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METHODS OF MANUFACTURING A BIFUNCTIONAL COMPOUND, ULTRAPURE
FORMS OF THE BIFUNCTIONAL COMPOUND, AND DPOSAGE FORMS
COMPRISING THE SAME

RELATED APPLICATIONS

[8601] This application claims priority to, and the benefit of, U.S. Provisional Application No.
63/022,475, filed May 9, 2020, U.S. Provisional Application No. 63/149,143, filed February 12,
2021, and U.S. Provisional Application No. 63/177,378, filed April 20, 2021, These applications

are incorporated herein by reference in their entireties for all purposes.
TECHNICAL FIELD

{6002} This application relates 1o a bifunctional compound that has been shown to be a useful
modulator of targeted protein ubiquitination and degradation via the ubiquitin-proteasome system.
In particular, the application relates to a process for manufacturing the bifunctional compound.
The application further relates to crystalline forms, amorphous forms, ultrapure forms, and stable
forms of the bifunctional compound. The application also relates to oral dosage forms (e.g., tablets)
comprising the bifunctional compound and methods of making the same, along with methods of
treating cancer {e.g., prostate cancer) comprising administering a therapeutically effective amount

of a dosage form of the invention to a subject in need of such treatment.
STATEMENT REGARDING FEDERALLY FUNDED RESEARCH

{8003} This invention was made with government support under grant number 1R44CA203199-

01 by the National Cancer Institute. The government has certain rights in the invention.
BACKGROUND

{0004} Most small molecule drugs bind to enzymes or receptors in tight and well-defined
pockets. In contrast, protetn-protein wnteractions are notoriously difficalt to target using smail
molecules due to their large contact surfaces and the shallow grooves or flat interfaces typically
involved. E3 ubiquitin ligases {of which hundreds are known in humans) confer substrate
specificity for ubiquitination, and therefore are attractive therapeutic targets due o their

specificity for certain protein substrates. The development of ligands of E3 ligases has proven
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challenging, i part because they must disrapt protein-protein interactions. However, recent
developments have provided specific ligands which bind to these ligases. For example, since the
discovery of nutlins, the first small molecule E3 ligase inhibitors, additional compounds have
been reported that target E3 ligases, though the field remains underdeveloped.

[0005] Ove E3 ligase with particular therapeutic potential is cereblon, a protein that in humans is
encoded by the CRBN gene. CRBEN orthologs are highly conserved from plants to humans,
indicating its physiological importance. Cereblon forms an E3 ubiquitin ligase complex with
damaged DNA binding protein 1 {BDB1), Cullin-4A {CUL4A), and regulator of cuilins 1
(ROCT). This complex ubiquitinates several other proteins. Through a mechanism not yet been
completely elucidated, cereblon ubquitination of target proteins results in increased levels of
fibroblast growth factor 8 (FGF8) and fibroblast growth factor 10 (FGF10). FGFR, in turn,
regulates several developmental processes, such as limb and auditory vesicle formation. The net
result is that this ubiquitin ligase complex is important for limb cutgrowth in embryos. In the
absence of cereblon, DDB1 forms a complex with DDB2, which functions as a DNA damage-
binding protein.

{60686] Thalidomide, which has been approved for the treatment of a number of immunclogical
indications, has also been approved for the treatment of certain neoplastic diseases, including
multiple myeloma. In addition, thalidomide and several of its analogs are currently under
investigation for use in treating a variety of other types of cancer. While the precise mechanism
of thalidomide’s anti-tumor activity s still emerging, it is known to inhibit angiogenesis. Recent
literature discussing the biology of the imides includes Lu et al. Science 343, 305 (2014) and
Kronke et al. Science 343, 301 (2014).

{8007] Significantly, thahdomide and its analogs, .g. pomalidomide and lenalidomide, are
known to bind cereblon, and to alter the specificity of the complex to induce the ubiquitination
and degradation of Ikaros (BKZF1) and Aiolos (JKZF3), which are transcription factors essential
for multipie myefoma growth. Indeed, higher expression of cereblon has been linked to an
increase in efficacy of imide drugs in the treatment of multiple myeloma.

{6008] Androgen receptor {AR) belongs to a nuclear hormone receptor family that is activated
by androgens, such as testosterone and dihydrotestosterone (Pharmacol. Rev. 2006, 58(4), 782-
97, Vitarn. Horm. 1999, 55:309-52.). 1o the absence of androgeuns, AR is bound by Heat Shock

Protein 90 (Hsp90) in the cytosol. When an androgen binds AR, its conformation changes to
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release AR from Hsp90 and to expose the Nuclear Localization Signal (NLS). The NLS enables

AR to translocate into the nucleus where AR acts as a transcription factor to promote gene
expression responsible for male sexual characteristics (Endocr. Rev. 1987, 8(1}:1-28; Mol
Endocrinol. 2002, 16{10}, 2181-7). AR deficiency leads to Androgen Insensitivity Syndrome,
formerly termed testicular ferinization.

{6009] While AR is responsible for development of male sexual characteristics, it is also a well-
documented oncogene in certain cancers including prostate cancer (Endocr. Rev. 2004, 25(2),
276-308). A commonly measured target of AR activity is the secreted Prostate Specific Autigen
(PSA) protein. The current treatment regimen for prostate cancer involves inhibiting the
androgen-AR axis by either of two methods. The first approach relies on reduction of
androgens, while the second aims to inhibit AR function (Nat. Rev. Drug Discovery, 2013,
12,823-824). Deapite the development of effective targeted therapies, most patients develop
resistance and the disease progresses. An alternative approach for the treatment of prostate
cancer may involve eliminating the AR protein. Because AR is a critical driver of tumorigenesis
in many forms of prostate cancer, its elimination could lead to a therapeutically beneficial
response.

{6018} The bifunctional compound made and used according to the present invention is
Compound A having the molecular formula of C41HuCIFNeQs, and with the following structural

formula:
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{6011} Compound A is under development as a PROTAC® protein degrader that targets AR for

the potential treatment of men having metastatic, castration-resistant prostate cancer (mCRPC).

SUMMARY
{00812} The present disclosure provides uitra~-pure forms, erystalline forms, amorphous forms, and
formulations of N-[{1r,4r)-4-(3-chloro-4-cyanophenoxy jevelohexyl -6-[4-({4-[2-(2,6~

dioxopiperidin-3-y1}-6-flucro-1,3-dioxo-2,3-dihydro- LH-isoindol-3-yi piperazin-1-

4



WO 2021/231174 PCT/US2021/031091

vl imethyhpiperidin-1-ylipyridazine-3-carboxamide, referred to herein as Compound A, and
processes for manufacturing Compound A
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10013} In one aspect, this application pertains to a method of treating prostate cancer in a subject

(Compound A).

in need thereof, comprising administering to the subject a therapeutically effective amount of a
compound of Compound A. In one embodiment, the method further comprises the administration
of an additional anti-cancer agent.

{6014} In one aspect, this disclosure provides a crystalline form of Compound A having a powder
x-ray diffraction pattern comprising peaks at 7.6° £ 0.2° 28, 11 5° £ 0.2° 20, and 17.6° £ 0.2° 26,
wherein said powder x-ray diffraction patteru is obtained using Cu Ko radiation at an x-ray
wavelength of 1.5406 A This crystalline form is designated as “Form 2.7

{8015} In another aspect, this disclosure provides a crystalling form of Compound A having a
powder x~ray diffraction pattern comprising peaks at 11.0°+0.2° 28, 16,17+ 0.2° 28, and 17.9° =
0.2° 26, wherein said powder x-ray diffraction pattern is obtained using Cu Ka radiation at an x-
ray wavelength of 1.5406 A This crystalline form is designated as “Form 4.7

{0016} In another aspect, this disclosure provides processes for manufacturing Compound A,
wherein the process comprises the reductive amination of N-{{1r40)-4-(3-chloro-4-
cyanophenoxy jeyclohexyl-6-(4-formylpiperidin-1-yDpyridazine-3-carboxamide (Intermediate
3) with 2-(2,6-dioxopiperidin-3-y1}-5-fluoro-6-(piperazin-1-yDisoindoline-~1,3~dione

hydrochloride (Entermediate 5) and a reducing agent to provide Compound A:
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{0017} In ancther aspect, this disclosure provides an intermediate usefud for the synthesis of
Compound A which is 6-chloro-N-((1r,4r}-4-(3-chloro-4-cyanophenoxy jeyclohexylpyridazine-
3-carboxamide (Intermediate 4),
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{6018} In another aspect, this disclosure provides an ultrapure form of Compound A having a
purity greater than about 95 wi% .
{6019} In another aspect, this disclosure provides processes for manufacturing an amorphous form
of Compound A wherein the process comprises the following steps:
(1) dissolving crystalline Compound A in a solvent to afford a solution of Compound A;
(2) introducing the solution of Compound A from step (1) into a spray dryer to create the
amorphous form of Corpound A; and

{3} Drying the amorphous form of Compound A to remove residual solvent.
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{6020] Alternative methods of preparing amorphous forms of Compound A may include
tyophilization, hot-melt extrusion, milling, or high-shear mixing.
{6021} In another aspect, this disclosure provides an coral dosage form comprising one or more
pharmaceutically acceptable excipients and Compound A, wherein the oral dosage form is selected
from the group consisting of a tablet, a sachet, or a capsule.
{6022} In a preferred aspect, the oral dosage form comprises one or more pharmaceutically
acceptable excipients and an ultrapure form of Compound A.
{6023} In ancther aspect, this disclosure provides processes of manufacturing a tablet Compound
A comprising the following steps:

(1) blending a form of Compound A with at least one pharmaceutically acceptable
excipient to create a powder;

(2) delumping the powder from step (1), adding at least one pharmaceutically acceptable
excipient, and blending to create a first blend;

(3) granulating the blend from step (2) and passing the resultant powder through a screen
to preduce a plurality of granules;

(4) adding at least one pharmaceutically excipient to the at least one granule from step (3)
and blending to produce a second blend; and

(5} compressing the second blend from step (4) into one or more tablets.
[0624] In another aspect, this disclosure provides methods of treating cancer in a subject
comprising administering to a subject in need of such treatment one or more unit dosage forms
{e.g., tablets) of the present disclosure. In one embodiment, the method further comprises the
administration of an additional anti-cancer agent.
[0025] The preceding geveral areas of utility are given by way of example oculy and are not
intended to limit the scope of the present disclosure or appended claims. Additional objects and
advantages associated with the compositions, methods, and processes of the present disclosure will
be appreciated by one of ordinary skill in the art in light of the instant claims, description, and
examples. For example, the various aspects and embodiments of the invention may be utilized in
numerocus combinations, all of which are expressly contemplated by the present description. These
additional advantages, obiects, and embodiments are expressly included within the scope of the

present disclosure. The publications and other materials used herein to iHuminate the background
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of the invention, and in particular cases, to provide additional details respecting the practice, are
incorporated by reference.

{6026} Where applicable or not specifically disclaimed, any one of the embodiments described
herein are contemplated to be able to combine with any other one or more embodiments, even

though the embodiments are described under different aspects of the disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS

[8027] FIG. 1 is a Differential Scanning Calorimetry plot for Compound A

{6028} FIG. 2 is a dynamic vapor solution (DVS) isotherm plot of Compound A obtained on a
taboratory batch of Compound A having the same powder x-ray diffraction pattern as in FIG. 3A.
{6029] FIG. 3A is a powder X-ray diffraction pattern of Form 2 of Compound A and FIG. 3B isa
table that includes the peak listings of the diffraction pattern in FIG. 3A.

[0030] FIG. 3C is a powder X-ray diffraction pattern of Form 4 of Compound A and FIG 3D is a
table that includes the peak listings of the diffraction pattern in FIG. 3C.

[6031] FIG. 4 is a 'H NMR Spectrum of Compound A in deuterated dimethylsulfoxide (DMSO-
de).

{0032] FIG. 5is a ¥C NMR Spectrum of Compound A in deuterated dimethylsulfoxide (DMSO-
ds}.

{6033} FIG. © is a high resolution mass spectrum of Compound A. High resolution mass
spectrometry {MS) analyses of Compound A were conducted with flow injection analvsis using
positive ion electrospray [high-resolution electrospray ionization mass spectrometry (HR-ESH] on
a Thermo Orbitrap MS in Fourter Transform mode.

{6034} FIG. 7 shows the major peaks resulting from MS/MS fragmentation of the 812 308 parent
ton from the high resolution wass spectrurs of Compound A and FIG. 8A and FIG. 8B are an ton
map and corresponding table showing the further fragmentation of the observed MS/MS ions
(MS).

{6035 FIG. 9 is an iofrared spectrum of Compound A obtained on a Bomem MB-102 FTIR
spectrometer equipped with a DuraSampliR diamond ATR probe. Key features which lend further
support to the structure for Compound A are bands at 2225 cm™| representing a nitrile stretch
vibration, and five peaks between 1774 and 1594, which represent four imide carbonyl vibrations

and an amide carbonyl stretch vibration.
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[0636] FIG. 10 shows the size distribution, as determined by a sieve analysis, of the Tablets of
Pure Spray-dried Compound A.

{6037 FIG. 11 is a series of line graphs showing the dissolution of crystailine vs. amorphous
Compound A APL AP (1 mg/mL) is present in gastric conditions {pH = 2}, which is 2X diluted
with FaSSIF at 30 minutes to increase the pH to 6.5, (API = active pharmaceutical ingredient;
FaSSIF = fasted state simulated intestinal fluid)

{8038} FIG. 12 is a series of line graphs showing the non-sink dissolution of spray-dried
amorphous Compound A produced at multiple scales. AP! (500 pg/mL) is present in gastric
conditions (pH = 2), which 1s 2X Diluted with FaSSIF at 30 minutes to increase the pHto 6.5,
{0039} FIG. 13 is a series of ling graphs showing the dissolution of prototype tablets in 900 mL of
37°C 50 mM NaxHPOs pH 6.5, 0.5% sodium lauryl sulfate both immediately after manufacture
(=0} and after 2 weeks storage at S0°C/75% RH Open. The dotted line represenis accelerating
the agitation from 75 to 250 RPM to simulate long-term dissolution. (N=2).

[0840] FIG. 14 (s flow diagram of the manufacturing process of the amorphous Compound A
spray-dried intermediate product.

{6041} FIG. 15 15 a flow diagram of the manufacturing process of Compound A tablets.

{6042} FIG. 16A is a chromatogram of crude Compound A, as produced by the First-Generation
synthesis. Column: Shim-pack XR-0ODS, 2. 2pm 3.0 x 50 mm. Mobile phase A: Water/0.05%TFA.
Mobite phase B: Acetonitrile/0.05%TFA. Flow rate: 1.2 mL/min. Column temperature 40 °C.
Detector, UV 254nm. FIG. 16B is the solvent gradient used to obtain the chromatogram in FIG.
16A. FIG 16C is a chromatograph of Compound A following purification by prep-HPLC, as
produced by the First-Generation synthesis. Column: Shim-pack XR-ODS, 2 2pum 3.0 x 50 mm.
Mobile phase A: Water/0.05%TFA. Mobile phase B: Acetonitrile/0.05%TFA. Flow rate: 1.2
mb/min. Column temperature 40 °C. Detector, UV 254nm. FIG. 16D 15 the solvent gradient used
to obtain the chromatogram in FIG. 16C

{0043} FIG. 17Ais a chromatogram of crude Compound A, as produced by the Second-Generation
synthesis. Column: Atlantis T3, 3 pm, 4.6 X 150 mm. Mobile Phase A: 0.1% TFA in Water. Mobile
Phase B.0.05% TFA in 75:25 ACN/MeOH. Flow Rate: 1.0 mi/min. Column temperature 45 °C.
Detector: 260nm. FIG. 17B is a chromatogram of purnified Compound A, as produced by the
second-generation synthesis. Column: Atlantis T3, 3 pum, 4.6 x 150 mm. Mobile Phase A: 0.1%

TFA in Water. Mobile Phase B:0.05% TFA in 75:25 ACN/MeQOH. Flow Rate: 1.0 mbL/min.
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Column temperature 45 °C. Betector: 260nm. FIG. 17C is the solvent gradient used to obtain the
chromatogram in FIG. 17A and FIG. 17B.

{6044} FIG. 18A is a chromatogram of crude Compound A, as produced by the third-generation
synthesis. Column: Atlantis T3, 3um, 4.6 » 150 mm. Mobile Phase A: Water with 0.1% TFA.
Mobile Phase B: 75:25 Acetonitrile/MeOH with 0.05% TFA. Column Temperature: 45 °C.
Detection: 260 nm. FIG. 188 is the solvent gradient used to obtain the chromatogram in FIG. 18A.
{6045} FIG. 19 is the 'H NMR spectrum of Intermediate 4, as produced by the second-generation
synthesis, in deuterated dimethylsulfoxide (BDMSO-ds).

{0046] FIG. 20 is an H-NMR spectrum of Intermediate 8, produced by the second-generation
synthesis, in deuterated dimethylsulfoxide (BMSQG-ds).

[0047] FIG. 21 is an H-NMR spectrum of Intermediate 9, produced by the second-generation
synthesis, in deuterated dimethylsulfoxide (BDMSO-ds).

{0048] FIG. 22 is an H'-NMR spectrum of Intermediate 5, produced by the second-generation
synthesis, in deuterated dimethyisulfoxide (BMSO-ds).

{0049} FIG. 23 is an H-NMR spectrum of Intermediate 2, produced by the third-generation
synthesis, in deuterated dimethylsulfoxide (DMSO-de).

[0056] FIG. 24 is an H-NMR spectrum of Intermediate 3, produced by the third-generation
synthesis, in deuterated dimethylsulfoxide (BMSO-ds).

{0051] FIG. 25 is an H'-NMR spectrum of Compound A, produced by the third-generation
synthesis, in deuterated dimethylsulfoxide (DMSG-de).

{8082} FIG. 20 is a chromatogram of purified Compound A, as produced by the fifth-generation
synthesis.

{8053 FIG. 27 shows a dissolution comparison between 5, 10, 20 and 40% SDI tablet
formulations. The vertical line represents the point of an “infinity” spin, when the paddle speed
increased from 75 to 250 RPM.

{6054} FIG. 28 shows a dissolution comparison between 5% and 20% SDM loaded tablet
formulations (D1, D2, D3 and D4). The vertical line represents the point of an “infinity” spin,
when the paddle speed increased from 75 to 250 RPM.

{0055) FIG. 29 shows dissolution comparison between D2, G1* and G2* tablet compositions (525
mg tablet). Normalized for variable assay to the 90 mivnute time point. The vertical line represents

>

the point of an “infinity” spin when the paddle speed increased from 75 to 2530 RPM.
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{6056] FIG. 30A and FIG. 30B show a comparison of granule size between the granules (A) and
the final blend (B)

{6057} FIG. 31 shows a dissolution comparison between 132, and 32 pre-demo tablets compressad
at 2.0 and 2.5 MPa tensile strength (525 mg tablet). Normalized for variable assay to the 90 minute
time point.

{6058 FIG. 32 shows a comparison of granule size between Compound A final blend
demonstration batch for 20% API and pre-demo batch.

{6059 FIG. 33 shows a dissolution comparison between 35 mg, 105 mg, and 140 mg

demonstration batch tablets.
DETAILED DESCRIPTION

10060] The present disclosure 1s related in certain aspects to US Patent Application Serial No.
15/730,728, issued as US Patent No. 10,584,101, US Patent Application Sertal No. 16/577,901,
issued as UJS Patent No. 10,844,02%1; and US Provisional Patent Application Serial Nos.
62/528,385 and 62/406,888. The present disclosure i3 related in certain aspects to US Patent
Application Serial No. 17/075,808, now published as US 2021/0113557, and Provisional Patent
Application Serial Nos. US 62/924,655, 62/945,418, 63/028,843, and 63/032,453. Fach of these

applications are incorporated herein by reference in their entireties for all purposes.

DEFINITIONS

[6061] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skiil 1o the art to which this disclosure
belongs. The terminology used in the description is intended to describe particular embodiments
only, and is not intended to biruit the scope of the wvention.

10062} Where a range of values is provided, 1t is understood that the range includes both of the
endpoints with that range, as well as all intervening values.

{6063} The following terms are used to describe the present disclosure. In instances where a term
is not specifically defined herein, that term is given an art-recognized meaning by those of ordinary
skill applying that term in context 1o its use in describing the present invention.

{0064} The articles "a" and "an" as used herein and in the appended claims are used herein to refer

io one ot to more than one (e, to at least one) of the graromatical object of the article unless the
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context clearly indicates otherwise. By way of example, "an ultrapure form" means one ultrapure
form or more than one ultrapure form.

{8065] The phrase "and/or," as used herein in the specification and in the claims, should be
understood to mean "either or both". Other elements may optionally be present other than the
elements specifically identified by the "and/or” clause. Thus, as a non-liroiting example, a
reference to "A and/or B", when used in conjunction with open-ended language such as
"comprising" can refer, in one embodiment, to A only {(optionally including elements other than
B}); in another embodiment, to B only (optionally including elements other than A); in yet another
embodiment, to both A and B {optienally including other elements).

{6066} As used herein in the specification and in the claims, "or" should be understood to have the
same meaning as "and/or" as defined above. For example, when separating items in a list, "or" or
"and/or" shall be interpreted as being inclusive, 1.e., the inclusion of at least one, but also including
more than one, of a number or list of elements, and, optionally, additional unlisted items. Only
terms clearly indicated to the coutrary, such as "only one of' or "exactly one of," or, when used in
the claims, "consisting of,” will refer to the inclusion of exactly one element of a number or list of
elements. In general, the term "or" as used herein shall only be interpreted as indicating exclusive
alternatives {i.e., "one or the other but not both"} when preceded by terms of exclusivity, such as

(1D

"either," "one of," "only one of)" or "exactly one of "

{08671 In the claims, as well as in the specification, all transitional phrases such as "comprising,"

ion WOt L0

involving,” "holding,

6 on

“including,” "carrying," "having,” "containing,' composed of" and the
fike are to be understood to be open-ended, i.¢., to mean including but not hmited to. Ounly the
transitional phrases "consisting of' and "consisting essentially of shall be closed or semi-closed
transitional phrases, respectively, as set forth 1o the United States Patent Office Manual of Patent
Hxamining Procedures, Section 2111.03.

{6068} As used herein in the specification and in the claims, the phrase "at least one,” in reference
to a list of one or more elements, means at least one element selected from any one or more of the
elements in the list of elements, but not necessarily including at least one of each and every element
specifically listed within the list of elements and not excluding any combinations of elements in
the list of elements. This definition also allows that elements may optionally be present other than
the elements specifically identified within the list of elements to which the phrase "at least one”

refers, whether related or unrelated to those elements specifically identified. Thus, as a non-

11
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Himiting example, "at least one of A and B" {or, equivalently, "at least one of A or B," or,
equivalently "at least one of A and/or B"} can refer, in one embodiment, to at least one, optionally
including more than one, A, with no B present {(and optionally including elements other than Bj;
in ancther embodiment, to at least one, optionally including more than one, B, with no A present
{and optionally including elements other than A); in yet another ermnbodiment, to at least ouve,
optionally including more than one, A, and at least one, optionally including more than one, B
{and optionally including other elements); etc.

{6069} It should alse be understood that, in certain methods described herein that include more
than one step or act, the order of the steps or acts of the method is not necessarily limited to the
order in which the steps or acts of the method are recited unless the context indicates otherwise.
{6070} The terms "co-administration” and "co-administering” or “combination therapy” can refer
to both concurrent administration (administration of two or more therapeutic agents at the same
time} and time-varied administration {administration of one or more therapeutic agents at a time
different from that of the administration of an additional therapeutic agent or agenis), as long as
the therapeutic agents are present in the patient to some extent, preferably at effective amounts, at
the same time. In certain preferred aspects, one or more of the present compounds described herein,
are co-administered in combination with at least one additional bioactive agent, especially
including an anti-cancer agent. In particularly preferred aspects, the co-administration of
compounds results 1n synergistic activity and/or therapy, such as, e.g., anti-cancer activity.

{6071} The term “effective” can mean, but 1s in no way limited to, that amount/dose of the active
pharmaceutical ingredient, which, when used in the context of it intended use, effectuates or is
sufficient to prevent, inhibit the occurrence, ameliorate, delay or treat {alleviate a symptom to some
extent, preferably all) the symptoms of a condition, disorder or disease state in a subject in need
of such treatment or receiving such treatment. The term “effective” subsumes all other effective
amount or effective concentration terms, e.g., “effective amount/dose,” “pharmaceutically
effective amount/dose” or “therapeutically effective amount/dose,” which are otherwise described
or used in the present application.

{6072} The effective amount depends on the age, weight, gender, previous patient history or family
history, type and severity of disease, the composition used, the route of administration, the stage
of treatment, the type of mammal being treated, the physical characteristics of the specific mammal

under consideration, concurrent medication, and other factors which those skilled in the medical
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arts will recognize. The exact amount can be ascertainable by one skilled in the art using known
techniques in view of clinical data and medical experience {see, e.g., Lieberman, Pharmaceutical
Dosage Forms {vols. 1-3, 1992); Lloyd, The Art, Science and Technclogy of Pharmaceutical
Compounding (1999}; Pickar, Dosage Calculations (1999} and Remington: The Science and
Practice of Pharmacy, 20th Edition, 2003, Gennaro, Ed., Lippiocott, Williams & Wilkins).

29 <k

{6073} The terms “pharmacological composition,” “pharmaceutical composition,” “therapeutic
composition,” “therapeutic formulation.” and “pharmaceutically acceptable formulation” are
known in the art.

10074] The terms "pharmaceutically acceptable” and “pharmacologically acceptable” are known
in the art.

[0675] The terms "pharmaceutically acceptable carrier" and “pharmacologically acceptable
carrier” mean, but are not limited to, any and all solvents, excipients, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like,
compatible with pharmaceutical administration. Suitable carriers are described in the most recent
edition of Remington's Pharmaceutical Sciences, a standard reference text in the field, which is
incorporated herein by reference. Preferred examples of such carriers or diluents include, but are
not limited to, water, saline, Ringer’s solution, dextrose solution, and 5% human serum albumin,
Liposomes and non-agueous vehicles such as fixed oils may also be used. The use of such media
and agents for pharmaceutically active substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the active compound, use thereof in the
compositions 1s contemplated. Supplementary active compounds can also be tncorporated into the
compositions.

{8076} The term “systemic administration” refers to a route of administration that is, e.g., enteral
or parenteral, and leads to systemic absorption or accumulation of drags in the blood stream
followed by distribution throughout the entire body. Suitable forms, in part, depend upon the use
or the route of entry, for example oral, transdermal, or by injection. For example, pharmacological
compositions injected inte the blood stream should be soluble. Other factors to avoid include
toxicity, and any forms which prevent the composition or formulation from exerting its effect.
{6677} In one embodiment, Compeound A may be solubilized in a vehicle suitable for parenteral
administration by using a cyclodextrin. Exemplary cyclodextrius suitable for this process include,

without limitation, sulfobetylether-B-cyclodextrin and (2-hydroxypropyi)-B-cyclodextrin.
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{6078] Administration routes which lead to systemic absorption are known and include, without
timitations: intravenous, subcutaneous, intra-peritoneal, inhalation, oral, buccal, sublingual,
transdermal, intra~-ocular, intra-nasal, intra-pulmonary, rectal, vaginal, and intra-muscular. The
rate of entry of a drug into the circulation is a function of molecular weight or size. The use of a
liposome or other drug cartier comprising Compound A may potentially localize the drug, for
example, in certain tissue types, such as the tissues of the reticular endothelial system (RES). A
liposome forrmpulation which can facilitate the association of drug with the surface of cells, such
as, lymphocytes and macrophages, may also be useful.

10079] The term “local administration” refers to a route of administration in which the agent is
delivered to a site that is proximal, e.g., within about 10 em, to the site of the lesion or disease.
{6080} The formulation of the present invention preferably provides “oral administration” as used
herein refers to enteral, buccal, sublabial, or sublingual medications in the form of tablets, capsules,
syrups, powders, granules, pastilles, solutions, tinctures, elixirs, emulsions, hydrogels, teas, films,
disintegrating tablets, mouthwashes, and others.

{6081} Suitable forms for oral administration may include one or more pharmaceutically
acceptable excipients, including, for example, carriers, fillers, surfactants, diluents, sweeteners,
disintegrants, binders, lubricants, glidants, colorants, flavors, stabilizing agents, coatings, or any
mixiures thereof.

[0082] Carriers include, pharmaceutically acceptable excipients and diluents and means a
material, composition or vehicle, such as a liquid or solid filler, diluent, excipient, solvent or
encapsulating material, involved in carrying or transporting a pharmaceustical agent from one
organ, of portion of the body, to another organ, or portion of the body of a subject. Examples
include, but are not limited to, calcium carbonate, calcium phosphate, various sugars, starches,
cellulose derivatives, gelatin, and polymers such as polyethylene glycols.

{6083} Fillers include, but are not limited to, mannitol, sucrose, sorbitol, xylitol, microcrystalline
celluiose, lactose, silicic acid, silicified microcrystatline cellulose, hydroxypropyl methylcellulose,
hydroxypropyl cellulose, starch, pullulan and fast dissolving carbohydrates such as Pharmaburst™
fast disintegrating tablets, mixtures thereof, and the like. For examples of fast-dissolving
carbohydrates see, e.g., U.S. Patent No. 8,617,588, which is incorporated herein by reference.
{6084} Surfactants include, but are not limited to, non-ionic, anionic, cationic, amphoteric or

zwitterionic surfactants. Examples of suitable non-ionic surfactants include ethoxylated
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triglycerides; fatty alcohol ethoxylates; alkylphenol ethoxylates; faity acid ethoxylates; fatty amide
ethoxylates; fatty amine ethoxyiates; sorbitan alkanoates; ethylated sorbitan alkanocates; alkyl
ethoxylates; Pluronics™: alkyl polygiucosides; stearol ethoxylates; alkyl polyglycosides.
Examples of suitable anionic surfactants include alkylether sulfates; alkylether carboxvlates; alkyl
benzene sulfonates; alkylether phosphates; dialkyl sulfosuccinates; sarcosinates; alkyl sulfonates;
soaps; alkyl sulfates; alkyl carboxylates; alkyl phosphates; paraffin sulfonates; secondary n-alkane
sulfonates; alpha-olefin sulfonates; isethionate sulfonates. Examples of suitable cationic
surfactants include fatty amine salis) fatty diamine salts; quaternary ammonium compounds;
phosphonium surfactants; sulfonium surfactants; sulfoxonium surfactants. Hxamples of suitable
zwitterionic surfactants include N-alkyl derivatives of amino acids (such as glycine, betaine,
aminopropionic acid), imidazoline surfactants; amine oxides; amidobetaines. Non-limiting
examples of a surfactant that can be used in the ospemifene solid dispersions, include, for example.
Tween 20, Tween 80, Span 20, Span 80, sodium docusate {e.g., ACT), sodium lauryl sulfate, and
poloxamers {e.g., poloxamer 407, Kolliphor® EL, Pluronic F68). Poloxamers are also known by
the trade names Synperonics®, Pluronics®, and Kolliphor®/Cremophor®.

{0085] Diluents include, but are not limited to, carbohydrates such as monosaccharides like
glucose, oligosaccharides like sucrose and laciose (including anhydrous lactose and lactose
monohydrate), starch such as maize starch, potato starch, rice starch and wheat starch,
pregelatinized starch, calcium hydrogen phosphate, and sugar alcohols like sorbitol, mannitol,
erythritol, and xylitol.

{00886} Sweeteners include, but are not limited to, sucrose, high fructose corn syrup, fructose,
glucose, aspartame, acesulfame K| sucralose, cyclamate, sodium saccharin, neotame, rebaudioside
A, and other stevia-based sweeteners.

{0087) Disintegrants include, but are not limited to, sodium starch glycolate, sodium
carboxymethyl cellulose, calcium carboxyrmethyl cellulose, croscarmellose sodium, crospovidone,
chitosan, agar, alginic acid, calcium alginate, methyl cellulose, microcrystailine cellulose,
powdered cellulose, lower alkylsubstituted hydroxvpropyt cellulose, hydroxylpropyl starch, low-
substituted hydroxypropylcelinlose, polacritin potassium, starch, pregelatinized starch, sodium
alginate, magnesium aluminum silicate, polacrilin potassium, povidone, sodium starch glycolate,

mixtures thereof, and the like.
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{6088} Binders include, but are not limited to, hvdroxypropylmethyiceliulose (HPM(C),
hydroxypropyl cellulose (HPC), povidone, copovidone {copolymers of vinylpyrrolidone with
other vinyl derivatives), methylcellulose, powdered acacia, gelatin, gum arabicum, guar gum,
carbomer such as carbopol, and polymethacrylates.

{6089} Lubricants include, but are not limited to, calcium stearate, glyceryl monostearate, glyceryl
behenate, glyceryl palmitostearate, hexagonal boron nitride, hydrogenated vegetable oil, light
mineral oil, magnesium stearate, mineral oil, polyethylene glycol, poloxamer, sodiurn benzoate,
sodinm laury! sulfate, sodium stearyl fumarate, stearic acid, tale, zinc siearate, mixiures thereof,
and the like.

{60990} Glidants include, but are not limited to, silicon dioxide, colloidal silicon dioxide, calcium
silicate, magnesium silicate, magnesium irisilicate, talc, starch, mixtures thereof, and the like.
{8091} Flavors include, but are not limited to, menthol, peppermint oil, peppermint spirit, vaniliin,
and almond oil.

j0692] The term “Ubiquitin Ligase” refers to a famiy of proteins that facilitate the transfer of
ubiquitin to a specific substrate protein, targeting the substrate protein for degradation. For
example, cereblon is an E3 Ubiquitin Ligase protein that alone or in combination with an E2
ubiguitin-conjugating enzyme causes the covalent atiachment of several ubiquitin molecules to an
available lysine residue on a target protein, thereby targeting the protein for degradation by the
proteasome. Thus, E3 ubiquitin Higase, alone or in complex with an E2 ubiquitin conjugating
enzyme, causes the transfer of ubiquitin to targeted proteins. In general, the ubiquitin ligase is
involved in polyubiguitination such that a second ubiquitin is attached io the first; a third is
attached to the second; and a fourth is attached to the third. Such polyubiquitination marks the
protein for degradation by the proteasome.

{0693} The terms “patient” and “subject” are used throughout this specification to referto an
animal, preferably a mammal, more preferably a human or a domesticated or companion animal,
to whom treatment, including prophylactic treatment, with a composition according 1o the present
disclosure, is provided. For treatment of those conditions or disease states specific for a specific
type of animal, such as a human patient, the term “patient” refers to that specific type of animal,
including a domesticated or companion animal such as a dog or cat, or a farm animal such as a
horse, cow, sheep, etc. In general, in the present disclosure, the term “patient” refers to a buman

patient unless otherwise stated or implied from the context of the use of the term.
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{6094] “Pharmaceutically acceptable salt”, as used herein with respect to a compound of the
disclosure, means a salt form of that compound where the counterion is generally regarded as safe
for therapeutic administration to a patient or subject, or otherwise presenis an accepiable
risk/benefit profile permitting therapeutic administration to a patient or subject. The term
“pharmaceutically acceptable salt”, as used herein with respect to a compound may also include
solvates (e.g., hydrates) of such a salt, as well as cocrystals thereof.

{8095} Representative "pharmaceutically acceptable salis” include, e.g., water-soluble and water-
insoluble salts, such as the acetate, amsonate (4,4-diaminostitbene-2,2-disulfonate},
benzenesulfonate, benzonate, bicarbonate, bisuifate, bitartrate, borate, bromide, butyrate, calcium,
calcium edetate, camsylate, carbonate, chloride, citrate, clavulasiate, dihydrochioride, edetate,
edisylate, estolate, esylate, fumarate, gluceptate, gluconate, glutamate, glvcollylarsanilate,
hexafluorophosphate,  hexylresorcinate,  hydrabamine,  hydrobromide,  hydrochloride,
hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate, magnesium, malate, maleate,
mandelate, mesylate, methvibromide, methyinitrate, methyisulfate, mucate, napsylate, nitrate, N-
methyliglucamine ammonium salt, 3-hydroxy-2-naphthoate, oleate, oxalate, palmitate, pamoate
{1, 1-methene-bis-2-hydroxy-3-naphthoate, einbonate), pantothenate, phosphate/diphosphate,
picrate, polygalacturonate, propionate, p-toluenesulfonate, salicylate, stearate, subacetate,
succinate, sulfate, sulfosalicylate, suramate, tannate, tartrate, teoclate, tosylate, triethiodide, and
valerate salts.

{6096} "Solvate™ means a solvent addition form of Compound A that contains either a
stoichiometric or non-stoichiometric amouuts of solvent. Some compounds have a tendency to trap
a fixed molar ratio of solvent molecules in the crystalline solid state, thus forming a solvate. If the
solvent is water the solvate formed i3 a hydrate, when the solvent s alcohol, the solvate formed is
an alcoholate. Hydrates are formed by the combination of one or more molecules of water with
Compound A in which the water retains its molecular state as HoO, such combination being able
to form one or more hydrates. In the hydrates, the water molecules are attached through secondary
valencies by intermolecular forces, in particular hydrogen bridges. Solid hydrates contain water as
so-called crystal water in stoichiometric ratios, where the water molecules do not have to be
equivalent with respect to their binding state. Examples of hydrates are sesquihydrates,
monohydrates, dihydrates or trihydrates. Equally suitable are the hydrates of the pharmaceutically

acceptable salts of Compound A.
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{6097} Cocrystals represent novel forms of drug substances that would be suitable for
incorporation in pharmaceutical solid dosage forms, and should enable formulation scientists to
overcome a variety of problems that are encountered during development of traditional
formulations. Cocrystals may be viewed as being an alternative to polymorphs, solvatomorphs,
and salts, as cocrystals represent a different approach to solve problems related to dissolution,
crystallinity, and hygroscopicity, among others. For further discussions of cocrystals, see:
Aitipaumula et al. “Polymorphs, Salts, and Cocrystals: What’s in a Name?” Crystal Growth Des.
2012,12,5,2147-2152; and Brittain “Pharmaceutical Cocrystals: The Coming Wave of New Drug
Substances” ¥ Pharm. Sci. 2013, 102, 2, 311-317; both of which are incorporated by reference
herein in their entireties.

{6098} The term “powder X-ray diffraction pattern”, “PXRD pattern”, “PXRD7, “powder X-ray
diffraction diagram”, “X-ray diffraction pattern”, or “XRPID” refers to the experimentally observed
diffractogram or parameters derived therefrom. Powder X-ray diffraction patterns are
characterized by peak position {(abscissa) and peak intensities {ordinate).

{6099} The term "2 theta value” or “28” refers to the peak position in degrees based on the
experimental setup of the X-ray diffraction experiment and is a common abscissa unit in diffraction
patterns. The experimental setup requires that if a reflection is diffracted when the incoming beam
forms an angle theta (8) with a certain lattice plane, the reflected beam 18 recorded at an angle 2
theta (20). The reference herein to specific 20 values for a specific solid form is intended to mean
the 20 values (in degrees) as measured using the X-ray diffraction experimental conditions as
described herein.

{0166} "Isotopic derivative”, as referred to herein, relates to Compound A that is isotopically
enriched or labelled (with respect to oue or wmore atoms of the compound) with one or raore stable
isotopes. Thus, in one embodiment, Compound A is isotopically enriched or labelied with one or
more atoms such as deuterium in place of one or more hydrogens.

{6101} Metastatic prostate cancer, or metastases, refer to prostate cancer that has spread beyond
the prostate to other parts or organs in the body, e.g., bones, lymph nodes, liver, lungs, brain,
{6102} Castrate-resistant prostate cancer, of castration-resistant prostate cancer, {or prostate
cancer that is castrate- or castration-resistant), is a type of prostate cancer that continues to grow

even wheu the amount of testosterove in the body is reduced to very fow levels.
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{0103} Metastatic, castrate-resistant prostate cancer iS a type of prostate cancer that has
metastasized and continues to grow even when the amount of testosterone in the body is reduced
to very fow fevels.

10104} As used herein, “treating”, “treatment”, and the like, describe the administration of a
pharmaceutical composition of the invention to a subject or patient for the purpose of combating
a disease, condition, or disorder, which includes decreasing, mitigating or eliminating one or more
symptoms or complications of the disease, condition or disorder, or decreasing, mitigating, or
eliminating the disease, condition or disorder.

I0105] As used herein, “prevent”, “preventing” and the like describe stopping the onset of the
disease, condition or disorder, or one or more symptoms or complications thereof,

[0106] “Caw”, as used herein, refers to the observed maximum (peak) plasma concentration of a
specified compound in the subject or patient after administration of a dose of that compound to the
subject or patient.

[0107] “AUC”, as used herein, refers to the total area under the plasma concentration-time curve,
which is a measure of exposure to a compound of interest, and is the integral of the concentration-
time curve after a single dose or at steady state. AUC is expressed in units of ng*H/mL {(ng x
H/mbL), where “H” refers to hours.

{6108} “AUCun”, as used herein, refers to the AUC from 0 hours to the end of a dosing interval.
[0109] “AUCo24” means the AUC from 0 hours to 24 hours after administration of a single dose.
{6110} “Controlied release” or “CR” as used herein with respect to an oral dosage form refers to
a compound of the disclosure that 13 released from the dosage form, other than wn an immediate
release profile, according to a pre-determined profile that may include when and where release
occurs after oral adminisiration and/or a specified rate of release over a specified time period
{6111} “Controlled release agent” as used herein with respect to an oral dosage form of the
disclosure refers to one or more substances or materials that modify the release profile of a
compound of the invention from the dosage form. Controlled release agents may be organic or
inorganic, naturally occurring or synthetic, such as polvmeric materials, triglycerides, derivatives
of triglycerides, fatty acids and salts of fatty acids, talc, boric acid, colloidal silica, cellulosic
derivatives, and combinations thereof.

{8112} “Enteric coating” as used herein with respect o a dosage form of the disclosure refersto a

pH-dependent material that surrounds a core comprising a compound of the disclosure and which
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remains substantially intact in the acid environment of the stomach, but which subsequently
dissolves in the pH environment of the intestines.

{6113} “Gastro-resistant” or “GR” as applied to a CR oral dosage form described herein means
that release of a compound of the disclesure in the stomach of a subject shall not exceed 5%, 2.5%,
1% or 0.5% of the total amount of the compound of the disclosure in the dosage form.

{61314} “Loss on Drying” refers to the loss of weight expressed as percentage w/w/ resulting from
water and volatile matter of any kind that can be driven off under specified conditions. Loss on
Drying can be determined by persons of skill in the art using standard methods, including, for
example, USP <731>.

{¢115] The “Residue on lgnition” test {also known as the sulfated ash test) uses a procedure to
measure the amount of residual substance not volatilized from a sample when the sample 13 1gnited
in the presence of sulfuric acid according to the procedure described below. This test is usually
used for determining the content of inorganic impurities in an organic substance. Residue on
Ignition can be determined by persons of skill in the art using standard wethods, including, for
example, USP <281>

0116} “COA” stand for certificate of analysis.

{6117} “Oral dosage form™ as used herein refers to a pharmaceutical drug product that contains a
specified amount {dose} of a compound of the disclosure as the active ingredient, or a
pharmaceutically acceptable salt and/or solvate thereof, and inactive componenis (excipients),
formulated into a particular configuration that is suitable for oral administration, such as an oral
tablet, liquid, or capsule. In one embodiment, the oral dosage form comprises a tablet. In oune
embodiment, the oral dosage form comprises a tablet that can be scored. In one embodiment, the
oral dosage formo coroprises a sublivgual tablet. In one embodiment, the oral dosage form
comprises a capsule, which can be taken intact or used as a sprinkle onto food (e.g., applesauce or
yvogurt). In one embodiment, the oral dosage form comprises a sachet.

{6118} The term “about” and the like, as used herein, in association with numeric values or ranges,
reflects the fact that there is a certain level of variation that is recognized and tolerated in the art
due to practical and/or theoretical limitations. For example, minor variation is tolerated due to
inherent variances in the manner in which certain devices operate and/or measurements are taken.
Thus, the term “about” is normally used {0 encompass values within standard error.  In one

embodiment, the term “about” as part of a quantitative expression such as “about X7, includes any
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value that is up to 10% higher or lower than X, and also includes any numerical value that falls
between X-10% and X+10% {e.g., X-5% and X+5%, or X-3% and X+3%). Thus, for example, a
weight of about 40 g may include a weight of between 36 1o 44 g, inclusive of the endpoints; a

ao

temperature of about 100°C may include a temperature of 90°C to 110°C, inclusive of endpoints;
and a temperature range of about 90 — 100°C, may include a range of 81 — 110°C, inclusive of the
endpoints. Thus, for example, a percent composition of about 50% may include a percent
composition of between 45% to 55%, inclusive of the endpoints.

{6119} Asused herein, “about 0°C” includes a temperature of -2°C 10 2°C, inclusive of endpoints.
{01260} As used herein, the term “CDK inhibitor” refers to a compound that inhibits the enzymes
in humans referred to as cyclin-dependent kinases (CBK)}. In one embodiment, the CBK inhibitor
is a CDK4/6 inhibitor. As used herein, the term “CDK4/6 inhibitor” refers to a compound that
inhibits CDK 4 and/or 6. Examples of a CDK inhibitor include, without limitation, SHR6390,
trilaciclib, lerociclib, AT7519M, dinaciclib, ribociclib, abemaciclib, palbociclib, or any
pharmaceutically acceptable salt thereof. In one embodiment, the CDK iohibitor 1s palbociclib or
a pharmaceutically acceptable salt thereof.

{0121} As used herein, the term “PARP inhubitor” refers to a compound that inhibits the enzymes
in humans referred o as poly ADP ribose polymerase (PARP). Examples of a PARP inhibitor
include, without limitation, olaparib, rucaparib, talazoparib, niraparib, velipanb, pamiparib, CEP
9722, E70106, 3-aminobenzamide, mefuparib, and AZD2281.

{6122} “Comprising” or “comprises” as applied to a particular dosage form, composition, use,
method or process described or claimed herein means that the dosage form, composition, use,
method, or process includes all of the recited elements in a specific description or claim, but does
not exclude other elements. “Cousists essentially of” and “cousisting esseutially of” means that
the described or claimed composition, dosage form, method, use, or process does not exclude other
materials or steps that do not materially affect the recited physical, pharmacological,
pharmacokinetic properties or therapeutic effects of the composition, dosage form, method, use,
or process. “Consists of” and “consisting of” means the exclusion of more than trace elements of
other ingredients and substantial method or process steps.

{6123} “Fasted condition” or “fasted state” as used to describe a subject means the subject has not

eaten for at least 4 hours before a time point of iuterest, such as the time of administering
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Compound A In an embodiment, a subject in the fasted state has not eaten for at ieast any of 6, &,
10 or 12 hours prior to administration of a compound of the disclosure.

{6124} “Fed condition” or “fed state” as used 10 describe a subject herein means the subject has
gaten less than 4 hours before a time point of interest, such as the time of administering a compound
of the disclosure. In an embodiment, a subject in the fed state has eaten within at least any of 3, 2,
1 or 0.5 hours prior to administration of a compound of the disclosure.

{8125} “Antacid medication”, as used herein, refers (o a substance that neutralizes stomach acidity
in the subject. Antacids include, without limitation, bismuth subsalicylate, famotidine, and
flavored liquids containing aluminum hydroxide and magnesium hydroxade (Maalox®). In one
aspect, this application pertains to a subject who is administered Compound A, or a compaosition
comprising Compound A, who is also taking, or being administered, an antacid medication.
{8126} All percentages provided herein are percentages by weight, and roay be abbreviated wt%
or {w/w}, unless indicated otherwise.

{81271 In one embodiment, the term “ultrapure”, as used herein with reference to Compound A,
refers to any of crystalline or amorphous forms of Compound A described herein that have a purity
equal to or greater than about 95%, 96%, 97%%, 98%, 99%, 99.5, or 999 wi%s.

{6128} In one embodiment, the term “ultrapure”, as used herein with reference to Compound A,
refers to any of erystalline or amorphous forms of Compound A described herein that contains less

than about 5%, 4%, 3%, 2%, 1.9%, 1.8%, 1.7%, 1.6%, 1.5%, 1.4%, 1.3%, 1.2%, 1.1%, 1.0%,

0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 0.2%, or 0.1% of one or more impurities.

{0129} In one embodiment, the term “ultrapure”, as used herein with reference to Compound A,
refers to any of crystalline or amorphous forms of Compound A described herein that have a purity
equal to or greater than about 95%, 96%, 97%, 98%, 99%, 99.5, or 99.9 wi%, and also contains
fess than about 5%, 4%, 3%, 2%, 1.9%, 1.8%, 1.7%, 1.6%, 1.5%, 1.4%, 13%, 12%, 1.1%, 1.0%,

El 2

0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 0.2%, or 0.1% of one or more impurities.

{8130} As used herein, the term “impurity” refers to an unwanted compound, trace metal, or
solvent that contaminates Compound A. In one embodiment, the impurity is a compound selected
from the group consisting of Intermediate 2, Intermediate 3, Intermediate S, Impurity 1, Impurity

2, Impurity 3, and Impurity 4. In one embodiment, the impurity is a solvent that is selected from

the group consisting of dichloromethane, roethanol, and acetonitrile.
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j0131] “Stable,” as used herein with reference to Compound A, refers to forms of Compound A,
including ultrapure forms, crystalline forms, ultrapure crystalline forms, amorphous forms, and
ultrapure amorphous forms, that stably retain purity equal to, or greater than, 95%, 96%, 97%,
98%, 99%, 99.5, or 99.9% over a period of time (such as 6 months, 12 months, or 24 months) and
under specified conditions (e.g., temperature and humidity) (such as 4 °C, 25 °C, or 40 °C).
{6132} Compound A refers to the compound: N-[(1r,4r)-4-(3-chloro-4-
cyanophenoxyjeyclohexyl i-6-[4-({4-[2-(2,6-dioxopiperidin-3-y1 }-6-fluoro-1,3~-dioxo-2,3-

dibydro-~1H-isoindol-5-ylipiperazin-1-ylimethyDpiperidin-1-yl |pyridazine-3-carboxamide, that

has a molecular formula of C41HasCIFNeQOs, and has the following structural formula:

T Ol

{(Compound A).

{0133} Intermediate 1, as used herein, refers to the compound with the following structural

O,
Aok

intermediate 1

formula:

{0134} Intermediate 2, as used herein, refers to the compound with the following structural

formula:

intermediate 2

[0135] Intermediate 3, as used herein, refers to the compound with the following structural

formula:
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[0136] Intermediate 4, as used herein, refers to the compound with the following structural

formula:
Ci

i
2\
H Y
L/“\gN ’f’ff
19N
Intermediaie 4

{0137} Intermediate 5, as used herein, refers to the compound with the following structural

formula:

HN™ o o
or SN

intermediate §

{6138} Intermediate 6, as used herein, refers to the compound with the following structural

formula:

intermediate 8

{6139} Intermediate 7, as used herein, refers to the compound with the following structural

formula:
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N
HCE » O NN
intermediate 7

{3140} Intermediate 8, as used herein, refers to the compound with the following structural

formula:

o
J{N

intermediate 8

{0141} Intermediate 9, as used herein, refers to the compound with the following structural

formula:

intermediate 8

{6142} Intermediate 10, as used herein, refers to the compound with the following structural

formula:

intermediate 18

{6143} Impurity 1, as used herein, refers to the compound with the following structural formula:

fmpurity 1
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{¢144] Impurity 2, as used herein, refers to the compound with the following structural formula:

i/f\\‘/\N
. T
CIL A SN

{6148} Impunity 3, as used herein, refers to the compound with the following structural formula:

Impurity 2 ¢

b
L P

Impurity 3

[0146] Impurity 4, as used herein, refers to the compound with the following structural formula:

sperereen,

Impurity 4

COMPOUND A

The atoms in Compound A may be numbered as foliows:

O
NH
35 f 37 38(}
40 3%

{6147} The centers carbon 10 and 7 are meso and by definition have no chirality and by definition

are not stereogenic. The 1 4-frans relationship of the amide and ether on carbons 10 and 7,
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respectively, is supported by "H nuclear magnetic resonance (NMR ) in conjunction with 2-D n0e
NMR.

{6148} Compound A has a stereogenic center at carbon 36 {denoted by an * below}. The starting
materials for Compound A are sourced from racemic precursors, hence the molecule is racemic.
Thus, Compound A, in one embodiment, refers to a S0/50 mixture of enantiomers — ent~1 and eni-

2 — which have the following structures:
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{0149} As used herein, Compound A refers to a compound that is entirely ent-1, entirely ent-2, or
any mixture of ent-1 and ent-2, including, for exaruple a S0/50 (racemic) mixture of ent-1 and ent-
~§
L

{6150} Compound A was originally disclosed in US Patent Application No. 15/730,728, which

granted as US Patent No. 10,584,101 and which is incorporated by reference herein in iis entirety.

MANUPACTURING PROCESSES OF COMPOUND A

{3151} First Generation Process

[8152] The first generation manufacturing process for Compound A was described in U.S. Pateunt
No. 10,584,101, which is incorporated herein by reference. The process is summarized below in
Scheme 1 and in the Examples section herein.

{#153] Scheme 1. First Generation Manufacturing Process of Compound A
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{0154] Second, Third, Fourth, and Fifth Generation Processes.

{¢155] The second, third, fourth, and fifth generation processes are disclosed below and in the
examples herein. These processes possess advantageous properties compared to the first
generation synthesis. For example, the first generation process yielded Compound A with a purity
of about 98 %. In contrast, later-generation processes yield Compound A with higher purity, e.g.
greater than 98%, greater than 99%, greater than 99.5%, etc.

{0156} Second Generation Process

{8157} The second generation manufacturing process for Compound A is described below i

Schemes 2-4 and in the Examples herein.
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{6158} The synthesis used for the manufacture of Intermediate 4 is shown below tn Scheme 2.

{6159} Scheme 2. Synthetic Process for the Manufacture of Intermediate 4.

intermediate 1

N
HoN, Z i
HCL e ’ N LN
(e Cl Pt

intermediate 7

H N
solive
gy N )

Intermediate 4

{0168] Step 1 involves an  SnAr reaction between commercially-available 2.4-
dichlorobenzoniriie and fert-butyl {{1r 4r)-4-hydroxycyclohexyhicarbamate i
dimethylacetarmide (DMA} with sodium hydride at 457 to afford Intermediate 1. The reaction is
worked up with water and the precipitate dried to afford Intermediate 1. In the second step, the
Boce protecting group is removed from Intermediate I by adding acetyl chloride in methanol at 1t
and the product is recrystaliized in methy! tert-butyl ether to afford Intermedinte 7. The third step
involves amide coupling of Fntermediate 7 and 6-chioropyridazine-3-carboxylic acid in ethyl
acetate with triethylamine and propanephosphonic acid anhydride (T3P) to provide Intermediate
4 The reaction is quenched with T N agqueous HCI, and the crude Intermediate 4 18 rinsed with
ethyl acetate, filtered and dried. Imtermediate 4 is added to isopropyl acetate and
dimethylacetamide, filtered, and rinsed with IPAc,

{6161} The synthesis used for the manufacture of Intermediate 5 is shown below in Scheme 3.

~

{6162} Scheme 3. Synthetic Process for the Manufacture of tntermediate 5.
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intermediate 8 Intermediate &
{0163] In the first step, commercially-available 4, S-difluorophthalic acid and 3-aminopiperidine-
2,6-dione are refluxed in acetic acid/acetate, and the reaction is quenched in water and the
precipitate washed and dried to afford Intermediate 8. The second step involves an SnAr reaction
between Intermediate 8 and commercially-available Boe-piperazine in N-methyl-2-pyrrolidone
(NMP) with sodium bicarbonate at 90° to afford Intermediate 9. The reaction mixture is worked
up with water/acetonitrile, filtered, washed with water, and dried to afford Intermediate 9. In the
third step, the Boc protecting group is removed from Intermediate 9 with HCI in methanol and
methylene chloride. The reaction mwixture i3 filtered and rivsed with methanol and methylene
chloride to afford crude Intermediate S as a hydrochloride salt. Intermediate S is dissolved in

water and dimethylacetamide, and recrystallized in isopropanol.

[9X]
<
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Scheme 4. Second  Generation  Manufacturing  Process  of  Compound A
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18164} Step 1 in the process includes a SnAr reaction between Intermediate 4 and commercially
available piperidin-4-yl methanol in dimethylacetamide (DMA) with N N-diisopropylethylamine
at 90 — 100°C to afford Intermediate 2. The reaction mixture i3 worked up with water and
extracted with isopropylacetate (IPAc). The isopropylacetate layer is washed with water and
concentrated to afford Intermediate 2 as an off white crystalline solid.

{8165} In some embodiments, Step 1 further comprises the step of purifying Intermediate 2 by
recrystallization in an organic solvent. In some embodiments, the recrystallization further
comprises the following steps:

1) combining crude Intermediate 2 in an organic solvent with an agent that promotes

crystallization;
it} reducing the volume of organic solvent;
it1) adding additional amounts of the organic solvent;

iv} stirring the mixture from part 1ii} at a temperature above 3¢ °C for about 30 to about

60 minutes or longer;
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v) cooling the mixture from part iit) to a temperature below 25 °C over about 30 to about

60 minutes or longer;
vi} reducing the volurmse of organic solvent;

vii) stirring the mixiure from part vi} at a temperature below 25 °C, for about 30 minuies,
about 45 minutes, about 60 minutes, about 75 minutes, about 90 minutes, about 105 minutes, or

about 120 minutes, or longer; and
vii} filtering the mixture to obtain purified Intermediate 2.

[6166] In some embodiments, the organic solvent is isopropy! acetate. In some embodiments, the
agent that promotes crystallization is a seed crystal of Intermediate 2. In some embodiments, the
reducing of the volume of organic solvent in step ii) is performed by vacuum distillation. In some
embodiments, the temperature of step iv) is about 50 °C. In some embodiments, the temperature
of step v) is about 20 °C. In some embodiments, the temperature of step vii) is about 10 °C.
{6167} Step 2 1s an oxidation of Imtermediate 2 with 0.01 equivalents of TEMPO (2,2,6,6-
tetramethylpiperidin-1-yhoxyl and 1 equivalent of sodium hypochlorite (4.5 % agqueous solution)
solution in dichloromethane at <310°C to provide Intermediate 3. The reaction is quenched with
5% agueous Na:SOs solution and the crude aldehyde product 1s extracted into dichloromethane.
The dichioromethane layer is distilatively exchanged with acetonitrile.

{6168} In some embodiments, Step 2 further comprises the step of purifying Intermediate 3 by
recrystallization. For example, in one embodiment, addition of water to the acetonitrile solution
afforded Imtermediate 3 as a white crystalline solid. In some embodiments, the recrystallization
occurs in the presence of a solvent and an anti-solvent. In some embodiments, the recrystallization
comprises the following steps:

1) combiving crude Intermediate 3 with a mixture of solvent and anti-solvent;
it} stirring the mixture of crude Intermediate 3, solvent, and anti-solvent; and

iii} filtering the mixture to obtain purified Intermediate 3.
10169} In some embodiments, the solvent in 1) is a polar aprotic organic solvent and the anti-
solvent in 1} 18 an aqueous solvent. In some embodiments, the solvent comprises acetonitrile. In
some embodiments, the anti-solvent i1s water. In some embodiments, the ratio of solvent to anti-

solventis about 1:1 {v/v}. In some embodiments, the ratio of solvent to anti-solvent is about 1.04:1

[9%]
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{v/v}). In some embodiments, step i1} is performed at 3 temperature between 15 °C and 20 °C. In
some embodiments, step 1) is performed at a temperature of about 18 °C. In some embodiments,
step ii} is performed at a temperature of about 20 °C. In some embodiments, the stirring of step i1}
is performed for at least 12 hours, at least 14 hours, at least 16 hours, or at least 18 hours. In some
embodiments, the stirring of step ii) is performed for about 18 houss.

{6170} Step 3 is a reductive amination of Intermediate 3 with Intermediate 5 in
dimethylacetaroide with sodium triacetoxyborohydride (STAB) and triethylamine at 5 - 10°C to
afford Compound A. In some embodiments, the molar ratic of Intermediate 3 to Intermediate S is
about 1.1:1. In some embodiments, the molar ratio of Intermediate 3 to Intermediate S 1s about
1.05:1. In some embodiments, the molar ratio of Intermediaie 3 to Intermediate 5 is between about
1:1 and about 1.1:1. A nuxture of ethanol and water is added to the crude reaction mixture and
Compound A is precipitated as a yellow solid. Crude Compound A is dissolved in a mixture of
dichloromethane:methanol (9:1). The product-rich solution is filtered and distillatively exchanged
with ethanol. Crystallization from ethanol solution affords Compound A as a light yellow
crystalline solid which is dried in vacuo at 35 —45°C.

{6171] Third Generation Process

{8172] The third generation manufacturing process for Compound A is described below in Scheme

5 and in the Exaraples that follow.
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18173} In the first step, the coupling of Intermediate 10 and Intermediate 7 in DMAc
with DIPEA, ethyt cyanchydroxyiminoacetate, and 1-Ethyl-3-(3-
dimethylaminopropyljcarbodiimide (EDCT) at about 40°, followed by extraction with IPAc
and water, and then rinsing the organic layer with IPAc and drying affords Intermediate
2.

10174} In some embodiments, the first siep further comprises the step of purifying
Intermediate 2 by recrystallization in an organic solvent. In some embodiments, the
organic solvent is isopropyvl acetate. In some embodiments, the recrystallization is
performed by reduction of the volume of the organic solvent. In some embodiments, the
reduction of the volume of the organic solvent is performed by vacuum distilation.

[8175] Oxidation of Infermediate 2 with about 0.003 equivalents of TEMPQO and about 1
equivalent of sodium hypechlorite (3.12 % aqueous solution) with sodium bicarbonate,
sodinm bromide, in dichloromethane and water at <5 °C affords Intermediate 3. The crude
Intermediate 3 is extracted with dichloromethane and distillatively exchanged with
acetonitrile. Addition of water to the acetonitrile solution afforded Intermediate 3 as a
white crystaliine solid. Reductive amination of Intermediate 3 with Intermediate S in
dimethylacetamide with sodium triacetoxyborohydride (8TAB) at 5 — 10°C affords
Compound A. In some embodiments, the molar ratio of Intermediate 3 to Intermediate S is
about 1.1:1. A mixture of ethanol and water is added to the crude reaction mixture and
crude Compound A is precipitated. Crude Compound A is dissolved in a mixture of
dichloromethane methanol (9:1). The productrich solution is filtered and distillatively
exchanged with ethanol. Crystallization from ethanol solution affords Compound A as a
light veliow crystalline solid which is dried in vacuo at 25°C.

18176} In some embodiments, the oxidation of Intermediate 2 to afford Intermediate 3
occurs in the presence of an alcohol. In some embodiments, the oxidation of Intermediate
2 to afford Intermediate 3 occurs in the presence of a secondary alcohol In some
embodiments, the oxidation of Intermediate 2 to afford lntermediate 3 occurs in the
presence of isopropanol. In some embodiments, the oxidation of Intermediate 2 to afford
Intermediate 3 occurs in the presence of 2-butanol. In some embodiments, the oxidation of

Intermediate 2 to afford Intermediate 3 occurs in the presence of Z-pentancl. In some

(9%}
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-

embodiments, the oxidation of Intermediate 2 to afford Intermediate 3 occurs in the
presence of 3-methyl 2 butanol.

{6177} In one embodiment, the second generation syuthesis provides an ultrapure form of
Compound A that has a purity of greater than about 95%. In certain embodiments, the
ultrapure form of Compound A has a purity greater than about 96%, 97%, 98%, 99%, 99 5,
or 99.9%.

{6178} In one embodiment, the third generation synthesis provides an ultrapure forro of
Compound A that has a purity of greater than about 95%. In certain embodiments, the
ultrapure form of Compound A has a purity greater than about 96%, 97%, 98%, 99%, 99.5,
or 99.9%.

{6179} Fourth Generation Process

{6188} The fourth generation manufacturing process for Compounnd A is described below
in Scheme 6 and in the Examples that follow.

Scheme 6. Fourth Generation Manufacturing Process of Compound A
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{6181} In the first step, the coupling of Intermediate 18 with excess Intermediate 7 in
DMAc with DIPEA, catalyzed by Z-pyridinol l-oxide (HOPO) and {-Ethyl-3-(3-
dimethylaminopropylicarboditmide (EDCI) at about 20 °C affords Intermediate 2. In

some embodiments, the molar ratio of Intermediate 10 to Intermediate 7 is about 1.00:1.05.
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{0182} In some embodiments, the first step further comprises the step of purifying
Intermediate 2 by recrystallization in an organic solvent. In some embodiments, the organic
solvent is isopropyl acetate. In some embodiments, the recrystallization is performed by
cooling the organic solvent. In some embodiments, the organic solvent is cooled t0 a
temperature between about 15 °C and asbout 25 “C. In some embodiments, the organic
solvent is cooled to a temperature of about 20 °C.

{0183} Oxadation of Intermediate 2 with about 0.01 equivalents of TEMPO and about §
equivalent of sodium hypochlorite with sodium bicarbonate, sodium bromide, in
dichloromethane and water at 0 °C affords crude Intermediate 3. The crude Fntermediate
3 was extracted with dichloromethane and distilfatively exchanged with tetrahydrofuran,
Addition of n-heptane to the tetrahvdrofuran solution affords Intermediate 3 as a white
crystalline solid.

{0184} In some embodiments, the oxidation of Intermediate 2 to afford Intermediate 3
oceuts in the presence of an alcohol. In some embodiments, the oxidation of Intermediate
2 to afford Intermediate 3 occurs in the presence of a secondary alcohol In some
embaodiments, the oxidation of Intermediate 2 to afford Intermediate 3 occurs in the
presence of isopropanocl. In some embodiments, the oxidation of Intermediate 2 to afford
Intermediate 3 occurs in the presence of 2-butanol In some embodiments, the oxidation of
Intermediate 2 to afford lntermediate 3 occurs in the presence of 2-pentanol. In some
embodiments, the oxidation of Intermediate 2 to afford Intermediate 3 occurs in the
presence of 3-methyl 2 butanol.

{6185} Reductive amination of Intermediate 3 with Intermediate 5 in dimethylacetamide
with sodiuru friacetoxyborohydride (STAB) and N-methylmorpholine at 0 °C affords
Compound A. In some embodiments, the molar ratio of Intermediate 3 to Intermediate 5 is
about 1.1:1. In some embodiments, the ratio of Intermediate 5 to N-methyl morpholine is
between about 1.5:1 and about 2:1 (w/w}. In some embodiments, the ratio of Intermediate
5 to N-methyl morpholine is about 1.7:1 {w/w). A mixture of ethanol and water is added
to the crude reaction mixture and Compound A is precipitated. Crude Compound A is
dissolved in a mixture of dichloromethane: methanol (17:1 w/w). The product-rich solution
is filtered and distillatively exchavged with ethanol. Crystallization from etbanol solution

affords Compound A as a light yellow crystalline solid which is dried in vacuo at 65°C.
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{8186} In one embodiment, the fourth generation synthesis provides an ultrapure form of
Compound A that has a purity of greater than about 95%. In certain embodiments, the
ultrapure form of Compound A has a purity greater than about 96%, 97%, 98%, 99%, 99.5,
or 99.9%.

{01871 Fifih Generation Process

{0188 The fifth generation manufacturing process for Compound A follows the same
general scheme as the fourth generation process described above.

{6189} In the first step, the coupling of Intermediate 10 with excess Intermediate 7 in
DMAc with DIPEA, catalyzed by 2-pyridinol 1-oxide (HOPG) and EDCI at about 20 °C
affords Intermediate 2. In some embodiments, the molar ratio of Intermediate 10 to
Intermediate 7 is about 1.00:1.02. In some embodiments, the precise amount of
Intermediate 7 1s adjusted based on the purity and potency of the Intermediate 7 used. In
some embodiments, the precise amount of Intermediate 10 is adjusted based on the purity
and potency of the Intermediate 10 used.

{8190 In some embodiments, the first step further comprises the step of purifying
Intermediate 2 by recrystallization in an organic solvent. In some embodiments, the organic
solvent comprises tetrahydrofuran and n-heptane. In some embodiments, the organic
solvent for the recrystallization of Intermediate 2 18 seeded with crystals of pure
Intermediate 2. In some embodiments, the recrystallization is performed by cooling the
organic solvent. In some embodiments, the organic solvent is cooled to a teraperature
between about 15 °C and about 25 °C. Tn some embodiments, the organic solvent is cooled
to a temperature of about 20 °C.

{8191} Oxidation of Intermediate 2 with about 0.01 equivalents of TEMPO and about
1.15 equivalents of sedium hypochlorite with sodium bicarbonate, sodium chioride, and
sodium bromide, in dichloromethane and water at 20 °C affords Intermediate 3. Addition
of n-heptane and tetrabydrofuran to the sclution affords Intermediate 3 as a white
crystalline solid.

{61921 In some embodiments, the sodium hypochlorite i3 added to the reaction mixture
rapidly. In some embodiments, the sodium hypochlorite is added over the course of less
than 60 minutes, less than 45 minutes less than 30 minutes, or less than 20 minutes. In

some embodiments, the sodium hypochlorite is added over the course of between about 15
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and about 45 minutes. In some embodiments, the sodium hypochlorite is added over the
course of about 30 minutes. In some embodiments, the oxadation of Intermediate 2 to afford
Intermediate 3 occurs in the presence of an alcohol. In some embodiments, the oxidation
of Intermediate 2 to afford Intermediate 3 occurs in the presence of a secondary alcohol. In
some embodiments, the oxidation of Intermediate 2 to afford Intermediate 3 occurs in the
presence of isopropanol. In some embodiments, the oxidation of Intermediate 2 to afford
Intermediate 3 occurs in the presence of 2-butanol. In some embodirents, the oxidation of
Intermediate 2 to afford Intermediate 3 occurs in the presence of 2-pentancl. In some
embodiments, the oxidation of Intermediate 2 to afford Intermediate 3 occurs in the
presence of 3-methyl 2 butanol.
{8193} Reductive amination of Intermediate 3 with Intermediate 5 in dimethvlacetamide
with sodium triacetoxyborohydride (STAB) and N-methylmorpholine at ¢ °C affords
Compound A In some embediments, the molar ratio of Intermediate 3 to Intermediate S is
about 1.1:1. In some embodiments, the ratio of Intermediate 5 to N-methyl morpholine is
between about 1.5:1 and 2:1 {w/w). In some embodiments, the ratio of Intermediate 5 to
MN-methyl morpheline is about 1.7:1 {(w/w). A mixture of ethanol and water is added to the
crude reaction mixture and Compound A precipitated. Crude Compound A was dissolved
in a mixture of dichloromethane:methanol (17:1 w/w). The product-rich solution 1s filtered
and distillatively exchanged with ethanol. Crystallization from ethanol solution affords
Compound A as a light yellow crystalline solid which is dried in vacuo at 65°C.
{8194} In the solvent swap from DCM into EtOH, auto-crystallization (self-seeding)
occurs around a 1:1 ratio of DCM/ELOH content, which occurs shortly after 14 vol of EtGH
have been dispensed (end of atmospheric distiliation; solvent swap 1) To have a wore
uniform and consistent filtration of mother liquors and washes, it is proposed to control the
crystallization with seeding. Experiments showed that at reflux conditions, the product
solution 1s supersaturated at/around 67% DCM content. In some embodiments, the seeding
protocol comprises the following steps:

« Distill fo supersaturation potnt {7 vol EtOH added)

« Remove sample for DCM content to ensure DCM < 67%

(supersaturated)

» Cool solution down to below reflux (~42 °C)to 35 °C
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« Charge 0.5 wt% seed (based on Intermediate 3 input) at 35 °C
» Heat shurry back up to reflux and continue with remainder of solvent
swap
{¢195] In one embodiment, the fifth generation synthesis provides an ultrapure form of
Compound A that has a purity of greater than about 95%. In one embodiment, the ultrapure
form of Compound A has a purity greater than about 96%, 97%, 98%, 99%, 99.5, or 99.9%.
[6196] Purification of Compound A
{6197} In one embodiment, the purification of Compound A comprises the following steps:
(1) dissolving Compound A in about a mixture of dichloromethane and methanol;
(2} filtering the solution comprising Compound A;
(3) distillatively exchanging the solvent of the solution comprising Compound A
with ethanol;
(4) crystallizing Compound A from the ethanol sclution; and

(5) drying the purified crystalline solid form of Compound A.

{8198} In one embodiment, the ratio of dichloromethane to methanol in (1) is about 9:1
{(w/w}. In one embodiment, the ratic of dichloromethane to methanol in (1} is about 10:1
{w/iw)

{6199} In one embodiment, the purification of Compound A comprises dissolving
compound A in a solvent of between about 95:5 (w/w) and asbout 80:20 (w/w) mixture of
dichloromethane and methanol.

{62601 In one embodiment, the purification of Compound A comprises dissolving
compound A in about an 80.20 (w/w) mixiure of dichloromethane and methanol. In one
embodiment, the purification of Compound A comprises dissolving compound A in about
a 90:10 (w/w) mixture of dichloromethane and methanol. In one embodiment, the
purification of Compound A comprises dissolving compound A in about a 955 (w/w)
mixture of dichloromethane and methanol. In one embodiment, the purification of
Compound A comprises dissolving compound A in about a 101 {v/v} mixture of
dichloromethane and methanol.

18201 In one embodiment, the volume of ethanol in step (3) is between approximately 5
volumes and approximately 9 volumes relative to the amount of Intermediate 3 provided

in the reductive amination step. In one embodiment, the volume of ethanol in step (3} is

40
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between approximately 6 volumes and approximately 8 volumes relative to the amount of
Intermediate 3 provided in the reductive amination step. In one embodiment, the volume
of ethanol in step (3} is approximately 7 volumes relative to the amount of Intermediate 3
provided in the reductive amination step.

{8202} Iv some embodiments, the amount of ethavol in step {A3) is corrected for the
ethanol content in the crude Compound A.

{6283} In one embodiment, deying of the purified crystalline solid form of Compound A
is performed in vacuo. In some embodiments, the drying occurs at about 15 °C to about 30
°(, about 20 °C to about 30 °C, about 30 °C to about 40 °C, or about 35 °C to about 45 °C.
in some embodiments, the drying occurs at greater than about 50 °C, greater than about 60
°C, greater than about 70 °C, or greater than about 80 °C. In some embodiments, the drying
oceurs at between about 6G °C and about 70 °C. In some embodiments, the drying occurs
at about 65 °C. In some embodiments, the drying occurs at between about 75 °C and about
85 °C.

10204} In some embodiments, the drying occurs at about 80 °C.

{6205} Purification of Compound A

{0206} In the following embodiments, the percent purity of Compound A, and the percent
composition of one or more impurities, reflects the purity on a w/w basis.

162071 In some embodiments, the percent purity of Compound A, and the percent
composition of one or more impurities, represents the purity as determined by HPLC (area
%).

{6208} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 1% of an impurity that is Intermediate 2.
j820%] In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 1% of an impurity that is Intermediate 2.
In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 1% of an impurity that is Intermediate 2. fn
one embodiment, the ultrapure form of Compound A has a purity greater than about 98%,
and further comprises less than about 1% of an impurity that is Intermediate 2. In one

embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
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further comprises less than about 1% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.5% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.9%,
and further comprises less than about 0.1% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.9%, and further
comprises leas than about 0.1% of an impurity that is Intermediate 2.

{8210} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.5% of an impurity that is Intermediate
2.

j8211] In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.5% of an tmpunity that is lutermediate
2. In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.5% of an impurity that is Intermediate 2. To
one embodiment, the ultrapure form of Compound A has a purity greater than about 98%,
and further comprises less than about 0.5% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
turther comprises less than about 0.5% of an impurity that is Intermediate 2. In one
embaodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.5% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.9%,
and further comprises less than about 0.1% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.9%, and further
comprises less than about 0.1% of an impurity that is Intermediate 2.

j8212} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.2% of an impurity that is Intermediate
{0213} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.2% of an impurity that is Intermediate
2. In one embodiment, the ultrapure form of Compound A has a purity greater than about

7%, and further comprises less than about 0.2% of an impurity that is Intermediate 2. In
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one embodiment, the ultrapure form of Compound A has a purity greater than about 98%,
and further comprises less than about 0.2% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.2% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.2% of an impurity that is Intermediate 2. In one
erbodirent, the ultrapure form of Compound A has a purity of greater than about 99.8%,
and further comprises less than about 0.2% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.8%, and further
comprises less than about 0.2% of an impurity that is Intermediate 2.

8214} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.1% of an tmpurity that is lutermediate
{8215} v one embodiment, the ultrapure form of Compound A has & purity greater thao
about 96%, and further comprises less than about 0.1% of an impurity that is Intermediate
2. In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.1% of an impurity that is Intermediate 2. In
one embodiment, the ultrapure form of Compound A has a purity greater than about 98%,
and further comprises less than about 0.1% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.1% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.1% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.9%,
and further comprises less than about 0.1% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.9%, and further
comprises less than about 0.1% of an impurity that is Intermediate 2.

{0218} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.05% of an impurity that is Intermediate

2.
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{0217} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.05% of an impurity that 1s Intermediate
2. In one embodiment, the ultrapure form of Compound A has a purity greater than about
7%, and further comprises less than about 0.05% of an impurity that is Intermediate 2. In
one embodiment, the ultrapure form of Compound A has a purity greater than about 98%,
and further comprises less than about 0.05% of an impurity that is Intermediate 2. In one
erbodirent, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.05% of an impurity that is Intermediate 2. In one
embodiment, the ulirapure form of Compound A has a purity greater than about 99 5%,
and further comprises less than about 0.05% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.9%,
and further comprises less than about 0.053% of an impurity that is Intermediate 2. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.9%, and further
comprises less than about 0.05% of av iropurity that is Interwediate 2.

{0218} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than 1% of an impurity that 1s Intermediate 3.
{6219} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 1% of an impurity that is Intermediate 3.
in one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 1% of an irpurity that is Intermediate 3. In
one embodiment, the ultrapure form of Compound A has a purity greater than about 98%,
and further comprises less than about 1% of an impurity that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 1% of an impurity that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99 5%,
and further comprises less than about 0.53% of an tmpurity that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity of about 99 5%, and further
comprises less than about 0.5% of an impurity that is Intermediate 3.

{02281 In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.5% of an impurity that is Intermediate

3.
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{0221} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.5% of an impurity that is Intermediate
3. In one embodiment, the ultrapure form of Compound A has a purity greater than about
7%, and further comprises less than about 0.5% of an impurity that is Intermediate 3. In
one embodiment, the ultrapure form of Compound A has a purity greater than about 98%,
and further comprises less than about 0.5% of an impurity that is Intermediate 3. In one
embodirent, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.5% of an impurity that is Intermediate 3. In one
embodiment, the ulirapure form of Compound A has a purity greater than about 99 5%,
and further comprises less than about 0.5% of an impurity that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.9%,
and further comprises less than about 0.1% of an impurity that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.9%, and further
comprises less than about 0.1%% of an impurity that is Intermediate 3.

{02221 In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.2% of an tmpurity that is Intermediate
3

{0223} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.2% of an impurity that is Intermediate
3. In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.2% of an impurity that is Intermediate 3. In
one embodiment, the ultrapure form of Compound A has a purity greater than about 98%,
and further comprises less than about 0.2% of an impurity that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.2% of an impurity that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.2% of an impurity that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.8%,
and further comprises less than about 0.2% of an impurity that is Intermediate 3. In one
ernbodiment, the ultrapure form of Compound A bas a purity of about 99.8%, and further

comprises less than about 0.2% of an impurity that is Intermediate 3.
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{0224} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.1% of an impurity that is Intermediate
3

{6225} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises fess than about 0.1% of an impurity that is Intermediate
3. In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.1% of an impurity that is Intermediate 3. In
one embodiment, the ultrapure form of Compound A has a purity greater than about 98%,
and further comprises less than about 0.1% of an impurity that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.1% of an impurity that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.1% of an impurity that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.9%,
and further comprises less than about 0.1% of an impurnty that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.9%, and further
comprises less than about 0.1% of an impurity that is Intermediate 3.

{0226} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.05% of an impurity that is Intermediate
3

{6227} In one embodiment, the ulirapure form of Compound A has a purily greater than
about 96%, and further comprises less than about 0.05% of an impurity that is Intermediate
3. In one embodiment, the ultrapure form of Compound A has a purity greaier than about
97%, and further comprises less than about 0.05% of an impurity that is Intermediate 3. In
one embodiment, the ultrapure form of Compound A has a purity greater than about 98%,
and further comprises less than about 0.05% of an impurity that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.05% of an impurity that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.05% of an impurity that is Intermediate 3. In one

embodiment, the ultrapure form of Compound A has a purity of greater than about 99.9%,
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and further comprises less than about 0.05% of an impurity that is Intermediate 3. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.9%, and further
comprises less than about 0.05% of an impurity that is Intermediate 3.

{6228} In one embodiment, the ultrapure form of Compound A has a purity greater than
5%, and further comprises less than about 1% of an impurity that is Intermediate S.
{02291 In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 1% of an impurity that is Intermediate 5.
In one embodiment, the ultrapure form of Compound A has a purity greater than about
7%, and further comprises less than about 1% of an impurity that is Intermediate 5. In
one embodiment, the ultrapure form of Compound A has a purity greater than about 98%,
and further comprises less than about 1% of an impurity that is Intermediate 5. In one
embodirent, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 1% of an impurity that is Intermediate 5. In one
embodiment, the uvltrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.5% of an impurity that is Intermediate 5. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.9%,
and further comprises less than about 0.1% of an impurity that is Intermediate 5. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.9%, and further
comprises less than about 0.1% of an impurity that is Intermediate 5.

8236} In one embodiment, the ulirapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.5% of an impurity that is Intermediate
5.

{82311 o one embodiment, the ultrapure form of Compound A has a purity greater thao
about 96%, and further comprises less than about 0.5% of an impurity that is Intermediate
5. In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.5% of an impurity that is Intermediate 5. In
one embodiment, the ultrapure form of Compound A has a punity greater than about 98%,
and further comprises less than about 0.5% of an impurity that is Intermediate 5. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.5% of an impurity that is Intermediate 5. In one

embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
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and further comprises less than about 0.5% of an impurity that is Intermediate 5. In one
embodiment, the ultrapure form of Compound A has a purity of about 99 5%, and further
comprises less than about 0.5% of an impurity that is Intermediate S.In one embodiment,
the ultrapure form of Compound A has a purity greater than about 95%, and further
comprises less than about 0.2% of an impurity that is Intermediate S.

{02321 In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.2% of an impurity that is Intermediate
5. In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.2% of an impurity that is Intermediate 5. In
one embodiment, the ultrapure form of Compound A has a purity greater than about 98%,
and further comprises less than about 0.2% of an impurity that is Intermediate 5. In one
erbodirent, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.2% of an impurity that is Intermediate 5. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.2% of an impurity that is Intermediate 5. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.8%,
and further comprises less than about 0.2% of an impurity that is Intermediate 5. In one
embodiment, the ultrapure form of Compound A has a purity of about 99 8%, and further
comprises less than about 0.2% of an impurity that is Intermediate 5.

8233} In one embodiment, the ulirapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.1% of an impurity that is Intermediate
5.

{82341 In one embodiment, the ultrapure form of Compound A has a purity greater thao
about 96%, and further comprises less than about 0.1% of an impurity that is Intermediate
5. In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.1% of an impurity that is Intermediate 5. In
one embodiment, the ultrapure form of Compound A has a punity greater than about 98%,
and further comprises less than about 0.1% of an impurity that is Intermediate 5. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.1% of an impurity that is Intermediate 5. In one

embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
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and further comprises less than about 0.1% of an impurity that is Intermediate 5. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.9%,
and further comprises less than about 0.1% of an impurity that is Intermediate 5. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.9%, and further
comprises less than about 0.1% of an impurity that is Intermediate S.

{02351 In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less thav about 0.05% of an impurity that is Intermediate
5.

{6236} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.05% of an impurity that is Intermediate
5. In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.05% of an impurity that s Intermediate 5. In
one embodiment, the ultrapure form of Compound A has a purity greater than about 98%,
and further coruprises less than about 0.05% of au impurity that is lntermediate 5. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.03% of an impurity that is Intermediate 5. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.05% of an impurity that is Intermediate 5. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.9%,
and further comprises less than about 0.05% of an impurity that is Intermediate 5. In one
embodiment, the ultrapure form of Compound A bas a purity of about 99.9%, and further
comprises less than about 0.05% of an impurity that is Intermediate 5.

{82371 In one embodiment, the ultrapure form of Compound A has a purity greater thao
about 95%, and further comprises less than about 1% of an impurity that is Impurity 1.
8238} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 1% of an impurity that is Impurity 1. In
one embodiment, the ultrapure form of Compound A has a punity greater than about 97%,
and further comprises less than about 1% of an impurity that is Impurity 1. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 98%, and
further comprises less than about 1%o0f an impurity that is Impurity 1. o one embodiment,

the ultrapure form of Compound A has a purity greater than about 99%, and further
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comprises less than about 1% of an impurity that is Impurity 1. In one embodiment, the
wltrapure form of Compound A has a purity greater than about 99 5%, and further
comprises less than about 0.5% of an impurity that is Impurity 1. In one embodiment, the
ultrapure form of Compound A has a purity of greater than about 99.9%, and fusrther
comprises less than about 0.1% of av impurity that is bupurity 1. In one embodiment, the
ultrapure form of Compound A has a purity of about 99.9%, and further comprises less
than about 0.1% of an impurity that is Impurnity 1.

{6239} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.5% of an impurity that is Impurity 1.
{8240} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.5% of an impurity that is Impurity 1.
In one embodiment, the ultrapure form of Compound A has a purity greater than about
07%, and further comprises less than about 0.5% of an impurity that is Impurity 1. Inone
embodiment, the ultrapure form of Compound A has a purity greater than about 98%, and
further comprises less than about 0.5% of an impurity that is Impurity 1. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.5% of an impurity that is Impurity 1. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99 5%,
and further comprises less than about 0.5% of an impurity that is Impurity 1. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.5%, and further
comprises less than about 0.5% of an tmpurity that is fopurity 1.In one embodiment, the
ultrapure form of Compound A has a purity greater than about 95%, and further comprises
fess than about 0.2% of av iropurity that is Impurity 1.

{02411 In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.2% of an impurity that is Impurity 1
In one embodiment, the ulirapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.2% of an impurity that ts Impurity 1. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 98%, and
further comprises less than about 0.2% of an impurity that is Impurity 1. In one
ernbodiment, the ultrapure form of Compound A has a purity greater than about 99%, and

further comprises less than about 02% of an impurity that is Impurity 1. In one
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embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.2% of an impurity that is Impurity 1. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.8%,
and further comprises less than about 0.2% of an impurity that is Impurity 1. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.8%, and further
comprises less than about 0.2% of an impurity that is Impurity 1.

{6242} In one embodiment, the ultrapure form of Compound A has a purily greater than
about 95%, and further comprises less than about 0.1% of an impurity that is Impurity 1.
{6243} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.1% of an impurity that is Impurity 1.
In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, aund further comprises less than about 0.1% of an tmpurity that is Impurity 1. In one
embodiment, the ultrapure torm of Compound A has a purity greater than about 98%, and

1

further comprises less than about 0.1% of an impurity that is Iropurity In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.1% of an impurity that i3 Impunty 1. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.1% of an impurity that is Impurity 1. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.9%,
and further comprises less than about 0.1% of an impurity that ts Impurtty 1. In one
embodiment, the ultrapure form of Compound A bas a purity of about 99.9%, and further
comprises less than about 0.1% of an impurity that is Impurity 1.

{6244} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.05% of an impurity that is Impurity 1.
8245} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.05% of an impurity that is Impurity 1.
In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.05% of an impurity that s Impurity 1. Inone
embodiment, the ultrapure form of Compound A has a purity greater than about 98%, and
further comprises less than about 0.05% of an irpurity that is Impusity 1. In one

embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
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further comprises less than about 0.05% of an impurity that is Impurity 1. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.05% of an impurity that is Impurity 1. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.9%,
and further comprises less than about 0.05% of an impurity that is fopurity 1. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.9%, and further
comprises leas than about 0.05% of an impurity that is Impurnity 1.

{6246} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 1% of an impurity that is Impurity 2.
{8247} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 1% of an impurity that is Impurity 2. In
one embodiment, the ulirapure form of Compound A has a purity greater than about 97%,
and further comprises less than about 1% of an impurity that is Impurity 2. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 98%, and
further comprises less than about 1%o0f an impurity that is Impurity 2. In one embodiment,
the ultrapure form of Compound A has a purity greater than about 99%, and further
comprises less than about 1% of an impurity that is Impurity 2. In one embodiment, the
ultrapure form of Compound A has a purity greater than about 99.5%, and further
comprises less than about 0.5% of an impurity that is Impurity 2. In one embodiment, the
ultrapure form of Compound A has a purnity of greater than about 99.9%, and further
comprises less than about 0.1% of an impurity that is Impurity 2. In one embodiment, the
ultrapure form of Compound A has a pusity of about 99.9%, and further comprises less
than about 0.1% of an impurity that is Impurity 2.

10248] In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.5% of an impurity that is Impurity 2.
{6249} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.5% of an impurity that is Impurity 2.
in one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.5% of an impurity that 1s Impurity 2. In one
ernbodiment, the ultrapure form of Compound A has a purity greater than about 98%, and

further comprises less than about 0.5% of an impurity that is Impurity 2. In one
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embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.5% of an impurity that 13 Impunity 2. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.5% of an impurity that is Impurity 2.0n one
embodiment, the ultrapure form of Compound A has a purity of about 99.5%, and further
comprises less than about 0.5% of an impurity that is Impurity 2.1n one embodiment, the
ultrapure form of Compound A has a purity greater than about 95%, and further comprises
less than about 0.2% of an impurity that is Impurity 2.

{6250} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.2% of an impurity that is Impurity 2.
In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, aund further comprises less than about 0.2% of an tmapurity that is Impurity 2. In one
embodiment, the ultrapure torm of Compound A has a purity greater than about 98%, and
further comprises less than about 0.2% of an impurity that is Tropurity 2. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 02% of an impurity that i3 Impunity 2. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.2% of an impurity that is Impurity 2. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.8%,
and further comprises less than about 0.2% of an impurity that ts Impurtty 2. In one
embodiment, the ultrapure form of Compound A bas a purity of about 99.8%, and further
comprises less than about 0.2% of an impurity that is Impurity 2.

{62511 In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.15% of an impurity that is Impurity 2.
8252} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.15% of an impurity that is Impursity 2.
In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.15% of an impurity that ts Impurity 2. Inone
embodiment, the ultrapure form of Compound A has a purity greater than about 98%, and
further comprises less than about 0.15% of an irpurity that is Impusity 2. In one

embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
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further comprises less than about 0.15% of an impurity that is Impurity 2. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.15% of an impurity that is Impurity 2. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.85%,
and further comprises less than about 0.15% of an impurity that is fopurity 2. In one
embaodiment, the ultrapure form of Compound A has a purity of about 99.85%, and further
comprises leas than about 0.15% of an impurity that is Impurnity 2.

{8253} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 1% of an impurity that is Impurity 3.
{8254} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 1% of an impurity that is Impurity 3. In
one embodiment, the ulirapure form of Compound A has a purity greater than about 97%,
and further comprises less than about 1% of an impurity that is Impurity 3. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 98%, and
further comprises less than about 1%0f an impurity that is Impurity 3. In one embodiment,
the ultrapure form of Compound A has a purity greater than about 99%, and further
comprises less than about 1% of an impurity that is Impurity 3. In one embodiment, the
ultrapure form of Compound A has a purity greater than about 99.5%, and further
comprises less than about 0.5% of an impurity that is Impurity 3. In one embodiment, the
ultrapure form of Compound A has a purnity of greater than about 99.9%, and further
comprises less than about 0.1% of an impurity that is Impurity 3. In one embodiment, the
ultrapure form of Compound A has a purity of about 99.9%, and further comprises less
than about 0.1% of an impurity that is Impurity 3.

102551 In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.5% of an impurity that is Impurity 3.
{6256} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.5% of an impurity that is Impurity 3.
in one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.5% of an impurity that 1s Impurity 3. In one
ernbodiment, the ultrapure form of Compound A has a purity greater than about 98%, and

further comprises less than about 0.5% of an impurity that is Impurity 3. In one
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embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.5% of an impurity that 13 Impunity 3. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.5% of an impurity that is Impurity 3. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.5%, and further
comprises less than about 0.5% of an impurity that is Impurity 3.1n one embodiment, the
ultrapure form of Compound A has a purity greater than about 95%, and further comprises
less than about 0.2% of an impurity that is Impurity 3.

{6257} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.2% of an impurity that is Impurity 3.
In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, aund further comprises less than about 0.2% of an tmapurity that is Impurity 3. In one
embodiment, the ultrapure torm of Compound A has a purity greater than about 98%, and
further comprises less than about 0.2% of an impurity that is Tropurity 3. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 02% of an impurity that i3 Impunity 3. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.2% of an impurity that is Impurity 3. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.8%,
and further comprises less than about 0.2% of an impurity that ts Impurity 3. In one
embodiment, the ultrapure form of Compound A bas a purity of about 99.8%, and further
comprises less than about 0.2% of an impurity that is Impurity 3.

{0258} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.15% of an impurity that is Impurity 3.
j825%] In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.15% of an impurity that is Impursity 3.
In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.15% of an impurity that ts Impurity 3. Inone
embodiment, the ultrapure form of Compound A has a purity greater than about 98%, and
further comprises less than about 0.15% of an irpurity that is Impusity 3. In one

embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
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further comprises less than about 0.15% of an impurity that is Impurity 3. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.15% of an impurity that is Impurity 3. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.85%,
and further comprises less than about 0.15% of an impurity that is fopurity 3. In one
embaodiment, the ultrapure form of Compound A has a purity of about 99.85%, and further
comprises leas than about 0.15% of an impurity that is Impurnity 3.

{8260} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 1% of an impurity that is Impurity 4.
{8261} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 1% of an impurity that is Impurity 4. In
one embodiment, the ulirapure form of Compound A has a purity greater than about 97%,
and further comprises less than about 1% of an impurity that is Impurity 4. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 98%, and
further comprises less than about 1%0f an impurity that is Impurity 4. In one embodiment,
the ultrapure form of Compound A has a purity greater than about 99%, and further
comprises less than about 1% of an impurity that is Impurity 4. In one embodiment, the
ultrapure form of Compound A has a purity greater than about 99.5%, and further
comprises less than about 0.5% of an impurity that is Impurity 4. In one embodiment, the
ultrapure form of Compound A has a purnity of greater than about 99.9%, and further
comprises less than about 0.1% of an impurity that is Impurity 4. In one embodiment, the
ultrapure form of Compound A has a pusity of about 99.9%, and further comprises less
than about 0.1% of an impurity that is Impurity 4.

102621 In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.5% of an impurity that is Impurity 4.
{6263} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.5% of an impurity that is Impurity 4.
in one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.5% of an impurity that 1s Impurity 4. In one
ernbodiment, the ultrapure form of Compound A has a purity greater than about 98%, and

further comprises less than about 0.5% of an impurity that is Impurity 4. In one
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embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 0.5% of an impurity that i3 Impunity 4. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.5% of an impurity that is Impurity 4. In one
embodiment, the ultrapure form of Compound A has a purity of about 99.5%, and further
comprises less than about 0.5% of an impurity that is Impurity 4. In one embodiment, the
ultrapure form of Compound A has a purity greater than about 95%, and further comprises
less than about 0.2% of an impurity that is Impurity 4.

{6264} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.2% of an impurity that is Impurity 4.
In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, aund further comprises less than about 0.2% of an tmapurity that is Impurity 4. In one
embodiment, the ultrapure torm of Compound A has a purity greater than about 98%, and
further comprises less than about 0.2% of an impurity that is Tropurity 4. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
further comprises less than about 02% of an impurity that i3 Impunity 4. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.2% of an impurity that is Impurity 4. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.8%,
and further comprises less than about 0.2% of an impurity that ts Impurity 4. In one
embodiment, the ultrapure form of Compound A bas a purity of about 99.8%, and further
comprises less than about 0.2% of an impurity that is Impurity 4.

{6265} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 0.15% of an impurity that is Impurity 4.
8266} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 0.15% of an impurity that is Impursity 4.
In one embodiment, the ultrapure form of Compound A has a purity greater than about
97%, and further comprises less than about 0.15% of an impurity that ts Impurity 4. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 98%, and
further comprises less than about 0.15% of an irpurity that is Impusity 4. In one

embodiment, the ultrapure form of Compound A has a purity greater than about 99%, and
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further comprises less than about 0.15% of an impurity that is Impurity 4. In one
embodiment, the ultrapure form of Compound A has a purity greater than about 99.5%,
and further comprises less than about 0.15% of an impurity that is Impurity 4. In one
embodiment, the ultrapure form of Compound A has a purity of greater than about 99.85%,
and further comprises less than about 0.15% of an impurity that is fopurity 4. In one
embaodiment, the ultrapure form of Compound A has a purity of about 99.85%, and further
comprises leas than about 0.15% of an impurity that is Impurity 4.

{6267} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 95%, and further comprises less than about 1%, 0.9%, 0.8%, 0.7%, 0.6%, or 0.5% in
total of at least two of the following impurities: Intermediate 2, Intermediate 3,
Intermediate 5, Impurity 1, Impurity 2, Impurity 3, and Impurity 4.

[6268] In one embodiment, the ultrapure form of Compound A has a purily greater than
about 95%, and further comprises less than about 1%, 0.9%, 0.8%, 0.7%, 0.6%, or 0.5%
of each of at feast two of the following impurities: Intermediaie 2, Intermediate 3,
Intermediate 5, Impurity 1, Impurity 2, Impurity 3, and Impurity 4.

j826%] In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 1%, 0.9%, 0.8%;, 0.7%, 0.6%, or 0.5% in
total of at least two of the following impurities: Intermediate 2, Intermediate 3,
Intermediate S, Impurity 1, Impurity 2, Impurity 3, and Impurity 4.

j8276] In one embodiment, the ultrapure form of Compound A has a purity greater than
about 96%, and further comprises less than about 1%, 0.9%, 0.8%, 0.7%, 0.6%, or 0.5%

~

of each of at least two of the following impurities: Intermediate 2, Intermediate 3,
Intermediate S, Impurity 1, hopurity 2, Impurity 3, and Impurity 4.

{02711 In one embodiment, the ultrapure form of Compound A has a purity greater than
about 97%, and further comprises less than about 1%, 0.9%, 0.8%, 0.7%, 0.6%, or 0.5% in
total of at feast two of the following impurities: Intermediate 2, Intermediate 3,
Intermediate S, Impurity 1, Impurity 2, Impurity 3, and Impurity 4.

{62721 In one embodiment, the ultrapure form of Compound A has a purity greater than
about 97%, and further comprises less than about 1%, 0.9%, 0.8%, 0.7%, 0.6%, or 0.5%
of each of at least two of the following impurities: Intermediate 2, Intermediate 3,

Intermediate 5, Impunity 1, Impurity 2, Impurity 3, and Impurity 4.
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{0273} I one embodiment, the ultrapure form of Compound A has a purity greater than
about 98%, and further comprises less than about 1%, 0.9%, 0.8%, 0.7%, 0.6%, or 0.5% in
total of at least two of the following impurities: Intermediate 2, Intermediate 3,
Intermediate 5, Impunity 1, Impurity 2, Impurity 3, and Impurity 4.

{8274} v one embodiment, the ultrapure form of Compound A has a purity greater thao
about 98%, and further comprises less than about 1%, 0.9%, 0.8%, 0.7%, 0.6%, or 0.5%
of each of at least two of the following 1mpurities:  Intermediate 2, Intermediate 3,
Intermediate 5, Impurity 1, Impurity 2, Impurity 3, and Impurity 4.

{6275} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 99%, and further comprises 1ess than about 1% in total of at least two of the following
impurities: Intermediate 2, Intermediate 3, Intermediate 5, Impurity 1, Impurity 2, Impurity
3, and Impurity 4.

{0276} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 99%, and further comprises less than about 1% of each of at least two of the following
impurities: Intermediate 2, Intermediate 3, Intermediate 3, Impurity 1, Impurity 2, Impurity
3, and Impurity 4.

{8277} In one embodiment, the ultrapure form of Compound A has a purity greater than
about 99 5%, and further comprises less than about 1%, 0.9%, 0.8%, 0.7%, 0.6%, or 0.5%
in total of at least two of the following impurities: Intermediate 2, Intermediate 3,
Intermnediate 5, Impurity 1, Impurity 2, Impurity 3, and Impurity 4.

{6278} In one embodiment, the ulirapure form of Compound A has a purily greater than
about 99.5%, and further comprises less than about 1%, 0.9%, 0.8%, 0.7%, 0.6%, or 0.5%
of each of at least two of the following impurities:  Intermediate 2, Intermediate 3,
Intermediate 5, Impurity 1, Impurity 2, Impurity 3, and Impurity 4.

162791 In one embodiment, the ultrapure form of Compound A has a purity of about 99.9%,
and further comprises less than about 1%, 0.9%, 0.8%, 0.7%, 0.6%, or ¢.5% in total of at
feast two of the following impurities:  Intermediate 2, Intermediate 3, Intermediate 5,
Impurity 1, Impurity 2, Impurity 3, and Impurity 4.

{02881 In one embodiment, the ultrapure form of Compound A has a purity of about 99.9%,

~
7
/

and further comprises less than about 1%, 0.9%, 0.8%, 0.7%, 0.6%, or 0.5% of each of at
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least two of the following impurities: Intermediate 2, Intermediate 3, Intermediate S5,
Impurity 1, Tropurity 2, Impurity 3, and Impurnity 4.

{6281} In one embodiment, the ultrapure forms of Compound A as described herein are
crystalline.

{8282} In one embodiment, the ultrapure forms of Compound A as described herein are

amorphous.

CRYSTALLINE FORMS OF COMPOUND A

{8283} In one aspect, this application pertains to a crystalline form of Compound A
wherein Compound A is an ethanolate (i.e, an ethanol solvate). The XRPD pattern
corresponding to this crystalline form is referred to as Form 4, and is provided in FIG. 3C.
{0284} The crystalline form of Compound A ethanolate, referred to as Form 4 and
characterized by the XRPD pattern in FIG. 3C, has a powder x-ray diffraction pattern
comprising at least one peak selected from the group consisting of 7.9° + 0.2 26, 9.7° +
0.2°26, 11.0°+0.2°26, 11.3° £ 0.2°26, 13.6°+ 0.2°26, 16.1°+ 0.2° 26, 17.2° + 0.2° 28,
1799 + §.2° 28 and 20.1° + 0.2° 28, wherein said powder x-ray diffraction patiern is
obtained using Cu Ko radiation at an x-ray wavelength of 1.5406 A.

{6285} In one embodiment, this crystalline form of Compound A ethanolate, i.e. Form 4,
has a powder x-ray diffraction pattern comprising peaks at 11.0° £ 0.2° 28, 16.1° £ 0.2°
28, and 17.9° + 02° 28 In one embodiment, this crystalline form of Compound A
ethanolate, i.e. Form 4, has a powder x-ray diffraction pattern further comprising a peak at
11.3°+£0.2° 28, In one embodiment, this crystalline form of Compound A ethanolate, 1 ¢,
Form 4, has a powder x-ray diffraction pattern further comprising a peak at 17.2° +0.2°
28. In one embodiment, this crystalline form of Compound A ethanolate, i e. Form 4, has
a powder x-ray diffraction pattern further comprising a peak at 7.9 + 0.2° 28. In one
embodiment, this crystalline form of Compound A ethanolate, i.e. Form 4, has a powder
x~ray diffraction pattern further comprising a peak at 20.17 £ 0.2° 20. In one embodiment,
this crystaline form of Compound A ethanolate, i.e. Form 4, has a powder x-ray diffraction
pattern further comprising a peak at 13.6° & 0.2° 26, In one embodiment, this crystalline
form of Compound A ethanolate, i.e. Form 4, has a powder x-ray diffraction pattern further

comprising a peak at 9.7° + 0.2° 26.
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{0286} In one embodiment, the crystalline form of Compound A ethanclate, i.e. Form 4,
has a powder x-ray diffraction pattern comprising peaks at 11.0°+02° 26, 113°+£02°
26, 16.1° + 0.2° 20, and 17.9° £ 0.2° 20. In one embodiment, the crystalline form of
Compound A ethanolate, 1.e. Form 4, has a powder x-ray diffraction pattern comprising
peaks at 11.0°402°28, 113°: 02926, 16.1°+02°28, 17.2°+02°28, and 17.9°+:02°
29. In one embodiment, the crystalline form of Compound A ethanclate, i.e. Form 4, has a
powder x-ray diffraction pattern comprising peaks at 7.9+ 02°28, , 11.0°+ 02728, 11.3°
+ (.2°28, 160.1° 4 0.2°28, 17.2° 4+ 0.2° 26, and 17.9° £ 0.2° 28, In one embodiment, the
crystalline form of Compound A ethanolate, 1.e. Form 4, has a powder x-ray diffraction
pattern comprising peaks at 7.9° £ 02°28, 11.0°+02°28, 11.3°£02° 28, 16,17 £ 0.2°
26,172°+02°28 17.9°+£02° 26 and 20.1° £ 0.2° 28. In one embodiment, the crystalline
form of Compound A ethanolate, te. Form 4, has a powder x-ray diffraction patiern
comprising peaks at 7.9° £ 0.2°26 11.0°£02°28, 11.3°+£0.2°28, 13.6°£0.2°28, 16.1°
+02°28,17.2°+0.2°26,17.9° £ 0.2° 208 and 20.1° £ 0.2° 20,

{02871 In one embodiment, the crystalline form of Compound A ethanolate, i.e. Form 4,
has a powder x-ray diffraction pattern comprising peaks at 7.9° + 0.2° 28, 9.7° £ 0.2° 28,
11.0°+ 02926, 11.3°4+0.2°26, 13.6°+: 02720, 10.1°£0.2°26, 172°+0.2°28, 17.9° %
0.2° 28 and 20.1°+0.2° 26.

{0288} In one aspect, this application pertains to a crystalline form of Compound A
characterized by the XRPD pattern in FIG. 3A, which is also referred to herein as Form 2.
{6289} The crystalline form of Compound A, referred to as Form 2 and characterized by
the XRPD pattern in FIG. 3A, has a powder x-ray diffraction pattern comprising at least
one peak selected from the group consisting of 3.2°+ 02726, 76+ 02726, 1157+ 02°
28, 17.6° £ 0.2° 20, 18.5% £ 0.2° 26, and 21.4° + 0.2° 26, wherein said powder x-ray
diffraction pattern is obtained using Cu Ko radiation at an x-ray wavelength of 1.5406 A
In one embodiment, this crystalline form of Compound A, i.e. Form 2, comprises peaks at
17.5°,7.6°, and 11.5° % $.2° 28, wherein said powder x-ray diffraction pattern is obtained
using Cu Ko radiation at an x-ray wavelength of 1.5406 A, In one embodiment, this
crystalline form of Compound A, i.e. Form 2, has a powder x-ray diffraction pattern further
comprising a peak at 18.5° + 0.2° 268. In one embodiment, this crystalline form of

Compound A, t.e. Form 2, has a powder x-ray diffraction pattern further comprising a peak
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at 21.4° £ 0.2° 28. In one embodiment, this crystalline form of Compound A, t.e. Form 2,
has a powder x-ray diffraction pattern further comprising a peak at 3.2° 4+ 0.2° 28, In one
embodiment, this crystalline form of Compound A, i.e. Form 2, comprises peaks at 7.6” &
0.2°26,11.5°+£02°268, 17.6°% 0.2° 28, and 18.5° £ 0.2° 26. In one embodiment, this

crystalline form of Compound A, i.e. Form 2, comprises peaks at 7.6% + 0.2° 28, 11.57 +
0.2° 26, 17.6°+0.2° 26, 18.5°+ 0.2° 26, and 21.4° + 0.2° 28. In one embodiment, this
crystalline form of Compound A, i.e. Forra 2, comprises peaks at 3.2° 4 0.2° 28, 7.6° +
0.29020,11.5°4£02°28,176°+02°26, 185°+02°28, and 21.4°+ 0.2° 26

{6290} In one embodiment, the crystalline form of Compound A referred to as Form 2 and
characterized by the XRPD pattern in FIG. 3A, serves as a convenient storage form for the
preparation of the amorphous and/or ultrapure amorphous forms of Compound A and
further used in the preparation of pharmaceutical compositions of the disclosure, including,

for example, tablets.

AMORPHOUS FORMS OF COMPOUND A AND THE MANUFACTURING PROCESS OF A SPRAY-
DrIED INTERMEDIATE COMPRISING AN AMORPHOUS FORM OF COMPOUND A

{6291} This application further provides an amorphous form of Compound A, or a salt or
solvate thereot.

162921 In one embodiment, the amorphous form of Compound A is ultrapure.

16293} In one embodiment, the amorphous form of Compound A is characterized by a
glass transition teroperature, Tg, of about 146°C at 25°C and 0% relative humidity.

{6294} In one embodiment, the amorphous form of Compound A is characterized by a
glass transition temperature, Tg, of about 103°C at 40°C and 75% relative humidity.
{02951 In one embodiment, the amorphous form of Compound A is characterized by a
Dv{10) particle size of about 0.1-10 pm.

{6296} In one embodiment, the amorphous form of Compound A is characterized by a
Dvy(10) particie size of about 0.5-8 pm.

{62971 In one embodiment, the amorphous form of Compound A is characterized by a
Dv{10) particle size of about 0.6-7 pm.

{6298} In one embodiment, the amorphous form of Compound A is characterized by a

Dv(10) particle size of about 0.7-6 pm.
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{62991 In one embodiment, the amorphous form of Compound A is

Dv{10) particle size of about 0.8-5 pm.

{6300} In one embodiment, the amorphous form of Compound A is
Dv{10) particle size of about 0.5, 1,2,3,4, 5,6, 7, or 8§ um.

{8361} In one embodiment, the amorphous form of Compound A is

D{10) particle size of about 4 pm.

{6382} In one embodiment, the amorphous form of Compound A is

D10} particle size of about 5 pm.

{6363} In one embodiment, the amorphous form of Compound A is

Dv{50) particle size of about 5-15 pm.

{6304} In one embodiment, the amorphous form of Compound A is

Dv(50) particle size of about 6-14 pm.

{0305} In one embodiment, the amorphous form of Compound A is

Dv{50) particle size of about 7-13 pm.

{03861 In one embodiment, the amorphous form of Compound A is

Dv(50) particie size of about §-12 pm.

{6367} In one embodiment, the amorphous form of Compound A is

Dv{50) particle size of about 9-11 pm.

{6308] In one embodiment, the amorphous form of Compound A is
Dv{(50) particle size of about 5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 pm.

{6389} In one embodiment, the amorphous form of Compound A is

Dv(50) particie size of about 9 pm.

{6316} In one embodiment, the amorphous form of Compound A is

Dv{50}) particie size of about 10 um.

{6311} In one embodiment, the amorphous form of Compound A is

Dv{50) particle size of about 11 ym.

{6312} In one embodiment, the amorphous form of Compound A is

Dv(90) particle size of about 5-25 pm.

{0313} In one embodiment, the amorphous form of Compound A is

Dv(90) particle size of about 6-24 pum.
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{0314} In one embodiment, the amorphous form of Compound A is characterized by a
Dv{90) particle size of about 7-23 pm.

{6315} In one embodiment, the amorphous form of Compound A is characterized by a
Dv(90) particle size of about 8-22 pm.

{8316} In one embodiment, the amorphous form of Compound A is characterized by a
Dv{90}) particie size of about 9-21 pm.

{6317} In one embodiment, the amorphous form of Compound A 18 characterized by a
D90} patticie size of about 10-20 pm.

{6318} In one embodiment, the amorphous form of Compound A is characterized by a
Dv{90) particle size of about 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23
B,

{8319} In one embodiment, the amorphous form of Compound A is characterized by a
Dv(90) particie size of about 18 ym.

{8320} In one embodiment, the amorphous form of Compound A is characterized by a
Dy{90) particle size of about 19 um.

j6321} In one embodiment, the amorphous form of Compound A is characterized by a
D90} patticie size of about 20 pm.

{6322} In some embodiments, the particle size of the amorphous form of Compound A is
determined by laser diffraction.

{6323} In one embodiment, the amorphous form of Compound A has a purity of greater
than about 95%, 96%, 97%, 98%, 99%, 99.5, or 99.9%.

{6324} In one embodiment, the amorphous form of Compound A is characterized in that
the amorphous form is stable for at least T wmonth at 2-8°C; for 1 month at 25°C and 60%
relative humidity; and for 1 month at 40°C and 75% relative humidity. In one embodiment,
the amorphous form of Compound A is characterized in that the amorphous form is stable
for at least & months at 2-8°C; for 6 months at 25°C and 60% relative humidity; and for 6
months at 40°C and 75% relative humidity. In one embodiment, the amorphous form of
Compound A is characterized in that the amorphous form is stable for at least 12 months
at 2-8°C; for 12 months at 25°C and 60% relative humidity; and for 12 months at 40°C and
75% relative humidity. In one embodiment, the amaorphous form of Compound A i3

characterized in that the amorphous form is stable for at least 24 months at 2-8°C; for 24
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months at 25°C and 60% relative humidity; and for 24 months at 40°C and 75% relative
hunudity. In one embodiment, the stability of Compound A is assessed by storing it in
wire-tied low-density polvethylens bags placed in heat-induction sealed, high-density
polyethylene (HDPE) bottles containing a desiccant canister, and capped with a
polypropylene-lined closure.

{0325 This application also pertains to a method for manufacturing the amorphous form
of Compound A, or a salt or solvate thereof. In one embodiment, the amorphous form of
Compound A prepared according to the methods described herein is ultrapure.

{6326} In one embodiment, the amorphous form of Compound A is manufactured by
taking an amount of Compound A, including any of the crystaliine forms of Compound A,
ultrapure forms of Compound A, and crystalline ultrapure forms of Compound A described
herein, and dissolving in an appropriate solvent until a clear solution is obtained. This
solution of Compound A is introduced inte a spray dryer and the damp solid cutput from
the spray dryer is tray-dried to produce the amorphous solid form of Compound A, e,
“the spray-dried intermediate.” The spray-dried intermediate is checked for residual
solvent before using in the preparation of pharmaceutical compositions comprising
Compound A {e.g., tablets).

{0327} In one embodiment, the manufacturing process of an amorphous form of
Compound A may be accomplished according to the flow diagram in FIG. 14,

{6328} In one embodiment, the amorphous form of Compound A prepared as described
above is useful in the preparation of pharmaceutical compositions, e.g, tablets, comprising
Compound A

{83291 In one embodiment, for the process of preparing the amorphous form of Compound
A described herein, Compound A is dissolved in methanol, ethanol, isopropano!, 1-butanod,
2-butanol, acetone, tert-butyl methyl ether, diethyl ether, ethyl acetate, chloroform,
dichloromethane, 2,2-dichlorethane, or any mixture thereof.

{8330} In one embodiment, for the process of preparing the amorphous form of Compound
A described herein, Compound A is dissolved in a mixture of dichloromethane and
methanol. In one embodiment, the mixture of dichioromethane and methanol is about 99/1
{wiw), sbout 95/5 (w/w). about 90/10 {(w/w), about 85/15 {w/w}, about 80/20 {(w/w), about

T0/30 (w/w), about 60/40 (w/w}, about 50/50 (w/w), about 40/60 {w/w), about 30/70 (w/w},
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about 20/80 (w/w), about 10/90 (wiw), or about 1/99 {(w/w). I a preferred embodiment,
the mixture of dichloromethane and methanol 1s from about 70/30 (w/w) to about 95/5
{w/w), preferably about 90/10 {w/w), and most preferably about 93/7 {w/w).

{6331} In one embodiment, for the process of preparing the amorphous form of Compound
A described herein, the concentration of Compound A in solvent o be introduced into the
spray drier is from about 1 mg/mL to about 100 mg/ml..

{6332} In one erbodiment, for the process of preparing the amorphous form of Compound
A described herein, the concentration of Compound A in solvent to be introduced into the
spray drier is from about 1 mg/mL to about 50 mg/mL. In one emnbodiment, for the process
of preparing the amorphous form of Compound A described herein, the concentration of
Compound A in solvent to be introduced into the spray drier is from about | mg/mL to
about 25 mg/mL. In one embodiment, for the process of preparing the amorphous form of
Compound A described herein, the concentration of Compound A in solvent to be
introduced into the spray drier is from about 1 mg/ml to about 10 mg/ml. v one
embodiment, for the process of preparing the amorphous form of Compound A described
herein, the concentration of Compound A in solvent to be introduced into the spray drier
is from about 1 mg/mL to about 5 mg/mL. In one embodiment, for the process of preparing
the amorphous form of Compound A described herein, the concentration of Compound A
in solvent to be introduced into the spray drier is from about 2 mg/mL to about S mg/ml..
In one embodiment, for the process of preparing the amorphous formm of Compound A
described herein, the concentration of Compound A in solvent to be introduced into the
spray drier is from about 2 mg/mL to about 4 mg/mb. In one embodiment, for the process
of preparing the arorphous form of Compound A described herein, the concentration of
Compound A in solvent to be introduced into the spray drier is from about 2 mg/mL to
about 3 mg/l.

{6333} In one embodiment, for the process of preparing the amorphous form of Compound
A described herein, the concentration of Compound A in solvent to be introduced into the
spray drier is about 5 mg/mL, about 10 mg/mL, about 15 mg/ml, about 20 mg/mL, about
25 mg/ml, about 30 mg/mL, about 35 mg/mL, about 40 mg/mL, about 45 mg/mL, about

50 mg/ml, about 55 mg/mL, about 60 mg/mL, about 65 mg/mL, about 70 mg/ml, about
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75 mgfmL, about 80 mg/mL, about 85 mg/ml., about 90 mg/ml., about 95 mg/mL, or about
100 mg/mL.

{6334} In one embodiment, for the process of preparing the amorphous form of
Compound A described herein, the amount of Compound A in solvent that is introduced
into the spray drier is about 1 % (w/w), about 2 % (w/w), about 3 % (w/w), about 4 %
{(wiw}, about 5 % (w/w), about 6 % {w/w), about 7 % (w/w), about 8 % {(w/w), about 9 %
{w/w}, about 10 % {w/w}, about 11 %o {(w/w), about 12 % (w/w), about 13 % {w/w}, about
14 % (w/w), or about 15 % (w/w}. In one embodiment, for the process of preparing the
amorphous form of Compound A described herein, the amount of Compound A in solvent
that 1s introduced into the spray drier is between about 1 and about 10 % (w/w), between

P
/

about 3 and about 8 % {(w/w), between about 5 and about 7 % {(w/w), between about 5.5
and about 6.8 % {w/w), or preferably between about 5.8 and about 6.2 % (w/w).
{0335} In one embodiment, the process for manufacturing the amorphous form of
Compound A comprises the following steps:

(1) dissolving crystalline and/or ultrapure Compound A in a soclution of
dichioromethane:methanol to afford a solution of Compound A;

(2) intreducing the solution of Compound A from step (1) into a spray dryer;

(3) spraying the solution of Compound A from the spray dryer to create the
amorphous form of Compound A; and

{4) drying the amorphous form of Compound A to remove residual solvent.
{8336} In one embodiment, step (1) of the process for manufacturing the amorphous form
of Compound A comprises dissclving Compound A in a solution of dichloromethane and
methanol of about 95:5 {w/w) to about 80:20 {w/w).
{03371 In one embodiment, step (1) of the process tor manufacturing the amorphous form
of Compound A comprises dissolving Compound A in an S$G:20 (w/w) mixture of
dichloromethane and methanol. In one embodiment, step (1) of the process for
manufacturing the amorphous form of Compound A comprises dissolving Compound A in
a 90:10 {w/w) mixture of dichloromethane and methanol. In one embodiment, step (1) of
the process for manufacturing the amorphous form of Compound A comprises dissolving
Compound A in a 93:7 {(w/w) mixture of dichloromethane and methanol. In one

embodiment, step {1} of the process for manufacturing the amorphous form of Compound
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A comprises dissolving Compound A in a 955 (w/w) mixture of dichloromethane and
methanol.

{6338} In one embodiment, the temperature of the solution in step (1} is about 20 °C to
about 40 °C prior to introducing the solution into the spray diver. In one embodiment, the
temperature of the solution iu step (1) is about 25 °C to about 35 °C prior to introducing
the solution into the spray dryer. In one embodiment, the temperature of the solution in
step (1) is about 27.5 °C to about 32.5 °C prior to introducing the solution into the spray
dryer. ln one embodiment, the temperature of the sclution in step (1) is about 30 °C prior
to introducing the solution into the spray dryer.

{8339} The spray dryer used in the process for manufacturing the amorphous form of
Compound A may be set at an appropriate temperature, gas flow rate, feed rated pressure
as determined by oune skilled in the art in view of this disclosure.

{0340} In one embodiment, the spray dryer used in the process for manufacturing the
amorphous form of Compound A has an SK80-16 nozzle and is employed using the

following conditions:

Dryer Inlet Temperature: 65-125°C;

Dryer Gutlet Temperature: 32.5-42.5°C;
Svstem Gas Flow: 15350-2150 g/min;
Liguid Feed Rate: 145-205 g/min; and
Liguid Feed Pressure: 300-600 psig.

{6341} In one embodiment, the spray drver used in the process for manufacturing the
amorphous form of Compound A has an SK80-16 nozzle and is employed using the
following conditions:

Dryer Inlet Temperature: about 95°C;

Dryer Outlet Temperature:  about 37.5 °C;

Nystem (as Flow: about 1850 g/min,
Liquid Feed Rate: about 180 g/min; and
Liguid Feed Pressure: about 450 psig.

103421 In one embodiment, the spray dryer used in the process for mamufacturing the
armvorphous form of Compound A has an Schlick Model 121 nozzle and is employed using

the following conditions:
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Diryer Inlet Temperature: 46-96°C;

Dryer Outlet Temperature: 30-40°C;

System Gas Flow: 60-100 kg'h;
Condenser Temperature: -10-0 °C

Liguid Feed Rate: 3.5-8.5 kg/h: and
Liquid Feed Pressure: about 50 bar.

{6343} In one embodiment, the spray dryer used iu the process for manufacturing the
amorphous form of Compound A has an Schlick Model 121 nozzle and is employed using
the following conditions:

Diryer Inlet Temperature: about 71°C;

Dryer Outlet Temperature:  about 35 °C;

System Gas Flow: about 80 kg/h;
Condenser Temperature: about -5 °C

Liguid Feed Rate: about 6.0 kg/h; and
Liguid Feed Pressure: about 50 bar.

{0344} In one non-limiting embodiment, the amorphous form of Compound A is dried in
step (4) by tray drving. In one embodiment, the amorphous form of Compound A is dried
in step {4) by filter drying. In one embodiment, the amorphous form of Compound A s
dried in step (4) by tumble drying. In one embodiment, the amorphous form of Compound
A is dried in step (4) by agitated conical drying. In one embodiment, the amorphous form
of Compound A is dried in step {(4) by fluid bed drving.

{6345} In one non-limiting embodiment, the amorphous form of Compound A is tray-dried
in step (4} to remove any residual solvent from the spray drying process.

183461 In one embodiment, the depth of the tray is about 2.5 ¢m.

{8347} In one embodiment, the tray containing the amorphous Compound A is dried in
step {4y foratotal of 1,2, 3,4, 5,6,7, 8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 30, 36, or 48 hours etther under reduced or at ambient pressure. In one
embodiment, the tray containing the amorphous Compound A is dried for about 1 to about
24 hours. In one embodiment, the tray containing the amorphous Compound A is dried for

about 1 to about 10 hours. In one embodiment, the tray containing the amorphous
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Compound A is dried for about 5 to about 10 hours. In one embodiment, the tray containing
the amorphous Compound A is dried for about 5 to about 7 hours.

{6348} In one embodiment, the temperature during the tray drying procedure in step (4) is
ramped from about 20°C up to about 30°C, up to about 40°C, up to about 50°C, up to about
60°C, up to about 70°C, or higher.

{03491 In one embodiment, the relative humidity during the tray drying procedure in step
(4} 13 ramoped up from about 15% relative hunudity (RH) to about 20% RH, to about 25%
RH, 0 about 30% RH, to about 35% RH, 1o about 40% RH, to about 45% RH, to about
50% BH, or higher.

{8356} In one embodiment, the tray~drying procedure in step {4) involves 0o ramping of
either the ternperature or the relative humidity, 1.e, the temperature and relative humidity
are held coustant,

{0351} In one embodiment, the tray-drying procedure in step (4) involves heating the
product of step (3} in a bed depth of about 2.5 cm at about 40°C 1o about 60°C for about 6
hours to about 18 hours at from about 5% RH to about 35% RH, under reduced or ambient
pressure, where the temperature and relative humidity are both held constant.

{8352} In one non-limiting embodiment, the amorphous form of Compound A is filter-
dried to remove any residual solvent from the spray drying process.

{8353} In one embodiment, the amorphous form of Compound A is filter-dried for a total
of 1,2,3,4.5,6,7,8 0, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22. 23, 24, 30, 36,
or 48 hours under vacuum. In one embodiment, the amorphous form of Compound A is
filter-dried for a total of from about 1 to about 50 hours. In one embodiment, the amorphous
form of Compound A is filter~dried for a total of from about 12 to about 30 hours. In one
embodiment, the amorphous form of Compound A is filter-dried for a total of from about
12 to about 36 hours. In one embodiment, the amorphous form of Compound A is filter-
dried for a total of from about 20 to about 30 hours.

{0354} In one embodiment, the pressure during the filter drying procedure is below
ambient pressure. In one embodiment, the pressure during the filter drving procedure is
about 0.1 bar, about 0.2 bar, about 0.3 bar, about 0.4 bar, about 0.5 bar, about 0.6 bar, about
0.7 baz, about 0.8 bar, or about $.9 bar. In one embodiment, the pressure during the filter

drying procedure is about 0.9 bar below ambient pressure.
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{8355] In one embodiment, the temperature during the filter drying procedure is ramped
from about 20°C up to about 30°C, up to about 40°C, up to about SO°C, up to about 60°C,

up to about 70°C, or higher.

MANUFACTURING PROCESS OF TABLET COMPRISING THE SPRAY-DRIED INTERMEDIATE
(E.E., THE ULTRAPURE AND STABLE AMORPHOUS FORM OF COMPOUND A)

{83586} In one aspect, this application provides tablets comprising Compound A, and
processes for manufacturing the same.

{6357} In certain embodiment, the tablets of the disclosure comprise the amorphous form
of Compound A, i.e., the spray-dried form disclosed herein. In one embodiment, the tablets
of the disclosure comprise the amorphous form of Compound A that is also ultrapure. In
one embodiment, the tablets contatn about 2.5% to about 50% {w/w} of Compound A.
{0358} Tablets of the disclosure may further comprise one or more pharmaceutically
acceptable excipients, including, for example, cartiers, fillers, surfactants, diluents,
sweeteners, disintegrants, binders, lubricants, glidants, colorants, flavors, stabilizing
agents, coatings, or any mixtures thereof.

{6359} Fillers include, but are not limited to, mannitol, sorbitol, xylitol, microcrystaltine
cellulose, lactose, silicified microcrystaliine cellulose, hydroxypropyt methylcellulose,
hydroxypropyl cellulose, pullulan and fast dissolving carbohydrates such as
Pharmaburst™, mixtures thereof, and the like.  For examples of fast-dissolving
carbohydrates, see UK. Patent No. 8,617,588, which is incorporated herein by reference.
{0360} Glidants include, but are not limited to, silicon dioxide, colloidal silicon dioxide,
calcium silicate, magnesiom silicate, magnesiuro trisilicate, tale, starch, mixtures thereof,
and the like.

{6361} Lubricants include, but are not Himited to, calcium stearate, glveeryl monostearate,
glyceryl behenate, glyceryl palmitostearate, hexagonal boron nitride, hyvdrogenated
vegetable oil, light mineral oil, magnesium stearate, mineral oil, polyethvlene glycol,
poloxamer, sodium benzoate, sodium laury! sulfate, sodium steary] fumarate, siearic acid,
tale, zinc stearate, mixtures thereof, and the like.

{8362} Disintegrants include, but are not Hmited to, sodium starch glycolate, sodium

carboxymethy! cellulose, calcium carboxymethyl cellulose, croscarmellose sodium,
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crospovidone, chitosan, agar, alginic acid, calcium alginate, methyl cellulose,
microcrystaliine cellulose, powdered cellulose, lower alkylsubstituted hydroxypropyl
cellulose, hydroxylpropyl starch, low-substituted hydroxypropylcellulose, polacrilin
potassium, starch, pregelatinized starch, sodium alginate, magnesium aluminum silicate,
polacrilin potassium, povidone, sodium starch glycolate, mixtures thereof, and the like.
{0363§ In one embodiment, the tablets contain about 5% to about 95% w/w of one or more
fillers, such as, e.g., about 75% to about 95% wiw, about 65% to about 85% w/w, about
55% to about 75% wiw, about 45% t0 about 65% w/w, about 35% to about 55% w/w, about
25% to about 45% w/w, about 15% to about 35% w/'w, or about 5% to about 25% w/w of
one of more fillers.

j6364] In one embodiment, the tablets contain about 80% w/w of one or more fillers.
{8365} In one embodiment, the tablets contatn about 1% to about 20% w/w disintegrant,
such as, e.g., about 1% to about 15% w/w, about 1% to about 10% w/w, about 2% to about
9% wiw, about 3% to about 8% w/w, about 4% to about 7% wiw, or about 5% to about 7%
w/w disintegrant.

{8366} In one embodiment, the tablets contain about 0.20% to about 2.5% w/w lubricant,
such as, e.g., about 0.2% to about 2.0% w/w, about 0.2% to about 1.8% w/w, about 0.2%
to about 1.5% w/w, or about 0.25% to about 1.5% w/w lubricant.

183671 In some embodiments, the tablets contain 0% to about 1% w/w glidant, such as,
e.g., about 0.25% to about 0.75% wiw, or about 0.25% to about 0.50% w/w glidant.
{8368} In one aspect, this application pertains to a process for manufacturing a tablet
comprising Compound A.

{83691 In one embodiment, the process for manufacturing a tablet comprising Compound
A comprises dry granulation. Dry granulation is a well-known pharmaceutical
manufacturing process. In general, AP is combined with appropriate excipients, including
tubricant, and then compacied to form a mass. This mass typically is then comminuted or
milled, then sieved to obtain the desired size of particle. Extragranular excipients are then
added and mixed in, and the granular product is then compressed into tablets, filled into
capsules or otherwise formed into a unitary dosage form in conventional fashion. In some

erobodiments, high dosage tablets comprising Compound A are produced by this process.
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in other embodiments, the granular product comprising high dosage Compound A is filled
into capsules or otherwise formed into a unitary dosage form.

{6370} In one embodiment, the process for manufacturing a tablet comprising Compound
A comprises wet granulation. Wet granulation involves the formation of granules by the
addition of a granulation liquid onto a powder bed of the API, which may be under the
influence of an impeller, one or more screws, and/or air flow. After formation of the
granules, the granulation liquid is removed by drying.

{6371} In one embodiment, the process for manufacturing a tablet comprising Compound
A comprises direct compression. In essence, direct compression bypasses the formation of
a granule and involves the blending of an APl with one or more pharmaceutically
acceptable carriers, dituents, and/or other excipients, followed by compression.

{6372} Compaction iuto 4 mass is accomplished using conventional equipment. Typically,
the blended API and excipients are passed through a roller compactor or a Chilsonator®
dry granulation roller/compactor apparatus for compaction. However, other means for
compacting, €.g., compaction into slugs {or “slugging”), the APVexcipient blend optionally
are used. The compacted mass in turn is comminuted or milled, and then optionally sieved
to produce the desired size granules.

{0373} A dry granulated composition comprising Compound A is defined as the product
of a dry granulation process. Dry granulated compositions include the direct product of
dry granulation, 1., dry granules per se, as well as products made from such granules
including tablets, capsules, suppositories and other pharmaceutical dosage forms.

{6374} In one aspect, this application pertains to a tablet comprising one or more
pharmaceutically acceptable excipients and Compound A, inchuding ultrapure forms of
Compound A as described herein.

{6375] In one embodiment, the tablet comprises from about 5 to about 1000 mg of
Compound A. In one embodiment, the tablet comprises from about 5 to about 500 mg of
Compound A, In one embodiment, the tablet comprises from about S to about 250 mg of
Compound A. In one embodiment, the tablet comprises from about 25 to about 250 mg of
Compound A. In one embodiment, the tablet comprises from about 25 to about 200 mg of
Compound A. o one embodiment, the tablet comprises from about 25 to about 150 mg of

Compound A, In one embodiment, the tablet comprises from about 5 to about 50 mg of

-
W2



WO 2021/231174 PCT/US2021/031091

Compound A. In one embodiment, the tablet comprises from about 306 to about 40 mg of
Compound A. In one embodiment, the tablet comprises from about 65 to about 70 mg of
Compound A. In one embodiment, the tablet comprises from about 100 to about 110 mg
of Compound A. In one embodiment, the tablet comprises from about 135 to about 145

mg of Compound A.

w4

{03761 In one embodiment, the tablet comprises about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55,60, 65, 70, 75, 80, 8S, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, 150,
155, 160, 165, 170, 175, 180, 185, 190, 193, 200, 205, 210, 215, 220, 225, 230, 235, 240,
245, 250, 255, 260, 265, 270, 275, 280, 285, 290, 295, 300, 305, 310, 315, 320, 325, 330,
335, 340, 345, 350, 355, 360, 365, 370, 375, 380, 385, 390, 395, 400, 405, 410, 415, 420,
425, 430, 435, 440, 445, 450, 455, 4060, 4685, 470, 475, 480, 485, 490, 495, or S00 mg of

€

Compound A.

{6377} In one embodiment, the tablet comprises about 5 mg of Compound A.

{8378} In one embodiment, the tablet comprises about 35 mg of Compound A

{0379% In one embodiment, the tablet comprises about 70 mg of Compound A.

{6386} In one embodiment, the tablet comprises about 105 mg of Compound A,

{6381} In one embodiment, the tablet comprises about 140 mg of Compound A.

{8382} In one embodiment, the tablet comprises about 175 mg of Compound A

{6383] In one embodiment, the tablet comprises about 200 mg of Compound A,

{6384} In one embodiment, the tablet comprises about 210 mg of Compound A,

{6385} In one embodiment, the tablet comprises about 245 mg of Compound A.

{6386} In one embodiment, the tablet comprises about 280 mg of Compound A.

{63871 In one embodiment, the tablet comprises about 315 mg of Compound A

{0388] In one embodiment, the tablet comprises about 350 mg of Compound A

{6389} In one embodiment, a tablet of the disclosure comprises about 0.1,0.2,0.3,0.4, 0.5,
06,07,080910,1.1,12,13,14,15 16,17 1819,20,21,22,23,24,25, 26,
27.2829,30,3.1,.32.33,34,3.53.6,37.38,39,4.0,4.1.42, 43,44, 45 4647,
48,49,50,5560,65,7.0,7.5 80,85 90,95, 100, 10.5,11.0,11.5,12.0, 12.5, 13.0,
0,145,150, 15.5, 160, 165, 17.0, 17.5, 18.0, 18.5, 19.0, 19.5, 20.0, 20.5, 21.0,
22.5,723.0,23.5,24.0, 245, 25.0, 25,5, 26.0, 26.5, 27.0, 27 5, 28.0, 28.5, 29.0,
3

>

31.0,31.5,32.0,32.5,33.0,33.5, 34.0, 34.5, 35.0, 35.5, 36.0, 36.5, 37.0,
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37.5,38.0, 385,390,395, 40.0,405,41.0,41.5,42.0, 425, 43.0,43.5,44.0, 445,450,
455,460, 46.5,47.0, 475, 48.0, 485,490, 495, or 50.0 % w/w of Compound A.

{63990} Inone emb@dimem, a tablet of the disclosure comprises about 6.1,0.2,0.3,0.4, 0.5,
0.6,07,080910,11,12,13,1.4,15 16, 1.7.1.8,1.9,2.0,2.1,2.2,2.3,24,25,2.6,
27.28,29,30,3.1,32,33,34,35,36,37.38,39,40,41,42 43,44,45 46,47,
4849 50,55 60,65,7.0,7.5 80,85 90,95, 100,105, 11.0,11.5,12.0, 12.5, 13.0,
135, 14.0, 14.5, 15.0, 155,160, 165, 17.0, 17.5, 18.0, 185, 190, 195,200, 20.5, 21 .0,
21.5,22.0,22.5,23.0,23.5, 240,245, 25.0,255,26.0,26.5, 270,275,280, 28.5, 20.0,
29.5,30.0,30.5,31.0,31.5, 32.0, 32.5, 33.0, 33.5, 34.0, 34.5, 35.0, 35.5, 36.0, 36.5, 37.0,
37.5,38.0,385,39.0,39.5,40.0,40.5,41.0,41.5,42.0,42.5,43.0,43.5,44.0, 445,450,

J

A

45.5,46.0, 46.5, 47.0, 47.5, 48.0, 48.5, 49.0, 495, or 50.0 % w/w of an ultrapure form of
Compound A.

{6391} In one embodiment, a tablet of the disclosure comprises about 1 % to about 5 %
wiw of Compound A, about 2.5 % to about 7.5 % w/w of Compound A, about 10 % to
about 15 % w/w of Compound A, about 12.5 % to about 17.5 % w/w of Compound A,
about 15 % to about 20 % w/w of Compound A, about 17.5 % to about 22.5 % w/w of
Compound A, about 20 % to about 25 % w/w of Compound A, about 22.5 % to about 27.5
% wiw of Compound A, about 25 % to about 30 % wiw of Compound A, about 27.5 % to
about 32.5 % wiw of Compound A, or about 30 % to about 35 % w/iw of Compound A.

In one embodiment, a tablet of the disclosure comprises about 1 % to about 5 Y% wiw of
an ultrapure form of Compound A, about 2.5 % to about 7.5 % w/w of an ulirapure form
of Compound A, about 10 % to about 15 % w/w of an ultrapure form of Compound A,
about 12.5 % to about 17.5 % w/w of an ultrapure form of Compound A, about 15 % to
about 20 % w/w of an ultrapure form of Compound A, about 17.5 % to about 22.5 % w/w
of an ultrapure form of Compound A, about 20 % to about 25 % w/w of an ultrapure
form of Compound A, about 22.5 % to about 27.5 % w/w of an ultrapure form of
Compound A, about 25 % to about 30 % w/w of an ultrapure form of Compound A,
about 27.5 % to about 32.5 % w/w of an ultrapure form of Compound A, or about 30 %
to about 35 % w/w of an ultrapure form of Compound A.

{8392} In one embodiment, a tablet of the disclosure comprises:

about 2.5 % to about 7.5 % w/w of Compound A;

Y
L%



WO 2021/231174 PCT/US2021/031091

about 42 % to about 47 % w/w microcrystalline cellulose;
about 42 % to about 47 % w/w lactose monohydrate;
about 1 % to about 5 % w/w croscarmellose sodium;
about 0.1 % to about 1.0 % w/w silicon dioxide; and
about 0.1 % to about 1.0 % w/w magnesium stearate,
{03931 In one embodiment, a tablet of the disclosure comprises:
about 5 % w/w of Compound A;
about 45.5 % w/w microcrystalline cellulose;
about 45.5 % w/w lactose monohydrate;
about 3 % w/w croscarmellose sodium;
about 0.5 % w/w silicon dioxide; and
about 0.5 % w/w magnesium stearate.
{0394} In one embodiment, a tablet of the disclosure comprises:
about 10 % w/w of Compound A;
about 57 3 % w/w microcrystalline cellulose;
about 28 7 % w/w lactose monchydrate;
about 3 % w/w croscarmellose sodium;
about 0.5 % w/w silicon dioxide; and
about 0.5 % w/w magnesium stearate.
16395} In one embodiment, a tablet of the disclosure comprises:
about 20 % w/w of Compound A,
about 50.7 % w/w microcrystalline cellulose;
about 25.3 % w/w lactose monohydrate;
about 3 % w/w croscarmellose sodium;
about 0.5 % w/w silicon dioxide; and
about 0.5 % w/w magnesium stearate.
{8396} In one embodiment, a tablet of the disclosure comprises:
about 40 % w/w of Compound A,
about 37 3 % w/w microcrystalline cellulose;
about 18 7 % wiw lactose monchydrate;

i

about 3 % w/w croscarmeliose sodium;
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about 0.5 % w/w silicon dioxide; and
about 0.5 % w/w magnesium stearate,

{6397} In one embodiment, a tablet of the disclosure comprises:
about 2.5 % to about 7.5 % w/w of an ultrapure form of Compound A;
about 42 % to about 47 Y% w/w microcrystalline cellulose;
about 42 % to about 47 % w/w lactose monohydrate;
about 1 % to about 5 % w/w croscarmellose sodium;
about 0.1 % to about 1.0 % w/w silicon dioxide; and
about 0.1 % to about 1.0 % w/w magnesium stearate.

{8398} In one embodiment, a tablet of the disclosure comprises:
about 5 % w/w of an ultrapure form of Compound A;
about 45.5 % w/w microcrystalline cellulose;
about 45.5 % wiw lactose monohydrate;
about 3 % w/w croscarmellose sodium;
about 0.5 % w/w silicon dioxide; and
about 0.5 % w/w magnesium stearate.

{6399} In one embodiment, a tablet of the disclosure comprises:
about 10 % w/w of an ultrapure form of Compound A;
about 57.3 % w/w microcrystalline cellulose;
about 28.7 % w/w lactose monchydrate;
about 3 % w/w croscarmellose sodium;
about 0.5 % w/w silicon dioxide; and
about 0.5 % w/w magnesium stearate,

{84001 In one embodiment, a tablet of the disclosure comprises:
about 20 Yo w/w of an ultrapure form of Compound A;
about 50.7 % w/w microcrystalline cellulose;
about 25.3 % w/w lactose monohydrate;
about 3 % w/w croscarmellose sodium;
about 0.5 % w/w silicon dioxide; and
about 0.5 % w/w magnesium stearate.

{6401} In one embodiment, a tablet of the disclosure comprises:

-~
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about 40 % w/w of an ultrapure form of Compound A;
about 37 3 % w/w microcrystalline cellulose;
about 18.7 % w/w lactose monchydrate;
about 3 % w/w croscarmeliose sodium;
about 0.5 % wiw silicon dioxide; and
about 0.5 % w/w magnesium stearate.
{6482} In some embodiments, a tablet of the disclosure comprises an intra~granular portion
and an extra-granulas portion. In some embodiments, the intra-granular portion comprises:
about 10 to about 40% w/w of Compound A;
about 35 to about 60% w/w microcrystaliine celluiose;
about 15 to about 30% w/w lactose monohydrate;
about 1 to about 10% w/w croscarmellose sodium;
0 to about 1 % w/w silicon dioxide; and
0 to about 0.5% w/w magnesium stearate.
18403} In some embodiments, the intra-granular portion comprises:
about 10 to about 40% w/w of an ultrapure form of Compound A;
about 35 to about 60% w/w microcrystalline cellulose;
about 15 to about 30% w/w lactose monohydrate;
about 1 io about 10% w/w croscarmeliose sodium;
0 to about 1 % wiw silicon dioxide; and
0 to about 0.5% w/w magnesium stearate.
{6404} In some embodiments, the extra-granular portion comprises:
about 1 o about 5% w/w croscarmellose sodium;
0 to about 1 % w/w magnesium stearate; and
0 to about 2 Yo w/w silicon dioxide.
{6405} In one embodiment, the tablet of the disclosure comprises an intra-granular portion
and an extra-granular portion, wherein the intra-granular poriion comprises:
about 10 to about 40% w/w of Compound A,
about 35 to about 60% w/w microcrystalline cellulose;
about 15 to about 30% w/w lactose monohydrate;

about 1 to about 10% w/w croscarmellose sodium;
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0 to about 1 % wiw silicon dioxide; and
0 to about 0.5% w/w magnesium stearate;

and wherein the extra-granular portion comprises:

about 1 to about 5% wi/w croscarmellose sodium;
0 to about 1 % w/w magnesium stearate; and
0 to about 2 % wiw silicon dioxide.
184061 In one embodiment, the tablet of the disclosure comprises an intra-granular portion
and an extra-granular portion, wherein the intra-granular portion comprises:
about 10 to about 40% w/w of an ultrapure form of Compound A;
about 35 to about 60% w/w microcrystaliine celluiose;
about 15 to about 30% w/w lactose monohydrate;
about 1 to about 10% w/w croscarmeliose sodium;
0 to about 1 % w/w silicon dioxide; and
0 to about 0.5% w/w magnesium stearate;

and wherein the extra~granular portion comprises:

about 1 io about 5% w/w croscarmellose sodium;
0 to about 1 % w/w magnesium stearate; and
0 to about 2 % w/w silicon dioxide.
{8407} In one embodiment, the tablet of the disclosure comprises an intra-granular portion
and an extra~-granular portion, wherein the intra-granular portion comprises:
About 20% w/w of Compound A,
About 48.7% w/w roicrocrystalline cellulose;
About 24.3% w/w lactose monohydrate;
About 3% w/w croscarmeliose sodium;
About 0.5 % wi/w silicon dioxide; and
About 0.25% w/w magnesium stearate;
and wherein the extra-granular portion comprises:
About 2% w/w croscarmellose sodium;
About 0.5% w/w magnesium stearate; and

About 0.25 %% w/w silicon dioxide.
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{8408] In one embodiment, the tablet of the disclosure comprises an intra-granular portion
and an extra-granular portion, wherein the intra-granular portion comprises:

About 20% w/w of an ulirapure form of Compound A;

About 48 7% w/w microcrystalline cellulose;

About 24 3% w/w lactose monochydrate;

About 3% w/w croscarmellose sodium,;

About 0.5 % w/w silicon dioxide; and

About 0.25% w/w magnesium stearate;

and wherein the extra-granular portion comprises:

About 2% w/w croscarmeliose sodium;

About 0.5% w/w magnesium stearate; and

About 0.25 % w/w silicon dioxide.
{6409} In some embodiments, the silicon dioxide in the extra-granular portion comprises
fumed silica. Fumed silica (also known as pyrogenic silica) can be produced from
compounds such as silicon chloride (SiCls) by means of flame hydrolysis. Suppliers of
fumed silica include Bvonik (Aerosil®), Cabot Corporation {Cab-0-Sil®), Wacker
Chemie (HDK®), Dow Corning, Heraeus (Zandosil®), Tokuyama Corporation
{Reolosii®), OCY (Konasil®), Orisil (Onisil®) and Xunyuchem(XYSILR). In some
embodiments, the silicon dioxide in the extra-granular portion comprises fumed silica after
treated with dimethyldichlorosilane. In some embodiments, the fumed silica comprises
trimethylsily! groups on the surface of the silica. Tn some embodiments, the silicon dioxide
in the extra-granular portion comprises fumed silica chemically modified with
trimethylsiiyl groups on the surface of the silica.
{84161 In one embodiment, the tablets of the disclosure are prepared according to the
procedures in the Examples.
{6411} In one embodiment, a dry granulation approach is used to produce Compound A
tablets as follows: the spray-dried intermediate, i.¢., the amorphous form of Compound A,
is blended with at feast one pharmaceutically acceptable excipient to create a powder. In
one embediment, Compound A is blended with one or more fillers, one or more
disintegrants, and one or ore glidants. In one embodiment, Compound A is blended with

two fillers, one disintegrant, and one glidant. In one embodiment, at least one filler is
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microcrystalline cellulose. In one embodiment, at least one filler is lactose monohydrade.
In one embodiment, the disintegrant is croscarmellose sodium. In one embodiment, the
glidant is silicon dicxide. In one embodiment, Compound A is blended with
microcrystalline cellulose, lactose monohvydrate, croscarmellose sodium, and silicon
dioxide in a suitable blender.

{8412 The resulting powder is delumped and a pharmaceutically acceptable excipient is
added and blended. In one embodiment the pharmaceutically acceptable excipient is a
hubricant. In one embodiment, the lubricant is magnesium stearate.

{6413} The blend ts granulated using a suttable roller compactor and passed through a
screen for appropriate sizing of granules.

{8414} In one embodiment, granules prepared according to this process are about 400 um
to about 600 pm in diameter.

{0415} In one embodiment, granules prepared according fo this process are about 450 um
to about 550 um in diameter.

{0416{ In one embodiment, granules prepared according to this process are about 575 um
to about 625 pm in diameter.

{6417} In one embodiment, granules prepared according to this process are about 590 um
to about 610 pm in diameter.

{0418} In one embodiment, granules prepared according to this process are about 395 ym
to about 605 pm in diameter.

{8419} In one embodiment, granules prepared according to this process are about 598 pm
to about 602 pm in diameter.

{6420} In one embodiment, granules prepared according to this process are about 450 wmw
in diameter, about 460 pm in diameter, about 470 pym in diameter, about 480 pm in
diameter, about 490 wm in diameter, about 500 um in diameter, about 510 pm in diameter,
about 520 pum in diameter, about 530 um in diameter, about 540 um in diameter, or about
550 pm in diameter.

{84211 In one embodiment, granules prepared according to this process are about 500 um
in diameter.

{8422} At least one pharmaceutically acceptable excipient is added and the bulk powder i3

blended in a suitable blender. In one embodiment, the pharmaceutically acceptable



WO 2021/231174 PCT/US2021/031091

excipient is a lubricant. In one embodiment the lubricant is extragranular magnesium
stearate.

{6423} The blend is compressed into tablets and the resulting tablets packaged in bulk
containers. In some embodiments, the blend is compressed into tablets using a rotary press.
{8424} In one embodiment, the tablets of the disclosure are prepared according to the

manufacturing process illustrated in the flow diagram in FIG. 15

METHODS OF UBIQUITINATING/DEGRADING A TARGET PROTEIN IN A CELL

j8425] The present disclosure further provides a method of ubiguitinating/degrading a
target protein in a cell. The method comprises administering 1o a subject or patient in need
thereof any of the forms of Compound A, or pharmaceutical compositions comprising any
of these forms (e g, tablets, capsules, parenteral solutions). Compound A comprises an E3
ubiguitin ligase {cereblon) binding moiety and an androgen receptor { AR} targeting moiety
linked through a linker moiety, such that ubiguitination of AR will occur when the target
protein is placed in proximity to the ubiquitin ligase, thereby triggering proteasomal

degradation to conirol or reduce protein levels of AR, and inhibiting the effects of AR.

METHODS OF TREATMENT

{6426} In one embodiment, the present disclosure is directed to a method of treating a
subject in need of treatment for prostate cancer modulated through AR where the
ubiquitination and degradation of the AR protein results in a therapeutic effect in that
subject, the method comprising administering to the subject a therapeutically effective
arnount of Compound A or any of the forms of Compound A disclosed herein, or
compositions {e.g., tablets, capsules, parenteral solutions) of any of these forms. The
disease state or condition may be causally related to the expression or overexpression of
the AR protein.

104271 In one aspect, the present application pertains to a method of treating cancer.
{0428} The methods of treating cancer described herein preferably result in a slowing
or cessation of turnor growth, or more preferably a reduction in tumor size. The cancer
may be metastatic cancer, and this wethod of treatment may include inhibition of metastatic
cancer cell invasion.

j0429] In one embodiment, the cancer is prostate cancer,
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{04301 In one embodiment, the cancer is metastatic prostate cancer,

104311 In one embodiment, the cancer is castrate-resistant prostate cancer.

{6432} in one embodiment, the cancer is metasiatic, casirate-resistant prostate cancer.
{0433} In one aspect, treating cancer results in a reduction in size of a tumor. A
reduction in size of a tumor may also be referred to as "tumor regression.” Preferably, after
one or more treatments, tumor size is reduced by about 5% or greater, e g, about 5 to about
40%, relative to its size prior to treatment; more preferably, tumor size 1s reduced by about
10% or greater, e.g., about 10% to about 50%; more preferably, reduced by about 20% or
greater, e.g., about 205 to about 60%; more preferably, reduced by about 30% or greater,
e.g., about 30% to about 70%,; more preferably, reduced by about 405 or greater, e.g, about
40% to about 80%; even more preferably, reduced by about 50% or greater, e g., about
50% to about 90%; and most preferably, reduced by greater than about 75% or greater,
e.g., about 75% to about 95% . Size of a tumor may be measured by any reproducible
means of measurement. In a preferred aspect, size of a tumor may be measured as a
diameter of the tumor.

[0434] In another aspect, treating cancer results in a reduction in tumor velume.
Preferably, after treatment, tumor volume is reduced by about 5% or greater, ¢.g., about
5% to about 40%, relative to 118 volume prior to treatment; more preferably, tumor volume
is reduced by about 10% or greater, e.g., about 10% to about 50%; more preferably, reduced
by about 20% or greater, e.g., about 20% to about 60%; more preferably, reduced by about

30% or greater, €.g., about 30% to about 70%; more preferably, reduced by about 40% or

B
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greater, e.g., about 40% to about 80%; even more preferably, reduced by about 50% or
greater, e.g., about S0% to about 90%; and most preferably, reduced by greater than about
75% or greater, e.g., about 75% to about 95%. Tumor volume may be measured by any
reproducible means of measurement.

{0435} in another aspect, treating cancer results in a decrease in number of tumors.
Preferably, afier treatment, tumor number is reduced by about 5% or greater, e.g., about
5% to 40%, relative to number prior to ireatment; more preferably, tumor number is
reduced by about 10% or greater, e.g., about 10% to about 50%; more preferably, reduced
by about 20% or greater, e.g., about 20% to about 60%; more preferably, reduced by about

30% or greater, e.g., about 30% to about 70%; more preferably, reduced by about 40% or
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greater, £.g., about 40% 10 about 80%; even more preferably, reduced by about 50% or
greater, e.g., about 50% to about 90%; and most preferably, reduced by greater than about
75%, e.g., about 75% to about 95%. Number of tumors may be measured by any
reproducible means of measurement. In a preferred aspect, number of tumors may be
measured by counting tumors visible to the naked eye or at a specified wagnification. Ina
preferred aspect, the specified magnification is about 2x, 3x, 4x, 8x, 10x, or 50x.

{6436} In another aspect, treating cancer results in a decrease in number of metastatic
lesions in other fissues or organs distant from the primary tumor site. Preferably, after
treatment, the number of metastatic lesions is reduced by about 5% or greater, ¢.g., about
5% to about 40%, relative to number prior to treatment; more preferably, the number of
metastatic lesions is reduced by about 10% or greater, e.g., about 10% to about 50%; more
preferably, reduced by about 20% or greater, e.g., about 20 to about 60%; more preferably,
reduced by about 30% or greater, e.g., about 30% to about 70%; more preferably, reduced
by about 40% or greater, e.g., about 40% to about 80%; even more preferably, reduced by
about 30% or greater, e.g., 50% to about 90%; and most preferably, reduced by greater
than about 73%, e.g., about 75% to about 95%. The number of metastatic lesions may be
measured by any reproducible means of measurement. In a preferred aspect, the number
of metastatic lesions may be measured by counting metastatic lesions visible to the naked
gye or at a specified magnification. In a preferred aspect, the specified magnification is
about 2x, 3x, 4x, Sx, 10, or 50x.

{6437} In another aspect, treating cancer results in an increase in average survival time
of a population of treated subjects in comparison to a population receiving carrier alone.
Preferably, the average survival time is increased by more than about 30 days; more
preferably, by more than about 60 days; more preferably, by more than about 90 days; and
most preferably, by more than about 120 days. An increase in average survival time of a
population may be measured by any reproducible means. In & preferred aspect, an increase
in average survival time of a population may be measured, for example, by calculating for
a population the average length of survival following initiation or completion of treatment
with an active agent or compound of the disclosure. In another preferred aspect, an increase

in average survival time of a population may be measured, for example, by calculating for
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a population the average length of survival following a first round or completion of
treatment with an active agent or compound of the disclosure.

{6438} In another aspect, treating cancer results in an increase in average survival time
of a population of treated subjects in comparison o a population of untreated subjects.
Preferably, the average survival time is increased by more than about 30 days; more
preferably, by more than about 60 days; more preferably, by more than about 90 days; and
most preferably, by more than about 120 days. An increase in average survival time of a
population may be measured by any reproducible means. In a preferred aspect, an increase
in average survival time of a population may be measured by calculating for a population
the average length of survival following initiation of treatment with an active agent or
compound of the disclosure. In another preferred aspect, an increase in average survival
time of a population may be measured by calculating for a population the average length
of survival following completion of a first round of treatment with a compound of the
disclosure.

104394 in another aspect, treating cancer results in a decrease in tumor growth rate.
Preferably, after treatment, tumor growth rate is reduced by at least about 3%, e.g., about
5% to about 40%, relative to growth rate prior to treatment; more preferably, tumor growth
rate is reduced by at least about 10%, e g., about 10% to about 50%; more preferably,
reduced by at teast about 20%, e.g., about 20% to about 60%,; more preferably, reduced by
at teast about 30%, e.g., about 30% to about 70%; more preferably, reduced by at least
about 40%, e.g., about 40% to about 80%; more preferably, reduced by at least about 50%,
e.g., about 50% to about 90%; even more preferably, reduced by at least about 60%, e.g.,
about 60% to about 95%; and most preferably, reduced by at feast about 75%, e.g., about
75% to about 99%. Tumor growth rate may be measured by any reproducible means of
measurement. In a preferred aspect, tumor growth rate is measured according to a change
in tumor diameter per unit time.

{0440} In another aspect, treating cancer results in a decrease in tumor regrowth.
Preferably, after treatment, tumor regrowth is less than about 5%; more preferably, tumor
regrowth is less than about 10%; more preferably, less than about 20%; more preferably,
less thav about 30%; more preferably, less than about 40%; more preferably, less than

about 50%; even more preferably, less than about 60%; and most preferably, less than
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about 75%. Tumor regrowth may be measured by any reproducible means of measurement.
In a preferred aspect, tumor regrowth is measured by measuring an increase in the diameter
of a tumor after a prior tumor shrinkage that followed treatment. In another preferred
aspect, a decrease in tumor regrowth is indicated by failure of tumors to recccur after
treatment has stopped.

{0441} The dosages of the compound of the disclosure for any of the methods and uses
described herein vary depending on the chemical agent, the age, weight, and clinical
condition of the recipient subject, and the experience and judgment of the clinician or
practitioner administering the therapy, armong other factors affecting the selected dosage.
{8442} The therapeutically effective amount of the compound of the disciosure may be
administered one or more times over a day for up to about 30 or more days, followed by 1
or more days of nov-administration of the compound. This type of treatment schedule, 1.e.,
administration of a the compound of the disclosure on consecutive days followed by non-
administration of the compound on cousecutive days may be referred to as a treatment
cycle. A treatment cycle may be repeated as many times as necessary to achieve the
intended affect.

{6443} in some embodiments, the method comprises administering 1o the subject a
therapeutically effective armount of any of the forms of Compound A disclosed herein, or
compositions of any of these forms in combination with at least one gther bioactive agent.
In some embodiments, the at least one other bioactive agent is an anti-cancer agent. In
some embodiments, the anti-cancer agent is selecied from a CDK inhibitor and a PARP
inhibitor. In some embodiments, the anti-cancer agent is a CDK ighibitor. In some
embodiments, the anti-cancer agent is a CDK 4/6 inhibitor. In some embodiments, the anti-
cancer agent is a PARP inhibitor. In some embodiments, the anti-cancer agent is selected
from SHRG390, trilaciclib, lerociclib, AT7519M, dinaciclib, ribocichib, abemaciclib,
palbociclib, olaparib, rucaparib, talazoparib, niraparib, veliparib, pamiparib, CEP 9722,
E7016, 3-aminobenzamide, mefuparib, and AZD2281. In some embodiments, the anti-
cancer agent is selected from SHR6390, trilacichib, lerociclib, AT7519M, dinaciclib,
ribociclib, abemaciclib, and palbociclib. In some embodiments, the anti-cancer agent is
selected from olaparib, rucaparib, talazoparib, niraparib, veliparib, pamiparib, CEP 9722,

E7016, 3-amincobenzamide, mefuparib, and AZD2281. In some embodiments, the anti-
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cancer agent is selected from olaparib, rucaparib, talazoparib, and viraparib. In some

embodiments, the anti-cancer agent is olapanb.

EXAMPLES

{6444} The disclosure is further illustrated by the following examples, which are not to
be construed as limiting this disclosure in scope or spirit to the specific procedures herein
described. It is to be understood that the examples are provided to illustrate certain
embodiments and that no limitation to the scope of the disclosure is intended thereby . It is
to be further understood that resort may be had to various other embodiments,
meodifications, and equivalents thereof which may suggest themselves to those skilled in
the art in view of the present disclosure, without departing from the spirit of the present

disclosure and/or scope of the appended claims.

Example 1. General Properties of Compound A

{6445} The chemical and physical characteristics of Compound A are presented in Table
1. This batch was prepared for use 1o the 28-day good iaboratory practice (GLP) toxicology
studies using the same synthetic scheme and processing employed in preparation of active
pharmaceutical ingredient (API) to be used in the clinical drug product.

{6446} Table 1. General Properties of Compound A

Physical Parameters

Appearance Off-white to yellow powder

Differential Scanning Calorimetry FIG. 1 (Endotherm at 289-300 °C)

Hygroscopicity by Dynamic Vapor | FIG. 2
Sorption (DVS)!

Powder X-ray Diffraction FIG. 3A

Powder X-ray Diffraction Peak Listing | FIG. 38
Optical Rotation {¢=1, DMS(O) 0°

Solubility Parameters at 24°C + 3°C

Solvent Conc. {mg/mL), 24 h
Methanol 0.29
Acetontinile 0.79
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Dichloromethane 251

Dichloromethane/methanol 100

Ethanol 0.08

Ethy! acetate 0.20

Propylene glycol 0.75

Polyethvlene glycol-300 2.3

pKa pKal =08
pKaz =27

pH-Solubility Profile

Buffer Concentration pH of sclution
(pg/mL)
pH 1.2 HCl (ag) 397 i2
pH 3 200 mM citrate buffer 15 30
pH 5 200 mM citrate buffer 0.5 5.0
pH 6.5 200 mM citrate buffer G.3 6.5
Fasted state simulated intestinal fluid | 1 6.5
Fed state simulated intestinal fluid 22 5.0

PXRD.

Example 2: First-Generation Synthesis of Compound A,

{04473 Svep {: (tert-butvi N-{{{r 4r)-4-(3-chloro-d-cyanophenoxyjcvclohexyl fearboamaie)
{({ntermediate 7). loto a 50.0-mL round-bottom flask, was placed tert-butyl N-[{1r.4r)-4-
hydroxycyclohexyl]carbamate (3000 mg, 232 mmol, 100 equiv), NN-
dimethylformamide (10.0 mL}, sodium hydride (82.8 mg, 3.45 mmol, 1.50 equiv), 2-
chioro-4-fluorcbenzonitrile (432.6 mg, 2.78 mmol, 1.20 equiv). The resulting solution was
stirred for 2 hours at 0°C in a water/ice bath. The reaction was then quenched by the addition
of 20.0 mL of water. The resulting solution was extracted with ethyl acetate (40.0 mL) and
the organic layers combined. The resulting mixture was washed with sodium chloride (40.0
mL}. The mixture was dried over anhydrous sodium sultate. The residue was applied onto
a silica gel column with ethyl acetate/petroleum ether (1/2). The collected fractions were

combined and concentrated under vacuum. This resulted in 470.0 mg (58%) of

88
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Intermediate 1 (tert-butyl N-[(1r,4r)-4-(3-chloro-4-cyanophenoxy)eyclohexylicarbamate)
as yellow oil. LC-MS (ES™): m/z 295.0 [MH"], tr = 1.199 min, {1.90 minute run).
Chemical formula: CisHaaCIN2(1:{350.14].

{0448} Step 20 (4-(((Ir,4r)-d-aminocyclohexyljoxy)-2-chiorobenzonitrile) (Intermediate
7). Into a 50.0-mL round-bottom flask, was placed Intermediate 1 (tert-butyl N-[{1r.4r)-4-
{(3-chioro-4-cyanophenoxy jeyciohexyljcarbamate) (470.0 mg, 1.34 mmol, 1.00 equiv),
methanot (5.0 mL), hydrogen chloride. The resulting solution was stirred for 2 hours at
room temperature. The resulting mixture was concentrated under vacuum. This resulted in
340.0 mg {88%) of Intermediate 7 (2-chloro-4-{[(1r,4r)-4-

aminocyciohexylJoxylbenzonitrile) hydrochloride as a yellow solid. LC-MS (ES™): m/z

25090 [MHT], = 0537 min, (190 minute run) Chemical formula:
CisHasCINO[25G.09],
{0449} Srep 30 (6-f4-(hydroxymethyljpiperidin-i-yi]-N-{(Iv,47)-4-( 3-chioro-4-

cyanaphenoxyicyclohexyl fpyridazine-3-carboxamide) {(Intermediate 2). Into a 100-mL
round-bottom  flask, was placed 6-[4-(hydroxymethyDpiperidin-t-ylipyridazine-3-
carboxylic acid (1.0 g, 421 nunol, 1.00 equiv), Intermediate 7 (2-chloro-4-[(1r,4r)-4-
aminocyclohexyljoxybenzonitrile hydrochloride) (1.2 g, 4.18 mmol, 1.00 equiv), N,N-
dimethylformamide (30 mL), NN N' N'-Tetramethyl-O-(7-azabenzotriazol-1-yDuronium
hexaflucrophospate (2.4 g, 6.31 mmol, 1.50 equiv), N,N-diisopropylethylamine (1.6 g,
12.38 mmol, 3.00 equiv). The resulting solution was stirred for 1 hour at room temperature.
The reaction was then quenched by the addition of water (S0 mL) and extracted with ethyl
acetate {50 mL x 3). The combined organic layers were washed with brine (50 mL), dried
over anhydrous sodium sulfate and concentrated under vacuurn. The residue was applied
onto a silica gel column with dichloromethane/methanol (viv = 12:1}). This resulted in 1.1
g {56%%6) of Intermediate 2 (6-[4-(hydroxymethyDpiperidin-1 -yl }-N-[(1r,4r)}-4-(3-chloro-4-
cyanophenoxy jeyclohexylipyridazine-3-carhoxamide) as yellow oif. LC-MS (ES™): m/z
470.0 [MH"}, fr = 0.90 min {1 8§ minute run}.

{0450] Srep 4 (6-(4-formyipiperidin-{-y))-N-{(Ir,4r)-4~(3-chioro-4-cyanophenoxy)
cyclohexyl] pyridazine-3-carboxamide) (Intermediate 3). Intc a 100-mbL round-bottom
flask, was placed Intermediate 2 {700.0 mg, 1.49 romol, 1.00 equiv), dichloromethane (20

mb}, (1,1, 1-Triacetoxy}-1, -dihydro-1,2-benziodoxol-3(1H}-one (9472 mg, 2.23 mmol,
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1.5¢ equiv). The resulting solution was stirred for 3 hours at room temperature. The
resulting mixture was concentrated under vacuum. The residue was applied onto a silica
gel column with ethyl acetate/petroleum ether (v: v= 1. 3}. This resulted in 390.0 mg (56%)
of Intermediate 3 as a yellow solid. LC-MS (ES™): m/z 468.2 [MH™], #z =1.06 min (2.0
minute run}.

{0451 Step 5. (6-f4-(f4-] 2-(2, 6~dioxopiperidin-3-yI)-6-flucro-1, 3-dioxo-2, 3-dihydro-1H-
isoindol-5-yl fpiperazin- Iyl fmethypiperidin-1-yij-N-{( ¥, 4r)~4~(3-chloro-4-
cyanophenoxyjcyclohexyljpyridazine-3-carboxamide) (Compound A4). Into a 100-mlL
round-bottom flask, was placed Intermediate 3 (180.0 mg, 038 mmol, 1.00 equiv),
dichloromethane {10 ml), Intermediate 5 (2-(2,6-dioxopiperidin-3-yi}-5-fluoro-6-
(piperazin-1-y1)-2,3-dihydro-1H-isoindole-1,3-dione  hydrochloride) (152.7 mg, 038
mmol, 1.00 equiv), sodium triacetoxyborohydride (244.6 mg, 3.00 equivy. The resulting
solution was stirred for 3 hours at room temperature. The reaction was then quenched by
water (30 mlL), extracted with ethyl acetate (30 wl. x 3), washed with brine (30 mL) and
concentrated under reduced pressure. The solid was filtered out. HPLC analysis revealed
the crude product to be 81.5% pure by area, with 16.9% by area identified as unreacted
Intermediate 5. See FIG. 16A. The crude product was purified by Prep-HPLC with the
following conditions: Column, XBridge Prep C18 OBD Column, 19%150mm S uvm; mobile
phase, water (10 mmol/L ammonium bicarbonate) and acetonitrile (48.0% acetonitrile up
to 73.0% in 8 min); Detector, UV 254nm. This resulted in 146.1 mg (47%;) of Compound
A as a yellow solid. HPLC-UV analysis showed the purified product to be 98% pure by
area, with three impurities, quantified at 0.54%, 0.74% and 0.73% respectively. See FIG.
168 'H NMR (400 MHz, DMSO): § 11.11 (s, 1H), 858 (d, J =82 Hz, 1H), 7.86(d, I =
8.8 Hz, 1H), 7.81(d, J = 9.5 Hz, 1H), 7.73(d, ] = 11.4 Hz, 1H), 7.46 (d, ] = 7.4 Hz, 1H),
739(d, F=24Hz, 1H), 734 (d, ] = 9.7 Hz, 1H), 7.15-7.12 (m, 1H), 5.13-5.08 (m, 1H),
4.59-4.45 {m, 3H), 3.90-3 83 (m, 1H), 3.27 (s, 4H}, 3.03 {m, 2H}, 2.97-2.82 (m, 1H]}, 2.64-
2.53 (m, SH), 2.46 {m, 1H), 2.23 (m, 2H), 2.14-2.09 {m, 2H), 2.07-2.02 (m, 1H), 1.96-1.79
(o, 5H), 1.65 (m, 2H), 1.52 (m, 2H}, 1.19-10.09 (m, 2H); LC-MS (ES™): m/z 812.25 [MH"],
fr=1.57 min (3.0 minute run}. Chemical Formula: CsiHasCIFNeQ6 {811.30]. Total H count

from HNMR data: 43.
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Example 3: Second Generation Synthesis of Compound A

104521 Step i N-({ I, 4r )4~ 3-chlovo-4-cyanophenoxy)cyclobexyl)-6-(4-
(hydroxymethyfipiperidin-i-ypyridazine-3-carboxamide. To a clean, dry, 100-L jacketed,
glass reactor equipped with a temperature controller, two pen chart recorder, and a nitrogen
bleed was charged dimethylacetamide (24 L. 5 vol), Intermediate 4 (48005 g, 1 wi),
piperidin-4-yl methanol (1699.9 g, 0.35 wt), and diisopropylethviamine (4759 g, 0.99 wt).
The teruperature of the batch was adjusted to 90 °C over 2 h, 7 min and the batch then held
at 90 °C for an additional 15 h. The reaction was monitored by HPLC. The temperature of
the batch was adjusted to 50 °C over 48 min then isopropyl acetate (48 L, 10 vol) added.
The batch was split into two equal portions {each =42 1) for work-up.

{8483} Portion I Work-up. Portion lwas charged to a clean, dry, 100-L, jacketed, glass
reactor and heated to 50 °C. Purified water {36 L, 7.5 vol} was charged and the batch
stirred at 50 °C for 5 min. The layers were allowed to separate and the lower aqueous layer
was discarded to waste. Isopropyl acetate (12 L, 2.5 vol) and purified water (24 L, S vol)
were charged and the batch temperature adjusted to 50 °C. The batch was stirred at 50 °C
for S min, then the layers were allowed to separate, and the lower agueous layer was
discarded to waste. IPC: '"H NMR (TEST-2835) - % DMAc 8 7% relative to ntermediate
2.

{0454] Portion 2 Work-up. Portion 2 was charged to a clean, dry, 100-L, jacketed, glass
reactor and heated to 50 °C. Purified water (36 L, 7.5 vol) was charged and the batch
stirred at 50 °C for 5 min. The layers were allowed to separate and the lower aqueous layer
was discarded to waste. Isopropyl acetate (12 L, 2.5 vol} and purified water (Z4 L, 5 vol)
were charged and the batch temperature adjusted to SO °C. The batch was stirred at 50 °C
for & min, then the layers were allowed to separate, and the lower agueous layer was
discarded to waste. IPC: 'H NMR (TEST-2835) - % DMAc 2.8% relative to Intermediate
2.

{04585} The combined isopropyl acetate extracts were returned to the 100-L reactor.
intermediate 2 Seeds (48.82 g, 0.01 wt,} were charged and the batch temperature adjusted
to 15 °C over 2 h. The batch was distilled under vacuum (Jacket Temp. 35 °Cluntil 26 L
{5.4 vol) remained. Isopropyl acetate (46 L, 9.6 vol) was added and the batch temperature

adjusted to 50 °C over 1 h. The batch was stirred at 50 °C for 36 min then cooled to 20 °C
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over 28 min. The batch was distifled under vacuum (Jacket Temp. 35 °Chuntil 28 L (5.8
vol} remained, then the temperature adjusted to 10 °C over 18 min, and stirred at this
temperature for 1 h, 18 min. The precipitated solid was isolated by vacuum filtrationon a
24 inch, polyethylene filter funnel. The reactor was rinsed with isopropy! acetate (24 L, 5
voly and the rinse used to wash the filter cake. The wet cake was further washed with
isopropyl acetate (24 L, 5 vol). After conditioning on the filter under nitrogen for 46 min,
the wet~-cake was transferred to cight glass deyiog trays (wet weight 6545.8 gy and dried in
a vacuum oven at 45 °C for ~22 h until a constant weight was achieved. The isolated
Intermediate 2 (4597 8 g, 79. 7%} was packaged into two 3 mil LDPE bags and stored inside
a fiber board drum. HPLC Analysis: 99.4%.

18486} Step 20 N-({(ir, 4rj-4-{3-chioro-4-cyanophenoxyjeyciohexyil-6-(4-formyipiperidin-
I~ypyridazine-3-carboxamide. To a clean, dry, 100-1, jacketed, glass reactor equipped
with a temperature controller, two pen chart recorder, and a nitrogen bleed was charged
dichloromethane {36 L, 7.9 vol), Intermediate 2 (4577.1 g, 1 wt}, sodium bicarbonate
(1222.0 g}, sodium bromide (10975 g, 0.24 wt), and purified water (25 L, 5.5 vol}. The
biphasic mixture was coolted to 0 °C over 1 h 11 min then a solution of TEMPO (152 g,
0.0033 wt} in dichloromethane (9 L, 2.0 vol} was added over 32 min while keeping the
internal temperature at 0 = 5 °C. Sodium hypochlorite solution (14353 4 ¢ 3 12 wi) was
added over 45 min while maintaining the internal temperature at 0 = 5 °C. The light yellow
batch was stirred for an additional 46 min at 0 &= 5 °C. The reaction was monitored by
HPLC. An additional portion of sodium hypochlorite solution (223 .0 g, .05 wit) was added
and the batch stirred for an additional 2 h at 0 £ 5 °C. Dichloromethane (9 £, 2.0 vol) was
added and the batch stirred for an additional 5 min. The layers were allowed to separate
and the upper aqueous layer was discarded to waste. The organic phase was washed (5
min} with a solution of sodium sulfite (1222.2 g 0.27 wi) in purified water (191, 4.2 vol).
The lavers were aliowed 10 separate and the upper agueous layer was discarded to waste.
The organic phase was washed (10 min) with purified water (9 L, 2.0 vol}. The layers were
allowed to separate and the upper aqueous layer was discarded to waste. The product rich
organic phase was charged to the 100-L reactor along with acetonitrile (19 L, 4.2 vol) and
vacuum distitfed (Jacket Temp. 45 °C) to a final volume of 26 L. During the vacuum

distillation, additional acetonitrile (37 L, .1 vol) was added to the reactor. Acetonitrile
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(54 L, 11.8 vol) was added and the batch vacuum distilled (Jacket Temp. 45 °C)to a final
volume of 26 L. The distillation was monitored by 'H NMR. Acetonitrite (22 L, 4.8 vol}
and purified water {46 L, 10 vol) was charged and the baich temperature adjusted to 20 °C.
The batch was stirred for 1 h 26 min then the precipitated solid was isolated by vacuum
filtration ou a 24-inch, polyethylene, filter funnel. The reactor was rinsed with
acetonmitrile/purified water 1:1 (23 L, 5 vol) and the rinse used to wash the filter cake. After
conditioning on the filter under nitrogen for 31 min, the wet-cake was transferred to eight
glass drying trays (wet weight 5456.9 g) and dried in a vacuum oven at 45 °C for ¥44 h
until a constant weight was achieved. The isolated Intermediate 3 (4129.8 g, 90.6%) was
packaged into two 3 mil LIDPE bags and stored inside a fiber board drum. HPLC Analysis,

96.

3

%.

{0487} Step 30 N-{{ir 4r)-4-(3-chioro-4-cyanophenoxyicyciohexyi)-6-(4-{{4-(2~(2, 6~
dioxopiperidin-3-yij-6-fluoro-1, 3-dioxoisoindolin-3-y)piperazin- vl methypiperidin- i -
Vipyridazine-3-carboxamide (Compound 4). To a clean, dry, 50-1, jacketed, glass reactor
equipped with a temperature controller, two single pen chart recorders, and a nitrogen bleed
was charged dimethylacetamide (4.3 L, 2.5 vol) and sodium triacetoxvborohydride (2020 4
g, 1.17 wi). The resulting suspension was cooled to 5 £ 5 °C over 22 min.

{0458} To a clean, dry, 22-L, jacketed, glass reactor equipped with a temperature
controller, a two pen chart recorder, and a nitrogen bleed was charged dimethylacetamide
(8.5 L, 49 vol), Intermediate S (1719.8 g, 1 wi), and Intermediate 3 (2134.0 g, 1.24 wt).
The internal temperature was adjusted to 0 + 5 °C over 39 miu then triethylamine (1200
mL, 0.7 vol) was added over 38 min while maintaining the internal temperature <5 °C.
{6459 The contents of the reactor were transterred to a separate reactor over 1 h 25 min
while maintaining an internal temperature of 5 £ 5 °C. Once the transfer was complete,
the first reactor was rinsed with dimethylacetamide (1.1 L, 0.64 vol) and the rinse
transferred to the second reactor. The batch was stirred for an additional 61 minat 5+ 5
°C. Reaction was monitored by HPLC.

{6460f To a clean, dry, 100-L, jacketed, glass reactor equipped with a temperature
controller, a two pen chart recorder, and a nitrogen bleed was charged ethancl (21 L, 12.4
vol) and purified water (21 L, 12.4 vol). The internal temperature was adjusted to 10 £ S

°C over 51 min. The contents of the reactor containing the reaction mixfure were
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transferred to the glass reactor over 9 min while maintaining the internal temperature <20
°C. Once the transter was complete, the former reactor was rinsed with dimethylacetamide
{1.1 L, 0.64 vol}) and the rinse transferred to the glass reactor. The temperature of the batch
was adjusted to 50 °C over 3 h and held at this temperature for an additional 33 min. The
batch was cooled to 20 °C over 81 min, held at this terperature for 69 min, then the
precipitated solid was isolated by vacuum filtration on a 24-inch, polyethylene, filter
funnel. The reactor was rinsed with ethanol/purified water 1:1 (2 » 111, 2 x 6.4 vol) and
the rinse used to wash the filter cake. The wet cake was further washed with ethanol (2 x
1T L, 2 x 6.4 voly. After conditioning on the filter under nitrogen for =13 h, the wet-cake
{crude Compound A} was transferred to seven glass drying trays (wet weight 11353 g) and
dried in a vacuum oven at 25 °C for =115 h until a constant weight (3382 .4 g} was achieved.
HPLC purity: 99.60 area% (see FIG. 17A).

{0461} To a clean, dry, 100-1, jacketed, glass reactor equipped with a temperature
controller, a two pen chart recorder, and a nitrogen bleed was charged dichloromethane
(54.7 L, 16.2 vol}, methanol (6 L, 1.8 vol), and crude Compound A (33755 g, 1 wt). The
batch was stirred until complete dissolution was observed (27 min). The batch was
clarified through a 0.4-micron, in-line filter then distilled under vacuum {(jacket temp. 65
°C) while adding pre-filtered ethanol (27 L, 8 vol) at such a rate that a total volume of
=~67.5 L was maintained. Compound A seed crystals (8.4 g, 0.0025 wt) slurried in pre-
filtered ethanol (200 mLl, CO19788) were added to the batch. Distillation under vacuum
(jacket temp. 65 °C) was continued while adding pre-filtered ethanol (54 L, 16 vol) at such
a rate that a total volume of =67.5 L was maintained. Distillation was monitored by 'H
NMR. The batch was stirred at 20 + 5 °C for 4 h, 30 min then the precipitated solid was
isolated by vacuum filtration on a 24-inch, polyethylene, filter funnel. The reactor was
rinsed with ethanol (13.5 L, 4 vol) and the rinse used to wash the filter cake. The wet cake
was further washed with purified water (2 x 13.5 L, 2 = 4 voly and ethanol (2 x 1351, 2
% 4 vol). After conditioning on the filter under nitrogen for 16 h, the wet-cake was
transferred to seven glass drying trays {wet weight 3336.4 g} and dried in a vacuum oven
at 25 °C for =99.5 h until a constant weight was achieved and the dichloromethane level
had dropped to an acceptable level (450 ppm). The isolated N-{{11.4r)-4-(3-chloro-4-

cyanophenoxy jeyclohexyl)-0-(4-({(4-(2-(2,6-dioxopiperidin-3-yl }-6-fluore-1,3-
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dioxoiscindolin-S-y1)piperazin-1-yhymethylpiperidin-1-yipyridazine-3-carboxamide
{Compound A} {(3052.4 g, 87%) was packaged into two 3 mil LDPE bags and stored inside

an HDPE drum. HPLC Analysis: 99.6 area% (see FIG. 17B).

Example 4: Controls of Critical Steps and Intermediates in the Manufacturing
Process for Compound A

{8462} At this stage of development, the in-process countrols consist of temperature
monitoring and high performance liquid chromatography (HPLC) analysis of the reaction
mixtures to determine the extent of the reaction. The transformations depicted in Scheme
4 are monitored by expected HPLC endpoints for consumption of the limiting reagent.
{8463} The critical in-process conirols and target Hmits for the synthesis of Compound A
are provided in Table 2.

{0464 Table 2. Critical In-Process Control Points and Acceptance Limits

Step | In-Process Control Acceptance Limiut

1 Reaction temperature 907 to 100°C

Consumption of

; <1.0 % Intermediate 4 rematning
Intermediate 4 ®

2 Reaction temperature 0°to 5°C
Consumption of o . e
o <1.0% Intermediate 2 remaining
Intermediate 2
Drving temperature 50% 10 60°C
3 Reaction temperature 0°t0 5°C

Consumption of

- . <2% Intermediate 5 remaining
Intermediate 5 2

Drying temperature 45° t0 65°C

Level of residual solvent ICHQG3C

{6465} The process development on Compound A inchudes development of the synthetic
route and related processes on a laboratory-scale of 10 to 100 grams and transferred into
the kilo-lab for preparation of 28-day toxicology supplies at 1.5 kilogram-scale.
Compeund A for use in the preparation of clinical supplies was prepared at a 3-kilogram
scale using the same synthetic route and processes employed for the 28-day toxicology

supply.
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Example 5: Second Generation Synthesis of Intermediate 4

{8466} Step 1: Tert-butyi (v 4r)-4-hydroxycyclohexyljcarbamate. A solution of K203
{12 kg, 87 mol} in water (60 L) was added (1r, 4r}-4-aminocyclohexanol hydrochloride
(12.0 kg, 79 1mol} at 0-10°C. The mixture was stirred at 0-10°C for 1h. Di-tert-butyl
dicarbonate (18.1 kg, 83 1mol) was added to the mixture. The resulting mixture was stirred
at ambient temperature overnight (20 h). TLC (hexane/ethyl acetate=2/1, SM: Re=(;
Product: Re=0.4} indicated the reaction was complete. The solid was collected by filtration
and dried in oven to afford the tte compound tert-butyl  ({(Ir4r)-4-
hydroxycyelohexylicarbamate (Intermediate 6) (1013 kg, 60% vield) as white solid.
'HNMR (400MHz, DMSO-d6): 8(ppm) 1.08-1.20 (m, 4H), 1.36 (s,9H), 1.70-1.78 (m, 4H),
3.14 (s, 1H), 3.30 (s, 1H), 4.48 (s, 1H), 6.65 (d, I=4 Hz, 1H).

{8467} Step 2 Tert-butvl ((ir,4r)-4-(3-chioro-d-cyvanophenoxyjcyciohexyl) carbamate.
NaH (60% in mineral oil, 1110 g, 27.8 mwol) was added to a solution of Iutermediate 6 tert-
butyl (1r,4r)-4-hydroxycyclohexylicarbamate (5 kg, 23mol} in DMF (65 Ly at -10°C. The
mixture was stirred at -10°C for th. 2-Chloro-4-fluorobenzonitrile (3.6 kg, 23 mol) was
added in portions. The resuliing mixture was stirred at -10°C for T h. TLC (hexane/ethyl
acetate=5/1, 2-Chloro-4-fluorobenzonitrile - Re=0.7; Product: Rsr =0.4) indicated the
reaction was complete. The mixture was added to ice-water (200 kg} in portions and stirred
at ambient ternperature for 20h. The solid was collected by filiration and dried in oven to
afford Intermediate 1 (7.8 kg, 95% vyield) as white solid. "THNMR (400MHz, DMSO):
S(ppm) 1.33-1.43(m, 13H), 1.79-1.82 {m, 2F),2.01-2.04 (m, 2F), 4.48-4.50 (m, 1H), 6.85
(d, 3=3.6Hz, 1H), 7.11 (dd, J =8 8 Hz, }=2.4Hz, 1H), 7.67 (d, J= 1.2 Hz, 1H), 7.83 (4, I =
4.4 Hz, 1H).

10468] Step 3 d-(((1r 4rj-d-aminocyciohexyloxy)-2-chiorohenzonitvile  hvdrochioride.
Acety] chloride (13.6 kg, 173mol) was added dropwise to methanol (35 L} at 0-20°C. After
the addition was complete, the mixture was stirred at room temperature for 1h. Intermediate
1 {15.2 Kg} was added to the mixture and the resulting mixture was stirred at room
temperature for 2h. TLC (hexane/ethyl acetate=5/1, SM: Re=0.4; Product: Re=0.1)
indicated the reaction was complete. The mixture was concentrated 7 vacuo. The residue

was taken into methyl tert-butyl ether (25 L) and stirred at ambient temperature overnight
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(20 hy. The solid was collected by filtration and diied in oven to afford 4-(({1r,4r)-4-
amtnocyclohexyloxy )-2-chlorchenzonitrile hydrochloride (Intermediate 73 (11.7 kg, 95%
yield). 'THNMR (400MHz, DMSO-d6): 8(ppm) 1.41-1.59 (m,4H), 2.00-2.11 (m, 4H), 3.05
(s, 1H), 4.48-4.55 (m, 1H), 7.14 (dd, ] =8 8Hz, 1=2.4Hz, 1H), 7.41 (d, }=2 4Hz, 1H), 7.85
(d, J=8.8Hz, 1), 8.25 (s, 3H).

18469 Step 4. 6-chloro-N-{{1r,4r)-4-{ 3-chloro-4-cyanophenoxy)cyciohexyl)pyridazine-3-
carboxamide. A 20-L, jacketed reactor was charged with 6-chloropyridazine-3-carboxylic
actd (0.490 kg, 3.09 mol, 1.00 equiv), Intermediate 7 (0.888 kg, 3.09 mol, 1.00 equiv), and
cthyl acetate (4.4 L, 9 vol). Triethylamine (1.565 kg, 15.5 mol, 5.0 equiv) was added over
47 min and the addition pump lines were rinsed with ethyl acetate (0.5 L, 1 vol}. The batch
temperature was adjusted to 15-25 °C and T3P (3.93 kg of 50% solution, 6.2 mol, 2.00
equiv}) was dosed iuto the reaction over 70 rain.  The dosing pump was rinsed with othyl
acetate {0.5 L, 1 vol). The batch was aged at 19-20 °C for 30 min. The reaction was
monitored by HPLC. The reaction was quenched by the addition of 1 N agueous HCL (=5
L, 1.6 equiv) over 45 min. The slurry was stirred overnight and then the batch was filtered
in a Buchner funnel with filter paper. The kettle and filter cake were rinsed with water {2
x 241, 2 x5 vol) and ethyl acetate (2 L, 4 vol). The wet cake was re-slurried in ethyl
acetate (2.5 L, S vol) for 30 min at room teraperature. The batch was filtered and was
rinsed with ethyl acetate (1.5 L, 3 vol). However, in-process HPLC analysis of the wet
cake showed no change to the level of N-{{(Ir4r)}-4-(3-chloro-4-
cyanophenoxy jeyclohexyl}-6-hydroxypyridazine-3-carboxamide (the hydroxyl impurity).
The wet cake (1055 g) was dried in a tray drier at 40-50 °C to atford 0.96 kg of Intermediate
4 {79% yield). The water content of the batch was 0.17 wt % by KF titration. The 1H
NMR spectrum was consistent with the assigned structure and the HPLC purity was 97.3
area% with 2.4 area% of the hydroxyl impurity.

{6478} The impure Intermediate 4 (906 g) was charged to a 10-L reactor with DMAc (2.72
L, 3 vol) and the batch was warmed to 50.6 °C. IPAc{2.72 L, 3 vol) was added and the
batch was maintained at 50 °C for 1 h. The temperature was adjusted to 20 °C over 1.5 h
and then the batch was filiered. The reactor and filter cake were rinsed with IPAc (3 x 1.8
L, 3 x 2 vol}. The wet cake (1.3 kg) was dried in a tray drier at 30-35 °C to afford 0.772

ke of G-chloro-N-{(1r,4r}-4-(3-chloro-4-cyanophenoxy }eyclohexylpyridazine-3-
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carboxamide (Intermediate 4) (85% vield). The 1H NMR spectrum was counsistent with
the assigned structure (see FIG. 20) and the HPLC purity was 98.6 area% with 1.3 area%

of the hydroxy! impurity.

Example 6: Second Generation Synthesis of Intermediate 5

10471 Step i 2-(2, 6-dioxopiperidin-3-vi)-5,6-diffuoroisoindoline- 1, 3-dione. A mixture of
4, S~difluorophthalic acid {9.81kg, 1.0eq.}, 3~-aminopiperidine-2,6-dione (10.38kg, 1 3eq.),
CH:COOH (49 kg, 5V was degassed by purging with nitrogen for three times. Then
CHsCOONa (5.375kg, 1.35¢q) was added and degassed by purging with nitrogen for three
times again. The resulting solution was stirred for 4 hrsat 117-120 °C . HPLC showed the
reaction was complete. Then H2O (147 L, 15V) was added to the mixture siowly at 90 °C-
120 °C. After cooling to 30 °C, the reaction mixture was filtered and the filter cake washed
with water {201, 2V)*2. The filter cake was collected and dried at 50 °Cto get 12.6 kg 2-
(2,6-dioxopiperidin-3-y1}-5,6-difluoroiscindoline~1,3-dione (Intermediate 8) as off-white
solid with 88 2% yield H'-NMR conformed to reference spectrum (FIG. 19},

184721 Svep 20 dert-buityl 4-02-(2,6-dioxopiperidin-3-yij-6-flvoro-1, 3-dioxoisoindolin-5-
vijpiperazine-1-carboxylare. A 100-L, jacketed reactor was charged with Intermediate 8
(4.50 kg, 15.30 mol, 1.00 equiv}, sodium bicarbonate (1.542 kg, 18.35 wol, 1.20 equiv),
Boc-piperazine (3.134 kg, 16.82 mol, 1.10 equiv), and NMP (22.5 L, 5 vol). The batch
was agitated at 125 rpm. The batch temperature was adjusted to 90 °C over 4 h. The batch
was stirred at 90 °C for 16.5 h. The reaction was monitored by HPLC. The batch was
cooled over approximately 2 h to 24 °C. The cooled reaction mixture was removed from
the reactor to a carboy, and the reactor was cleaned with methanol, acetone, and then water,
The reactor was charged with water (43.2 L, 9.6 vol) and acetonitrile (1.8 L, 0.4 vol}. The
batch temperature was adjusted to 20 °C. The product mixture in the carboy was dosed to
the quench solution over 2 b maintaining the temperature at 15-25 °C. The precipitated
product sturry was transferred to a Nutsche filter. The reactor and filter cake were rinsed
with water (2 » 22.5 L, 2 x 5 vol}, and the filter cake was conditioned under nitrogen
overnight. The wet cake (18.6 kg) was dried in a tray drier at 4045 °C for 11 days to
afford 7.05 kg of tert-butyl 4-(2-(2, 6~-dicxopiperidin-3-yi)-6-fluore-1,3-dioxcisoindolin-5-

vhpiperazine-1-carboxylate (Intermediate 9) (1005 yield). The water content of the batch
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was 0.6 wt % by KF titration and the "H NMR potency (ds-DMSO) was 84.7 wt %. The
'H NMR spectrum was consistent with the assigned structure (see FIG. 21) and the HPLC
purity was 98.6 area% .

{6473} Srep  3: 2-(2,6-dioxopiperidin-3-yi)-5-fluoro-6-{piperazin- 1-yljisoindoline- 1, 3-
dione hydrochioride. A 30-gallon, Plaudler reactor was equipped with a sodium hydroxide
(2 M) scrubber. The reactor was charged with 3 M hydrochloric acid solution in methanol
{70 1, 10 vol}. The batch was agitated at 75 rpm. The batch temperature was adjusted to
31.7°C over 30 min. Intermediate 9 (7.00 kg, 15.20 mol} and methylene chioride (281, 4
vol) were charged to a 40-L carboy. The slurry was stirred to dissolve the Intermediate 9.
The solution of Intermediate 9 was charged to the 30-gallon reactor over 6.5 h maintaining
the temperature at 30-40 °C. The batch was aged at 35 °C for 21 h. The reaction was
monitored by HPLC., The batch was cooled to 17.4 °C over approximately 30 min. The
slurry was filtered in a Nutsche tilter. The reactor and the filter cake were rinsed with a
mixture of methanol (1575 L) and methylene chioride (525 L), The wet cake (7.1 kg)
was dried in a tray drier at 4050 °C to afford 5.14 kg of product (85% yield). The water
content of the batch was 3.4 wt % by KF titration and the '"H NMR potency (ds-DMSO)
was 92.4 wt %. The 'H NMR spectrum was consistent with the assigned structure and the
HPLC purity was 97.5 area% .

{84741 The batch was then re-purified. To a 100-L, jacketed reactor was charged the
previous product (4.95 kg, 12.5 mol) and dimethylacetamide (15.0 L, 3 vol}. The batch
temperature was adjusted to 55 °C. Water (8.4 L, 1.7 vol} was charged in one portion to
the batch and the temperature was re-adjusted 5565 °C. The mixture was stirred for 44
min to obtain a clear solution. To the batch was charged 2-propanol (40 L, 8 volyover 1 b
maintaining the temperature above 45 °C. The batch was seeded at 55 °C with Intermediate
5 seeds (5 g). The batch was held at 45-55 °C for 20 min and was cooled over 1 hto 25
°C. The batch was aged for 17.5 h at 20-25 °C. The shurry was filtered in a Nutsche filter.
The reactor and filter cake was rinsed with 2-propanol (25 L, § vol}). The filter cake was
washed again with 2-propanol (25 L., 5 vol). The wet cake (5.8 kg) was dried in a tray drier
at 40-50 °C to afford 3.95 kg of product (79% recovery). The water content of the batch
was 2.1 wt % by KF titration and the 'H NMR potency (ds-DMSO) was 98.2 wt %. The
"H NMR spectrum is shown in FIG. 22 and the HPLC purity was 99.8 area%.
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THIRD GENERATION SYNTHESIS
Example 7: Third Generation Synthesis of Compound A
{0475} Srep {0 G6-{4-thvdroxymethylipiperidin-1-ylpyridazine-3-carboxylic  acid

{{mermediate 1G). The syothetic route to Interrmediate 10 is shown below in Schere 7.

Scheme 7. Synthetic route to Intermediate 10
o

/l\v Hydrazu‘e /U\Q\ 2 HOY )H'/\L MaOH.HC! weq/uj\}(\
HOH
OH AEEt.C acid NP oM

‘N/\OH

j oH o~
o HRS_ I\[l/\s’/\ oH
POC, e : ~ NaOHILIOH S
g, MO ;J \L e VI P |
Ny MeC J i HO
NP DIPEA \? : N”N
o]

intermediate 10

{0478} Step 2: N-({Ir,4v )-4-{ 3-chioro-4-cyanophenoxyicyclohexyl)-6-{4-
{fvdroxymethvl)piperidin-1-y{pyridazine-3-carboxamide. In a 30-L jacketed reactor
equipped with a mechauvical stitrer, thermometer and nitrogen bleed was added 6-(4-
{(hydroxymethylipiperidin-1-yDpyridazine-3-carboxylic acid (Intermediate 10) (500 g,
211 mol, T eq), 4-(((Ir,4r)-4-aminocyclohexyloxy)-2-chlorobenzonitrile hydrochloride
{(Intermediate 7) (654 g, 2.28 mol, 1.08 eq} and DMAc (2.5 L, 5 vol). To the mixture was
added DIPEA (1.092 Kg, 843 mol, 4 eq) and ethyl cyanohydroxyiminoacetate (314 g, 2.21
mol, 1.05 eq). To the slurry was added 1-Ethyl-3-(3-dimethyiaminopropyl)carbodiimide
(EDCH (525 g, 2.74 mol, 1.3 eq) at once. The temperature of the reaction mixture was
tnereased to ~40 °C. The reaction mixture was kept at internal temperature of ~40 °C for
~3 h. The reaction was monitored by IPC.
{8477} The reaction mixture was diluted with IPAC (5 L, 10 voly and HoO (DL S L, 10 vol).
The internal temperature was adjusted to 50+5 °C while the biphasic mixture was mixing
vigorously. The roixture was kept at 50 °C for 1S minutes while roixing. The agqueous
phase was drained and the organic phase was washed with H20 (3 x 51, 3 x 10 vol} at 50

*C. The organic phase was drained in to a carboy. The aqueocus phase was transferred in
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to the reactor and washed with IPAc (2.5 L, 5 vol} at 50+5 °C. Al organic phases were
combined and transferred in to the reactor (initial KF value: 19754 ppm). The organic
phase was concenirated down to ~3 L (KF value: 4436 ppm). To the mixture was added
IPAc (5 L, 10 vol) and distillation was continued to the final volume of 3 L (KF value:
1169 ppm, <3000 ppm). A thick solid residue was precipitated from the mixture. The
thick slurry mixture was stirred at room temperature for the additional 18 hours. The slurry
was filtered and the wet cake was rinsed with [PAc {2 » S L, 2 x 2.5 vol). The cake was
aged under vacuum for 1.5 hours, The cake was further dried in vacuum oven at 35 °C to
constant weight. N-{{1r,4r-4-(3-chloro-4-cyanophenoxy Jeyclohexyl-6-(4-
{(hydroxymethyl}piperidin-1-yljpyridazine-3-carboxamide (intermediate 2} (830 g, 84%
isolated yield, 99 2% HPLC purity, RRT 1.11: ~0.13%). The '"HNMR spectrum is shown
in FIG. 23

{8478 Srep 30 N-({1r 4r}-4-(3-chioro-4-cyanophenoxyicyclohexyj-6-{4-formylpiperidin-
I-vlpyridazine-3-carboxamide. Tn a 30-L jacketed reactor equipped with a mechanical
stirrer, thermometer and nitrogen bleed was added Intermediate 2 {700 g, 1.49 mol, 1 eq)
followed by DCM (5.6 L. 8§ vol). To the clear solution was added NaHCO; (189 g, 2.25
mol, 0.27 wi%), NaBr (168 g, 1.63 mol, 0.24 wi%) and water (DI, 3.5 1, 5 vol) at room
temperature. The biphasic mixture was cooled down to <8 °C. To the reaction mixiure
was added solution of TEMP(O (23 g, 0.015 mol, 0.0033 wito) in DCM (1.4 L, 2 vol) at
once {no exotherm was observed). To the reaction mixture was added NaOCH solution
(218 Kg, 3.12 wt¥s) 1n portions while keeping the internal temperature <5 °C. The reaction
was monitored by IPC and HPLC. Extra portion of NaQCl1{0.293 Kg, 0.5 wt%6) was added
to the reaction mixture.

{8479 The agitation was stopped and the layers were separated. The organic phase was
drained and collected in a clean carboy. The aqueocus phase was back extracted using DCM
{14 1, 2 voly and the organic was collected. The aquecus phase was discarded. The
organic phase was transferred in to the reactor and washed with NaxSOs solution (0.5 M,
2941 42 vol). A thick emulsion was formed. To the mixture was added brine (1 L}, A
partial separation of the aqueous phase was observed. The clear aqueous phase was
removed and to the emulsion was added THF (1.3 L, 10% with respect to the emulsion

volume}. The stirring was stopped after 10 min and the lavers were separated. The aqueous
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phase was back extracted using DCM (1.4 L, 2 vol}. The organic phase was collected and
the agueous phase was discarded. All organic phases were transferred into the reactor. To
the reactor was added ACN (2.94 L4.2 vol) and the mixture was distilled under reduced
pressure to the final volume of 4.5 L. To the reactor was charged ACN{5.7L, 8.1 vol}and
distillation was continued. An IPC of the sample showed 7 wi% of DCM with respect to
Intermediate 3 remained. To the reactor was added ACN (4.2 L, 6 vol) and distillation was
continued to the final volume of 4 1. Dastillation was monitored by IPC. The batch
temperature was adjusted to 18 °C. To the batch was added ACN (3 L, 4.2 vol} total ACN
volume of 7L (10 vol). To the mixture was added water (DI, 7L, 10 vol) and the mixture
was stirred at 18 °C for 18 hours before filiration. The product was filtered on a Buckner
funnel and the wet cake was aged under vacuum for 45 min. The cake was transferred into
a glass tray and dried further in vacuum oven at 3545 °C to the constant weight. N-({1r,4r)-
4-(3-chloro-4-cyanophenoxy jeyclohexyl}-6-(4-formylpiperidin- 1-yDpyridazine-3-
carboxamide (Intermediate 3) (676 g, 96% yield, 0.96 witS ACN content, 94 wi% potency,
96% HPLC purity, 1.93 % Intermediate 2}. The "HNMR spectrum is shown in FIG. 24.
184801 Step 40 N-{{ir,4r)-4-(3-chioro-4-cyanophenoxyicyclohexyl)-6-{4-(14-(2-( 2,6~
dioxopiperidin-3-ylj-6-fluoro~1,3-dioxoisoindofin-3-ylipiperazin-i -vimethyijpiperidin- i -
Vilpyridazine-3-carboxamide. To a clean, dry, 10-L, jacketed, glass reactor equipped with
a temperature controller, thermometer, mechanical stirrer and a nitrogen bleed was charged
dimethylacetamide (1.24 L, 2.75 vol) and sodium triacetoxyborohydride (528 g, 2.42 eq).
The resulting suspension was cooled to 5+ 5 °C.

{6481} To a clean, dry, 30-L, jacketed, glass reactor equipped with a temperature
controlier, a thermometer, mechanical stirrer and a oitrogen bleed, was charged
dimethylacetamide (2.2 L, 4.9 vol), Intermediate 5 (450 g, 90.7 wt%), and Intermediate 3
(563 g, 94 wi%, lleg). The internal temperature was adjusted to 0 = § © then
trimethylamine (315 mbl) was added over 40 min while maintaining the internal
temperature <5 °C. The contents of the reactor containing Intermediate 5 and Intermediate
3 were transferred to the reactor containing the sodium triacetoxyborohydride over 40 min
while maintaining an internal temperature of to 5 £ 5 °C. Once the transfer was complete,

the reactor was rinsed with dimethylacetarnide (DMAC) (225 miL, 0.5 vol) and the rinse



WO 2021/231174 PCT/US2021/031091

transferred to the other reactor. The batch was stirred for an additional Thour at 5 + 5 °C,
The reaction was monitored by IPC.

{6482} To a clean, dry, 30-L, jacketed, glass reactor equipped with a temperatuse
controlier, thermometer and a nitrogen bleed was charged ethanol (5.5 L, 12.1 vol} and
purified water (5.6 L, 12,4 vol). The internal temperature was adjusted to 15+ 5 °C. The
contents of the reactor containing the process mixture were transferred to the new reactor
over 1 hour while maintaining the nternal temperature <20 °C. Once the transfer was
complete, the former reactor was rinsed with DMAC (200 ml, 0.5 vol) and the rinse
transferred to the latter reactor. The temperature of the batch was adjusted to 50 °C and
held at this temperature for an additional 1 hour. The batch was cooled to 20 °C over 81
min, held at this temperature for 1, then the precipitated solid was isolated by vacuum
filtration. The reactor was rinsed with ethanol/purified water 1.1 (2 x 2.9 L, 2 x 6.4 vol})
and the rinse used to wash the filter cake. The wet cake was further washed with ethanol
(229 1L,2» 64 vol). After conditioning on the filter thour, the wet-cake (crude
Compound A) was transferred to three glass drying trays dnied in a vacuum oven at 50 °C
for 3 days. Constant weight was not achieved.

{6483} To a clean, dry, 30-L, jacketed, glass reactor equipped with a temperature
controller, a thermometer, mechanical stirrer, condenser, vacuum controller and a nitrogen
bleed was charged dichloromethane (15 L, 16.2 vol), methanol (1.66 L, 1.8 vol), and crude
Compound A {925 g, 1 wt). The baich was stirred until complete dissolution was observed.
The batch was clarified through a 0.4 micron in-line filter then distilled under vacuum
{jacket temp. 65 °C) while adding
ethanol (5.6 L, 8§ vol) at such a rate that a total volume of =185 L was maintained.
Compound A seed crystals {1.85 g, 0.0025 wt) slurried in ethanol (120 mL) were added to
the batch. Distillation under vacuum (jacket temp. 65 °C) was continued while adding
ethanot {10 L, 10 vol} at such a rate that a total volume of =18 L was maintained.
Distillation was monitored by IPC. The batch was stirred at 20 + 5 °C for 18 hours then
the precipitated solid was isolated by vacuum filtration. The wet cake was further washed
with purified water (2 x 2L, 2 x 2 vol) and ethanol (2 x 2 L, 2 x 2 vol). The wet-cake was
dried in a vacuum at 25 °C for =24 h until a constant weight was achieved. The isolated

N-{{1r,4r)-4-(3-chioro-4-cyanophenoxy Jeyclohexyl 1-6-(4-{{4-(2-(2 6-diox opiperidin-3-
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yi6-fluore-1,3-dioxoisoindolin-5-yhpiperazin-1-yDmethyhpiperidin-1-yDpyridazine-3-
carboxamide {Compound A) (850 g, 10086 HPLC Analysis: 99 22 area% (FIG. 18). The

THNMR spectrum is shown in FIG. 25

Example 8 FElucidation of Siructure and Other Physical Characteristics of
Compound A
j0484] Scheme 8 Numbered Carbon Atoms of Compound A.

4/‘
e )

{0485 There is a single stereogenic center in the Compound A molecule at carbon 36, The
starting materials for Compound A are sourced from achiral precursors, hence the molecule
is racemic.

{8486} The centers carbon 10 and 7 are meso and by definition have no chirality. The 1,4-
frans relationship of the amide and ether on carbons 10 and 7, respectively, is supported
by 'H nuclear magnetic resonance (NMR) in conjunction with 2-D nOe NMR.

[0487} The drug substance has been characterized by application of various speciroscopic
techniques ('H NMR, C NMR, mass spectrometry (MS), and Infrared spectroscopy (IR)),
all of which support the chemical structure.

{0488} NMR Spectroscopy

[0489] The 'H and MC NMR reference spectra of Compound A were taken in the NMR
solvent deuterated dimethyisulfoxide (DMSG-ds). The spectra were obtained on a Bruker
500 MHz spectrometer. The 'H NMR spectrum is presented in FIG. 4. The PC NMR
spectrum for Compound A is presented in FIG. 5. Chemical shift assignments for both
spectra are also provided in Table 3.

[0498] The resonances in both the 'H and PC spectra were assigned based on 'H-'H
COSY, 'H-YC edited HSQC and 'H-"C HMBC experiments.  All NMR data acquired
support the structure of Compound A

[0491] Table 3. 'H and "C NMR: Chemical Shifts of Compound A
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Position? ;ﬁﬂ g;;fﬁ;if“: (:if;?b S IR | e Chemical Shift", § (Hz)
1 - 161.7
2 737, 1H, d (2.39) 116.8
3 - 137.0
4 - 103.2
5 7.84, 1H, d (8 77) 135.7
6 7.12, 1H, dd (8.80, 2.39) 1154
7 451, 1H, m 75.6
8,12 1.50, 2H, m; 2.09, 2H, brd (10.14) | 20.8
o 1 i‘«?ljiappjizfg br :élj R 294
10 3.85, 1H, m 47.0
10-NH 8.56, 1H, d {8.21) -
3 - 162.5
14 - 144.2
15 779, 18, d (9.55) 1262
16 732, 1H,d (971 1123
17 - 159.9
18,22 f}ﬁ ;Z)H brd (12.97% 3.0, 2H, 1|,
19, 21 1.82,2H, brd (11.49); 1.12,2H, m | 29.8
20 1.90, 1H, overlapping br ad 326
23 221, 2H, d (7.04) 63.6
24,27 2.53, 4H, br s 52.8
25, 26 3.24, 4H, brs 496
28 - 1453 (*Jor = B.55)
29 744, 18, d (Jpr=7.38) 113.5
30 - 128.7
31 - 166.6
32 - 166.1
33 - 1233 Clor = 9.61)
34 771, 1H, d Clur = 11.43) 1119 (Jop =2492)
35 - 157.3 (Uer = 253.69)
36 5.10, 1H, dd (12.87, 5.41) 49.0
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Position® :im—f;;ﬁ?i (;;f;ﬁfb S I8 | 6 Chemical Shift?, § (Hz)
37 - 1699

37-NH 11.09, 1H, s =

38 - 1727

39 259 1H, m: 288, I1H, m 30.9

40 il()?; 1H, m; 2.51, 1H, overlapping 531

41 e 1ic4

NMR = nuclear magnetic resonance
* The numbering used in the structure is for convenience and may not be consistent
with [IUPAC nomenclature.
" 15{ and BC NMR chemical shifts were referenced to the resonances due to the
NMR solvent at 2.49 and 39.5 ppm, respectively.
¢ d = doublet, dd = doublet of doublet, m = multiplet. s = singlet, t = triplet, br =
broad, ag = apparent quariet, ad = apparent doublet.
4 {H-1H coupling constants in Hertz are given in parenthesis.
{0492} Mass Spectrometry
{8493} High resolution mass spectrometry (MS) analyses of Compound A were conducted
with flow injection analysis using positive ion electrospray [high-resclution electrospray
ionization mass spectrometry (HR-ESI)] on a Thermo Orbitrap MS in Fourier Transform
maode.
{6494} The high resolution mass spectrurn of Compound A is presented in FIG. 6, and the
major peaks resulting from MS/MS fragmentation of the 812.308 parent ion are presented
inFIG. 7.
[0493] Further fragrmentation of the observed MS/MS ions (MS?) was carried out, yielding
the ion map provided in F1G. . All ions observed were within 4 ppm of theory by accurate
mass, and the jon map serves to further confirm the structure of Compound A,
{04961 Infrared Spectrometry
104971 An infrared spectrum of Compound A was obtained on a Bomem MB-102 FTIR
spectrometer equipped with a DuraSamplIR diamond ATR probe. The spectrum is shown
in FIG. 9, along with a listing of peaks observed. Key features which lend further support
to the structure for Compound A are bands at 2225 cml) representing a nitrile stretch

vibration, and five peaks between 1774 and 1594, which represent four imide carbonyl
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vibrations and an amide carbonyl stretch vibration. The fingerprint region from 1500 —

800 cm! provides a distinct signature from which to identify Compound A

Example 9: Summary of Studies to Determine the Particle Size Distributien of
Compound A

{0498 The pasticle size statistics for Batch 12070-C-01-72-01 of Compound A which will
be used in preparation of drug product for use in the clinic are shown in Table 4.

{6499} Table 4. Particle Size Distribution of Compound A

Batch D43 am DO pm B3 um D00 pm
12070-C-01-72-01 43 & 24 93

Example 10. Impurities in the Second-Generation Manufacturing Precess for
Compound A

{6300} Batches of Compound A drug substance contain low levels of impurities. The
structure and origin of each kuown impurity are provided in Table 5. The residual levels
of solvents used in the last steps of the synthesis are within the limits as per International
Conference on Harmounisation (ICH) Q3C.  “Impurities:  Guidelives for Residual
Solvents.” Residual elemental metals meet the limits as described in the United States
Pharmacopeia (USP) <232/233> for drug product and follows the principles described in
Food and Drug Administration (FDA) and ICH Guidelines for Elemental Impurities
(ICHQ3D).

{6581 Table 5. Process Related Impurities in the Compound A Drug Substance
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Compound Structure Origin
Intermediate 3 H Unreacted  starting
0 | material from Step
3 (reductive
amination)

Intermediate 2 OH | A process impurity
in Intermediate 3
and can be formed
as a by-product of

= the reductive
Y v amination in Step 3.
HN This  impurity s

also a metabolite in
female mouse liver
microsomes

Impurity 1 HO A process impurity
O | resulting from over
oxidation of
Intermediate 2 in
Step 2. This

s impurity 18 also a

\ metabolite in male
a2

N human, monkey,

HN dog, rat, and mouse

liver microsomes
and hepatocytes
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Compound

Structure

Origin

Intermediate S +H2N/ﬁ
o NN

Unreacted  starting
material from Step
-

3 {reductive
amination).

Example 11, Analytical Procedures for Compound A Manufacturing Process

{6562} Summaries of the compound specific analytical methods for Compound A are

presented below.

18503] HPLC for Identity, Assay and Impurities

{6584} This is a reverse phase high performance liquid chromatography (HPLC) method

devised to determine the assay and impurity profile of Compound A for release and

stability testing. The wethod was qualified for its intended uses. Forced degradation

studies were performed and used to qualify this method as stability indicating. The HPLC

pararueters are listed below in Table 6.

{6505} Table 6. HPLC Parameters

Column: Waters Atlantis T3, 4.6 x 150 mm, 3 um
Column Temperature: 45°C
Sample Temperature: ambient

Detection:

220 nm and 260 am

Mobile Phase A:

0.1% TFA in Water

Mobile Phase B:

0.05% TFA in 75/25 Acetonitrile/methancl

Flow Rate:

1.0 mL/minute

Injection Volume:

10.0 ul

Data Collection Time:

36 minutes

Analysis Time:

28 minutes

{0566} Gradient:

Time (minutes) % A % B
0 95.0 5.0

1.00 95.0 5.0

10.0 55.0 450
20.10 450 550
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24.10 5.0 95.0
28.00 5.0 5.0
28.01 095.0 5.
36.00 95.0 5.4

16507 GC Method

{0308} This is a gas chromatography (GC) method used to determine the residual solvents

in Compound A drug substance. The chromatographic parameters are listed in Table 7.

{6569} Table 7. GC Parameters for Method Number

Column DB-624 (60 mx 032 mm D x 1.8 um)
Carrier Gas Nz
FiD Temperature 280°C

Makeup (N2} Flow

30 mb/min

Ho Flow 40 mL/min
Air Flow 400 mL/min

Control Mode

Linear Velocity

Colummn Temperature Program Ramp Temp. (°Cy | Hold Time
~ 45 5 min
10°C/min 220 3 win

Injector Temperature 200°C

Split Ratio 10:1

Diluent NMP

Run Time 25.5 min

FiD = flame ionization detector; GC = gas chromatography; Temp. = temperature

{6518} The analytical procedures for the determination of assay, impurities, and residual
solvents in Compound A drug substance have been qualified. The qualification criteria are
provided within the methods. Qualification for high performance liquid chromatography
{HPLC) Method was designed to ensure that the HPLC method is suitable for its intended
use of assay and impurity determination. The method was gualified for specificity, limit
of detection (LODY), limit of guantification (LOQ), linearity, precision and solution
stability. Acceptance criteria were established for each studied parameter. Forced
degradation studies determined that method TMOSIR7 is stability indicating and suitable

to monitor the assay and impurity determination of Compound A during stability studies.

110



WO 2021/231174 PCT/US2021/031091

Qualification of the gas chromatographic (GC) Method was designed to ensure that the
method is suitable for its intended use for residual solvent determination. The method was

qualified for specificity, sensitivity, linearity, and repeatability.

Example 12, Stability Studies with Compound A

{0511} An exploratory stability study on Compound A is on-going. The stability of
Compound A will be studied at 5°C, 25°C/60%RH, and 40°C/TSWRH with sampling
points at 1, 2, 3, and 6 months. Samples will be analyzed using the stability indicating
method TEST-05187 (high performance hiquid chromatography (HPLC)).

{8512} The critical quality attributes of the drug substance Compound A that will be
monitored are appearance, purity, assay {(wt%s), impurities, water content, and x-ray powder
diffraction (XRPD). The container and closure system for the stability study consists of
double plastic (PE) bags placed inside an high-density polyethylene (HDPE) container.
Data from this study are shown in Tables 8, 9, and 10,

{0513f Table 8. Stability Data for Compound A Storage at 5°C +/- 3°C

Test At Tnitial Fnitial Initial
Date of | Date? Bate + 1| Date + 2
Manufacture: Month Months

Appearance Yellow Solid | Yellow Solid | Yellow Selid | Yellow Solid

Water Content (wt%) {027 0.86 0.85 1.0

HPLC Assay (wi%) 97.7 995 974 97.4

HPLC Purity (%) 98.0 98.4 98.4 08.4

HPLC Impurities (%}

RRT .50 (lntermediate | 0.06 0.06 0.05 0.05

5

RRT .39 0.07 0.08 0.07 0.07

RRT 0.90 ND <QL <L <QL

RRT 092 0.07 0.06 <QL 0.06

RRT 0.94 ND NG ND <QL

RRT 0.96 (Intermediate | 0.16 0.18 0.18 0.17

2)

RRT 1.02 039 (.38 0.33 0.29

RRT 1.04 (Intermediate | 0.12 0.11 0.09 <(JL

3)
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RRT 1.05 (Impurity 1) | <QL ND ND ND

RRT 1.07 .19 .15 0.15 0.15
RRT1.23 0.06 0.06 0.05 <L

RRT 132 ND ND ND 0.05

RRT 136 (Intermediate | 0.05 ND <3 <QL

9

RRT 1.39 0.67 0.45 0.58 0.61

RRT 1.54 ND <L <QL <L
Tetal Impurities (%) 2.0 1.3 1.5 1.5

XRPD Crystalline Crystalline Crystalline Crystalline

about 3 months after date of manufacture
HPLC = high performance liquid chromatography, ND =<0.02% ; QL =0.05 %; XRPD =
x-ray powder diffraction

{8514} Table 9. Stability Data for Compound A Storage at 25°C + 2°C/60 % RH + 5%

Test At Initial Enitial Tnitial
Date of | Date! Bate + 1 Month | Date + 2
Manufactu Months
re

Appearance Yellow Yellow Solid | Yellow Solid Yellow Solid
Solid

Water Content 0.27 0.86 0.93 12

HPLC Assay | 977 99.5 973 97.5

{(wt%)

HPLC Purity (%) | 980 98 4 983 G983

HPLC Impurities

(%)

RRT 0.50 | 0.06 0.06 0.05 0.05

{Intermediate 5}

RRT .89 0.07 (.08 0.07 0.07

RRT 0.90 ND <GL <OL <QL

RRT 0,92 0.07 0.06 0.07 0.06

RRT (.94 ND ND ND <QL

RRT 0.96 | 0.16 (.18 (.18 017

{Intermediate 2)

RRT 1.02 0.39 (.38 0.34 0.28
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RRT 1.04 | 0.12 0.11 0.07 <QL
{Intermediate 3}

RRT 1.05 | <QL NBE NB ND
{Impurity 1)

RRT 1.07 0.19 0.15 .15 0.15
RRT1.23 0.06 0.06 0.05 0.05

RRT 132 ND N N <AL

RRT 136 0.05 NB <QL ND
{Intermediate 9}

RRT 1.39 (.67 (.45 .57 0.65

RRT 1.54 ND <L <QL <QL
Tetal Impurities | 2.0 13 I.e 1.5

(%)

XRPD Crystalline | Crystalline | Crystalline Crystalline

labout 3 months after date of manufacture
HPLC = high performance Hquid chromatography; ND = <002 % ; QL =0.05 %; XRPD
= x-ray powder diffraction

{6515} Table 10. Stability Data for Compound A Storage at 40°C + 2°C/75% RH + 5%

Test At Enitial Initial Enitial
Date of | Date! Date + 1 {Date + 2
Manufacture: Month Months
Appearance Yellow Solid | Yellow Solid Yellow Solid | Yellow Solid
Water Content 0.27 0.86 1.0 i3
HPLC Assay | 97.7 99.5 973 972
{wt%e)
BPLC Parity (%) | 98.0 98.4 983 983
HPLC Impurities
(%)
RRT 0.50 | 0.06 0.06 0.05 0.06
(fntermediate 5)
RRT 089 0.07 0.08 0.06 0.06
RRT 0.90 ND <QL <QL <QL
RRT 092 0.07 .06 0.07 .07
RRT 0.94 ND ND ND <QL
RRT 0.96 | 010 (.18 0.18 0.18
{Intermediate 2)
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RRT 1.02 0.39 0.38 0.34 0.28

RRT 1.64 1 012 0.11 0.08 <L
{Intermediate 3)

RRT 1.65 | < QL ND ND ND
{(Fopurity 1)

RRT 1.07 0.19 0.15 0.14 0.14
RRT1.23 0.06 0.06 0.05 0.06

RRT 132 ND ND ND <QL

RRT 1.36 ] 0.03 ND <QL ND
{(Intermediate 9)

RRT 1.39 0.67 0.45 0.58 0.63

RRT 154 ND <QL <QL <QL
Total Tmpurities | 2.0 13 1.6 L5

(%)

XRPD Crystalline Crystalline Crystailine | Crystalline

labout 3 months after date of manufacture
HPLC = high performance liquid chromatography; ND =<0.02% ; QL =0.05 %; XRPD
= g~ray powder diffraction

{6816} Summary: after 2 months at all temperature stations, no increase in impurities nor

change in solid properties has been observed. After S months from the date of manufacture,

1o increase in impurities or change in solid properties has been observed. A small increase

in the water content has been observed.

Example 13. Deseription and Composition of the Compound A Tablet

{8517} Compound A tablets are intended for oral administration. Tablets containing 5 mg

and 35 mg of the drug substance were manufactured with a press weight of 100 mg and

700 mg, respectively, from a common granulation. The tablet compositions are listed in

Tabie 11,

{8518} Table 11. Composition of Compound A 5 Tablets (5 g and 35 nog)
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Strength
5 mg 35 mg
Component and Quality mgper | Yew/w | mgper | Y% wiw
Standard Function unid unit
Compound A Active 5 5 35 5
Microcrystalline Cellulose | ... c < . ta e -
fille 5 5 318 5.5
NF. Ph. Eur, JP Filler 455 45 3185 45,
Lactose Monohydrate . .
v < ‘S’ A 3 45 ‘;
NE/USP, Ph. Eur, JP Filler 455 45 3185 455
Croscarmellose Sodium S ) R \ N
NF. Ph. Eur, 1P Dhsintegrant 3 3 21 3
Silicon Dioxide " . ~ v -
4.1
NE/USP, Ph, Eur, JP Glidant 0.5 0.5 35 0.5
Magnesium Ntearate . . . N
J ant h 5 35 5
NF. Ph. Eur, IP Lubricant 0.5 0. 3 0.
Teotal Weight 100 100 700 100

NF/USP: National Formulary/United States Pharmacopoeia; Ph. Eur.: European

Pharmacopoeia; JP: Japanese Pharmacopoeia

Fxample 14. Preparation of Spray-Dried Dispersion Intermediate,

{8519} Multiple corupositions were maoufactured at the small scale and evaluated both in
vitro {e.g., dissolution, stability, etc.) and 1n vive {e.g., bicavailability, exposure levels,
etc.}. There was no advantage observed with dispersions that incorporated polymers and/or
surfactants compared to pure spray-dried Compound A, In order to maintain simplicity
and maximize drug load, the pure AP spray dried was employed.

{6528} One engineering and two clinical batches of spray-dried intermediate have been
manufactured. The information shown below is taken from the GMP Manufacturing Batch
Record (MBR) of the first clinical batch. Because this originates from an MBR, reference
is made to specific pieces of equipment. There is no reason to expect that equivalent
manufacturing equipment would not be equally effective.

{6521} The process for the preparation of a spray-dried intermediate:

1. Starting from crystalline solid Compound A, prepare a 2.5% {(w/w) solution of
Compound A in 90%/10% (w/w} dichloromethane/methanol,
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2. Spray dry solution in PSD-1 spray dryer using SK80-16 nozzle using the

following conditions:

Parameter Target Target Range
Dryer Infet Temperature 85°C 65-125°C
Dryer Outlet Temperature 375 32.5-42.5°C
System Gas Flow 1850 g/min 1550-2150 g/min
Liguid Feed Rate 180 g/min 145-205 g/min
Liquid Feed Pressure 450 psig 300-600 psig

3. Collect solid in cyclones and transfer to tray drver to remove residual
dichloromethane and methanol to below ICH guideline levels using a defined
temperature/humidity ramp.

{05221 Updated Preparation of Spray-Dried Dispersion

{6523} The process above was further refined. The updated process is as follows:

1. Starting from crystalline solid Compound A, prepare a 6% (w/w) solution of
Compound A in 93%/7% {w/w} dichloromethane/methaneol,

2. Spray dry solution in PSI-1 spray dryer using Schlick Model 121 nozzle using
the following conditions:
Parameter Target Target Range
Dryer Inlet Temperature a5°C 65-125°C
Dryer Outlet Temperature 375 32.5-42.5°C
Systern Gas Flow 1830 g/min 1550-2150 g/min
Condeunser Temperature -5eC -10-0 °C
Liguid Feed Rate 180 g/min 145-205 g/min
Liguid Feed Pressure 450 psig 300-600 psig

3. Collect solid in cyclones and transfer to filter dryer to remove residual
dichloromethane and methanol to below ICH guideline levels under vacuum at
between 40 and 60 °C.

16524 Granulation Blends and Tablets of Pure Spray-dried Compound A
{6325 Table 12 below shows the composition for the first clinical batch of 5 mg and 35

mg tablets as taken from the GMP MBR. The actal quantities used in the batch matched

116
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the target levels to the decimal indicated. On a percent basis, the composition of the
precursor engineering batch and second chinical batch was the same, though the absolute
quantities of material employed were different. Again, because it originates from an MBR,
the information below references specific pieces of equipment. There is no reason to
expect that equivalent manufacturing equipment would not be equally effective.

{0526 Table 12. Composition of First Clinical Batches of Tablets of Pure Spray-dried

Compound A.

Unit
Composition Target batch
Component ID Item {wiw%) Quantity {g) Purpose
100% Compound .
i Active
A Spray-Diried 1 5.00 750.0 )
_ Ingredient
Intermediate
Microcrystalline
Cellulose 2 45.50 6825.0 Filler
{Avicel PH102)
Lactose
Monohydrate 3 45.50 6825.0 Filler
{Fast Flo 316)
Croscarmellose
Sodium 4 3.00 450.0 Disintegrant
{Ac-Di-Sol)
Colleidal Silicon
Dioxide 5 G.50 756 Glidant
{Syloid 244FP)
Magnesium Lubricant
6 0.25 375 )
Stearate (intragravular)
Pregranulation
99,75 14962.5
Blend Totals
Magnesium Lubricant
7 0.25 375
Stearate {extragranular)
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Final Blend

166,06 15660.9
Totals

{85271 The process for preparing Tablets of Pure Spray-dried Compound A:

o

[ ~S

~ o

10.
11

Charge Bin blender with Items 1-5

At 12 RPM, rotate blender 180 times

De-tump blend by passing through U10 Comil with an 032R screen into Bin
blender

At 12 RPM rotate blender 180 times

Screen Item & through 20 mesh screen and add to blender

At 12 RPM. Rotate blender 48 times

Granulate blend through Gerteis Roller Compactor with knurled rolis and 1.25
rom square wire granulator screen

Collect granulated material in Bin blender and charge with ftem 7 passed through
20 mesh screen

At 12 RPM rotate blender 48 times to produce final blend

Partition final blend into one vessel for 5 myg tablets and another for 35 mg tablets
With S-station Korsch X100 and 0.34037x0.6807” oval tooling press 35 mg
tablets with suitable compression force (~14 kN)

. With 10-station Korsch XL100 and 0.25” SR tooling, press 5 mg tablets with

suitable compression force (~4 kN}

{0528] Particle size of granulation used in preparation of clinical supplies was not

measured. However, the size distribution, as determined by a sieve analysis, was measured

of the engineering batch using the same percent composition and equivalent equipment and

is shown FIG. 10

Example 15, Compound A Drug Product.

{6529} Compound A 5 mg and 35 mg tablets were manufactured from a common

granulation of spray-dried amorphous Compound A with the following compendial

excipients:
e Microcrystalline Cellulose
» Lactose Movohydrate
e (Croscarmellose Sodium
e Silicon Dioxide
e Magnesium Stearate
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{0536} The tablets were packaged and shipped to the clinical pharmacies in heat-induction
sealed high-density polvethylene bottles, that are capped with a lined, polypropviene
closure. A silica desiccant canister is included to maintain a low-moisture environment.
{6531} Drug Substance Considerations

{85832] Compound A is designated as BCS IV (low solubility, low permeability). The
designation is supported by the low in vitro permeability in MDCK cells, and the crystalline
solid’s low solubility of 1.2 pg/mL in pH 6.5 simulated intestival fluid (SIF). This results
in the modest oral bicavailability cbserved in the face of low hepatic clearance when
colloid-forming, precipitation-resistant solutions are administered. The compound’s
amorphous solubility in SIF 18 30 pg/ml. A membrane flux experiment was conducted in
which a fixed amount of compound was introduced into the donor compartment at various
concentrations of the SIF bile salts, and appearance of drug was monitored on the receiver
side. The rate of compound permeation was strongly dependent on the concentration of
micellar species present in the donor solution (Table 13), indicating that absorpiion is
limited not only by low aquecus solubtlity, but also by diffusion of solubilized drug across
the unstirred water layer adjacent to the intestinal wall. If absorption is limited entirely by
solubility, the flux would not change with concentration of such species. Thus, colloid-
forming excipients are not only likely to improve bioavailability through the inhibition of
precipitation, but also by providing carriers that rapidly resupply the luminal surface with
free drug as absorption oceurs.

{6533} Table 13. Flux Measurements as Function of SIF Concentration

Flux
SIF {mg/mL.) (pg-mint-cm
0 0.02
5 (.09
10 0.14
20 0.20

SIF = simulated intestinal fluid

{6334} The mechanisru-based understanding of absorption limitations described above
suggested the use of amorphous dispersions as a means of feveraging the higher solubility

characteristic of non-crystalline solids. Compound A possesses thermal characteristics

119
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compatible with this solubilization strategy. The melting point of neat crystalline material
15 290°C, consistent with a high propensity to remain in the crystalline state, and a high
glass transition temperature (Tg) of 146°C. Thus, while crystals of Compound A are quite
stable, there is a significant barrier to transforming to a crystalline state from an amorphous
form. Indeed, a ramped temperature increase of a partially-crystalline sample does
eventually lead to a recrystallization event, but not until a temperature of 200-220°C is
achieved. Hence, a very large amount of energy 1s required to induce the mobility and
potential crystallization of amorphous Compound A even in the pure state. As discussed
below, this robust resistance to crystallization is preserved even in the presence of water.
{8535} A 90-minute non-sink dissohution experiment was conducied in which a Compound
A suspension was introduced into pH 2 HCI at a final concentration of 1 mg/mlb, which
was then periodically sampled and prepared for analysis via centrifugation. A shift to pH
6.5 SIF was carried out 30 minutes into the experiment. The improved solubility of
amorphous solid over the crystalline forro is clearly demonstrated in FIG. 11, Higher
concentrations are achieved in the gastric phase of the experiment and sustained in the
intestinal phase with spray-dried amorphous Compound A

{6536} Hardy Formulation Development

{85371 Due to the limited solubility of Compound A, early rat PK studies were conducted
with solutions of Compound A in a variety of vehicles. Dose-linear exposure escalation in
rats using solutions containing solubilizers and precipitation inhibitors demonstrated that
compound can be delivered iuto systemic cireulation if sufficient concentrations of
absorbable drug can be sustained in the upper gastrointestinal (GI) tract.

{9538} Rat Studies with Sprav-Dried Dispersicus

{05391 Male rats were orally administered Compound A as spray-dried dispersions (SDDs)
in agueous suspension containing 0.5% Methocel AdM at 10 mL/kg. Drugloads of 10, 25,
and 530% in polyvinyipyrrolidone/viny! acetate copolymer (PVPVA) were dosed along
with loads of 25% with either hvdroxypropyl methyleelinlose (HPMC) or L-grade
bydroxypropy! methylcellulose acetate succinate (HPMCAS-L}. This allowed comparison
across drug lcads for the lead polymer as well as with other polymers at a common drug

load.
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{0540} Data from the pharmacokinetic studies described in Table 14 show that use of
PVPVA led to better exposures compared to the other polymers, but only at 10% drug
loading, which in turn compared favorably to the sclution at a similar dose. This data led
to the selection of the 10:90 Compound A PVPVA dispersion as the formulation employed
in the rat good laboratory practice (GLPHoxicology study.

{0541f While a 10% drug loaded SDD enabled the rat 28-day GLP toxicology study
because of the high dosing volurue permitted in preclinical species, such a value is too fow
to be employed in a human solid dosage form. Performance of pure spray-dried amorphous
Compound A achieved the second-highest exposures of all the amorphous solids
administered and would maximize strengths of the clinical solid dosage form.

[6342] Table 14. Formulations Tested in Rat Pharmacokinetic Studies

Dose {mg/kg} Composition Dosage Form AUC (ngxh/mlL}
125 COSOI‘“'"“‘;;l’;g’t'zfpmﬁ"“ Solution 31,700
150 m:iﬁ Eio;;p?md Suspension 34,537
150 25:15: g;‘,’;ﬁfﬁzund Suspension 10,286
150 50:;0:};(;?}!)1152%(1 Suspension 14,337
150 Zggiggizuﬁd Suspension 11,293
150 25:75 C@mpg;nd AHPMC Suspension 10,649

DMSO = dimethylsuifoxide; HPMC = hydroxypropyl methylceliulose; HPMCAS-L =
L-grade hydroxypropyl methylceliulose acetate succinate; PEG400 = polyethylene
glycol 400; PVPVA = polyvinylpyrrolidone/vinyl acetate copolymer

{8343} Dog Studies with Spray-Dried Dispersions

{6844} Data from the pharmacokinetic studies described in Table 15 show the formulations
administering Compound A as 0.5% Methocel suspensions of four different polymer
dispersions of the drug (10 mg/kg of active) to fasted, pentagasirin pre-treated male dogs.

Suspensions in dog yielded lower exposure compared to the solution. As a consequence,
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the solution formulation was used in the 28-day GLP toxicology study. With respect to
development of a clinical solid dosage form, however, within the variability of the area
under the curve (AUC) values, there is no indication of improved exposure with low drug
leaded SDIds. This data, when combined with the experimental results from the rat,
suggests that 100% spray-dried amorphous Compound A will be as effective in achieving
exposure as a Compound A/polymer combination. Hence, this form of the drug was chosen
for incorporation into a solid oral dosage form.

[6545] Table 15, Formulations Tested in Dog Pharmacokinetic Studies.

Dog Formulation
AUC (ngxh/mi}

Composition Bosage Form Avg Sb
Cosolvent +  Precipiiation

Inhibitor Solution 5,705 2,256
90:10:0 Compound

APVPVATPGS Suspension 1,635 309
10:80:10 Compound

APYPVATPGS Suspension 866 190
25:65:10 Compound

APVPVATPGS Suspension 2,486 1,549
80:10:10 Compound

APVPVATPGS Suspension 1,201 540

DMSO = dimethylsuifoxide; HPMC = hydroxypropyl methvicellulose; HPMCAS-L =
L-grade hydroxypropyl methylcellulose acetate succinate; PEG400 = polyethylene
glyeol 400; PVPVA = polyvinylpyrrolidone/vinyl acetate copolymer

{8546] A flux experiment similar to that performed to obtain the data in Table 13 for
several amorphous suspensions was conducted with results presented in Table 16, Flux
remains constant regardless of polymer inclusion or drug load, thus demonstrating the
ability of pure spray-dried amorphous Compound A without polymer to source free,
absorbable drug in solution.

{0547f Table 16. Flux Measurements of Spray-Dried Amorphous and Crystalline
Compound A

Table 0-1 Flux Measurements of Spray-Dried
Amorphous and Crystalline Compound A
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Donor Compartment Contents {g;gwwfiizficm‘z)
Spray-Diried Amorphous Compound A 0.15
10:90 Compound APVPVA 0.15
90:10 Compound A:PVPVA 0.11

PVPVA = polyvinylpyrrolidone/vinyl acetate copolymer

10548} The amorphous form of pure Compound A is robust with a high Tg and even higher
recrysiallization temperature. The glass transition temperature does decrease under the
plasticizing conditions of high humidity. However, the value is still well above the
commonly applied 40-30°C difference between Tg and any temperature the clinical
presentation will encounter. Pure, spray-dried amorphous Compound A is predicted to be
more stable under high humidity conditions than is a polymer dispersion as shown in Table
17.

{6549} Table 17. Glass Transition Temperatures of Spray-Dried Amorphous

Compound A-Containing Solids as Function of Temperature and Relative Humudity.

Temperature/RH (°C/%)
Powder 28/6 46/75

100%  Spray  Dried  Amorphous
Compound A

10% APLin PYPVA 114°C 25°C

APL = active pharmaceutical ingredient; PVPVA = polyvinylpyrrolidone/vinyl acetate
copolymer; RH = relative humidity

146°C 103°C

{0550} In conclusion, in vifro and in vive data support the use of pure, spray-dried

amorphous Compound A API within the clinical formulation.

Example 16, Solvent Sereen

{6551} A screen was conducted to determine the optimum solvent for use purifying
Compound A and for dissclution of crystalline Compound A prior (o spray drying. The
results of the screen are shown in Table 18

{8552} Table 18. Solvent screening preliminary data.
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Solids - us .
Selvent system (W%} Temperature Bissolution
DOCM: Acetone, 53:47%wt. 0.82 RT Not dissolved
DCM Ethanol, 92:8%wt. 2.26 RT Dhissolved
DCM 0.6 RT Not dissolved
DCM:Methanol, 42 RT Dissolved
95:5 wt%%.
DCM-Methanol 475 RI Dissolved
90:10%wt. 5.6 30 Dissolved
8.1 35 Dissolved
DCM:Methanol, . . ,
R0-20% vt 34 RT Dissolved
DCM: Methanol . .
3 ’% ) o
70:30% wt. 32 RT Turbid solution
Methanol 2.8 RT Not dissoived
THF 0.7 RT Not dissolved

Example 17. Manufacturing Proecess Development Spray-Dried Amorphous
Compound A [ntermediate

{6853} Amorphous Compound A produced at small (laboratory) and ~05 kg
{demonstration) scales was emploved to optimize processing conditions for recovery, and
study chemical stability, non-sink dissolution performance, particle size, thermal
characteristics, and residual solvent levels. Crystalline Compound A was dissolved in
90:10 dichloromethane methanol {B3CM:MeOH) to afford a concentration of 2.5 wt% and
was then introduced into a spray dryer to create the amorphous state. A two-stage tray-
drying procedure was used to remove residual solvents.

{0554{ Particle size of the dried powder was measured via laser diffraction and is shown
in Table 19. As expected, the particle size obtained with a smaller scale dryer are shghtly
smaller than those resulting from spray drying with a larger drver. Dv{50) values of 10 um
were reproducibly obtained using the latter equipment. This same, larger dryer supplied
material for all tablet development and in vivo testing carried out using spray-dried
amorphous Compound A and will also do so for the clinical formulations.

{6555 Table 19. Laser Diffraction Particle Sizes of Spray-dried Intermediates.

Dryer | Sample Velume-Average Biameter (um)
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Dy{18} Dy(38) Dv(90)
BLD35 Small Scale i S 11
Scale-Up #1 3 9 8
PSD-1 Scale-tUp #2 4 10 20
Demonstration 4 10 20

Dv(10) = size below which 10% of the material volume is present

Dv(50) = size below which 50% of the material volume is present

Dv(90) = size below which 90% of the material volume is present
{6556} Suitable chemical stability of the spray solution and the solvent-damp spray-dried
intermediate (SDI) over a period of one week, have been confirmed as shown in Table 20
{85571 Table 20. Chemical Stability of Solvent-damp Spray-dried Amorphous Compound

A and DCM/MeQOH Spray Solution at 25°C.

Weight
Weeks Total Pevcent of

@ Impurities | Compound
Sample 25°C (¥} A

0 117 99 1
Damp Spray-Drried Amorphous Compound A 1 1.20 G973

2 145 96.3

0 1.18
Spray Solution 1 1.10 N/A

2 140

DCM = dichioromethane; MeOH = methanol

[0558] Finally, from a performance perspective, non-sink dissolution of several
amorphous Compound A samples from different manufacturing scales, shown in Figure 12
recontirms the pH-shift non-sink dissolution profile observed tn the initial formulation

design phase.

Example 18: Compound A Tablet Development.
{8559} Several different compositions of 35 mg strength Compound A tablets {Table 21)
were made as laboratory scale prototypes using conventional fillers, glidants, disintegrants,

and lubricants for evaluation of chemical stability (Table 22) and dissclution (FIG. 13}
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both immediately after manufacture and after stress storage conditions (2-weeks at
50°C/75%RY open).

{6560} Table 21. Compositions of 35 mg Compound A Tablet Prototypes.

Formulation Reference | 4/ A2 A3

Tablet Strength/ Press Weight (mg/mg} | 35700 | 35700 | 35700
Function Ingredient % of Blend
Intra Granular
Active Spray-dried amorphous Compound A 5.00 5.00 5.00
Filler Microcrystalline cellulose 445G | 4450 | 4550
Filler Lactose monohydrate 44 50 | 4450 | 4550
Disintegrant Crospovidone 3.00
Disintegrant Croscarmellose sodium 3.00 3.00
Glidant Silicon dioxide 0.50 0.50 5
Lubricant Magnesium stearate 0.25 .25 25
Extra Granular
Disintegrant Crospovidone 2.00
Disintegrant Croscarmellose sodium - 2.00 -
Lubricant Magnesium stearate 0.25 0.25 0.25
Totals: 100.060 | 160.00 | 100.00

{6561} Table 22, Chemical Stability of Prototype Tablets After 2 Weeks at 50°C/75%RH

Open
Total bmpurities (wt
Sample t= (week) o} Percent of Label
. 0 110 98.7
Formulation Al - -
2 1.67 08.3
. O 1.06 982
Formulation A2
2 1.92 96.8
. ¢ 1.15 99.0
Formulation A3
2 1.74 973
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{0562 Based on the acceptable chemical stability of all compositions and the improved
dissolution profile observed with formulation A3, A3 was selected for clinical

development.

Example 19: Compound A Manufacturing Process Development of a Spray-Dried
Amorphous Compound A Intermediate Preduct: Characterization and Proecess
Assessment

{6563} As demonstrated above, the maintenance of Compound A in the amorphous state
is integral to achieving in vivo performance. Hence, effort was applied to assure g thorough
understanding of the generation and subsequent use of the Compound A intermediate
product.

{6364} The batch analysis for the spray-dried amorphous Compound A intermediate
product is provided in Table 23, This data demonstrates that conversion of Compound A
from a crystalline to an amorphous form via spray drying does not materially affect either
the potency or impurity profile. It also confirms the amorphous nature of the spray dried
intermediate.

{6565] Table 23. Batch Analysis Results for Spray-Dried Amorphous Compound A

Intermediate Product Demonstration Batch (SDI) Contrasted to Input APT

In Process
Test Specification APE SDi
Appearance FIO ngélotvg'siow
DCM (ppm) <600 16 200
MeOH (ppm) <1,000 <1.5{LOD) <100 (LOG)
Assay (%% label} - 981 991
fropurities 2> 0.05% - -
RRT =050 Area % = 0.06 Area % = 0.05

(189 0.07 (.08

0.92 0.07 0.07

0.96 - 0.16 6.16

102 0.39 0.37

1.04 0.12 <0.05 (LOG)

1.07 0.19 (.18
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1.23 0.06 .05
1.36 0.05 <0.05 (LOQ)
1.39 0.67 G.22
Total Impurities 1.84 1.18
DSO (um) FI0 - 10
PXRD FIO Crystalline Amorphous
SEM FIO 3 No cry Sta}']izati on
Morphology or fusing

DCM = dichloromethane; FIO = for information only; MeOH = methanol; LOD =limit
of detection; LOQ = limit of quantitation; PXRD = powder x-ray diffraction; RRT =
relative retention time; SEM = scanning electron microscopy

{0566} The difference in the fow impurity levels is considered to be caused by method

variability.

Example 20: Stability of the Amorphous form of Compound A (*the Spray-Dried
Intermediate™)

{0567} The stability of amorphous Compound A was assessed at three stability conditions:
2-8°C; 25°C/60%RH, and 40°C/75%RH for a period of 12 months.

{0368} During stability testing, amorphous Compound A was stored in wire-tied low-
density polyethylene bags placed in heat-induction sealed, high-density polyethylene
{(HDPE) bottles containing a desiccant canister, and capped with polypropylene-lined
closures,

{05691 After 6 months of storage at 2-8°C, the purity of the amorphous form of Compound
A was >95% {95 .7%), with water being the major impurity {0.9%6).

{6578} After 12 months of storing at 25°C/60%RH, the purity of the amorphous form of
Compound A was >97% {(97.7%), with water being the major impurity (1.62%).

{05711 After 12 months of storing at 40°C/75%RH, the purity of the amorphous form of
Compound A was 98%, with water being the major impurity (2.16%, as measured by Karl
Fischer titration).

{6572} It is noteworthy that under all three storage conditions, there was no evidence of

recrystallization of the amorphous form Compound A at any time during these studies.

Example 21, Batch Manufacture of Compound A Tablets
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{0573} Compound A tablets, 5 and 35 mg, were prepared from a single, common blend.

Prior to blending, Compound A drug substance (D8} is dissolved, then spray-dried to form

an amorphous drug product intermediate {(amorphous Compound A). Formulas for each

strength of the demonstration batches (5 myg and 35 mg tablets) are provided in Table 24

and Table 25, respectively.

{0574 Table 24. Demonstration Batch Formula for Compound A Tablets, 5 mg

Quantity Per Baich

Component Function {g}
Compound A Intermediate Product Active Agent 250.05
Microerystalline Cellulose Filler 2275.04
Avicel® PH102 (NF, Ph. Eur, JP) ‘
Lactose Monohydrate Filler 227507
Foremost™ 316 (NF/USP, Ph. Eur, JP) o
Croscarmellose Sodium Disintegrant 150.04
Ac-Di-Sol® (NF, Ph. Eur, IP) SHttegratt
Silicon Dioxide Glidant 25.00
Syloid® 244FP (NF/USP, Ph. Eur, IP) 8
: o ot AT Tntragranular 12.52
Magnesium Stearate (NF, Ph. Eur, JP) Lubicant

vetra oranil o a
Magnesiuro Stearate (NF, Ph. Eur, IP) thiagx.anui.ai 10.34

Lubricant

Total Blend Weight 4998 12°
Tablet Press Weight 100 mg
Total Number of 5 mg Tablets 6930

* Extragranular magnesium stearate amount adjusted based on granule yield.
b Total weight of common blend, which was appropriately divided to make both 5 mg

and 35 mg tablets.

{8575} Table 25. Demonstration Batch Formula for Compound A Tablets, 35 mg

Component

Function

CQuantity Per Batch
(&}

Compound A Intermediate Product

Active Agent

250.05
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Microerystalline Cellulose Filler 2275.04
Avicel® PH102 (NF, Ph. Eur, JP)
Lactose Monohydrate Filler 2275.07
Foremost™ 316 (NF/USP, Ph. Eur, P}
Croscarmellose Sodium Disinterant 150.04
Ac-Di-Sol™ (NF, Ph. Eur, JP) 1SHtes
Stlicon Dioxide Glidant 25.06
Syloid™ 244FP (NF/USP, Ph. Bur, IP) o
y - o
Magnesium Stearate (NF, Ph. Eur, IP) Intragranular 1252
Lubricant
coGre 0 144
Magnesium Stearate (NF, Ph. Eur, JP) E);tl dgdnular 10.34
Lubricant
Total Blend Weight 4998 12°
Tablet Press Weight 700 mg
Total Number of 35 mg Tablets 3500

* Extragranular magnesium stearate amount adjusted based on granule yield.
" Total weight of common blend, which was appropriately divided to make both 5 mg

and 35 mg tablets.

{6576} Contatner Closure Systen for Compound A Tablets

{6577} Compound A Tablets, 5 mg and 35 mg, were packaged in heat-induction sealed,

high-density polyethylene bottles, 100 cc and S00 cc in size, respectively, containing a

desiccant, and closed with a child-resistant cap. The primary container closure components

are in compliance with relevant United States {US) and European Union (EU) guidelines

pertaining to materials that come in contact with food.

Example 22. Baich Formula for Compound A Tablets.

16578} Compound A tablets, S and 35 mg, were prepared from a single, common blend.

Prior to blending, Compound A DS was dissolved, then spray-dried to form an amorphous
drug product intermediate (amorphous Compound A} Representative formulas for each
strength are provided in Table 26 and Table 27.

{0579 Table 26. Batch Formula for Clinical Compound A Tablets, 5 mg

Baich Target

Component

Function

Quantity (g)

Compound A Intermediate Product

Active Agent

750




WO 2021/231174 PCT/US2021/031091
Microcrystalline Cellulose - ok
Avicel™ PH102 (NF, Ph. Eur, JP) Filler 6,825
Lactose Monochydrate Filler 6,825
Foremost™ 316 {(NF/USP, Ph. Eur, IP)
Croscarmellose Sodium Disintegrant 450
Ac-Di-Sol™ (NF, Ph. Eur, JP) 1SS
Stlicon Dioxide Ghidant 75
Syloid™ 244FP (NF/USP, Ph. Bur, IP) 7

i - 37 4
Magnesium Stearate (NF, Ph. Eur, 1P) Intragranular 37.5

Lubricant
! . o 1 T Extragranular

! ! 3 D > =4 7
Magnesium Stearate (NF, Ph. Eur, JP) Lubricant 37.5
Total Blend Weight 15,000*
Tablet Press Weight 100 mg
Total Number of 5 mg Tablets 21,400

JP = Japanese Formulary; NF = National Formulary; Ph. Eur. = European
Pharmacopoeta; USP = United States Pharmacopeia
*Total weight of common blend, which is appropriately divided to make two batches

of tablets.

{6580} Table 27. Batch Formula for Clinical Compound A Tablets, 35 mg

Batch Target

Component Function Cruantity {(g)

Compound A Intermediate Product Active Agent 750

Microcrystalline Cellulose .

Avicel” PH102 (NF, Ph. Bur, JP) Filler 6,825

Lactose Monchydrate Filler 6,825

Foremost™ 316 {(NF/USP, Ph. Eur, JP)

Croscarmellose Sodium Disintegrant 450

Ac-Di-8ol® (NF, Ph. Eur, JP) ROLeS

Silicon Dioxide Glidant 76

Syloid® 244FP (NF/USP, Ph. Eur, IP) ’

Magnesium Stearate (NF, Ph. Eur, IP) imragr.anuigr 375
& Lubricant

N e : Extragranular -

Magnesium Stearate (NF, Ph. Eur, JP) L ubricant 375

Total Blend Weight 15,000*

Tablet Press Weight

700 mg
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Total Number of 35 mg Tablets 12,400

JP = Japanese Formulary; NF = National Formulary; Ph. Eur. European
Pharmacopoeia; USP = United States Pharmacopeta

*Total weight of common blend, which is appropriately divided to make two batches
of tablets.

Example 23. Manufacturing and Process Description for the Compound A Tablets.
{6581} Compound A Intermediate Product: Compound A was dissolved in a 90/10 {w/w)
mixture of dichloromethane (DCM) and methanol (MeUH), both of which are National
Formulary (NF) grade, and stirred until a clear, yellow solution of 25 mg/mi. was obtained.
This solution was introduced to a spray dryer. The damp solid ocutput was tray-dried to
produce an amorphous solid (amorphous Compound A). This solid was checked for
residual DCM and MeOH as an in-process test. A flow diagram of the manufacturing
process of Compound A intermediate product is preseoted in FIG 14,

{65821 Tableting: a common dry granulation was used to produce Compound A tablets,
Amorphous Compound A was blended with microcrystalline cellulose, lactose
monchydrate, croscarmeliose sodium, and siticon dioxide in a suitable blender. The
resulting powder was delumped and magnesium stearate added and blended. The blend
was granulated using a suitable roller compactor and passed through a screen
Extragranular magnesium stearate was added and the bulk powder was blended in a
suttable blender. The blend was compressed into tablets using a rotary press and the
resulting tablets packaged in bulk containers. The flow diagram of the manufacturing
process of Compound A tablets is presented in FIG. 15

{0583} Controls of Critical Steps and lntermediates in the Manufacturing Process for
Compound A Tablets.

{6584} A summary of controls performed at the critical steps of the manufacturing process
for Cornpound A intermediate product and for Compound A tablets are provided in Table
28 and Table 29, respectively.

{0585 The residual solvents level in the Compound A intermediate product is a quality
attribute that is carefully monitored to assure safety. Acceptance criteria are those specified
in the International Council for Harmonisation (ICH) harmonized guidelines for residual

solvents Q3C(R6).  Tablet properties are monitored to assure consistent size and
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performance.  Additional controls may be added or refined as drug development
progresses,

{6586} Table 28. In-process Controls for the Manufacture of Compound A Intermediate

Product.

Critical Step Test Method Acceptance Criteria
Spray drying of Residual RO e

- i M R hY B <&0 8
Compound A dichloromethane TEST-099 <600 ppm
Spre ring of . N

pray drying of Residual methanol TEST-099 <3000 ppm
Compound A

83871 Table 29. In-process Controls for the Manufacture of Compound A Tablets, 5 mg
P p 8

and 35 mg.
Critieal Method Alert Limit (3 Alert Limi (38
Step Test Type mg) mg)
ndividual 1y ohin 100 mg + 5% 700 mg + 5%
press weight ghing VMg 2 e
Tableting A Sotax
Jerag
verage Hardness 6.5kp+ 2 kp 27kp+ 2 kp
hardness )
Tester

{6588} Control of Excipients (Compound A, Tablet)

{0389 Specifications: The excipients used in the manufacture of 5 mg and 35 mg tablets
meet multi-compendial requirements: microcrystalline cellulose (Nattonal Formulary
{NF), Buropean Pharmacopeoeia (Ph. Eur), lapanese Pharmacoposia (IP)), lactose
monchydrate (NF/USP, Ph. Bur., JP), croscarmellose sedium (NF, Ph. Eur, JP), silicon
dioxide (NF/USP, Ph. Eur, IP), and magnesium stearate (NF, Ph. Eur., JP). There are no
non-compendial excipients used in the manufacturing process or present in the drug
product.

{6590} Control of Drug Product (Compound A, Tablet)

{6591} Specifications for Compound A tablets, S mg and 35 mg, are outlined in Table 30
and Table 31, respectively.

{83921 Table 30. Specifications for Compound A Tablets, 5 mg
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Analytical

Test Procedure Acceptance Criteria

Appearance TEST-009 Yellow to light-yellow, round tablet

The ditference between HPLC retention
time of the sample and that of the main

Identity by HPLC TEST-513 peak in the closest working standard
injection is NMT 5%.
Assay (5 mg, % label) TEST-513 90-110% of label claim

Refated Substances (%)

TEST-513

Report all impurities > 0.05%

P Related Substances
{%%)

TEST-513%

Report all impurities related to drug
product manufacture or degradation >
0.05%.

Total of impurities related to drug
product manufacture or degradation <
2.5%.

No single unspecified impurity > 1%.

Content Uniformity

TEST-S13

Meets USP <905>

Dissolution

TEST-514

Q=75% @ T =45 min

DP = drug product; HPLC = high performance liquid chromatography; NMT = not
more than; USP = United States Pharmacopoeia; Q = amount of dissolved active
ingredient as percentage of fabeled content
*Value obtained by comparing chromatographic impurity peak areas of drug product
with those of corresponding peaks reported in the dmyg substance Certificate of
Analysis and taking the difference.

{0593} Table 31. Drug Product Specifications for Compound A Tablets, 35 mg

Analytical
Test Procedure | Acceptance Criteria
Appearance TEST-009 Yellow to light-yvellow, oval tablet

The difference between HPLC retention
time of the sample and that of the main

dentity by HPLC I8T-513 . .
[dentity by HPLC TEST-51 peak in the closest working standard
injection is NMT 5%.
Assay (35 mg, % label) TEST-S13 90-110% of label claim
Related Substances (%6) TEST-513 Report all impurities > 6.05%
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Analytical
Test Procedure Acceptance Criteria
Report all impurities related to drug
product manufacture or degradation >
DP Related Substances iy 0.05%.
i elated Substances TEST-513% ‘ -
(7o) Total of impurities related to drug
product manufacture or degradation <
2.5%.
No single unspecified impurity > 1%.
Content Uniformity TEST-513 Meets USP <905>
Dissolution TEST-514 32>75% @ T =45 miun

DP = drug product; HPLC = high performance liquid chromatography; NMT = not
more than; USP = United States Pharmacopeeia; Q = amount of dissolved active
ingredient as percentage of labeled content

*Yalue obtained by comparing chromatographic impurity peak areas of drug product

with those of corresponding peaks reported in the drug substance Certificate of Analysis
and taking the difference.
{0594} Analvtical Procedures for Compound A Tablets: analytical methods for identity,
assay, related substances, content uniformity, and dissolution that ensure quality of
Compound A tablets, 5 mg and 35 mg, have been developed. The method summaries are
described w the section below.

{6595} Table 32. Analytical Procedures for Compound A Tablets

Assay Method Number
Appearance TEST-009
Identity by HPLC TEST-513
Assay TEST-513
Related Substances TEST-513
Content Uniformity TEST-513
Dissolution TEST-514

HPLC = high performance liquid chromatography

{6596} Appearance {(Method TEST-009)
{0597} Using a light box for uniform illumination, material is examined for color and shape

counfirmation is referenced to standard color wheels and figures, respectively.
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{0598] Compound A Identity, Assay, Related Substances, and Content Uniformity by High
Performance Liguid Chromatography (HPLC) (TEST-513)

{6599} Samples are weighed out, dissolved in 8020 {v/v} methanol.0.1% trifluorcacetic
acid (TFA) in water, passed through a filter, and injected onto a HPLC with the conditions
shown in Table 33.

{0600 Table 33. Chromatographic Conditions For TEST-513

Parameter Value

Column Waters Atlantis T3, 4.6 x 150 mum, 3 um
Column Temperature 45°C

Detection 260 nm

Mobile Phase A (.1% Trifluoroacetic acid in Water

Mobile Phase B 0.05% Trifluoroacetic acid in 75/25 acetonitrile/methancl
Flow Rate 1.0 mL/minute

injection Volume 10.0 uL

Run Time 36 minutes

{8601} Identity is reported as the percent difference between HPLC retention time of the
sarople and that of the main peak in the closest working standard injection. Potency is
determined by comparison of peak area to that of the working standard and reported as
percent of label claim. Al impurities with peak area > 0.05% that are not Compound A
are reported. Impurities specific to drug product manufacture or degradation are obtained
by comparing chromatographic impurity peak areas of drug product with those of
corresponding peaks reported in the drug substance Certificate of Analysis and taking the
difference. A sample of 10 tablets is analyzed to perform a content uniformity assessment,
with the results reported per United States Pharmacopeta (USP) <905>.

{6602} Dissolution (Method TEST-514)

{6603} Tablets are introduced into a USP H apparatus with 1-liter vessels containing 900
mb (35 mg tablet) or 500 mL (5 mg tablet) of 50 mM Na:HPQOs, pH 6.5 with 0.5 wiv%
sodium lauryl sulfate at 37°C using a paddle speed of 75 RPM. Samples are removed at
10, 15, 20, 30, 45, and 60 min, filtered through a 10 um full-flow filter, diluted with
acetonitrile, injected onto a HPLC with the conditions shown in Table 34

{0604} Table 34. Chromatographic Conditions For TEST-514
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Parameter Value
Colunmn: Agilent Zorbax SB-C18 4.6 x 150 mm, 3.5 pm
Column Temperature 30°C
Detection 360 nm
Wavelength
. o 60140 Water: Acetonitrile, 0.1%TFA {(v/v), 0.00025% SLS
Mobile Phase -
{(W/v}
Flow Rate 1.0 mL/minute
Injection Yolume 2 ul
Run Time 4.0 minutes
TFA = grifluoroacetic acid; SLS = sodium lauryl sulfate

{0605 Six replicates of each tablet are tested, and results are reported as percent dose
dissolved of label clain.

{8606} Batch Analyses {Compound A, Tablet}

{6607} The clinical batches intended for use in the proposed Phase 1 clinical trial are
produced using the same formula and process as the 3 mg and 35 mg tablet demonsiration
batches characterized in Table 37 and Table 38, respectively.

{6688} Batch Analyses of Compound A Tablets, 5 mg and 35 wg

{0609} A description of the demonstration batches of Compound A 5 mg and 35 mg tablets
are provided in Table 35, Table 36, and Table 37.

j0610§ Table 35. Description of Batches of Compound A Tablets, 5 and 35 mg

Batch
Strength Size
and {number
Batch of Date of
Number | tablets) | Manufacture Use
> ne 6930 Aug-2018 Demounstration, stability
35 mg 3500 Aug-2018 Demonstration, stability

{0611 Table 36. Batch Analysis Results for Compound A 5 mg Tablets

Test Acceptance Criteria Resuli

Light yellow/vellow round

) Conforms
tablet

Appearance

[55)
3
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Identity by o w0y N
HPLC ART <5% Conforms
Assay 4 . o -
Assay 1100 0% 3
(% label) 90-110%
RRT Area %
0.49 0.06
0.8 0.08
nted 092 0.07
Relate : . . : :
R ] Report all impurities > 0.05% 0.95 0.17
Substances (%) eport all impurities > () 0.9 1
1.62 0.32
1.07 0.17
1.23 0.06
1.38 0.52
Report all impurities related
to drug product manufacture NR
or degradation > 0.05%
Related ) Total of impurities related to
Substances (%) drug product manufacture or
degradation < 2.5%. No 0.00
single unspecified impurity >
1%.
Lf“j“@m . Meets USP <905> Conforms
Uniformity
Dissolution Q275% @ 7T =45 min Conforms

HPLC = high performance liquid chromatography, NR = none reporied; RT =

retention time; RRT = relative retention time; USP = United States Pharmacopeia; Q@ =

amount of dissolved active ingredient as percentage of labeled content
{6612} Table 37 Batch Analysis Results for Compound A 35 mg Tablets

Test Specification Resuli
Light yellow/yellow oval -

Appearance tablet Contorms
Identity by Py oo
HPLC ART <5% Conforms
Assay N Y
’ J {3 * 9 .
(% label) 90-110% g8

RRT Area %
};fimed Subsiances | o oort all jropurities > 0.05% 0.49 0.03
70}

0.89 0.08
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0.92 0.07
0.95 0.17
1.02 031
1.07 0.18
1.23 0.05
1.38 0.5a

Report all impurities related to
drug product manufacture or NR
degradation > 0.05%

Related Substances [ - — :
(%) Total of impurities related to

drug product manufacture or

. B P 0.00
degradation <2.5%. No single
unspecified impurity 2 1%.
Content , Ty - o
. Meets USP <905> Conforms
Uniformity
Dissolution Q2 75% @ T = 45 min Conforms

HPLC = high performance liquid chromatography; NR = none reported; RT = retention
time; RRT = relative retention time; USP = United States Pharmacopeia; Q = amount
of dissolved active ingredient as percentage of labeled content

10613} Characterization of Impurities {Compound A, Tablet)
{6614} No additional impurities/degradants were identified as a consequence of drug
product manufacture and degradation beyond those already present in the active

pharmaceutical ingredient (AP,

Example 24: Stability of the Compound A Tablets

{0615} The protocol used for the Compound A, 5 mg and 35 mg, is described in Table 38
During stability testing, the tablets were stored in heat-induction-sealed high-density
polyethylene (HDPE)} bottles containing a desiccant canister, and capped with a
polypropylene-lined closure.

{8616 Table 38, Stability Protocol for Demonstration Batches of Compound A Tablets (5

mg and 35 mg)

Bonths
Condition Initial 1 3 6 9% | 12%
2-8°C \ R VN IRV I
25°C/60%RH v AR R
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40°C/TS%RH y REREREERE

+ = Appearance, Assay/Related Substances, Sink Dissolution, Watcr by KF

*Optional time points; KF = Karl Fischer titration
(0617} Summary of Stability Results

Phase 1 clinical trial drug product has been prepared using the same formula, process, and
equipment.

{6618} No change in key quality atiributes of Compound A tablets, 5 mg and 35 mg, was
observed after 1 month at 40°C/75% relative humidity (RH) with the exception of the
relative retention time (RRT) = 1.02 chromatographic peak observed in some samples. The
presence and magnitude of this peak is independent of storage conditions and is seen in
hoth tablet strengths. It is thus potentially due to analytical vanation. Likewise, real-time
data for 1 month at 25°C/60%RH show no change in impurity profile.

[0619] After 6 months, all samples 40°C/75% RH are still within specification. This
implies that the samples will have a shelf-life of at least 2 years.

166201 After 24 months, all samples at 25 °C/60%RH are still within specification.

{6621} Stability data to support the clinical use of 5 mg Compound A tablets, at 2-8°C,
25°C/60%RH, and 40°C/75% RH, 35 mg Compound A tablets, at 2-8°C, 25°C/60% RH,

and 40°C/75% RH are presented in Tables 39-44,

140
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FOURTH GENERATION SYNTHESIS

Example 25: Fourth Generation Synthesis of Compound A

{6628} Step i: N-({ ir, 45)-d~( 3-chioro-4-cvanophenoxy jcyciohexyi)-6-(4-
thydroxymethylpiperidin-1-viipyridazine-3-carboxamide (Intermediate 2}

{0629 To a 260 L glass-lined carbon steel jacketed reactor was charged Intermediate 10
{(7.00 kg), Intermediate 7 (8.89 kg), 2-pyridinol t-oxide (HOPO) (4914 g), and
dimethylacetamide (26.32 g), under nitrogen. The reaction mixture was agitated at 110 rpm
{allowed range: 70 to 130 rpm) and cooled to approximately 10 °C {(allowed temperature
range. 5 °C to 15 °C} over 39 minutes. To the reactor was charged NN-
Diisopropylethylamine (DIPEA) (4193.0 g) and the reaction mixture was agitated and the
temperature re-adjusted back to approximately 10 °C (allowed temperature range: 5 °Cto
15 °C) over 47 minutes, and the mixture held for a further 32 minutes. Agitation was halted,
and the reactor was charged with 1-ethyl-3-(3-dimethylaminopropyljcarbodiimide
(EDAC) (5936.0 g) and the reactor was purged for ¢ minutes. The reaction mixture was
agitated at 110 rpm, and dimethylacetamide (6580.0 g} was added and the termperature was
adjusted to approximately 20 °C (allowed temperature range: 10 °C 1o 30 °C) over 1 hour
and 8 minutes. Agitation was maintained and the reactor was held at approximately 20 °C
for 16 hours. At the end of 16 hours, in-process conirol (IPC) showed 0.3% area
{acceptance criterion: < 1.0% area) of Intermediate 10, indicating completion.

{6630} Tothe reactor was charged tap water (35 0 kg), producing a thick slurry. The reactor
was agitated at approximately 140 rpm (allowed range: 100 to 180 rpm) and heated to
approximately 60 “C (allowed temperature range: between 55 °C to 65 °C) over the course
of 1 hour and 15 minutes. To the reactor was charged additional tap water (35.0 kg) and
isopropy! acetate (73.08 kg). The reactor temperature was adjusted to approximately 78 °C
{allowed temperature range: 73 °C to &3 °C) and held for 40 minutes, during which time
the slurry dissolved, and two layers formed. The contents of the reactor were allowed to
settfe for 3 hours at approximately 78 °C. The reactor was purged with nitrogen and the
bottom agueous layer was removed.

{8631} Toan 800 L glass-lined carbon steel jacketed reactor was charged isopropyl acetate

{11.90 kg), followed by the organic laver from the 260 L reactor. A sodium chioride
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solution (77.0 kg, 9.1% w/w} was charged, followed by isopropy! acetate (60.90 kg). A
hiphasic solution was formed, and the mixture was heated to approximately 78 °C (allowed
temperature range: 73 °C to 83 °C) over 47 minutes under agiiation. The mixture was
agitated for 4 hours and 5 minutes at approximately 78 °C. The hot mixture was filtered
through Celite 545 into the 260 L reactor. The 800 L reactor was rinsed with isopropyl
acetate (23 80 g), which was filtered and added to the 260 L reactor. The 260 L reactor was
heated to approximately 78 °C (between 73 °C to 83 °C) over 3 hours and 6 minutes and
the contents were allowed to settle for 4 hours and 1 minute. The reactor was purged with
nitrogen and the bottom aqueous layer was removed.

{8632} The reactor was agitated at approximately 110 rpm {(between 90 and 110 rpm). To
the reactor was charged sodium chloride solution (76.3 kg, 9.1% w/w), and a biphasic
solution was formed. The reactor was heated to approximately 78 °C (allowed temperature

=
7
i

range: 73 °C to 83 °C) over 1 hour and 54 minutes and the temperature was held for 31
minutes. Agitation was stopped and the contents were allowed to settle for 3 hours and 11
minutes. The reactor was purged with nitrogen and the bottom aquecus layer was removed.
{6633} The contents of the reactor were concentrated under vacuum distillation at 75 °C
{(alfowed temperature range: 70 °C to 80 °C) to approximately 42 L. Isopropyl acetate (6.09
kg) was added and the reactor was heated to approximately 80 °C {allowed temperature
range: 70 °C to 85 °C) under agitation. The reactor was held for 1 hour and 2 minutes at
approximately 80 °C and then cooled to approximately 20 °C (allowed temperature range:
15°C 10 25 °C) over 6 hours and 28 minutes. The reactor was held at approximately 26 °C
for 4 hours and 31 minutes. The resultant shurry was quickly transfeired to an electrically
agitated Hastelloy filter dryer with an 8 um polypropylene filter cloth. The slurry was
filtered under vacuum, and the mother liquor was used to rinse the reactor. The contents of
the reactor were added to the filter dryer and filtered under vacuum. The solid cake was
washed twice with isopropyl acetate {9.17 kg x 2} and filtered under vacuum. The resulting
cake was dried under vacuum with a jacket temperature of 60 °C {allowed temperature
range: 55 °C to 65 °Chuntil total volatiles (by moisture analyzer) not more than 1.0% w/w
(6 hours and 1 minute}. The dryer was subsequently cooled, and the cake was collected to
afford Intermediate 2 (10,90 kg, 79%). Release results are shown below in Table 45;

Tabie 45: Release results for Intermediate 2:
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Test Narae Specification Resudt
Description White to brown solid Conforms
Idewtification (by IR} Conforms to ref. specirum Conforms

Purity (by UPLC)

ot less than 96.0% {arca)

99.7% (area)

Related Substances (by HFLC) Not more than 0.5% (area) Not detected
Intermediate 10 Alert level: More than 6.15 Yu(area)
Related Substances (by HPLC) Not more than 0.5% (area) Not detected

{ntermediate 7

Alert level: More than 0.15 Y%(area)

Related Substances (by HPLLC)

Report result by BRT in % (arca)

RET 6.907: 6.07%(arca)

Any individual tmpuoxity Alert Jevel: More than .15 %e(arca) RRT [.204: 6.20%(area)

RRT 1218 Less than .05 % (area)

Related Substances (by HPLO) Not more than 2.0% (area 0.2% (area)
(BY

Total inpurities

{8634} Step 20 N-((Ir,4rj-4-(3-chioro-4-cyanophenoxyjcyclohexylj~6-{4-formylpiperidin-
IyDpvridazine-3-carboxamide (Intermediate 3)

{8635} To an 800 L glass-lined carbon steel jacketed reactor, under nitrogen, Interruediate
2 (10.80 kg), sodium bromide {4.75 kg), sodium bicarbonate (3.89 kg) were added. The
reactor was purged with nitrogen (x3), and deionized water (129.6 kg)., and
dichioromethane {186.73 kg} were subsequently added. The reactor was then allowed to
agitate at 5O rpm (allowed range: 30 to 70 rpm) for 1 hour and 39 minutes.

{0636 Agitation was halted and {2,2,6,0-tetramethyipiperidin- 1-yloxyl (TEMPO) (35.64
g) was added over 40 nuns. The reactor was purged with nitrogen (x 3), and the reaction
subsequently charged with dichloromethane (7.18 kg). The reactor was then allowed fo
agitate at 50 rpm (allowed range: 30 to 70 rpm). The reactor was further charged with
tsopropyl alcohol (2 81 kg) and dichloromethane (7.18 kg). Agitation was increased to 110
rpm {aliowed range: 105 to 115 rpm) and the reaction mixture was allowed to adjust to 20
°C {allowed temperature range: 15 °C to 25 °C), over 33 nunutes. Once adjusted, ensuring
all solids were dissolved, the reaction mixture, at this temperature and agitation speed, was
held for 2 hours and 5 minutes.

{8637} The reaction mixture was then cooled 1o -2 °C (allowed temperature range: -3 °C
to 0 °C) over 2 hours and 1 minute, and a sodium hypochlorite solution {34.85 kg) was

then added over 40 minutes, ensuring the temperature was maintained between =3 °C and

149
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0 °C (allowed temperature range: -3 °C and 3 °C), with agitation maintained at
approximately 110 rpm {(allowed range: 105 to 115 rpm). The addition rate and batch
temperature are critical due to the exothermic nature of the reaction. Deionized water (5.40
ke) was then added through the transfer line used in the sodium hypochlorite transfer,
ensuring the temperature was maintained between -3 °C and 0 °C. The mixture was theo
subsequently held at -2 °C (allowed temperature range: -3 °C and 3 °C) for | hour and 2
minutes. After 1 hour, the in-process control (IPC) showed 0.3% area {acceptance criterion:
< 1.0% area) of lntermediate 2, indicating reaction completion.

{6638} The reaction mixture was allowed to warm to 20 °C (allowed temperature range:
15 °C and 25 °C), and agitation held at 90 rpm (allowed range: 80 to 100 rpm), and the
reaction mixture was charged with acetic acid (4.104 kg), and the mixture held for 2 hours
and 37 minutes, upon which a biphasic solution formed. An electrically agitated Hastelloy
filter dryer with a 3-5 um polypropylene filter cloth, was charged with Celite 545, and
dichloromethane (24, 6 kg) subsequently filiered through. A portion of the reaction mixture
was filtered into a 260 L reactor, and the remaining mixture subsequently transferred into
a 100 L reactor, and the 800 L reactor rinsed with dichloromethane (28.73 kg), which was
filtered and added into the 100 1. reactor. The 800 L. reactor was rinsed with
dichloromethane and filtered. The mixture was transferred from both the 260 L, and the
100 1. reactor, back into the 800 L reactor, subsequently rinsing both with dichioromethane
(5.40 kg » 2).

{8639} Agitation was halted and the mixture allowed to settle into two phases for 3 hours
and 25 minutes. The organic phase that separated was transferred into a 260 L reactor. The
organic layer was transferred back into the 800 L, and the 260 L vessel subsequently rinsed
with dichloromethane and the contents transterred into the 800 L reactor. Deionized water
{108.0 kg) was added and the reactor allowed to agitate and the temperature increased to
20 °C and the content held at this agitation and temperature for 49 minutes. Agitation was
halted and the mixture allowed to settle over 2 hours and 14 minutes, and two layers
formed. The organic layer was transferred into the 260 L reactor, and the aquecus layer
discarded appropriately.

{0640} The mixture was then concentrated by distillation, under normal atmosphere at 40

°C (allowed temperature range: 35 °C t0 45 °C) maintaining the volume approximately
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between 38-49 L by replenishing as required with tetrahydrofuran allowing the temperature
to inerease to 60 °C {allowed temperature range: 55 °C to 65 °C) and the final volume
approximately 46 L. The contents of the reactor were then concentrated under vacuum
distillation, replenishing with tetrahydrofuran as required, at 60 °C (allowed temperature
range: SS °C to 65 °C) until < 1.0% v/v of dichloromethane remained.

{0641 Recrystallization was undertaken by the addition of n-heptane {29 38 kg) (65 °C),
and held for 1 bour and 10 minutes, maintaining a teroperature of approximately 65 °C,
uniil a thick shurry was obtained. The slusry was subsequently cooled down slowly to 20
°C {allowed temperature range: 15 °C to 28 °C) by 4 hours and 34 minutes (temperature
should not reach below 20 °C before 4 hours), and held at 20 °C for an additional 6 hours
and 53 minutes. The resultant slurry was guickly transferred to an electrically agitated
Hastelloy filter dryer with an 8§ wro polypropyiene filter cloth and the slurry was filtered
under vacuum. The cake was washed twice with a tetrahydrofuran (4 86 kg) and n-heptane
{3.67 kg) solution (x 3) and filtered under vacuum. The resulting cake was dried under
vacuum with a jacket temperature of 50 °C (allowed temperature range: 45 °C and 55 °C}
for § hours and 2 minutes, and then increasing the jacket temperature of 75 °C (allowed
temperature range: 70 °C and 80 °C) for 7 hours and 42 minutes, until total volatiles (by
moisture analyzer) not more than 1.0% w/w. The drver was subsequently cooled, and the
cake was collected to afford Intermediate 3 (10.20 kg, 95%). Release resulis are shown
below in Table 46.

{6642} Table 46: Release results for Intermediate 3:

Test Name Specification Result
Description White to light brown solid Conforms
Loss onDiying Not mwte than 1.5% wiw 8.7% (wiwy

{2 graw at 120 °Cy

{dentification (by HFLC) Retention time of the main peak i the Conforms
sample solution is counsistent with reference

standard (Not more than 5%)

Purity (by HPLC) Mot less than 95.0% (arca) 99.0% (area)

Related Substances (by HPLCO) Not more than 1.3% (area) 8.3 % (arca)

Intermediate 2

Related Substances (by HPLC) Not more than 3.0% {arca) 0.7% (arca)

fmpurity |
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Related Substances (by HPLC)

Major unspecified impurity

Not more than 8.50% (arcal

Less than

§.05%(area)

Related Substances (by HPLC)
at RRT 1.24

Report resulis

Alert limit: More than 8.35% (area)

0.06% (arca)

Related Substances (hy HPLC)

Any other unspecified Individual

Report resulis

Alert lnit: More than 8.15% (area)

RRT 1.24: Less than

0.05% (arca)

Impunty BRT 1.42 Less than

0.05% (area)

Identification (by IR} Report tesnlt Report test

[6643] Step 3. N-{{ir 4r)-4-(3-chloro-4-cyanophenoxylcyclohexyf)-6-(4-{{4-(2-(2,6~
dioxapiperidin-3-vij-6-fluoro-1, 3-dioxoisoindolin-3-y{jpiperazin-i-vhmethypiperidin-1-
Vipyridazine-3-carbaxamide (Compound A)

10644{ To a 260 L glass-lined carbon steel jacketed reactor, under nitrogen, Intermediate
3 (R.48 kg), Intermediate 5 (7.62 kg), and dimethylacetamide (38.45 kg) were added. The
reaction mixture was agitated at 110 rpm (allowed range: 80 to 130 rpm} and allowed to
cool to 0 °C {allowed range: =5 °Cto 5 °C) over 1 hour and 26 minutes. To this was added
N-methylmorpholine (4.50 kg), and dimethylacetamide (0.751 kg), and the reaction heled
at 0 °C and 110 rpro agitation for 3 h and 7 mins.

{6645} In a 1060 L reactor, under nitrogen, a sofution of sodium triacetoxyborohydride
(STAB) (5.66 kg), in dimethylacetamide (21.60 kg) was prepared, and the solution aliowed
to agitate at 110 rpr {allowed range: 90 to 120 rpm), at 20 °C (allowed temperature range:
15 °C and 25 °C for 6 hours and 24 minutes. The STAB/dimethylacetamide solution was
slowly added to the reaction mixture contained in the 260 L reactor over 2 hours,
matntaining the temperature at 0 °C {allowed temperature range: -5 °C 1o 5 °C) and
agitation at 110 rpm (allowed range: 80 to 130 rpm). Upon addition completion, the reactor
was washed with dimethvlacetamide (500 kg), subsequently cooled to 0 °C, and iis
contents added to the reaction mixture in the 260 L reactor over 20 minutes, ensuring the
temperature and agitation of 0 °C and 110 rpm, respectively, were maintained. The reaction
mixture was held at 0 °C (allowed temperature range: -5 °C to 5 °C}, 110 rpm for 6 h and
43 min. At the end of the 6 h and 43 mins, the in-process control (IPC) showed 0.7% area

{acceptance criterion: < 2.0% area) of Intermediate 3, indicating reaction completion.
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{0646} Recrvstallization was undertaken by charging the reactor vessel with absolute
ethanol (40 78 kg), and deionized water {51.71 kg)}, under nitrogen, and allowing it to heat
at 50 °C {allowed temperature range: 45 °C to 55 °Cy over 1 hour and 14 minutes, and then
further held at this temperature for 1 hour and 24 minutes. The mixture was then allowed
to cool to 20 °C (allowed temperature range: 15 to 25) and held at this temperature for 4
hours and 3 minutes. The mixture was transferred to an electrically agitated Hastelloy filter
dryer with 3-5 um polypropylene filter cloth. The mixture was filtered under vacuum and
the mother liquor was used to rinse the reactor, and was subsequently refiltered.

{6647} An absolute ethanol:water {detonized) wash solution was prepared by mixing
absolute ethanol (11.51 kg), and deionized water {14.60 kg). The wash was used to rinse
the reactor, and the filter cake was washed using this solution. The ethanol water wash was
repeated. The filter cake was agitated (x 3) forming a shurry that was subsequenily allowed
to settle. The filter cake was further washed with absolute ethanol (23.02 kg ~ 4), agitating
the filter cake and sufficiently allowing the solid to deliquor.

{0648} The solid filter cake was dissolved in a solution of dichloromethane (15512 kg)
and methanol (3.26 kg}, and the resultant solution subsequently transferred into an 800 L
reactor through a 0.2 pum polytetraftuoroethylene capsule filter. The filter dryer was rinsed
twice with dichloromethane/methanol, and the rinse solutions were filtered through a 0.2
um polytetraflucroethylene capsule filter into the 800 1. reactor. The mixture was then
subject to atmospheric distitlation, under normal atmosphere at 45 °C {(allowed temperature
range: 35 °C to 50 °C) maintaining the volume by replenishing as required with absolute
ethano!l to the final volume of approximately 292 L, and a slurry was obtained. The
temperature was then allowed to increase to 55 °C, maintaining the volume by replenishing
as required with absclute ethanol to the final volume of approximately 292 L. The contents
of the reactor were then subject to vacuum distillation, replenishing with absolute ethanol
as required, at 55 °C (allowed temperature range: 45 °C 10 65 °C), 1o the final volume of
approximately 300 L. The vacuum distillation step was repeated until < 1.0% v/v of
dichloromethane remained.

106491 The temperature of the mixture was then adjusted to 55 °C (allowed temperature
range: 50 °C aund 60 °C), and agitation maintaived at approximately 100 rpr (allowed

range: 90 to 110 rpm) over 30 minutes, and then subsequently held at 55 °C for 34 minutes.

n
W
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The mixture was then allowed to slowly cool to 20 °C (allowed temperature range: 15 °C
and 25 °C}, over 3 hours and 59 minutes {temperature should not reach below 20 °C before
3 hours), and then held at 20 °C for an additional 4 hours and 16 minutes. The resultant
slurry was quickly transferred to an electrically agitated Hastelloy filter dryer with 3-5 um
polypropylene filter cloth and the shurry was filtered under vacuum.

{0650f The cake was washed with absolute ethanol (23.02 kg, x 3) and IPC criterion
required to be met. The wet cake was subsequently dried under vacuum with a jacket
temperature of 65 °C (allowed temperature range: 60 °C to 70 °C) for 29 hours and S9
minutes, until total volatiles (by moisture analyzer) are not more than 1.0% w/w. The dryer
was subsequently cooled, and the cake was collected to afford Compound A (13.08 kg,
89%). Release results are shown below in Table 47.

{8651} Table 47: Release resulis for Compound A:

Test Name Specification Result
Description Light yellow to greenish vellow crystals Conforms
Identification (by IR} Conforms to ref. spectrum Conforms
Identification (by HFLC) Retention time of the main peak in the sample Conforms

solution is consistent with reference standard

(Not more than 3%%)

Purity (by HPLC) Mot iess than 98.0% {arca) 99.6%; (arca}

Related Substances (by UPLC) Not more than 0.15% (arca) Not detected

Tmpurity 2

Related Substances (by UPLC) Not more than §.13% (arca) Less than 0.05% (arca)

Impurity 3

Related Substances (by UPLC) Not more than §.13% (arca) Nt detected

4

{mxpurity 4

Related Substances (by UPLC) Not mwte than (0.35% (awea) $.312% (arca)

impurity at RRT ~1.64

Related Substances (by UPLC) Not more than §.13% (area) 0.11% (area)

Major vuspecified irpunty

Related Substances (by UPLC) Report result by RRT in % (awea} RRT €.39: ¢.11% (awa)
Any individual unspecified RRET 0.41:0.05% (area)
impurity BRT 0.46; 0.06% (arca)

RRT 8.50:0.05% (arca)
RET 0.56: 6.09% (arca)
RET (0.06, (.33, 0.48, 0.64,
065,068, 112 and 1.17) Less

than 0.05% {area)
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Test Name Specification Recult
Residual Solvents (hy GC) Not more than 10600 ppm 5962 ppm

Bthanol

Residual Solvents oy GO

Acetonitrile

Mot more man 410 ppm

Less than 123 ppm

Residual Solvents by GO

Acetore

Not more man 5000 ppi

Not detected

Residual Solvewts v GO

Isopropyi Aleohol

Not more man 300 ppm

Not detected

Residual Solvents by GO

Teirahydrofuran

Not waore than 720 ppra

Not detected

Residual Selveunts by GC)

Isopropyl Acetate

Not more than 5000 ppm

Less than 1500 ppm

Residual Solvents by GC)

n-Heptane

Mot more than 5000 ppm

Not detected

Residual Solvents by GC)

4-Methylmorpholine

Not more than 1000 ppm

Not detected

Residual Solvents oy GO

Diisopropyicthylamae

Mot more than 1000 ppm

Not detected

Residual Solvents by GC)

N-IN Dimethylacetamide

Not more than 1090 ppm

Less than 327 pprm

Residual Solvents oy GC)

Methano]

Report result

Less thau 900 ppm

Residual Solvents by GO

Dichlororethane

Report result

Less than 180 ppw

Water content (by KI'- Oven)

Repoit result

Less than 0.5 % {w/w)

Residue on ignition

Report result

0.8 % (w/w)

Paxticle size 4(0.1)

Report result

3 um

Particle size 4(8.5)

Repoxt result

12 pm

Pariicle size d(0.9)

Report result

33 wn

X-yay powder diffraction

Repoxt result

Crystalling

Content of (by HPLLY Acetic

Repoit result

Not detected

calorimetry (DSC)

temperatuxes)

Acid
Differential scanning Report result {Onset and endothierm Omset teruperaiures: 289.85°C

Trdotherm temperature;

293.68°C

FIFTH GENERATION SYNTHESIS

Example 26: Fifth Generation Synthesis of Compound A
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{06521 The fifth generation sequence followed the same general scheme as the fourth
generation sequence. The steps of the fifth generation sequence are shown below. Material
quantities are normalized to a hypothetical 1 kg starting material for each step. The
quantities of starting materials are adjusted for potency according to the following
formulae:
[8653] Step 1
[66354] Reaction is performed under No.
{8655} Potency Calculations to Determine input (per Kg) of Intermedicie 10 and
Intermediate 7

Intermediate 7 potency = {100% - Loss on Drying%) x Purity = a wt.%

Intermediate 7 cerrected target calculation = Intermediate 7: 100 kg x
{L6/{(Intermediate 7{% w/w)/100}]

Intermediate 10 potency = (100% - {Loss on Drying% + Residue on lgnition%)) x
Purity = b wt.%

Intermediate 16 corrected target calculation = L.00 kg x [0.843/(Intermediate 10
Potency{Yow/w)/106}]

1. To Reactor A, add Intermediate 7 (1.000 Kg + 1.0%, corrected for potency as
described above), Intermediate 10 (0.843 Kg + 1.0%), HOPO {(0.0580 Kg + 1.0%,
corrected for potency as described above).

To Reactor A add DMAC (2.82 Kg; or 3.0 L + 5.0%) by spray ball.

v

(%]

Purge with Na.
4. Cooltc 10+ 5 °C,
To Reactor A add DIPEA (0495 Kg or 0.669 L = 1.0%)at 105 °C.

(4]

WNote: slightly exothermic, control addition to maintain temperature range.
6. Rinse line with DMAc (0.09 Kgor 0.10 L = 5.0%).
7. Adjustto 1045 °C.
8 Stirat10+3°Cfor NLTOSh
9. To Reactor A add EDAC (0.701 Kg+ 1.0 %).
10. Chase with additional DMAc (6.66 Kg or 0.70 L + 5.0%) via spray ball it

necessary
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11
12

13.

Adjust to 20 = 10 °C.
Stir at 20 £ 5 °C.
After NL'T 20 hrs, sample for IPC-1.

Note: IPC < 1.0 AP residual Intermediate 7 ;

. To Reactor B add NaCl (1.00 Kg + 5.0 %).

. To Reacter B add tap water (6.6 Kg, or 6.6 L + 5.0 %)

- Stir at 25 4 5 °C until a solution is formed.

. Transfer contents of Reactor B to Reactor A

. To Reactor A add tetrahydrofuran (.34 Kgor 6.0 L = 5.0%).

. Adjust the internal temperature to 50 £ 5 °C.

CStirat 50+ 5°Clor NLT OS5 h

. Travsfer the wixture from Reactor A through a Celite bed to Reactor B,

. Wash Reactor A and the Celite bed with Tetrahydrofuran (134 Kgor 1.5 L +

5%} and travsfer to Reactor B.

. Adjust contents of Reactor Bto 505 °C

24. Stop agitation and hold for NLT 1 hr

S, Neparate out the bottom agueous layer.

. To Reactor A add Sodiurmn Chloride (1.25 Kg + 5.0%).

7. To Reactor A add tap Water (6.60 Kg or 6.6 L/Kg = 5.0%).
. Agitate Reactor A for NLT 0.5 h. at 25 °C until a solution is formed.
. Transfer contents of Reactor A to Reactor B,

. Adjust contents of Reactor Bto 505 °C

. Stop agitation and hold for NLT 1 h.

. Separate out the bottom aquecus layer from Reactor B

3. To Reactor A add sodium chloride (1.50 Kg =+ 5.0%).

. To Reactor A add tap water (6.60 Kg or 6.6 L/Kg + 5.0%).

. Agitate Reactor A for NLT 0.5 h. at 25 °C until a solution is formed

36. Transfer contents of Reactor A to Reactor B

. Adjust contents of Reacter B to 50 £5 °C
. Stop agitation and hold for NET 1 h

. Separate out the bottom agueous layer from Reactor B.

[
3
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40,
. Heat contents of Reactor B to 65 £5 °C

42.

43
44,
45,

To Reactor B add tetrahydrofuran (7.57 Kg or 8.5 L + 5.0%;).

Distilt contents of Reactor B under atmospheric pressure at 65 = 5 °C with slight
vacuum bleed (scrubber) until the volume is 330 L/Kg (+ 0.5 L)

To Reactor B add tetrahydrofuran (7.57 Kg or 8.5 L.+ 5.0%).

Heat contents of Reacter Bto 65+ 5°C

Distill contents of Reactor B under aimospheric pressure at 65 4 5 °C with slight

vacuum bleed (scrubber) until the volume is 3.30 1L/Kg (£ 0.5 L}.

. Clean Reactor A with water and Tetrahydrofuran.

. To Reactor A add Tetrabydrofuran (445 Kgor 5.0 L + 5.0%).
. Heat contents of Reactor A to 65+ 5 °C.

49,

50.

Traunsfer contents of Reactor A to Reactor B via spray ball

Transfer contents of Reactor B to Reactor A via an in-line filter.

S1.Rinse contenis of Reactor B with Tetrahydrofuran (1.34 Kgor 1.5 L + 5.0%) via

spray ball and transfer to Reacter A via in-line filter.

2. Adjust contents of Reactor A to 65+ 5 °C.
. Clean Reacter B with water and THF.

4. Distill contents of Reacter A under atmospheric pressure at 65 £ 5 °C with shight

vacuum bleed (scrubber) uniil the volume is 6.0 L/AKg (= 0.5 L),

. To Reactor B charge THF (134 Kg, 1.5 L = 5.0%).

. Heat contents of Reactor B to 65 £5 °C.

. Transfer contents of Reactor B to Reactor A via spray ball.

. Take sample for Water content (KF coulometric).

5 1 result is 50.50 wt.% then continue to Step 62, if not continue to Step 60.
0. To Reactor A charge THF via spray ball (445 Kgor 5.0 L+ 5.0%).

. Continue fo Step 54,

G2,

Verify solution is present, increase agitation to help dissolve any solids on walls

of reactor that are above solution.

3. To Reactor A charge n-Heptane (0.08 Kg, or 1.O0L £ 3%} at 65 £ 5°C.

64.

Charge a slurry of Intermediate 2 seed or Interruediate 2 (0.002 Kg) in n-Heptane

(0.034 Kgor0.05L}.
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65.
66.

&7.
68,
69.
70.

78.
79.

Stir at 65 +5 °C for 1 hr (+ 30 minutes).

To Reactor A charge n-Heptane (272 Kg, or 40 L + 5%} at 65 £ 5 °C over 3 hrs
{(£30 minutes).

Stir at 65 = 5 °C for 1 hr (£ 30 minutes).

Cool down to 204 5 °C over 3 hrs (= 60 minutes).

Stir at 20 = 5 °C for 6 hrs {(+ 60 minutes).

Filter the slurry wuder vacuur at 20 + 3 °C and de-liquor the cake.

. Verify solids from Reactor A have been transferred to filter dryer.
. Clean Reactor B with Water and Tetrahydrofuran.

. To a Reactor B add Tetrahydrofuran (1.34 Kgor 1.5 L/Kg}.

. To a Reactor B add n-Heptane (0.68 Kg or 1.0 L/Kg).

5. Stir contents of Reactor B for S minutes at 20 £ 5 °C.

. Transfer contents of Reactor B via spray ball to Reactor A

. Transfer contents of Reactor A to filter dryer and then re-slurry the cake for NLT

5 minutes.

De-liquor the cake under vacuum and nitrogen.

Dry the wet cake at 580 °C {filter drver jacket temperature) under vacuum until
LOD passes {NLT ¢ hrs).

LOD spec. = < 1.0% /120 °C

80.The expected yield of Intermediate 2 = 1.44 Kg (88 mol% vield).
{6656} Step 2:

{6657} Reaction is performed under Na.

1.

b

(5]

e

AN

~3

To Reactor A add Intermediate 2 (1.00 Kg+ 1.0%), NaBr {0219 Kg + 1.0%),
and NaHCO; (0.3575 Kg + 1.0%) and NaCl (1.80 kg = 1.0%).

To Reactor A add TEMPO (3325 g+ 1.0%).

To Reactor A add DCM (19.0 L + 5.0%).

Chase TEMPO addition with DCM (0.50 L + 5.0%) and add the solution to
Reactor A,

Stirat 20 °C for 0.5 h.

To Reactor A add deiovized HoO (7.0 L + 5.0%).

To Reactor A add IPA (0127 Kg+ 1.0%).
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16.

7Y

23

24

Chase IPA addition with BCM (0.50 L 4+ 5 0% and add the solution to Reactor
A
Stir at 20 °C for NLT 2.0 h.
. Cool the mixture to 12 to -10 °C, preferably to <11 °C.
Wote: maximum cooling control of the batch teroperature is critical for this step;
. To Reactor A add aq. NaClO (1.15 eq = 1.0%) by Spray Ball in NLT 15 min but
NMT 45 min, preferably in << 0.5 h, while controlling the internal temperature
between -12 to -3 °C, preferably -12 to -8 °C.
Note: Mass of ag. NaClO (Kg) = (1.15x 74.44)/(469.97 x Conc of ag. NaClO
{wt%a})
Note: the bleach solution is pre-cooled to 0+ 3 °C.
. Chase the line with additional deionized Ha03 (0.50 L = 5.0%) by Spray Ball in
NLT 5 min but NMT 0.5 h.
CStirat-12t0 -3 *Cfor NLT1.0h
. Sample the organic layer for IPC-1 analysis.
K IPC-1 fails, kicker charge of ag NaClO {pre-cooled to 0 = 5 °C) by Spray Ball
in NLT 15 min but NMT 45 min, preferably in < 0.5 h, while controlling the
internal temperature between -12 to -3 °C, preferably - 12 to -8 °C.
Chase the line with additional deionized H20 {0.50 L + 5.0%) by Spray ball in
NLT Sminbut NMT 0.5 h
CStirat-1210-3°Cfor NLT 1.0h
. Sample for IPC-1.
CHIPC-1 passes, adjust to 20 4 5 °C,
. Separate the bottom DCM laver in Reactor A to Reactor B,
Approximate volume of organic DCM phase (20 L/Kg) and solution is colorless
1o brown soln.
Approximate volume of aquecus phase 1s {10 L/Kg) and solution is colorless to
light brown.
Remove aqueous phase from Reactor A and send to waste.
Clean Reactor A with Water, THF.
. To Reactor B charge H:0O (7.0 L/Kg £ 5.0%).
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. Stir Reactor Bfor NLTO05hat 20+ 5 °C.

. Filter the mixture through a Celite bag to Reactor A

. Chase wash Reactor B with DCM (2.0 L/Kg} to Reactor A.
. Wash Reactor B with Ho0 and THF.

. Stop agitation of Reactor A for NLT 2.0 h.

30. Separate the bottom organic layer to Reactor B.

Note: Sample the DCM layer for UPLC analysis;

. Distilt the organic solution in Reacter B to volume = 5.0 L/Kg (+/- 0.5 vol) under

normal atmosphere and batch temperature =40+ 5 °C

32. To Reactor B charge THF (1.0 L/Kg + 5.0%) by spray ball.
. Adjust the batch temperature to 3§ £ 2 °C.

34, Add 5.0 L/Kg of n-Heptane over 0.5 h maintaining the batch temperature of 38 +

20,

5. Add Intermediate 3 seeds (5.0 g/Kg) in n-Heptane (0.10 L/Kg).

36. Stirat38 £ 2°C for NLT 4.0 h.

48,

37 Add additional 5.0 L/Kg of n-Heptane over 1.0 h

CStirat 38+ 2°Cfar NET 2.0 0

. Cool down to 20+ 5 °C over NLT 4 h

. Stir at 20 = S °C for additional NLT 6 h.

. Filter the slurry under vacuum at 20 °C and nitrogen.

. If solids remain in the reactor, recirculate mother liquors back into reactor through

spray ball and filter mixture again.

. Wash Reactor B with 1.5 L/Kg of n-Heptane by spray ball.

. Slurry wash the cake and remove liquors under vacuum uniil most of liquors are

removed.

5. Remove Hauors under vacuum and pull until most of Hiquors are removed.
. Dry the cake at NMT 30 °C + 5 °C for NLT 8 b under vacuum and nitrogen.

7. Continue drying the cake at 75 = 5 °C under vacuum and nitrogen flow untit LOD

<1.0%/120°C.

Expected Intermediate 3 amount = 0.95 Kg (95 mol%).

iol
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{0658] Srep 3:
10639 Potency Calculations to Derermine input (per Kg) of Intermediate 3 and
Intermedicte §
Intermediate 3 potency calculation = (100% - Loss on Drying%) x Purity =a wt.%
Intermediate 3 corrected target calculation:

Intermediate 5: 1.00 Kg x (1.0/(Intermediate 3 Potency(% w/w)y 100})

Intermediate 5 potency calculation = (100% - (Water Content% + Residual
Solvents®%)) x Purity = b wt.%
Note: Water Content, Residual Solvents, and Purity data obtained from

Intermediate S CofA

Intermediate 5 corrected target calculation:

Intermediate 5: 1.00 Kg x (0.848/(overall potency /100))

I. To Reactor A, charge NaBH{OAc)H (0.679 Kg + 1.0%).

2. To Reactor A, charge DMACc-1 (2.75 vol £ 5%;).

3. Once dissolved, hold Reactor A at 202 5°C for NLT 1.0h

4. To Reactor B, charge Intermediate 5 [0.848 / (b wt %/100)] Kg) £ 1.0%),
Intermediate 3 (1.000/ (a wt.%4/100) Kg + 1.0%) and DM Ac-2 {(4.90 vol =+ 5%:).
5. Cool Reactor Bto 0+ 5 °C.

6. To Reactor B, charge N-Methylmorpholine (0.340 Kg + 1.0%) in NLT
0.5 h while keeping the batch temperature at 0 = 5 °C.

7. Agitate Reactor Bat 0= S°Clor NLT2.0h but NMT 4.0 h

8. Transfer the contents in Reactor A to Reactor B over NLT 1.0 h, while
maintaining internal temperature

at 0% 5°C.

9. Rinse Reactor A with DMAc-4 {0.64 vol £ 5%) and transfer to Reactor B
in NLT 15 min.

10. Agitate Reactor Bat 0= 5 °Cfor NLT 6.0 h.

11 Sample for IPC-1

IPC-1 criteria; Intermediate 3 <2.0%;

12. IFIPC-1 fails, continue agitation at 0+ S °C for an additional 6 b.

i62
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13 Sample again for [PC-1.

14. I IPC-1 fails again, check for technical advice.

15. To Reactor B, charge EtOH (6.2 vol 3 5%) over NLT 0.5 h while
maintaining temperature at 0 = 5 °C.

16. To Reactor B, charge H2O (6.2 vol + 5%) over NLT 0.5 b while
maintaining temperature at 0 = 5 °C.

17. Adjust the content in Reactor Bto 50 £ 5°Cin NMT 2.0 h.

18. Hold the content in Reactor B at 50+ 5 °C for NLT 1.0 hbut NMT 2.0 h.
19, Cool the contentin Reactor Bto 20+ 5°Cin3.0h+05h

20. Hold the content in Reactor Bat 20+ 5°C for NLT 4.0+ 05 h

21 Transfer the slurry in Reactor B to Filter C (filter cloth = 3-5 um) under
No blavket and filter.

22, Wash Reactor 8 by spray ball with EtOH (1.75 vol £ 5%) and H20 (1.75
vol & S%) at 20+ S °C,

23. Filter the content in Reactor B (re-shurry} under Nz blanket.

24, Wash the wet cake (re-slurry) with EtOH/H0 (1:1; 35 vol £ 3%y at 20 £
s °C.

25. After de-liquoring washes, continue to de-liquor the wet cake for NLT 2
hrs and until no major solvent is removed from the filter drier.

26, Perform four slurry washes of the wet cake in Filter C with EtOH (4 x 35
vol & 5%).

27, De-liguor the wet cake in Filter C for NLT 1 h after each of the four
sturry washes,

28. Sample the wet cake in Filter C for PC-2 (LOD (2 g, 120 °C)) and
perform the caleulation:

Correction for EtOH in Compound A crude cake (97 mol% Compound

A)

Intermediate 3 (Kg} input x 1.684 = Calculated Compound A crude

product (Kg)
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E1OH in wet Compound A crude product {Kg) = LOD% x Calculated
Compound A crude product (Kg) / (1-LOD%)

{(EtOH in wet Compound A crude product (Kg)/0.789) / (Intermediate 3
(Kg} input) = EtOH content {(veol} to be corrected

F1OH content {vol) to be corrected ~» Subtract from EiQH to be added in
Step 38 {7 vol EtOH}

*Charges based on initial Tutermediate 3 input®

29, Charge DCM (28 0 vol £ 5% of Intermediate 3) to Reactor A,

L8]

0. Charge MeOH (2.8 vol + 5% of Intermediate 3) to Reactor A and agitate
for NLT 05 h

31 Transfer half of DCM/MeOH (10:1, 15.4 vol + 20%) from Reactor A to
Filter C.

32, Agitate Filter € at 20 £ 5 °C for NLT 6.5 h to dissolve most of the wet
crude solids.

33 Polish filter the solution in Filter C t0 Reactor B via an in-line capsule
filter.

34, Transfer part of the remaining BCM/MeGH (10:1, 14.4 vol + 5%) from
Reactor A to Filter C.

35, Agitate Filter C at 20+ 5 °C for NLT 0.5 h to dissolve all of the
reraining crude solids.

36, Polish filter the solution in Filter € to Reactor B via an in-line capsule
filter

37. Rinse Filter C with rematning DCM/MeOH (10:1; 1.0 vol + 3% and
filter to Reactor B via an in-line capsule filter.

38 Distill the solution in Reactor B while maintaining a constant volume
{vmax ~32 vol) under atmospheric conditions with continuous addition of EtOH
(7.0 vol = 5% - vol EtOH from Step 28 calculation) at an internal temperature
between 35-45 °C.

39. Sample for IPC-3, GC analysis for DCM content.

IPC-3 eriteria; DCM <67 vol % (relative to total volume of DCMA+MeOH+EIOH

164
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peaksy,

Report EtOH vol %% and MeOH vol %.

40, I DCM content is passing, go directly to Step 43 If it is failing, go fo Step
41

41, If IPC-3 fails, continue distitlation with additional BEtOH (1.0 vol £ 5%)
and re-sample for GC analysis

IPC-3 criteria; DCM < 67% (relative to total volume of DOM-+MeOH+EIOH
peaks),

Report EtOH vol % and MeOH vol %.

42. IfIPC-3 fails again, repeat Step 41,

43, Cool Reactor Bto 35 = 2 °C and charge Compound A seeds {0.50 wi% +
5%} in EtOH (0.075 vol + 5%).

44, Agitate Reactor Bat 35+ 2°Cfor NLT05h

45 Heat Reactor B back up to reflux conditions (41 + 2 °C) and continue
constant velume distillation (vmax -32 vel) under atmospheric conditions with the
continuous addition of EtOH (7.0 vol # 5%) while maintaining batch temperature
between 40-50 °C.

46. Continue distillation in Reactor B under constant volume (vmax -32 vol)
under atmospheric conditions until the internal temperature reaches at {east 50 °C.
47. Perform remainder of distiliation in Reactor B under vacuum maintaining
a constant volume {(vmax -32 vol) with addition of E1OH (28.0 vol + 5%} and
maintaining internal temperature at 55 + 10 °C.

48, Sample Reactor B for [PC-4 by GC.

IPC-4 criteria: DCM/EIOH < 1.0%.

49, HIPC-4 fails, repeat the vacuum distillation with additional EtOH (4.0 vol
+ 5%) and continue to step 50.

50.  Sample Reactor B for IPC-4 by GC.

PC-4 criteria; DOM/EWOH < 1.0%.

51 If IPC-4 passes, adjust the batch temperature to 55 £ 5 °C.

S2. Agitate the slurry in Reactor B at 5SS+ 5 °Cfor NLTOS b

53. Cool the durry in Reactor Bdownto20+5°Cin NLT 3.0 h.

165
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Agitate the slurry in Reactor Bat 20+ 5°C for NLT 4.0 h.

Filter the slurry in Reacter B to Filter C {(filter cloth =8 pym).

Rinse Reactor B with EtOH (3.5 vol + 5%

Note: EtOH should be polish filtered.

Filter the rinse in Reactor B and transfer to Filter C as a slurry wash.

Perform tweo slurry washes of the wet cake in Filter € with EtOH (2 x 3.5

& 5%).

Note: EtOH should be polish filtered.

59, De-liguor the cake in Filter Cfor NLT 1 h
60, Sample Fiiter € for IPC-5 for the impurity profile of the wet cake.
Unspecified
IPC-5 Specified Bmpurities Individual Compound A
Empurity
Impurity Twpurity 2 Impurity 3 Impurity 4 RET 1.64 Any
Criteria (%) <015 <0.13 <015 <035 <0.13 NLT 98.0%

61.

I IPC-5 fails, go back to step 28 (Sample wet cake for LOD, perform

EtOH Calculation and start the distillation).

62.

If IPC-5 passes, dry the cake under vacuum with agitation at 80 + 5 °C.

Note: sample the wet cake for PDXR, DSC and KF (FI0).
Sample contents in Filter € for IPC-6, LOD (2 g,120 °C}
IPC-6 criteria: LOD (2 g, 120°Cy < 1.0% after NLT 8 h

63.

64. I IPC-6 fails, continue drying until LOD criteria is met.
65, If IPC-6 passes, sample for IPC-7 (GC analysis).
66, IPC-7 criteria; GO residual solvents
] ACN | Acctome | IPA | EtQH | THF | iPAc | Heptanc | NMM | DIPEA | DMA
Solvent
NMT | NMT | NMT | NMT | NMT | NMT | NMT NMT | NMT | NMT
ppm
410 5000 5000 | 10000 | 720 | 5000 5000 1000 1000 1090
67, W IPC-7 fails, continue dryving until GO criteria is met.
68. Once IPC-7 passes, discharge the matenal from Filter C.

10660} The fifth generation process described above was conducted on a 1.7 kg scale

(relative to Intermediate 3), to afford Compound A (2.420 kg). Purity was calculated to be

99.9% by UPLC (see FIG. 26 and Table 48).

166
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Table 48: Peak Results for Chromatogram of Purified Compound A

Name RY RRT Ares % Area | USP Resohution | USP Tailing
i Intermediate 5 1361
2 | Intermediate 7 5.252
3 Impunity 1 6374

4§ Impunty at RT~7.78 7782
§  iImpunty at RT~7.95 7949

6 | Intermediate 3Acetal 8.379

7§ Dnacid Dapority 8,594

8§ fmpunty at RT~8.78 8.784

g fmpunty at RT ~9.72 9715

10§ Intermediate 2 i0.169

i1 | hutermediate 3Methyl i1.219
Hemiacetal

12§ Intenmediate 3 13,057

13 i Ring 2 Methanolysis 16.232
Adduct-|

14 | Ring 2 Methanolysis 18.381
Adduct-2

15§ Impurity 2 19.097

16§ Impurity 3 20.529

17 tyat RT 2177 20770
18 | Impurity 4 22176
19§ Compound A 23871 | 16O 3784159 {99854 3.9

20 | {mpy at RT~24.48 |24.181
21 | Impurity at RT ~24.90 | 24.897

ty

22 | Carbamate Impurity 26.735
23 Himpurity at RRT ~1.64 (39101 | 1ed 5327 €.146 i38.8 23
Sum 3789585

{6661} Example 27: Development of High-Strength Compound A Tablet

{6662} Due to a demand for a higher strength tablet for Phase 1 dose escalation trials, a
higher strength tablet was developed.

{0663} The higher strength tablet formulation was accomplished in two phases. The first
phase screened the loading of the 100% amorphous spray dried API (SDI) in the tablet
formulation using miniaturized laboratory techniques, and the second phase optimized the

selected formulation composition.
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{0664 The formulation compositions during the screening phase encompassed a range of
SD1loads equal to 10% to 40%, and tablet strengths equal to 70 mg, 140 mg, and 280 mg
{for 700 mg Tablet Press Weight), as outlined in Table 49

Table 49: Formulation compositions of higher strength SDM loads — 16%, 20% and

403% (760 mg Tablet Press Weight)

Formulation Reference Ci C2 C3
Tablet Strength/ Tablet Press Weight (mg/mg) 70/700 140700 280/700

Function [ fagredient %% of Blend

Fatra Granular
Active Spray-dried amorphous Compound A 10.60 20.00 40.00
Filler Microcrystalling cellulose 537.33 50.67 3733
Filler Lactose monohvdrate 28.67 2533 18.67
Disintegrant Croscarmeliese sodiun 3.00 3.00 3.60
Glidant Silicon dioxide 0.50 0.50 0.50
Lubricant Magnesium stearate 0.25 0.25 0.25

Extra Granular
Lubricant Magnesinm stearate 025 0.25 0.25
Totals: 166.00 100.00 166.00

{8665] Tablets were made using a miniaturized laboratory technique to simulate dry
granulation and compression. The pregranulation blend was slugged on an F-press. The
slugs were size reduced using a mortar/pestle, and passed through a 20-mesh sieve for
proper sizing. The granules were mixed with magnesium stearate and compressed on an
F-press.

10666} After selecting a tablet tensile strength to achieve a sufficiently hard tablet with
disintegration time of less than 5 minutes, the tablet in vitro performance of each tablet
composition {C1, €2 and C3} was evaluated using a USP sink dissolution test. As a
benchmark, the 10-40% SDi loaded tablets were compared agaivst the onginal 5% SDI
[oaded tablets {Tablet reference A3, above).

16667 Dissolution method TEST-1973: To maintain equivalent sink conditions that
enabled a valid comparison between formulations, the dissolution media consisted of
0.0IN HCI with 0.1 wit% Tween 80. Using USP compatible vessels, the volume of the
media was adjusted for each tablet strength to maintain a counstant sink condition

{approximately 4 x}. The dissolution parameters are USP I paddles, 37.0 £ 0.5°C media
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temperature, 75 RPM and sampling times equal to 10, 15, 20, 30, 45 and 60 minutes. The

dissolution results are shown in FIG. 27, The data for each composition was normalized

to the 90 minute time point to compensate for variability in the potency and permit a more

valid comparison. The dissolution extent for all compositions was equivalent at 60

minutes. The 20% load tablet provided sufficient tablet strength for intended use.

{0668] Since the goal was to maximize the SDI loading, the 20% formulation composition

was systernatically modified with the aim of increasing the dissolution rate. Refer to Table

50 for a listing of the 20% SPI loaded compositions. These formulations were prepared

using the miniaturized laboratory techniques described above for the 10, 20 and 40%

compositions. The rationale of the modifications is a more rapid de-aggregation phase of

the disintegration/dissolution mechanism. The changes are summarized below:

® 1- smaller microcrystalline cellulose to enhance the association with the micron
sized SDI particles and therefore enhance disintegration

® 2 - addition of extra-granular disintegrant to reduce the time for the primary
SDI particles to be exposed to the dissolution medium

® 3 — addition of smalier size glidant to aid in the more intimate association with
the SDI particles and therefore favor the physical separation of the SDI particles
in the formulation

® D4 - similar to D2, increased the total level of the disintegrant to favor a faster
disintegration time

Table 58: Formulation compositions of 20% SDI loaded higher strength tablet

compositions (700 mg Tablet Press Weight)

Formulation Reference Di D2 D3 D4

Tablet Strength/ Tablet Press Weight (mg/mg) | 140700 140700 | 140/700 140/700

Function | Ingredient % of Blend
Intra Granular

Active Sprav-dried amorphous Compound A 20.00 20.00 20.00 20.00
Filler Microcrystalline cellnlose (Avicel PH 102 - 4933 5033 46.00
Filler Microcrystaliine cellulose {Avicel PH 101) 76.00 - - -
Filler Lactose monohyvdrate - 24.67 25.147 23.00
Disintegrant Croscaracllose sodium 3.00 3.00 3.00 6.00
Ghdant Silicon dioxide (Syloid 244 FP) 0.50 0.50 - 0.50
Glidant Siticon dioxide (Cab-0-5il M5P) - - 1.60 -
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Formulation Reference Di D2 D3 D4
Tablet Strength/ Tablet Press Weight (mg/mg) 140/700 1407700 | 140700 140/700

Function Ingredient % of Blend

Lubricant Magnesium sicarate 0.25 0.25 028 0.28

Extra Granular

Disintegrant Croscarmaellose sodium - 2.0 ~ 4.00
Lubncant Magunesiom stearale 0.25 0.25 0.25 0.25
Totals: 100.00 100.00 160.00 160.00

{8669 Overall, the formulations processed similarty except for flowability of D1 and all
of them exhibited disintegration times in 0.61 N HCI of less than | minute; therefore, a
major selection criterion for further evaluation was the dissolution characteristics.
Dissolution profiles using the 0.01 N HC media method (TEST-1973) for B1, D2, 3, D4
and 35 mg (5%) are illustrated in FIG. 28.

{8670} The scale up and process evaluation of the D2 formulation was conducted to
identify the processing conditions to be used for the planned clinical manufacture. The

batch size was approximately 3 kg and consisted of the following major steps:

® Pre-granulation blend using the 100% spray-dried intermediate of Compound A
® Roller compaction (Gerteis Minipactor machine)

® Final blend (addition of extra-granular disintegrant and lubrication)

] Compression (Korsch XM12}

18671} The flow properties of the pre-granulation blend and final blend were determined
using laboratory techniques (Carr Index, shear cell flow function/cohesion coetficient and
FloDex measurements), roller compaction parameters determined and a compression
evaluation {compressibility, tabletabilty and compactability) was conducted.

{0672} During the compression of the final blend on the Korsch XM-12 equipped with 2
tool stations to accommodate the batch size, the granulation exhibited insufficient flow.
The material rat-holed and bridged in the feed hopper, starving the feed frame, and thus,
resulted in poor weight control.

166731 Due to the flow challenges, it was determined that the D2 formulation and process
were not suitable and therefore, not transterrable for clinical manufacture. As a result,
another round of formulations was evaluated in the laboratory to improve flowability

characteristics.
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{8674} The modification strategy for the D2 formulation hinged on evaluation of the
glidant system being used and optimnized tts functionality. Two new formulations, F7 and
F11 are shown in Table 51.

Table 51: B2, ¥7 and F11 Formulation compositions of 20% 5D loaded tablet (825
mg Tablet Press Weight)

Formudation Reference 2 57 11
Tablet Streagth/ Tablet Press Weight (mg/myg) | 1050525 | 105525 1 105/525

Function ' Ingredient % of Blend

Intra Graosular
Active Sprav-dried amorphous Compound A 26.00 20.00 20.00
Filler Microcry stalline cellntose (Avicel PH 102) 4933 4817 4900
Filier Lactose monohydrate 24.67 24.33 24.50
Dhsintegrant Croscarmellose sodinm 3.60 360 3.00
Glhidant Silicon dioxide (Syloid 244 FP) 0.50 - -
Glidant Silicon dioxide (Cab-0-Sit MSP) - 1.00 0.50
Lubnicant Magnesiom stearate 0.25 0.25 0.25

Extra Granular
Glidant Silicon dioxide {Cab-0-Sil M3P) - 1.0¢ 28
Disintegrant Croscarmellose sodium 2.00 2.00 2.00
Lubncant Maguesiom stearate 0.25 0.25 0.56
Totals: 100.00 100.00 100.00

{6673} The F7 and F11 compositions were manufactured at bench scale (S0g per blend) at
a Tablet Press Weight of 105 mg using the miniaturization techniques described above for
formulations C1-C3. The Jower Tablet Press Weight was chosen to represent the midpoint
of a range of Tablet Press Weights that may be needed for further dose escalation. Both
formulations implemented an inittal SDVglidant blend-mill-blend process as part of the
pre~granulation blend manufacture in an attempt to adhere to the SDI particles and reduce
their cohesivity. Formulation F7 increased the overall glidant levels (intra- and extra-
granular) and formulation F11 added glidant extra~granular and also increased extra-
granular lubricant to assess if increased extra-granular glidant and lubricant had a
synergistic effect on blend flow.

{6676} The flowability of F7 and F11 was compared to D2, Table 52 shows a modest
improvement in the flowability (FloDex, FFe and Cohesion Coefficient) for the final blend

forboth F7 and F11 compositions however, Carr Index remained at an unacceptable value.
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{0677} Scanning electron microscopic analysis showed minimal adherence of Cab-0O-5il
to SDI particles, and mintscule to no surface coverage of SDI particles with Cab-0-Sil.
Table 52: Compound A Formulation D2, ¥7 and F11 Pre-granulation and Final

Blend Flow Properties

FPormulation D24 Formuiation §7 Formulation Fi1
Pre- . Pre- Pre- .
. Final . . ) . Final
Parameter granslation Rlend granslation | Final Blend | granulation Blend
Blend Blend Blead
gﬁgm“y 042 0.50 0.36 0.443 0.398 0,485
Tapped
Depsity 0.63 0.70 0.59% 0.638 0.638 0.698
{g/ml)
Carr Index (%) 34 28 39 30 38 31
FloDex {ram) 24 30 26 20 24 22
FFct 4.9 5.1 5.9 76 4.7 6.1
Cohesion . . .
Coefficient® 103 163 84 64 107 83
A Values frooy scale np maoufacture. Blend oot remanufactured at bench scale,
B Generated using 10mb cylinder due to limited material. Results less reliable than those generated using
100mL cylinder.
CFFc is the shear cell flow function
PCohesion cocificient was derived from the shear cell data

{8678 Tablet compression evaluation of F7 and F11 showed similar results with D2 and
confirmed no significant adverse impact of changing the glidant system. The formulations
formed acceptable tablets at relatively low range compression stress (75 to 100 MPa), and
both formulations exhibited disintegration times of less than 1 minute.

{8679 Dissolution characteristics of ¥7 and F11 were similar to D2 demonstrating no
adverse effect of new glidant system on the dissclution properties.

10680} In conclusion, the modest improvement in flowability of F7 and F11 compared to
D2 was not sufficient to nominate either one of them as the clinical formulation candidate,
therefore, further formulation optimization was undertaken.

{8681} Since the additional step of pre-mixing glidant with 821 did not produce a desirable
outcome, this approach was abandoned. However, the unexpected result of almost no
adhesion of the glidant to the SBI formed the basis of evaluating a cheruically modified
formed of colioidal silicon dioxide to increase its hydrophobicity and lower its surface free

Cnergy.
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{06821 A direct comparison of Cab-0-5H MSP and Aercsil R972 was carried out. As
mentioned above, Aerosil R972 is colloidal silicon dioxide chemically modified to produce
trimethylsilyl groups on the surface. [t complies with USP/NF monograph for colioidal
silicon dioxide. In this comparison, each of these glidants was added to the D32 blend from
the scale up batch to directly study their impact on flowability compared to D2, The
formulation compositions are listed in Table 53,

Table 83: Compound A ~ G1* and G2 formulation compositions

Foonulation Reference Gi* l G
Dose/Tablet Press Weight (img/mg) 105/536.3
Fanction Ingredicnt %o of Blend

Active 200mg/g Compound A Formulation D2 Final Blend 99.00% 99.00%
Glidant Silicon Dioxide (Cab-O-Si MSP) 1.00% -
CGlidant Silicon Dioxide {Aerosil R972) - 1.00%
Total 160.80% 100.00%

{0683 The flow metrics are listed in Table 55 G2* exhibited the best flow properties
compared to D2 and G1%*.

Table 54: Compound A Formulations B2, G1* and G2* Final Blend Flow Properties

e N Formulation Formulation

Formulation D2 Gi* G2+

Parameter Pre- - . s
granulation Final Blend Final Biend Final Blend
Blend

Bulk Density {g/mL) .42 (.50 0.49 .54
Tapped Density {g/ml) 0.63 .70 0.65 (.69
Carr Index (%6) 34 28 23 22
FloDex (m) 248 30M 26 14
FFcC 4.9 5.3 5.2 8.0
Cohesion Coefficient” 103 103 81 G4

A Yalues from scale up marufacture. Blend not remanufactured at bench scale.

B Scale-up blend samples retested using the same §ill levels as used for formulation G1* and G2* blends.
CFFc is the shear cell flow function

PCohesion coefficient was derived from the shear cell data

[0684] The compressibility (solid vs compression siress), tabletability (tablet tensile
strength vs compression siress) and compactability (tablet tensile strength vs tablet solid
fraction) i.e. CTC profiles, for G1 and G2 were compared. Formulation Gl had similar
CTC properties to formulation D2 suggesting Cab-0-8il had rotoimal impact on the final
blend material properties. Formulation G2 showed an improvement in compressibility but

a reduction in both tabletability and compactability properties compared to both

[N}
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formulations G1 and 2. The significance of this finding was eventually assessed at larger
scale and rotary press. The compressive stress regime for both G formulations was well
within the typical range observed for optimal tooling wear performance and tablet porosity
{100 to 300 MPa).

{B685] A dissolution comparison of the bench-scale tablets of G1 and G2 demonstrated
comparable dissolution profile, as shown in FIG. 29

{8686} Given (G2 exhibited the best flowability, acceptable compression/tablet properties,
and similar dissolution profile to D2, it was selected for further evaluation for a pre-
demonstration processability assessment.

{8687} A processability pre~-demonstration assessment was conducied on a Gerteis
Minipactor using bench scale batch size equal to 100 gram to determine target Gerteis
settings for the demonstration baich. The Gerteis was set up with a feed funnel system
designed to feed material quantities that are too small to use the auger feed and tamping
systems. Ribbons were collected and then manually fed through the oscillating granulator
to size them.

10688} The main purpose was to evaluate the effect of ribbon solid fraction on granule size.
{6689} The G2 formulation composition is listed in Table 55, The composition differs
slightly from the composition of G2¥ but was not expected to significantly impact granule
or tablet properties. The tablet press weight was adjusted to 525 mg (vs 530 mg for G2*)
and the Acrosil R972 quantity is exactly 1% of the composition.

Table 85: G2 formulation composition (20% SDI loaded tablet - 525 mg Tablet

Press Weight}

Formulation Reference G2
Tablet Strength/ Tablet Press Weight (mg/mg) | /05525
5o of
Function Ingredient Blend
Intra Granular

Active Spray-dued amorphous Compound A 20.0¢

Filler Microcrystalline cellulose (Avicel PH 102) 48.67
Filler Lactose monohydrate 24.33
Dhsintegrant Croscarmelose sodivm 3.00
Giidant Silicon dioxide (Syloid 244 FP) G.50
Lubncant Magnesiam stearate 0.25

Extra Granular
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Formulation Reference G2
Tablet Strength/ Tablet Press Weight (mg/mg) | 105525
Yo of
Function Ingredient Biend
Glidant Siiicon dioxide (Acrosil R972) 1.00
Dusintegrant Croscarmellose sodiom 2.00
Lubricant Magnesium stearate 0.25
Totals: 100,00

{0690} The effect of adjusting the ribbon tensile strength on the granule size distribution
and the effect of final blending on the granule size distribution is showu in FiGs. 30A and
30B. Granule size decreased as the ribbon tensile strength increased.

18691} The effect of ribbon tensile strength (granulator screen constant = 1 .00 mm) on flow

o
7
i

properties was also assessed and shown in Table 57, The flow metrics are better compared
to the bench-scale trials, Carr Index = 21-23; FloDex = 16, and FFc = 7.1 — 8.5 are
indicative of a free-flowing granulation.

Table 36: Pre-demeo G2 composition final blend flow characteristics

Parameter i 2 3
Ribbon Tensile Strength (MPa) | 1.10 | 0.60 { 0.77
Flow Characteristics
Bulk Density {g/ml) 0.60 1 0.551 0.51
Tapped Density (g/mb) 0.76 1 0.71 1 0.66

Carr Todex (%) 21 23 22
FloDex (mm) 16 16 16

Flow Fuuction, FFc 70 1 81 1 85
Cohesion Cocfficient (Pa) 73 65 58

106921 C'TC scans of tablets made on the F-press using G2 pre-demo batches are consistent
with what was observed for the tablets manufactured using bench-scale equipment. The
granulation is highly compressible and compactible and produces a tablet with acceptable
tensile strength at compressive stresses in the range of 100 MPa. Noteworthy 15 a steep
tensile strength vs. solid fraction, as noted previously. Higher solid fraction means lower
tablet porosity. Tablet porosity is a known factor that can affect dissolution, therefore, the
effect of tensile strength of tablets on dissolution rate and extent was also evaluated.

{6693} The dissolution profiles of G2 pre-demo tablets compressed at 2.0 and 2.5 MPa are

compared to the D2 tablets compressed at 2.5 MPa, as shown in FIG. 31, The dissolution
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profiles are similar, showing no discernable difference in dissolution profile as function of
tablet porosity.

{6694} In conclusion, based on improved flow behavior, acceptable tablet properties and
acceptable tablet dissolution, the G2 tablet compaosition using Gerteis settings determined
during the pre-demo laboratory-sized batches was selected for manufacture of a
demonstration batch.

{66935} Biopharmaceutical performance of 5% (A3} and 20% {(G2) drug loaded tablets was
assessed by orally dosing the corresponding tablets and comparing the plasma levels
thereby obtained. 24 dogs were divided into two groups. Each group was fasted overnight
and then fed regular chow 30 minutes before tablet administration followed by 30 mi of
water. Otherwise, water was withheld from 1 hour before to 1 hour after dosing. SO
minutes before tablet dosing all subjected were pretreated with a 6 pg/mL ntramuscular
pentagastrin solution. Blood samples were collected at 0, 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 16,
20, 24, 36, 48, 72, 96, 120, 144, and 168 hours post-dose. One group was administered 2
of the 35 mg tablets containing a 5% load of Compound A and the other group was given
1 of the 70 mg tablets containing a 20% of Compound A.

{0696} As shown in Table 57, similar exposure in pentagastrin pretreated, fed state
dogs was observed when orally administered two of the 35 mg (5%) or one of the 70 mg
(20%) tablets.

Table §7. Comparison of Oral Exposure Derived From Bosing Two 35 mg (5% Drug

Load) ovOne 70 mg (26% Drog Lead) Tablet to Dogs

Tablets AUCg-last (agxh/mL)
Administered Avg Sp

2x35 mg 5489 3,511

1270 mg 5481 4,404

{66971 Example 28, Late Phase | Tablet Demonstration Batch Formulas

{0698} A common granulation/bracketing strategy was applied for manufacturing the
demonstration batch for the 20% SDI drug load formulation composition. The manufacture
of tablets with a tablet press weight bracketed between 35 mg and 140 mg tablet strength
(i.e. 175 mgto 700 mg tablet press weight) was iroplemented in the following manner. A

portion of a demonstration common granulation final blend was aliquoted to compress 35
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mg, 70 mg and 140 mg tablets using a single-station compression machine. The remainder
of the common granulation was used to compress a batch at 105 mg strength (525 mg tablet
press weight} on a rotary tablet press, representative of the clinical manufacturing tablet
machine. The 35 mg, 70 mg, 105 mg and 140 mg demonstration batches were used in the
stability studies described in Example 29 below.

{0699 The formulation compositions, granulation batch quantities and number of tablets
are listed in Table 58,

Table 58: Demonsiration Batch Formulae for Compound A Tablets, 35 mg, 78 mg,

105 mg and 140 mg Strengths Using 20% SDI Load.

Theoretical Quantity per Batch (g}
IS mg T8 mg 185 mg 140 mg

) . strength/ strength/ strength/ strength/

Ingredient 175 mg 350 mg 525 mg 760 mg

Tablet Tablet Tablet Tablet
Common Press Press Press Press
Granulation Weight Weight Weight Weight
Intra-granusiar
100% Conmpound A SDI 398.61 10.50 9.80 278.62 41.40
Microcrystatline celludose P, ne s 2 os .

7 70.06 z5 23.85 780 D074
(Avicel pHIOD) 970.06 53 388 675%.06 100.74
Lactose monohvdraic < g - o

A 2 D 77 2 ),‘ 37
(FastFlo 316) 48501 12 119 339.02 50.3
Croscarmellose sodinm <a 74 -
978 57 47 41.79 2
(Ac-Di-Soh) 59.78 i 1.4 417 621
Silicon Dioxide A o e -
B 26 0. 7.0
(Svioid-244) 10.03 0.26 25 01 1.04
Magnesium sicarate 5.01 0.13 0.12 3.50 0.52
Extra-granular
Croscarmellose sodium o . a ey @ ,
(Ac-Di-Soh) 39.87 1.05 0.98 27.87 4.14
Silicon PHoxide i "
3 $3 : 13.97 2.07
(Acrosil RI7) 1993 0.57 0.49 13.93 0
Magnesiwm stearate 4.98 0.13 012 3.48 0.52
Total number of tablets - 360 140 2654 296

Theoretical quantity per batch for the 105 mg tablet was calculated after samples taken for testing and
manufacture of the 35 mg, 70 mg, and 140 mg tablet strengths

Common granulation was divided 1o manufactuze the 35 mg, 70 mg, 105 g and 140 mg ablet strengths

[€700] Prior to blending, Compound A drug substance is dissolved, then spray-dried to

form an amorphous dmg product intermediate as described above.
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{6761 The common granulation ribbons were manufactured to achieve an actual ribbon
solid fraction = 0.60 that equates to an estimated tensile strength of 0.8 MPa.

{6702} The final blend granule size distribution was reproducible, comparing favorably to
the pre-demo batch, as depicted in FIG. 32.

{8763} The final blend flow metrics were also reproducible, comparing favorably to the
pre-demo batch, shown in Table 59

Table 89: Comparison of flow metrics between the pre-demonstration and
demonstration final blend batches of G2 composition, granulated {o a ribben tensile

strength of 0.8 MPa,

Final Blend- Pre-demo Final Blend — Demo
Parameter Batch Batch

Bulk Density {g/mL) (.51 (.55

Tapped Density (g/ml) 0.66 0.69
Casr Index (%) 22 20
FloDex (mm) 16 14

Flow Function, FFc 8.5 13.8
Cohesion Coefficient (Pa) 58 34

{6784} The final blend was divided into 4 portions. Three portions of 100 gram each were
used to manufacture the 35 mg, 70 mg and 140 mg tablets on the single-station machine,
and the remainder {approximately 2 kg) was used to manufacture the 105 mg baich on a
rotary tablet machine.

{07035} The 35 mg, 70 mg and 140 rog tablet strengths were compressed to 2.0 MPa tensile
strength round tablets. The tablet disintegration times were 2.3 to ~3.0 minutes for the 140
mg, 1.5 to 2.0 minutes for the 70 mg and ~1 to 1.3 minutes for the 35 mg tablet.

18786 The 105 mg demonstration batch exhibited good flow as evidenced by the excellent
weight and hardness control and excellent uniformity of dosage units. Tablet press weights
were easity maintained at the in-process limit for individual tablets of + S %, Uniformity
of dosage units UPS <905> AV =35, mean = 97.2 % label claim.

{8767} Comparison of the dissolution for 35 mg, 105 mg and 140 mg are shown in FIG.
33 The dissolution was performed for the tablet strengths that were used in stability

studies, which bracketed the highest, lowest and mid-range strengths. The dissolution



WO 2021/231174 PCT/US2021/031091

profiles are comparable, demonstrating no tablet strength effect on the dissolution rate and
extent.

{6708} In conclusion, based on acceptable processability and final product performance,
the G2 composition was nominated for manufacture of clinical tablets that can be bracketed

between 35 mg and 140 mg strengths

Example 29: Stability of Formulation G2 Tablets
{6709} Tablets of formulation G2 with strengths of 35 mg, 105 mg, and 140 mg Compound
A were subjected to a stability study (Table 61).
{87108} Protocel {Tablet Packaging)
[6711] Packaging Supplies:
e  White 500cc HDPE Pharma Round Bottles with HIS lids
e 1g Sorb-It desiccant canisters
{0712} Tablet Packaging Protocol:
1. Add (22} tablets to a 500cc HDPE bottle.

[

Add (1) 1g Sorb-it desiccant cantster to the HDPE bottle.
3. Place a HIS lid on the HDPE bottle and seal the bottle using an Enercon Super Seal

Ir. cap sealer at 60% sealing power for one second.

B

Remove the bottle Hid to ensure the foil seal is properly adhered to the bottle. Screw
the cap back on the bottle before placing the bottle in the appropriate stability
chamber.

Table 68: Tablet Stability Conditions, Time Peints and Testing

Condition

i Month (1)

3 Month ()

6 Month (3)

12 Month (4)

{2} 53°C, closed with desiccand A A A A B C
{b) 25°C/60%RH, closed with desiccant A B C A B C A B C ABC
(c) 40°C/73%RH, closed with desiccant A B, C A B, C A B.C

A — 105mg Formulation G2
B - 140mg Formulation G2
C - 35mg Formmdation G2

{0713 The tablets were analyzed for appearance, assay and related substances by UPLC,
dissolution by USPI, and water content by volumetric KF. Based upon the characterization

below, all of the tablet doses were as expected for appearance, assay, dissclution
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performance, and water content. The purity was slightly increased when compared with
the 8D used for manutacture and should be monitored closely in subsequent stability pulls.
{6714} The tablets were visually evaluated for appearance. All of the tablets were yellow,
smooth surfaced tablets.

{8715} Tablet assay values were consistent for each dose and met the current specification
of 90% - 110% LC (Table 62).

Table 61: Tabulated Composite Assay Bata for Compound A Siability Tablets

Sample YL | Range (02, S tablet composite}
140 me Tablet 95 0.2
1835 mg Tablet 97 0.2
3 Smg Tablet g3 0.3
{6716} Protocol (Blister Packaging)
{6717} Tablets were Blister Packaged by Fisher
& 5 tablets per strip (1 X 3), with 1 tab/ cavity

® ALU/ALY — blisters (Cold form foil)
{0718] At each time point below, § strips (25 total tablets) were pulled at each time point
for each stability condition for analysis.

Table 62: Blister Stability Conditions, Time Points and Testing

Condition 1 Mounth (1) SMonth 2) | 6 Month (3) | 12 Month (&)
(a) 5°C. closed with desiccant A A A A

{b) 25°C/60% RH, closed with desiccant A A A A

{c) 40°C/75% RH, closed with desiccant A A A

{6719} Stability study results are shown below in Tables 63-66.

Table 63: Summary of the 140 mg Dose Compound Tablet Bottle Stability Results

1dimg, Fermolation G2 Conditien Initial 1 Month 3 Month & Month
Appearance 25 °C/60% RE Linkt Yeilow Light Yellow Light Yellow Light Yellow
AP © 40 0T 1300 RL | B e Light Yeilow | Light Vellow | Lisht Yellow
25 5760 R ) 56 46 9
T 95
Assay 10 °C/75% RH > a5 35 95
Total Related 25 °Cia0% RE 04.9% .35 0.24 0.36
Substances 36 00/ 75% r . 033 027 .55+
T 25 °C/60% Ril - 364 371 350
Water Contont 40 °C/75% RE 496 370 157 506
. e 25 507609, RiL i i3 54 45
% LU at 45 minutes 7 aerpsay 5 93 » 9
. - 25 °C/60%% RE . 212 213 218
Tablet Hardness 30 °C/75% RiL 28 718 210 194

*nerease appeats 10 be welated to an increase in peak at RRT 0.43

180
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Table 64: Summary of the 185 mg Dose Compound Tablet Bottle Stability Results

14img, Formolation G2 Conditien Initial 1 Month 3 Month & Month
seC Light Yellow Light Yellow Light Yellow
Appearance 25 °C/60% RH | Light Yellow Light Yellow How Light Yellow
46 °C/75% U Light Yellow Laght Yellow Laght Yellow
5°C 96 95 97
Assay 25 °C/a0% RH 97 99 98 106
40 °C/75% RIT 97 98 97
5°C 031 0.24 044
T;fﬁ‘:fii‘iﬁid 25 Ci60% RE 0.25 0.34 0.25 0.47
e ’ 40 °C/753% RE 6,32 0,27 (.52%
5°C 3.4 278 311
Water Content 25 °Cie0% RE 3.40 323 3.46 3.55
40 °CH75% RE 3.32 431 512
5°C 92 a5 Al
%% LC at 45 minutes 25 °Cle0% RY g7 91 95 97
40 °C/75% RIT 93 93 96
5°C 19.9 20.4 i8.2
Tablet Hardness 25 °C/60% RY 20.4 18.9 215 19.9
46 °C/75% RE 20.2 i8.0 13.2

*ncrease appears 1o be related to an increase in peak at RRT 0,43

Table 65: Summary of the 105 mg Dose Compound Tablet Blister Stability Results

140myg, Formudation G2 Condition Initial i Month 3 Month
Se Light Yellow Light Yellow
Appearance 25 °C/60% RH | Light Yellow Light Yellow Light Yellow
40 °C/75% RYH Light Yellow Light Yellow
5°C 99 98
Assay 25 °C/60% RH 97 9 99
40 °C/75% RIT 99 97
. 5¢C 0.46 0.44
Ig“ﬁsf;zfzid 33 °CJ60% Ril 0.25 0.46 0.45
3 40 °C/75% RHE .41 0.39
5eC 3.55 3.56
Water Content 25 °C/60% RH 3.4 3.56 3.61
44 °Cl75% R 3.55 3.58
5°C 97 95
% LC at 45 minutes 28 °C/60% RH 97 87 95
40 °C/75% RiT 95 94
5°C 20.4 18.1
Tablet Hardness 25 °C/60% RH 204 19.6 i8.9
4G °Cl75% RY 19.6 1935

TFable 66: Summary of the 33 mg Dose Compound Tablet Bottle Stability Results

140myg, Formulation &2 Cendition fnitiad 1 Month 3 Month 6 Month
AT pearaEoe 25 °Che0% RH Light Yellow Light Yellow Light Yellow Light Yellow
Appe 40 °C/75% RHE AEI YOOV Light Yellow Light Yellow Light Yellow
28 “C/60% RH . a3 a7 96
Assay : . 05 =
say 46°C73% R 93 93 94
Total Related 25 °Ci60% RE 0.26 0.35 0.19 0.47
Substauces 40 “C/75% RH 0 0.32 0.27 0.50%
25 °Cloli% RIT o 3.65 3.38 4.i6
o 5
Water Content 0505 RE 5,05 IR 105 507
Yo LEC at 45 minutes 23 “C/60% RH 94 91 94 94
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40 °C/75% RE 91 9 39
35 5C/60% R 83 77 73
Tablei Hardness 16 °°0/75% R 8o 8.1 20 56

*Increase appears 1o be related to an increase in peak at RRT 0.43

Fmbodiments:

{07261 The aspects of the present disclosure are further described with reference to the
following numbered embodiments:

L A crystalline form of Compound A

2ZX

\,J A 3w
”&4\ _____ )

{Compound A)

NC_ .
T
DT

having a powder x-ray diffraction pattern comprising peaks at 7.6° £ 0.2° 28, 11,57+ 6.2°
28, and 17.6° + (.2° 28, wherein said powder x-ray diffraction pattern is obtained using
Cu Ko radiation at an x-ray wavelength of 1.5406 A.

2. The crystaliine form of Compound A of Embodiment 1, further comprising a peak
at 18.5°40.2° 20,

3. The crystaliine form of Compound A of Embodiment 1 or 2, further comprising a
peak at 21 .4° + 0.2° 28,

4. The crystaliine form of Compound A of any one of Ewbodiments 1-3, further
comprising a peak at 3.1°+0.2° 28.

5. A erystalline form of Compound A having a powder x-ray diffraction pattern as
shown in FIG. 3A.

6. A crystailine form of Compound A having a powder x-ray diffraction paitern
comprising peaks at11.0°+£02° 28, 16.1°+0.2° 26, and 17.9° £ 0.2° 28, wherein said

of 1.5406 A.

7. The crystaliine form of Compound A of Embodiment 6, further comprising a peak

at 11.3°4+0.2° 26,
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8. The crystalline form of Compound A of Embodiment 6 or 7, further comprising a
peak at 17.2°+£0.2° 28

9. The crystaliine form of Compound A of any one of Embodiments 6-8, further
comprising a peak at 7.9° + 0.2° 28,

10. A crystailine form of Compound A having a powder x-ray diffraction pattern as

shown in FIG. 3C.

11, A process for manufacturing Compound A, wherein the process comprises the
reductive amination of N-{{1r 4r}-4-(3-chloro-4-cyanophenoxy)cyclohexyl)-6-(4-
formylpiperidin-1-yhpyridazine-3-carboxamide (Intermediate 3) with 2-(2,6-
dioxopiperidin-3-yi}-5-fluoro-6-(piperazin-1-yijisoindeline-1,3-dione hydrochloride

{(Intermediate §) and a reducing agent to provide Compound A:

O’.‘/
U My 2?\1 /\W o

Y H N . \LM
Lh N Z I {
W =: L\
0O (of]
Intermediate 3 Intermediate 5

NS
NP < s 0 er

i e
o //\\ {:}“'L/‘/ L
Compound A
12. The process of Embodiment 11, wherein the reductive amination is conducted in a
polar solvent.
13, The process of Embodiment 12, wherein the polar solvent for the reductive

amination is dimethylacetamide (DMA).



WO 2021/231174 PCT/US2021/031091

14. The process of any one of Embodiments 11-13, wherein the reducing agent for the
reductive amination is sodium triacetoxyborohydride.

15 The process of any one of Embodiments 11-14, wherein the reductive amination
is conducted at a temperature range of about -15 to about 30°C, about -10 to about 25°C,
about -5 to about 20°C, about 0 to about 15°C, or about 5 to about 10°C.

16.  The process of any ove of Embodiments 11-15, wherein ouce the reductive
amination reaction is complete, a mixture of ethanol and water is added to the crude
reaction mixture to precipitate Compound A.

17. The process of Embodiment 16, wherein the mixture of ethanol to water has an
ethanol water ratio of about 1:1 {(v/v}.

18.  The process of any one of Embodiments 11-17, wherein the reductive amination
is conducted in the presence of a base

19, The process of Embodiment 18, wherein the base for the reductive amination is
triethylamine or N-methyl morpholine.

20. The process of Embodiment 19, wherein the ratio of Intermediate 5 to base i3
about 1.0.7 (w/v).

21, The process of Embodiment 19, wherein the ratio of Intermediate 5 to base is
about 1.7:1 {w/w}.

22, The process of Embodiment 19, wherein the ratio of Intermediate S to base is
about 1.9:1 (w/w).

23 The process of any one of Embodiments 11-22, wherein the molar ratio of

Intermediate 3 to Intermediate 5 is about 1.1:1.

24. The process of any one of Embodiments 11-22, wherein the molar ratio of

Intermediate 3 to Infermediate 5 i about 1.05:1.

28, The process of any ove of Embodiments 11-22, whereiu the molar ratio of

intermediate 3 to Intermediate 5 is between about 1:1 and about 1.1:1.

26.  The process of any one of Embodiments 11-22, wherein the molar ratio of

Intermediaie 3 to Intermediate 5 is about 1.0:1.0.
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27 The process of any one of Embodiments 11-26, further comprising a step for the

purification of Compound A

28. The process of Embodiment 27, wherein the purification of Compound A
comprises:

(A1) dissolving Compound A in about a mixture of dichloromethane and
methanol;

{A2) filtering the solution comprising Compound A;

(A3) distillatively exchanging the solvent of the solution comprising Compound
A with ethanol;

{A4) crystallizing Compound A from the ethanol solution; and

{A5) drying the purified crystalline solid form of Compound A.

29. The process of Embodiment 28, wherein the ratio of dichloromethane to methanol

in(Al)is about 9:1 (w/w).

30, The process of Embodiment 28, wherein the ratio of dichioromethane to methanol

in (Al)is about 10:1 {(v/v).

3L The process of Embodiment 28, wherein the volume of ethanol in step (A3) is
approximately 7 volumes relative to the amount of Intermediate 3 provided in the

reductive amination step.

32 The process of Embodiment 31, wherein the amount of ethanol in step (A3) is

corrected for the ethanol content in the crude Compound A

33 The process of one of Embodiments 28-32, wherein the drying in step {(A5) of the

purified crystalline forro of Compound A is conducted n vacuo.

34 The process of Embodiment 33, wherein the 1n vacuo drying occurs at about 15 1o
about 30 °C, about 20 to about 30 °C, about 30 to about 40 °C, or about 35 to about 45
°C.

35 The process of Embodiment 33, wherein the in vacuo drying occurs at greater
than about 30 °C, greater than about 60 °C, greater than about 70 °C, or greater than

about 80 °C.
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36.  The process of Embodiment 33, wherein the in vacuo drying oceurs at between

about 60 °C and about 70 °C.

37.  The process of Embodiment 33, wherein the in vacuo drying occurs at about 635
°C.
38 The process of Embodiment 33, wherein the in vacuo drying occurs at between

about 75 °C and about &5 °C.

39 The process of Embodiment 33, wherein the 1o vacuo drying occurs at about 80
°C.
40. The process of any one of Embodiments 11-39, further comprising the oxidation

of N-{{1r 4r-4-(3-chloro-4~cyanophenoxy Jeyciohexyi}-6-(4-(hydroxymethypiperidin-1-
yhpyridazine-3-carboxamide (Intermediate 2) to form N-{(1r,4r)-4-(3-chloro-4-
cyanophenoxyeyciohexyl)-6-(4-formylpiperidin-1-yDpyridazine-3-carboxamide

(Intermediate 3)

P
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intermediate 2 Intermediate 3
41. The process of Embodiment 40, wherein the oxidation is performed using about

0.0% equivalents of (2,2 6 6-tetramethylpiperidin-1-yhoxyl (TEMPQ) and about 1

equivalents of sodium hypochlorite.

42, The process of Embodiment 40, wherein the oxidation is performed using about

0.01 equivalents of TEMPO and about 1.15 equivalent of sedium hypochlorite.

43, The process of any one of Embodiments 41 or 42, wherein the oxidation is

performed in a solvent comprising dichloromethane.

44. The process of any one of Embodiments 41-43, wherein the oxidation occurs in

the presence of a secondary alcohaol.

45, The process of Embodiment 44, where 1o the secondary alcohol is isopropanol.
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46.  The process of any one of Embodiments 43-45, wherein the solvent for the

oxidation further comprises aqueous sodium chloride.

47 The process of any one of Embodiments 40-46, wherein the oxidation is
performed at a temperature less than about 25°C, less than about 20°C, less than about
15°C, less than about 10°C, less than about 5°C, less than about 0°C, less than about -3

?C, or less than about -11 °C.

48. The process of any one of Embodiments 40-46, wherein the oxidation is

performed at a temperature of about -11 °C.

49 The process of any one of Embodiments 41-46, wherein the sodium hypochlorite
is added over the course of less than 60 minutes, less than 45 minutes less than 30
minutes, or fess than 20 minutes.

50. The process of any oue of Embodiments 41-46, wherein the sodium hypochlorite
is added over the course of between about 15 and about 45 minutes.

51, The process of any one of Embodiments 41-46, wherein the sodium hypochlorite
is added over the course of about 30 minutes.

52. The process of any one of Embodiments 41-51, further comprising the step of

exchanging the solvent comprising dichloromethane for a second solvent.

53, The process of Embodiment 52 wherein the second solvent comprises acetonitrile.
54.  The process of Embodiment 52 wherein the second solvent comprises
tetrahydrofuran.

55. The process of Embodiment 52, wherein the exchange of solvents is

accomplished by distilation.

56. The process of any one of Embodiments 40-55 further comprising the step of
purifying Intermediate 3 by recrystallization.

57.  The process of Embodiment 56, wherein the purification of Intermediate 3 by
recrystallization occurs in the presence of a solvent and an anti-solvent.

58. The process of Embodiment 56, wherein the recrystallization comprises the

following sieps:
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Bi) combining crude Intermediate 3 with a mixture of solvent and anti-solvent;
Bii) stirring the mixture of crude Intermediate 3, solvent, and anti-solvent; and
Biii) filtering the mixture of crude Intermediate 3, solvent, and anti-solvent to
obtain Intermediate 3.
59.  The process of Embodiment 58, wherein the recrystallization solvent is a polar
aprotic organic solvent and the anti-solvent is an aqueous solvent.
60. The process of Embodiment 59, wherein the recrystallization solvent for
Intermediate 3 comprises acetonitrile.
61.  The process of Embodiment 59, wherein the recrystallization solvent for
Interraediate 3 comprises dichloromethane.
62.  The process of Embodiment 59, wherein the recrystaliization solvent for
Intermediate 3 comprises tetrahydrofuran.
63.  The process of Embodiment 59, wherein the recrystallization solvent for
Intermediate 3 comprises dichloromethane and tetrabydrofuran.
64. The process of any one of Embodiments 59-03, wherein the recrystallization anti-
solvent is water.
65, The process of any one of Embodiments 59-63, wherein the recrystallization anti-
solvent comprises n-heptane.
66. The process of any one of Embodiments 59-65, wherein the ratio of
recrystallization solvent to anti-solvent is about 1.1 {v/v}.
67.  The process of any one of Embodiments 59-65, wherein the ratio of
recrystallization solvent to anti-solvent is about 1.04:1 (v/v).
68, The process of any one of Embodiments 59-65, wherein the ratio of
recrystallization solvent to anti-solvent is about 0.6:1 {(v/v}).
69.  The process of any one of Embodiments 59-68, wherein step Bii) is performed at

a temperature between 15 °C and 25 °C.
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70. The process of Embodiment 69, wherein step Bii} ts performed at a temperature
of about 18 °C.

71 The process of Embodiment 69, wherein step Bit) is performed at a temperature

of about 20 °C.

72, The process of any one of Embodiments 59-71, wherein the stirring of step Bii} is
performed for at least 5 hours, at least 12 hours, at least 14 bours, at feast 16 hours, or at

least 18 hours.

73 The process of Embodiment 72, wherein the stirring of step Bii) is performed for

at least 16 hours.

74. The process of Embodiment 72, wherein the stirring of step Bii) is performed for

about 18 hours.

75, The process of any one of Embodiments 11-74, further comprising a nucleophilic
aromatic substitution reaction of 6-chloro-N~({1r,4r)-4-(3-chloro-4-

cyanophenoxy joyclohexylpyridazine-3-carboxamide (Intermediate 4) and piperidin-4-
vl methanol in the presence of a base to provide N-({(1r,4r)-4-(3-chloro-4-

cyanophenoxy joyclohexyi}-6-{4-(hydroxymethyDpiperidin-1-ylpyridazine-3-

carboxamide {Intermediate 2}
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76.  The process of Embodiment 75, wherein the nucleophilic aromatic substitution

reaction is conducted in a polar solvent.

77. The process of Embodiment 76, wherein the polar solvent for the nucleophilic

aromatic substitution is dimethylacetamide (DMA]}.

78. The process of any one of Embodiments 75-77, wherein the base for the

nucleophilic aromatic substitution is N N-diisopropyiethylamine.
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79. The process of any one of Embodiments 75-78, wherein the nucleophilic aromatic
substitution reaction is conducted at a temperature of about 60°C to about 130°C, about

75°C to about 115°C, or about 90°C to about 100°C.

80. The process of any one of Embodiments 75-79, further comprising the step of
purifying Intermediate 2 by recrystallization in an organic solvent.

81. The process of any ove of Embodiments 75-80, whereiu the recrystallization of

Intermediate 2 further comprises the following steps:

(i) combining crude Intermediate 2 in an organic solvent with an agent that

promotes crystallization;
Cit) reducing the volume of organic solvent;
Ciil) adding additional amounts of the organic solvent;
Civ) stirring the mixture from part i1} at a temperature above 30 °C;
Cv) cooling the mixture from part iii) to a temperature below 25 °C;
Cvi) reducing the volume of organic solvent;
Cvil) stirring the mixture from part vi) at a temperature below 25 °C; and
Cvii) filtering the mixture to obtain Intermediate 2.

82. The process of Embodiment 81, wherein the organic solvent in step Cit} is

isopropyl acetate.

83. The process of Embodiment 81 or 82, wherein the agent that promotes

crystallization in Ci) is a seed crystal of Intermediate 2.

84. The process of any one of Embodiments 81-83, wherein the reducing of the

volume of organic solvent in step Ciii) is performed by vacuum distillation.

85, The process of any one of Embodiments 81-84, wherein the reducing of the

volume of organic solvent in step Cvi) is performed by vacuum distitiation,

6. The process of any ove of Embodiments 81-85, wherein the temperature of step

Civ) is about 50 °C.
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87. The process of any one of Embodiments 81-86, wherein the temperature of step

Cv}is about 20 °C.

8. The process of any ouve of Embodiments 81-87, wherein the temperature of step

Cvii} is about 10 °C.

9. The process of any one of Embodiments 11-88, further comprising an amide
coupling of 4-(({(1r.4r)-4-aminocyclohexylyoxy)-2-chlorobenzonitrile hydrochloride
(Intermediate 7) and 6-(4-ChydroxymethyDpiperidin-1-ylpyridazine-3-carboxylic acid
(Intermediate 19), facilitated by a coupling agent, to provide N-({1r,41)-4-(3-chloro-4-
cyanophenoxy jecyclohexvi}-6-{(4-(hydroxymethylpiperidin-1-ylpyridazine-3-
carboxamide (Intermediate 2}
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00, The process of Embodiment 89, wherein the amide coupling is conducted in a
polar solvent.
91.  The process of Embodiment 90, wherein the polar solvent for the amide coupling
is dimethylacetamnide (DMA).
92. The process of any one of Embodiments 89-91, wherein the coupling agent for the

amide coupling is a carbodiimide.

93, The process of Embodiment 92, wherein the carbodiimide is 1-ethyl-3-(3-

)

dimethylaminopropyljcarbodiimide.
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94, The process of Embodiments 89-93, wherein the amide coupling reaction is
conducted at a temperature of about 5 °C to about 15 °C, about 10 °C to about 20 °C,

about 20 °C to about 40 °C, about 30 °C to about 50 °C, or about 35 °C 1o about 45 °C.

95. The process of any one of Embodiments 89-94, wherein the ratic of molar ratio of

Intermediate 7 to Intermediate 10 is about 1.05:1.

96. The process of any ove of Embodiments 89-94, whereiu the ratio of molar ratio of

Intermediate 7 to Intermediate 10 is about 1.02:1.

97. The process of any one of Embodiments 89-96, further comprising the step of

purifying Intermediate 2 by recrystallization in an organic solvent.

98. The process of Embodiment 97, wherein the organic solvent for the

recrystallization of Intermediate 2 is isopropyl acetate.

09, The process of Embodiment 97, wherein the organic solvent for the

recrystallization of Intermediate 2 comprises tetrahydrofuran and n-heptane.

100.  The process of any one of Embodiments $7-99, wherein the organic solvent for

the recrystallization of Intermediate 2 18 seeded with crystals of pure Intermediate 2.

101, The process of any one of Embodiments 97-100, wherein the recrystallization of
Intermediate 2 is performed by reduction of the volume of the organic scivent for the

recrystallization of Intermediate 2.

102, The process of Embodiment 101, wherein the reduction of the volume of the
organic solvent for the recrystallization of Intermediate 2 is performed by vacuum

distiltation.

103, The process of any one of Embodiments 97-102 wherein the recrystallization of
Intermediate 2 1s performed by cooling the organic solvent for the recrystallization of
Intermediate 2.

104.  The process of Embodiment 103, wherein organic solvent for the recrystallization
of Intermediate 2 1s cooled to a temperature between about 15 °C and about 25 °C.

105, The process of Embodiment 103, wherein organic solvent for the recrystallization

of Intermediate 2 is cooled to a temperature of about 20 °C.
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106.  The process of any one of Embodiments 11-105, wherein the purified form of
Compound A has a crystalline form with a powder x-ray diffraction pattern comprising
peaks at 7.6° £ 0.2° 28, 11.5° £ 0.2° 28, and 17.6° = 0.2° 28, wherein said powder x-ray
diffraction pattern is obtained using Cu Ko radiation at an x-ray wavelength of 1 5406 A
107. A compound which is:

6-chlore-N~{1r,4r)-4-(3-chloro-4-cyanophenoxy jeyclohexyl)pyridazine-3-

Ci N
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intermediate 4

carboxamide,

108, An ultrapure form of Compound A having a purity greater than about 98%.

109, Ap ultrapure form of Compound A having a purity greater than about 98%, and

comprising less than about 1% of impurity Intermediate 2

§
selsd
RO

intermediate 2

110, The ultrapure form of Compound A of Embodiment 109, comprising less than
about 0.5% of impurity Intermediate 2.
11t The ultrapure form of Compound A of Embodiment 109, comprising less than
about 0.2% of impurity Intermediate 2.

112, An ultrapure form of Compound A having a purity greater than about 98%, and

comprising less than about 19 of impurity Intermediate 3:
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intermediate 3

113, The ultrapure form of Compound A of Embodiment 112, comprising less than

about 0.5% of impurity Intermediate 3.
114, The ultrapure form of Compound A of Embodiment 112, comprising less than

about 0.1% of impurity Intermediate 3.

115, An ultrapure form of Compound A having a purity greater than about 98%, and

comprising less than about 1% of impurity Intermediate §

intermediate §

116, The ultrapure form of Compound A of Embodiment 115, comprising less than
about 0.5% of impurity Intermediate 5.

117, The ultrapure form of Compound A of Embodiment 115, comprising less than
about 0.1 % of impurity Intermediate 5.

118 The ultrapure form of Compound A of Embodiment 115, comprising less than
about 0.05% of impurity Intermediate §.

119, An ultrapure form of Compound A having a purity greater thau about 98%, and

comprising less than about 1% of Impurity 1:
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120, The ultrapure form of Compound A of Embodiment 119, comprising less than
about 0.5% of Impurity 1.
121, The ultrapure form of Compound A of Embodiment 119, comprising less than
about 0.1% of Impurity 1.
122, The ultrapure form of Compound A of Ewbodiwent 119, comprising thau about
0.05% of Impurity 1.
123, An ultrapure form of Compound A having a purity greater than about 95%, and

comprising less than about 1% of Impurity 2.

Impurity 2.

124, The ultrapure form of Compound A of Embodiment 123, comprising less than

about 0.5% of Impurity 2.

125, The vltrapure form of Compound A of Embodiwent 123, comprising less than
about 0.2% of Empurity 2.

126, The ultrapure form of Compound A of Embodiment 123, comprising less than
about 0.15% of Impurity 2.

127, Anultrapure form of Compound A having a purity greater than about 95%, and

comprising less than about 1% of Impurity 3
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B

Impurity 3.

128, The ultrapure form of Compound A of Embodiment 127, comprising less than
about 0.5% of Impurity 3.

129, The ultrapure form of Compound A of Emsbodiment 128, comprising less than
about 0.2% of Impurity 3.

130, The ultrapure form of Compound A of Embodiment 129, comprising less than
about 0.15% of Impurity 3.

131, Anultrapure form of Compound A having a purity greater than about 95%, and

comprising less than about 1% of Impurity 4:

Tmpurity 4

132, The vltrapure form of Compound A of Claim 131, comprising less than about
0.5% of Impurity 4.

133, The ultrapure form of Compound A of Embodiment 131, comprising less than
about 0.2% of Impurity 4.

134, The ultrapure form of Compound A of Embodiment 131, comprising less than
about 0.15% of Impurity 4.

135A. The ultrapure form of Compound A of any one of Embodiments 108-134,

wherein the purity of Compound A 1s determined by HPLC.
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135B. The ultrapure form of Compound A of any one of Embodiments 109-1354,

wherein the amount of the Intermediate or Impurity s determined by HPLC.

136, The ultrapure form of Compound A of any one of Embodiments 10§-135A,
wherein the purity of Compound A is greater than about 99%, about 99.5%, or about

99.9%.

137, The ultrapure form of Compound A of any one of Embodiments 108-135,

wherein the purity of Compound A is greater than about 99 5%.

138, An ultrapure form of Compound A having a purity greater than about 98%, and
comprising less than about 1% of at least two of the following iwpurities: Intetmediate 2,

Intermediate 3, Intermediate 5, Impurity 1, Impurity 2, Impurity 3, and Impurity 4.

139, The ultrapure form of Compound A of embodiment 138, wherein the purity of

Compound A is greater than about 99%.

140, The ultrapure form of Compound A of any one of Embodiments 108-135,
comprising less than about 0.9%, about 0.8%, about 0.7%, about 0.6%, or about 0.5% of
at least two of the following impurities: Intermediate 2, Intermediate 3, Intermediate 5,

Impurity 1, Impurity 2, Impurity 3, and Impurity 4.

141, The ultrapure form of Compound A of any one of Embodiments 108-135,

wherein the Compound A has a purity of about 99.9%.

142, The ultrapure form of Compound A of any one of Embodiments 108-141,

wherein Compound A is in amorphous form.

143, The ultrapure form of Compound A of any one of Embodiments 108-141,
characterized by a glass transition temperature, Tg, of 146°C at 25°C and (% relative
buridity.

144, The ultrapure form of Compound A of any one of Embodiments 108-141, further
characterized by a glass transition temperature, Tg, of 103°C at 40°C and 75% relative
humidity.

145, The ultrapure form of Compound A of any one of Embodiments 108-144, further

characterized by a Dv{30) particle size of about 5 to about 20 um.
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146.  The ultrapure form of Compound A of any one of Embodiments 108-14S5, further

characterized by a Dv{50) particle size of about 5 to about 15 um.

147, The ultrapure form of Compound A of any one of Embodiments 108§-146,
characterized by a Dv{50) particie size of about 5, 6,7, &, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, or 20 pm.

148, The ultrapure form of Compound A of any one of Embodiments 145-147,

wherein particle size is measured by laser diffraction.

149 The ultrapure form of Compound A according to any one of Embodiments 108~
148, characterized in that the amorphous form is stable for at least 1 month at 2-8°C; for at
least T month at 25°C and 60% relative humidity; and for at least 1 month at 40°C and 75%

relative humidity.

156, A process for manufacturing the amworphous form of Compound A of any one of
Embodiments 108-149, wherein the process comprises the following steps:

(D1) dissolving crystailine Compound A in solvent to afford a solution of
Compound A;

(D2) introducing the Compound A solution from step (1) into a spray dryer;

{D3) spraying the Compound A solution from the spray dryer to form the
amorphous form of the Compound A;

and

{D4) Removing the residual solvent from the amorphous form of Compound A.

151, The process of Embodiment 150, wherein, the solvent of step (D1) is a mixture of

dichloromethane and methanol.

152, The process of Embodiment 151, wherein the solvent of step (1) is a mixture of

about 95:5 (w/w) to about 80:20 {w/w) dichloromethane methanol.

153, The process of any one of Embodiments 150-152, wherein the solvent of step (D)
is about a 90:10 {(w/w) mixture of dichloromethane :methanol.
154. The process of any one of Embodiments 150-152, wherein the solvent of step (D1)

is about a 95:5 (w/w) mixture of dichloromethane methanol.
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155. The process of any one of Embodiments 150-152, wherein the solvent of step (D1)
is about a 937 (w/w) mixture of dichloromethane methanol,

156. The process of any one of Embodiments 150-152, wherein removal of residual
sofvent in step (34} is accomplished by tray-drving.

187, The process of any one of Embodiments 150-156, wherein removal of residual
solvent in step (D4) is accomplished by filter-drying.

158. The process of any one of Embodiments 156-156, wherein the removal of residual
solvent in step (D4} is accomplished by tumble drying.

159, The process of any one of Embodiments 150-156, wherein the removal of residual
solvent in step (D34) 1s accomplished by agitated conical drying.

160. The process of any one of Embodiments 150-156, wherein the removal of residual
solvent in step (D4) is accomplished by fluid bed drying.

161, Anoral dosage form comprising one or more pharmaceutically acceptable
excipients and Compound A of any one of Embodiments 108-160, wherein the oral
dosage form is selected from the group consisting of a tablet, a sachet, or a capsule.
162, The oral dosage form of Embodiment 161, wherein the Compound A is the
ultrapure form of Compound A of any one of Embodiments 108-149.

163,  The oral dosage form of Embodiment 161 or 162, wherein the oral dosage form is
a tablet.

164.  The oral dosage form of Embodiment 161 or 162, wherein the oral dosage form is

a sachet.

165, The oral dosage form of Embodiment 161 or 162, wherein the oral dosage form is

a capsule.

166.  The tablet of Embodiment 163, wherein the amount of Compound A in the tablet

ts between about 5 rog and 1000 g,

167, The tablet of Embodiment 166, wherein the amount of Compound A in the tablet

is about 35 mg to about 280 mg.
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168, The tablet of Embodiment 167, wherein the amount of Compound A in the tablet

is about 35 mg,

168, The tablet of Embodiment 167, wherein the amount of Compound A in the tablet

is about 70 mg .

170, The tablet of Embodiment 167, wherein the amount of Compound A in the tablet

is about 105 mg.

171, The tablet of Embodiment 167, wherein the amount of Compound A in the tablet

is about 140 mg.

172, The tablet of Embodiment 167, wherein the amount of Compound A in the tablet

is about 175 mg.

173, The tablet of Embodiment 167, wherein the amount of Compound A in the tablet

is about 210 mg.

174, The tablet of Embodiment 167, wherein the amount of Compound A in the tablet

is about 245 mg.

175, The tablet of Embodiment 167, wherein the amount of Compound A in the tablet

is about 280 mg.

176, The tablet of any one of Embodimenis 163 or 1606-175, wherein the
pharmaceutically acceptable excipients are selected from the group counsisting of fillers,

disintegrants, glidants, and lubricants.

177 The tablet of Embodiment 176, wherein the filler is microcrystalline cellulose,
silicified microcrystalline celiulose, lactose monohydrate, mannitol, sorbitol, xylitol,
hydroxypropyl methylcellulose, hydroxypropyl cellulose, pullulan, fast-dissolving

carbohydrates such as Pharmaburst™, or any mixture thereof.

178 The tablet of Embodiment 176, wherein the disintegrant is sodium starch glycolate,
sodium carboxymethyl cellulose, calcium carboxymethyl cellulose, croscarmellose
sodium, crospovidone, chitosan, agar, alginic acid, calcium alginate, methyl cellulose,
microcrystalline cellulose, powdered cellulose, lower alkylsubstitited hydroxypropyl

celiulose, hydroxylpropyl starch, low-substituted hydroxypropyleeliulose, polacrilin
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potassium, starch, pregelatinized starch, sodium alginate, magnesium aluminum silicate,

polacrilin potassium, povidone, or any mixture thereof,

179, The tablet of Embodiment 176, wherein the glidant is silicon dioxide, colloidal
silicon dioxide, calcium silicate, magnesium silicate, magnesium trisilicate, talc, starch, or

any mixture thereof.

180,  The tablet of Embodiment 176, wherein the lubricant is magnesium stearate,
calcium stearate, glyceryl monostearate, glyceryl behenate, glycery!l palmitostearate,
hexagonal boron nitride, hydrogenated vegetable oil, Hght mineral oil, mineral oil,
polyethylene glycol, poloxamer, sodium benzoate, sodium lauryl sulfate, sodium stearyl

fumarate, stearic acid, talc, zing stearate, or any mixture thereof,

181, The tablet of any one of Embodiments 163 or 166-175, comprising:
About 1 to about 56% w/w of Compound A;
About 35 to about 60% w/w microcrystalline cellulose;
About 15 to about 50% w/w lactose monohydrate;
About 1 to about 5% w/w croscarmellose sodium;
0 to about 1 % w/w silicon dioxide; and

0 to about 1 % w/w magnesium stearate.

182, The tablet of any one of Embodiments 163 or 166-175, comprising:
About § % w/w of Compound A;
About 45.5 % w/w microcrystalline cellulose;
About 455 % w/w lactose monohydrate;
About 3 % w/w croscarmellose sodium;
About 0.5 % w/w silicon dioxide; and

About 0.5 % w/w magnesium stearate.
183.  Thetablet of any one of Embodiments 163 or 166-175, comprising an intra~granular
portion and an extra-granular portion, wherein the intra-granular portion comprises

About 10 to about 40% w/w of Compound A,

About 35 to about 60% w/w microcrystalline cellulose;

About 15 to about 30% w/w lactose monohydrate;
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About 1 to about 10% w/w croscarmellose sodium;
0 to about 1 % w/w silicon dioxide; and

0 to about 0.5% w/w magnesium stearate;
and wherein the extra-granular portion comprises

About 1 to about 5% w/w croscarmellose sodium;
0 to about 1 % w/w magnesium stearate; and
0 to about 2 % w/w silicon dioxide.
184, Thetablet of any one of Ernbodiments 163 or 166-175, comprising an intra-granular

portion and an extra~granular portion, wherein the intra-granular portion comprises:

About 20% w/w of Compound A;

About 48.7% w/w microcrysialline celtulose;

About 24 3% w/w lactose monchydrate;

About 3% w/w croscarmellose sodium;

About 0.5 % wiw silicon dioxide; and

About 0.25% w/w magnesium stearate;

and wherein the extra-granular portion comprises:

About 2% w/w croscarmeliose sodium;

About 0.5% w/w magnesium stearate; and

About 0.25 % w/w silicon dioxide.
185, The tablet of Embodiment 183 or 184, wherein the silicon dioxide in the extra-
granular portion comprises fumed silica.
186.  The tablet of any one of Embodiments 183-185, wherein the silicon dioxide in the
extra-granular portion comprises fumed silica after treated with dimethyldichlorosilane.
187.  The tablet of any one of Embodiments 183-186, wherein the silicon dioxide in the
extra-granular pottion comprises fumed silica chemically modified with trimethylsilyl
groups on the surface of the silica.
188, The tablet of any one of Embodiments 163 or 166-187, wheretn the Compound A

is an ultrapure form of Compound A,
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189, The tablet of any one of Embodiments 163 or 166-187, wherein the Compound A

is prepared according to the process of any one of Embodiments 150-160.

190, A method of manufacturing the tablet of any ove of Embodiments 163 or 166-187

comprising the following steps:

{(E1) blending a form of Compound A with at least one pharmaceutically acceptable

excipient to create a powder;

(E2) delumping the powder from step (E1}, adding at least one pharmaceutically

acceptable excipient, and blending to create a first blend;

{E3) granulating the blend from step (E2) and passing the resultant powder through

a screen 1o produce a plurality of granules;

(E4) adding at least one pharmaceutically acceptable excipient to plurality of

granules from step {E3) and blending to produce a second blend; and

{E3) compressing the second blend from step (E4) into one or more tablets.
191, The method of Embodiment 190, wherein the form of Compound A in step (El} is
the amorphous form of Compound A.

192, The method of Embodiment 190 or 191, wherein, in step (E1), Compound A is

blended with at least one filler, at least one disintegrant, and at least one glidant.

193, The method of Embodiment 192, wherein, in step {(E1), Compound A is blended

with two fillers, one disintegrant, and one glidant.

194, The method of Embodiment 192, wherein, in step (E1}, Compound A is blended

with two fillers, one disintegrant, one glidant, and one fubricant.

195, The method of Embodiment 193 or 194, wherein at least one filler is
microcrystalline cellulose.

196.  The method of Embodiments 193-195, wherein at least one filler is lactose
monohydrate.

197, The method of any one of Erobodiments 190-196, wherein at least one disintegrant

is croscarmellose sodium.
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198, The method of any one of Embodiments 190-197, wherein at east one glidant is
silicon dioxide.

199, The method of any one of Embodiments 190-198, wherein at least one lubricant is
magnesinm stearate.

200,  The method of any one of Embodiments 190-199, wherein at least one
pharmaceutically acceptable excipient of step (E2) is a lubricant.

201, The method of Embodiment 200, wherein at least one lubricant is magnesium

stearate.

202,  The method of any one of Embodiments 190-201, wherein the at least one

pharmaceutically acceptable excipient of step (E4) comprises at least one hubricant.

203, The method of Embodiment 202, wherein the at least one lubricant is extragranular

magnesium stearate.

204, The method of any ove of Embodiments 190-203, wherein at least one glidant, at
least one disintegrant, and at least one lubricant are added to the plurality of granules in

step (E4).

205, The method of Embodiment 204, wherein at least one glidant added in step (E4) 13
silicon dioxide.

206, The method of any one of Embodiment 204 or 205, wherein at least one disintegrant

added in step (E4) is croscarmeliose sodium.

207.  The method of any one of Embodiments 204-206, wherein at feast one lubricant

added in step (4) is magnesium stearate,

208, The method of any one of Embodiments 190-207, wherein the blend from step (E4)

is compressed 1n step (ES5) using a rotary press.

209. A method of treating cancer in a subject comprising administering to a subject in

need of said treatment one or oral dosage forms of any one of Embodimwents 161-189,

210, The method of Embodiment 209, wherein the cancer is prosiate cancer.
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211, The method of Embodiment 210, wherein the prostate cancer is metastatic
castration resistant prostate cancer.

212, The method of any one of Embodiments 209-211, wherein the one or more tablets
are administered to the subject once a day, twice a day, three times a day, or four times a
day.

213, The method of any one of Erobodiments 209-212, wherein the ove or more tablets
are administered to the subject all at once or subdivided in two, three, four, or more sub-

portions,

214, The method of any one of Embodiments 209-213, wherein the subject is in a fed
state.

215, The method of any one of Emabodiments 209-213, wherein the subject i3 in a fasted
state.

216.  The method of any one of Embodiments 209-215, wherein the subject is also taking
or being administered an antacid medication.

217, The method of any one of Embodunents 209-216, further comprising administering
an additional anti-cancer agent.

218 The method of Embodiment 217, wherein the additional anti-cancer agent is a

PARP inhibitor.
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CLAIMS
1. A crystailine form of Compound A
\;\,\/ NN NHO

C;K/ILQ\“U \j‘}) ) F

having a powder x~ray diffraction pattern comprising peaks at 7.6°+ 0.2° 28, 11,57+ 0.2°

{Compound A)

28, and 17.6° + $.2° 28, wherein said powder x-ray diffraction pattern ts obtained using
Cu Ka radiation at an x-ray wavelength of 1.5406 A

2. The crystaliine form of Compound A of claim 1, further comprising a peak at
18.5°+£0.2° 26

3. The crystalitne form of Compound A of claim 1 or 2, further comprising a peak at
21.4°40.2°28.

4. The crystaliine form of Compound A of any one of claims 1-3, further comprising
apeak at3.1°+0.2° 20

5. A erystalline form of Compound A having a powder x-ray diffraction pattern as
shown in FIG. 3A.

6. A crystailine formo of Compound A having a powder x-ray diffraction pattern
comprising peaks at 11.0°+0.2°28, 16.1° £ 0.2° 28, and 17.9° + 0.2° 28, wherein said
powder x-ray diffraction pattern is obtained using Cu Ka radiation at an x-ray wavelength
of 1.5406 A,

7. The crystalline form of Compound A of claim 6, further comprising a peak at
11.3°4+£0.2° 286,

8. The crystaliine form of Compound A of claim 6 or 7, further comprising a peak at
172°+0.2°28

0. The crystalline form of Compound A of any one of claims 6-8, further comprising

apeak at 7.9°+ 0.2° 20
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10. A crystalline form of Compound A having a powder x-ray diffraction pattern as

shown in FIG. 3C.

11, A process for manufacturing Compound A, wherein the process comprises the
reductive amination of N-({(1r,4r)-4-(3-chlorg-4-cyanophenoxy)cyclohexyl}-0-{4-
formylpiperidin-1-yhpyndazine-3-carboxamide (ntermediate 3) with 2-(2,6-
dioxopiperidin-3-yi-S-fluoro-6-{piperazin-1-yl)isoindoline-1,3-dione hydrochloride

(Intermediate 3) and a reducing agent to provide Compound A:

HR™

cr [\xr\'

intermediaie 3 intermediate 5

/\I/
l\\//j

E '\N/\j a
NP [\/N\Yf/ A
N 8 \I A A °
neNos ol an o
Sl R N -

Compound &
12. The process of claim 11, further comprising a step for the purification of
Compound A
13 The process of claim 12, wherein the punification of Compound A comprises:

{A1) dissolving Compound A in about a mixture of dichloromethane and
methanol;

(A2} filtering the solution comprising Compound A;

(A3) distillatively exchanging the solvent of the solution comprising Compound
A with ethanol;

{A4) crystallizing Compound A from the ethanol solution; and

N2
=
st
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{AS) drying the purified crystalline solid form of Compound A.

14. The process of any one of claims 11-13, further comprising the oxidation of N-
((1r.4r)-4-(3-chloro-4-cyanophenoxy jeyclohexyl)-6-(4-(hydroxywethylpiperidin-1-
vhpyridazine-3-carboxamide {(Intermediate 2) to form N-{{1r,41}-4-(3-chloro-4-
cyanophenoxy jovelohexyl)-6-{4-formylpiperidin-t-vlpyridazine-3-carboxamide

(Intermediate 3):

oF™Y™

RO R
' o g 2
S \J ‘L o
O,
~Ci

intermediate 2 intermediate 3

15. The process of claim 14 further comprising the step of purifying Intermediate 3

by recrystallization.

16, The process of any one of claims 11-15, further comprising a nucleophilic
aromatic substitution reaction of 6-chioro-N-{{1r 4r}-4-(3-chloro-4-
cyanophenoxyeyciohexylpyridazine-3-carboxamide (Intermediate 4} and piperidin-4-
vl methanol in the presence of a base to provide N-{{1r,41}-4-(3-chloro-4-
cyanophenoxy Joyclohexyl}-6-(4-ChydroxymethyDpiperidin-t-ylpyridazine-3-

carboxamide (Intermediate 2}

m\ii\i?}‘ u G&TN‘N
o B d ,\/ H\a"\ »»»»»»»» - ’\/ L
OO0 Y

J\VOH

ol

intermediate 4 intermediate 2

17. The process of claim 16, further comprising the step of purifying Intermediate 2

by recrystallization 1o an organic solvent.

18, The process of any one of claims 11-17, further comprising an amide coupling of
4-{{{ 1r,41)-4-aminocyclohexylDoxy}-2-chlorobenzonitrile hydrochloride (Entermediate 7)
and 6-(4-(hydroxymethylpiperidin-1-yDipyridazine-3-carboxylic acid (Intermediate 18),

facilitated by a coupling agent, to provide N-{({1r,4r)-4~{3-chloro-4-

el
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cyanophenoxyjeyciohexyl-6-(4-thydroxymethyhpiperidin-1-yDpyridazine-3-

carboxamide (Intermediate 2);

Q
N N’N%(’JJ\OH

H +
HCI = N ol

i Intermediate 10
Intermediate 7

H N
------------------------- e O l /(:’
O l ~Ci
intermediate 2
19, The process of claim 18, further comprising the step of purifying Intermediate 2

by recrystallization in au organic solvent.

20.  The process of any one of claims 11-19, wherein the purified form of Compound
A has a crystalline form with a powder x-ray diffraction pattern comprising peaks at 7.6°
+0.2°28,11.5°4+02° 28, and 17.6° = 0.2° 28, wherein said powder x-ray diffraction

pattern is obtained using Cu Ko radiation at an x-ray wavelength of 1.5406 A

21, A compound which is

6~-chloro-N~{{1r 4r)}-4-(3-chloro-4-cyanophenoxy jcyclohexyDpyridazine-3-

carboxamide,
< N
K%? Za
L
intermediate 4
22. An ultrapure form of Compoeund A having a purity greater than about 98%.
23, Anultrapure form of Compound A having a purity greater than about 98%, and

comprising less than about 1% of impurity Intermediate 2:

209



WO 2021/231174 PCT/US2021/031091

HO
NN
”
; H N
3 "’O/“ ic:a

Intermediate 2
24 The ultrapure form of Compound A of claim 23, comprising less than about 0.5%
of impurity Intermediate 2.

25, Anultrapure form of Compound A having a purity greater than about 98%, and

comprising less than about 1% of impurity Intermediate 3
PN
N ’N‘N
\E\ I H P N
e’ Ci
intermediate 3

26. The ultrapure form of Compound A of claim 25, comprising less than about 0.5%

of impurity Intermediate 3.

27 Anultrapure form of Compound A having a purity greater than about 98%, and

comprising less than about 1% of impurity Intermediate 5

O
NH
o

intermediate 5§

28. The ultrapure form of Compound A of claim 27, comprising less than about 0.5%

of impurity Intermediate 5.

29, Anultrapure form of Compound A baving a purity greater than about 98%, and

comprising less than about 1% of Impurity 1:
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OH
O
N N
~
C o
Y0
"y
impurity 1

30. The ultrapure form of Compound A of claim 29, comprising less than about 0.5%
of Impurity 1.
3t An udtrapure form of Compound A having a purity greater than about 95%, and

comprising less than about 1% of Impurity 2:

Tmpurity 2.
32 The ultrapure form of Compound A of claim 31, comprising less than about 0.5%
of Impurity 2.
33, An ultrapure form of Compound A having a purity greater than about 95%, and

comprising less than about 1% of Impurity 3.

>

Imipority 3.

34.  The ultrapure form of Compound A of claim 33, comprising less than about 0.5%

of Impurity 3.
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35 Anulirapure form of Compound A having a purity greater than about 95%, and

comprising less than about 1% of Impurity 4

Impurity 4.

36. The ultrapure form of Compound A of claim 35, comprising less than about 0.5%
of Impurity 4

~y ro
2

The ultrapure form of Compound A of any one of claims 22-36, wherein the

purity of Compound A is determined by HPLC.

38, The ultrapure form of Compound A of any one of claims 23-37, wherein the

amount of the Intermediate or Impurity is determined by HPLC.

39. The ultrapure form of Compound A of any one of claims 22-38, wherein the

purity of Compound A is greater than about 99%, about 99.5%, or about 99.9%.

40, The ultrapure form of Compound A of any one of claims 22-38, wherein the

purity of Compound A is greater than about 99.5%.

41 An ultrapure form of Compound A having a purity greater than about 98%, and
comprising fess than about 1% of at least two of the following impurities: Intermediate 2,

Intermediate 3, Intermediate §, Impurity 1, Impurity 2, Impurity 3, and Impurity 4.

42 The ultrapure form of Compound A of claim 41, wherein the purity of Compound

A s greater than about 99%.

43 The ultrapure form of Compound A of any one of claims 22-38, comprising less
than about 8.9%, about 0.8%, about 0.7%, about 0.6%, or about 0.5% of at least two of
the following impurities: Intermediate 2, Intermediate 3, Intermediate 5, lmpurity 1,

oy

Impurity 2, Impurity 3, and Impurity 4.

44, The ultrapure form of Compound A of any one of claims 22-38, wherein the

Compound A has a purity of about 99.9%,
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45, The ultrapure form of Compound A of any one of claims 22-44, wherein

Compound A is in amorphous form.

46 The ultrapure form of Compound A of any one of claims 22-45, further

characterized by a Dv{50) particie size of about 5 to about 20 pm.

47. A process for manufacturing the amorphous form of Compound A of any one of
claims 22-46, wherein the process comprises the following steps:

(1) dissolving crystailine Compound A in solvent to afford a solution of
Compound A;

(D2} introducing the Compound A solution from step (1) into a spray dryer;

(D33} spraying the Compound A solution from the spray dryer to form the
amorphous form of the Compound A; and

{D¥4) Removing the residual solvent from the amorphous form of Compound A,

48. The process of claim 47, wherein, the solvent of step (D1) is a mixture of

dichloromethane and methanol.

49 The process of claim 48, wherein the solvent of step (D1} is a2 mixture of about

955 (w/w} to about 80:20 {w/w) dichloromethane:methanol.

50.  Anoral dosage form comprising one or more pharmaceutically acceptable
excipients and Compound A of any one of claims 22-46, wherein the oral dosage form is

selected from the group consisting of a tablet, a sachet, or a capsule.

51, The oral dosage form of claim 50, wherein the Compound A is the ultrapure form

of Compound A of any one of claims 22-46.
52.  The oral dosage form of claim 50 or 51, wherein the oral dosage form is a tablet.

53. The tablet of claim 52, wherein the amount of Compound A in the tablet is between

about 5 mg and 1600 mg.

54. The tablet of claim 53, wherein the amount of Compound A in the tablet is about

35 mg to about 280 mg,.

35. The tablet of claim 54, wherein the amount of Compound A in the tablet is about

2
W

mg.
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56. The tablet of claim 54, wherein the amount of Compound A in the tablet is about
70 mg .
57. The tablet of claim 54, wherein the amount of Compound A in the tablet is about
105 mg.
58. The tablet of claim 34, wherein the amount of Compound A in the tablet is about
140 mg.
59. The tablet of claim 54, wherein the amount of Compound A in the tablet ts about

175 mg.

60. The tablet of claim 54, wherein the amount of Compound A in the tablet is about

210 mg.

61. The tablet of claim 54, wherein the amount of Compound A in the tablet is about

245 mg.

62. The tablet of claim 54, wherein the amount of Compound A in the tablet i3 about
280 mg.

63 The tablet of any one of claims 52-62, wherein the pharmaceutically acceptable
excipients are selected from the group consisting of fillers, disintegrants, glidants, and

lubricants.

64. The tablet of claim 63, wherein the filler is microcrystalline cellulose, silicified
microcrystalline celiulose, lactose monohydrate, mannitol, sorbitol, xylitol, hydroxypropy!
methylcellulose, hydroxypropyl cellulose, pullulan, fast-dissolving carbohydrates such as

Pharmaburst™ or any mixture thereof.
2 y

65, The tablet of claim 63, wherein the disintegrant is sodium starch glycolate, sodium
carboxymethyl cellulose, calcium carboxymethyl cellulose, croscarmellose sodium,
crospovidone, chitosan, agar, alginic acid, calcium alginate, methyl cellulose,
microcrystalline cellulose, powdered cellulose, lower alkylsubstituted hydroxypropyl
cellulose, hydroxylpropyl starch, low-substituted hydroxypropylcellulose, polacrilin
potassium, starch, pregelatinized starch, sodium alginate, magnesium aluminum silicate,

polacrilin potassium, povidone, or any mixture thereof.
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66.  The tablet of claim 63, wherein the glidant is silicon dioxide, colloidal silicon
dioxide, calcium silicate, magnesium silicate, magnesium trisilicate, tale, starch, or any
mixture thereof.

&67. The tablet of claim 63, wherein the lubricant is magnesium stearaie, calcium
stearate, glyceryl monostearate, glyceryl behenate, glyceryl palmitostearate, hexagonal
boron nitride, hydrogenated vegetable oil, light mineral oil, mineral cil, polyethylene
glycol, poloxamer, sodium benzoate, sodium lauryl sulfate, sodium stearyl fumarate,
stearic acid, tale, zinc stearate, or any mixture thereof.
o8, The tablet of any one of claims 52-62, comprising:

About 1 to about 50% w/w of Compound A;

About 35 to about 60% w/w microcrystalline cellulose;

About 15 to about 50% w/w lactose monchydrate;

About 1 to about 3% w/w croscarmelose sodium;

0 to about 1 % w/w silicon dioxide; and

0 to about 1 % w/w magnesium stearate,

69.  The tablet of any one of claims 52-62, comprising:
About 5 % w/w of Compound A;
About 45.5 % w/w microcrystalline celiulose;
About 45.5 % w/w lactose monchydrate;
About 3 % wiw croscarmellose sodium;
About 0.5 % wiw silicon dioxide; and

About 0.5 % w/w magnesium stearate.

70. The tablet of any one of claims 52-62, comprising an intra-granular portion and an

extra-granular portion, wherein the intra-granuiar portion comprises

About 10 to about 40% w/w of Compound A;

About 33 to about 60% wiw microcrystalline cellulose;
About 15 to about 30% w/w lactose monchydrate;
About 1 to about 10% w/iw croscarmellose sodium;

0 to about 1 % w/w silicon dioxide; and

0 to about 0.5% w/w magnesium stearate;
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and wherein the extra-granular portion comprises

About 1 to about 5% w/w croscarmellose sodium;
0 to about 1 % w/w magnesium stearate; and
0 to about 2 % w/w silicon dioxide.
71, The tablet of any one of claims 52-62, comprising an intra-granular portion and an

extra~-granular portion, wherein the intra-granular portion comprises:

About 20% w/w of Compound A;
About 48 7% w/w microcrystalline cellulose;
About 24.3% wiw lactose monohydrate;
About 3% w/w croscarmeliose sodium;
About 0.5 % wiw silicon dioxide; and
About 0.25% w/w magnesium stearate;
and wherein the extra-granular portion comprises:
About 2% wiw croscarmeliose sodium;
About 0.5% w/w magnesium stearate; and
About 0.25 Y% wiw silicon dioxide.
72, The tablet of any one of claims 52-71, wherein the Compound A is an ultrapure
form of Compound A.
73 The tablet of any one of claims 52-71, wherein the Compound A is prepared
according to the process of any one of claims 47-49.
74. A method of manufacturing the tablet of any one of claims 52-71 comprising the
following steps:
(E1) blending a form of Compound A with at least one pharmaceutically acceptable
excipient to create a powder;
{EZ) delumping the powder from step (E1), adding at least one pharmaceutically
accepiable excipient, and blending to create a first blend,

(E3) granulating the blend from step (E2) and passing the resultant powder through

a sereen to produce a plurality of granules;
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{(E4) adding at ieast one pharmaceutically acceptable excipient to plurality of

granules from step (E3) and blending to produce a second blend; and

(ES) compressing the second blend from step (E4) into one or more tablets.
75. The method of claim 74, wherein the form of Compound A 1o step (El) is the
amorphous form of Compound A.
76. The method of claim 74 or 75, wherein, in step (E1), Compound A is blended with
at least one filler, at least one disintegrant, and at least one glidant.
77 The method of claim 76, wherein, in step (E1), Compound A is blended with two
fillers, one disintegrant, and one glidant.
78. The method of claim 76, wherein, o step (E1), Compound A is blended with two
fillers, one disintegrant, one glidant, and one lubricant.
79. The method of any one of claims 74-78, wherein at least one pharmaceutically
acceptable excipient of step (E2) is a lubricant.
30. The method of any one of claims 74-79, wherein the at {gast one pharmaceutically
acceptable excipient of step (E4) comprises at least one lubricant.
81, The method of any one of claims 74-80, wherein at least one glidant, at least one
disintegrant, and at least one lubricant are added to the plurality of granuies in step (E4).
82 A method of treating cancer in a subject comprising administering to a subject in
need of said treatment one or oral dosage forms of any one of claims 50-73.
83. The method of claim &2, wherein the cancer is prostate cancer.

84, The method of claim 83, wherein the prostate cancer is metastatic casiration

resistant prostate cancer.

&5 The method of any one of claims 82-84, wherein the one or more tablets are

administered to the subject once a day, twice a day, three times a day, or four times a day.
86.  The method of any one of claims 82-85, wherein the one or more tablets are
administered to the subject all at once or subdivided in two, three, four, or more sub-

portions.
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87. The method of any one of claims 82-86, wherein the subject is in a fed state.
88. The method of any one of claims 82-86, wherein the subject is in a fasted state.
89. The method of any one of claims 82-88, wherein the subject is also taking or being

administered an antacid medication.
90. The method of any one of claims 82-89, further comprising administering an
additional anti-cancer agent.

o1 The method of claim 90, wherein the additional anti-cancer agent is a PARP

inhibitor.
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