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THERAPEUTICALLY ACTIVE COMPOUNDS AND THEIR METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS
{00061] Thus application claims the benefit of and priority to U.S. provisional patent application
number 63/149,075, filed February 12,2021, and U.S. provisional patent application number
63/217,843, filed July 2, 2021, the contents of which are incorporated herein by reference in

their entireties.

BACKGROUND OF THE INVENTION
{0602} Isocitrate dehydrogenases (DHSs) catalvze the oxidative decarboxylation of tsocitrate to
2-oxoglutarate {i.e., o-ketoglutarate). These enzymes belong to two distinet subclasses, one of
which utilizes NAD{+) as the clectron acceptor and the other NADP(+). Five isocitrate
dehvdrogenases have been reporied: three NAD(+H)-dependent isocitrate dehydrogenases, which
localize to the mitochondnal matrix, and two NADP(+}-dependent isocitrate dehvdrogenases,
one of wiich ts mitochondnal and the other predominantly cyvtosolic. Each NADP{+)-dependent
isozyme is a homodimer.
{8603] TIDHI (socitrate debhydrogenase 1 (INADPH), cviosolic) ts also known as IDH; IDP;
IDCD; IDPC or PICD. The protein encoded by this gene 13 the NADP(+)-dependent 1socitrate
dehvdrogenase found in the cvtoplasm and peroxisomes. It contams the PTS-1 peroxisomal
targeting signal sequence. The presence of this enzyme in peroxisomes suggests roles in the
regeneration of NADPH for itraperoxisomal reductions, such as the conversion of 2, 4-dienoyi-
CoAs to 3-enoyt-CoAs, as well as in peroxisomal reactions that conseme 2-oxoglutarate, namely
the alpha-hydroxylation of phytanic acid. The cytoplasmic enzyme serves a sigaificant role in
cytoplasmic NADPH production.
{0064] The human IDHT gene encodes a protein of 414 amino acids. The nucleotide and amino
acid sequences for human [DHI can be found as GenBank entries NM_005896.2 and
NP 005887 2 respectively. The nucleotide and amino acid sequences for IDHI are also
described in, e.g., Nekrutenko er o/, Mol. Biol. Evol. 15:1674-1684(1998); Geisbrecht er af., 1.
Biol. Chem. 274:30527-30533(1999); Wiemann ef af., Genome Res. 11:422-435(2001); The
MGC Project Team, Genome Res. 14:2121-2127(2004); Lubec ef &, Submitted (DEC-2008} to
UniProtKB; Kullmaon ef o/, Submitted (JUN-1996} to the EMBL/GenBank/DDBI databases;
and Sjoeblom ef af., Science 314:268-274(2006).
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{O005] Non-mutant, e.g., wild type, IDH] catalyzes the oxidative decarboxylation of isocitrate to
a-ketoglutarate thereby reducing NAD" (NADP") to NADH (NADPH), . 2., in the forward
reaction:

Isocitrate + NAD™ (NADP™) - -KG + CO: + NADH (NADPHD) + H™.
{8006} It has been discovered that mutations of IDH1 present in certain cancer celis resaltin a
now ability of the enzyme to catalyze the NADPH-dependent reduction of o-ketoglutarate to R{-
y-2-hydroxvglutarate (JHG). The production of R{-}-2-hvdroxvglutarate (ZHG) is believed to
contribute o the formation and progression of cancer {Dang, L et al., Nature 2009, 462:739-44).
{0007] IDH2 (socttrate dehydrogenase 2 (NADP+), mutochondrial}) 13 also known as IDH; 1DP,
IDHM; IDPM; ICD-M; or mNADP-IDH. The protein encoded by this gene is the
NADP(+)-dependent tsocitrate dehvdrogenase found in the mitochondra. ¥t plays a role in
intermediary metabolism and energy production. This protein may tightly associate or mnteract
with the pyruvate dehydrogenase complex. Human IDH2 gene encodes a protein of 452 amino
acids. The nucleotide and anuno acid sequences for IDH2 can be found as GenBank entries
NM_002168.2 and NP _002159.2 respectively. The nucleotide and amino acid sequence for
human IDH2 are also described 1, e.g., Hoh ef o/, Submitted (NOV-1992) to the
EMBL/GenBank/DDBI databases; and The MGC Project Team, Genome Res.
14:2121-2127(2004).
{0608] Non-mutant, e.g., wild type, IDH2 catalvzes the oxidative decarboxylation of isocitrate to
a-ketoglutarate {a-KG) thereby reducing NAD" (NADP") to NADH (NADPH), e.g.. in the
forward reaction:

Isocitrate + NAD® (NADPY) — a-KG + CO: + NADH (NADPH) + H'.
{0809] It has been discovered that mutations of IDH2 present in certain cancer cells result ina
new abiity of the enzyme to catalyze the NADPH-dependent reduction of a-ketoglutarate to
R(-}-2-hydroxvglutarate (2HG)., R{~)-2-hydroxyglutarate (ZHG) is not tormed by wild-tvpe
IDH2. The production of R{-}-2-hydroxvglutarate (2HG) is believed to contribute to the
formation and progression of cancer (Pang, L et al, Nature 2009, 462:739-443. The mhubition of
mutant IDH! and/or mutant HDHZ and their neoactivity is therefore a potential therapeutic
treatroent for cancer.
{0018} Vorasidenib (AG-881) 15 an orally available, brain penctrant second-generation
dual mutant isocitrate debydrogenase 1 and 2 (mIDH1/2) inhibitor currently undergoing clinical

trials for the treatment of glioma, including low grade glioma.
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Vorasidenib {AG-881)

{0011] Vorasidenib (AG-881) 1s described in U.S, Pat. No. 9,579,324, which is incorporated
heremn by reference as though fully set forth. There 1s a need to identify potential biologically
active vorasidenib metabolites that persist in the haman body upon vorasidenib dosing in order
to better understand the clinical activity of vorasidenib and to provide potential novel mhibitors
of nwatant IDHI/TDH2,

SUMMARY OF INVENTION
{0012} Described herein are Compounds 1 to 7 {e.g., Compound 1, Compound 2, Compound 3,
Compound 4, Compound 3, Compound 6 and Compound 7}, and pharmaceutically acceptable

salts thereof:
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{0813] The compounds selected from Compounds 1 to 7, or pharmaceutical salts thereof, or as

described in any one of the embodiments herein inhibits at least one of motant IDH!I or motant

(€3]

IDH2. Also described herein are phanmaceutical compositions comprising a compound selected

from Compounds 1 to 7 or a pharmaceutical salt thercotf and methods of using such compositions

to treat cancers characterized by the presence of at least one of mutant IDHI or mutant IDH2.
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{0014] In one embodiment, the compound is
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{081 5] In one embodiment, the compound is
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5 [0816] In one embodiment, the compound is

° or a pharmaceutically acceptable salt thereof, in a purified form.

{0017} In one embodiment, the compound is
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. or a pharmaceutically acceptable sali thereof, ina
purified form.

10 [00318] In one embodiment, the compound is
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, or a pharmaceutically acceptable salt thereof, in a punified

{0019] In one embodiment, the compound is
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, or a pharmaceutically acceptable salt thereof, in a purified
5 form.

{8020] In onc cmbodiment, the compound is
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N i N *, or a pharmaceutically acceptable salt thercof, in a purified form.

{0021} In one aspect, the invention provides a pharmaceutical composition comprising one or
more compounds selected from Compounds 1 to 7, or a pharmaceutically acceptable salt thereof,
10 and one or more phamaceutically acceptable excipients.

{0022] In one embodiment, the phaomaceutical composition comprises

NT N
E
F3CTIR L " .
or a pharmaceutically acceptable salt thercof.

{0023} In one embodiment, the pharmaceutical composition comprises
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{0024] In one embodiment, the phammaceutical composition comprises

, or a phamacentically acceptable salt thereof,

. or a pharmaceutically acceptable salt thereof.

{0025] In one embodiment, the pharmaceutical composition comprises

¢ , or a phamaceutically accepiable salt thereof.

{0026] In one embodiment, the phammaceutical composition comprises

N+,
E\’/S o OH
N s
N

N7 N
Fgc%ﬁ/L}N/\ﬁ/@\C%

{08277 In one embodiment, the phamaceutical composition comprises

, ot a pharmaceutically acceptable salt thereof.
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{00238} In onc embodunent, the pharmaceutical composition comprises
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Fs , or a pharmacentically acceptable salt thereof.
{0029} In one aspect, the invention provides a method of treating a cancer comprising

5 admmistering to a patient in need thereof a therapeutically effective amount of one or more
compounds selected from purified Compounds 1 to 7 or a pharmaceutically acceptable salt
thereof, wherein the cancer is characterized by the presence of at least one mutation chosen from
an IDH] owitation or an IDH2 mutation.
{8030} In one embodiment, the method comprises administering o the patient a therapeutically

18 effective amount of purified
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{0031] In one embodiment, the method comprises administering to the patient a therapeutically

effective amount of purified

. or a pharmaceutically acceptable salt thereof.
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{0032] In one embodiment, the method comprises admnistering to the patient a therapeutically

effective amount of punified
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{0833] In onc embodiment. the method comprises administering to the patient a therapeutically
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{0034] In one embodiment, the method comprises administering to the patient a therapeutically

effective amount of purificd

N
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10 {0035] In one embodiment, the method comprises administering to the patient a therapeutically

effective amount of purified
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{0036] In one embodiment, the method comprises administering to the patient a therapeutically
effective amount of punified
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, or a pharmaceutically acceptable salt thergof.

{0837] In one aspect, the invention provides a method of treating a cancer comprising
adnunistering to a patient in need thereof a therapeutically effective amount of a composition
comprising one or more compounds selected from purified Compounds 1 t0 7, 0ra
pharmaceutically acceptable salt thereof, wherein the cancer is characterized by the presence of
at lcast one mutation chosen from an IDH1 muutation or an IDH2 mutation.

{0038] In one embodiment of the methods described herein, the cancer is selected from glioma
(including low grade glioma), ghioblastoma (including secondary glioblastoma), grade H or 1
astrocvioma, grade I or I oligodendroglioma, acute mivelogenous leskemia {(AMLY}, sarcoma,
melanoma, non-small cell lung cancer (NSCLC), cholangiocarcinomas, chondrosarcoma,
myelodysplastic syndromes (MDS), myeloproliferative neoplasm (MPN), colon cancer, and
angio-immuncblastic non-Hodghkin's lymphoma (NHL} in a patient.

{8039} In one embodument of the methods described herein, the cancer is glioma. In a further
cmbodiment, the glioma is a low grade glioma or a high grade glioma.

{0840] In one embodiment, provided is a method of treating a ghioma in a subject in need thereof
comprising administering to the subject a therapeutically effective amount of one or more
compounds selected from purified Compounds 1 to 7, or a pharmaceutically acceptable salt
thereof.

{0041} In one emmbodiment, the method of treating ghioma comprises admnistering to a subject

i need thereof a therapeutically effective amowunt of purified:

5 CF 4 . R
“_ or a pharmaceutically acceptable salt thereof.
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{0042] In one embodiment, the method of treating ghioma comprises administering to a subject
in need thergof a therapeutically effective amount of purified
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{8043} In one embodiment, the method of treating glioma comprises administering to a subject
in need thercof a therapeutically effective amount of purified

or a phamaccutically acceptable salt thercof

{0044] In one embodiment, the method of treating glioma comprises administering to a subject
in need thereof a therapeutically effective amount of purified
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or a pharmaceutically acceptable salt thereof
18

{0045] In onc cmbodumnent, the method of treating glhioma comprises administering to a subject
1 need thereof a therapeutically effective amount of purified:

N,
Se A -OH
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or a pharmaceutically acceptable salt thercof
1t
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{0046] In one embodiment, the method of treating ghioma comprises administering to a subject

in need thereof a therapeutically effective amount of purified:
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{0047] In one embodiment, the method of treating ghioma comprises administering to a subject

Tee, . \
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5 inneed thereof a therapentically effective amount of purified:
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{0048] In one embodiment, provided is a method of treating a glioma comprising administering
10 a paticnt in need thereof a therapeutically effective amount of a composition comprising one
or more compounds selected from Compounds 1o 7, or a pharmaceutically acceptable salt

10 thereof, wherein the glioma is characterized by the presence of at least one mutation chosen from
an IDH1 mutation or an IDHZ mutation.
{0049] In onc cmbodiment, provided is a method of treating low grade glioma comprising
adounistering to a patient in need thereof a therapeutically effective amount of a composition

comprising one or more compounds selected from Compounds 1 to 7, or a pharmaceutically

15 acceptable salt thereof, wherein the ghioma is characterized by the presence of at least one
mutation chosen from an IDHI mutation or an IDH2 mutation.
{8050 In one embodiment of the methods for treating glioma described herein, the glioma is
characterized by the presence of at least one mutation selected from an HDHI mutation and an
TDH2 mutation.

20 [0851] In cortain cmbodiments, the mutation is an IDHT mutation. In some embodiments, the
IDH] mogation is an RI32X mutation. In further embodiments, the IDHT mutation is an RI32H

or R132C mutation.

12
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{0052] In some embodiments, the mutation is an IDH2 mutation. In further embodiments, the
mutation is a R140X or R172X mutation. In certain embodiments, the mutation is a R140Q,
R140W, or an R140L mutation. In other embodiments, the mutation 1s an R172K or R172(G
mutation.

{8053} In some embodiments of the methods deseribed herein, the amount of the compound or
pharmaceutically acceptable salt thereof administerad to the patient is between 1 and 5000
mg/day. In certain embodiments, the amount of the compound or pharmaceutically acceptable
salt thereof administered to the patient is between 1 and 2000 mg/day. In certain embodiments,
the amount of the compound or pharmaceutically acceptable salt thereof administered to the
patient is between § and 1000 mg/day. In some embodiments, the amount of compound or
pharmaceutically accoptable salt thercot administered to the patient is between | and 500
mg/day.

{0854] In certain embodiments of the methods described herein, the compound or composttion 1S
administered orally,
{O085] In certain embodiments of the methods deseribed herein, the compound or composition is
adounistered in combination with an additional therapestic modality. In certain embodiments,
the additional therapeutic modality is selected from radiation, surgical resection, anti-cancer
medications, anti~eptieptic medications, anti-seizure medications and anti-emesis medications.
{00656] In some embodiments, the anti~cancer medications are selected from chemotherapy with
cytotoxic or cytostatic agents, targeted medications, antibody therapy, immunctherapy and

hormonal therapy.

BRIEF DESCRIPTION OF THE DRAWINGS
FiG. 1 Represents a number of proposed theoretical biotransformation pathways of AG-881
{ivosidentb) in humans.

DETAILED DESCRIPTION

{0857] The details of the construction and the arrangement of components set forth i the
following description or illustrated i the drawings are not meant to be limiting. Other
embodiments and different ways to practice the subject matter of this application arc expressly
mcluded. Also, the phraseology and terminology used herein is for the purpose of description

and should not be regarded as limiting. The use of “including,” “comprising,” or “having,”
d should not be regarded as limiting. Tt £ “including,” 2. or 2z,
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“containing,” “involving”, and variations thereof herein, 1s meant o encompass the nems listed
thereafter and equivalents thereof as well as additional items.

Befinitions;

{0058] The term “bodily thud” includes one or more of ammiotic fhud surrounding a fetus,
agueous humour, blood (e.g., whole blood or blood plasma), cercbrospinal thad, cenmmen,
chyme, Cowper's fhuid, feces, fomale ejaculate, interstitial fluid, lvmph, breast milk, mucus {e.g.,
nasal drainage or phlegm), pleural fhuid, pus, saliva, sebum, semen, serum, sweat, tears, urine,
vaginal secretion, or vonut,

{0039] As used herein, the terms “inhibit” or “prevent” include both complete and partial
inhibition and prevention. An inhibitor may completely or partially mhibit the intended target.
{0060] The term “treat” means decrease, suppress, attenuate, dinunish, arrest, or stabilize the
development or progression of a disease/disorder {e.g., a cancer}, lessen the severity of the
discase/disorder {¢.g., a cancer) or improve the symptoms assoctated with the disease/disorder
{c.g., acancer).

{0061] As used herein, the term “daily dose™ represents the fotal amount of therapeutic agent to
be administered in any 24 hour period, and is used interchangeably with “amount/day”. By way
of example, “a daily dose of 100 mg,” or “a dose of 100 mg/day,” or “an amount of 100 meg/day”
refor to adounistering to the patient a total of 100 mg of the therapeutic agent 1o any 24 hour
period. The daily dose can be aministered once a day (i.e., QD, or once daily or every 24 hours)
or fractionated into multiple doses to be administered at different times in a 24 hour period {e.g,
BID or twice daily or every 12 hours; TD or three times daily or every 8 hours; Q1D or four
times daily or every 6 hours, etc.}. Each of the doses (e.g., the daily dose or the fractionate
doses) can be administered as a single dosage form {e.g., a single tablet or capsule) or as
multiple dosage forms (e.g., two or more tablets or capsules). By the way of example, a daily
dose of 1000 mg (7.e., a dose of 1000 mg/day) administered BID (e, twice daily) can be
admimstered as, for instance, two dosage forms {e.g., capsules or tablets), each contaming 250
mg therapeutic agent {e. g., a compound selected from purified Compounds 1t0 7 ora
pharmaceutically acceptable salt thereof} every 12 hours.

{0062] As usced berein, an amount of a compound effective to treat a disorder, or a
“therapeuntically effective amount” refers to an amount of the compound which 1s effective, upon

single or multiple dose administration to a subject, in treating a eoll, or in curing, alleviating,
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relieving or improving a subject with a disorder bevond that expected m the absence of such
treatment.

{0063} As used herein, the term “subject” is tndended to include human and non-human animals.
Exemplary human subjects nclade a human patient (referred to as a patient) having a disorder,
¢.g., 3 disorder described herein or a normal subject. In some embodiments the human patient is
a child {(defined as a person that is fess than 18 years old). In other embodiments the human
patient 15 an adult {defined as a person this is equal to or greater than 18 years old). The term
“non-human animals” of one aspect of the mvention mcludes all vertebrates, e 2., non-mammals
{such as chickens, amphibians, reptiles) and mammals, such as non-human primates,
domesticated and/or agriculturally useful animals, e.g., sheep. dog, cat, cow, pig, etc.

{0064} Asused herein, the terms “purified,” “in purified form” or “mn 1solated and purified forn”
in connection with a compound refers to the physical state of said compound after being
physically separated from a synthetic process (e.g., from a reaction mixtare), nateral source, or
from a bodily fluid or a combination thercof and/or being subjected to a purification process or
processes. The “purification process or processes” referred to above are either deseribed herein
or are well known to the skilled artisan {¢.g., chromatography, recrystallization and the like), and
the purity of the compounds obtained by such purification process or processes s determined by
standard analytical techniques deseribed herein or are well known to the skilled artisan. In some
embodiments, a purified compound does not have to be physically separated from a reaction
mixture or bodily fluid prior to purification, ¢.g., the reaction mixture or bodily fluid is subjected
to the purification process and the desired compound is isolated in purified form afier
completion of the purification process. In further embodiments, a compound may be optionally
subjected to multiple purification processes. As examples, the purification techniques disclosed
herein resolt in isolated and purified forms of the subject Compounds | to 7. Such isolation and
purification techniques wonld be expected to result in compound purities of about 90 wt % or

better {e.g., over 90 wt %, over 95 wt %, over 97 wt %, over 98 wit % or over 99 wt % purity).

13
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Compounds

{0065] Provided are Compounds 1 to 7, or phamaceutically acceptable salbts or hyvdrates thereof:
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{0866] Compounds 1 to 7 are observed in one or more bodily fluids or are proposed metabolites
that can be obtained upon oral dosing of vorasiderub (AG-881} in bumans or synthesized de
novo. A study to profile and identify vorasidenib and 1ts metabolites in selected plasma, urine
and feces samples collected from human subjects afier a single oral dose of [CIAG-881 and

concomitant intravenous microdose of [P (3P N3JAG-881 is described in Example 8.
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{0067] Compounds 1 1o 7 can be synthetically prepared from commercially available materials
using methods and combinations of methods known in the art. Exemplary methods for the
synthesis of Compounds 1 to 7 are described i Examples 1-7.

{8068] For mstance, Compound | and Compound 2 can be prepared from 6-(6~chloropyridin-2-
vi-NZ, N4-bis{{(R})-1, 1, 1-trifluoropropan-2-vi)- 1,3, 5-triazine -2 4-diaming (Vorasidentb, AG-
881} according to Scheme 1.

Scheme §

thiomsthoxide {e.g., NaSMa}

scivent {e.g., DMSO)

} : L - i ) H
FsC 7 ﬁ/J‘\\ /’\ 7R CFy Fac'ﬁ{:‘ ﬁ N i}g (/’,-3)\(35:3
Yorasidenib Compound 1
O
i
o
oxidizing agent {(e.g., Oxone) =N

NNz
| :
’fi‘ﬁji\\‘}q/l\ﬁ/f??(,r

scivent {a.g., MeOH)

FL O R

Compound 2

{00697 Treoatment of Vorasidenib with a thiomethoxide {e.g., sodium thiomethoxide) m a
suitable organic solvent {e.g., a polar, aprotic organic solvent, e.g., dimethylsulfoxide} results in
the formation of Compound 1. The reaction can take place at teraperatures between 0 and 30 °C
and can optionally be conducted under an inert atmosphere (e g, under a nitrogen atmosphere}.
{0870] Further, Compound 2 can be synthetically prepared from Compound 1 by oxidation with
an oxidizing agent {e.g., Oxone) in a suitable organic solvent {e.g, a polar organic solvent, ez, a
polar protic organic solvent, e g.. methanol).
{0671} Compounds 3, 4, 5 and 6 can be prepared from Vorasidenib (AG-881} by methods

generally depicted in Scheme 2
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Scheme 2
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{0072} Vorasidenib (AG-881) can be dissolved in a suttable organic solvent {e.g., a polar,
aprotic organic solvent, e. 2., dimethylsulfoxide) and treated with a sulfide reagent {e.g., sodium
5 salfide) to provide Compound 3. The reaction can take place at temperatures between 0 and 30
°C and can optionally be conducted under an inert atmosphere {e.g., under a nitrogen
atmosphere}. Compound 4 can in turn be obtained by treating Compound 3 with an oxidizing
agent {e.g., inchloroisocyanuric acid) in an organic solvent {e.g., a polar aprotic organic solvent,
e.g., acetonitrile). The reaction can take place at temperatures between -40 °C and 0 °C (e.g., -20
10 °C) and can optionally be conducted under an inert atmosphere {e.g.. under a nitrogen
atmosphere). Comapounds 5 and 6 can be obtamed by treating Compound 3 with the appropriate
enanatiopure Z-amine-3-chloropropanocic acid in an organic solvent {e.g., a polar, aprotic organic

solvent, e.g., N N-Dimethylformamide} in the presence of a base {e.g., an organic aming base,
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e.g., N.N-Duisopropviethylamine}. The reaction can take place at temperatures between 20 °C
and 100 °C {e.g., between 40 °C and 80 °C, e.g., arcund 60 °C). In some embodiments, the
reaction ¢an be conducted under an inert atmosphere {e.g.. under a nitrogen atmosphere}.

{80731 Compound 7 can be prepared from Vorasidenib {AG-881}) by methods generally depicted
in Scheme 3.

Scheme 3

S
SN LCl N>
| thiomethoxide {e.g., NaSMsa) | N
=N =
solvent {e.g., DMSO) o
NP N - N~ =
i E o /L‘i\ fy‘\ /:“\
FsClmy i}t’i%N)\ﬁ/r}f“Fg FalTm ™ NT N'RICF,
Yorasidenib Compound 1
o,
Ny
oY
oxidizing agent {e.¢g., Oxona) XN
solvent {g.g., MeCH) NN -

A A

FCTRTNT N ﬁ?f??cr:s
Compound 7

{0074] Treatment of Vorasidenib with a thiomethoxide {e.g., sodium thiomethoxide) ina
suitable organic solvent {e.g., a polar, aprotic organic solvent, e.g., dimethvlsulfoxide) results in
the formation of Compound 1. The reaction can take place at teroperatures between 0 and 30 °C
and can optionally be conducted under an inert atmosphere {(e.g., vader a nitrogen atmosphere).
{0075] Further, Compound 7 can be synthetically prepared from Compouad 1 by oxidation with
an oxidizing agent {e¢.g., Oxone} in a suitable organic solvent {e.g., a polar organic solvent, e.g., a
polar protic osganic solvent, e.g., methanol) 1 the presence of water.
{8076} Compounds 1 to 7 contain one or more asymmetric centers and thus may occur or be
isolated or synthesized as racemates, racemic mixtures, scalemic mixtures, and diastereomeric
mixtures, as well as single enantiomers or individual stereoisomers that are substantially free
from another possible enantiomer or stereoisomer. The term “substantially free of other

sterecisomers” as used herein means a preparation cnriched in a compound having a selected
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stereochenustry at one or more selected stercocenters by at least about 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%. The term “enriched” means that at least the
designated percentage of a preparation is the compound having a selected stercochemistry at one
or more selected stereocenters. Methods of obtaining or syothesizing an individual enantiomer
or stereoisomer for a given compound are known in the art and may be apphied as practicable to
final compounds or to starting material or intermediates.

{0077] In certain embodiments, Compounds 1 to 7 are enriched for a structure or structures
having a selected stereochemistry at one or more carbon atoms. For example, the compound is
enriched in the specific stereoisomer by at least about 60%, 65%, 70%, 75%, 80%, §5%, 90%,
95%, 96%, 97%, 98%, or 99%.

{0078} Compounds | to 7 may alsc be prepared with one or more isotopic substitutions. For
example, Hmay be in any isotopic form, including 'H, *H (D or deuterium), and "H (T or
tritium}; C may be in any isotopic form, inchiding 1C, *C, BC, and ¥C; N may be in any
isotopic form, including "N, **N and PN; O may be in any isotopic form, including >0, 0 and
B¢ ¥ may be in any isotopic form, including '8F; and the like. For example, the compound is
enriched in a specific isotopic form of H, T, N, O and/or F by at least about 60%, 65%, 70%,
75%, 80%, 83%, 90%, 953%, 96%, 97%, 98%, or 99%. Certain isotopically-labelled compounds
{c.g.. those labeled with 'H and '*C) are useful in compound and/or substrate tissue distribution
assays. Tritiated (i.e., “H) and carbon-14 (ic., C) isotopes are particularly preferred for their
case of preparation and detectability. Further, substitution with heavier isotopes such as
deuterium (i.e., *H) may afford certain therapeutic advantages resulting from greater metabolic
stability {e.g., increased n vivo half-life or reduced dosage requirements) and hence mayv be
preferred in some circumstances. Isotopically labelied compounds can generally be prepared by
procedures analogous to those disclosed in the Examples, by substituting an appropriate
isotopically labelled reagent for a non-isotopically labelled reagent.

{8079} It may be convenient or desirable to prepare, puntfy, and/or handle a corresponding sal
of the active compound, for example, a pharmaccutically-acceptable salt. Examples of
pharmaceutically acceptable salts are discussed in Berge ef of., 1977, "Pharmaceutically
Acceptable Salts.” ¥ Pharm. Sci. Vol. 66, pp. 1-19.

{0U88] For example, if the compound 1s anionic, or has a functional group which may be anionic
{e.g., -COOH may be -CO0), then a salt mav be formed with a suitable cation. Examples of

suitable inorganic cations include, but are not Emited to, alkali metal ions such as Na™and K7,
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alkaline carth cations such as Ca*™ and Mg?", and other cations such as AI*". Examples of
suitable organic cations mehude, but are not limited o, ammonium fon {(l.e., NHa") and
substituted ammonium ions (e.g. NHGR™, NH:R™, NHR™, NR*). Examples of some suitable
substituted ammonium ions are those dertved from: ethvlanune, diethylamine,
dicyclohexylamine, tricthyvlamine, butylamine, ethvlenediaming, ethanolamine, dicthanclamine,
piperazine, benzylamine, phenylbenzylamine, choline, meghimine, and tromethamine, as well as
amino acids, such as fysine and arginine. An example of a common guaternary ammoniun ion
18 N{CHR )™

{0081] Hthe compound is cationic, or has a functional group that may be cationic {e.g., -NHz
may be -NH3"), then a salt may be formed with a suitable anton. Examples of suitable inorganic
antons nchade, but are not limited to, those derived from the following morganic acids:
hydrochloric, hydrobromie, hvdrotodic, sulfuric, sulfarous, mitnie, nitrous, phosphornie, and
phosphorous.

{0082] Examples of suitable organic anions include, but are not Huntted to, those derived from
the following organic acids: 2-acetyoxybenzoic, acetic, ascorbic, aspartic, benzoie,
camphorsulfonic, cinnamic, citric, edetic, ethanedisudfonmc, ethanesulfonic, fimaric,
slucoheptonic, gluconic, glutamic, glyeolic, hvdroxymaleie, hydroxynaphthalene carboxylie,
isethionic, lactic, lactobionic, lauric, maleic, malic, methanesulfonic, mucic, oleic, oxalic,
palmitic, pamoic, pantothenic, phenylacetie, phenyisulfonic, propionic, pyruvic, salicvhic,
stearic, succinic, sulfamlic, tartaric, tohuienesulfonic, and valeric. Mesvlates of each compound
in Table 1 are explicitly included herein. Examples of suitable polymeric organic antons
mclude, but are not limited fo, those derived from the following polyvmeric acids: tannic acid,
carboxymethyl celhilose.

{0083] The compounds provided herein therefore include the compounds themselves, as well as
their salts, hyvdrates and their prodrugs, if applicable. The compounds provided herein may be
modified and converted to prodrugs by appending appropriate functionalities to enhance selected
biclogical properties, ¢.g.. targeting to a particular tissue. Such modifications {i.¢, prodrugs) arc
konown in the art and include those which increase biological penetration to a given biological
compartment {¢.g., blood, lymphatic system, central nervous system), increase oral availability,
mcrease solubility fo allow adnunistration by mjection, alter metabolism and alter rate of
excretion. Examples of prodrugs include esters (¢.g.. phosphates, aming acid (e.g.,valine)

esters), carbamates and other pharmaceutically acceptable derivatives, which, upon
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administration 1o a subject, are capable of providing active compounds. Calcium and sodium
phosphates of each one of Compounds 1 to 7, if applicable, are explicitly included herein.
Amino acid {e.g., valine} esters of cach one of Compounds | to 7, if applicable, are explicitly
included herein.

Compositions and routes of administration

{0084} The compounds utilized in the methods described herein may be formulated together
with a pharmaceutically acceptable carrier or adjuvant into pharmaceutically acceptable
compositions prior io be administered to a subject. In one embodiment, such pharmaceutically
acceptable compositions further comprise additional therapeutic agents in amounts effective for
achieving a modulation of disease or discase symptoms, including those described herein
{0085} The term “pharmaceutically acceptable carrier or adjuvant” refers 1o a carrier or adjuvant
that may be admimstered to a subject, together with a compound of one aspect of this invention,
and which does not destroy the pharmacological activity thereof and is nontoxic when
administered i doses sufficient to deliver a therapeutic amount of the compound.

{0086] Pharmaccutically acceptable carners, adjuvants and vehieles that may be used mn the
pharmaceutical compositions of one aspect of this invention include, bat are not himited to, fon
exchangers, alumina, abuninum stearate, lecithin, self-emulsifying drug delivery systems
{(SEDDS) such as d-g-tocopherol polvethyieneglyeol 1000 succinate, surfactants used in
pharmaceutical dosage forms such as Tweens or other sumilar polymenc delivery matriceos,
serum proteins, such as human serum albumin, buffer substances such as phosphates, glycine,
sorbic acid, potassium sorbate, partial glveeride mixtures of saturated vegetable fatty acids,
water, salts or electrolytes, such as protamune sulfate, disodium hydrogen phosphate, potassium
hydrogen phosphate, sodium chloride, zine salts, colloidal silica, magnesiam trisilicate,
polyvinyl pyrrolidone. cellulose-based substances. polyvethylene glycol, sodinm
carboxymethvicellulose, polvacrylates, wases, polvethylene-polyoxypropyviene-block polymers,
polvethviene glveol and wool fat. Cyclodextrins such as a-, B, and y-cvelodextrin, or
chemucally modified dertvatives such as hydroxvatkvicvelodextrins, tncluding 2- and
3-hydroxypropyl-B-cyciodextrins, or other solubilized derivatives may also be advantageously
used to enhance delivery of compounds of the formulae described heren.

{0087] The pharmaceutical compositions of one aspect of this invention may be administered
orally, parenterally, by inhalation spray, topically, rectallv, nasally, buccally, vaginally or via an

unplanted reservoir, preferably by oral administration or administration by uyjection. The
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pharmaceutical compositions of one aspect of this invention may contain any conventional
non-toxic pharmaceutically-acceptable carriers, adjuvants or vehicles. In some cases, the pH of
the formulation may be adjusted with pharmaceutically acceptable acids, bases or buffers to
enhance the stability of the formulated compound or s delivery form. The term parenteral as
ased heremn includes subcutancous, intracutancous, intravenous, intramuscular, intraarticidar,
mitraarterial, intrasynovial, intrasternal, intrathecal, mtralesional and intracranial injection or
mtusion techuiques.

{0088} The pharmaceutical compositions may be i the form of a sterile injectable preparation,
for example, as a stertle njectable aqueocus or oleaginous saspension. This suspension may be
formulated according to techniques known in the art using swtable dispersing or wetting agents
{such as, for example, Tween 80) and suspending agents. The sterile mjectable preparation may
also be a stertle mjectable solution or suspension in a non-toxic parenierally acceptable diluent
or solvent, for example, as a solution i 1,3-butanediol. Among the acceptable vehicles and
solvents that may be emploved are mannitol, water, Ringer’s solution and isotonic sodium
chlonide solution. In addition, sterile, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose, any bland fixed oil may be employed including synthetic
mono- or diglycerides. Fatty acids, such as oleic acid and 1ts glyceride derivatives are useful in
the preparation of injectables, as are natural pharmaceutically-acceptable oils, such as olive ol or
castor oil, especially n thewr polvoxyethylated versions. These o1l solutions or suspensions may
also contain a long-chain alcohol diluent or dispersant, or carboxymethyl cellulose or similar
dispersing agents which are commonly used in the formulation of pharmaceutically acceptable
dosage forms such as emulsions and or suspensions. Other commonly used surfactants such as
Tweens or Spans and/or other similar emulsifying agents or bioavailability enhancers which are
commonly used o the manufacture of pharmaceutically acceptable solid, liquid, or other dosage
forms roay also be used for the purposes of formulation.

{8089] In certan embodiments, anvy one of Compounds 1 to 7 or a pharmaceutically acceptable
salt thereof is administered in compositions comprising once of the compounds described herein
{e.g., one or moure of Compounds 1 to 7) or a pharmaceutically acceptable salt thereof and one or
more polymer{(s) as part of a solid dispersion {e.g., an amorphous solid dispersion). In some
embodiments, the sohd dispersion comprises a compound selected from Compounds 1 to 7ora
pharmaceutically acceptable salt thereof, and one or mare polymer(s). In some embodiments,

the solid dispersion comprises one of Compounds | to 7 or a pharmaceutically acceptable salt
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thereof, one or more polymer{(s), and one or more surfactant(s). In some embodiments, the sohid
dispersion comprises one of Compounds 1 to 7, or a pharmaceutically acceptable salt thereof and
one polymer. In some embodiments, the solid dispersion comprses one of Compounds 1 to 7 or
a pharmaceutically acceptable salt thereof, one polymer, and a surfactant.

{0090 In some embodiments, at least a portion of the active ingredient {e.g., one of Compounds
1 to 7 or a pharmaceutically acceptable salt thereof), in the solid dispersion is in the amorphous
staie {e.g., at least about 50%, at least about 55%, at least about 60%, at lcast about 65%, at least
about 70%, at feast about 75%, at least about 809, at least about 85%, at least about 90%, at
feast about 95%, at least about 98%, or at least about 99%). In other embodiments, the sohid
dispersion is substantially free of crystalline compound.

{0091} In some embodiments, the composition is an amorphous solid (e.z., spray dried)
dispersion comprising one of Compounds 1 to 7 or a pharmaceuatically acceptable salt thereof,
and a polymer. The amorphous solid dispersion can inchude, e.g., less than about 30%, less than
about 20%, less than about 159, less than about 10%, less than about 3%, less than about 4%,
less than about 3%, less than about 2%, or less than about 1% of crystalline compound, {e.g., be
substantially free of a crystaliine compound selected from Compounds 1to 7ora
pharmaceutically accoptable salt thereof).

{0092] Examples of polymers in the solid dispersion include cellulose derivatives {e.g,
hydroxypropylimethyvlcelulose also known as hypromellose, (HPMO),
hydroxypropylmethyiceliuiose phthalate, also known as hyvpromelose phthalate (HPMCP),
hydroxypropyimethylcelinlose acetate succinate, also known as hvpromellose acetate succinate,
{(HPMCAS}, hydroxypropvlceltulose (HPQC)), ethvicellulose, or cellulose acetate phthalate);
polyvinyipvrrolidones (PVP); polyethviene glycols (PEG); polyvinyt alcohols (PVA}, polyvinyi
esters, such as Polyvinyl Acetate Phthalate (PVAP); acrylates, such as polymethacrylate {e.g.,
Eudragit RTM. E}; cvclodextrins {e.z., beta -cyelodexinm); Poly (I3, L- lactide) (PLA), Poly
(D,L-lactide, co-glycolide acid (PLGA}; and copolymers and derivatives thereof, including for
example polyvinvipyrolhidone-vinyl acetate (PVP-VA), Polyvinyl caprolactam-polyvinyl, and
acetate-polyethyleneglycol copolymer, Methylacrylate/methacrylic acid copolymer; Soluplus;
Copovidone; and nuxtures thereof.

{0093] In some embodiments, the solid dispersion includes at least one water-soluble polvmer.
In some embodiments, the solid dispersion includes at least one partially water-soluble polvmer.

In some emboduncnts, the polymer is a cellulose denvative polymer. In other embodiments, the
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polymer is copovidone. In still other embodiments, the polymer is a eyclodexinm. In some
embodiments, the sohid dispersion includes more than one polymer.

{0894] In some embodiments, the polymer s HPMCAS {e.g , HPMCAS of different grades:
HPMCAS-M, HPMCAS-MG or HPMCAS-HG). In some embodiments, the polymer is PYAP.
In some embodiments, the polyvmer is HPMC (e g, HPMC of different grades: HMPCA0SHSO,
HPMCES0 or HPMCE 1S}, In some embodiments, the polymer is HPMCP {e.g., HPMCP of
ditferent grades: e.g., BMPCP-HP35)

{0095] In some embodiments, the polymer is a pH-dependent entene polymer. Such pH-
dependent enteric polymers include, but are not hmited to, cellalose derivatives {e.g., cellulose
acetate phthalate (CAP)), HPMCP, HPMCAS, carboxymethyicellulose (CMC) or a salt thercof
{e.2., a sodium sakt such as (CMC-Na)}): cellulose acetate trimellitate (CAT),
hydroxvpropyleellulose acetate phthalate (HPCAP), hydroxypropvimethyl-celiulose acetate
phthalate (HPMCAP}, and methylecilulose acetate phthalate (MCAP)), polymethacryvlates {e.g.,
Fudragit 8}, or mixtures thereof,

{0096] In some embodiments, the polvmer 1s hydroxypropvimethvlcellulose acetate succinate,
also known as hvpromellose acetate succinate, (HHPMCAS), e g, HMPCAS-HG.

{8097} In another embodiment, the polymer(s) is an msoluble cross-linked polymer, for example
a polyvinylpyvrrolidone {e.g.. Crospovidone}. In anotber embodiment, the polvmer{s) s
polyvinylpyrrolidone (PVP).

{8098} In some embodiments, the compound {e.g., a compound selected from Compounds 1 to
7} or a pharmaceutically accoptable salt thereof, is present in the solid dispersion in an amount of
from about 10% w/w and 90% w/w {e.g., between about 20% w/w and about 80% w/w; between
about 30% wiw and about 70% wiw; between about 40% w/iw and about 60% w/w; or between
about 15% w/w and about 35% w/w). In some embodiments, the compound {e.g., a compound
selected from Compounds 1 to 7) or a pharmaceutically acceptable salt thereot, is present in the
solid dispersion in an amount of from about 10% w/iw to about 80% w/w, for example from
about 30% w/iw to about 75% w/w, or from about 40% wiw to about 65% wiw, or from about
45% wiw to about 53% wiw, for example, about 46% w/w, about 47% w/w, about 48% w/w,
about 49% w/w, about 30% wiw, about 51% w/w, about 32% w/w, about 53% w/w, or about
54% wiw. Inthe above embodiments, the remainder of the weight of the composition ia
represented by one or more polymers. In some cmbodiments, the solid dispersion also inchudes a

surfactant or inert pharmaceutically acceptable substance. Examples of surfactants in the solid
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dispersion mclude sodivm lavryl sulfate (SLS), vitamin E or a derivative thereof {e.g., vitamin E
TPGS), Docusate Sodinum, sodium dodecyl sulfate, polysorbates {(sach as Tween 20 and Tween
80}, poloxamers {such as Poloxamer 335 and Poloxamer 407}, glycervl monooleate, Span 63,
Span 25, Capryol 90, pluronic copolymers {e.g., Pluronic F108, Pluronic P-123)}, and mixtures
thereof. In some embodiments, the surfactant 1s SLS. In some embodiments, the surfactant is
vitamin E or a derivative thereof {e.g., vitamin E TPGS}.

{0099] In some crubodiments, the surfactant is present in the solid dispersion in an amount of

from about 0.1% wiw to about 10% whw, for example from about 0.5% w/w to about 2% wiw,

or from abowut 19 w/w to about 3% w/iw, from about 1% w/w 10 about 4% w/w, or from about
1% wiw to about 3% w/iw, such that the sum of the weights of active ingredient {e.g., compound
selected from Compounds 1 to 7 or a pharmaceutically acceptable salt thereof), polymer and
surfactant is 100%.

{0108} In some embodiments, the solid dispersion may be prepared according to a process
described herein. In general, methods that could be used include those that involve rapid
removal of solvent or solvent muixture from a mixture or cooling a molten sample. Such methods
include, but are not limited to, rotational evaporation, freeze-drying (1.e., lyophitization}, vacwam
drving, melt congealing, and melt extrusion. One embodiment of this disclosure invalves solid
dispersion obtained by spray-drying. In onc embodiment, the product obtained by spray drying
is dried to remove the solvent or solvent mixture.

{8181} Preparations disclosed herein, e.g., a pharmaceutical composition, can be obtained by
spray-drying a mixiure comprising a compound selected from Compounds 1to 7 ora
pharmaceutically acceptable salt thereof, one or more polymer{(s), and an appropriate solvent or
solvent mixture. Spray drving involves atomization of a liquid mixture containing, e.g., a solid
and a solvent or solvent mixture, and removal of the sclvent or solvent mixture. The solvent or
solvent mixture can also contain a nonvolatile solvent, such as glacial acetic acid. Atomization
may be done, for example, through a two-thud or pressure or electrosonic nozzle or on a rotating
disk.

{8102] Techniques and methods for spray-drying may be found in Perry's Chemical Engineering
Handbook, 6th Ed., R H. Perry, 3. W. Green & 1. 0. Maloney, eds., McGraw-Hill Book Co.
{1984}, and Marshall "Atomization and Spray-Dirving” 50, Chem. Eng. Prog. Monogr. Series 2

{1934). In onc embodiment, the sprav-drying is fluidized spray drying (FSD).
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{0103] In certain embodiments, the process for preparing a solid dispersion of a compound
selected from Compounds 1 to 7 or a pharmaceutically acceptable salt thereof comprises:

a} forming a mixtuere of a Compound {e.g., a compound selected from Compounds
I to 7} or a pharmaceutically acceptable salt thereof a polymer, and a solvent; and

b} spray-drying the mixture to form a solid dispersion comprising Compound and
the polymer.
{0104} Post-drying and/or polishing the wet spray dried dispersion to below ICH or given
specifications for residual solvents can optionally be performed.
{0165] These processes may be used {o prepare the pharmaceutical compositions disclosed
herein. The amounts and the features of the components used in the processes may be as
disclosed herein or as deterouned by one of skill in the art.
{8186] In certain embodiments, the pharmaceutical compositions comprising a solid dispersion
may be made by a process deseribed herein. For example, pharmaceutical composition can
comprise solid dispersion of’ (a) a Compound selected from Compounds 1 to 7ora
pharmaceutically acceptable salt thereof and (b) one or more polymer{s}, and optionally one or
more sarfactant(s} and optionally one or more additional excipient(s}).
{8107] The pharmaceutical compositions disclosed herein may be orally administered in any
orally acceptable dosage form including, but not limited 1o, capsules, tablets, emulsions and
agueous suspensions, dispersions and solutions. In the case of tablets for oral use, carmers which
are commonly used include lactose and corn starch. Lubricating agents, such as magnesium
stearate, are also typically added. For oral administration in a capsule form, useful diluents
mclude lactose and dried com starch. When agueous suspensions and/or emulsions are
administered orally, the active ingredient may be suspended or dissolved in an oily phase s
combined with emulsifving and/or suspending agents. If desired, certain sweetening and/or
flavoring and/or coloring agents may be added.
{8168} In some embodiments, the Compound selected from Compounds 1 to 7, ora
pharmaceutically acceptable salt thereof, is orally administered in an amount of from 1 to 5000
mg/day {e.g., 1 to 1000 mg/day, 1000-2000 mg/day, 2000-3000 mg/day, 3600-4000 mp/day or
4000-5000 rog/day). In one embodiment, the compound is admmistered 11 an amount from 1-
000 mg/day (e.g., 1-500 mg/day, 500-1000 mg/dav). Tn one embodiment, the compound 18
administered in an amount from 1-300 mg/day {e.g., 1-100 mo/ day, 100-200 mg/day, 200-300

mg/day, 300-400 mg/day, 400-500 mg /dav). In onc embodiment, the compound 15 admuustercd
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1 an amount from 500-1000 mg/day {e.g., 500-750 mg/day, 750 -1000 mg/day). In one
embodiment, the compound is administered in an amount from 1000-2000 mg/day (¢.g., 1000~
1500 mg/day, 1500-2000 mg/day}. In onc embodiment, the compound is administered in an
amount from 2000-3000 mg/day {¢.g., 2000-2500 mg/day, 2500-3000 mg/day}. Inone
embodiment, the compound 1s administered in an amount from 3000-4000 mg/day (e.g.. 3000-
3500 my/day, 3500-4000 mg/day). In one embodiment, the compound is administered m an
amount from 4000-3000 mg/day {c.g., 4000-4500 map/day, 4500-3000 mg/day). In some
embodiments, the compound selected from Compounds 1 to 7, or a phammaceutically acceptable
salt thereof, is orally administered i an amount of from 1 to 500 mg/day, 1 to 250 mg/day, 5 to
100 mg/day. 8 to 75 mg/day, 10 to 50 mg/day, 15 to 40 mg/day, 20 to 30 mg/day, or about 25
mg/day. In some embodiments, the compound selected from Compounds 1to 7, ora
pharmaceutically acceptable salt thereof, 1s orally adnunistered in an amount of from 1 to 300
mg/day, 10 to 230 mg/day, 20 to 100 mg/day, 30 to 80 mg/day, 40 to 60 mg/day, 4510 55
mg/day, or about 50 mg/day. Tn some embodiments, the compound selected from Compounds |
to 7, or a pharmaceutically aceeptable salt thereof, is orally administered in an amount of from 1
to 500 mg/day, 20 to 400 mg/day, 40 to 200 mg/day, 50 to 150 mg/day, 75 to 125 mg/day, 85 to
115 mg/day. 90 to 110 mg/day, or about 100 mg/day. In some embodiments, the compound
selected from Compounds 1 to 7, or a pharmaceutically acceptable salt thereof, s orally
admimstered in an amount of from 1 to 500 mg/day, 30 to 400 mg/day, 100 to 300 mg/day, 150
to 250 mg/day, 175 to 225 mg/day, 185 to 215 mg/day, 190 to 210 mg/day, or about 200 mg/day.
In some embodiments, the compound selected from Compounds 1 to 7, or a pharmaceutically
acceptable salt thereof, is orally administered i an amount of from 1 to 500 mg/day, 100 to 560
mg/day, 200 to 400 mg/day, 250 to 350 mg/day, 275 to 375 mg/day, 285 to 315 mg/day, 290 to
310 me/day. or about 300 mg/day. In some cmbodiments, a daily dose of a compound selected
from Compounds 1 1o 7, or a pharmaceutically acceptable salt thereof, 1s admmistered at one
time (1.e., administered in a single dosage form) or in one or more divided doses (ie.,
administered in two or more dosage forms} over a twenty-four (24} period. o some
embodiments, the daily dose or cach of the divided doses may be adnunistered as a single dosage
form or as multiple dosage forms {e.2., adounistering two or more dosage forms at the time of
cach administration) to facilitate administration and patient compliance. In some embodiments

the dosage forms are tablets. In other embodiments the dosage forms are capsules.
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{0109] In other embodiments, a compound disclosed heremn {e.g., a Compound selected from
Compounds | to 73, or a pharmaceutically acceptable salt thereof, is administered onee per day
iy an amount of about 1 mg, of about 5 g, of about 10 mg, about 25 mg. about 50 mg, about
100 mg, about 200 mg about 300 mg, about 400 mg, about 500 mg, about 750 mg, about 1000
mg, about 1250 mg, about 1500 mg, about 2000 mg, about 2500 mg, about 3000 mg, about 3500
mg, about 4000 mg or about 5000 mg per administration.

{0110} The pharmaceutical corapositions of one aspect of this invention may also be
administered in the form of supposttonies for rectal admimstration. These compositions can be
prepared by mixing a compound of one aspect of this invention with a suitable non-trritating
excipient which is solid at room teraperature but liquid at the rectal temperatire and therefore
will melt in the rectum to release the active components. Such materials include. but are not
limited to, cocoa butter, beeswax and polyethviene glveols.

{0111] Topical admimstration of the pharmaceutical compositions of one aspect of this invention
is useful when the desired treatment imvolves areas or organs readily accessible by topical
apphication. For apphcation topically to the skin, the pharmaceutical composition should be
formulated with a suitable ointment contaiming the active components suspended or dissolved in
a carrier. Carriers for topical administration of the compounds of one aspect of this invention
include, but are not luntted to, mineral oil, liguid petroloum, white petroleum, propyviene glyeol,
polvoxyethylene polvoxypropyviene compound, enulsifving wax and water. Alternatively, the
pharmaceutical composition can be formudated with a surtable lotion or cream containing the
active compound suspended or dissolved in a carrier with suitable cmulsifving agents. Suitable
carners include, but are not hunited to, mineral oil, sorbitan monostearate, polysorbate 60, cctyl
gsters wax, cetearyl aleohol, Z-octvidodecanol, benzyl alcohol and water. The pharmacceutical
compositions of one aspect of this mvention may alsc be topically applied to the lower intestinal
tract by rectal suppository formulation or in a suitable enema formulation,
Topically-transdermal patches are also included in one aspect of this invention.

{0112] The pharmaceutical compositions described herein may be administered by nasal acrosol
or inhalation. Such compositions are prepared according to techniques welli-known in the art of
pharmaccutical formulation and may be prepared as solutions in saline, employing benzyl
alcohol or other suitable preservatives, absorption promoters to enhance bioavailability,

fluorocarbons, and/or other solubilizing or dispersing agents known in the art.
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{0113} Altematively, the compounds described herein can, for example, be administered by
jection, mtravenously, intraartenally, subdermally, intraperitoneally, intramuscularly, or
subcutancously; or orally, buccally, nasally, transmucasally, topically, in an ophthalmic
preparation, or by inhalation, with a dosage ranging from about 0.5 1o about 1080 mg/kg of body
weight, alternatively dosages between 1 mg and 1000 myg/dose, every 4 to 120 hours, or
according to the requirements of the particular drug. The methods herein contemplate
administration of an effective amount of compound or compound composition to achieve the
desired or stated effect. Typically, the pharmaceutical compositions of one aspect of this
invention will be administered from about 1 to about 6 times per day or altematively, as a
continuous infusion. Such administration can be used as a chronic or acute therapy. The amount
of active ingredient that maay be combined with the carrier materials to produce a single dosage
form will vary depending upon the host treated and the particular mode of administration. A
typical preparation will contain from about 5% to about 95% active compound (w/w).
Alternatively, such preparations contain from about 20% to about 80% active compound.

{0114] Lower or higher doses than those recited above may be required. Specific dosage and
treatment regimens for any particular subject will depend apon a variety of factors, including the
activity of the specific compound employed, the age, body weight, general health status, sex,
diet, time of adminsstration, rate of excretion, drug combination, the severity and course of the
disease, condition or symptoms, the subject’s disposition to the disease, condition or symptoms,
and the judgment of the treating physician.

{9115] Upon improvement of a subject’s condition, a maintenance dose of a compound,
composition or combination of one aspect of this invention may be admimistered, 1f necessary.
Subsequently, the dosage or frequency of administration, or both, may be reduced, as a function
of the symptoms, to a level at which the improved condition is retained when the symptoms have
been alleviated to the desired level. Subjects may, however, require indermittent treatment on a
long-term basis upon any recurrence of disease symptoms.

{0116] The pharmaceutical compositions described above comprising a compound selected from
Compounds I to 7, or a pharmaceutically acceptable salt thereof, or a compound described in
any one of the embodiments herein, may further comprise another therapeutic agent useful for
treating cancer.

{8117} When the compositions of the present disclosure comprise a combination of a corapound

of the formulae described herein and one or more additional therapeutic or prophvlactic agents,
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both the compound and the additional agent should be present at dosage levels of between about
1 to 100%, and more preferably between about 5 to 95% of the dosage normally administered in
a monotherapy regimen. The additional agents may be administered separately, as part of a
multiple dose regimen, from the compounds of one aspect of this mvention. Alteratively, those
agents may be part of a single dosage form, muxed together with the compounds of one aspect of
this invention in a single composition.

Methods of Use

{0118] Provided is a method for inhubiting mutant IDHI and/or mutant IDH2 activity
comprising contacting a subject in need thereof with a compound selected from Compounds 1o
7 or a pharmaceutically acceptable salt thereof.

{0119} Also provided are methods of treating a cancer characterized by the prescuce of a mutant
allele of IDHI comprising the step of administering to subject in need thereof (a) a compound of
the present disclosure {e.g., a Compound selected from Compounds 1 to 7) or a pharmaceutically
acceptable salt thereof, or (b} a pharmaceutical composition comprising (a) and a
pharmaceutically acceptable carmrier.

{0128} In one embodiment, the cancer to be treated is characterized by a mutant allele of IDH!
wherein the IDH1 mutation results in a now ability of the enzyme to catalyze the NADPH-
dependent reduction of a-ketoglutarate to R{-)-2-(2HG) in a patient. In one aspect of this
embodiment, the IDH mutation is an RI132X mustation. In another aspect of this embodiment,
the RI132X mutation is selected from RI32H, R132C, R132L, R132V, R132S and R132G. In
another aspect, the R132X mutation s R132 Hor R132C. A cancer can be analyzed by
sequencing cell samples to determine the presence and specific nature of {e.g., the changed
amino acid present at} a mutation at amino acid 132 of IDHL

{0121} Without being bound by theory, applicants believe that mutant alleles of IDH1 wherein
the IDHT mutation results in a new ability of the enzyme to catalyze the NADPH-dependent
reduction of a-ketoglutarate to R{-}-2-hydroxvglutarate {2HG), and in particular R132H
mmitations of IDH1, characterize a subset of all types of cancers, without regard to their cellalar
nature or location in the body. Thus, the compounds and methods of this disclosure are useful to
treat any type of cancer that is characterized by the prescuce of a mutant allele of IDHI

mmparting such activity and in particular an IDHI R132H or R132C mutation.



10

WO 2022/173961 PCT/US2022/015994

{8122} In one embodiment the cancer is a tumor wherein at least 30, 40, 30, 60, 70, 80 or 90% of
the tumor cells carry an IDH!T mutation, and in particular an IDHI RI32H or RI32C mutation, at
the time of diagnosis or treatment.

{8123] IDHI RI32X mutations are known to occur in certain types of cancers as ndicated in
Table 1, below.

Table 1. IDH mutations associated with certain cancers

Cancer Type IDHI R13ZX Tumer Type
Mutation

brain tomors RI32H primary fumor
R132C primary tumor
RI328 primary tumor
R132G primary fumor
RI32L primary famor
RI32V primary tumor

fibrosarcoma Ri32C HT1080 fibrosarcoma cell

line

Acute Myeloid Leukenmia RI32H primary fumor

{AML}
R132G primary famor
RizzC primary fumor

Prostate cancer R132H primary fumor
R132¢C primary famor

Acute lvmphoblastic leukenua | R132C primary fumor

(ALL)

paragangliomas Ri32C primary fumor

{0124] IDHT R132H mutations have been identified in ghomas (including low grade glioma),
glioblastoma (ncluding secondary ghioblastomay, acute myelogenous leakemia, sarcoma,
melanoma, non-small cell tung cancer, cholangiocarcinomas, chondrosarcoma, myvelodysplasiic
syadromes (MDS), mveloproliferative neoplasme (MPN}, colon cancer, and angio-inununoblastic

non-Hodgkin's lymphoma (NHL}. Accordingly, in one embodiment, the methods described
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heren are used to treat ghoma (including low grade glioma), ghoblastoma (including secondary
ghioblastoma), grade 11 and 11T astrocytomas, grade H and 1 oligodendrogliomas, acute
myelogenous leukemia, sarcoma, melanoma, non-small cell lung cancer (NSCLC),

cholangiocarcinomas, chondrosarcoma, myelodveplastic syndromes (MDS), mveloprobiferative

neoplasm (MPN}, colon cancer, or angio-immunoblastic non-Hodgkin's lymphoma (NHL) in a
patient.

{0125] In another embodiment, the methods described herein are used to treat glioma (including
fow grade ghoma), glioblastoma (including secondary ghoblastoma), grade TF and 1T
astrocviomas, grade I and HI oligodendrogliomas, acute myelogenous leskemia, sarcoma,
melanoma, non-small cell tung cancer (NSCLC), cholangiocarcinomas {¢.g., intrahepatic
cholangiocarcinoma (JHCC)), chondrosarcoma, myelodysplastic syndromes (MDS),
myeloproliferative neoplasm (MPN}), prostate cancer, chronic myelomonocytic leukemia
{CMML), B-acute lyvmphoblastic leukemias (B-ALL}, B-acute Ivimphoblastic leukemias {B-
ALL), myeloid sarcoma, multiple myeloma, lvmphoma colon cancer, or angio~-ioununoblastic
non-Hodgkin’s lvmphoma (NHL) 1n a patient.

{0126] In another embodiment, the methods described herein are used to treat advanced
hematologic malignancics. In one embodiment, the advanced hematologic malignancy to be
treated 1s lymphoma (e g, Non-Hodgkin lymphoma (NHL} such B-cell lvinphoma (e. g, Burkitt
Ivmphoma, chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL), diffuse
iarge B-cell lymphoma, follicular lymphoma, immuncblastic large cell lymphoma, precursor B-
tymphoblastic lymphoma, and mantle cell lvinphoma) and T-cell lymphoma {e.g., mycosis
fungoides, anaplastic large cell lvmphoma, and precursor T-lymphoblastic lymphoma).

{0127] Accordingly, in onc embodiment, the cancer is a cancer selected from any one of the
cancer types listed in Table 1 or as further described herein, and the IDH R132X mutation is one
or more of the IDHI RI32X vmutations listed in Tablel for that particular cancer type.

{8128] Also provided 1s a method for inlubiting a mutant IDH2 activity comprising contacting a
subject in need thercof with a compound of the present disclosare {e.g., a Compound selected
from Compounds | to 7}, or a pharmaceutically acceptable salt thereof.

{0129] Also provided are methods of treating a cancer characterized by the presence of a mutant
allele of IDH2 comprising the step of administering to subject in need thereof (a) a compound of

the disclosurede. g, a Compound sclected from Compounds 1 to 7), or a pharmaceutically
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acceptable salt thereof, or (b) a pharmaceutical composition comprising (a) and a
pharmaceutically acceptable carrier.

{0138} In one embodiment, the cancer 1o be treated is characterized by a mutant allele of IDHZ
wherein the TDH2 mutation results in a new ability of the enzyme to catalyze the
NADPH-dependent redaction of a-ketoglatarate to R(-)-2-hydroxyglutarate (ZHG) in a patient.
In one aspect of this embodiment, the mutant FDH2 has an R140X nutation. In another aspect
of this crubodiment, the R140X mutation 1s a R140Q mutation. In aonother aspect of this
embodiment, the R 140X mutation is a R140W mutation. In another aspect of this embodiment,
the R140X ouutation 1s a R140L mutation. In ancther aspect of this embodiment, the mutant
IDH? has an RI72X mutation. In another aspect of this embodiment, the R172X mutation is a
RI172K mutation. fn another aspect of this embodiment, the R172X mutation 1s a R172G
mutation. A cancer can be analvzed by sequencing cell samples to determine the presence and
specific nature of {¢.g., the changed amingo acid present at} a nutation at amino acid 140 and/or
172 of IDH2.

{0131] Without being bound by theory, applicants believe that mutant alleles of IDH2 wherein
the IDH2 mutation resulis in a new ability of the enzyme fo catalyze the NADPH-dependent
reduction of g-ketoglutarate to R{-)-2-hydroxyglutarate (2HG), and in particudar R140Q and/or
R172K mutations of HDH2, characterize a subsct of all types of cancers, without regard to their
cellular nature or location n the body. Thus, the compounds and methods of one aspeet of this
invention are useful to treat any type of cancer that s characterized by the presence of 8 mutant
allele of IDHZ imparting such activity and in particular an IDH?Z R140Q and/or R172K mwtation.
{8132] In one embodiment the cancer i1s a tumor wherein at least 30, 48, 30, 60, 70, 80 or 90% of
the tumor cells carry an IDH2 mutation, and in particelar ano IDH2 R1404, R140W, or RI40L
and/or R172K or R172G mutation, at the time of diagnosis or treatment.

{0133] In another embodiment, one aspect of the invention provides a method of treating a
cancer selected from glhioma (including low grade glioma), glioblastoma (including secondary
clioblastoma}, grade I and Ul astrocytomas, grade H and I oligodendrogliomas
myelodvsplastic syndrome (MDS), myeloproliferative neoplasm (MPN), acute myclogenous
feukemia {AML), sarcoma, melanoma, non-small cell fung cancer, chondrosarcoma,
cholangiocarcinomas or angioimmunoblastic lymphoma in a patient by administering to the
patient a compound of the present disclosure {e.g.. a Compound selected from Compounds 1 to

7} or a pharmaceutically acceptable salt thereof in an amount effective to treat the cancer. fna
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more specific embodiment, the cancer o be freated 13 ghioma (including low grade ghioma),

ghioblastoma (incloding secondary ghoblastomay, grade 1 and ¥ astrocytomas, grade I and Hi

oligodendrogliomas mvelodysplastic syndrome (MDS), mveloproliferative neoplasuy (MPN),
acute myelogenous leukemia {AML), melanoma, chondrosarcoma, or angioimmunoblastic non-
Hodgkin’s lymphoma (NHL).

{0134} Treatment methods described herein can additionally comprise various evaluation steps
prior to and/or tollowing treatment with a compound of the present disclosure {e.g.. 3 Compound
selected from Compounds 1 to 7) or a pharmaceutically acceptable salt thereof.

{0135] In one embodiment, prior to and/or after treatment with a compound of the present
disclosure {e.g., a Compound selected from Compounds 1 to 7) or a pharmaceutically acceptable
salt thereof, the mocthod further comprises the step of evaluating the growth, size, weight,
invasiveness, stage and/or other phenotype of the cancer using one or more technigues known
and used by those skilied i the art.

{0136] In one embodiment, prior to and/or afier treatment with a compound of the present
disclosure {e.g., a Compound selected from Compounds 1 to 7) or a pharmaceutically acceptable
salt thereof, the method further comprises the step of evaluating the IDHT or IDH2 genotvpe of
the cancer. This may be achieved by ordinary methods in the art, such as BNA sequencing,
wmmuno analysis, and/or evaluation of the presence, distribution ot level of R¢-}-2-
hydroxvglutarate ZHG).

{8137} In one embodiment, prior to and/or after treatment with a compound of the present
disclosure {e.g., a Compound selected from Compounds 1 to 7) or a phammaceutically acceptable
salt thereof, the method further comprises the step of determuning the R{-}-2-hvdroxyglutarate
(ZHG) level i the sabject. This may be achieved by spectroscopic analysis, e.g., magnetic
resonance-based analysis, e.g. MRI and/or MRS measurement, sample analysis of bodily fhud,
such as scrum or spinal cord fluid analysis, or by analysis of surgical material, e g, by mass-
SPectroscopy.

{0138] In one aspect of this embodiment, the efficacy of cancer treatment is monitored by
measuring the levels of R{-}-2-hydroxyghutarate (ZHG) in the subject. Typically, levels of R(-}-
I-hydroxyghutarate (2HG) are measured prior to treatment, wherein an clevated fovel of R(-)-2-
hvdroxyglotarate (2HG) (together with confirmed IDH mutant status) is used to confirm
ehigibility for the use of a compound of the present disclosure {e.g.. a Compound selected from

Compounds | to 7) or a pharmaceutically acceptable salt thercof to treat the cancer. Once the
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clevated levels are established, the level of R{-)-2-hydroxyglutarate (2HG) 1s determined during
the course of and/or following termination of treatment to estabhish target engagement {i.c.,
inhibition of mutant IDH by administration of a compound of the presend disclosure ora
pharmaceutically acceptable salt thereof}. In certain embodiments, the level of R{-}-2-
hydroxyghtarate (ZHG) is only determined during the course of and/or following termination of
treatment. A reduction of R(-}-2-hydroxyglutarate (ZHG} levels during the course of treatment
and following treatment is indicative of target engagement. Typically, R{-}-2-hydroxyglutarate
{(ZHG) measwrements will be utilized together with other well-known determinations of efficacy
of cancer treatment, such as redoction in mumber and size of twmors and/or other cancer-
associated lesions, improvement in the general health of the subject, and alterations in other
biomarkers that arc associated with cancer treatment ctficacy.

{0139] R(-)-2-hvdroxyglutarate (2HG) can be detected in a sample by LO/MS. The sample is
mixed 80:20 with methanol and centrifuged at 3,000 rpm for 20 minutes at 4 degrees Celsius.
The resulting supernatant can be collected and stored at -80 degrees Celsius prior to LC-MS/MS
to assess 2-hyvdroxyglotarate (2HG) levels. A variety of different liquid chromatography (LC)
separation methods can be used. Each method can be coupled by negative electrospray
ionization {ESL, -3.0 kV} to triple-quadrupole mass spectrometors operating in nudtiple reaction
monitoring (MRM} mode, with MS parareters optimized on infused metabolite standard
solutions. Metabolites can be separated by reversed phase chromatography using 10 mM
tributyl-amine as an ion pairing agent in the aquecus mobile phase, according to a variant of a
previcusly reported method (Luo er af J Chromarogr A 1147, 15364, 2007). One method
allows resolution of TCA metabolites: t=0,50%B;1=5,95%B;t=7,95%B; =8, 0%

where B refers to an organic mobile phase of 100% methanol. Another method is specific for 2-
hydroxyglotarate (2HG), ranning a fast linear gradient from 50% -95% B (buffers as defined
above) over S minufes. A Synergi Hydro-RP, 100mm x 2 oum, 2.1 ym pacticle size
{Phenomonex) can be used as the column, as described above. Metabolites can be quantified by
comparison of peak arcas with pure metabolite standards at known concentration. Metabolite
flux studies from PC-ghitamine can be performed as described, e.g., in Muanger e/ o/, Nat
Biotechnol 26, 1179-86, 2008,

{0148} In one embodiment the concentration of R{-}-2-hydroxyglutarate (2HG) 1s evaluated
prior to treatment with a compound of the present disclosure {e.g., a Compound selected from

Compounds | to 7} or a pharmaccutically acceptable salt thercof. In another embodument the
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concentration of R{-}-2-hvdroxyglatarate {2HG) 15 evaluated after treatment with a compound
disclosed herein or a pharmaceutically acceptable salt thereof. In some embodiments the
evaluation of R{-}-2-hydroxyglutarate (ZHG} is performed using a biological fluid of a human
patient. In other embodiments the evaluation of R{-}-2-hyvdroxyglutarate (2HG) is performed
using biological material from a biopsy or tissue sample from a homan patient. In some aspects
the biopsy or tissue sample is from a braie tumor from a buman patient. In some embodiments
the biopsy or tissue sample is taken from the human patient before treatment with a corapound of
the present disclosure or afler freatment with a compound of the present disclosure or both
before and after treatment with a compound of the present disclosure.

{0141} In another embodiment a derivative of R{-}-2-hydroxvelutarate (ZHG) formed in process
of performing the analvtic method is evaluated. By way of example such a derivative can be a
derntvative formed in MS analysis. Derivatives can include a salt adduct, e g, a Na adduct, a
hydration variant, or a hydration variant which 15 also a salt adduct, e.g., a Na adduct, e.g., as
formed in MS analysis.

{0142] In another embodiment a metabolic derivative of R(-}-2-hvdroxvghitarate (2HG) 18
evalaated. Examples include species that build vp or are elevated, or reduced, as a result of the
presence of R{-}-2-hydroxyglutarate {2HG), such as glutarate or glutamate that will be correlated
to R{-}-2-hydroxvglutarate (ZHG), e.g., R-2HG.

{0143] Exemplary R(-}-2-hydroxyglutarate (2HG) denivatives include dehydrated denvatives
such as the compounds provided below or a salt adduct thereof:

O

Il H
HO™ NG HO™
() =1}
, , and

{0144} Also provided are methods of treating a disease selected from Maffucet syndrome and

Ollter discase, characterized by the prosence of a mutant allele of IDHT comprising the step of
administering to subject in need thereof {a} a compound of the present disclosure {e.g., a
Compound selected from Compounds 1 to 7), or a pharmaccutically acceptable salt thereof, or

{b} a pharmmaceutical composition comprising {a) and a pharmaceutically acceptable carmer.

(93]
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Erain Dumors Treated By Methods of the fnvention

{8145] In one aspect, the methods of the invention are useful for treating brain tumors. This
mchades all tumors inside the human skull (crantum} or in the central spinal canal. The tumor
may originate from the brain itself, but also from lymphatic tissue. blood vessels, the cranial
nerves, the brain covelopes (meninges), skull, pituitary gland, or pineal gland. Within the brain
itself, the mvolved cells may be nearons or ghial cells (which include astrocyies,
oligondendrocytes, and ependymal cells). Bram tumors may also spread from cancers primarily
located m other organs (metastatic tumors),

{8146] In some embodiments, the brain tumor 1s a ghioma, such as an ependymoma,
astrocytoma, oligoastrocyvioma, oligodendroghoma, ganghioghioma, glioblastoma {also known as
ghioblastoma multiforme}, or mixed glioma. Gliomas are primary brain tumors and are classified
mito four grades (1, IE, I, and IV} based ou their appearance under a myicroscope, and
particularly the presence of atypical cells, nutoses, endothelial proliferation, and necrosis. Grade
{ and 1 tmors, termed “low-grade gliomas,” have none or one of these featares and include
diffuse astrocytomas, pilocytic astrocytomas, low-grade astrocytomas, low-grade
oligoastrocyvtomas, low-grade oligodendrogliomas, ganglioghiomas, dysembryoplastic
neuroepithelial tumors, pleomorphic xanthoastrocytomas, and mixed gliomas. Grade I and IV
tumors, termed “high-grade gliomas,” have two or more of these features and include anaplastic
astrocytomas, anaplastic oligodendrogliomas, anaplastic oligoastrocytomas, anaplastic
ependymomas, and ghoblastomas (including giant cell ghioblastomas and gliosarcomas). In one
aspect of these embodiments, the glioma is a low grade glioma. In another aspect of these
embodiments, the glioma is a hugh grade glioma. In ancther aspect of these cmbodiments, the
zhioma is a glioblastoma(including secondary glioblastoma}. In some embodiments, the bramn
tumor 18 a grade 1T or I astrocytoma. In some embodiments, the bramn tumor 1s a grade H or I
oligodendroglioma.

{0147] In further cmbodiments the brain tumor {e.g., glioma (cluding low grade glioma),
ghioblastoma (ncluding secondary ghoblastoma), grade T or T astrocytoma, grade I or T
oligodendroghioma is newly diagnosed. In still further embodiments the braim tumor {e.g.,
ghioma {including low grade glioma}, ghioblastoma (including secondary ghioblastoma}, grade 1l
or I astrocytomas, grade IT or I oligodendroglioma) has been pre-treated with one or more
therapeutic modalities including surgerv, radiation therapy, or one or more additional therapeutic

agents. In other embodiments the brain tamor (e.g., glioma (ncluding low grade glioma),
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ghioblastoma (including secondary ghoblastoma), grade 11 or I astrocytoma, grade I or 1T
oligodendroglioma) has not been treated with radiation therapy.

{0148} In some embodiments, the brain tumor {e.g., glioma {inchuding low grade glioma),
ghoblastoma (including secondary ghoblastoma), grade I or TH astrocytoma, grade T or I
oligodendroglioma) to be treated 1s characterized by the presence of an IDH1 mutation, wherein
the IDH! onation results in accumulation of R{-}-2-hvdroxyglutarate (2HG) 1 a patient. In one
aspect of these embodirents, the IDH1 mutation results in accumulation of R{-}-2~
hvdroxyglutarate (2HG) i a patient by providing a new ability of the enzyme to catalyze the
NADPH-dependent reduction of a-ketoghutarate to R{-}-2-hvdroxyglutarate (2HG) 1n a patient.
In another aspect of these embodiments, the IDHI mutation is an RI132X mutation. In another
aspect of these embodinents, the R132X mutation is sclected from RI132H, R132C, R1321,
RI32V,RI328 and RI32G. In another aspect of these embodiments, the R132X mutation is
R132 Hor RI32C. In vet another aspect of these embodiments, the R132X mutation is RI32H.
In still another aspect of these embodiments, at least 30, 40, 50, 60, 70, 80 or 90% of the bran
tumor {e.g., ghoma (including low grade ghioma}, glioblastoma (imcluding secondary
glicblastoma), grade II or I astrocvioma, grade I or Il oligodendroglioma) cells carry an IDH1
R132X mutation, such as an R132H, RI132C, RI32L, R132V, R1328 or R132G mutation, at the
time of diagnosis or treatment. A brain tumor {e.g., glioma (ncluding low grade glioma},
shoblastoma {including secondary ghioblastoma), grade I or T astrocytoma, grade Il or T
oligodendrogliomay can be analyzed by sequencing cell samples to determine the presence and
specific nature of {¢.g., the changed amino acid prosent at) a mutation at amino acid 132 of
IDHT.

{0149] In other embodiments, the brain tumor {e.g., glioma (including low grade gliomaj},
glioblastoma (including secondary glioblastoma), grade I or Il astrocytoma, grade I or
oligodendroglioma) to be treated 18 characterized by the presence of an HDH2 mutation, wherein
the TDHZ mutation results in accumulation of R(-}-Z-hvdroxyglutarate (ZHG) in a patient. In one
aspect of these embodiments, the IDH2 motation reselts in accurmudation of R{-}-2-
hydroxvelutarate (2HG) in a patient by providing a new ability of the enzyme to catalyze the
NADPH dependent reduction of o ketoglutarate to R(-)-2-hyvdroxyghutarate (2HG) n a patient.
In another aspect of these embodiments, the mutant IDH2 has an R140X mutation. In another
aspect of these ermbodiments, the RI40X mutation 1s a R140Q mutation. In another aspect of

these embodiments, the R1I40X mutation 1s a R140W vustation. In another aspect of these
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embodiments, the R140X mutation 1s a R140L mutation. In another aspect of these
embodiments, the mutant IDH2 has an R172X mutation. In another aspect of these
embodiments, the R172X mutation 1s a R172K mutation. n another aspect of these
embodiments, the R172X mutation is a R172G mutation. In still another aspect of these
embodiments, at least 30, 40, 50, 60, 70, 80 or 90% of the brain tamor {e.g., ghioma (nclading
low grade glioma), glioblastoma (includng seccondary glioblastoma), grade I or HI astrocytoma,
grade H or Hl oligodendroglioma) cells carry an IDH2 R140X and/or R172X mutation, such as
an R140Q, RI40W, or RI40L and/or R172K or R172G mutation, at the time of diagnosis or
treatment. A brain tumor {e.g., glioma (including low grade glioma), glioblastoma (including
secondary glioblastoma). grade I or Hf astrocvtoma, grade I or I oligodendroglioma) can be
analyzed by sequencing cell samples to determing the presence and specitic nature ot {e.g., the
changed amino acid present at) a mutation at amino acid 140 and/or 172 of IDH2.

{0150] In sull other embodiments, the brain tumor {e.g., ghoma (including low grade glioma),
ghioblastoma (including secondary ghoblastoma), grade 11 or I astrocytoma, grade H or IH
oligodendroglioma) to be treated is characterized by the presence of an IDHI mutation and an
{DH2 mutation, wherein the IDH1T and IDH2 mutations collectively result in accamulation of
Re-}-2-hydroxyglutarate (ZHG) in a patient. In one aspeet of these embodunents, the IDH1 and
IDH2 mutations result in accumulation of R{-}-2-hvdroxvglutarate (2HG) in a patient by
providing a new ability of the enzyme to catalyze the NADPH dependent reduction of o
ketoglutarate to R{-}-2-hydroxyglatarate (ZHG) in a patient. In various aspects of these
embodiments, the HYHI mutation is an R132X mutation sclected from RI132H, R132C, RI32L,
RI32V, R1328 and RI32G. Tn vanous aspects of these embodiments, the IDH2 mutation 1s an
R1400, R140W, R140L, R172K or R172G mutation. In various other aspects of these
embodiments, the bram tumor {e.g., glioma (including low grade glioma), glioblastoma
{including secondary glioblastomal, grade H or Il astrocytoma, grade f or I
oligodendroglioma) to be treated is characterized by any combination of the foregoing IDH!I and
IDHZ mutations. In still other aspects of these embodiments, at least 30, 40, 50, 60, 70, 80 or
90% of the bramm tumor {e.g., glioma (including low grade glioma), glicblastoma (including
secondary glioblastoma), grade i1 or HI astrocytoma, grade 11 or 11T oligodendroglioma) cells
carry an [DHT R132X mutation, such as an R132H, RI32C, RI32L, RI132V, RI32S or R132G
mutation, and an IDHZ R140X and/or R172X mutation, such as an R1400Q, R140W, or R140L

and/or R172K or R172G mutation, at the time of diagnosis or treatment. A brain tumor {e.g.,
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ghioma {(including low grade ghioma)}, ghioblastoma (ncluding secondary ghoblastoma), grade 11
or TH astrocytoma, grade I or IH oligodendroghoma} can be analyzed by sequencing cell
samaples to determine the presence and specific nature of {¢.g., the changed amino acid present
at) a mutation at anno acid 132 of IDHT and at amino acid 140 and/or 172 of TDH2.

{8151} In still other embodiments, the brain tumor {e.g2., ghoma (including low grade glioma),
ghioblastoma (including secondary ghioblastoma), grade 11 or I astrocytoma, grade H or IH
oligodendroglioma} to be treated s characterized by the presence of an IDH I allele that does not
mclude an R132X mutation and an IDH2 allele that does not include an R140X or R172X
mutation. In one aspect of these embodiments, at least 90% of the brain tumor {e.g., ghoma
(including low grade glioma), glioblastoma (including secondary glioblastoma), grade H or 1
astrocytoma, grade 1 or Il oligodendroglioma) celis do not include a mutation at anuno acid
132 of IDHI or at amino acid 140 or 172 of IDHZ at the time of diagnosis or treatment. A brain
tumor (e.g., glioma (inclading low grade glioma), glioblastoma (including secondary
ghioblastoma), grade 1 or TH astrocytoma, grade T or Hi oligndendroglioma) can be analyzed by
sequencing cell samples to determine the presence or absence of a mutation at amino acid 132 of
[DHI and at anmino acid 140 and/or 172 of IDH2.

Combination therapies

{0152] In some embodiments, the methods described herein comprise the additional step of
co-adrinistering o a subject in need thercof an additional therapeutic modality {e.g.. an
additional cancer therapeutic agent, an additional therapeutic agent to minimize the symptoms of
the cancer or the side effects of the cancer treatment or an additional cancer treatment).
Exemplary additional cancer therapeutic agents {anti-cancer medications} include for example,
chemotherapy with cytotoxic or cytostatic agents, targeted therapy (targeted medications),
antibody therapies, immunotherapy, and hormonal therapy. Exemplary additional therapeutic
agents (medications) to munimize symptoms and side effocts include, for example, anti-epileptic
medications, anti~seizure medications and anti-emewss medications. Additional cancer
treatments inclade, for example, surgery, and radiation therapy. Examples of each of these
treatments are provided below.

{0153] The teom “co-adnunistering” as used herein with respect to an additional cancer
therapeutic agents means that the additional cancer therapeutic agent may be administered
together with a compound of one aspect of this invention as part of a single dosage form {(such as

a composition of one aspect of this invention comprising a compound of one aspect of the
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mvention and an second therapeutic agent as descrnibed above) or as separate, multiple dosage
forms. Alternatively, the additional cancer therapeutic agent may be administered prior to,
consecutively with, or following the administration of a compound of one aspect of this
invention. In such combination therapy treatrent, both the compounds of one aspect of this
invention and the second therapeutic agent{s} are adnunistered by conventional methods. The
administration of a composition of one aspect of this invention, comprising both a compound of
onc aspect of the mvention and a sccond therapeutic agent, to a subject does not prechude the
separate admunistration of that same therapeutic agent, any other second therapeutic agent or any
compound of one aspect of this invention to said subject at another time during a course of
treatment. The term “co-administering” as used herein with respect to an additional cancer
treatment means that the additional cancer treatment may oceur prior 1o, consecutively with,
concurrently with or following the administration of a compound of one aspect of this invention.
{0154] In some embodiments, the additional cancer therapeutic agent is a chemotherapy agent.
Examples of chemotherapeutic agents used in cancer therapy mclude, for exampie,
antimetabolites {e.g., folic acid, purine, and pyrimidine derivatives), alkvlating agents (e.g.,
mitrogen mustards, mitrosoureas, platinum, alkyl sulfonates, hyvdrazines, tnazenes, aziridines,
spindle poison, cytotoxic agenis, topoisomerase inhibitors and others), and hypomethylating
agents {e.z., decitabine (5-aza-deoxyeytidine), zebularine, isothiocvanates, azacttidine (5-
azacyvtiding), S-flouro-2'-deoxyeytidine, 5,6-dihydro-3-azacviidine and others). Exemplary
agents include Aclarobicin, Actinomycin, Alitretinoin, Alfretamine, Aminopterin,
Aminolevelinic acid, Amrubicin, Amsacrine, Anagrelide, Arsenic trioxide, Asparaginase,
Atrasentan, Belotecan, Bexarotene, bendamustine, Bleomycin, Bortezomib, Busulfan,
Camptothecin, Capecitabine, Carboplatin, Carboguone, Carmofur, Carmustine, Celecoxib,
Chlorambucil, Chiommethine, Cisplatin, Cladnbine, Clofarabine, Crisantaspase,
Cyvelophosphamide, Cytarabine, Dacarbazine, Dactinomycin, Daunorubicin, Decttabine,
Demecolcine, Docetaxel, Doxorubicm, Efaproxiral, Elesclomol, Elsanutrucin, Enocitabine,
Epirubicin, Estramustine, Etoglucid, Etoposide, Floxuridine, Fludarabine, Flaorouracil {SFU},
Fotermustine, Gemeitabine, Gliadel tmplants, Hydroxycarbamide, Hydroxyurea, Idarubicin,
ffosfamide, Irinotecan, Irofulven, Ixabepilone, Larotaxel, Leucovorin, Liposomal doxorubicin,
Liposomal daunorubicin, Lonidamine, Lomuistine, Lucanthone, Mannosulfan, Masoprocol,
Melphalan, Mercaptopurine, Mesna, Methotrexate, Methvl aminolevulinate, Mitobronitol,

Mitoguazone, Mitotane, Mitomyvcein, Mitoxantrone, Nedaplatin, Nimustine, Oblimersen,
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Omacetaxine, Ortataxel, Oxaliplatin, Paclitaxel, Pegaspargase, Pemetrexed, Pentostatin,
Pirarubicin, Pixantrone, Plicamyein, Porfimer sodium, Predaimustine, Procarbazine, Raltitrexed,
Ranimustine, Rubitecan, Sapacitabine, Semustine, Sitimagene ceradenoves, Strataplatin,
Streptozocin, Talaporfin, Tegafur-uracil, Temoporfin, Temozolomude, Teniposide, Tesetaxel,
Testolactone, Tetranitrate, Thiotepa, Tiazofunne, Tioguanine, Tipifarnib, Topotecan,
Trabectedin, Triaziquone, Triethylenemelamine, Triplatin, Tretinoin, Treosulfan, Trofosfamide,
Uranwustine, Valrubicin, Verteporfin, Vinblastine, Vincristine, Vindesine, Vintlunmne,
Vinorelbine, Vorinostat, Zorabicin, and other cytostatic or cyiotoxic agents described herein.
{155} Because some drugs work better together than alone, two or more drugs are often given
at the same time. Often, two or more chemotherapy agents are used as combination
chemotherapy.

{8156] In some embodiments, the additional cancer therapeutic agent is a differentiation agent.
Such differentiation agent includes retinoids {such as all-trans-retincic acid (ATRA)}, S-cis
retinoic acid, 13-cis~retinoic acid {13-cRA) and 4-hydroxy-phenretinanude (4-HPR}); arsenic
trioxade; histone deacetvlase inhibitors HDACs (such as azacvtidine (Vidaza) and butvrates (e.g.,
sodium phenvibutyrate)); hybnd polar compounds (such as hexamethylene bisacetamide
{(HMBA}); vitamin D; and cytokines (such as colony-stimulating factors mchuding G-CSF and
GM-CSF, and interferons).

{81577 In some embodiments the additional cancer therapeutic agent is atargeted therapy agent.
Targeted therapy constitutes the use of agents specific for the deregulated proteins of cancer
cells. Small molecule targeted therapy drugs are generally inhibitors of enzymatic domains on
mutated, overexpressed, or otherwise critical proteins within the cancer cell. Prominent
examples are the tyrosine kinase inhibitors sach as Axitinib, Bosutintb, Cediranib, dasatimb,
erlotinib, tmatinib, gefitintd, lapatimb, Lestaurtinib, Nilotinib, Semaxanib, Sorafenib, Sunitinib,
and Vandetanab, and also cyvelin-dependent kinase inhibitors such as Alvocidib and Sclicichib.
Monoclonal antibody therapy is another strategy in which the therapeutic agent is an antibody
which specifically binds to a protein on the surface of the cancer cells. Examples include the
anti-HER2/neu antibody trastuzumab (HERCEPTIN®) typically used in breast cancer, and the
anti-CD20 antibody rituximab and Tostumornab typically used m a variety of B-cell
malignancies. Other exemplary antibodics mclude Cetuximab, Panitumumab, Trastuzumab,
Alemtuzumab, Bevacizumab, Edrecolomab, and Gemtuzumab. Exemplary fusion proteins

nclude Aflibercept and Denileukin difiitox. o some embodiments, the targeted therapy can be
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used in combination with a compound deseribed herein, 2.z, a biguamde such as metformin or
phenformin, preferably phenformin.
{01158] Targeted therapy can also involve small peptides as “homing devices™ which can bind to
cell surface receptors or affected extracellular matrix surrounding the tumor. Radionuchdes
which are attached to these peptides {e.g., RGDs) eventually kill the cancer cell if the nuchde
ecays in the vicinity of the cell. An example of such therapy includes BEXXAR®.
{01539] In some crubodiments, the additional cancer therapeutic agent is an inununotherapy
agent. Cancer immunotherapy refers to a diverse set of therapeutic strategies designed to induce
the subject's own immmne system to fight the tumor. Contemporary methods for generating an
immune response against tumors mclude intravesicular BCG mnumotherapy for superficial
bladder cancer, and use of interferons and other cytokines to induce an imnwne response 1o renal
cell carcinoma and melanoma subjects.
{0168] Allogencic hematopoictic stem cell transplantation can be considered a form of
immunotherapy, since the donor’s immune celis will often attack the tumorina
graft-versus-tumor effect. In some embodiments, the immunotherapy agents can be used m
combination with a compound or composition described herein.
{8161} In some embodiments, the additional cancer therapeutic agent is a hormonal therapy
agent. The growth of some cancers can be inhibited by providing or blocking certain hormones.
Common examples of hormone-sensitive tumors include certain types of breast and prostate
cancers. Removing or blocking estrogen or testosterone is often an important additional
treatment. In certain cancers, administration of hormone agonists, such as progestogens may be
therapeutically beneficial. In some embodiments, the hormonal therapy agents can be used m
combination with a compound or a composition described herein.
{0162} Other possible additional therapeutic modalities include imatinib, gene therapy, peptide

and dendnitic cell vaccines, synthetic chlorotoxing, and radiolabeled drugs and antibodies.

Additional Therapeutic Modalities for Brain Cancers

{8163] Additional Therapeutic Modalitics to be used in combination with the methods for
treating brain cancers described herein nclude those therapeutic modalities {e.g., surgery,
radiation, therapeutic agents/medications} that are known to be useful for treating brain tumors,
i.¢., having a therapeutic effect on, alleviating one or more symptoms of, altering the progression
of, eradicating, reducing the size of, slowing or inbibiting the growth of, delaying or minimizing
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one or more symptoms associated with, reducing the malignancy of, or inducing stasis of the
brain tumor, or alleviating or minimizing one or more side effects associated with another
therapy apphlied or administered to treat the brain tumor.

{8154} In some embodiments, the additional therapeutic modahity is surgery.

{8165} In some embodiments, the additional therapentic modality 1s radiation therapy. In some
embodiments, the radiation therapy is administered in a manner consistent with the National
Comprehensive Cancer Network Clinical Practice Guidelines m Ouneology (e.g., dose and
schedule of administration), version 1.2016 available at neen.org, In some embodiments, the
radiation therapy is admimstered in a cumulative dose of 20-100 Gy, or 30-80 Gy, or 30-60 Gy,
or 40-70 Gy, or 40-60 Gy, or 30-40 Gy, or 40-50 Gy, or 50-60 Gy, or 45-55 Gy, in 1.0-5.0 Gy
fractions, or 1.5-3.0 Gy tractions, or 1.0-1.5 Gy fractions, or 1.5-2.0 Gy fractions, or 2.0-2.5 Gy
fractions, or 2.5-3.0 Gy fractions, or [.8-2.0 Gy fractions, or 1.8 Gv fractions, or 2.0 Gy
fractions. In some embodiments, the radiation therapy ts adnunistered in a camulative dose of
50-70 Gy 1o 1.5-2.5 Gy fractions, or 60 Gy in 2.0 Gy fractions. The cunwlative dose refers to
the total of all of the fractional doses given during a course of treatment.

{0166} The dose of radiation therapy may be selected based on the nature of the brain tumor. In
some embodiments where the brain tumor is a low grade glioma, the radiation therapy is
adounistered m a cunwlative dose of 40-50 Gy 1 1.5-2.5 Gy fractions, or in a cumulative dose
of 45-54 Gy mn 1.8-2.0 Gy fractions, or in a cumulative dose of 45.5 Gy in 1.8-2.0 Gy fractions.
In some embodiments where the brain tumor is 3 high grade ghioma, the radiation therapy 1s
administered it a cumulative dose of 30-70 Gy in 1.3-2.5 Gy fractions, or in a cumulative dose
of 59.4 Gy m 1.8 Gy fractions, or 1n a cumulative dose of 55.8-59.4 Gy in 1.8 Gy fractions, orin
a cumulative dose of 57 Gy m 1.9 Gy fractions, or in a cumuldative dose of 60 Gy in 1.83-2.0 Gy
fractions, or 25 Gy in 5.0 Gy fractions. In some embodiments where the brain tumor is a
shioblastoma, the radiation therapy is admuustered in a cumulative dose of 30-60 Gy in 2.6-4 .0
Oy fractions, or in a cumulative dose of 34 Gy 3.4 Gy fractions, or in a curudative dose of 35-
45 Gy in 2.5-3.0 Gy fractions, or in a comulative dose of 50 Gy m 2.3 Gy fractions.

{8167} In some embodiments, the additional therapeutic modality is one or more additional
therapeutic agents.

{0168} In some embodiments, the one or more additional therapeutic agents include one or more
of an additional cancer therapy {i.e., anti-cancer medication} {e.g., DNA-reactive agent, a PARP

whbitor, an mmunotherapy {e.g.. a checkpoint mhibitor), PVC chemotherapy, an antibody
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therapy {e.g., bevacizumab), gemcitabine), an anti-emesis agent, an anti-convulsant or anti-
epileptic agent,

{0169] In some embodiments, the one or more additional therapeutic agents is an additional
cancer therapy {e.2., an anti-cancer medication),

{8176} In some embodiments, the additional cancer therapy is a DNA-reactive agent. As used
herein, “DNA-reactive agenis” are those agents, such as alkylating agents, cross-linking agents,
and DNA wtercalating agents, which interact covalently or non-covalently with cellular DNA.
For example, DNA-reactive agents inchide adozelesin, altretamine, bizelesin, busulfan,
carboplatin, carboquone, canmustine, chlorambuci, cisplatin, cyelophosphamide, dacarbazine,
estramustine, fotemustine, hepsuifam, tfosfamide, improsulfan, trofulven, fomustine,
mechlorethanmine, melphalan, nutozolomide, nedaplatin, oxaliplatin, piposuifan, procarbazine,
semustine, streptozocin, temozolomide, thiotepa, treosulfan, diethylnitrosoamine,
benzo{a)pyrene, doxorubicin, mitomycin-C, and the like. Many of these DNA-reactive agents
are useful n cancer therapy as DNA-reactive chemotherapeutic agents.

{0171] In some embodiments, the DNA-reactive agent 1s temozolomide (TMZ). In one aspect of
these embodiments, the TMZ 15 administered in a manner consistent with the National
Conprehensive Cancer Network Clinical Practice Guidelines in Oneology (e.g., dose and
schedule of administration), version 1.2016 available at ncen.org. 1o one aspect of these
embodiments, the TMZ is administered in a manner consistent with the prescribing information
for TEMODAR® (temozolomide} Capsules and TEMODAR® {(femozolonude) for Injection. In
some aspects of these cmbodiments, the TMZ 1s administered in a daily dose of 100-250 mg/m2
based on the patient’s body surface area, or 100-150 mg/m2, or 150-200 mg/m?2, or 200-250
mg/m2. In some aspects of these embodiments, the TMZ is administered in a daily dose of 50-
100 mg/m? based on the patient’s body surface area, or 50-75 mg/m?2. or 75-100 mg/m?2, or 60-
90 mg/m?2, or 65-85 mg/m?2, or 70-80 mg/m?. In some aspects of these embodiments, the TMZ
is administered in a daily dose of 125-175 mg/m2 based on the patient’s body surface area for 5
consecutive days of a 28-day treatment cycle. In some aspects of these embodiments, the TMZ
is administered in combination with radiation therapy in a daily dose of 50-100 mg/m? based on
the pationt’s body surface arca, or 50-75 mg/m?2, or 73-100 mg/m2, or 60-90 mg/m?2, or 65-85
mg/m2, or 70-80 mg/m2. In some aspects of these embodiments, the TMZ 1s admunistered
combination with radiation therapy in a daily dose of 70-80 mg/mZ based on the paticnt’s body

surface area for 42 days. In some aspects of these embodiments where the braimn tumor 15 a high
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grade glioma or glioblastoma, the TMZ s admunistered in combination with radiation therapy in
a datly dose of 70-80 mg/m2 based on the pattent’s body surface area for 42 dayvs. In some
aspects of these embodiments where the brain tumor is an anaplastic astrocytoma, the TMZ is
adnmimstered in a daily dose of 125-175 mg/m? based on the patient’s body surface area for 5
consecutive days of a 28-day treatiment cyvele. In some aspects of these embodiments where the
brain tumor is an anaplastic astrocyvioma, the TMZ is administered in a daily dose of 175-225
mg/m?2 based on the paticnt’s body surface area for 5 consecutive days of g 28-day treatment
cycle.

{0172] In some embodiments, the one or more additional cancer therapies (anti-cancer
medications) is a PARP inhibitor. As used herein, “PARP inhibitor” refers to an inhibitor of the
enzyme poly ADP ribose polymerase (PARP). Examples of PARP inlubitors include panuparnb,
olaparib, rucaparib, velapanb, inipanb, talazoparib, niraparb, and the like.

{0173} In some embodiments, the one or more additional cancer therapies {anti-cancer
medications) is an immunotherapy, for example a checkpoint inbibitor. As used herein,
“checkpoint mhibitor” refers to a therapeutic agent that mhabits an mumane checkpoint {e.g.,
CTLA-4, PD-1/PD-L1, and the like) that otherwise would prevent immune system attacks on
cancer cells, thereby allowing the immune sysiem to attack the cancer cells. Examples of check
point inhibitors include ipthmumab, nivolurnab, pembrolizumab, atezolizumab, avelumab,
durvalumab, BGB-A317, spartalizumab, and the like.

{8174} In some embodiments, the one or more additional cancer therapies (anti-cancer
medications} is PYC chemotherapy. As used herein, “PVC chemotherapy”™ refers to a
chemotherapy regimen comprising the combined admimstration of procarbazine, lomustine
{which s sold under the trade name CCNU®RY}, and vincristine {(which is sold under the trade
name Onocovin®). Typically, the vincnstine is administered intravenously, while the
procarbazine, and lomustine are administered orally. PCV chemotherapy often is admunistered
in cycles, wherein each cvele comprises a single administration of vinenistine and lomustine and
a 10-day course of treatment with procarbazine.

{8175} In some embodiments, the one or more additional cancer therapies (anti-cancer
medications) is an antibody, for example bevacizumab. Bevacizumab, which is sold under the

trade name Avastin®, 15 a recombinant humanized monoclonal antibody.
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{0176] In some embodiments, the one or more additional cancer therapies (anti-cancer
medications) is gemcitabine. Gemeitabine, which is sold under the trade name Gemzar®, isa
pyrimidine nucleoside analog,

{81771 In some embodiments, the one or more additional therapeutic agents is an anti-emesis
agent. Asused herein, “anti-emesis agent” refers to a drog that is effective to redace vomiting
and nausea sympioms. Examples of anti-emesis agents include 5-HT3 receptor antagonisis {e.g..
dolasetron, granisetron, ondansetron, tropisctron, palonosetron, mirtazapine, and the like),
dopamine agonists {¢.g., domperidone, olanzapine, dropenidol, haloperidol, chlorpromazine,
prochiorperazine, alizapride, prochlorperazine, metoclopramide, and the like), NK1 receptor
antagonists {¢.g., apropitant, casopttant, rolapitant, and the like), antihistamines {e.g., cinnarizinge,
cyclizine, diphenhvdramine, dimenfiydrinate, doxylamine, meclizine, promethazine,
hydroxyzine, and the like), cannabinoids (o g, cannabis, dronabinol, synthetic cannabinoids, and
the like), benzodiazepines {¢.g., midazolam, lorazepam, and the like}, anticholinergics (e.g.,
scopolamine and the like), sterouds {¢ ., dexamethasone and the like), trinethobenzamide,
ginger, propofol, glacose/fructose/phosphoric acid (which is sold under the trade name
Emetrol®), peppermint, muscimol, ajwain, and the like.

{8178] In some embodiments, the one or more additional therapeutic agents is an anti-convulsant
or andi-epileptic agent. As used herein, “anti-convulsant or anti-epileptic agent” refers to a drug
that is effective for treating or preventing seizures, including epileptic seizures. Examples of
anti-convuisants inchide paraldehyde, stinpentol, phenobarbital, methyiphenobarbital,
barbexaclone, clobazam, clonazepam, clorazepate, diazepam, midazolam, lorazepam,
nitrazepam, femazepam, mimetazepam, potassium bromide, felbamate, carbamazepine,
oxcarbazepine, eslicarbazepine acetate, valproic acid, sodium valproate, divalproex sodium,
vigabatrin, progabide, tiagabine, fopiramate, gabapentin, pregabalin, ethotoin, phenytoin,
mephenyiom, fosphonytoin, paramethadione, truncthadione, cthadione, beclamide, prinudone,
brivaracetam, etiracetam, levetiracetam, seletracetam, ethosinamide, phensixamide, mesuximide,
acetazolamide, sultiame, methazolamide, zonisamide, lamotngine, phenctaride, phenacemide,

valpromude, valnoctamide, perampanel, stinipentol, pyridoxine, and the hike.
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EXAMPLES

General experimental notes:

{9179} In the following examples, the reagents {chemicals} were purchased from commercial
sources {such as Alfa, Acros, Sigma Aldrich, TCI and Shanghai Chenical Reagent Company),
and used without further purification. Nuclear magnetic resonance (NMR) spectra were
obtaned on a Brucker AMX-400 NMR (Brucker, Switzerland). Chemical shifts were reported
i parts per nullion (ppm, 8) downfield from tetramethylisilane. Mass spectra were given with
electrospray tonization (ESI) from a Waters LCT TOF Mass Spectrometer (Waters, USA} or
Shimadza LECMS-2020 Mass Spectrometer (Shimadzu, Japan}. Microwave reactions were run

on an faitiator 2.5 Microwave Synthesizer (Biotage, Sweden).

{0180] For exemplary compounds disclosed in this section, the specification of a stereoisomer
{c.g., an (R) or (§) stereoisomer) indicates a preparation of that compound such that the
compound is enriched at the specified stereocenter by at least about 90%, 95%, 96%, 97%, 98%,
or 99%. The chemical name of cach of the exemplary compound described below is generated
by ChemDraw software.

Abbreviations list:

General
anhy. anhydrous 20
aqg. agueous
min nunute(s)
hrs hoars
mi. milliliter
mmol millimole(s)
mol mole(s)
MS mass spectrometry
NMR nuclear magnetic resonance
TLC thin layer chromatography
HPLC high-performance liqud chromatography
satd. saturated
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Spectrum

Hz hertz
N chenucal shift
i coupling constant
8 singlet
d doublet
i triplet
g quartet
s} multiplet
br broad
gd quartet of doublets
dquin doublet of quintets
dd doublet of doublets
dt doublet of triplets

Solvents and Reagents

DAST
CHCH
DBCM
DMF
ExO
EtOH
EtOAc
MeOH
MeCN
PE
THF
DMSO
AcOH
HCE
HaSOs
NHaCH

dicthylaminosulfurtrifluoride
chloroform
dichloromethane
dimethylformamide
dicthyl ether

cthyl alcohol

cthyl acetate
methyl alcohol
acctonitrie
petroleum ether
tetrahydrofuran
dimethyl sulfoxide
acetic acid
hydrochloric acid
salfuric acid

ammoniun chlonde
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KOH potassium hydroxide
NaGH sodium hydroxide
KaCOs potassium carbonate
NaaCOs sodium carbonate
TFA triflucroacetic acid
Naz S04 sodium suifate
NaBHa sodium borobvdrde
NaHCOs sodium bicarbonate
NaHMDS  sodium hexamethyvidisilylamide
LAHMDS lithiom hexamethyldisiiyviamide
LAH lithium alumunum hydode
NaBHs sodium borohydnde
LBA lithium dusopropylamide
BN tricthylamine
Py pynidine
DMAF 4-(dimethyvlamino}pyndine
DIPEA N, N-diisopropylethylaming
Xphos 2-dicyclohexylphosphino-2,4,6-triisopropyibiphenyl
BINAP 2,2 -bis{diphenyiphosphanyl}-1, 1 -binaphthvl
dppf 1, P-bis{diphenviphosphinojferrocens
TBTU 2-{1H-benzotriazole- I -vi}-1,1.3 3-tetramethyluronium
tetrafluorcborate
DPPA diphenyiphosphoryl azide
NH.OH ammonium hydroxide
EDCI I~ethyl-3-(3-dimethylaminopropylicarbodivmide
HOBt I-hydroxybenzotriazole
Py Pyridine
Dppt 1, I'-bis{diphenyiphosphino}ferrocene
HATU O~(T-azabenzotriazol-L-y1)-N N N N-tetra-methyluroniwm
BINAP 2,27 -bis(diphenylphosphanyi}- 1,1 -binaphthvl
MTBE methyl tert-butyl ether
NaSMe sodium methoxide
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Example 1
Preparation of 6-(6-(methylthio}pyridin-2-y1}-N2,N4-bis({R}-1,1, 1 triflucropropan-2-vi}

-1,3,5-triavine-2 4-diamine (Compound 1)

o

N

N7 E’\i B
e Sy

RrCE,

Compound 1
{0181] DMSO (300 mL) and 6-(6-chloropyridin-2-y1}-N2, N4-bis({R)-1,1, Lrifluoropropan-2-
v}~ 1.3, 5-trazine -2, 4-diamine {AG-881 free base, 100 g, 0.241 mol) were charged mtoa 1 L
flask under N2 at 15~20 °C. The resulting solution was stirred for 10 min at 15~20 °C to form a
clear brown solution. The reaction solution was cooled to 5 °C and sodivm thiomethoxide
{NaSMe, 35.6 g, $.508 mol) was added in portions over 20 mun at 5~10 °C. The reaction
mixture was stirred at 20~25 °C for 3 h. The mixture was poured ioto ice water (3 Ly at 5~10°C
with stirring.  After 30 min at 20~25 °C, the schid was filtered and the wet cake was triturated
with water {1.5 L) over 30 nun at 20~25 °C. The solid was filtered, washed with water (200
ml) and dred o vacuum oven at 50-55 °C to afford 6-(6-(methylthio) pyridin-2-v1}-N2 N4~
bis((R}-1,1, I-trifluoropropan-2-y1)-1,3 S-triazine-2 4-diamine
as an oft-white solid (100.8 g, 98% vield).
U NMR: (400 MHz, DMSO-ds) 3 8.41-7.81 (m, 4H), 7.45-7.42 (m, 1H), 5.12-4.91 (m, 2H), 2.59
{s,3H), 1.34(d, J= 6.1 Hz, 6H).
BCNMR: (101 MHz, DMSO-ds) & 170.63, 17024, 166.65, 16638, 160.58, 160.15, 154.20(d,
=144 He), 13777, 127 .99, 12519, 12287, 12234, 11989, 11976 {d, }=21 9 Hz), 47 .44, 47 13,
13.89 (d, J=9.6 Hz), 13.53, 13.23.
LC-MS (ESE)y: m/z 427 [M+H)
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Example 2
Preparation of 6-(5-(methylsulfinyDpyridin-2-y1)-N2 N4-bis((R)-1,1 1 -irifluoropropan

-2-y13-1,3,5-triavine-2 4-diamine (Compound 2}
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Compound 2
{0182] McOH (48 mL) and 6-{6~(methyvlthiopyridin-2-v1-N2,N4-bis{(R}-1.1, | rifluoropropan-
2-y1}~1,3 S-triazine-2 4-diamine (4.0 g, 9.38 mumol) were charged into a 250 mi. flask at 10~20 °C.
The reaction mixtare was stiered for 10 min to get a clear solution. To the reaction solution was
added agueous Oxone solution (4.6 g, 7.48 mmol, 40 mb water} dropwise over 30 min at 5~15 °C.
The resulting mixture was stivred for 2 b at 20-~30 °C. The mixture was then cooled to 10 °C and
guenched with water {100 mb}. The reaction mixture was then extracted with BCM {1 x 100 mL}.
The agueous phase was extracted with DUM (20 mL). The combined organic phase was cooled
1o 5-10 °C and added aqueous sohstion of NazS80: (1,18 g, 9.38 mmol, 20 mL water) [ The adduion
is exothermic]. The phases were separated, and the organic phase was washed with water (1 x 40
ml}, dried over anhydrous Naz50., filicred and concentrated in vacuum at 40~45 °C to get the
crude product as an oil. The residue was purified by sifica gel chromatography (Ehitant: n-heptane/
£tOAc - 5:1 to 1'1). The combined pure fractions were concentrated and dried under vacuum to
afford the intended product as a white sclid. The product was further recrvstallized by dissolving
it in methanol (30 mL) at 40-45 °C, followed by the addition of water {60 mb} over a period of 30
nin at 20-30 °C. The resulting suspension was stirred for an additional 0.5 b at 20-30 °C before
being tiltered, washed with water (10 mL) and dried 1n a vacuum oven at 50-33 *C 1o afford 6-(6-
{methylsslinyDpyridin-2-vI}-N2 N4-bis((R)-1, 1,1 -trifluoropropan-2-y1}-1,3,5
-triazine -2, 4~-diamine as a white solid (2.2 g, 53% vield}.
H-NMR (400 MHz, DMSO-de) 5 8.57-8.41 (m, 2H), 8.35-8.22 (m, ZH), 8.05 (dd, 7= 262, 7.4
Hz, 1H), 5.13-4.88 (m, 2H), 2.82 (s, 3H), 134 (d, /= 6.8 Hz=, 6H).
BCNMR (101 MHz, DMSO-ds) § 169.36, 16951, 166.67, 166.37. 166.32, 166.11, 154.56 (d, J
=97 Hz),140.05 {(d, /= 8.1Hz), 130,61, 127.93, 12680, 12533, 12522, 12498, 124 .64, 121.02
(d, J=168Hz),4749,47.12(d, /=135 Hz), 4160 {d, /=135 Hz), 1387(d, J= 152 Hz}.
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LC-MS (ES1): mz 443 [M+HJ".

Example 3
Preparation of 6-{4, 6-his ({R)-1,1 1triflucropropan-2-yljamine}-1,3,5-triazin-2-yi}

pyridine-2-thiol {Compound 3}.

NN
A A

FiCR ;\% ﬁ‘(ﬂ; CF;

Compound 3
{8183] DMSQO (100 mL) and 6-(6-chloropyridin-2-y1}-N2, N4-bis({R)-1,1, L-trifluoropropan-2-
vi) -1,3,5+trazine-2 4-diamine (AG-881 free base, 10 g, 24.1 mumol) were charged nto a 250 mL
flask ander Nz at 15~20 °C. The resulting solution was stirred for {0 mm at 15~20 °Ctogeta
clear brown solution. The reaction muxture was cooled to 5 °C, and was added NaxS (4.2 g, 50%
purity, 24.4 mmol} in portions over 5 min at 5~10 “C. The reaction muxture was stired for 16 h
at 20~25 °C, poured into ice water (300 mL} and acetic acid {50 mL) was added at 5~10 °C with
stirring. After stirring for 13-30 min at 10-15 °C, the solid was filtered. The wet cake was
dissolved 1n DCM (100 mL), phase scparated, and the aqueous laver was discarded. The organic
phase was dried with anbydrous Na:SQy filtered and concentrated under reduced pressure to
obtamn the crude product as hight vellow oil. The crude product was purified by silica gel
chromatography (Ehdant: DUM/MeOH - 30:1 to 10:1}. The pure fractions containing product
were combined and concentrated under reduced pressure to afford the purified product as yeliow
solid which was further dried in vacuum oven at ambient teraperature to obtain 6-(4, 6-bis ({({R}-
1,1 Hrifluoropropan-2-viamino - 1,35 <riazin-2-yhpyndine -2-thiol as a vellow sohid (8.0 g,
80% yield).
IH-NMR (400 MHz, DMSO-ds) 8§ 12.68-11.90 (m, 1H), 8.68-7.66 (m, 2H), 7.61-7.48 (m, 3H},
5.36-4.86 {m, 2H), 1.37-1.34 (m, 6H).
BC.NMR (101 MHz, DMSQO-de) 3 17909, 17877, 166.12, 16571, 165,62, 16346, 14285,
142.66, 13797, 137.62, 136.76, 13635, 127.83, 125.02, 11360, 112.82, 47 60-47 17, 140 (d, J =
16.2 He).
LC-MS (EST): mz 413 [M+HT
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Example 4
Preparation of 6,6'-(6,6'-disulfanedivibis{pyridine-6,2-divhbis{N2,N4-bis({R)-1,1.,1

~trifluorepropan-2-yi-1,3,5-triazine-2,4-diamine} (Compound 4)
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Compound 4
Acetonitrile (30 mL} and 6-(4, 6-bas (({R)-1, 1, -irifluoropropan-2-yhamine)-1,3,5-trazin-2
{0184] ~yDpyridine-2-thiol (1.0 g, 2.43 mmol} were charged into a 100 mL flask under Nz at
15~20 °C. The reaction mixture was cooled to -20 “C, and trichloroisocyanuric acid {102 mg,
0.44 mmol) was added m ove portion. The resulting mixture was stirred for ih at -20 °C and the
solid was filtered. The filtrate was poured into water (50 mbL}, and the resulting solution was
extracted with ethyl acetate (1 x 30 mL}. The organic layer was concentrated under reduced
pressure to afford the crude product as hight vellow oil. The residue was purified by silica gel
chromatography (Ehitant: DCM/MeOH - 50:1 10 20:1}. The pure fractions containing product
were combined and concentrated to afford a pale yellow solid which was further dried in vacwum
oven at ambient temperature o obtain 6,6'-(6.6'-disulfanedivibis(pyridine-6,2-diyl)bis{N2 N4-
bis((R}-1, L 1-trifluoropropan-2-y1)-1,3,5-triazine-2 4-diamine} as a pale yellow solid (0.82 g,
82% vield).
THLNMR (400 MHz, DMSO-cs) 5 8.62 (d, J = 8.0 Hz, 1H), 8.54 (d. J = 8.0 Hz, 2H). 8.27-8.24
{m, 2H), 8.19(d, /=80 Hz, 2H), 8.07-8.02 (m, 2H), 7.87(d. J=8.0 Hz, 2H), 5.14-4 92 (m, 4H),
141-1.36 (m, 12H).
BC.NMR (101 MHz, DMSQO-de) 3 16985, 169.59, 166.70, 16642, 166.33, 158.67, 15853,
15828, 154.71, 13972 (d. J= 12.1 Hz), 130.77, 127.96, 125.15, 122.21, 12179, 121.46, 121 32,
12114, 121.04,47 78-46 88, 13.94 (d, 7= 11.1 Hz).
LC-MS (EST): m/z 823 [M+HI".
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Example 5
Preparation of (R}-2-amine-3-{({6-{4,6-bis{{{R)-1, 1,1 -trifluoropropan-2-yliamine-1,3,5-

triazin-2-yi-pyridin-2-yiithio)propaneic acid {(Compound 5)

NH
rt\\\iflg\/ﬁ%;\[‘r’OH
2N G

/i N g}! z
AN A A
FLWNT N R

Compound 5
{0185] N N-Dimethvlformarude {5 mL), N, N-Disopropvicthylamine (1.88 g, 14.6 mmol) and
6-(4, 6-bis{{{(R}-1,1, L-trifluoropropan-2-yijamino}-1,3, S-triazin-2-yipyridine-2-thiol {1.0 g, 2.43
mmol) were charged to a 25 mL flask under N2 at 20~30 °C. A solution of /-2-amivo-~3-
chloropropancic acid (0.60 g, 4.86 mmol) in water (8 ml.} was then added dropwise fo the
reaction mixture at 20~30 °C. The resulting mixture was heated to 60 °C and stirred for 20 h
Afier stirring for 20h at 60 °C the muxture was cooled to 20 °C and poured into water (30 mL).
The resulting shurry was stivred for 15-30 min and then the solid was i1solated by vacuum
filtration and washed with water (10 mL). The solid was dried on filter under air for 1-2h and
then was dissolved in DMSO (30 mL}. The product solution in DMSO was then purified by
preparative HPLC [column: YMC TA CI8, 250 X 21 2own, [0um; flow: 15 ml/oun,; Gradient:
20% Acetonitrile ~ 80% water 0.1% TFA to 70% Acetonitrile — 30% water 0.1% TFA. @
254/205 nm}. The pure fractions containing product were combined and concentrated in vacum
at 45-50 °C to remove solvents. The product was then lvophilized to afford (R)-2-anino~3~{{(6-
{4,6-bis{{((R)~ 1, L I -trifluoropropan-2-yhamino)-1 3 5-tnazine-2-y) pyridin-2-yhthiojpropanotic
acid as a white solid (170 mg, 98.9%/220 nm, 14% vicld}.
TH-NMR (400 MHz, DMSO-ds) 8 8.37-8.03 (m, 6H), 7.88 (t../ = 8.0 Hz. 1H), 7.63 (d, /= 8.0 Hz,
FHD, 5.19-4 95 {m, 2H), 3.61-3.32 (m, 3H), 1.42-1.35 (m, 6H).
BC.NMR (101 MHz, DMSO-ds) & 169.53, 169.27, 168,77, 166.31, 166.21, 166.14, 159.03 (4, J
=81 Hzy, 153.24(d, J = 4.0 Hz), 138.70(d, /= 7.1 Hz), 127.96, 12535(d, J = 17.2 Hz), 120.71,
120.20, 36.44, 47 61, 3377, 13.97.
LC-MS (EST): m/z 499 [M+HT
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Example 6
Preparation of (8)-3-({6-{4,6-bis{({{(R)-1,1,1-trifluoropropan-2-yhamine)-1,3,5-{riazin-2

~-yhpyridin-2-yiithic}-2-methylpropanocic acid (Compound 6}

NHo
/‘W?;\V.I/E\l\”,OH
i 2/
H AN G
NFN -

Compound 6

13186] N N-Dimethviformanude (5 mL), N N-Diisopropylethvlamine (3.1 g, 24.3 mmol) and 6-
) Props ; g

{4, 6-bas(((R})- 1.1, I-tnfluoropropan-2-vlamino}-1,3,5-tnazin-2-vhpyridine-2-thiol (1.0 g, 2.43
mmol} were charged into a 25 mL flask ander No at 20~30 °C. A solution of Z-2-amino-3-
chioropropanoic acid (0.60 g, 4.86 mmol) in water (5 k) was then added dropwise to the
reaction mixture at 20-30 °C. The resulting nuxture was heated to 60 °C and stirred for 20 b,
After stirring for 20h at 60 °C the mixture was cooled to 20 °C and poured mnto water (30 mL).
The resulting slurry was stirred for 15-30 min and then the solid was isclated by vacuam
filtration and washed with water (10 mL). The solid was dried on filter under air for 1-2h and
then was dissolved in BMSO (30 mL}. The product solution in DMSO was then purified by
preparative HPLC {colommn: YMC TA C18, 250 X 21 2mm, 10um; flow: 15 mL/min ; Gradient:
20% Acetonitrile - 80% water 0.1% TFA to 70% Acetonitrile — 30% water 0.1% TFA. @
254/205 nm]. The pure fractions containing product were combined and concentrated 1o vacuum
at 45-50 °C to remove solvents. The product was then lvophilized to afford (S)-3-({(6-(4,6-
bis({({R}~1,1, 1 trifluoropropan-2-yamino)-1,3 S-triazin-2-yhpyridine-2
~yhithio}-2-methylpropanoic acid as a white solid (120 mg, 98.5%/220 nm, 10% yield).

FI-NMR (400 Mz, DMSO-~) 5 8.36-8.04 (m, 6H), 7.88 (1, /= 8.0 Hz, 1H), 7.63(d, /=8 0 Hz,
1H), 5.17-4.94 (m, 2F). 3.62-3.33 (m, 3H), 1.42-1 34 (m, 6H).

BENMR (101 MHz, DMSO-db) § 16955, 16928, 168.50, 16629, 166.15, 159.07, 158.99,
15322, 13871 (d. J=7.1 Hz), 12554, 12538, 120.68, 120.17, 56.52, 47 .59, 33 83, 13.99.
LC-MS (ESI): 77 499 [M+H]"

¥,
-~
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Example 7
Preparation of 6-(6-(methylsulfonylpyridin-2-yI}-N2,N4-bis{({R}- 1,1, 1 -triflucrepropan-2-

yi)-1,3,5-triazine-2 4-diamine {Compound 7}

A AL

FCTRTNT NT TNTRICR,

Compound 7
{01871 DMSO (50 mL) and 6~(6-chloropyridin-2-v1}-N2, N4-bis({R)- 11, I-teifluoropropan-2-
vi)- 1,3, 5-trazine -2 A-diamine (AG-881 free base, 5.0 g, 12.06 mmole) were charged to a flask.
The resulting mixture was stirred for 5 min at 15~20 °C to form a clear brown solution under
nitrogen. The reaction mixture was cooled to 5 °C, then added sodium thiomethoxide (NaSMe,
4.3 g, 60.28 nunole) was added in portions over 20 nun at 5~10 °C under nitrogen. The reaction
mixture was heated to 90~95 °C, stirred for 3 h at 9095 °C. The reaction solution was poured
info ice water (200 mL) at 510 °C with stirring.  After stirring for 30 min, the solids were
filtered, washed the filter cake with water (50 mL) and dried in vacuum at 50 °C for 6 h to afford
6-{6-(methylthio) pyridin-2-y1}-N2, Nd-bis{({R})- 1.1, 1-rifluoropropan-2-vl3-1 .3, 5-tnazine -2 4~
diamine as a pale vellow solid (4.8 g, 98.9 % purity, 93% crude vield).
{0188} To a solution of McOH (40 mL) and water (40 mL) was added 6-{6-(methylthio)pyridin-
2-y3-NZ N4-bis{({R)- 1, L 1trifluoropropan-2-yi}-1.3,5-triazine-2 4-diamine (4.0 g, 938 mmol} in
one portion. The reaction mixture was added with Oxone (11.5 g, 18 8 mmol} in portions over
15 min while keeping the temperature below 20 °C. The reaction mixtare was stirred for 2 h at
20~30 °C. The reaction mixture was cooled to 10 °C, then added water {80 mL) and DUM (120
mL). The resulting mixture was stivred for 10 min at 1015 °C and separated. The orangic phase
was washed with agueous NSO {1.2 g in 80 mL water) solution at 5~10 °C {check by KI
starch paper) and separated. The organic phase was washed with water (100 mL x 2} and
separated. The organic phase was dried over anhvdrous sodium sulfate, filtered and
concentrated in vacuum at 40-45°C 1o get 4~3V of shurry. The shurry was stirred for 30 min at
10~13°C, filtered, washed with MTBE (20 mL} and dried in vacuum at 50°C to afford 6-(6-
(methylsulfonyhpyridin-2-yI-NZ N4-bis((R)-1, 1, 1 -trifluocropropan-2-y1)-1,3,5-irtazine-2 4~

diaminge as a pale vellow solid (2.2 g, 98.7% punity, 51% vield). The mother hquor was
S8
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concentrated to afford 6-(6-(methylsulfonyDpyridin-2-v1}-N2 N4-bis({R)-1, 1, T trifluoropropan-
2-v1}-1,3,5-tnazine-2 4-diamine as a yellow solid (~1.5 g, ~90 a%/220 nm).

TH-NMR (400 MHz, CDC) 8857, J=80Hz, 1 H), 821(d, /=8 0Hz 1 H),8 11 (/=8
Hz, TH}, 5.68(d,J=12Hz, 1 H), 531 {d,J=8Hz, 1 H), 5.1 (bs, 1 H), 488 {m, 1 H},3.34 (s,
3H), 143 (dd, /=8.0,4.0 Hz, 6 H).

BC-NMR (100 MHz, CDClz) § 169.24, 166,18, 138.23, 154 .38, 139.17, 127 46, 12545 (q).
12269, 4771, 40.01, 14 .34,

LC-MS (ES): mz 459 IM+H]T

Example 8

Characterization of abserption, distribution, metabolism, and excretion of oral

O vorasidenib with concomitant intravenous microdose administration of
*C3¥Nyjvorasidenib in humans

{0189] Metabolite profiling and identification of vorasidemb (AG-881) was performed in
plasma, urine, and fecal samples collected from five healthy subjects after a single 50-mg (100
uCi) oral dose of [14CJAG-881 and concomitant intravenous microdose of |23 PN3JAG-881.
{0190] Plasma samples collected at selected time potnts from 0 through 336 hour postdose were
pooled across subjects to generate 0~ to 72 and 96-336-hour area under the concentration-tine
curve {AUC-representative samples. Urnine and feces samples were pooled by subject to
generate individual urine and fecal pools. Plasma, urine, and feces samples were extracted, as
appropriate, the extracts were profiled using high performance ligquid chromatography (HPLC),
and metabolites were 1dentified by liquid chromatography-mass spectrometry (LC-MS and/or
LC-MS/MS} analysis and by comparison of retention time with reference standards, when
available.

{0191} Due to low radicactivity in samples, plasma metabolite profiling was performed by using
accelerator mass spectrometry (AMS), In plasma, AG-881 was accounted for 66.24 and 29.47%
of the total radicactivity in the pooled AUCoe72 1 and AUCess36n plasma, respectively. The most
abundant radicactive peak (P7; M458) represented | 10 and 43.92 % of total radicactivity for
pooled AUCe72 and AUCse.336 n plasma, respectively. Al other radioactive peaks accounted for
less than 6% of the total plasma radicactivity and were not identified.

{8192} The majority of the radicactivity recovered in feces was associated with unchanged AG-

881 (55.5% of the dose), while no AG-881 was detected in urine. In comparison, raetabolites

59
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excreta accounted for approximately 18% of dose in feces and for approximately 4% of dose in
urine. MS15, M460-1, M499, M316/M460-2, and M472/M476 were the most abundant
metabolites 1o feces, and each accounted for approximately 2 to 5% of the radioactive dose,
while M266 was the most abundant metabolite 1dentified in unine and accounted for a mean of
2.54% of the dose. The remaining radicactive components in yring and feces each accounted for
<1% of the dose.

{0193] Overall, the data presented indicate [**C]AG-881 underwent moderate metabolism after a
single oral dose of 530~-mg (100 uCi) and was ehminated in humans via a combination of
metabolism and excretion of unchanged parent. AG-881 metabolism mvolved the oxidation and
conjugation with glutathione (GSH) by displacement of the chlorine at the chloropyrnidine
motcty. Subsequent biotransformation of GSH micrmediates resulted in elimination of both
elutamic acid and glycine to form the cysteinyvl conjugates (M515 and M499). The cystemyl
conjugates were further converted by a series of biotransformation reactions such as oxidation,
S-dealkylation, S~methyviation, S-oxidation, S-acetylation and N-dealkylation resulting in the
formation multiple metabolites.

{0194} A summary of the metabolites cbserved 1s included in Table 2
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Table 2

HMaa

o

Table 3 containg a summary of protonated molecular ions and charactenistic product ions for

AG-881 and identified metabolites
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Notes:

a. Retention fime from analysis of a urine sample

b. Retention time from analysis of a feces sample

¢. Retention fime from analysis of a plasma sample

d. M458 was only detected in feces by mass spectrometry, not by radioprofiling.

The proposed {theoretical} biotransformation pathways leading to the observed metabolites are

shown mn Fig. 1.
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Example 9.

Enzymatic Assays

In Vitro Assays for IDHIm (RI32H or R132C} Inhibitors

{8195] The following describes the experimental procedures that can be used to obtain the data
in colommns 2 and 4 of Table 4 and column 2 of Table 5.

{8196] In the pnimary reaction, the reduction of a-KG acid to 2ZHG is accompanied by a
concomitant oxidation of NADPH to NADP. The amount of NADPH remaining at the end of
the reaction fime 1s measured in a secondary diaphorase/resazurin reaction in which the NADPH
1s consumed 1 a 111 molar ratio with the conversion of resazurin to the highly fluorescent
resorufin. Uninhibited reactions exhibit a low fluorescence at the end of the assay, while
reactions in which the consumption of NADPH by RI32H IDHI has been inhtbited by a small
molecule show a high fluorescence.

{0197] The primary reaction is performed in a vohume of 50 uL 1X Buffer (150 mM NaCl, 20
mM Trs 7.5, 10 mM MgClz, 0.05% (w/v} bovine scrum albumin), contained 0.25 ug/ml (2.7
nM) IDHT wt / TDHI R132H heterodimer, 0.3 mM alpha-ketoghutarate, 4 uM NADPH, and
gither 300 uM NADP {(saturated} or 30 uM NADP (without sataration), and 1 uL of 50X
compound in DMSO. The mixture of compound, enzyme, and cofactor is pre-incubated at room
temperature for 1 hr prior to the addition of alpha-ketoglutarate. To perform the secondary
reaction, 10 ul. of 1X buffer containing 36 ug/ml diaphorase and 30 mM resazarin is added to
the primary reaction and incubated for a further 3 minutes at 25 °C. Florescence isread on a
Speciramax platereader at Ex 544 Em 590, Compounds or compound dilutions are prepared in
1009% DMSO concentration and diluted 1:50 into the final reaction. IDHT wit/ IDHI RI32C s
assayed under sinilar conditions except that 1X Buffer s 50 mM KoHPOs, pH 6.5; 10 mM
MgCla; 10% glycerol; 0.03% (w/v} bovine serum albumin and final concentrations are 0.4
ug/ml (4.3 nM) IDHT wit / IDHIL R132C heterodimer, .02 mM alpha-ketoglutarate, 4 oM
NADPH, and either 300 uM NADP (saturated) or 30 uM NADP (without saturation), 1C50s are
determined.

{0198} IDHI or IDH2 wildtype {wt} and mutant heterodimers are expressed and purified by
methods known in the art. For example, IDHIwi/R132m heterodimer is expressed and purified
as follows. Co-expression of IDH Iwi-his and IDHIR132C-flag 1s carried out in sf9 insect cells.
Cells (25g) are resuspended in 250 ml of 30mM Tirs, 5300mM NaCl, pH7 4, at 4°C with stirring.

Cells are disrupted with 4 passes through an M-Y 110 Micro fluidizer (Microfluidics) set to 500
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pai, and then centnifuged at 22,000 rof for 20min at 4°C. The superatant is harvested and
foaded at 15caw/h on a Histrap FF 5% Imi cohunn (GE} which is equilibrated with 50mM Tirs,
500mM NaCl, pH7.4. Host cell contaminants are removed by washing the column with
equihibration buffer followed by equibibration buffer contaning 20mM wmidazole and 60mM
imidazole to baseline. IDHwi-hus homodimer and IDHIwi-his / IDHIR 32 -flag are eluted by
equilibration buffer containing 250mM inmidazole. Fractions eluted by 230mM imidazole are
pooled together and loaded at 15cm/h onto a column pre-packed with 10ml ANTI-FLAG®R M2
Affinity Gel (Sigmay), the column 1s equilibrated with 50mM Tris, S00mM NaCl, pH7 4. After
washing with equilibration buffer, IDHIwit-his/IDHIR132C-flag heterodimer is eluted by
equilibration buffer containing flag peptide (0. 2mg/mi}. Aliguots of IDHIwt-his/IDHIR132C-
tlag are flash frozen in liquid N2 and stored at -80°C. Same conditions are used for the
purification of IDH bwi-his/IDHIR132H-flag.

In Vitre Assays for IDHIm (R132H or R1320) Inbibitors

{0199] The following describes the expenimental procedures that can be used fo obtain the data
i colummns 3 and 6 of Table 4.

{02007 A test compound is prepared as 10 mM stock in DMSO and diluted to 50X final
concentration in DMSQ, for a 50 @l reaction mixture. 1DH enzyme activity converting alpha-
ketoglutarate to 2-hvdroxyglutaric acid is measured using a NADPH depletion assay. Inthe
assay the remaining cofactor is measured at the end of the reaction with the addition of a
catalytic excess of diaphorase and resazarin, to generate a fluorescent signal in proportion o the
amount of NADPH remaining. IDH1-R132 homodmmer enzyme is diluted to 0.125 po/ml in 40
wi of Assay Buffer(150 mM NaCl, 20 mM Tns-Cl pH 7.5, 10 mM MgCly, 0.05% BSA, 2 mM b-
mercaptocthanol); 1 pl of test compound didution in DMSQ is added and the mixture is
incubated for 60 minutes at room temperature. The reaction is started with the addition of 10 ud
of Substrate Mix (20 ul NADPH, 5 mM alpha-ketoglutarate, in Assay Buffer) and the mixture is
incubated for 80 minutes at room temperature. The reaction 1s terminated with the addition of 25
pl of Detection Buffer (36 pg/ml diaphorase, 30 mM resazanin, in 1X Assay Buffer), and is
incubated for 1 minute before reading on a SpectraMax platercader at Ex544/Em390.

{0201] Compounds are assaved for their activity against IDHI RI32C following the same
assay as above with the following modifications: Assay Buffer 1s (S0 mM potassium phosphate,

pH 6.5; 40 mM sodium carbonate, 5 mM MgaCh, 10% glycerol, 2 mM b-mercaptoethanol,
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and(.03% BSA). The concentration of NADPH and alpha-ketoglutarate in the Substrate Buffer
1s 20 pM and 1 mM, respectively.

In Vitro Assays for IDHIm {(R132H or R132C} Inhibitors

{0282} The following describes the experimental procedures that can be used to obtain the data
i colonmns 3 and 5 of Table 5

{9203] A test compound is prepared as 10 mM stock m DMSO and diluted to 50X final
concentration in DMSQO, for a 50 ul reaction mixture. IDH enzyme activity converting alpha-~
ketoglotarate to 2-hvdroxyglataric acid is measured asing a NADPH depletion assay. Inthe
assay the remaining cofactor s measured at the end of the reaction with the addition of a
catalytic ¢xcess of diaphorase and resazurin, to gencrate a fluorescent signal in proportion o the
amount of NADPH remaming. IDHI-RI132H homodimer enzyme 1s diluted 10 0.125 pug/ml in 40
pl of Assay Buffer(150 mM Na(l, 20 mM Tris-Cl pH 7.3, 10 mM MgCl, 0.05% BSA, 2 mM b-
mercaptocthancl) containing 5 pM NADPH and 37.5 pM NADP; |l of test compound dilution
1 DMSO s added and the mixture is incubated for 60 munutes at oo feraperature. The
reaction 1s started with the addition of 10 ui of Substrate Mix {20 gl NADPH, 5 mM alpha-
ketoglutarate, in Assay Buffer) and the mixture is incubated for 60 minutes at room temperature.
The reaction is terminated with the addition of 25 pl of Detection Buffer (36 ug/ml diaphorase,
30 mM resazurin, in 1X Assay Buffer), and is incubated for | minute before reading on a
SpectraMax platereader at Ex544/Em3590.

{0204] Compounds arc assayed for their activity against IDHI R132C following the
same assay as above with the following modifications: IDHI-R132C homodimer enzyme is
diluted to 0.1875 pg/ml in 40 pl of Assay Buffer (50 mM potassium phosphate, pH 6.5; 40 mM
sodium carbonate, 5 mM MgCh, 10% elycerol, 2 mM b-mercaptocthanocl, and 3.03% BSA)
coutatning 3 uM NADPH and 28.753 uM NADP. The conceuntration of alpha-ketoglutarate w the
Substrate Buffer is 1 mM.

In Vitre Assays for IDHZm R146Q) Inhibitors

{0205] The following describes the experimental procedures used to obtain the data in column 7
of Table 4.

{0206] Compounds are assayed for IDH2 R140Q mbibitory activity through a cofactor depletion
assay. Compounds are preincubated with enzyme, then the reaction is started by the addition of

NADPH and o-KG, and allowed 1o proceed for 60 minutes under conditions previously
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demonstrated to be linear with respect for time for consumption of both cofactor and substrate.
The reaction is termunated by the addition of a second enzyme, diaphorase, and a corresponding
substrate, resazurin. Diaphorase reduces resazurin to the highly flucrescent resorufin with the
concomitant oxidation of NADPH to NADP, both halting the IDHZ reaction by depleting the
available cofactor pool and facilitating quantitation of the amoant of cofactor remaining after a
specific time period through quantitative production of an easily detected Huorophore.

{0267] Specificallv, wto each of 12 wells of a 384~well plate, 1 pl of 100x compound
dilution senes is placed, followed by the addition of 40 ul of buffer (50 mM potassium
phosphate (KoHPGs), pH 7.5; 156 mM NaCl; 10 mM MgCl, 10% glyeerol, 0.05% bovine serum
albumin, 2 mM beta-mercaptocthanol) containing 0.25 pg/mb IDH2 R1400 protein. The test
compound is then incubated for one hour at room temaperature with the enzyme; before starting
the TDHZ reaction with the addition of 10 i of substrate mix containing 4 uM NADPH and 1.6
mM ¢-KG in the buffer described above. After a further 16 hours of incubation at room
temperature, the reaction is halted, and the remaining NADPH measured through conversion of
resazurin to resorufin by the addition of 25 pl Stop Mix (36 ug/ml diaphorase enzyme and 60
uM resazurin; in buffer). After one minute of incobation the plate 1s read on a plate reader at
Ex344/Em390.

{0208} For deternmuination of the mhibitory potency of compounds against IDH2 R1404
in an assay format similar to the above, a similar procedure is performed, except that the final
testing concentration 1s 0.25 pg/mi IDH2 R140G protein, 4 pM NADPH and 1.6 mM o-KG.
{0209} For determination of the inhibitory potency of compounds agamst IDH2 R1400
m a high throughput screening format, a similar procedure 1s performed, except that 0.25 pg/ml
{DH2 R140Q protein is utilized in the preincubation step, and the reaction is started with the
addition of 4 uM NADPH and 8 uM o-KG.

In Vitre Assays for TDHZm R146Q Inhibitors

{0210] The following describes the experimental procedures used to obtain the data i column 6
of Table 5.

{0211} Compounds are assayed for TDH2 R1406¢} inhibitory activity through a cofactor depletion
assay. Compounds are preincubated with enzyme and cofactor, then the reaction 1s started by
the addition of a-KG, and allowed to proceed for 60 minutes under conditions previously
demonstrated to be linear. The reaction is terminated by the addition of a second enzyme,
diaphorase, and a corresponding substrate, resazurin. Diaphorase reduces resazurin to the highly
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fluorescent resorufin with the concomitant oxidation of NADPH to NADP, both halting the
{DH?2 reaction by depleting the available cofactor pool and facilitating quantitation of the
amount of cofactor remaining afier a specific time period through quantiiative production of an
castly detected fluorophore.

Specifically, into each of 12 wells of a 384-well plate, 1 ul of 50x compound dilution series is
placed, followed by the addition of 40 i of buffer (50 mM potassium phosphate (KoHPO.), pH
7.5; 150 aM NaCl 10 mM MgCla, 10% glveerol, 0.05% bovine serum albumin, 2 mM
beta~mercaptoethanol) contamming 0.39 pg/ml 1DH2 R140¢Q protein, 5 oM NADPH and 750 uM
NADP. The test compound is then incubated for 16 hrs at room temperature with the enzyme
and cofactors before starting the IDH?2 reaction with the addition of 10 il of substrate mix
contaming # M o-KG (final concentration 1.6 mM) in the buffer described above. Aftera
further 1 hour of mcubation at room temperature, the reaction 1s halted, and the remaining
NADPH measured through conversion of resazurin to resorufin by the addition of 25 ul Stop
Mix (36 pg/od diaphorase enzyme and 60 uM resazurin; in buffer). After one munute of
meubation the plate 15 read on a plate reader at Ex544/Em590.

{0212} The data for various compounds of one aspect of the disclosuremn the R132H enzymatic
assay, RI132C enzymatic agsay, R140Q enzymatic assay, RI132C cell-based assay, and R140Q
cell-based assay as described above or similar thereto are presented below in Tables 4 and 5.
Table 4 Inlubitory Activities of Exemplary Compounds 1 to 6 against mIDHI

DHIL IDHI
IDHI WT IDH! | RI32H
Wt IC50 § RI32H | ICS0 | WI/RIZZH | WI/RIZZH
Compound | 1C50 1h i6h IC50 1h 16h IC50 1h IC50 16k

i 1.587 0.042 0.036 100 06.014 0.002
2 4.875 0.161 0.451 100 0.081 0.069
3 5.546 1.256 0.576 0711 06717 0.246
5 100 100 100 100 100 100
4 1,523 0.832 0.501 0.222 0415 0.591
7 1.378 0.075 0.1638 4.394 6.022 0.034
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IDH2 382
IBH2 WT IDHZ | RI40Q
wT IC50 R140¢ G50 | WI/RI40Q | WT/RI400Q
Compound | {C50 th 16h IC50 1h 16h IC30 1h IC30 16k
i 0.41 0.037 0.193 0.021 0.488 0.04
2 1.2 0.249 0.552 0.146 1.709 0.264
3 100 3.063 2.34 1.555 100 7715
5 160 100 100 100 100 100
4 100 100 1.301 351 100 160
7 0.910 0.698 0.436 (4.059 1.232 0.125

Having thus descubed several aspects of several embodiments, it is to be appreciated
various alterations, modifications, and mmprovements will readily occur to those skilled m the
art. Such alterations, modifications, and improvements are intended (o be part of this disclosure,
and are intended to be within the spint and scope of the mvention. Accordingly, the foregoing

description and drawings arc by way of example only.
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CLAIMS

i A compound selected from:

and

5 orapharmaccutically acceptable salt thereof, m a purified form.

2 The compound of claim 1, wheremn the compound 1s

e
FoCT ﬁ/k\m)\ﬁﬁ“m:

3. The compound of claim 1, wherein the compound s

%, or a pharmaceutically acceptable salt thereof, in a purified form.
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7
ENS\
=N
3 AN
N :
FsCTR N N ﬁﬁc&, or a pharmaceutically acceptable salt thercof, in a punfied form.
4. The compound of claim 1, wherein the compound is

. or a pharmaceutically acceptable salt thereof, inn a purified form.

5. The compound of claim 1, wherein the compound 1s

FaC NN N g 0Fs
T

N{/ N =
« Lo A
iﬁ/\i)\ﬁ :

5 FoC T CFs , or a phamaceutically acceptable salt thereof, na
purified form.
6. The compound of claim 1, wherein the compound is
Nk
S - OH
o™
L L
o :
FC N NA&E@CF? , or a pharmaceutically acceptable salt thereof, in a purified
form
w7 The compound of claim 1, wherein the compound is

~J
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NH,

~ /S\/(;}H,OH
=N O
IS
X ~
FCTRINTON ﬁ’«r’?“ CF, . .
, or a pharmaceutically acceptable salt thereof, in 3 purified
form.
8. The compound of claim 1, wherein the compound is
0
’/;\\sr/s\
N

NS N =

1
FiCR p;”j\N)\ﬂ?%E‘CFB . . .
. or a pharmaceutically acceptable salt thereof, 1n a purified form.

5 9 A pharmaceutical composttion comprising a compound according to any one of claims 1

to 8, or a pharmaceutically aceeptable salt thereof, and one or more pharmacentically acceptable

excipients.
10, The pbarmaceutical composition of claim 9, wherein the compound is
%
2N

e
A X AN
F3CT™ N (FICF ) -
3 N H ®ora phamacentically acceptable salt thercof.

10 Pl The phammaceutical composition of claim 9, wherein the compound is

1K

N b
FC N N TR CF, * A e
, or a pharmaceutically acceptable salt thereof.

12, The pbharmaceutical composition of claim 9, wherein the compound is

~k
X}
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° or a pharmaceutically acceptable salt theroof,

13, The pharmaceutical composition of claim 9, wherem the compound 1s
F3C\®.§YN\ Hocr,
AT
N ‘e
25 x E

NN
PPN

Ao

F5CTH) R CF, .
° N N i , or a pharmaceutically acceptable salt thereof.
t4.  The pharmaceutical composition of claim 9, wherein the compound is
NH,
A\\\\/s\/ﬁ\(os—a
G
N"{;\f‘_\i z

F2CTH N7 N RCE .
: N b ¢ , or 3 pharmaceutically acceptable salt thereof.

15, The pharmaceutical composition of claim 9, wherein the compound is
NH
Xy S S OH
Lx o
N

, o1 3 pharmaceutically acceptable salt thereof.

16. The pharmaceutical composition of claim 9, wheremn the compound is

~k
(%]
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®or a pharmaceutically accoptable salt thereof.

17, A method of treating a cancer comprising administering to a patient in noed thereof a
therapeutically effective amount of a purified compound of any one of clatms 1to 8 ora
pharmaceutically acceptable salt thereof, wherein the cancer is characterized by the presence of
at least one mutation chosen from an IDH1 mutation or an IDH2 mutation.

18.  The method of claim 17, wherem the purified compound is

% or a pharmaceutically acceptable salt thereof.
19, The method of claim 17, wherein the purified compound is

O
W'g\

=N

el
| Jx\)\{;}w

FaC TN N T

20.  The method of claim 17, wherem the purified compound is

%, or a pharmaceatically acceptable salt thereof.

21 The method of claim 17, wherein the purified compound is

~¥
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NT ;
7 '/L\“ ’i;; RrCE
I 5 . o
N N , or a phamaceutically acceptable salt thereof.

22. The method of claim 17, wherein the purified compound is

, o1 a pharmaceutically acceptable salt thereof.

23. The method of claim 17, wherem the purified compound is

NH,

/\\Y,SV,%)\T/QH
& E |
N 0

, o1 a pharmaceutically acceptable salt thereof.

24. The method of claim 17, wherein the purified compound is

°, or a pharmaceutically acceptable salt thereof.
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25, A method of treating a cancer comprising administering to a patient in need thereof a
therapeutically effective amount of a composition of any one of claims 9 to 16, wherein the
cancer is characterized by the presence of at least one mutation chosen from an IDH1 mutation
or an IDH2 mutation.

5 26, The method of any one of claims 17 to 25 wherein the cancer is selected from glioma
{including low grade glioma), glioblastoma (including secondary glioblastoma}, grade H or Hi
astrocytoma, grade {1 or HI ohigodendroglioma, acute myelogenous loukenua (AML), sarcoma,
melanoma, non-small cell lung cancer (NSCLC), cholangiocarcinomas, chondrosarcoma,
myelodysplastic syndromes (MDS), myeloproliferative neoplasm (MPN), colon cancer, and

10 angic-imumunoblastic non-Hodgkin's lymphoma (NHL) 1n a patient.

27. The method of claim 26, wherein the cancer is glioma.
28. The method of claim 27, wherein the glioma 1s a low grade ghoma or a high grade
< = oD
glioma.
29 A method of treating a glioma in a subject in need thereof comprising administering to

15 the subject a therapeutically effective amount of a purified compound according {0 any one of

claims 1 to 8, or a pharmaceutically acceptable salt thereof.

30, The method of claim 29, wherein the purified compound is
l/\\\\\’/S\
N
10
N N
F,CTR N (RICF, . .
” 5 N ”, or a pharmaceutically acceptable salt thereof.
31, The method of claim 29, wherem the purified compound is
O
H
E/\\\]/S\
=N
Q.
- :
FCTRY N RCF, : , y A
20 , of a pharmmaceutically acceptable salt thereof.
32.  'The method of claim 29, wherein the purified compound is

~<¥
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° or a pharmaceutically acceptable salt theroof,

33, The method of claim 29, wherein the purified compound is

Fscﬂ}b}\j\ﬁN YN?(SFs

= NN
N"I

N
7~

=N

p—

NTTN z
E P

FC RN {RICF C
3 N 3 . or a pharmaceutically acceptable salt thereof,
5
34, The method of claim 29, wheremn the purified compound i3
NH;
~ SNPENPL
2N o
IS e .
A N
F O N TN R ( ,
’ N N , or a pharmaceutically acceptable salt thercof.
35, The method of claim 29, wherein the purified compound is
E/‘\Y’ S\/n;)k,rc}ﬁ
™y
NN :
P SO\ S
a (S A = ) .
18 ? N ik ¢ , ot a pharmaceutically acceptable salt thercof.

36. The method of claim 29, wherein the purified compound is

~X
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NN z

L

AN N
Fil'm N RCF . .
3 N H ¥ or a pharmaceutically acceptable salt thereof,

37. A method of treating a glioma comprising administerning to a paticnt in need thereof a
therapeutically effoctive amount of a composition of any one of clatms 9 to 16, wherein the
chioma s characterized by the presence of at least one mutation chosen from an IDHT mustation
&t oran IDH2 mutation.

38 The method of any one of claims 29 to 36, wherein the ghioma is charactenized by the
presence of at least one muiation selected from an IDHT mutation and an TDH2 mutation.
39, The method of any one of claims 17-28 and 37, wherein the mutation 1s an IDH1
mtation.

18

40, The method of claim 39, wherein the IDH mutation is an R132X mutation.
41, The method of claim 40, wherein the IDH1 mutation is an R132ZH or R132C mutation.

15 42, The method of any one of claims 17-28 and 37, wherein the motation 15 an IDH2

mutation.
43, The method of claim 42, wherein the mutation 1s a R140X or R172X mutation.

20 44, The method of claim 43, wherein the mutation 1s a R140G, R140W, or an R140L

mutation.

45, The method of claim 43, wherem the mutation is an R172K or R172G mustation.

ol
85 ]

46.  The method of anv one of claims 17 10 45, wherein the amount of the purnified compound
or pharmaceutically acceptable salt thereof administered to the patient is between about 1 and

5000 mg/day.

~k
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47.  The method of claim 46, wherein the amount of the punfied compound or
pharmaceutically acceptable salt thereof administered to the patient is between about 1 and 1000
mg/day.

48. The method of claim 46, wherein the amount of the punfied compound or
pharmaceutically acceptable salt thereof administered to the patient is between about 1 and 500
mg/day.

49 The method of any one of claims 17 to 48 wherein the purified compound or composition
1s admunistered orally.

50, The method of anv one of claims 17 to 49 wherein the purified compound or composition
1s administered in combination with an additional therapeutic modakity.

51, The method of claim 30 wherein the additional therapeutic modality is selected from
radiation, surgical resection, anti~cancer medications, anti-epileptic medications, anti-seizure
medications and anti-emesis medications.

52. The method of claim 31, wherein the anti-cancer medications are selected from
chemotherapy with eytotoxic or cytostatic agents, targeted medications, antibody therapy,

immanoctherapy and hormonal therapy.
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