refhix foo 2 hours, The miixture
was slowly cooled down to room temperature {RT) and stired for 0.5 hows, filirated, washed with EA and

dried over reduced pressure, to give the product (4.9 g).

EXAMPLEE I1C: Preparation of Compound 1 Form A in Single Crystal

[6185] Compound 1 {2.8 mg) was dissolved in 6.5 mlL. THF'EOAC {112, v/v) solvent mixture. After slow
evaporation, the single crystals of Compound 1 Form A were obtained.

[#186] The single crystal of Compound 1 Form A (EtOAc solvate) was characterized by SCXRD. The
catculated XRPD of the single crystal structure is nearly consistent with the expenimental XRPD of the single
crystal of Form A {Figure 1E).

[0187] The single crystal was analyzed by single-crystal Xeray diffractommeter. The crystal system of the
single crystal is friclinic and the space group is P1. The cell parmmeters are: {a= 13.644021( A, b=
14.07005(4) &, ¢ = 15.01208{4) &, 0= 112.0202(3)°. f= 104.6821{3¥. y= 93.6507(2)°, V = 2543.673(14)
A3

[0188] The asymmetric unit of the single crvstal siructure is comprised of two Compound 1 molecules and
two EtOAc mnfecules, which indicates that the crystal s an EtQAc solvate and the molar ratio of Compeund
1to EiQAcis 111, And, adjacent Compound 1 molecules connect with each other through intermolecular

hydrogen bonds.

EXAMPLE 2A: Preparation of Compound i Form B

[6189] Compound 1 (20 mg) was dissolved in acetone. The mixtwres were filtered, and then the obtained
clear solution was subjected to slow evaporation at RT, to obtain Form B.

[3190] The XRPD pattern was used 1o characterize the obtained Form B which showed that Form B wasina
crystalline, see Figure 2A. The characteristic peaks and percent peak intensitics obtained fromi the XRPD
analysis are listed in Table 2A.

Table ZA. XRPD pattern of Compound 1 Form B

Pos. {728} d-spacing [A] Rel. Int. {96}
5.65 1330 2112

722 12.24 160.00

11.58 7.64 .80

12.17 727 7.39

13.28 5.67 980

13.77 6.43 11.34

14.42 6.14 32.09
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Pos. [°26] d-spacing [A] Rel Int. %]
15.67 5.66 RS

16.22 547 91

17.54 566 5427

1836 4.83 2345

19.64 4,53 10.71

1592 446 a.02

23.03 3.86 335

2487 3.58 8.92

[#191] The TGA/DSC curve showed that a weight loss of 3.3% up to 110°C and two endothermic peaks at
107.7 °C and 187.3 °C (peak’ before decomposition were detected {Figure 2B). In the 'H NMR spectrum,
about 2.2% of acetone was observed (Figure 2C). After heating Form B to 150 °C, no form change was
observed.

[6192] Results of VT-XRPD displayed that after heating From B fo 150 °C and cooling back 10 30 °C m N2
atmosphere, no form change was observed, which indicated Form B was an anhydrate. The acetone detected
in 'H NMR was speculated to be caused by solvent residual.

[6193] In addition, Form B with high crystallinity could be obtained afler heating Form B to 160 °C, cooling
back to RT and then heating to 160 °C again, see Figure 2D, The TGA/DSC curve showed a weiglht loss of
2.8% up to 150 °C and one endothermic peak at 186.5 °C {peak) before decomposition was ebserved. And no

signal of acetone was detected in 'H NMR spectrum.

EXAMPLFE 2B: Preparation of Compound 1 Form B

[6194] Compound 1 Form B was obtained by any one of the following steps:
1) heating Form A to 160 °C and then natwally cool back to RT;
2} heating Form A siepwise isothermally to 100 °C;
3} heating Form D to 130 °C and being isothermal for 30 mins; or,
4} heating Form J 1o 130 °C and being isothermal for 30 mins.

5} heating Form B to 160 °C and cool back 1o RT, then heating to 160 °C.

EXAMPLE 2C: Preparation of Compound i Form B

[6195] Compound 1 Form K (6.0 g) was added into heptane {100 mL) then was refluxed at a temperature of
about 100 °C, and subjected to shury for 24 b The mixture was cooled down to RT and filtrated, washed

with heptane and dried over reduced pressure to give the product (8.5 g).
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EXAMPLE 3A; Preparation of Compound 1 Form € (Form O

[6196] Compound 1 (20 mg) was dissolved in MEK. The mixtuwes were filtered, and then the obtained clear
sohution was subjected to slow evaperation at RT, to obtain Form C.

[8197]. The X-ray powder diffraction (XBPD) pattern was used o characterize the obtained Fonn €, which
showed that Form C was in a crystalline form, see Figure 3A. The characterisiic peaks and percent peak
infensitics obtained from the XRPD analysis are listed in Table 3A.

Table 3A. XRPD pattern of Compound 1 Form C

Pos. [°20] d-spacing [A] Rel. Int. %]
691 12.7% 100.00
10.61 8.34 53.40
12.65 7.00 36.44
13.88 6.38 55.60
14.23 8§22 38.85
14.99 581 12.75
16.43 3.39 9%.90
16.75 329 35.88
1842 4.82 9.4¢
1881 4.72 8.65
18.17 4.63 15.78
19,53 4.55 33.14
20.97 424 16.62
21.50 4.13 13.42
2197 4.05 16.02
23.42 3.80 §.88
2397 3.71 14.93
2472 3.60 19.585
2749 325 7.54

[6198] TGA/DSC curve showed a weight loss of 8. 1% up to 160 °C and two endothern: peaks at 142.5°C
and 177.3 °C {peak) (Figure 3B). 'H NMR specirum (Figure 3C) showed that the theoretical weight of MEK
was calculated as 5.4 %, which was lower than TGA weight loss and was speculated to be caused by solvent
loss during storage before 'H NMR test. To figure out whether the weight Joss was solvent absorption or not,

heating experiments were performed on Form C.
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[2199] XRPDycownparison showed that after heating tv 160 °C, cooling back to RT and re-exposed af aw

conditions, Form C converted fo Form B with weak crystallinity. Form C was speculated as 8 MEK solvate.

EXAMPLE 4A: Preparation of Compound I Formm D (Form D)

[8200] Amorphous Compound 1 (20 mg) was suspended in IPAc, The suspension was subjected to slomry at
RT by stirring for 1-7 days, to obtain Form D.
[0201] The X-ray powder diffraction {(XRPD) pattern was used to characterize the obinined Form D, which
showed that Form D was in a crystalline form, see Figure 4A. The characteristic peaks and percent peak
intensities obtained from the XRPD analvsis are listed in Table 44,

Table 4A. XRPD pattern of Compeund I Ferm D

Pos. {720} d-spacing [4} Rel. Int. 9
§.56 13.5% 100100
T35 12.26 535
8.86 999 14.43
9.80 9.02 0.958
10.74 824 312
12.88 8§82 2715
13.66 6.48 1870
14.23 6.23 14.18
14.63 6.06 19.43
1568 5.63 3858
16.39 541 292
17.258 5.14 1258
17.82 4.98 43.14
18.21 487 23.91
18.90 478 £.53
23,09 442 19.12
2046 434 i4.52
2151 4.13 551
2222 4.00 407
2316 3.84 214
2383 373 443
24.32 366 356
24.80 339 4.84
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Pos. [°26] d-spacing Al Rel Int. %]
2600 343 453
26.84 332 3.09
2899 3.08 3.23

[6202] The TGA/DSC data displayed a weight Toss of 7.2 26 up w 130 °C, three endothermic peaks at 108.4
°C, 150.1°C, and 177.3 °C (Figure 4B). 'H NMR spectrun showed that the theoretical content of IPAC was
defermined as 5.4 %, indicating that there might be some solvent loss during the storage (Figare 4C).

[6203] In the XRPD overlay of the beating experiment, form change was observed for Form D after beating
10 1565 °C and cooling back to RT. Hence, Formi D was speculated as an IPAc solvate.

[8204] In addition, the results of the heating experiment showed that after heating Fonn D to 130 C and

being isothermal for 30 min, Form B in low crystallinity with an extra peak was obtained.

EXAMPLE SA: Preparation of Compound 1 Form E Form E

f6205] Compound 1 (20 mgz) was disselved in anisole. The mixtures were filtered, and then the obtained
clear solution was subjected to slow evaporation at RT, to obtaint Formm E.

[6206] The X-ray powder diffraction (NRPD) pattern was used o characterize the obtained Form E, which
showed that Form E was in a orystalline form, see Figure SA. The characteristic peaks and petcent peak
intensities abained from the XRPD analvsis are histed in Table 5A.

Table SA. XRPD pattern of Compound § Form E

Pgos. [°28} d-spacing {4} Rel. Inf. {%
5.96 1270 160.00
8.68 16.29 193
1050 .12 11.86
1248 7.09 629
13.16 8§73 2.24
1391 837 38.41
14.76 5.89 637
15.18 5.584 237
16.09 351 2.66
1691 5.24 16.97
17.16 517 11.560
1809 490 4.30
18.54 478 2.90
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Pos. [°26] d-spacing (Al Rel, Int. {96]
18.14 4.64 11.69
1931 4.55 1.34
283,13 4.41 279
21.08 4.21 10.74
2173 4.49 329
2209 4.02 6.11
22.62 393 2.01
2296 387 2.07
2461 371 2.14
25.16 3.55 472
25.81 343 1.59
27.18 3.28 339
2775 3.21 219
28.17 317 1.38
29.67 301 1.15

[8207] TGA curve showed a weight loss of 11.9% up to 180 °C and DSC curve showed one endothernsic
peak at 157.4 °C (peak) before decompasition {Figure 5B). Based on the 'H NMR spectrum {Figure 50),
about 17.1% anisole was determined. which was higher than the TGA weight loss and was speculated to be
cansed by the inhomogeneouns solvent residual. Results of the heating experiment showed that a decrease of
crystatiinity was observed after heating Form E to 170 °C and then cooling back, indicating the endothermic

peak on DSC curve might be the signal of melting. Form E was speculated as an anisole solvate.

EXAMPLE 6A: Preparatfion of Compound 1 FYorm F

[3208] Amorphous Compeund 1 {20 mg) was suspended in 0.5 mL EtOH, stirred at 50 °C, 1o obtain F.
(82091 The X-ray powder ditfraction {XRPD) pattern was used to characterize the obtained Form F, which
showed that Form F was in a crystalline form, see Figure 6 A. The characteristic peaks and percent peak
intensities obtained from the XRPD analysis arve listed in Table 6A.

Table 6A. XRPD patiern of Compound { Form ¥

Pos. [#26} d-spacing [A] Rel. Tnt. [%]
5.84 12.92 100.00
8.66 10.21 3.90
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Pas. [°28] despacing [A] Rel. Int, {%4]
10.530 3.43 17.22
10.85 8.16 413
12.55 7.05 40,33
13.26 5.68 5.78
13.66 648 43,53
14.062 6.31 3846
14.56 6.08 7.50
1481 598 11.14
16.34 543 2R.89
16.83 827 21.43
17.33 512 301
1835 4,84 16.27
1945 4,66 18.00
19.41 4.57 30.18
2035 4.36 7.25
20.68 43¢ 23.86
21.97 422 2405
21.68 410 397
22.26 3.89 8.286
2273 3.91 4.02
23.18 3,83 315
2373 375 14.37
2439 3.65 1577
2489 358 1.93
25.69 347 5.86
26.55 336 256
26.99 3130 738
2748 3.25 2.08
28.22 3le 1.76
/o4 3.01 2.68

[8216] TGA/DSC curve showed that, a weight loss of 0.8% up to 30 °C, one broad peak around 69.7 °C and

two endothernuic peaks at 156.8 °C and 177.8 °C (peak) before decomposition (Figure 6B). In the 'H NMR

28
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specirnm, no stgnal of EtOH was detected (Figure 6C). Results of the heating experinient showed that no
form change was observed when heating Form F to 80 °C, and after heating Form F o 150 °C and 165 °C,
diffraction peaks of Formi B were detected. According to the results of VI-XRPD, no form change was
observed after heating Form F to 100 °C and rooling back to 30 °C in N2, which indicates that Forn: F was an
amhydrate. The broad endotherm observed i DSC at 69.7 °C was speculated to be caused by loss of residual

sofvent or moisture, the endotherm st 156.8 °C was possibly related to form conversion at high temperature.

EXAMPLE 7A: Preparation of Compound 1 Farm G (Form G

[#8211] Amorphous Compeund 1 {20 mg) was saspended in MTBE. The suspension was subjected to slurry
at RT by stirring for 1~7 days, to obtain Form G.

[6212] The X-ray powder diffraction (XBPD) pattern was usad to characierize the obtained Form G, which
showed that Form G was in a crystalline form, see Figure 7A. The characteristic peaks and percent peak
intensities obtained from the XRPD analysis are listed in Table TA.

Tabie 74, XRPD pattern of Compound 1 Form G

Pos. [°28] d-spacing [Al Rel. Int. 4]
5.98 14.78 35.87
717 12.33 69.66
571 16.15 24.51
14.448 8 84 36.98
12.76 6.94 58.14
13,16 &8.73 57.59
13.61 851 180.00
14.18 &.25 36.45
15.66 5.66 3151
16.02 533 41.86
16.62 5.33 25.84
18.10 4.50 33.05
18.62 4.7 67.01
1508 4.65 3352
18.43 4.57 58.83
19.81 4,48 50.65
20.38 4356 27.44
20.80 27 33.06
2181 408 34.69
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Pas. [°28] despacing [A] Rel. Int, {%4]
2223 4.00 29,86

23.62 397 46.42

25.82 345 14.89

26.52 336 8.36

27 88 3.21 842

28.83 310 6.55

30.41 2.94 7.11

[6213] TGA/DSC results showed that a weight loss of 4.6% up to 160 °C, one weak endothermic peak at
117.2 °C and one strong endothermic peak 157.7 °C {peak) before decomposition were observed (Figure 7B}
According to the integration of 'H NMR result (Figure 7C), the theoretical weight of MTBE was calculated
as 5.1%, XRPD overlay before and after heating showed after heating experiments, an obvious decrease of

crystathinity was observed. Formi G was speculated as an MTBE solvate.

EXAMPLE 8A: Preparation of Compound 1 Ferm H (Form H)

[6214] Amorphous Compeunnd 1 (20 mg) was suspended in ACN. The suspension was subjected to shury at
RT by stirring for 1~7 days, to obtain Form H.

[#215] The X-ray powder diffraction {(XRPD) pattern was used o characterize the obtained Form H, which
showed that Form H was in a erystalline form, sce Figure 8A. The characteristic peaks and percent peak
ifensities obtained from the XRPD analysis are listed in Table 8A.

Table 8A. XRPI pattern of Compound 1 Form H

Pos. [°26] d-spacing [A] Rel. Tat. [%]
529 14.05 14.03
591 12.7% 3795
7.2 i2.14 B6.45
764 11.57 38.25
8.87 $.856 36.86
g.05 9.78 26.74
8.63 9.18 2.53
1478 821 i8.31
10.94 8.09 17.12
1254 7.06 2374
13.16 8.76 §7.22
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Pas. [°28] despacing [A] Rel. Int, {%4]
13.83 &8.40 21.51
14,68 803 5392
14.9G 381 160.00
15.38% 376 22,45
1654 5.36 1139
17.76 4.99 16.80
1816 4.89 2235
18.7 4.74 23.28
18.46 4.56 40.81
20.02 444 41.57
20.88 426 11.42
22,09 4.02 {585
23.52 3,78 20.04
2833 3.52 414
28.98 3.08 2.57

[6216] TGA/DSC curve showed. weight loss of 1.2% up to 176 °C and three endothermic peaks at 60.1 °C,
162.9°C angd 179.5 °C (peak) before decomposition were detected {Figure 8B). No signal of ACN was

detected in the 'H NMR result (Figure 8C), which indicated Form H might be an anfiydrate/hvdrate.

ENAMPLE 9A: Preparation of Compound I Form I (Form

{6217} Amorphous Compound 1 {20 mg) was suspended in 0.5 mL IPA, stivred af 50 °C, to obtain Form L
[6218] The X-ray powder diffraction (XRPD) pattern was used to characierize the obtained Form I, which

showed that Form T was in a crysialline form, sce Figare 9A.

Pas. {°28] d-spacing {A] Rel Int [%]
338 24.68 4.38

7.89 1247 100.00

£.03 11.61 2.87

2.61 920 1.69

10.67 8.2% .94

12.21 725 7.5¢

1249 7.09 8.01

14.02 8.32 10.43
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Pos, {28} d-spacing [A] Rel. Imi. [24]
1468 5.04 1.56
1544 574 6.62
1632 543 1.65
1595 523 471
17.69 301 2.53
i8.89 1,70 702
19.90 4.46 3.08
20.56 432 14.49
2144 4.14 2.06
2207 4.03 272
2297 3.87 1.97
24.06 3.70 1.6}

[6219] TGA/DSC curves showed 2 weight loss of 2.1% up to 120 °C and two endothermic peaks at 134.0°C
and 159.7 °C before decomposition were detected {Figure 9B). In 'H NMR spectrum (Figure 3C), peaks of
IPA were observed and the confent was calculated as 3.29%. XRPD comparison displayed that in the heating
experiment, an obvious decrease of crystallinity was observed for Form T Form I was speculated as an IPA

saivate.

ENAMPLFE 9B: Preparation of Compound 1 Form 1

Form I from slow evaporation in acetone showed the same XRPD pattern with Form I in Example 9A. Two
steps of TGA weight loss {1.9% up to 1310 °C and 2.7% fronz 110 °C to 208 °C, see Figure 9D), two
endothermic peaks at 78.0 °C and 160.3 °C before decomposition in DSC thermogram were observed. 'H
NMR (Figuve 9E) results displaved the content of acetone in the sample was determined as 2.8%.

[6220] According to the results of heating experiments, no form change was observed afier heating Form I
from acctone to 130 °C but an amorphous sample was observed when the heating temperature reached 180
°C. Combined with TGA and 'H NMR data, the first step of TGA weight loss might be the de-sorprion of
volatile components, while the second step of weight loss was possibly due to loss of acetone, which led to
the wansformation to amorphous phase. Thus, Form I from acetone was speculated as an acetone solvate.
[8221] Since different solvates were in the same XRPD pattern as Form 1, it was speculated that

isomorphism occurred during the formation of Form L

=1
[
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EXAMPLE 18A: Preparation of Compound 1 Form J {Form J)

[6222] Amorphous Compound 1 {20 mg) was suspended in 2-MeTHF/n-hepiane {111, w/v). The suspension
was subjected 1o shuyy at RT by stiring for 1~7 days, to obtain Form I

[8223] The X-ray powder diffraction (XBFD) pattern was ssed to characterize the obtained Fonm I, which
showed that Form J was in a crystalline form, see Figure 10A. The characteristic peaks and percent pesk
infensities obtained from the XRPD analysis are listed in Table H0A.

Table 10A. XRPD pattern of Compound 1 Form J

Pos. [°28] d-spacing [A] Rel. Int. [%4]
.98 12.67 160.00
5.66 10.21 1G.03
1473 8.24 51.79
12.53 7.06 61.11
13.1¢ 8.76 16.0%
13.50 837 30.33
14.18 825 27.31
14.96 5.2 3610
1583 5.60 8.80
1657 5.33 64.29
1682 5.27 3514
17.34 511 5.84
18.44 4.81 31.33
18.23 462 §7.51
23.28 438 1%.13
20.54 432 14.82
21.03 423 33.70
2159 412 22.0G
21.97 465 5.20
2242 397 16.54
2324 3.83 11.51
2389 372 19.15
24 85 3.88 21.30
25.86 344 8.76
27.3% 326 543
28.69 311 202
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Pos. [728] despacing [A] Rel. Int, [}

28.67 3.01 321

[8224] TGA/DSC curve showed s weight loss of 8 0% up to 166 °C and two endothermic peaks st 1253 °C
and 175.2°C {peak} before decomposition were detected (Figure 16B). 'H NMR (Figure 10C) result showed
a signal of 2-MeTHF and n-heptane were abserved in Form T {theoretical weigltt foss: ~14.2%). XRPDx
overlay illustrated that afer heating to 150 °C and cooling back to RT, Form ¥ converted to Form B. Based on
the TGA, 'H NMR and heating experiment data, Form J was speculated as a 2-MeTHF solvate.

[62253] In addiion, Form J was heated to 130 °C and then being isothermatl at 130 °C for 30 min, and then

was cooled down to RT. XRPD results shown that Formy B of ow crystalhinity was obtained.

EXAMPLE 11A: Preparation of Compound 1 Form K (Form K

[6226] Amorphous Cempound 1 {20 mg) was suspended inn methyl acetate. The suspension was subjected
ta sharey at RT by stirving for 1-7 days, to obtain Form K.

(6227} The X-ray powder diffraction (NRPD) pattern was used to characierize the obtammed Form K, which
showed that Form K was in a crystalline form. sce Figure 11A. The characteristic peaks and percent peak
intenstties obiained from the XRPD analvsis are listed in Table 11A.

Table 11A. XRPD pattern of Compound 1 Form K

Pos. [*26} d-spacing [A] Rel. Int. [%]
5.94¢ 12.81 104,00
569 16.17 13.04
10.56 8.38 36.54
1263 7.01 68.65
13.85 6,39 38.66
14.21 623 51.09
14.88 5.85 22.63
16.33 5.43 45 89
16.82 5.27% 4713
18.42 482 27.88
18.9% 4.67 36.24
1954 4.54 47 .46
20.80 427 21.68
21.78 408 11.61
22.26 399 19.17
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Pas. [°28] despacing [A] Rel. Int, {%4]
23.73 375 21.88

24.30 3.63 19.86

25.85 345 8.16

27.53 3.24 732

[6228] TGAMSC showed that there was a weight loss of 5.8%up to 120 °C and two endothermic peaks at
112.1 *Cand 177.7 °C {peak) hefore decomposition (Figure 11B). In 'H NMR (Figure 11C), the signal of
methyl acetate was observed with a theoretical weight loss ~2.5%.

[0229] XRPD overlsy of the heating experiment showed Form B of weak ervstallinity was observed aBer
heating Forp K to 120 °C. As XRPD overlay showed. after storage at RT in a closed HPLO vial for ~5

waeks, Forot K converted to Foro B of low crystaliinity. Form K was speculated as a methyl acetate solvate.

EXAMPLE 11B: Preparation of Compound 1 Form K

[6230] Compound 1 (8.8 g} wasadded into methyvi acetate { 140 mL) thest was heated to 56 °C for 2 howrs,
The mixture was cooled down fo RT and stirred for 16 bours. The mixture was filtrated, washed with methyl

acetate and dried over reduced pressure to give the product (7.1 g).

EXAMPLE 12A: Preparvation of Compound 1 Form E (Form 1)

[8231] Amorphous Compeund 1 {20 mg) was saspended in 0.5 1L acetonen-heptane (1:1, v/v), stitved at
50 °C, to obtain Form L.

[6232] The X-ray powder diffraction (XRPD) pattern was used to characterize the obtained Form L, which
showed that Form L was in a crystalline form, see Figure 12A. The characteristic peaks and percent peak
intensities obtained from the XRPD analysis are listed in Table 12A.

Table 12A. XRPD pattern of Compound I Form L

Pos. {228 d-spacing [A] Rel Int. {%]
6.80 13.40 160.00

9.68 $.14 12.98

12.866 7.34 1020

13.08 6.77 16.45

13,59 652 12.89

1513 .86 34.95

1879 5.61 19.25

18258 4.86 13.64
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Pas. [°28] despacing [A] Rel. Int, {%4]
18,90 4.46 25.609

21.37 4.16 f.13

23.83 3.73 523

[6233] TGAMDSC curves showed thatr weight loss of 2.2% up to 100 °C was observed in TGA plot; and,
multiple signals, including fowr endothermic peaks at §3.7°C, 62.7 °C, 76.3 °C and 162.1 °C (peak), one
exothermal peak at 89.6 °C before decomposition were detected in the DSC curve (Figure 12B). Based on 'H
NMR spectrum (Figure 12C), no peak of acetone was observed. Thus, Form L was possibly an
anhydrate/hydrate.

[#234] Form L converted to another form when being in as a wet sample, and Form L converted to Form 1
by storage at RT. Thus, Form L was speculated as a metastable anhvdratesbydrate which could be de-solvated

from the wet cake from the solvent system.

EXAMPLE 13A: Preparation of Componud 1 Form M (Form M

[6235] Amorphous Cempound 1 { 20 mg) was suspended in CHCI3/n-heptane (1:1, v/v). The suspension
was subjected to temperanure cycling from 56 °C 10 5 °C. to obtain Form M.

[6236] The X-ray powder diffraction {(NRPD} pattern was used fo characierize the obtained Form M, which
showed that Form M was in a crystalline form, see Figure 13A. The characteristic peaks and percent peak
intenstties obtained from the XRPD analvsis are Histed in Table 13A.

Table 13A. XRPD pattern of Compound 1 Form M

Pos. [#26} d-spacing [A] Rel. Int. [%]
537 16.47 166.08
7.13 12.36 63.54
.52 10.38 58.43
16.7 8.23 24.08
11.50 7.69 1618
12,30 7.20 21.26
14.24 6.22 53.69
14.77 6.0 85.84
1692 5.24 16.9¢
17.64 3.03 12.5¢
1843 4.81 18.15
19.16 4.63 54,84
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Pos. [728] despacing [A] Rel. Int, {94}
28,63 431 7.01

21,60 4.11 51.33

2342 3.80 13.32

[8237] TGAMDSC curve showed a weight loss of 1.6% up to 170 °C and one endothermic pesk at 171.0°C
(peak} before decomposition {Figure 13B). Based on 'H NMR result, no obvious signal of CHCI3 was
observed (Figure 13C). VT-XPRD resulis showed that no form change was observed after heating Form M

o 120 °C and cooling back to 30 °C in N2, which indicates that From M was an anhydrate.

EXAMPLE 14A: Prepavation of Compound 1 Form N (Form N

[8238] Amorphous Compeund 1 {20 mg) was suspended in 0.5 vl ACN, stirred at 30 °C, to obtain Form
N.

[6239] The X-ray powder diffraction (XRPD) patiern was used to characterize the obiained Form N, which
showed that Form N was in a crvstalline form, see Figure 14A. The characteristic peaks and percent peak
intensities obtained from the XRPD analysis are listed in Table 14A.

Table 14A. XRPD paitern of Compound 1 Forin N

Pos. {28} d-spacing [{A] Rel Int. {94]
6.73 13.13 100.00
.32 9.49 875
11.53 7.67 6.33
12.37 716 7.10
13.15 6.73 .35
1359 6.52 3.45
1432 6.19 1535
158.067 5.88 23.16
15.52 571 12.47
16.11 550 6.41
16.53 5.36 3486
16.94 5.23 2.46
18.60 493 iS. 1%
1852 4.55 627
20.22 4.39 8.03
20.69 429 R.G63
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Pas. [°28] despacing [A] Rel. Int, {%4]
21.43 4.18 13.04

21.98 4.04 463

22.49 3.95 342

23.59 377 1.73

2429 3.66 1.84

26.46 3.3 1.24

2707 3.29 2.28

28.31 315 1.80

[8240] TGA/DSC curve showed that a weight oss of 8.3% up to 160 °C and one endothernc peak at 160.6
°C (peak) before decomposition was observed (Figure 14B). 'H NMR results showed that there was no signal
of ACN (Figare 14C}. Combined with the TGA and 'H NMR data, Form N was specidated o be an

anhiydrate.

EXAMPLE 15A: Preparation of Compound 1 Ferm O (Form &)

[6241] Amorphous Compeunnd 1 (20 mg) was suspended in 0.5 mL toluene at 50 °C, stirred at 30 °C, to
obtain Form O.

[8#242] The X-ray powder diffraction {(XRPD) pattern was used to characterize the obtained Form O, which
showed that Form O was in a erystalline forn, sce Figure 15A. The characteristic peaks and percent peak
ifensities obtained from the XRPD analysis are listed in Table 15A.

Table 15A. XRPD patiern of Compounnd 1 Form O

Pos. [°26] d-spacing [A] Rel. Tat. [%]
580 1281 160.00
850 1041 §.61
16.88 8.13 33.19
12.37 F 16 52.85
13,14 874 11.30
1355 6.54 21.25
13.83 6.40 73.34
14.8¢ 5.99 32.57
1517 .84 2234
1588 5.58 13.21
16.44 535 B.36
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Pas. [°28] despacing [A] Rel. Int, {%4]
16.88 5325 68.94
17.67 5.2¢ 68.37
18.27 4.86 19,15
18.97 4.68 55.62
1927 4.61 13.03
19.49 4.55 12.56
19.92 4.46 11.93
20.33 4.37 8.46
21.00 423 48.76
21.91 4.06 i9.76
2223 4.60 18.01
23.05 3.86 6.26
2371 3,73 270
24064 370 4987
24.54 3.63 445
25.06 355 22.88
23.62 348 3.5%
26.48 3.37 421
26.98 331 8.87
27.65 3.23 728
2972 3.01 6.34

[0243] TGA/DSC curve showed that a weight loss of 8.9% up to 160 *C and four endothermic peaks at
115.8°C, 117.7 °C, 146.6 °C, 175.8 °C {peak) before decomposition were observed (Figure 138). In the 'H
NMR spectrum {Figure 15 ), the peak of toluene was observed and the theoretical weight loss was
determined as 11.0%. The higher theoretical weight loss might be caused by inhomogeneous solvent residual.
Resulis of the heating experimient showed that after heating to 150 °C and cooling back to RT, Form O
converted to Form B. Combined with the TGA and 'H NMR data, Type O was speculated as a toluene

solvate.

EXAMPLE 16A: Preparation of Compound 1 Form P (Ferm P)

[6244] Compound 1 (20 mg) was dissolved with chlorobenzene, and centrifugated. The supernatant was

expased toluene at RT, to obtain Form P,
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[8245] The X-ray powder diffraction (XRPD) pattern was used 1o characterize the obiained Form P, which
showed that Form P was in a crystalline form, see Figure 16A. The charscteristic peaks and percent peak
infensities obtained from the XRPD analysis are listed in Table 164.

Table 16A. XRPD paitern of Compound 1 Form P

Pos. {°26] d-spacing [A] Rel. Tnt. [%]
5.68 13.23 58.51
7.02 12.68 21.55
819 1080 1060.00
.73 .09 6.04
11.61 8.03 16,11
1144 7.74 26.79
13.17 8.72 80.77
13.53 6.54 27.66
14.04 831 560
15.3% 5.68 522
16.29 5.44 13.17
17.17 516 31.50
1758 5.04 12.69
1851 4.79 19.35
19.18 4.63 2497
19.39 4.58 28.13
1890 4.46 i5.46
21.1% 419 26.11
24.37 365 1517

[8246] TGA/DSC results displayed a weight loss of 9.9% up to 140 °C and one endothermic peak at 121.6
°C (peak) before decomposition (Figure 16B}. According to the integration of 'H NMR resuli {Figure 16C),
the theoretical weight of chlorobenzene was caleulated as 9.3 %%, which matched with the TGA weight loss.
XRPD comparison showed that after storage at RT for ~4 weeks, some of the difftaction peaks disappeared.
After heating the sample to 140 °C, more diffraction peaks disappeared. Combined with the TGA, 'H NMR

daia and heating experiment, Form P was speculated as 3 chlorobenzene solvate.
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EXAMPLE 17A: Preparation of Compound 1 Form

[6247] Amorphous Compound 1 {20 mg) was subjected to solid vapor diffusion in 1.4-dioxane, at RT for
10 davs, to obtain Form Q.

[8248] The X-ray powder diffraction (XBPD) pattern was used ti characterize the obiained Form Q, which
showed that Form @ was in a arystalline form, see Figure 17A. The characteristic peaks and percent peak
infensities obtained from the XRPD analysis are listed in Table ¥7A.

Table 17A, XRPD pattern of Compound 1 Form

Pos. [°28] d-spacing [A] Rel. Int. [%4]
6.89 12.83 160.00
1031 8.58 8.85
11.9¢ 7.44 i.19
13.76 6.44 112
15.28 5.80 0.48
17.22 515 3.72
18.44 481 2.30
20.07 4.42 418
21.74 4.69 0.74
2254 3.94 8.80
2337 3.81 8.67
2491 3.57 0.18
2879 345 0.23

[6249] TGA/DSC showed a weight loss of 9.0% up to 160 °C and one endothermic peak at 155.1 °C {peaky
hefore decomposition (Figure 17B). In the TH NMR spectrum {Figure 17C), a peak of | 4-dioxane was
idetected with a theoretical weight of 5.6 %. The theoretical weight loss was lower than TGA weight loss,
which might be caused by the solvent loss during storage.

Form Q was speculated as a 1.4-dioxane solvate.

EXAMPLE I18A: Preparation of Compound 1 Form R (Form R

{62501 Amorphous Componnd 1 {about 100 mg) was suspended in 0.5 mL ACN, t obtain Form B
[6251] The Xoray powder diffraction (XRPD) pattern was iised to chayacterize the obtemed Fonn R, which
showed that Form R was i a crystalline forp, see Figure 18A. The characterisiic peaks and percent peak
intensities obtained from the XRPD analysis are listed iy Table 18A.

Table 18A. XRPD pattern of Compound 1 Form R
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Pos. [28] despacing [A] Rel. Int, [%4]
8§33 13,87 1048
T3l 1147 160,00
§.72 18.14 5.78
9.85 8.89 30.90
10.65 8.30 3.13
12.19 7.26 68.78
12.65 7.00 542
13.25 6.68 7.15
14.G6 6.33 i2.62
14 84 5.97 2021
1539 5.76 4458
16.26 545 11.53
17.14 517 9.1t
17.62 5.63 14.23
18.12 4.6 2607
18.63 476 15.33
1887 4,70 1519
20502 4.44 13.88
20.54 4.32 12.96
20.88 4.26 8.80
21.38 412 4 86
22.57 3.94 1169
23.41 389 4 88
24.16 368 551
2537 3.51 598
28.20 316 3192

[8252] TGADSC curves showed a weight loss of 2.8% up o 128°C and five endothermic peaks at 746 °C,
89.5 %, 111.2°C, 130.0°C, 168.6°C (peak, one exothermal peak at 144.6 °C before decomposition (Figure
188). In 'H NMR specinum {Figure 18C), no signal of ACN was observed. VT-XRPD showed thet: after
drying Forin R by N2 for about 2¢ nuns, no form change was observed; after heating Forat R o 100 °C and
cooling back to 30 °C it N2, extra peaks and obviots peak shifts were observed. Considering the complexof

thermal signals observed in DSC before 160 °C, Form R was speculated as an anhvdrate/hvdiate,
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EXAMPLE 18A: Preparation of Compound 1 Form S (Form S

[6253] Compound 1 Form R was heated to 158 °C in N2 atmosphers then cooling back to 30 °C, to obtain
Form 5.

[6254] The X-ray pewder difftaction (XBPD) pattern was used fo characterize the obtained Fomm 8, which
showed that Form § was in 8 crystalline form. see Figure 19A. The characteristic peaks and percent peak
infensitics obtained from the XRPD analysis are listed in Table 19A.

Table 13A. XRPD patiern of Compound 1 Form S

Pos. [°20] d-spacing [A] Rel. Int. [74]
584 15.14 15.29
724 1222 160.00
9.38 9.43 37.96
11.53 7.67 48,13
11.88 7.45 32.48
14.01 8§32 61.09
14.69 5.03 7874
14.98 3.81 27.85
15.44 5.76 38.28
1638 5.44 3621
17.23 515 47.74
17.54 5.06 37.46
17.96 494 76.34
18.41 4.82 16.47
1641 4.57 2943
18.74 450 20.80
20.09 442 36,41
2846 434 37.54
2116 4.21 18.1¢
2157 4.12 18.65
22.35 3.98 18.57
2.7 3.91 1587
2331 ER 15.84
24.65 361 11.24
24.59 3.56 22.96
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Pas. [°28] despacing [A] Rel. Int, {%4]
25.76 346 445

26.37 335 345

2739 325 1016

2838 3.14 3.0%

RERE 3.08 376

[8255] The TGA/DSC curves showed that & weight Ioss of 1,7% up to 120 °C and two eadotherndic peaks at

93.8 °C and 169.5 °C before decomposition was observed (Figure 19B).

EXAMPLE 28A: Preparation of Compound 1 Form T (Form T)

[6256] After keeping Form N under 25 °C/60%RH and 40 °C/75%RH for one week, and 80 °Cfsealed for 24
s, Form N converted to Form T. However, after storing for 3 days nnder the same conditions, Form T
converted back to Form N.

[8257] The X-ray powder diffraction (XBPD) pattern was used to characterize the obtained Form T, which
showed that Form T was i a crystalline form, see Fignre 20A. The characteristic peaks and percent peak
intensities obtained from the XRPD analyvsis are listed in Table 204,

Table 286A. XRPD pattern of Compound I Form T

Pos. {°20] d-spacing {A] Rel. Int. [%4]
6.20 1425 16.69
5.8 13.06 104,00
8.86 Q.98 8.80
835 9.26 1652
1146 772 5.34
12.42 713 RT3
13.72 &6.45 25.47
14.53 810 13.02
1518 5.83 2593
1547 5.73 14.73
1681 5.28 6.96
1728 513 20.61
18.00 4.93 6.69
19.2 4.62 885
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Pas. [°28] despacing [A] Rel. Int, {%4]
18.8% 446 7.3
20.33 433 763
20.95 4.24 13.74
21.43 4.15 8.46
2241 4.84 i4.71
2288 3.89 7.58
2337 3.81 5.1
23.65 376 4.84
24.36 3.65 .30
23.74 346 5.1%
26.19 3.40 1.32
2748 3.23 172
2849 3,13 381

[6258] The XRPD overlay of the conversion showed that Form T nmiight be an anhydrate/hydrate.

EXAMPLE 21A: Preparation of Compound 1 Form U (Form 1))

[6259] To the solution of Compound 1 {40 gy m DCM (240 mL) was slowly added n-heptane (140 mL) at
20-40°C, After stirred for 1 hour, apother bateh of n-heptane (20 mL} was added and then kept for 8.5 houss.
Continually, n-heptane {20 mL) was added and kept for 0.5 bowrs, followed by addition of n-hepiane {20
mL}. Lastly, n-heptane (40 mL) was added and stirved for 12 howrs at 20-40°C. The mixture was filtered, and
the resulting cake was dried for 18 hows at 45-55°C 1o give Compound 1 Form U7 {36.5 g), which could be
used as 2 crystal seed
[6260] To the solution of Compound 1 (6.6 kg) in DCM (51 kg} was added n-heptane (14 kg} at 25-35°C,
and crystal seed (0.020 kg} was added. The mixture was stired at 208-35°C for about 4.3 hours, and fow
batches of n-heptane (2.0 kg+2 .0 kg+4 .0 kg+5.0 kg) were slowly added to the mixture, and then stirred at 20-
35°%C for about 2 hours separately. The mixure was then stirred at 20-35°C for about 16 hours. The mixture
was filtered and washed with n-heptane {13 kg}, and then the resulting cake was dried at 45-35°C for 30 hours
to give Compourd 1 Form U as vellow solid (3.86 kg}.
[0261] The X-ray powder diffraction (XRPD} pattern {conducted on Bruker D8 advanced X-Ray Powder
diffractometer) was used to characterize the obtained Form U, which showed that Form U was in a crystalline
form, see Figare 21A. The characteristic peaks and percent peak intensities obtained from the XRPD analysis
are listed in Table 21A.

Table 21A. XRPD pattern of Compound 1 Form U
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Pos. [°20]

d-spacing {si}lReL Ini. [%]

6. 96H 12.67511 100.0
£.438 36287 131
16237 B.63383 1.0
10.74% 832714 1.0
11.282 [7.83632 482
13,497  |6.55533 533
13.920  16.35675 3.3
14.849 |5.92133 8.4
15.019  [5.88418 1.2
15,853  [5.69288 327
16,073 |5.50983 154
16993 [5.21352 166
17.116  [5.17632 153
17,484 [5.06834 i3.1
18.036 WH.91445 1.7
18441 1H.80742 1.7
18.908 [4.68974 7.7
18.223 H.61343 2.2
15,543 H.5371% 10.0
19.970  4.44261 139
[2G.5315  M.33585 3.6
[21.192  |4.18916 13.8
21.613 [4.10833 3.7
[22.333  [3.97756 2.0
22.600 [3.93122 2.2
22.935 [3.87453 2.0
[23.633  [3.76165 1.4
24.29%  [3.66000 R
25,736 [3.43878 3.7
[25.782  [3.45273 k.4
26.147  [3.40536 i.2
27.608 |3.22838 2.6
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f8262] As TGA/DSC {conducted on NETZSCH TG 209 FI Instnunent, TA DSC 238 curves showed, 3
weight loss of 8.2% up to 150 °C and one endothermic peak at 170.8°C {peak) was detected (Figure 218,
and Figure 21C). No signal of DUM was detected in 'H NMR spectrum {Figure 21D},

[8263] The DVS (Method B} cvele was conducted at 25 °C, the sorption and desorption were revisable
during the full DVS cycle, the water sorption is 1.4% at 95%RH humidity, the Compound | Form U has

slightly hygroscopicity.

[6264] As the synthesis of Compound 1 showed in the international patent publication WQ2019/210828, an
acid intermediate {§3-2-((1H-pyrrolof2 3-bipyridin-5-yhoxy)-4-(2-(2-(2-isopropylphenylpyrrolidin-1-vi}-7-
azaspiro] 3. 5]nonan-7-yDbenzoic acid reacted with a sulfamide intermediate 4-{({{1r.4r)-4-hvdroxy-4-
methylevelobexvimethvlamino)-3-nitrabenzenesulfonamide to give Compeound 1. At the same tinte, 3
dimer compound as a process dnpwrity could be generated due to the azaindole part in conpound 1 reacted
with the acid intermediate. In the manufacture, only From U can unexpeciedly remove the dimer impurity
effectively. In one manufacture batch, the content of the dimer impurity in process control (IPC) was 0.4%
{wt); after treating with EA crystallization, Form A was obtained and the content of the dimer impurity was
stifl 0.4%; firtherly. the content of the dimer impurity was dropped to 0.22%, after treating with the
recrystallization of THEF/ACN mixture solution: finally, Form U was oblained after treating with the

recrystallization of DOM/Heptane mixture solution, and the dimer impurity was not detected anymore.

EXAMPLE 21B: Preparation of Competnd I Form U

[8265] Amorphous Compeund 1 (20 mg) was suspended in a nixture of DCM/s-heptane (1:1, v/v) at RT.

The suspension was subjected to shury at RT by stuving for 17 days, to obtain the Form U.

ENAMPLE 21C: Preparation of Compound 1 Kerm U
[6266] Compeound 1 (2.0 g) was dissolved into DCM (20 miL) at 40°C. The solution was added with heptane

{15 mL) and stirved at 40°C, and then added with heptane (5.0 mL} at 40°C. The mixture was cooled down to
RT and stitred. 1o generate precipitate. The precipitate was filtrated, washed with heptane and dried to give

the product {1.4 g}.
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EXAMPLE 224 Campound 1 Apusphbeus Form {Amor

16267 Compound 1 {1535 g) was dissolved in DOM (1.0 L) o give a clest solniton. The sclution was
concentrated vnder reduced to repove solvent, and the residual was in a sturry with MTBE (1.0 L) and
filtered. The filter vake was collected, dried under vacmns to give the product (137.5 @),

[6268] The obtained smorphous form showed an X-Ray Powder Diffraction {XRPD} pattern of Figure 224,
TGA/DSC (Figure 22B) results showed two stages of weight loss (0.7% up t0 116 °C, §.5% from 110°Cto
200 °C) and & possible glass iransition signal at 126.7 °C {middle) were observed. The chemical purity was
determinated as 98.3 % by high-performance liguid chromatography (HPLC}. Results of DVS illustrated that

with 1.8% water uptake at 80%RH25°C.

Phvsical Stability

[6269] To evaluate the physicochemical stability, store 1~3 mg of Forms B, S, M, R, F. H and N samples
were stored under 25 °C/60%RH or 40 °C/7526RH conditions for one week (umsealed) or 80 °C condition for
24has {sealed).

[8276] XRPD overlays showed that no forny change of Formas B, S. and M was observed.

[6271] After storing under 25 °C/60%:RH or 40 °C/75%RH for one week, no form change was observed for
Form R. After sforing under 80 °C/sealed for 24 s, Form R converted to a form which was similar to Form
S.

[8272] For Form F, as XRPD ovetlay showed, a mixture of Forms F and B was observed after storing Formi
F saniple under all the tested conditions.

[6273] XRPD patterns overlay displayed that no form change of Form H was observed vnder 25 °C/60%RH
or 46 °C/75%RH for one week, but afier placing under 80 °C/sealed for 24 hrs, an obvious decrease of
crystallinity was observed.

[8274] Form N converted to Forn T, which could convert back to Form N when storing at RT for ~3 days.

Seolid Ferm solubility

[8275] The solubility of Compound 1 in different phvsical forms was tested m water, 0.1 NHCL pH 4.5
acetate buffer and pH 6.8 phosphate buffer. At 24 hours of tinwe pouyt, the concentration of Compound 1 was
detected by HPLC.

[§276] For Compound 1 amorphous, nd Compound 1 was detected in water, pH 4.5 buffer and 6.8 butfer,
but the corresponding solubility in 0.1 N HCY was 38,30 pg'mL. For Compound 1 Form A, the corresponding

solubility in water, pH 4.5 and 6.8 buffer were 0.37 ug/ml, 0.76 ng/mL and 0.43 pg/ml, separately, but in
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$.1 NHC was 2836 pgfmt. Thus, Fonm A showed higher solubility in water, pH 4.5 buifer and 6.8 buffer,

but lower solubility i 0.1 N HCL when compared with amorphons,

Solid Form Stability
{8277} Evaluation of solid form stability of Form B was performed in acetone/H;O systern at 50 °C. About 2
mg of Form B sample was used to shury or shake in the acetone/H20 (1.9, v/v} and H2O solution {saturated
by amorphous sample}.
[#278] Crysialline status under sharring was tracked, and XRPD overlay showed that:

1y after slumring Form B in acetone/H20 {1:9, viv) or H2O for about 4 days, a decrease of crystathinity

was observed in Fonmn B, including amorphous; and,

2% after shurving Form B in H2O for about 4 hrs, no form change was observed.
[6279] In addition, crystaliine status under shaking was alse tracked. XRPD overlay illustrated that after
shaking Form B in acetone/H20 {119, v or HxO for about 4 hows or 4 days, no form change was observed,

which implied that Form B might be influenced by mechanical force.

Phyxical and chemical Stability Test

[6280] Long term and accelerated stability studies were conducted in different physical forms of Compound
1, by storing the samples a1 2522°C/60:5%RH and 405:2°C /75+5%RH conditions for up to 6 months. And,
the conterst of the total impurities of each samiple was tested by HPLC.

[6281] For Compound ! amorphous, the chemical purity of Componnd 1 was reduced significantly, e.5., the
total content of impurities increased from 2.1% to 4.2% when stored at 40=2°C /75+5%RH condition for 6
months, and many new impurities were tracked.

[§282] For Compound I Form A, the chemical purity of Compound 1 had no significant change, e.g., the
total content of impurities only increased from 0.40% to 0.52% when stored at 40+2°C /7545%RH condition
for 6 months. In addition, no crysial fonn and optical purity changes were observed, bul the content of
solvent EA was reduced slightly, from about 9.5 to 8.8 (x10* ppm).

[6283] For Compeund 1 Form U7, the chemical purity of Compound 1 had no significant change, e.z., the
total content of impurities only increased from 0.40% to 0.72% when stoved at 4022°C /75:520RH condition
for 6 months. In addition, no crystal form and optical purity changes were observed.

[6284] Therefore, both Form A and Form U of Compound 1 showed better physical stability compared with
its amorphous, and Form A showed better chemical stability.

f#285] While the invention has been described in connection with specific embodiments thereof, it will be
understood that it is capable of further modifications and this application is intended fo cover any vaniations,

uses, or adaptations of the invention following, in general, the principles of the invention and inchiding such
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departures from the present disclosure as conpe within known or vustornary practice within the art to whick
the invention pertains and asmay be applied to the essential feanwes hereinbefore set forth, and as follows in

the scope of the sppended claims.
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CLAIMS

1. A slolid form of 2-{{1 H-pymelof2,3-blpyridin-S-vhoxy)-N-({4-{{{{ 1 4r}-4-hydroxy-4-
methyleyclohexyDmethyDanting)-3-nivophenyDsulfonyD-4-(34(S3-2-Q-tsopropylphenylipyrrobidin- 1 -vh-7-
azaspirof3. Sinonap-7-ylibenzamide {(Comapmnd 13,

2. A crystatline form of 2-{{ 1 H-pyrrolo]2, 3-blpvaidin- S-yDoxy)-N-{{(4-{{{{ 11,41)-4-hydroxy-¢-
methyicyclohexylimethyDamino-3 -mtrophenylsalfonyl-4-2-({8)-2-{ 2-isopropyiphenyhipyrrolidin-1 vh-7-
azaspiro] 3. Sinonan-7-yDbenzamide (Compound 1)

3, A crystatline form of 2-((1H-pyrrolof2,3-bipyridin-S-yDoxy -N-{{(4-(({{(1r 4r}-4-hydroxy-4-
methylevelobexvlimethvliamino)-3-nitrophenylysulfonyl)-4-{2-((S}-2-2-isopropylphenyhpyrrolidin-1-v1H-7-
azaspirof3.5]nonan-7-ylibenzamide {Compound 1) is an EtOAc solvate, containing about 1 mol of EtOAc per
mo, said form is designated as Form AL

4, The crystalline form according fo clatin 3, wherein the crystalline form bas an X-ray powder
diffraction pattern comprising diffraction peaks having °26 angle values at 16.530.17 and 24.5 £0.1°

5. The crystalline form according to claim 3, wherein the crystailine form has an X-ray powder

diffraction pattern comprising diffraction peaks having °28 angle values at 12.430.1°, 16.540.1° and 24.5

It

0. 1°,
5. The crystalline form according to claim 3. wherein the crystalline fornm has an X-ray powder
diffraction pattern comprising diffraction peaks having °26 angle values a1 12.420.1°, 16.520.1°, 20.730.1°
and 24.5+0.1°.

7. The crystalline form according to claim 3, wherein the crystalline form has an X-rav powder
diffraction pattern comprising diffraction peaks having °28 angle values at 10.620.1°, 12.450.1°, 16.520.1°,
20.740.1° and 24.5£0.1°,

8. The crystalline form according to claim 3, wherein the crystalline form has an X-ray powder
diffraction pattern comprising diffraction peaks having °28 angle values at 1¢.620.17, 12.450.1°, 13.8+0.1°,
16.520.1°, 2074017 and 24.5 =0.1°.

9. The crystalline form according to claim 3, wherein the crystaliine fonm has an X-ray powder
diffraction pattern comprising diffraction peaks having “28 angle values at 10.6£0.1°, 12.420.17, 13.8x0.1°,
14.1£0.1%, 16.540.1°, 206.7<0.1° and 24.5+0.1°,

10. The crystalline form according to claim 3, wherein the crystalline form has an X-1ay powder
diffraction pattern comprising diffraction peaks having *26 angle values at 10.620.17, 12.450.1° 1382010,
14.120.1°, 16.520.1°, 17.020.17, 20.7+0.1° and 24.5 20.1%

i1 The crystalline forny according to claim 3, wherein the crystalline fonm has an X-1ay powder
diffraction patiers comprising diffraction peaks having °28 angle values at 10.6+0.3°, 12.420.1°, 13.820.1°,

14.120.1° 16.520.1°, 17.020.17, 19.520.1%, 20.7=0.1° and 24.5 +0.1°,
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12, The crystalline forny scrording to claim 3; wherein the crystatline form has an X-ray powder
diffraction pattern comprising diffraction peaks having 26 angle values a1 6.950.1°, 10.6=0.1°, 12.4=0.1%,
13.830.1° 14.120.17, 1655017 17.020.1°, 19.5+0.1°,20.740.1% and 24.5 20.17.

13 The crystalline for according fo any one of claims 3-12, wherein Form A has an XRPD pattera
substantially as shown in Figure 1A o Figure 1E.

14, The crystalline form sccording to any one of clamss 3-12. wherein Form A s characterized by having
iwo endothern peaks at about 156 °C and abour 178 °C by differential scamning calorimetry (DSC).

15, The crystalline forny according o any one of claims 3-12, wherein Form A has a DSC thermogram
substantially as shown i Figure 1B,

16. The crystalline form according to any one of claims 3-12, wherein the crystal system of Form A s
triclinic and the space group is P1 baving the cell parameters: {a) is about 13.644 &, {b) is about 14.070 A, (©)
is about 150124, () is about 112.0202(3)°, (B) is abowt 104.6821{3), and {v) is about 93.6507(2¥.

17. A crysialline form of 2-((1 H-pyrrolof2 3-bipyndin-5-yHoxy-N-({4-(¢{{1r.40)}-4-hvdroxy-4-
methyleyelohexylimethyDamino)-3-nitrophenyljsulfonyl)-4-{2-((8)-2-(Z-i1sopropylphenylipyrrolidin-1 -v1-7-
azaspiro 3.5 nonan-7-yDbenzamide {Compound 1} is an anhydrate, said form is designated as Form B.

18 The crystalline fornt according o claim 17, wherein the crystalline form has an X-ray powder
diffraction pattern comprising diffraction peaks having °26 angle values at 14.420.1°

19. The crystalline form according to claim 17, wherein the crystalline form has an X-ray powder
diffraction pattern comprising diffvaction peaks having 26 angle values at 14.430.1° and 17.520.1°.

2¢. The crystalline form according fo claiin 17, wherein the crystalline form hes an X-ray powder
diffraction pattern comprising diffraction peaks having °28 angle values at 14.430.1°, 17.5+0.1° and
i8.4x0.10

21, The crystalline form according to claim 17, wherein the crystalline form has an N-ray powder
diffraction pattern comprising diffraction peaks having °28 angle values at 14.420.1°, 17.5+0.1°, 18.420.1°
and 19.6:0.1°.

22. The crystalline form according to claim 17, wherein the crystalline form fias an X-ray powder
diffraction pattern comprising diffraction peaks having “28 angle values independently selected from the
group consisting of °28 values at 7.220.1°, 14.4+0.1°, 17.520.1°, 18.430.1° and 192.620.1°,

23, The crystalline form according to claim 17, wherein the crystalline form has an X-ray powder
diffraction pattern comprising diffiaction peaks having =26 angle values at 6.720.1°, 7.2:0.1°, 13.820.1°,
14.4+6.3°, 17.520.1°, 18.420.17 and 19.6+0.17.

24, The crystalline forny according to claim 17, wherein the crystalline form has an X-ray powder
diffraction patiers comprising diffraction peaks having °28 angle values at 6.720.1°, 7.220.1°, 13.8=0.1°,

14.4+0.1° 17.520.1°, 18.4:0.17 and 19.620.1°.
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25, The crystalline forny scrording to any one of claims 17-24, wheretir Forna B has an XRPD pattern
substantially as shown in Figure 24 or Figure 2D

26. The crystalline form according o any one of claims 17-24, wherein Form B is characterized by
having two endotherny peaks at about 187 °C by differential scanning calorimetry (DSC).

27. The crystalline form according fo any one of claims 17-24, wherein Form B has a DSC thermogram
substantially as shown in Figure 2B.

28. A crystalline form of 2-((1H-pyrrolof2 3-blpyridin-S-yoxy)-N-({4-(({{1r.40)-4-hydroxy-4-
methylcyvelobexyhmethvlanino)-3-nitrophenyhsulfoayl-4-(2-((S)-2-(2-tsopropylphenyhpvrrolidin-1-vH-7-
azaspiro{3.5]nonan-7-ylbenzamide is an anhyvdrate, said form 1s designated as Form UL

29, The crystalline form according to claim 28, wherein the crystalline form has an X-ray powder
diffraction pattern comprising diffraction peaks having 26 angle values at 11.3+0.1° and 24.320.1".

30. The crystalline form according to claiin 28, wherein the crystalline fors: has an X-ray powder
diffraction pattern comprising diffraction peaks having °28 angle values at 11.320.1°, 15.620.1° and
24.350.1°.

31. The crystaltine form according to claim 28, wherein the crystalline form has an X-ray powder
diffraction pattern comprising diffraction peaks having °28 angle values at 11.320.1°, 15.6+0.1°, 21.2+0.1°
and 24.3=0.1.

32. The crystalline form according to claim 28, wherein the crystalline form has an Xray powder
diffraction pafiern comprising diffraction peaks having *26 angle values at 11.3£0.1°, 13.5£0.1°, 15.620.17,
21.240.1% and 24.320.1°,

33, The crystalline form according fo claim 28, wherein the crysialline form has an X-ray powder
diffraction pattern comprising diffraction peaks having °28 angle values at 11.330.1°, 13.520.1°, 15.620.1°,
17.0+0.3°, 21.220.1° and 24.320.1°.

34, The crystalline forny according to claim 28, wherein the crysialline form has an X-ray powder
diffraction patiers comprising diffraction peaks having °28 angle values at 1132017 13.520.1°, 15.630.1°,
17.0+0.1°, 19.520.1°, 21.2+0.1° and 24.340.1°,

35, The crystalline form according io claim 28, wherein the crystalline form has an X-ray powder
ditfraction pattern comprising diffraction peaks having “26 angle values at 7.0=0.1°, 11.320.1°, 13.520.1°,
1562017, 1702017 19.520.1°, 21.2+0.1° and 24 .320. 1%,

36. The crystattine form according to claim 28, wherein the crystalline forn has an X-ray powder
diffraction pattern comprising diffraction peaks having °28 angle values a1 7.050.1°, 11.320.1°, 13.520.1°,

15620.1° 17.020.1° 19.520.1°, 20.020.17, 21 20,17 and 24.320.1°,
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37 The crystalline forny scrording to claim 28, wherein the crystalline form has an Xeray powder
diffraction pattern comprising diffraction peaks having 20 angle values a1 7.0=0.1° 9.420.1, 11.320.1°,
1350010 1562017, 17.020.1° 19.520.1°, 20.0:0.1°,21.220. 1% and 2435017

38. The crystalline forn according to claun 28, wherein the crystalline fornt has an X-ray powder
diffraction pattern comyprising ditfraction peaks having 26 angle values at 7.0=0.1° 94201, 11.320.1%,
13.540.1° 1562017, 17.020.17, 17.520.1°, 19.520.1°, 20.0+0.1°, 21.240.17 and 24.330.1°.

39, The crystaltine form according to claim 27, wherein the crystalline form has an X-ray powder
diffraction pattern comprising diffraction peaks having °28 angle values at 7.0+0.1°. 9.420.1, 11.320.1°,
F3.520.0° 1362015, 16,120,175, 17.620.17, 17.540.1°, 19.520.1°, 20.0:0.1°, 21 240 1=, 21.620.1° and
24.3:0.1°.

40. The crystalline form according o any one of claims 28-40, wherein Form U has an XRPD pattern
substantiaily as shown in Figure 21A.

41, The crystalline form according fo any one of claims 28-40, wherein Form U is characterized by
having one endotherm peak at about 171 °C by differential scanning calotimetry (DSC).

42, The crystaltine form according to any one of claims 28-40, wherein Form U has a DSC thermogram
substantially as shown in Figure 21B.

43. An amorphous form of 2-({1H-pyrrolo]2 3-bipyridin-3-yhoxy)-N-{(4-{(({{1r.4r)-4-hydroxy-4-
methyleyelohexyhmethyDamine)-3-nivophenylsulfonyl}4-(2-((S}-2-2-tsopropyiphenyhpyvrrolidin-1-v1)-7-
azaspirof3 . Sinonan-7-vijbenzamide {Compound 13,

44, The amorphous form of claim 43, wherein the antorphous of Conypound | has an XRPD pattern
substantially as shown i Figure 22A.

45, The amorphous form of Compound §, wherein the amorphous form is characterized by having a glass
transition signal at about 127 °C {middle).

46, A pharmaceutical composition, comprising {a) a therapentically effective amount of g solid form of
Compound 1, preferably a crystalline fonn according to any one of claims 2-42, or an amorphous form of
Compound 1 of claims 43-45, and; {b) one or more one pharmaceutically acceptable excipient.

47. A process for preparing 8 pharmaceutical solution of 2-((1H-pyrrolof2.3-bjpynidin-5S-yhoxyi-N-({4-
{{{{1r 4r}-4-hydroxy-4-methylcyclobexyvimethylianino}-3-nitrophenylsulfonyl)-4-{2-({8)-2-(2-
sopropyiphenylpyrrolidin-1-y1)-7-azaspirof3. Sjnonan-7-yljbenzamide {Compound 1), comprising
dissolving a sohid form of Compound 1, preferably a crystaliine form according to any one of claims 2-42, or
an amorphous forni of Compound 1 of claims 43-45 in a pharmaceuniticlally acceptable solvent or mixiwe of
soivers.

48. A method of treating a diserase related to Bel-2 proteins inlibition, comprising administering to a

suject a therapentically effective ammound of a solid form of Compound 1, preferably a crystaliine form
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acvording to any one of tlaims 2-42, or an amorphous form of Compounnd | of claims 43-45. ¢r a
pharmacentical composition of clsim 46.
43, The method of clatm 48, whererin the diserase related to Bel-2 proteins inhibition is & dysregulated
apoptotie disease.
5¢. The method of clatin 48, whererin the diserase related 1o Bel-2 proteins inhibition 1s a neoplastic, pro-
thrombotic, imnmme or autcinmune disease.
51. The method according to claim 48, wherein the therapeutically effective amount is orally
asmintstered at 2 dose of about 1 mg to about 640 mg Compund 1 per day.
52, The method according to claim 48, wherein the subject is a human.
33 The crystalline form according to any one of claims 3-16, obtained by the process comprising any
one of the following procedures:

a dissalving Compound 1 in DCM, removing DCM, charging with EA| to obtain Form A

by disselving Compound 1 in DCM. concenirating, charging with EA, exchanging DCM with EA.
MeOH and EA separately, fo obiain Form A;

¢ dissolving Compound 1 in EA, heating and cooling, to obtain Form A; or,

d) dissolving Compound 1 in THE/EIDAc {1:2, v/v} solvent mixture, evaporatiag, to obtain Form A,
54. The crystalline form according to any one of claims 17-27, obtained by the process comprising any
one of the following procedures:

a) dissolving Compound 1 in acetone, evaporating the solvent, to oltain the desired crystalline form;

b} heating Form A, Forpt C, Form O to about 160 °C and cooling, to obtained Form B;

¢) heating Form A stepwise isothermally fo about 100 °C, to obtained Form B:

d} heating Form D or Form J 1o about 130 °C and being isothermal, to obtained Form B; or,

¢y adding Form K into heptane, heating to about 100 °C and cooling, to obtain Form B.
55, The crystalline fornt according fo any one of claims 28-42, obtained by the process comprising any
one of the following procedures:

a} dissolving Compounnd 1 in DOM, adding n-heptane in batches and stirring, to obtain Form U o1,

b} disselving Compound 1 in the mixmre of DCMn-heptane {11, v/v} and stitring, to obtain the
Form U,
56. The crystafline form according fo any one of claims 2-42, obtained by the process of claim 46 or 48
comprising adding a crystal seed in the system.
57, The amorphous form according to any one of clatms 43-45, obtained by the process conprising any
one of the following procedures:

a}y dissolving Compound 1 in DCM, drving, fo obtain the amorphous forny, to obtain the

amorphous form; or,
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by dissolving Compourrd 1in 3 mixivre of solvent containing DCM, drying, to obtain the
smorphous form.
58. The amorphous form according to any one of claims 4345, whersin Compound 1 s it a solid form,

preferably & crvstalline form of Compound 1 of claim 2,
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