(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
21 November 2019 (21.11.2019)

(10) International Publication Number

WO 2019/222438 Al

WIPO I PCT

(51) International Patent Classification:

CO7D 209/60 (2006.01) A61P 35/00 (2006.01)
A61K 31/403 (2006.01) A61P 37/00 (2006.01)
AG61P 3/00 (2006.01)

(21) International Application Number:
PCT/US2019/032555

(22) International Filing Date:
16 May 2019 (16.05.2019)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/672,802 17 May 2018 (17.05.2018) UsS

(71) Applicant: BRISTOL-MYERS SQUIBB COMPANY
[US/US]; Route 206 and Province Line Road, Princeton, NJ
08543 (US).

Inventors: DHAR, T., G., Murali; c/o Bristol-Myers
Squibb Company, Route 206 and Province Line Road,
Princeton, NJ 08543 (US). XIAOQ, Zili; c/o Bristol-My-
ers Squibb Company, Route 206 and Province Line Road,
Princeton, NJ 08543 (US). YANG, Michael, G.; c/o Bris-
tol-Myers Squibb Company, Route 206 and Province Line
Road, Princeton, NJ 08543 (US).

Agent: KORSEN, Elliott et al.; Bristol-Myers Squibb
Company, Route 206 and Province Line Road, Princeton,
NJ 08543 (US).

(72)

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:
with international search report (Art. 21(3))

(54) Title: TRICYCLIC SULFONE COMPOUND AS A ROR GAMMA MODULATOR

0]

w0 20197222438 A1 |0 000000000 0 0 0 00

(57) Abstract: There is described a RORy modulator of the formula (I), or stereoisomers, pharmaceutically acceptable salts, solvates, or
prodrugs thereof. Also provided are pharmaceutical compositions comprising the same. The compound of the invention may be useful
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TRICYCLIC SULFONE COMPOUND AS A ROR GAMMA MODULATOR

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U 8. Provisional Application No.

Wh

62/672802, filed May 17, 2018, the disclosure of which is incorporated herein by

reference in ifs entirety.

FIELD OF THE INVENTION
This invention relates 1o a modulator of the retinoid-related orphan receptor RORy
10 and methods for using said modulator. The compound described herein can be
particularly useful for treating a variety of diseases and disorders in huwmans and animals.
Exemplary disorders include, but are not limted to, psoriasis, rheumatoid arthritis,
mflammatory bowel disease, Crohn’s disease, ulcerative colitis, acute graft-versus-host

disease, psoriatic arthritis, ankviosing spondylitis, systemic lupus ervthematosus (SLE},

[
W

tupus nephritis (LN}, §j6gren's syndrome and multiple sclerosis.
p P §08 ; P

BACKGROUND OF THE INVENTION
The retincid-related orphan receptors, RORa, RORS, and RORy, plav an
important role in numerous biclogical processes including organ development, immunily,
20 metabolism, and circadian thyvthms. See, for example, Dussault et al. in Mech. Dev.
(1998 vol. 70, 147-153; Andre et al. in EMBO J. (1998) vol. 17, 3867-3877. Sunetal. in
Science (Z000) vol. 288, 2369-2373; and Jetten in Nuch Recept Signal (2009) vol. 7, 1-
32
RORY 15 expressed in several tissues including the thymus, kidney, liver, and
25 muscle. Two isoforms of RORy have been identified: RORy1 and RORY2 (also known,
respectively, as RORy and RORyt). See, for example, Hirose et al. in Biochem. Biophys.
Res. Commmun. {(1994) vol. 205, 1976-1983; Otz et al. in Mol Endocrmol. (1995} vol. 9,
1679-1691; and He et al. in Immunity (1998) vol. 9, 797-806. Expression of RORyt is
restricted to lymiphoid cell types including CD4+CD8+ thymocytes, IL-17 producing T
30 helper (Th17) cells, lvmphoid tissue inducer (LT1) cells, and v& cells. RORyt is essential
for the development of lymaph nodes and Pever's patches and for the normal

differentiation of Thi7, vo, and LTi cells. See, for example, Sun et al. in Science (2000)

-4 -
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vol. 288, 2369-2373; Ivanov et al. in Cell {2006) vol. 126, 1121-1133; Eberl et al. in Nat.
Imumnol. (2004 vol, 5, 64-73; Ivanov et al. in Seman. Bnmunol, (2007) vol. 19, 409-417;
and Cua and Tato in Nat. Rev. Immwunol. (2010} vol. 10, 479-489,

Proinflammatory cytokines such as IL-17A (also referred to as {L.-17), IL-17F,

Wh

and [L-22 produced by Th17 cells and other RORy+ lymphocyies activate and direct the
imnune response to extracellular pathogens. See, for example, Ivanov et al. i Semin.
Immunol. (2007) vol. 19: 409-417; and Marks and Craft in Semin. Immunol. (2009} vol.
21, 164-171. RORy directly regulates IL-17 transcription and disruption of RORy in mice
attenuates IL-17 production. See, for example, Ivanov et al. i Cell (2006} vol. 126, 1121~

10 113:

43

Dyysregulated production of 1L-17 has been implicated inn several human
autoimmune and inflammatory diseases including multiple sclerosis, rheumatoid arthritis,
psoriasis, nflamatory bowel disease (IBD), Systermc lupus eryvthematosus (SLE) and
fupus nephritis (LN), Sjogren's syndrome and asthma. See, for example, Lock et al. in

15 Nat Med. (2002) vol. 8 500-508; Tzartos et al. in Am. J. Pathol. (2008} vol. 172, 146-
155; Kotake et al. in J. Clin. Invest. (1999} vol. 103, 1345-1352; Kaskham et al. in
Arthritis Rheum. (2006} vol. 54, 1122-1131; Lowes et al. in 1. Invest. Dermatol. (2008)
vol. 128, 1207-1211; Leonardi et al. in N. Engl. J. Med. (2012) vol. 366, 1190-1199;
Fujino et al. in Gut (2003) vol. 52, 63-70; Seiderer et al. in Inflamm. Bowel Dis. (2008}

20 vol 14, 437-445; Wong et al. im Chin. Exp. Tmmumel (2001 vol. 125, 177-183; Duo Li et

al. in Autoimmunity (2015} vol. 48, 353-361. M. Tahara et al. in Chinical and

Experimental Immunology (2016), Vol. 187, 213-224 and Agache et al. in Respir. Mead.

(2010) 104; 1131-1137. In murine models of these diseases, inhibition of {L-17 function

by neutralizing antibodies or genetic disruption of 1L-17 or 1L-17 receptor ameliorates the
disease course or clinical symptoms. See, for example, Hu et al. in Ann N Y. Acad. Sci.

{2011y vol 1217, 60-76.

2
(i

Disruption of RORy in mice also aitenuates disease progression or severity in
animal models of autoimmunity and imflammation including experimental autoimmune
encephalomyelitis (EAE), imiquimod induced psoriasis, colitis, Systemic fupus

30 erythematosus (SLE) and tupus nephritis (LN), Sjogren's syndrome and allergic airway
disease. See, for example, Ivanov et al. in Cell (2006) vol. 126, 1121-1133; Yang et al. in

Immunity (2008) vol. 28, 29-39; Pantelyushin et al. in J. Clin. Invest. {2012} vol. 122,



WO 2019/222438 PCT/US2019/032555

2232-2256; Leppkes et al. in Gastroenterology (2009) vol. 136, 257-267; A. Gaweco et
al. Annals of the Rheumatic Diseases (2015), 74, 120; M. Tabara et al. in Clinical and
Experimental Immunology (2016), Vol 187, 213-224 and Tilley et al. in J. Inwounol.

20073 vol. 178, 3208-3218.

Wh

Each of the references in this Background section is hereby incorporated herein by
reference in its entirety for all purposes.

Therapeutic agents exist to treat a variety of inflamumatory and autoimmune
diseases, but there siill remains a significant unmet medical need in these therapeutic
areas. Given the role of 1L-17 m hurnan disease and the validation of 1L-17 and RORy ags
10 targets in murine disease models, compounds capable of modulating RORyt activity are

contemplated to provide a therapeutic benefit in the treatment of multiple immune and
inflamimatory disorders.
The compound of the invention has been found to be capable of modulating
RORyt activity while not forming a GSH adduct based on in vitro experiments.
15  Formation of a GSH adduct may not be a desirable characterisiic because of the potential

formation of metabolites.

SUMMARY OF THE INVENTION

in one aspect, the invention compnses the compound of the formula (1},

20

(B

or pharmaceutically acceptable salts thereof. The invention includes sterecisomers,

solvates or prodrugs thereof

In one aspect, the mvention comprises the compound of the formula (1),

2
(i
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)

In another aspect, the invention comprises pharmaceutical composttions

comprising the compound according to formula (1}, steresisomeric form or a

Wh

pharmaceutically acceptable salt, as described herein, and a pharmaceutically acceptable
carrier, excipient, or diluent,

I another aspect, the invention cormprises methods for modulating RORy in a cell
comprising contacting the cell with an effective amount of the compound according o
formula (1), stereoisomeric form or a pharmaceutically acceptable salt, as described
10 herein. This aspect may be conducted in vifro ot in vivo.

In another aspect, the invention comprises methods for treating a subject suffering
from a disease or disorder modulated by RORy, the method comprising administering io a
subject a therapeutically effective amount of the compound according to formula (), ora
sterecisomeric form, pharmaceutically acceptable salt or pharmaceutical composition as

15 described herein.

In another aspect, the invention comprises a method for freating a disease or
disorder selected from an inflamynatory disease or disorder, an autoirnmune disease or
disorder, an allergic disease or disorder, a metabolic disease or disorder, and/or cancer in
a subject, the method comprising administering to the subject a therapeutically effective

20 amount of the compound according to formuda (1), or a sterecisomeric {orm,

pharmaceutically acceptable salt or pharmaceutical composition as described heren.

DETAILED DESCRIPTION OF THE INVENTION

In one aspect, the nvention comprises the compound of formula (),

-4 -
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)

or a sterecisomer or pharmaceutically acceptable salt thereof.

In one embodiment, the invention provides a pharmaceutical composition,

Wh

comprising a pharmaceutically acceptable carrier and a therapeutically effective amount
of the compound of the invention or a stereoisomer, a pharmaceutically acceptable sall or
a solvate thereof.

In another embodiment, the invention provides a process for making the
compound of the invention or a stereoisomer, pharmaceutically acceptable saltora
10 solvate thersof

In another embodiment, the invention provides the compound of the present
invention for use in therapy.

In another embodiment, the invention provides a combined preparation of the
compound of the present invention and additional therapeutic agent(s) for simultaneous,

15  separate or sequential use in therapy.

In another embodiment, the invention provides the compound of the present
mvention for use m treating diseases {or a method of treating diseases) in which
mflammation is a component including, without limitation, diseases such as psoriasis,
rheumatoid arthritis, inflammatory bowel disease, Crohn’s disease, vlcerative colitis,

20 acute grafi-versus-host disease, psoriatic arthritis, ankyvlosing spondylitis and multiple
sclerosis.

The following are definitions of terms used in this specification and appended
claims. The mitial definition provided for a group or term herein applies to that group or
term throughout the specification and claims, individually or as part of another group,

unless otherwise indicated.

2
(i

The compound of formula I may exist in a free form {with no ionization} or can
form salts which are also within the scope of this invention. Unless otherwise indicated,
reference to an inventive compound is understood to include reference to the free form

-5 .
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and to salts thereof The term "sali(s)" denotes basic sait{s) formed with inorganic and/or
organic bases. Pharmaceutically acceptable (i.e., non-toxic, physiologically acceptable)
salts are preferred, such as, for example, acceptable metal and anune salts in which the

cation does not contribute significantly to the toxicily or biological activity of the salt.

Wh

However, other salts may be useful, e.g., in isolation or purification steps which may be
emploved during preparation, and thus are conternplated within the scope of the
invention. Salts of the compound of formula { may be formed, for example, by reacting
the compound of the formuia I with an amount of base, such as an equivalent amount, in a
medium such as one in which the salt precipitates or in an agueous medium followed by
10 lyophilization.

Exemplary basic salts include anmimonium salts, alkali metal salts such as sodium,
lithium, and potassium salts; alkaline earth metal salts such as calcium and magnesium
salts; bartum, zing, and aluminum salts; salis with organic bases (for example, organic
amines) such as tnialkylamines such as triethylamine, procaine, dibenzylamine, N-benzyl-

15 pP-phenethylamine, ephenamine, N N -dibenzylethylene-diamine, dehydroabietylamine, N-
ethyvipiperidine, benzylamune, dicyclohexylamine or similar pharmaceutically acceptable
amines and salts with amano acids such as arginine, lvsine and the hike.

The phrase "pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of

20 sound medical judgment, suitable for use m contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response, or other problem or
complication, commensuraie with a reasonable benefit/risk ratio.

As used herein, "pharmaceutically acceptable salis” refer to dervatives of the

disclosed compound wherein the parent compound is modified by making base salts

W

thereof. Examples of pharmaceutically acceptable salts include, but are not limited to,

b2

alkali or organic salts of the carboxylic acid. The pharmaceutically acceptable salts
mclude the conventional non-toxic salts or the quaternary ammoniom salts of the parent
compound formed, for example, from non-toxic inorganic or organic bases.
The pharmaceutically acceptable salts of the present invention can be synthesized
30 from the parent cormpound, which contains an acidic moiety, by conventional chemical
methods. Generally, such salts can be prepared by reacting the free acid form of the

compound with a stoichiometric amount of the appropriate base in water or in an organic

-6 -
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solvent, or in a mixture of the two: generally, nonagueous media like ether, ethyl acetate,
ethanol, 1sopropanol, or acetonitrile are preferred. Lists of suitable salts are found in
Remington's Pharmaceutical Sciences, 18th Edition, Mack Publistung Coropany, Easton,
PA (1990}, the disclosure of which is hereby incorporated by reference.

Prodrugs and solvates of the inventive compound are also contemplated. The
term "prodrug” denotes a compound which, upon adnunistration 1o a subject, undergoes
chemical conversion by metabolic or chemical processes to yield the compound of
formula |, and/or a salt and/or solvate thereof. Anv compound that will be converted in
vivo to provide the bioactive agent {i.e., the compound for formula 1) is a prodrug within
the scope and spirtt of the invention. For example, the carboxvlic acid group of the
compound of formula I can form physiologically hydrolvzable esters which serve as
prodrugs by being hydrolyzed in the body to vield the compound of formula 1 per se.
Such prodrugs are preferably adnunistered orally since hydrolysis in many instances
occurs principally under the influence of digestive enzymes. Parenteral administration
may be used where the ester per se is active, or in those instances where hvdrolysis
occurs i the blood. Examples of physiologically hydrolyzable esters of compounds of
formula I include Cis alkylbenzyl, 4-methoxybenzyl, indanyl, phthalvl, methoxymethyl,
Cis alkanovioxy-Cis alkyl, e.g., acetoxyvmethyl, pivaloyloxymethvl or
propionyloxyvmethvl, Cis alkoxycarbonyloxy-Cie alkvl, e. g, methoxyecarbonyloxymethyl
or ethoxycarbonylosymethyl, glveyloxymethvl, phenyiglyeyloxymethyl, (5-methyl-2-
oxo-1,3-dioxolen-4-v1}-methyi and other well-known physiologically hydrolyzable esters
used, for example, in the penicillin and cephalosporin arts. Such esters may be prepared
by conventional techniques known in the art.

Various forms of prodrugs are well known in the art. For examples of such
prodrug derivatives, see:

a) Bundgaard, H., ed., Design of Prodrugs, Flsevier {1985), and Widder, K. etal., eds.,
Methods in Enzymology, 112:309-396, Academic Press (1983);

b) Bundgaard., H.. Chapter 5, "Design and Application of Prodrugs", Krosgaard-
Larsen, P. etal | eds., 4 Textbook of Drug Design and Development, pp. 113-191, Harwood
Academic Publishers (1991); and

c) Bundgaard, H., Adv. Drug Deliv. Rev., 8:1-38 {1992),

each of which is incorporated herein by reference.
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Another aspect of the invention is a pharmaceutical composition including the
compound, or a pharmaceutical salt or solvate thereof, as described herein. The
pharmaceutical compositions described herein generallv coraprise a combination of the
compound described herein and a pharmaceutically acceptable carrier, diluent, or
excipient. Such compositions are substantially free of non-pharmaceutically acceptable
components, i.e., contain amounis of non-pharmaceutically acceptable components lower
than permuitted by U 8. regulatory requirements at the time of filing this application. In
some embodiments of this aspect, if the compound 13 dissolved or suspended in water, the
compostiion further optionally comprises an additional pharmaceutically acceptable
carrier, diluent, or excipient. In other embodiments, the pharmaceutical compositions
described herein are solid pharmaceutical compositions {e.g., tablets, capsules, etc.}.

These compositions can be prepared in a manner well known in the
pharmaceutical art, and can be admirustered by a varniety of routes, depending upon
whether local or systemic treatment is desired and upon the area to be treated.
Administration may be topical (including ophthalmic and to mucous membranes
mcluding intranasal, vaginal and rectal delivery), pulmonary {e.g., by inhalation or
msuffiation of powders or asrosols, including by nebulizer, mtratracheal, intranasal,
epidermal and transdermal}, ocular, oral or parenteral. Methods for ocular delivery can
include topical administration (eye drops), subconjunctival, periocular or intravitreal
mjection or infroduction by balloon catheter or ophthalmic inserts surgically placed n the
conjunctival sac. Parenteral administration includes intravenous, intraarterial,
subcuianeous, intraperitoneal or inframuscular injection or infusion; or intracranial, e.g.,
intrathecal or intraventricular, admunistration. Parenteral adminisiration can be mn the form
of a single bolus dose, or may be, for example, by a continuous perfusion pump.
Pharmaceutical compositions and formulations for topical adminisiration may include
transdermal patches, oiniments, lotions, creams, gels, drops, suppositories, spravs, liguids
and powders. Conventional pharmaceutical carriers, aqueous, powder or oily bases,
thickeners and the like may be necessary or desirable.

Also, pharmaceutical compositions can contain, as the active ingredient, the
compound described herein above in combination with one or more pharmaceutically
acceptable carmers. In making the compositions described herein, the active ingredient is

typically mixed with an excipient, diluted by an excipient or enclosed within such a
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carrier in the form of, for example, a capsule, sachet, paper, or other container. When the
excipient serves as a diluent, it can be a solid, semi-solid, or hquid material, which acts as
a vehicle, carrier or medium for the active ingredient. Thus, the compositions can be in
the form of tablets, pilis, powders, lozenges, sachets, cachets, elixirs, suspensions,
emulsions, solutions, syrups, aerosols {as a solid or in a liguid medium), cintments
containing, for example, up to 10% by weight of the active compound, soft and hard
gelatin capsules, suppositories, stertle injectable solutions, and sterile packaged powders.

In preparing a formulation, the active compound can be milled to provide the
appropriate particle size prior {o combining with the other ingredients. I the active
compound 1s substantially insoluble, 1t can be nulled to a particle size of less than 200
mesh. If the active compound is substantially water soluble, the particle size can be
adjusted by milling to provide a substantially uniform distribution in the formulation, e.g..
about 40 mesh.

Some examples of suitable excipients include lactose, dexitrose, sucrose, sorbitol,
manmiiol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium
stlicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water, syrup, and
methy] cellulose. The formulations can additionally include: lubricating agents such as
talc, magnesium stearate, and nuneral oil; wetting agents; emulsifying and suspending
agents; preserving agents such as methyi- and propylhydroxy-benzoates; sweetening
agents; and flavoring agents. The compositions described herein can be formulated so as
to provide quick, sustained or delayed release of the active ingredient afier administration
to the subject by emploving procedures known in the art.

The active compound can be effective over a wide dosage range and is generally
admanistered in a pharmaceutically effective amount. It will be understood, however, that
the amount of the compound actually administered will usually be determined by a
physician, according to the relevant circumstances, including the condition to be treated,
the chosen route of admanistration, the actual compound administered, the age, weight,
and response of the individual subject, the severity of the subject's symptoms, and the
like.

For preparing solid compositions such as tablets, the principal active ingredient is
mixed with a pharmaceutical excipient to form a solid preformulation composition

containing a homogeneous mixture of a compound described herein. When referring to
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these preformulation compositions as homogeneous, the active ingredient is typically
dispersed evenly throughout the composition so that the compostiion can be readily
subdivided into equally effective unit dosage forms such as tablets, pills and capsules.

This solid preformulation is then subdivided into unit dosage forms of the type described

Wh

above contaming from, for example, 0.1 1o about 500 mg of the active ingredient of a
compound described herein.

The tablets or pills can be coated or otherwise compounded to provide a dosage
form affording the advantage of prolonged action. For example, the tablet or pill can
comprise an inner dosage and an outer dosage component, the latter being m the form of
10 an envelope over the former. The two compounents can be separated by an enteric layer

which serves to resist disintegration in the stomach and permit the inner component to

pass intact into the duodenum or 10 be delaved in release. A variety of maiterials can be

used for such enteric lavers or coatings, such materials including a number of polymeric

acids and mixtures of polymeric acids with such materials as shellac, cetyl alcohol, and
15 cellulose acetate.

The liguid forms in which the compound and compositions can be incorporated
for adnunistration orally or bv imjection include aqueous solutions, suitably flavored
svrups, aqueous or oil suspensions, and flavored emulsions with edible oifs such as
cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as ehixirs and similar

20 pharmaceutical vehicles.

Composttions for inhalation or insufflation include solutions and suspensions in
pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and
powders. The hquid or solid compositions may contain suitable pharmaceutically
acceptable excipients as described supra. In some embodiments, the coropostitions are

administered by the oral or nasal respiratory route for local or systemic effect.

2
(i

Compositions in can be nebulized by use of inert gases. Nebulized solutions may be
breathed directly from the nebulizing device or the nebulizing device can be attached to a
face masks tent, or intermuittent positive pressure breathing machine. Solution, suspension,
or powder comppositions can be administered orally or nasally from devices which deliver
30 the formudation in an appropriate manner,
The amount of cornpound or composition admunistered to a subject will vary

depending upon what is being adnunistered, the purpose of the adnunistration, such as

-10-
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prophyiaxis or therapy, the state of the subject, the manner of administration, and the like.
In therapeutic applications, compositions can be administered to a subject already
suffering from a disease in an amount sufficient to cure or at least partially arrest the
svmptoms of the disease and its complications. Effective doses will depend on the disease
condition being {reated as well as by the judgment of the attending clinician depending
upon factors such as the sevenity of the disease, the age, weight and general condition of
the subject, and the like.

The compositions administered to a subject can be in the form of pharmaceutical
compostiions described above. These compositions can be sterilized by conventional
sterilization techniques, or may be sterile filtered. Aqueous solutions can be packaged for
use as is, or lyvophilized, the lyophilized preparation being combined with a sterile
agueous carrier prior to administration. The pH of the compound preparations typically
will be between 3 and 11, more preferably from 5 to 9 and roost preferably from 7 to 8. It
will be understood that use of certain of the foregoing excipients, carriers, or stabilizers
will result in the formation of pharmaceutically acceptable salts.

The therapeutic dosage of the compound can vary according to, for example, the
particular use for which the treatment is made, the manner of administration of the
compound, the health and condition of the subject, and the judgment of the prescribing
physictan. The proportion or concentration of a compound described herein in a
pharmaceutical composition can vary depending upon a number of factors including
dosage, chemical characteristics {e.g.. hvdrophobiciiy). and the route of administration,
For example, the compound described herein can be provided in an agueous physiological
buffer solution containing about 0.1 to about 10% w/v of the compound for parenieral
admainistration. Some typical dose ranges are from about 1 pg/kg to about 1 g/’kg of body
weight per day. In some embodiments, the dose range is from about 0.01 mg/kg to about
100 mg/kg of body weight per day. The dosage 1s likely to depend on such variables as
the type and extent of progression of the disease or disorder, the overall health status of
the particular subject, the biclogical efficacy of the compound, formulation of the
excipient, and its route of adminmstration. Effective doses can be extrapolated from
dose-response curves dertved from in vifro or animal model test systems.

The compound of the present invention is useful to prevent, diagnose, and treat

various medical disorders in humans or animals. The compound is used to intubit or

~-11-
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reduce one or more activities associated with RORy receptors, relative to RORYy recepiors
in the absence of the same compound. Thus, in one aspect of the invention, a method for
treating a disease or disorder selected from an autoimmune disease or disorder, asthma,
an allergic disease or disorder, a metabolic disease or disorder, and cancer in a subject
comprises administering to the subject a therapeuiically effective amount of the
compound of formula (I), or a pharmaceutically acceptable salt, solvate, or
pharmaceutical composition as described herein. See, eg.. L.A Solteral, “Action of
RORs and their ligands in {patho}physioclogy,” Trends Endocrinol. Metab. 2012, 23 (12
619-627, M.S. Maddur e o/, “Th17 cells: biology, pathogenesis of auloimmune and
mflammatory diseases, and therapeutic strategies,” Am. J. Pathol 2012 Jul;181(1):8-18;
and A M. Jetten, “Retinoid-related orphan recepiors (RORs): critical roles in
development, immunity, circadian rhythm, and celiular metabolism,” Nucl. Recept.
Signal. 2009,7:¢003, each of which 1s hereby incorporated herein by reference in is
entirety, as well as the references discussed in the Background section. In certain
embodiments, the auloinmumune disease or disorder is selected from rheumatoid arthritis,
ankylosing spondylitis, psoriasis and psortatic arthritis, multiple sclerosis, inflammatory
bowel diseases Sjégren's syndrome and lupus. In certain embodiments, the allergic
disease or disorder is selected from allergic rhinttis and dermatitis. In certain
embodiments, the metabolic disease or disorder is selected from obesity, obesity-induce
maulin resistance and type 11 diabetes,

In certain embodiments, the disease or disorder 1s rheumatoid arthritis.

In other embodiments, the disease or disorder is muitiple sclerosis.

In other embodiments, the disease or disorder 18 ankylosing spondylitis,

In other embodiments, the disease or disorder 15 inflammatory bowel disease.

In other embodiments, the disease or disorder i1s hupus.

in other embodiments, the disease or disorder is Sjdgren’s syndrome,

In other embodiments, the disease or disorder is psoriasis.

In other embodiments, the disease or disorder is psoriatic arthritis.

In other embodiments, the disease or disorder is graft-vs.-host disease (GVHD).

In other embodiments, the disease or disorder is autoimmmune uveiis.

In other embodiments, the disease or disorder 1s obesity and/or insulin resistance.

In other embodiments, the disease or disorder is melanoma.
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In certain aspects, the medical disorder being diagnosed, treated, or prevented by
use of the presently disclosed compound can be, for example, an autoimmumne disorder.

In other embodiments, the disorder being diagnosed, treated or prevented by use of the
presently disclosed compound can be an inflammatory disorder. For example, in certain
embodiments, the disorder is selected from arthritis, diabetes, multiple sclerosis, uveitis,
rheumatoid arthritis, psonasis, asthma, bronchitis, allergic rhimitis, chronic obstructive
pulmonary disease, atherosclerosis, H. pylori infection and itlammatory bowel disease.
In other embodiments, the disorder is selected from Crohn’s disease, ulcerative colitis,
sprue and food allergies. In other embodiments, the disorder is autoimmune
encephalonwyelitis, imiquimod-induced psornasis, colitis or allergic airway disease.

As used herein, the phrase “therapeutically effective amount” refers to the amount
of active compound or pharmaceutical agent that elicits the biological or medicinal
response that 15 being sought in a tissue, system, animal, individual or human by a
researcher, veterinarian, medical doctor or other chinician.

In certain embodiments, a therapeutically effective amount can be an amount
sutiable for (1) preventing the disease; {or example, preventing a disease, condition or
disorder m an mdividual who may be predisposed to the disease, condition or disorder but
does not vet experience or display the pathology or symptomatology of the disease; (2)
inhibiting the disease; for example, inhibiting a disease, condition or disorder in an
mdividual who is experiencing or displaving the pathology or svmptomatology of the
disease, condition or disorder; or (3} amehorating the disease; for example, ameliorating a
disease, condition or disorder in an individual who 1s experiencing or displaving the
pathology or symptomatology of the disease, condition or disorder (7.e., reversing the
pathology and/or symptomatology} such as decreasing the severity of disease.

As used here, the terms “treatment” and “treating” means {1} ameliorating the
referenced disease staie, for example, amelioraiing a disease, condition or disorder in an
mdividual who is experiencing or displaving the pathology or svmptomatology of the
disease, condition or disorder {i.¢., reversing or improving the pathology and/or
svmptomatology} such as decreasing the severity of disease; (i1} eliciting the biological or
medicinal response that i1s being sought in a tissue, system, animal, individual or human
by a researcher, veterinarian, medical doctor or other chinician; or (i11) inhibiting the

referenced disease state; for example, inhibiting a disease, condition or disorder in an

~- 13 -
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individual who is experiencing or dispiaying the pathology or symptomatology of the

disease, condition or disorder.

METHOD OF PREPARATION

The compound of the present invention may be synthesized by many methods
available to those skilled in the art of organic chemistrv. One example of a method of
preparation is shown in the Example below. Different methods to prepare the compound
of the present invention will be evident to those skilled in the art. Frequently chemists
skilled in the art of synthesis may devise alternative preparations which may be desirable
based on one or more considerations such as shorter reaction time, less expensive starting
materials, ease of operation or isolation, improved yield, suitability to catalysis,
avoidance of toxic reagents, accessibility of specialized instrumentation, decreased
number of linear steps, elc.

Preparation of a homochiral compound or intermediate may be carried out by
technigues known to one skifled in the art. For example, a homochiral compound may be
prepared by separation of racemic products or diastersomers by chiral phase preparative
chromatography. Alternatively, the compound may be prepared by methods known to
give enantiomerically or diastereomerically enriched products. The reactions and
techmiques used to prepare the compound of the present invention are performed in
solvents appropriaie to the reagenis and materials emploved and are suitable for the
transformations being effected. All reaction conditions, including choice of solvent,
reaction atmosphere, reaction temperature, duration of the experiment and work up
procedures, are chosen to be the conditions standard for that reaction, which should be
readily recognized by one skilled in the art. 1t is understood by one skilled in the art of
organic synthesis that the functionality present on various portions of the molecule must
be compatible with the reagents and reactions proposed. Such restrictions to the
substituents that are compatible with the reaction conditions will be readily apparent to
one skilled in the art, with altematives required when incompatible substituents are
present. This will sometimes require a judgment to modify the order of the synthetic
steps or to select one particular process scheme over another in order to obtain the desired
compound of the mvention. It will also be recognized that another major consideration in

the planning of any synthetic route in this field is the judicious choice of a protecting

~- 14 -~
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group used for protection of reactive functional groups present in the compounds
described in this invention. An authoritative account describing the many alternatives (o
the trained practitioner is Wuts and Greene, Greene s Protective Groups in Organic

Synthesis, Fourth Edition, Wiley and Sons (2007},

Wh

Examples
The following examples illustrates the particular and preferred embodiments of
the present invention and do not limit the scope of the present invention. A synthetic
scheme for preparing the compound of the present invention 13 described below. This

10 scheme s illustrative and s not meant to lumit the possible techniques one skilied in the
art may use to prepare the compound disclosed herein. Chemical abbreviations and
symbols as well as scientific abbreviations and symbols have their usual and customary
meanings unless otherwise specified. Additional abbreviations emploved in the
Fxamples and elsewhere in this application are defined below.

15 Column chromaiography was generally performed with pre-packed silica gel
cartridges using a CombiFlash® automated chromatography apparatus (Teledyne Isco),
eluting with the solvent or solvent nuxture indicated. Analytical high performance liguid
chromatography (HPLC) was performed using a reverse phase colunmmn of a size
appropriate to the quantity of material being separated, generally eluting with a gradient

20 of increasing concentration of acetonitrile 1n water, also containing 0.05% trifluoroacetic

acid, at a rate of elution suitable to the column size and separation to be achieved. Chiral

super-critical fluid chromatographic (8FC) separation of enantiomers or diastereomers
was performed using conditions indicated. Mass spectral data were obtained by hiquid

chromatography mass spectroscopy (LCMS) using electrospray itonization.

W

Chemical names were determined using ChemBioDraw Ultra, version 14.0.0.126

{PerkinElmer Inc ). The following abbreviations are used:

ABBREVIATION NAME
BF4NG Nitrosyl tetraftuoroborate
DCM dichloromethane
EtOAcC ethyl acetate
h hours

~-15-



Wh

WO 2019/222438 PCT/US2019/032555

HATU O-(T-azabenzotriazol-i-y1}-1,1,3,3
tetramethyiuronium
hexafluorophosphate

HPLC high performance hiquid
chromatography

LCMS hiquid chromatography — roass
specirometry

MeCN acetonitrile

MeQGH methanol

nin minutes

1t room temperature

SFC super-critical fluid chromatography

THF tetrahydrofuran

R chromatographic refention time

Preparation of the Compound of Formula | {Compound 1)

KNO;/ Conc. H S’;,

r/i6h (\‘(“

QN O ﬂ\\\ lf\t/il{\

Step 3
o
Fe /AcOH /
EtOH/a/l6h

Ry i
- K: : }\H o 4 TS
N /,%{,«g J( Step 4 WH O

S R, e A
=57 UPa A LiBF,/ BENO/ DOM/ Ozg™y -
=4 0°C/ih N CFa
q ) L =
\ b, 100 °C/ DOM /45 ] & \
.
¢ CF;3
o . CFy
LIC*&’ Chy F>!
i I =~
S Fal | B o
Step & FOM Mz W CH, Step 7
e} F N N~ U
........................ - [SER \\ ;
SS O/ THE { MeOM /.6
HATU / DME / Base /t;{\(‘_) ) LIOH / THI/ MeOH / H,0
7 % OCHs
i
o]
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EXAMPLE 1§
(1R,35,4R)-4-((3aR b R)-8-fluore-7-(perflusropropan-2-yh)-9b-(phenylsulfonyl)-

2,3,32,4.5,9b-hexahydro-1H-benzo|elindole-3-carbonyl)-3-methyicyclohexane-1-

carboxylic acid

3
Step 1. Preparation of 2.2, 2-trifluoro-1-((3aR, 9bR)-7-(perfluoropropan-2-y1}-9b-
{phenvlisuifonyly-1,2,32,4,5,9b-hexahydro-3H-benzo|ejindol-3-viethan-1-one
10

To asohution of (3aRk 9bR)-7-(perfluoropropan-2-vi)-Sb-{phenvisuifonyi)-
2,3,3a.4,5,9b-hexahvdro- 1 H-benzolelindole hydrochlorde (International Patent
Application WO 2016/179460, 1.78 g, 3.44 mmol) in DCM (20 mL} cooled in an ice-

15 water bath was added pvridine (1.39 mL, 17.2 mmol} followed by 2,2 2-trifluoroacetic
anhydride (8.717 mL, 5.16 mmol). The muxture was stirred at 1t for 1 h. The reaction
mixture was diluted with DCM (40 ml), washed sequentially with 0.2 N HC (2x50 mL),
water {2x40 mL}, and brine (50 mL}, dried and concentrated to give 2,2 . 2-triflucro-1-
{(3aR 9bR)-7-(perltuoropropan-2-v1)-9b-(phenylsulfonyiy-1,2,3a.4,5, 9b-hexahy dro-34-

20 benzolelindol-3-vDethan-1-one as a yellow solid (1.9 g, 96% vield) which was used in

the next step without further purification.

~- 17 -
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Steps 2 and 3: Preparation of 1 -((3aRk 9bi)-8-amino-7-{perfluoropropan-2-y13-9b-
{phenylsulfony13-1,2,32.4,5, 9b-hexahydro-3H-benzo[elindol-3-v1)-2,2, 2-trifluoroethan-1 -

one

(v

To a solution of 2.2, 2-trifluoro-1-{{(3aR, ObR)-7-{perfluoropropan-2-v13-9b-
(phenvisulfonyl}-1,2,3a,4,5,9b-hexahydro-3H-benzolejindol-3-yvijethan-1-one (2.50 g,
4.33 mmol) dissolved in HaS04 (95%, 40 mL) was added KNO: (0.700 g, 6.93 mmol) in

10 portions at 0 °C. The nuxture was slowly warmed to rt and stirred at rt for 18 h. The
reaction mixture was added o ice water {150 mL) and extracted with E1OQA¢ (2x10¢ mb}.
The organic fayer was washed sequentially with water {2580 mL} and brine {0 mL),
dried (Na:804) and concentrated to afford the crude product. Ethanol (20 mL), was
added, and after stirring for 1 h the brown solid was collectad by filtration and used

15 without further purification.

The above solid was mixed with ethanol (30 mbL) and acetic acid (20 mL}, iron
powder {121 g 21.7 mmol) was added, and the mixture was stirred at r{ for I8 h. The
reaction mixture was filtered through a pad of Celite and the filter cake was washed with
EtOAc (2x20 mL). The filirate was concentrated under reduced pressure, diluted with

20 water (100 mlL) and F1OAc (100 mL) and made basic with solid Na2CQOs. The organic
faver was separated, the aqueous layer was extracted with EtOAc (50 mL}, and the
combined organic layers were dried {Naz504) and concentrated. The residue was purified
by column chromatography on sthica gel (80 g}, eluting with DCM, 1o yield 1-{{3aR,9bR)-
§~amno-~7-{perfluoropropan-2-y-9b-(phenvisulfony1)-1.2,3a,4,.5 9b-hexahy dro-3H-
benzolelindol-3-y1)-2,2 2-trifluoroethan-1-one (1.70 g, 66% vield). 'H NMR (500 MHz,
chloroform-d) & 7.57 (4, J=7.3, 1.4 Hz, 1H}, 741 - 731 (m, 4H), 7.20 (s, 1H), 6.79 (br g,
TH), 4.77(dd, J=11.9, 5.0 Hz, 1H), 4.42 (br s, ZH), 4.22 - 4.14 (m, 1H), 3.97 - 3.89 {m,

o}
Wh

~- 18 -
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1H), 3.61 - 3.53 (m, 1H), 2.62 (dt, /=147, 98 Hz, 1H), 2.55 - 2.47 {m, 1H}, 2.33 (dt,
J=16.0,3.1 He, TH), 1.68 - 1.60 (m, 1H}, 1.28 - 1.17 (m, 1H). LCMS m/z (M+H)Y" 3932,

Steps 4 and 5 Preparation of (3aR, 9bR)-8-fluoro-7-(perfluoropropan-2-v1}-9b-
{phenylsulfonyi}-2,3,3a.4,5, 9b-hexahvdro-1H-benzofelindole

Wh

To a suspension of 1-((3aR,9bR)-8-amino-7-(perflucropropan-2-y1)-9b-

10 (phenylsulfonyi)-1,2,3a.4,5, 9b-hexahvdro-3H-benzo|elindol-3-y1)-2,2 2-irifluoroethan-1-
one {2.00 g, 3.38 mmol} in DCM (40 mL) was added LiBF+ {0.949 g, 10.1 mmol) and
BFNG (6,591 g, 5.06 mmol) at 0 °C. After stivring for 1.5 h at that iemperature, the
mixture was heated to 100 °C for 4.5 h in a sealed pressure flask. After cooling to 11, the
mixture was filtered, the solid was washed several times with DCM and the filtrate and

15 BCM washes were combined and concentrated under vacuum and purified by column
chromatography on silica gel (40 g), eluting with DCM, to vield 2,2, 2-trifluoro-~1-

{((3ak, 9bi)-8-fluoro-7-{perfluoropropan-2-y13-9b-{phenvisulfonyl)-1,2.32.4,5,9b-
hexahydro-3H-benzoejindol-3-yl}ethan-1-one (1.30 g).
To asolhution of this material in THF (16 mL), water (4 mL) and MeQOH (4 ml)

20 was added LiOH hvdrate (0.916 g, 21.8 mmol) and the mixture was stirred at rt for 2 b,
The reaction mixture was concenirated under vacuum, and the residue was diluted with
water {30 mL} and saturated aqueous NaH{C (s (10 mL)and extracted with DCM (2 x 60
mL). The combined organic phases were dried (Na2SOs) and concentrated under vacuum
to vield (3aR 9bR)-8-fluoro-7-(perfluoropropan-2-y1)-9b-(phenylsulfonyl}-2.3,32,4,5,9b-

hexahydro-1H-benzoelindole (.97 g, 58% yield over two steps, but contaminated with

o}
Wh

about 20% (3aR 9bR}-8-chloro-7-(perflucropropan-2-y1}-9b-(phenylsalfonyl)-

2.,3,3a.4,5,9b-hexahvdro-1 H-benzolelindole) which was used without further punification.

-19-
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Steps 6 and 7: Preparation of (1R 354R)-4-((3aR,9bR)-8-fluors-T-(perfluoropropan-2-
y1}-9b-(phenylsulfonyi)-2,3,3a,4,5, 9b-hexahydro~1 H-benzolelindole-3-carbonyl}-3-
methylcyclohexane-1-~carboxylic acid

To a solution of (3ak YbR)-8-fluore-7-(perflucropropan-2-y1}-9b-

Wh

{phenylsulfonyl}-2,3,3a.4,5, 9b-hexahvdro-1H-benzolelindole {0.95 g, 1.90 mmol) n
N N-dimethylformanude (10 mbl) was added (18,25 4R8)-4-(methoxvcarbonyl)-2-
methylcyclohexane-1-carboxylic acid {(International Patent Application WO
2018/071620, 0.457 g, 2.28 mmol}, HATU (0.940 g, 2.47 mmol) and
diisopropvlethylamine (0.997 ml, 571 mmol) at rt. The reaction mixture was stisred at rt
10 for 1.5 h, quenched with saturated agueous NHsCl (10 mL), diluted with water (S0 mL),
and extracted with EtOAc (3 x 50 mL). The combined organic phases were washed
sequentially with saturated aqueous NHsCl (2 x 40 mb), saturated aquecus NaHC O (50
mb}, and brine (50 mL), dried (NaxS04) and concentrated under vacuum. The residue was
purified by column chromatography on silica gel (40 ¢), eluting with EtQAc/hexanes
15 {gradient from 0-60% over 25 min), to provide methyl (18,35 4R)-4-((3aR 9bR}-8-flnoro-
7-(perfluoropropan-2-v1}-9b-(phenylsulfonyi}-2,3,3a,4,5,9b-hexahydro~-1 H-
benzolelindole-3-carbonyl)-3-methylcyclohexane-1-carboxylate.
To the above intermediate was added THF (& mL), water (2.5 mL), MeOH (2.5
mb} and LiOH hvdrate (0.798 g, 19.0 mmol} and the mixture was stirred at rt for 2 h. The
20 reaction mixture was concentrated under reduced pressure, diluted with water (S0 mL),
acidified with 1 N aqueous HCl to pH 1, and extracted with EtOAc (2 x 50 mL). The
combined organic phases were dried (NaxSO4) and concentrated under reduced pressure
and the residue was subjected to SFC purification (Colomn: Chiral IC{4.6x25¢m, S
micron}; column temperature 40 °C; CO: flow rate: 3 ml/min; co~solvent: 0.1 NHaOH in
MeQOH, flow rate 3 mi/min; injection volume: 10 mbL} to afford (182,35 4R)-4-
{((3aR 9biy-8-fluoro-7-{perfluoropropan-2-y13-9b-( phenvisulfony1)-2,3,32,4,5 9b-

2
(i

hexahydro- L H-benzo|elindole-3-carbonyl)-3-methylcy clohexane-1-carboxylic acid (730
mg, 58% vield, 98-99% pure). 'H NMR (300 MHz, methanol-ds} § 7.76 (d, J=13.1 Hz,
1H) 7.69-7.63 (m, 1H), 748 -7.21 (m, 5H), 484 -4.77 (m, 1H), 411 (5, 1H),3.95-
30 386¢m, 1H), 3.62 -3.49 (m, 1H), 2.80 - 2.67 {m, 2H), 2.61 - 2.53 (m, 2H), 2.50-2.42
(m, 2H), 2.09 - 2.01 (m. 1H). 2.00 - 1.91 (m, 2H), 1.85 - 1.75 (m. 2H). 1.65 - 1.48 (m,
2H), 1.35 - 1.27 (m, 1H), 1.14 - 1.09 (m, 3H). LCMS m/z (M+H)' 668 3. HPLC (12 min
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gradient from 95.5 water/MeCN to 5:95 water/MeCN, with 0.05% TFA; flow rate 1
mb/min) = 10.45 min, 99% purity {(ACE UCore Super Ci1x 2.5 pm, 3.0s125 mm ), ir 9.62
min, purity 98.2% (ACE UCore SuperHexPh 2.5 pm, 3.0x125 mm). The absolute
stereochemistry of the compound was determined based on single crystal X-rav analysis

from the anomalous dispersion signal using the FLACK method.

General RORy Gald Reporter Assay

Inverse agonist activity of potential ligands to RORy was measured by inhibition
of lumimmescence in a Gald-luciferase reporter assay in Jurkat cells.

Jurkat cells stably over-expressing the RORy receptor, Jurkat pEx/Gal/hRORy
CLBD/HYG pGSluc/blast, were plated at a concentration of 10,000 cells/well 10 a 384-
well solid white cell culture plate (Perkin Elmer #6007899) in assay buffer RPMI 1640
{Gibco 11875-085 1L ) containing 0.1% BSA, 100X HEPES (Gibeco 153360-0803, 100
mM sodium pyravate {Gibco 11360-040), 50 mg/mL Hyvgromycin B (Invitrogen 10687~
010} and 10 mg/mL blasticidin (Invitrogen R210-01). 100 nL of test compound in a 3-
told serial dilution, with final concentrations ranging from 40 uM to 0.67 nM. were added
1o the cells which were then incubated overnight.

The following day, cells were lvsed with 10 gl of Steady-Glo Luciferase Assay
System {Promega Cat. No. EZ550), and analyzed immediately. 1Cs0 values were
determined. The ICso value is defined as the concentration of test compound needed to
reduce luciferase activity by 50% and 1s calculated using the four parameter logistic

equation to fif the normalized data.

ICso values for Compound 1 and for reference Compound A in the RORy Gald
reporter assay 15 provided below. Compound A is disclosed and claimed in U.S. Patent

No. 9,815 859

Ex. No. RORy Gald ICso, pM
Compound 1 0.0036
Compound A 0.0025

Assay for Glutathione Conjugaie formation in Rat or Human Cytosol Incubations

-21 -
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Compound A and Compound 1 were incubated at a concentration of 10 uM with
rat or human liver cytosol (3-3 mg/mL) (male Sprague-Dawley rat hiver cytosol, 1ot BIM,
n = 100 purchased from Bioreclamation IVT, or mixed gender pool, lot 452115, n=150
purchased from Coming) in | mL of potassium phosphate buffer (50 mM, pH 8.5}, The
reactions {n=2, total volume= 1000 uL) were initiated by the addition of glutathione
(GSH) (5 mM) and incubated at 37 °C in a thermomixer. At 0 and 60 min, aliquots {100
ul) of the reaction mixtures were collected, and reactions were terminated by adding two
volumes of acetoniirile. Proteins were then removed using a Millipore Sigma
(Massachusetts, BA) Multiscreen Solvinert filter plate, by centrifugation (Eppendorf 5810
R, Hamburg, Germany} at 2000 rpi for 5 min. The filtrate was collected in a 96-well
plate and was analvzed by high resolwtion Velos LTQ-Orbitrap (LC-UV/MS) system. UV
absorbance was collected from 220-600 nm. GSH conjugate identification was based on
the observed accurate masses, MS fragmentation pattern was compared with those of the
parent, obtained under comparable conditions to calculate peak area for parent compound
and GSH conjugate.

The degrees of formation of GSH conjugates from the tvo compounds is shown
below. Entries represent UV peak areas calculated relative o the parent compound at

260-280 nm. Data in parentheses represent the averages of the two experiments.

Rat Cytossl Human Cytasol

UV Avea (%) UV Area (%)
Compound A 14; 18 (~15%) 45,6 (~5%)
Compound 1 not detected not detected

2
2
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Compound Structures

~H ©
CH, e CHg
-\S\ o
et S
%, \‘\\\‘\I/’} i

O
HO H

e
o

Compound A Compound 1

It was found that Compound | did not form a GSH adduct based on in vitro

experiments.
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WHAT IS CLAIMED IS:

1. The compound of the formula (1)

CH,

OH

O \,;Q\l
\~<\

CH,

e OH
7?/-
(o) )

10 3, A pharmaceutical composition comprising the compound according o

claim | and a pharmaceutically acceptable carrier or diluent.

4. A method of treating a disease or disorder selected from an autoimmune
disease or disorder, asthma, an allergic disease or disorder, a metabolic disease or
15 disorder, and cancer in a subject, the method comprising administering to the subject a

therapeutically-effective amount of the compound according to claim 1.

3. The method of claim 4 wherein the autoimmune disease or disorder s
selected from psoriasis, theumatoid arthritis, mflammatory bowel disease, Crohn’s
20 disease, ulcerative colitis, acute graft-versus-host disease, psoriatic arthritis, ankylosing
spondylitis, systemic lupus erythematosus, lupus nephritis, Sj6gren's syndrome, and

multiple sclerosis.
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