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PROSTAGLANDIN E SYNTHASE INHIBITORS AND METHODS FOR
UTILIZING THE SAME

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application Serial No.
62/355,739, filed June 28, 2016, the entire disclosure of which is incorporated herein by this

reference.

TECHNICAL FIELD

[0002] The presently-disclosed subject matter relates to prostaglandin E synthase (PGES)
inhibitors, and in particular, microsomal PGES-1 (mPGES-1) inhibitors. Embodiments of the
presently-disclosed subject matter also relate to methods of utilizing mPGES-1 inhibitors to

treat inflammatory disorders in a subject in need thereof.

BACKGROUND

[0003] Prostaglandin E, (PGE,) is one of the most important prostanoids with diverse
biological activity.' The biosynthetic pathway of PGE, has been well characterized and
involves three sequential enzymatic actions.” The first step in this pathway, involves the
release of arachidonic acid (AA) from the membrane, by the action of phospholipase A,
(PLA,).> This is followed by the conversion of AA to prostaglandin H, (PGH>) by the action
of cyclooxygenase COX-1 or COX-2.? Finally, PGH, is converted to PGE, by the action of
terminal prostaglandin E synthase (PGES) enzymes,’ particularly microsomal PGES-1
(mPGES-1).* It has been known that mPGES-1 couples with COX-2"* and plays a key role
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in a number of disease conditions, including inflammation, arthritis, fever, pain, cancer,

: 7-13
stroke, and bone disorders.

Human mPGES-1 has been recognized as a promising target
of next-generation therapeutics for the above diseases.*

[0004] Currently available non-steroidal anti-inflammatory drugs (NSAIDs) inhibit either
cyclooxygenase (COX)-1 or COX-2 or both.”” These inhibitors have several deleterious side
effects including ulcers, bleeding within the gastrointestinal tract, or increased risk of
cardiovascular events.'® The withdrawal of rofecoxib (Vioxx) due to side effects further
highlights the need to develop improved, safer anti-inflammatory drugs.” The COX
inhibitors prevent the production of all prostaglandins downstream of PGH», which results in
a lot of problems. For example, blocking the production of prostaglandin-I, (PGI,) has been
reported to play a role in cardiovascular events."” Unlike COX inhibition, inhibition of
terminal mPGES-1 will only block the production of PGE, without affecting the normal
production of other prostaglandins including PGI,. Reported knock-out studies identified
mPGES-1 as a central switch in pyresis."® The mPGES-1 knock-out studies also revealed a
decrease in inflammatory response in a collagen-induced arthritis model.”” 1In contrast to
COX-2, mPGES-1-deficient mice were reported to be viable, fertile and have normal
phenotype.””  Ischemic stroke induced in mPGES-1 null mice was reported to show
significant reduction in the infarct size and volume.'® ™ Thus, mPGES-1 inhibitors are
expected to retain the anti-inflammatory effect as COX inhibitors without the side effects of
COX inhibitors.

[0005] Although mPGES-1 inhibitors are expected to be potentially valuable therapeutic
agents, few inhibitors of mPGES-1 were identified in experimental screening efforts. The
COX-2 inhibitor NS-398, 5-Lipoxygenase activating protein (FLAP) inhibitor MK-886, and
the active metabolite of another NSAID sulindac, were found to inhibit mPGES-1 with an
ICso of 20, 1.6, and 80 pM, respectively.’’*"** Leukotriene C4 was reported to inhibit
mPGES-1 with micromolar ICs, probably by competing with glutathione (GSH).** In
addition to small molecules,” several polyunsaturated fatty acids and stable analogs of PGE,
were reported to inhibit mPGES-1.** Riendeau®® recently reported a series of mPGES-1
inhibitors synthesized based on the scaffold of MK-886 (FLAP inhibitor). Unfortunately, all
of these inhibitors are not sufficiently potent against mPGES-1 in the tested living cells.

[0006] Thus, there remains a need for novel compounds that more potently inhibit
mPGES-1. There also remains a need for methods of treating inflammatory disorders that do
not have the problems discussed above. However, known mPGES-1 inhibitors are not

sufficiently potent, and known anti-inflammatory agents are associated with many adverse
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side effects, such as ulcers and gastrointestinal bleeding. Hence, novel compounds that more
potently inhibit mPGES-1 activity and are thereby able to treat inflammatory disorders are
highly desired.

SUMMARY

[0007] The presently-disclosed subject matter meets some or all of the above-identified
needs, as will become evident to those of ordinary skill in the art after a study of information
provided in this document.

[0008] This summary describes several embodiments of the presently-disclosed subject
matter, and in many cases lists variations and permutations of these embodiments. This
summary is merely exemplary of the numerous and varied embodiments. Mention of one or
more representative features of a given embodiment is likewise exemplary. Such an
embodiment can typically exist with or without the feature(s) mentioned; likewise, those
features can be applied to other embodiments of the presently-disclosed subject matter,
whether listed in this summary or not. To avoid excessive repetition, this summary does not
list or suggest all possible combinations of such features.

[0009] In some embodiments, the presently-disclosed subject matter includes a
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2
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o

or pharmaceutically acceptable salts thereof; wherein R’ is selected from the group consisting

of H, halide, Me, OMe, OEt, NO,, OH, and, together with the ring to which it is attached, a

compound of the formula:

bicyclic ring system; wherein R” is alkyl; wherein R” is selected from the group consisting of
H and Me; and wherein X is selected from the group consisting of O or S. In one
embodiment, R' is selected from the group consisting of: H, CI, Br, I, Me, OMe, OEt, NO,,
OH, and, taken together with the ring to which it is attached, a bicyclic ring system. In

another embodiment, R” is selected from the group consisting of:
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In a further embodiment, the compound includes the formula selected from the group
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[0010] In some embodiments, the presently-disclosed subject matter includes a

compound of the formula:

or pharmaceutically acceptable salts thereof, wherein R’ is selected from the group consisting
of H, an alkyl, an alkyl halide, an ether, and a carboxylic acid; wherein R’ is selected from
the group consisting of H, a halide, an alkyne, and an aromatic; and wherein R’ is selected
from the group consisting of H, a carboxyl, a carboxylic acid, and an alkyl. In one

embodiment, R! is selected from the group consisting of:
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In another embodiment, R” is selected from the group consisting of:
X X
, and

In some embodiments, the compound includes the formula selected from the group consisting
of:
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[0011] In some embodiments, the presently-disclosed subject matter includes a

0 0
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o

or pharmaceutically acceptable salts thereof, wherein R is selected from the group consisting

compound of the formula:

of an alkyl and an alkoxy; and wherein n is from 1 to 6. In one embodiment, R is selected

from the group consisting of:
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and

In another embodiment, the compound has the formula selected from the group consisting of’

s 5
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[0012] In some embodiments, the presently-disclosed subject matter includes a

compound of the formula:

NO,
NO,

or pharmaceutically acceptable salts thereof, wherein R is a substituted phenyl; and wherein

X is O. In one embodiment, the compound is of the formula:

o F
by N0

S
7y)\/E:[No2 NO,
] NO,

[0013] In some embodiments, the presently-disclosed subject matter includes a

compound of the formula:

10
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or pharmaceutically acceptable salts thereof, wherein R is selected from the group consisting

of an aliphatic side chain and an alkyl; wherein X is selected from the group consisting of H,

NO,, Br, and OMe; and wherein R' and R" are independently selected from the group
consisting of CN, COOH, COOEt, CONH,, and NO;_ In one embodiment, the compound is of

the formula:
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[0014] In some embodiments, the presently-disclosed subject matter includes a

compound of the formula:

X

or pharmaceutically acceptable salts thereof, wherein R’ is an alkyl; wherein each R? is

independently selected from the group consisting of H and an alkyl; wherein X is selected

12
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from the group consisting of H and a halogen; and wherein Y is selected from the group

consisting of S and O. In one embodiment, the compound is of the formula:
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[0015] In some embodiments, the presently-disclosed subject matter includes a

compound of the formula:

or pharmaceutically acceptable salts thereof, wherein R is selected from the group consisting
of an aliphatic side chain and an alkyl; wherein X is selected from the group consisting of H
and Cl; wherein Y is CN; wherein Z is selected from the group consisting of CN, COOH,
and, together with Y, a heterocyclic group of the formula:

1
R
e

5\ N
g

wherein R' is selected from the group consisting of O and S; and wherein R” is selected from
the group consisting of H and CH,COOH. In one embodiment, the compound is of the

formula:

14



WO 2018/005660 PCT/US2017/039785

15



WO 2018/005660 PCT/US2017/039785

16



WO 2018/005660 PCT/US2017/039785

[0016] In some embodiments, the presently-disclosed subject matter includes a

pharmaceutical composition comprising one of the compounds disclosed herein and a
pharmaceutically-acceptable carrier. In one embodiment, the pharmaceutical composition
further comprises a second compound or composition having mPGES-1 inhibition activity,
having anti-inflammatory activity, being useful for treatment of an inflammation disorder,
being useful for treatment of symptoms associated inflammation and/or an inflammation
disorder, or combinations thereof.

[0017] In some embodiments, the presently-disclosed subject matter includes a kit
comprising one of the compounds disclosed herein and a device useful for administration of
the compound. In one embodiment, the kit further comprises a second compound or
composition, or a treatment device having mPGES-1 inhibition activity, anti-inflammatory
activity, being useful for treatment of an inflammation disorder, and/or being useful for
treatment of symptoms associated inflammation and/or an inflammation disorder.

[0018] In some embodiments, the presently-disclosed subject matter includes a method of
reducing inflammation in a subject, comprising administering to the subject an effective
amount of one of the compound disclosed herein. In one embodiment, the subject includes an
inflammation disorder or symptoms thereof. In another embodiment, the inflammation
disorder is selected from the group consisting of inflammation, arthritis, fever, pain, cancer,
stroke, bone disorders, and combinations thereof. In a further embodiment, the compound
inhibits microsomal prostaglandin E synthase-1 (mPGES-1).

[0019] In some embodiments, the presently-disclosed subject matter includes a method of
reducing inflammation in a subject, comprising administering to the subject an effective

amount of a compound selected from the group consisting of:

17
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In one embodiment, the subject includes an inflammation disorder or symptoms thereof. In

, and Cl

another embodiment, the inflammation disorder is selected from the group consisting of
inflammation, arthritis, fever, pain, cancer, stroke, bone disorders, and combinations thereof.
In a further embodiment, the compound inhibits microsomal prostaglandin E synthase-1
(mPGES-1).

[0020] Further features and advantages of the presently-disclosed subject matter will
become evident to those of ordinary skill in the art after a study of the description, figures,

and non-limiting examples in this document.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] FIG. 1 shows a schematic view of the general synthesis of compounds having the

structure of formula I, according to an embodiment of the disclosure. Reagents and

18
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conditions: (a) 50% KOH aq., DCM, 0 °C~rt; (b) K,COs (2.0 equiv.), Acetone, reflux; (c)
K»,CO; (2.0 equiv.), DMF, 80 °C; (d) EtOH/H,O (4:1, v/v), reflux.

[0022] FIG. 2 shows a schematic view of the synthesis of a specific compound having
the structure of formula I, according to an embodiment of the disclosure. Reagents and
conditions: (a) 1) NaBH, (1.25 equiv.), MeOH, 0 °C~rt, 2) 1 M HCI solution, rt.

[0023] FIG. 3 shows a schematic view of the general synthesis of compounds having the
structure of formula II, according to an embodiment of the disclosure. Reagents and
conditions: (a) Triphenylphosphine (1.20 equiv.), DIAD (1.20 equiv.), THF, 0 °C~rt; (b)
actone, reflux; (c) TFA/DCM (1:1, vv), rt; (d) K»CO; (2.0 equiv.), DMF, 80 °C; (e)
Pd(dppf)Cl,- CH,Cl, (0.03 equiv.), NaHCO; (2.50 equiv.), DME/H,0, reflux, N, atmosphere;
(f) ammonium acetate (2.00 equiv.), glacial acetic acid, reflux.

[0024] FIG. 4 shows a schematic view of the synthesis of a specific compound having
the structure of formula I1, according to an embodiment of the disclosure. Reagents and
conditions: (a) Triphenylphosphine (1.20 equiv.), DIAD (1.20 equiv.), THF, 0 °C~rt; (b)
K»CO; (2.0 equiv.), DMF, 80°C; (¢) TFA/DCM (1:1, vv), rt; (d) NH;OAc¢ (2.00 equiv.),
glacial AcOH, reflux.

[0025] FIG. 5 shows a schematic view of the general synthesis of compounds having the
structure of formula III, according to an embodiment of the disclosure. Reagents and
conditions: (a) Glacial AcOH, reflux; (b) HBTU (1.10 equiv.), DIPEA (3.30 equiv.), DMF, 0
°C~rt; (¢) Triphenylphosphine (1.20 equiv.), DIAD (1.20 equiv.), THF, 0 °C~rt; (d) H,, Pd/C
(10% w/w), THF/MeOH (4:1 v/v), 1t.

[0026] FIG. 6 shows a schematic view of the general synthesis of compounds having the
structure of formula IV, according to an embodiment of the disclosure. Reagents and
conditions: (a) Triphenylphosphine (1.20 equiv.), DIAD (1.20 equiv.), THF, 0 °C~rt; (b)
NH4OAc (2.00 equiv.), glacial AcOH, reflux; (¢) K»COs (2.0 equiv.), DMF, 80°C.

[0027] FIG. 7 shows a schematic view of the general synthesis of compounds having the
structure of formula V, according to an embodiment of the disclosure. Reagents and
conditions: (a) K,CO; (2.00 equiv.), DMF, 80 °C; (b) Malononitrile, NH;OAc (2.00 equiv.),
AcOH, reflux.

[0028] FIG. 8 shows a schematic view of the general synthesis of compounds having the
structure of formula VI, according to an embodiment of the disclosure. Reagents and
conditions: (a) K»COs (2.00 equiv.), DMF, 80 °C; (b) 5 % glacial AcOH in EtOH, reflux; (c)
POCI; (4.00 equiv.), DMF, 0 0oC~60 oC; (d) EtOH/H,0 (4:1, v/v), reflux.

19
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DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0029] The details of one or more embodiments of the presently-disclosed subject matter
are set forth in this document. Modifications to embodiments described in this document,
and other embodiments, will be evident to those of ordinary skill in the art after a study of the
information provided in this document. The information provided in this document, and
particularly the specific details of the described exemplary embodiments, is provided
primarily for clearness of understanding and no unnecessary limitations are to be understood
therefrom. In case of conflict, the specification of this document, including definitions, will
control.

[0030] The presently-disclosed subject matter meets some or all of the above-identified
needs, as will become evident to those of ordinary skill in the art after a study of information
provided in this document. To avoid excessive repetition, this Description does not list or
suggest all possible combinations of such features.

[0031] The presently-disclosed subject matter includes a compound having a structure

R3
|
o) O-_N X
2
R Y
» A Nega
o ey

or pharmaceutically acceptable salts thereof, wherein R' includes H, halide, Me, OMe, OEt,

represented by the formula I:

NO,, OH, or taken together with the ring to which it is attached, a bicyclic ring system as in

the formula:

R3

R” includes an alkyl; R includes H or Me; and X includes O or S.

[0032] In some embodiments of the compound having the structure of formula I, R'
includes H, CI, Br, I, Me, OMe, OEt, NO,, OH, or taken together with the ring to which it is
attached, a bicyclic ring system.

[0033] In some embodiments of the compound having the structure of formula I, R?

includes:

20
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[0034] In some embodiments of the compound of formula I, the compound has the

structure selected from the group consisting of:
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[0035] In some embodiments of the compound of formula I, the compound has the

structure of’
H
O/\/\/o o N \(o
o .

[0036] The presently-disclosed subject matter includes a compound having a structure

represented by the formula:
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or pharmaceutically acceptable salts thereof, wherein R' includes H, an alkyl, an alkyl
halide, an ether, or a carboxylic acid; R? includes H, a halide, an alkyne, or an aromatic; and
R’ includes H, a carboxyl (e.g., CO,H), a carboxylic acid (e.g., CH,CO,H), or an alkyl.

[0037] In some embodiments of the compound having the structure of formula II, R is

selected from the group consisting of:
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[0038] In some embodiments of the compound having the structure of formula II, R is

selected from the group consisting of:
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[0039] In some embodiments of the compound having the structure of formula II, R’ is

selected from the group consisting of:
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[0040] In some embodiments of the compound having the structure of formula II, the

compound has the structure selected from the group consisting of:
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L‘COZH.

[0041] The presently-disclosed subject matter includes a compound having a structure
0 O
-4J>>__Nj*
| N-+n R
(o)

or pharmaceutically acceptable salts thereof, wherein R is an alkyl or alkoxy; andnis 1, 2, 3,

4.5, or6.

represented by the formula:

(I1T)

[0042] In some embodiments of the compound having the structure of formula III, R is

selected from the group consisting of:

[0043] In some embodiments of the compound having the structure of formula III, the

compound has the structure selected from the group consisting of:

) O;‘

Nas :

0 0] , and
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[0044] The presently-disclosed subject matter includes a compound having a structure

represented by the formula:

NO,
NO, (Iv)
or pharmaceutically acceptable salts thereof, wherein R is selected from the group consisting
of substituted phenyl; and X is O.

[0045] In some embodiments, the compound of formula IV has the structure of

o) o F
N>\S
X NO, NO,
o NO,

[0046] The presently-disclosed subject matter includes a compound having a structure
represented by the formula:

R~ R’

= "
X R W)

or pharmaceutically acceptable salts thereof.

[0047] In some embodiments of the compound having the structure of formula V, R
includes an aliphatic side chain or an alkyl; X is selected from the group consisting of H,
NO,, Br, or OMe; and R' and R" are independently selected from the group consisting of CN,
COOH, COOEt, CONH,, and NO,.

[0048] In some embodiments of the compound having the structure of formula V, the

compound is selected from the group consisting of:

o o o
O,N Z > COOEt O,N Z > COOEt O,N Z > COOEt
0 o o

CeHizs™ ]@\)C\N CiHis~ CN CeHi7~ CN
O,N Z>CcN O,N Z>CcN O,N ZCcN
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[0049] The presently-disclosed subject matter includes a compound having a structure

represented by the formula:

X (VD
or pharmaceutically acceptable salts thereof.

[0050] In some embodiments of the compound having the structure of formula VI, X
includes H or a halogen such as CI; R" includes an alkyl; each R” independently includes H or
an alkyl; and Y includes S or O.

[0051] In some embodiments of the compound having the structure of formula VI, the

compound has the structure selected from the group consisting of:
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[0052] The presently-disclosed subject matter further includes a compound having a
structure represented by the formula;
RO

X (VID)
or pharmaceutically acceptable salts thereof.

[0053] In some embodiments of the compound having the structure of formula VII, X
includes H or Cl; Y includes CN; Z includes CN or COOH; and R includes an aliphatic side
chain or an alkyl. In some embodiments of the compound having the structure of formula
VIL, Y and Z together form a heterocyclic group, such as, but not limited to, a five membered
heterocyclic group. In one embodiment, for example, Y and Z together form a thiazolidine

group having the structure:

|

2
R

MN/

S/l\ 1

\R

wherein R' includes O or S; and R includes H or CH;COOH.

[0054] In some embodiments of the compound having the structure of formula VII, the

compound has the structure selected from the group consisting of:
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[0055] The term “pharmaceutically acceptable salts” refers to salts prepared from
pharmaceutically acceptable non-toxic bases or acids. When the compound of the present
invention is acidic, its corresponding salt can be conveniently prepared from
pharmaceutically acceptable non-toxic bases, including inorganic bases and organic bases.
Salts derived from such inorganic bases include aluminum, ammonium, calcium, copper (-ic
and -ous), ferric, ferrous, lithium, magnesium, manganese (-ic and -ous), potassium, sodium,
zinc and the like salts. Particularly preferred are the ammonium, calcium, magnesium,
potassium and sodium salts. Salts derived from pharmaceutically acceptable organic non-
toxic bases include salts of primary, secondary, and tertiary amines, as well as cyclic amines
and substituted amines such as naturally occurring and synthesized substituted amines. Other

pharmaceutically acceptable organic non-toxic bases from which salts can be formed include

ion exchange resins such as, for example, arginine, betaine, caffeine, choline, N.N -
dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanol,
ethanolamine, ethylenediamine, N-ethylmorpholine, N-ethylpiperidine, glucamine,
glucosamine, histidine, hydrabamine, isopropylamine, lysine, methylglucamine, morpholine,
piperazine, piperidine, polyamine resins, procaine, purines, theobromine, triethylamine,
trimethylamine, tripropylamine, tromethamine and the like.

[0056] The term “alkyl” refers to alkyl groups with the general formula C,H,,;, where
n= about 1 to about 18 or more. The groups can be straight-chained or branched. Alkyl ,
when used herein, also comprise “lower alkyls,” which refer to alkyl groups with the general
formula C,Hyye1, where n=1 to about 6. In some embodiments, n= 1 to about 3. Examples
include methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, t-butyl, isobutyl, n-pentyl,
isopentyl, neopentyl, n-hexyl, and the like. The alkyl group can be substituted or

unsubstituted. For example, the alkyl group can be substituted with one or more groups
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including, but not limited to, optionally substituted alkyl, cycloalkyl, alkoxy, amino, ether,
halide, hydroxy, nitro, silyl, sulfo-oxo, or thiol, as described herein.

[0057] In this regard, the term alkyl is inclusive of “cycloalkyl,” which refers to a non-
aromatic carbon-based rings composed of at least three carbon atoms, such as cyclopropyl,
cyclohexyl, and the like. Like other alkyls, cycloalkyls can be substituted or unsubstituted.
The substituted moieties can be specifically identified herein; for example, a particular
substituted cycloalkyl can be referred to as an “alkylcycloalkyl.” Again, the practice of using
a general term, such as “cycloalkyl,” and a specific term, such as “alkylcycloalkyl,” is not
meant to imply that the general term does not also include the specific term.

[0058] The term “fluorocarbon”™ refers to compounds that comprise carbon and fluoride
bonded together. Fluorocarbons can comprise any type of bond and may be fluoroalkyl,
fluoroalkene, or the like. Examples of fluorocarbons include CF4, C2Fs, C2F4, and the like.

[0059] The term “aryl,” refers to an aromatic group containing ring carbon atoms and
having about 5 to about 14 ring carbon atoms and up to a total of about 18 ring or pendant
carbon atoms. Examples include, but are not limited to, phenyl, biphenyl, naphthalene, a-
naphthyl, B-naphthyl, tolyl, xylyl, benzene, phenoxybenzene, and the like. The term “aryl”
also includes “heteroaryl,” which is defined as a group that contains an aromatic group that
has at least one heteroatom incorporated within the ring of the aromatic group. Likewise, the
term “non-heteroaryl,” which is also included in the term “aryl,” defines a group that contains
an aromatic group that does not contain a heteroatom. The aryl group can be substituted or
unsubstituted. The term “biaryl” is a specific type of aryl group and is included in the
definition of “aryl.” Biaryl refers to two aryl groups that are bound together via a fused ring
structure, as in naphthalene, or are attached via one or more carbon-carbon bonds, as in
biphenyl.

[0060] As described above, each of the groups mentioned herein, including the groups
defined above, could be substituted or unsubstituted. For example, “alkyl” can include
substituted alkyl, substituted with hydroxyl, heteroatoms, or lower alkyl groups. As a further
example, “aryl” can include substituted aryl, substituted with alkyl, cycloalkyl, amino, nitro,
thiol, or the like.

[0061] Compounds described herein can potentially give rise to cis/trans (E/Z) isomers,
as well as other conformational isomers. Unless stated to the contrary, the presently-
disclosed subject matter includes all such possible isomers, as well as mixtures of such
isomers. Unless stated to the contrary, a formula with chemical bonds shown only as solid

lines and not as wedges or dashed lines contemplates each possible isomer, e.g., each
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enantiomer and diastereomer, and a mixture of isomers, such as a racemic or scalemic
mixture. Compounds described herein can contain one or more asymmetric centers and, thus,
potentially give rise to diastereomers and optical isomers. Unless stated to the contrary, the
present compounds all such possible diastereomers as well as their racemic mixtures, their
substantially pure resolved enantiomers, all possible geometric isomers, and pharmaceutically
acceptable salts thereof. = Mixtures of stereoisomers, as well as isolated specific
stereoisomers, are also included. During the course of the synthetic procedures used to
prepare such compounds, or in using racemization or epimerization procedures known to
those skilled in the art, the products of such procedures can be a mixture of stereoisomers.

[0062] The presently-disclosed subject matter further includes pharmaceutical
compositions of the compounds as disclosed herein, and further includes a pharmaceutically-
acceptable carrier. In this regard, the term “pharmaceutically acceptable carrier” refers to
sterile aqueous or nonaqueous solutions, dispersions, suspensions or emulsions, as well as
sterile powders for reconstitution into sterile injectable solutions or dispersions just prior to
use. Proper fluidity can be maintained, for example, by the use of coating materials such as
lecithin, by the maintenance of the required particle size in the case of dispersions and by the
use of surfactants. These compositions can also contain adjuvants such as preservatives,
wetting agents, emulsifying agents and dispersing agents. Prevention of the action of
microorganisms can be ensured by the inclusion of various antibacterial and antifungal agents
such as paraben, chlorobutanol, phenol, sorbic acid and the like. It can also be desirable to
include isotonic agents such as sugars, sodium chloride and the like. Prolonged absorption of
the injectable pharmaceutical form can be brought about by the inclusion of agents, such as
aluminum monostearate and gelatin, which delay absorption. Injectable depot forms are
made by forming microencapsule matrices of the drug in biodegradable polymers such as
polylactide-polyglycolide, poly(orthoesters) and poly(anhydrides). Depending upon the ratio
of drug to polymer and the nature of the particular polymer employed, the rate of drug release
can be controlled. Depot injectable formulations are also prepared by entrapping the drug in
liposomes or microemulsions which are compatible with body tissues. The injectable
formulations can be sterilized, for example, by filtration through a bacterial-retaining filter or
by incorporating sterilizing agents in the form of sterile solid compositions which can be
dissolved or dispersed in sterile water or other sterile injectable media just prior to use.
Suitable inert carriers can include sugars such as lactose.

[0063] Suitable formulations include aqueous and non-aqueous sterile injection solutions

that can contain antioxidants, buffers, bacteriostats, bactericidal antibiotics and solutes that
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render the formulation isotonic with the bodily fluids of the intended recipient; and aqueous
and non-aqueous sterile suspensions, which can include suspending agents and thickening
agents.

[0064] The compositions can take such forms as suspensions, solutions or emulsions in
oily or aqueous vehicles, and can contain formulatory agents such as suspending, stabilizing
and/or dispersing agents. Altematively, the active ingredient can be in powder form for
constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use.

[0065] The formulations can be presented in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and can be stored in a frozen or freeze-dried
(Ilyophilized) condition requiring only the addition of sterile liquid carrier immediately prior
to use.

[0066] For oral administration, the compositions can take the form of, for example,
tablets or capsules prepared by a conventional technique with pharmaceutically acceptable
excipients such as binding agents (e.g., pregelatinized maize starch, polyvinylpyrrolidone or
hydroxypropyl methylcellulose); fillers (e.g., lactose, microcrystalline cellulose or calcium
hydrogen phosphate); lubricants (e.g., magnesium stearate, talc or silica); disintegrants (e.g.,
potato starch or sodium starch glycollate); or wetting agents (e.g., sodium lauryl sulphate).
The tablets can be coated by methods known in the art.

[0067] Liquid preparations for oral administration can take the form of, for example,
solutions, syrups or suspensions, or they can be presented as a dry product for constitution
with water or other suitable vehicle before use. Such liquid preparations can be prepared by
conventional techniques with pharmaceutically acceptable additives such as suspending
agents (e.g., sorbitol syrup, cellulose derivatives or hydrogenated edible fats), emulsifying
agents (e.g. lecithin or acacia); non-aqueous vehicles (e.g., almond oil, oily esters, ethyl
alcohol or fractionated vegetable oils); and preservatives (e.g., methyl or propyl-p-
hydroxybenzoates or sorbic acid). The preparations can also contain buffer salts, flavoring,
coloring and sweetening agents as appropriate. Preparations for oral administration can be
suitably formulated to give controlled release of the active compound. For buccal
administration the compositions can take the form of tablets or lozenges formulated in
conventional manner.

[0068] The compounds can also be formulated as a preparation for implantation or
injection. Thus, for example, the compounds can be formulated with suitable polymeric or
hydrophobic materials (e.g., as an emulsion in an acceptable oil) or ion exchange resins, or as

sparingly soluble derivatives (e.g., as a sparingly soluble salt).
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[0069] The compounds can also be formulated in rectal compositions (e.g., suppositories
or retention enemas containing conventional suppository bases such as cocoa butter or other
glycerides), creams or lotions, or transdermal patches.

[0070] The compounds disclosed herein have utility as PGES inhibitors, and in particular,
mPGES-1. In this regard, the compounds and pharmaceutical compositions of the presently
disclosed subject matter have anti-inflammatory utilities. In this regard, in some
embodiments, the pharmaceutical compositions of the presently-disclosed subject matter
further include a second compound having PGES inhibition activity, having anti-
inflammatory activity, being useful for treatment of an inflammation disorder, and/or being
useful for treatment of symptoms associated inflammation and/or an inflammation disorder.

[0071] The presently-disclosed subject matter further includes Kkits. In some
embodiments, a kit can include a compound or pharmaceutical composition as described
herein, packaged together with a second compound, composition, or treatment device having
PGES inhibition activity, having anti-inflammatory activity, being useful for treatment of an
inflammation disorder, and/or being useful for treatment of symptoms associated
inflammation and/or an inflammation disorder. By way of providing non-limiting examples
of treatment devices that could be included in a kit of the presently-disclosed subject matter,
inflammation can be treated in some cases with application of a device that changes
temperature at a site of interest, e.g., a cooling pack or a heating pack.

[0072] In some embodiments, a kit can include a compound or pharmaceutical
composition as described herein, packaged together with a device useful for administration of
the compound or composition. As will be recognized by those or ordinary skill in the art, the
appropriate administration aiding device will depend on the formulation of the compound or
composition that is selected and/or the desired administration site. For example, if the
formulation of the compound or composition is appropriate for injection in a subject, the
device could be a syringe. For another example, if the desired administration site is cell
culture media, the device could be a sterile pipette.

[0073] The presently-disclosed subject matter further includes methods of inhibiting
mPGES. In some embodiments, the method can include contacting any of the compounds or
compositions described herein with mPGES-1, thereby forming a complex with the
compound and mPGES-1. In some embodiments, the method can include administering an
effective amount of a compound or pharmaceutical composition, as described herein,

including but not limited to the compounds set forth herein, and compositions thereof.
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[0074] As will be recognized by one of ordinary skill in the art, the term “inhibiting™ or
“inhibition” does not refer to the ability to completely inactivate all target biological activity
in all cases. Rather, the skilled artisan will understand that the term “inhibiting” refers to
decreasing biological activity of a target, such as a prostaglandin E synthase, such as can
occur with a ligand binding site of the target is blocked, or when a non-native complex with
the target is formed. Such decrease in biological activity can be determined relative to a
control, wherein an inhibitor is not administered and/or placed in contact with the target. For
example, in some embodiments, a decrease in activity relative to a control can be about a 1,
2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29,30, 31, 32, 33, 34, 35, 36, 37. 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
54,55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
decrease. The term “inhibitor” refers to a compound of composition that inactivates or
decreases the biological activity of a target, such as a prostaglandin E synthase.

[0075] Without being bound by theory or mechanism, in some embodiments the
compounds disclosed herein inhibit mPGES-1 by blocking its interaction with the PGH,,
COX-2, or other substrates. Thus, the presently-disclosed subject matter also includes
methods that find utility from the blocking mPGES-1 interaction with PGH,, COX-2, or other
substrates. In this regard, the presently-disclosed subject matter includes methods of
reducing and/or inhibiting inflammation, and methods of treating an inflammation disorder,
and/or symptoms associated inflammation and/or an inflammation disorder. Such methods
can include administering an effective amount of a compound of pharmaceutical composition
as described herein to a subject. Non-limiting examples of inflammation disorders include
inflammation, arthritis, fever, pain, cancer, stroke, and bone disorders

[0076] In some embodiments of a method of treating an inflammation disorder or
symptoms thereof in a subject in need thereof, the method includes administering to the
subject an effective amount of a compound, including any of the compounds described
above. In some embodiments the compound inhibits prostaglandin E synthase (PGES), and
in particular, some embodiments inhibit microsomal PGES-1 (mPGES-1). Thus, some
embodiments include a method for inhibiting mPGES-1, comprising administering to a
subject an effect amount of a compound, including any of the compounds described above.

[0077] The terms “treatment” or “treating” refer to the medical management of a patient
with the intent to cure, ameliorate, stabilize, or prevent a disease, pathological condition, or

disorder. This term includes active treatment, that is, treatment directed specifically toward
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the improvement of a disease, pathological condition, or disorder, and also includes causal
treatment, that is, treatment directed toward removal of the cause of the associated disease,
pathological condition, or disorder. In addition, this term includes palliative treatment, that is,
treatment designed for the relief of symptoms rather than the curing of the disease,
pathological condition, or disorder; preventative treatment, that is, treatment directed to
minimizing or partially or completely inhibiting the development of the associated disease,
pathological condition, or disorder; and supportive treatment, that is, treatment employed to
supplement another specific therapy directed toward the improvement of the associated
disease, pathological condition, or disorder.

[0078] The terms “subject” or “subject in need thereof™ refer to a target of administration,
which optionally displays symptoms related to a particular disease, pathological condition,
disorder, or the like. The subject of the herein disclosed methods can be a vertebrate, such as
a mammal, a fish, a bird, a reptile, or an amphibian. Thus, the subject of the herein disclosed
methods can be a human, non-human primate, horse, pig, rabbit, dog, sheep, goat, cow, cat,
guinea pig or rodent. The term does not denote a particular age or sex. Thus, adult and
newborn subjects, as well as fetuses, whether male or female, are intended to be covered. A
patient refers to a subject afflicted with a disease or disorder. The term “patient” includes
human and veterinary subjects.

[0079] In some embodiments, compounds disclosed herein that are mPGES-1 inhibitors
are potent against both human and mouse mPGES-1 enzymes.

[0080] The term “administering” refers to any method of providing a pharmaceutical
preparation to a subject. Such methods are well known to those skilled in the art and include,
but are not limited to, oral administration, transdermal administration, administration by
inhalation, nasal administration, topical administration, intravaginal administration,
ophthalmic administration, intraaural administration, intracerebral administration, rectal
administration, and parenteral administration, including injectable such as intravenous
administration, intra-arterial administration, intramuscular administration, and subcutaneous
administration. Administration can be continuous or intermittent. In various aspects, a
preparation can be administered therapeutically; that is, administered to treat an existing
disease or condition. In further various aspects, a preparation can be administered
prophylactically; that is, administered for prevention of a disease or condition.

[0081] The term “effective amount™ refers to an amount that is sufficient to achieve the
desired result or to have an effect on an undesired condition. For example, a “therapeutically

effective amount” refers to an amount that is sufficient to achieve the desired therapeutic
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result or to have an effect on undesired symptoms, but is generally insufficient to cause
adverse side affects. The specific therapeutically effective dose level for any particular
patient will depend upon a variety of factors including the disorder being treated and the
severity of the disorder; the specific composition employed; the age, body weight, general
health, sex and diet of the patient; the time of administration; the route of administration; the
rate of excretion of the specific compound employed; the duration of the treatment; drugs
used in combination or coincidental with the specific compound employed and like factors
well known in the medical arts. For example, it is well within the skill of the art to start doses
of a compound at levels lower than those required to achieve the desired therapeutic effect
and to gradually increase the dosage until the desired effect is achieved. If desired, the
effective daily dose can be divided into multiple doses for purposes of administration.
Consequently, single dose compositions can contain such amounts or submultiples thereof to
make up the daily dose. The dosage can be adjusted by the individual physician in the event
of any contraindications. Dosage can vary, and can be administered in one or more dose
administrations daily, for one or several days. Guidance can be found in the literature for
appropriate dosages for given classes of pharmaceutical products. In further various aspects,
a preparation can be administered in a “‘prophylactically effective amount™; that is, an amount
effective for prevention of a disease or condition.

[0082] The presently-disclosed subject matter further includes methods for selecting and
synthesizing embodiments of the present invention can utilize structure-based virtual
screening to identify small-molecule inhibitors from a large drug-like database. In some
embodiments a large database of lead compounds can be virtually screened to retrieve
putative mPGES-1 inhibitors. From that screening, essential amino acids involved in
antagonist recognition can be identified and a primary topographical interaction model can be
made to guide subsequent virtual screening processes. Without being bound by theory or
mechanism, an inhibitor’s binding pocket of the mPGES-1 protein can overlap with both the
binding site of the PGH, substrate and GSH cofactor in mPGES-1 protein.

[0083] The presently-disclosed subject matter is further illustrated by the following
specific but non-limiting examples. Some examples are prophetic. Some of the following
examples may include compilations of data that are representative of data gathered at various
times during the course of development and experimentation related to the presently-

disclosed subject matter.

EXAMPLES
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[0084] Example 1 Synthetic Protocol Compounds of Formula I

[0085] The synthesis of BAR series (compounds of Formula I) can be generally described
by the schemes illustrated in FIG. 1 and FIG. 2 of this Example. (for BAR042~044).

[0086] The substituted hydroxybenzaldehyde or hydroxy naphthaldehyde was treated
with alcohol tosylate or alkyl bromide in the presence of potassium carbonate as acid
capturer.”*® The forming aldehyde intermediate was usually pure enough after aqueous
work-up and removal of solvents which could be used for the subsequent step without further
purification. However, analytical samples could be obtained by flash chromatography using a
mixture of hexanes and ethyl acetate as eluent. The final product, substituted
benzylidenebarbituric acid derivatives were obtained by the condensation of the aldehyde
intermediate and barbituric acid (or 1,3-dimethylbarbituric acid, 2-thiobarbituric acid) in
reflux ethanol/water (4:1, v/v).””*® The precipitate formed was washed with hot water and
ethanol, and dried under vacuum to form the analytical pure sample.

[0087] 1-42~1-44 were synthesized by the reduction of benzylidene double bond of 1-02,
1-03, and 1-08, using sodium borohydride in methanol as reducing agent solution.>’

[0088] Example 2 Synthetic Protocol of the Compounds of Formula I1

[0089] Commercially available isatin (or 5-iodoisatin) and 2.4-thiazolidinedione were
used as starting materials to construct the building blocks of substituted isatin and 2.4-
thiazolidinedione N-acetic acid, respectively. After treatment with potassium hydroxide in
hot ethanol, the potassium salt of 2.,4-thiazolidinedione was precipitated out for the N-
substitution by tert-butyl bromoacetate. The removal of fert-butyl ester in TFA/DCM (1:1,
v/v) at room temperature led to the formation of important building block 2.4-
thiazolidinedione N-acetic acid.** N-substituted isation was prepared by potassium carbonate
promoted reaction between isatin and alkyl bromide (or alcohol tosylate if the bromide was
not commercially available).”> While for 1,5-disubstituted isatin, N-substitution on 53-
1odoisatin by 4-chlorobenzyl bromide in the presence of potassium carbonate was followed
by the Suzuki cross-coupling reaction with aryl boronic acid (ArB(OH),) using [1,1'-
Bis(diphenylphosphino)ferrocene|dichloropalladium(IT) complex with dichloromethane (0)
as catalyst and sodium bicarbonate as base activator in refluxing dimethoxyethane (DME)
and distilled water (DME/H,O 4:1) under the protection of nitrogen gas.**** The final product
was obtained as red to brown powders by the Knovenagal-type condensation of the isatin-
based building block with 2.4-thiazolidinedione N-acetic acid in the presence of ammonium

acetate in refluxing glacial acetic acid, as described in FIG. 3.
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[0090] Some of the compounds in this series were designed by switching the positions of
hydrophilic and hydrophobic groups, as Cy4TZISA, whose acetic acid group occupied N-
position of isatin and aliphatic group linked to 2.4-thiazolidinedione moiety. These
compounds were readily synthesized following similar protocol as described previously, as
shown in FIG. 4.

[0091] Example 3 Synthetic Protocol of Compounds of Formulae III and IV
(Maleimide Derivatives and Substituted Dinitrobenzene Derivatives)

[0092] Maleimide derivatives were synthesized via the condensation of 4-
maleimidobutyric acid or 6-maleimidohexanoic acid® with aryl amines,’” as shown in FIG.
s

[0093] In the synthesis of dinitrobenzene derivatized potent inhibitors, the oxygen on
phenyl derivative nucleophilically substituted one of the fluorine atom on 1,2-difluoro-4,5-
dinitrobenzene using potassium carbonate as acid capturer, as shown in FIG. 6.7

[0094] Example 4 Synthetic Protocol of Compounds of Formula V .

[0095] The compounds of Formula V were prepared following a two-step protocol.”””
* O-Substitution of substituted 4-hydroxybenzaldehyde afforded the aldehyde intermediate
and the latter was coupled with malononitrile, 2-cyanoacetic acid or 2-cyanoacetamide. An
example of the synthesis of V-04 is illustrated in FIG. 7.

[0096] Example S Synthetic Protocol of Compounds of Formulae VI and VII .

[0097] The compounds of Formula VI were synthesized according to a multi-step
protocol. 4-Alkyloxyacetophenone, obtained from the reaction of 4-hydroxyacetophenone
and alkyl bromide, or acetophenone was condensed with 4-chlorophenylhydrazine in reflux
ethanol containing 5 % glacial acetic acid. The ethylidene hydrazine was formed as
precipitate at room temperature and filtered off. The next step was Vilsmeier-Haack-Amold
ring closing formylation, by treating with POCI;/DMF. The produced 1H-pyrazole-4-
carbaldehyde intermediate was coupled with barbituric acid or 2-thiobarbituric acid in
refluxing EtOH/H,0 (4:1) to afford the final product. The synthetic protocol for compounds
with Formula VII followed similar strategy as those with formula VI, except the final step
which was the coupling with 2,4-thiazolidinedione derivatives. An example of the synthesis
of VI-01 is depicted in FIG. 8.

[0098] Example 6 Characterization of inhibition in vitro.

[0099] Studies were conducted to characterize the inhibitory activity against
recombinant mPGES-1 of the compounds synthesized in accordance with Examples 1-4, and

disclosed herein.
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[00100] Briefly, FreeStyle 293-F cells were cultured following manufacturer’s manual
in FreeStyle 293 expression medium on orbit rotate shaker in 8% CO, incubator at 37°C.
Cells were transfected with 1.5 pg/mL of mPGES-1/pcDNA3 construct using FreeStyle Max
reagent at a cell density of 1 x 10° for 2 days. Transfected cells were collected, washed, and
sonicated in TSES buffer (15 mM Tris-HCI, pH 8.0 plus 0.25 M sucrose, 0.1 mM EDTA and
1 mM DTT) on ice. The broken cells were first centrifuged at 12,500 x g for 10 min. The
supernatant was further centrifuged at 105,000 x g for 1 hr at 4°C. The pellet was washed
and homogenized in PBS buffer. The crude microsomal mPGES-1 preparation was aliquoted
and stored at -80°C. The crude protein concentration was 8 mg/mL.

[00101] The enzyme activity assays were performed on ice in 1.5 ml microfuge tubes
by using the expressed mPGES-1. The reaction mixture contained: 02 M
Na;HPO4/NaH;PO4 pH 7.2, 10 uL; 0.1 M GSH, 2.5 pL; diluted microsomal enzyme (80
ug/mL), 1 pL; PGH, (0.31 mM in DMF), 5 pL; 1 pL inhibitor; and H,O in a final reaction
volume of 100 pL. PGH, was stored in dry ice and used to initiate the reaction.

[00102] Compounds were incubated with the enzyme for 15 min at room temperature
before the addition of cold PGH; (1 uM final) to initiate the enzyme reaction. After 30 s, 10
uL of SnCl, (40 mg/mL) in ethanol was added to stop the reaction. The nonenzymatic
conversion of PGH, to PGE, was performed in the same buffer devoid of enzyme. The
reaction mixture was placed on ice until PGE, production was determined by the PGE,
enzyme immunoassay as described earlier. 1Csy values of the inhibitors were calculated by
using the GraphPad Prism 4.0 program. The results are set forth in the tables provided in
Examples 7-10.

[00103] Example 7 Characterization of Inhibition of Compounds of Formula I

Structure

Compound

Human enzyme

H
0] 0] NYO
o
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13623

“Data are expressed as means + SD of single determinations obtained in triplicate. “n.d. = not

detected. “The % inhibition of the compound at a concentration of 10 uM against mPGES-1

(ICso values were determined if the compounds resulted in 50 % or higher inhibition).

[00104] Example 8 Characterization of Inhibition of Compounds of Formula II
Compound Structure
1101
11-02
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1I-31 N \(

1I-32 N \(

“Data are expressed as means + SD of single determinations obtained in triplicate. “n.d. = not
detected. “The % inhibition of the compound at a concentration of 10 uM against mPGES-1

(ICso values were determined if the compounds resulted in 70 % or higher inhibition).

[00105] Example 9 Characterization of Inhibition of Compounds of Formulae I11
and IV

Compound Structure
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Compound Structure
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“Data are expressed as means + SD of single determinations obtained in triplicate. “n.d. = not
detected. “The % inhibition of the compound at a concentration of 10 uM against mPGES-1

(ICso values were determined if the compounds resulted in 70 % or higher inhibition).
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[00106] Example 10 Characterization of Inhibition of Compounds of Formula V
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C
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“Data are expressed as means + SD of single determinations obtained in triplicate. ’n.d. = not

detected. “Known compounds were labeled with CAS

[00107] Example 11 Characterization of Inhibition of Compounds of Formulae VI

and VIIL
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VI-01 265+96 n.d.? (28)°
VI-02 212434 25734628
VI-03 169+41 35775

VI-04 285+65 n.d. (46)
VI-05 323452 2157+188
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VI-06 36151 740108
VI-07 375+127 nd. 21)
VI-08 294483 n.d.(24)
VI-09 598+142 nd. (0)
VI-10 95+16 n.d. (46)

69



WO 2018/005660 PCT/US2017/039785

VI-11 92420 1264+138
VI-12 56£10 445+83
VI-13 52+15 1769+1158
VI-14 113£23 1126+131
VI-15 92+19 31630
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VI-16 188+31 n.d. (50)
VI-17 93+14 n.d. (56)
VI-18 797+160 n.d. (25)
VI-19 n.d. (30) nd.
VI-20 n.d. 29) nd.
VI-21 n.d. (16) nd.
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VI-22 n.d. (6.8) nd.
VI-23 n.d. (0) nd.
VI-24 n.d. (0) nd.
VII-01 n.d. (32) nd.
VII-02 nd. (14) nd.
VII-03 nd. 24) nd.
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VII-04 n.d. (37) nd.
VII-05 1593+557 nd.
VII-06 13944303 nd.
VII-07 4932+1161 nd.
VII-08 10364293 nd.
VII-09 1729+666 nd.
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(COOH
VII-10 4145 nd. 35)
VII-11 36+11 nd. 37)
VII-12 282483 nd. (12)
VII-13 29668 nd. 21)
VII-14 190468 n.d. (30)
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VII-15 83430 n.d. (48)
VII-16 209+42 n.d. (46)
VII-17 90+15 n.d. (29)
VII-18 197+£32 nd. (4.3)
VII-19 97+15 n.d. (4.6)
VII-20 806+162 n.d. (16)
VII-21 nd. 51) nd.
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VII-22 n.d. (54) nd.
VII-23 nd. (77) nd.
VII-24 n.d. (64) nd.
VII-25 n.d. (55) nd.
VII-26 n.d. (52) nd.
VII-27 n.d. 49) nd.
VII-28 n.d. 47) nd.
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“Data are expressed as means + SD of single determinations obtained in triplicate. ’n.d. = not

detected. “The % inhibition of the compound at a concentration of 10 uM against mPGES-1.

[00108] While the terms used herein are believed to be well understood by one of
ordinary skill in the art, the definitions set forth herein are provided to facilitate explanation
of the presently-disclosed subject matter.

[00109] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which the
presently-disclosed subject matter belongs. Although any methods, devices, and materials
similar or equivalent to those described herein can be used in the practice or testing of the
presently-disclosed subject matter, representative methods, devices, and materials are now
described.

[00110] Following long-standing patent law convention, the terms “a”, “an”, and “the”
refer to “one or more” when used in this application, including the claims. Thus, for
example, reference to “an inhibitor” includes a plurality of such inhibitors, and so forth.

[00111] Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as reaction conditions, and so forth used in the specification and claims are to
be understood as being modified in all instances by the term “about”. Accordingly, unless
indicated to the contrary, the numerical parameters set forth in this specification and claims
are approximations that can vary depending upon the desired properties sought to be obtained
by the presently-disclosed subject matter.

[00112]  As used herein, the term “about,” when referring to a value or to an amount of
mass, weight, time, volume, concentration or percentage is meant to encompass variations of
in some embodiments +£50%, in some embodiments +£40%, in some embodiments £30%, in
some embodiments £20%, in some embodiments +10%, in some embodiments £5%, in some
embodiments +1%, in some embodiments +0.5%, and in some embodiments £0.1% from the
specified amount, as such variations are appropriate to perform the disclosed method.

[00113] As used herein, ranges can be expressed as from “about” one particular value,
and/or to “about” another particular value. It is also understood that there are a number of
values disclosed herein, and that each value is also herein disclosed as “about” that particular
value in addition to the value itself. For example, if the value “10” is disclosed, then “about
107 is also disclosed. It is also understood that each unit between two particular units are also

disclosed. For example, if 10 and 15 are disclosed, then 11, 12, 13, and 14 are also disclosed.
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[0100] Throughout this document, various references are mentioned. All such references,

including those listed below, are incorporated herein by reference.
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CLAIMS

What is claimed is:

1. A compound of the formula;

R3
|
220 0 N\y//x
RmN‘R3
o)

wherein R! is selected from the group consisting of H, halide, Me, OMe, OEt, NOz,

, or pharmaceutically acceptable salts thereof;

OH, and, together with the ring to which it is attached, a bicyclic ring system:;
wherein R? is alkyl,
wherein R?is selected from the group consisting of H and Me; and

wherein X is selected from the group consisting of O or S.

2. The compound of claim 1, wherein R! is selected from the group consisting of: H, Cl,
Br, [, Me, OMe, OEt, NOz, OH, and, taken together with the ring to which it is attached, a

bicyclic ring system.

3. The compound of claim 1, wherein R? is selected from the group consisting of:
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““\ w‘.‘\- 5 ,«"‘\'.. ~ Wi
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4. The compound of claim 1, having the formula selected from the group consisting of:
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The compound of claim 1, having the formula of’
0 0 N_0
O/\/\/ \f
cl A~
0

A compound of the formula:
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wherein R! is selected from the group consisting of H, an alkyl, an alkyl halide, an

ether, and a carboxylic acid;

wherein R? is selected from the group consisting of H, a halide, an alkyne, and an

aromatic; and

wherein R?is selected from the group consisting of H, a carboxyl, a carboxylic acid,
and an alkyl.

The compound of claim 6, wherein R! is selected from the group consisting of:

Y
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The compound of claim 6, wherein R? is selected from the group consisting of:
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9 The compound of claim 6, wherein R? is selected from the group consisting of"
Ry Bl
\x 2 X'L )
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11. A compound of the formula:

0 , or pharmaceutically acceptable salts thereof;

wherein R is selected from the group consisting of an alkyl and an alkoxy; and

wherein n is from 1 to 6.

12. The compound of claim 11, wherein R is selected from the group consisting of:
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13.  The compound of claim 11, having the formula selected from the group consisting of:

ERF:

2

Qﬁ

0 0\/\/0
J (0]
a2
o) H
14, A compound of the formula;
F
R,X
NO,
NO. , or pharmaceutically acceptable salts thereof;

wherein R is a substituted phenyl; and

wherein Xis O.

15.  The compound of claim 14, having the formula

o F
»\ (o}

/S
)]/‘*/E;[No2 NO
o NO,

16. A compound of the formula:
R’o R'
/ L1}
X , or pharmaceutically acceptable salts thereof,

wherein R is selected from the group consisting of an aliphatic side chain and an alkyl,
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wherein X is selected from the group consisting of H, NOz, Br, and OMe; and
wherein R' and R" are independently selected from the group consisting of CN, COOH,
COOEt, CONHz, and NOz.

17.  The compound of claim 16, having the formula selected from the group consisting of:
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18. A compound of the formula:

X , or pharmaceutically acceptable salts thereof,
wherein R is an alkyl;
wherein each R? is independently selected from the group consisting of H and an alkyl;
wherein X is selected from the group consisting of H and a halogen; and

wherein Y 1s selected from the group consisting of S and O.

19.  The compound of claim 18, having the formula selected from the group consisting of

0,
NH
— 0
NH
Yo
N~
o) o
n C4Hg/ NH n C4Hg/ N>=
— = 0
NH N
X N g N
N‘N N‘N
Q o)
n CgHw NH n CgH17 NH
= =0 — S
NH NH
N J Y
N\N N\N
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n'C10H21/O

20. A compound of the formula

X , or pharmaceutically acceptable salts thereof,
wherein R is selected from the group consisting of an aliphatic side chain and an alkyl;
wherein X 1s selected from the group consisting of H and ClI;
wherein Y is CN;
wherein Z is selected from the group consisting of CN, COOH, and, together with Y, a

heterocyclic group of the formula:

0

W R
>
= &

wherein R! is selected from the group consisting of O and S; and

wherein R? is selected from the group consisting of H and CH2COOH.
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21.  The compound of claim 20, having the formula selected from the group consisting of:
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22. A pharmaceutical composition, comprising a compound of any one of claims 1-19 and a

pharmaceutically-acceptable carrier.

23.  The pharmaceutical composition of claim 22, further comprising;
a second compound or composition having mPGES-1 inhibition activity, having anti-
inflammatory activity, being useful for treatment of an inflammation disorder, being useful
for treatment of symptoms associated inflammation and/or an inflammation disorder, or

combinations thereof.

24, Akit, comprising a compound of any one of claims 1-19 and a device useful for

administration of the compound.

25.  Thekit of claim 24, further comprising;
a second compound or composition, or a treatment device having mPGES-1 inhibition
activity, anti-inflammatory activity, being useful for treatment of an inflammation disorder,
and/or being useful for treatment of symptoms associated inflammation and/or an

inflammation disorder.
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26. A method of reducing inflammation in a subject, comprising administering to the subject

an effective amount of a compound of any one of claims 1-19.

27.  The method of claim 26, wherein the subject includes an inflammation disorder or

symptoms thereof.
28.  The method of claim 27, wherein the inflammation disorder is selected from the group
consisting of inflammation, arthritis, fever, pain, cancer, stroke, bone disorders, and

combinations thereof.

29.  The method of claim 26, wherein the compound inhibits microsomal prostaglandin E

synthase-1 (mPGES-1).

30. A method of reducing inflammation in a subject, comprising administering to the subject

an effective amount of a compound selected from the group consisting of’

0] 0]
CsHy{” \©\)C\N CeHi3”™ m
#COOEt, # > COOEt,

0
o CaHg™ CN
Ve
P P 0 COOEt
COOEt | CN, I ,
o D\A e ]@\x e D\/k
7 COOE

S D\)\ d Q o D\A
COOH COOH

O“m
CONH, 0 7 NCONH,

CaHy°
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0 0 0
PN e e )
0 ZNCOOEt 0 ZeN 0 ZNCOoH

| , | , | , and

Cl

31.  The method of claim 30, wherein the subject includes an inflammation disorder or

symptoms thereof.

32, The method of claim 31, wherein the inflammation disorder is selected from the group
consisting of inflammation, arthritis, fever, pain, cancer, stroke, bone disorders, and

combinations thereof.

33.  The method of claim 30, wherein the compound inhibits microsomal prostaglandin E

synthase-1 (mPGES-1).
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IPC(8) - CO7D 239/60; A61K 31/427; A61K 31/513 (2017.01)
AB1K 31/427; A61K 31/513; CO7D 239/60 (2017.08)

According to International Patent Classification (IPC) or to both national classification and IPC
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See Search History document
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considered novel or cannot be considered 1o involve an inventive
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See Extra Sheets

Claims 1-3 and 22-29 have been analyzed subject to the restriction that the claims read on the formula (1) as described in the Lack of
Unity of Invention (See extra sheet). The claims are restricted to a compound of the formula shown in claim 1 of the instant invention, or
a pharmaceutically acceptable salt thereof, wherein R1 is H; R2 is alkyl, wherein the alkyl is n-pentyl; R3 is H; and X is O;
pharmaceutical compositions thereof; kits thereof; and methods thereof.

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable

claims. \

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
testricted to the invention hirst mentioned n the claims; it is covered by claims Nos.:

1-3, 22-29

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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Continued from Box No. ill Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: claims 1-5, 22 (in part), 24 (in part), 25 (in part), 27 (in part), 29 (in part), 31 (in part), 33 (in part), 231 (in part), 283 (in part),
304 (in part), and 325 (in part) are drawn to compounds having the formula of claim 1 of the instant invention, pharmaceutical
compositions thereof, kits thereof, and methods thereof.

Group lI+: claims 6-10, 22 (in part), 24 (in part), 25 (in part), 27 (in part), 29 (in part), 31 (in part), 33 (in part), 231 (in part), 283 (in part),
304 (in part), and 325 (in part) are drawn to compounds having the formula of claim 6 of the instant invention, pharmaceutical
compositions thereof, kits thereof, and methods thereof.

Group llI+: claims 11-13, 22 (in part), 24 (in part), 25 (in part), 27 (in part), 29 (in part), 31 (in part), 33 (in part), 231 (in part), 283 (in
part), 304 (in part), and 325 (in part) are drawn to compounds having the formula of claim 11 of the instant invention, pharmaceutical
compositions thereof, kits thereof, and methods thereof.

Group IV: claims 14 and 15, 22 (in part), 24 (in part), 25 (in part), 27 (in part), 29 (in part), 31 (in part), 33 (in part), 231 (in part), 283 (in
part), 304 (in part), and 325 (in part) are drawn to compounds having the formula of claim 14 of the instant invention, pharmaceutical
compositions thereof, kits thereof, and methods thereof.

Group V+: claims 16, 17, 22 (in part), 24 (in part), 25 (in part), 27 (in part), 29 (in part), 31 (in part), 33 (in part), 231 (in part), 283 (in
part), 304 (in part), and 325 (in part) are drawn to compounds having the formula of claim 16 of the instant invention, pharmaceutical
compositions thereof, kits thereof, and methods thereof.

Group VI+: claims 18, 19, 22 (in part), 24 (in part), 25 (in part), 27 (in part), 29 (in part), 31 (in part), 33 (in part), 231 (in part), 283 (in
part), 304 (in part), and 325 (in part) are drawn to compounds having the formula of claim 18 of the instant invention, pharmaceutical
compositions thereof, kits thereof, and methods thereof.

Group VII+: claims 20, 21, 22 (in part), 24 (in part), 25 (in part), 27 (in part), 29 (in part), 31 (in part), 33 (in part), 231 (in part), 283 (in
part), 304 (in part), and 325 (in part) are drawn to compounds having the formula of claim 20 of the instant invention, pharmaceutical
compositions thereof, kits thereof, and methods thereof.

The first invention of Group I+ is restricted to a compound of the formula shown in claim 1 of the instant invention, or a pharmaceutically
acceptable salt thereof, wherein R1 is H; R2 is alkyl, wherein the alkyl is n-pentyl; R3 is H; and X is O; pharmaceutical compositions
thereof; kits thereof; and methods thereof. It is believed that claims 1-3, 22, 24, 25, 27, 29, 231, 262, and 283 read on this first named
invention and thus these claims will be searched without fee to the extent that they read on the above embodiment.

The first invention of Group |1+ is restricted to a compound of the formula shown in claim 6 of the instant invention, or a pharmaceutically
acceptable salt thereof, wherein R1 is H; R2 is H; and R3 is H; pharmaceutical compositions thereof; kits thereof; and methods thereof.

The first invention of Group I+ is restricted to a compound of the formula shown in claim 11 of the instant invention, or a
pharmaceutically acceptable salt thereof, wherein R is an alkyl, wherein the alkyl is methyl; and wherein n is 1; pharmaceutical
compositions thereof; kits thereof; and methods thereof.

The first invention of Group V+ is restricted to a compound of the formula shown in claim 16 of the instant invention, or a
pharmaceutically acceptable salt thereof, wherein R is an aliphatic side chain, wherein the aliphatic side chain, wherein the aliphatic side
chain is C6H13; X is H; R’ and R” are independently CN; pharmaceutical compositions thereof; kits thereof, and methods thereof.

The first invention of Group VI+ is restricted to a compound of the formula shown in claim 18 of the instant invention, or a
pharmaceutically acceptable salt thereof, wherein R1 is an alkyl, wherein the alkyl is ethyl; each R2 is independently H; X is H; and Y is
S; pharmaceutical compositions thereof; kits thereof; and methods thereof.

The first invention of Group VII+ is restricted to a compound of the formula shown in claim 20 of the instant invention, or a
pharmaceutically acceptable salt thereof, wherein R is an aliphatic side chain, wherein the aliphatic side chain is ethyl; X is H; Y is CN; Z
is CN; pharmaceutical compositions thereof; kits thereof; and methods thereof.

Applicant is invited to elect additional formula(e) for each additional compound to be searched in a specific combination by paying an
additional fee for each set of election. Each additional elected formula(e) requires the selection of a single definition for each compound
variable. An exemplary election would be a compound of the formula shown in claim 1 of the instant invention, or a pharmaceutically
acceptable salt thereof, wherein R1 is OMe; R2 is alkyl, wherein the alkyl is n-pentyl; R3 is H; and X is O; compounds thereof;
pharmaceutical compositions thereof; kits thereof; and methods thereof. Additional formula(e) will be searched upon the payment of
additional fees. Applicants must specify the claims that read on any additional elected inventions. Applicants must further indicate, if
applicable, the claims which read on the first named invention if different than what was indicated above for this group. Failure to clearly
identify how any paid additional invention fees are to be applied to the “+” group(s) will result in only the first claimed invention to be
searched/examined.

The inventions listed in Groups I+ through VII+ do not relate to a single genera! inventive concept under PCT Rule 13.1, because under
PCT Rule 13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group I+, compounds having the formula of claim 1 of the instant invention, are not present in Groups ||
+ through Vil+; the special technical features of Group H+, compounds having the formula of claim 6 of the instant invention, are not
present in Groups I+ and Ill+ through Vii+; the special technical features of Group Ill+, compounds having the formula of claim 11 of the
instant invention, are not present in Groups I+, II+ and IV through VII+; the special technical features of Group IV, compounds having the
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formula of claim 14 of the instant invention, are not present in Groups I+ through I11+ and V+ through VII+; the special technical features
of Group V+, compounds having the formula of claim 16 of the instant invention, are not present in Groups I+ through IV, VI+ and VII+;
the special technical features of Group VI+, compounds having the formula of claim 18 of the instant invention, are not present in Groups
I+ through V+ and VIi+; and the special technical features of Group Vii+, compounds having the formula of claim 20 of the instant
invention, are not present in Groups I+ through VI+.

The Groups |+ through Vil+ formulae do not share a significant structural element requiring the selection of alternatives for the
compound variables R1, R2, R3, X, R, n, R, R", Y, and Z.

The Groups I+ through Vil+ share the technical features of a compound having the core structure shown in claims 1, 6, 11, 16, 18, and
20 of the instant invention; a pharmaceutical composition, comprising a compound and a pharmaceutically-acceptable carrier; a kit,
comprising a compound and a device useful for administration of the compound; a method of reducing inflammation in a subject,
comprising administering to the subject an effective amount of a compound; and a method of reducing inflammation in a subject,
comprising administering to the subject an effective amount of a compound. However, these shared technical features do not represent
a contribution over the prior art.

Specifically, Substance Record for SID 238838036 to PubChem teaches a compound having the core structure shown in claim 1 (Pg. 3;
...see shown structure...).

Additionally, US 2009/0123563 A1 to Kaarsholm et al. teach a compound having the core structure shown in claim 6 (Para. [1894];...see
shown structure...).

Further, US 2012/0130059 A1 to Beria et al. teach a compound having the core structure shown in claim 11 (Para. (0212}, Compound
51;...see shown structure...); a pharmaceutical composition (Abstract; Para. [0031]), comprising a compound (Abstract; Para. [0031])
and a pharmaceutically-acceptable carrier (Abstract; Para. [0031]); a kit (Paras. [0532] through {0534]), comprising a compound (Paras.
[0532] through [0534]) and a device useful for administration of the compound (Paras. [0532] through [0534}); a method of reducing
inflammation in a subject (Paras. [0090] and [0514]), comprising administering to the subject an effective amount of a compound (Paras.
[0030] and [0514]; Paras. [0523] and [0524]).

Furthermore, Substance Record for SID 275735825 to PubChem teaches a compound having the formula of claim 16 of the instant
invention, wherein R is alkyl; X is H; and wherein R’ and R" are independently CN (Pg. 3;...see shown structure...).

Also, Substance Record for SID 105565194 to PubChem teaches a compound teaches a compound having the formula of claim 18 of
the instant invention, wherein R1 is alkyl; each R2 is independently H; X is H; and Y is O (Pg. 3;...see shown structure...); and a
compound having the core structure of the formula shown in claim 20 of the instant invention (Pg. 3;...see shown structure...).

The inventions listed in Groups I+ through Vii+ therefore lack unity under Rule 13 because they do not share a same or corresponding
special technical feature.
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