PYRIDONE DERIVATIVES FOR MODULATING STRESS-ACTIVATED
PROTEIN KINASE SYSTEM Cross Reference to Related Applications
[00011 This application claims the benefit of U.S. Provisional Patent
Application No. 60/679,471 filed on May 10, 2005, and U.S. Provisional
Patent Application No. 60/732,230 filed on November 1, 2005, both of
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Field of the Invention 10002] This invention relates to compounds and
methods useful in treatifgR U3AdIs M%) EBMitions and/or fibrotic

conditions, including those associated with enhanced activity of kinase
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expréBgimbespbiae:dMAPckinase familyrgaderally known as p38 and also
known as SAPK, CSBP and gKl !0904] éeveral inhibitors of p38, such as
NPC 31169, SB239063, SB and pirfenidone have
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pulmonary fibrosis. Summary, of the In nt|n [00061 One embodiment of
the present invention is a Fettio ij g8 28tress activated protein
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SAPK-modulating concentration that is less than an_EC30 for inhibition of

that, the AtLdhoRE t&g@ ,\ﬁﬂplfénﬁ? mé{l&g‘ofﬁ%%l&ﬁan ¢f inflammation may be associated

with the activation of an enzyme of the cell signaling pathway, a member of the MAP

kinase family generally known as p38 and also known as SAPK, CSBP and RK.

[0004] Several inhibitors of p38, such as NPC 31169, SB239063, SB203580,
FR-167653, and pirfenidone have been tested in vifro and/or in vivo and found to be
effective for modulating inflammatory responees.

{00065] There continues to be a need for safe and effective drugs to treat
various inflammatory conditions and/or fibrotic conditions such as inflammatory
pulmonary fibrosis and/or idiopathic pulmonary fibrosis.

Summary of the Invention

[0066] One embodiment of the present invention is a method of modulating a
stress activated protein kinase (SAPK) system, including contacting a compound with a
P38 mitogen-activated protein kinase (MAPK), wherein the compound exhibits an ECs
in the range of about 1 pM to about 1000 uM for inhibition of at least one p38 MAPK;
and wherein the contacting is conducted at a SAPK-modulating concentration that is less

than an ECj for inhibition of the at least one p38 MAPK by the compound.



[0007] Another embodiment of the present invention is a method of

treating or preventing a disease state in a subject, including, identifying a
subject at risk for or having a condition selected from an inflammatory
condition and a fibrotic condition; administering a compound to the

subject in an effective amount to treat or prevent the condition; wherein
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cilergounds assaying a plurality \olitrgompounds from the library for inhibition of TNFa
secretion by cultured cells in vifro; and selecting at least one compound from the plurality
of compounds, wherein the selecied compound exhibits an ECs in the range of about 1
1M to about 1000 pM for inhibition of TNFa secretion by cultured cell in vitro.

[0011] Another embodiment of the present invention is a 'method of
identifying a pharmaceutically active compound, including: providing a library of
compounds; assaying a plurality of compounds from the library for inhibition of TNFo
secretion in a bodily fluid in vivo; and selecting at least one compound from the plurality
of compounds, wherein the selected compound exhibits an ECsq in the range of about 1

uM to about 1000 uM for inhibition of TNFa secretion by cultured cells in vitro.



-2 [0012] Another embodiment of the present invention is a method of
identifying a pharmaceutically active compound, including: providing a
library of compounds; assaying a plurality of compounds from the library
for inhibition of TNFa secretion by cultured cells in vitro; and selecting at
least one compound from the plurality of compounds, wherein the
seleciegpmpaunstiRxhiiboandsfS QN the rResOfabauich aM 1o abawla of
,dkoo, M for inhibition of TNFa secretion in a bodily fluid in vivo. [0013]
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2 enus V1I10016] Wherein Ar is pyridinyl or phenyl; Z is O or
WP

H,'6F OCH3; R2 is methyl, C(=O)H, C(=0)CH3,
C(=0)0-glucosyl, fluoromethyl, difluoromethyl, trifluoromethyl,
methylmethoxyl, methylhydroxyl, or phenyl; anel R4 is H or hydroxyl; with

the proviso that when R2 is ti ')6 ~Z1s 0, R4 is Hand Ar is
phenyl, the phenyl is not sole f/ stths#tute the 4' position by H, F, or
OH; wherein the compound exhibits andeC50 in the range of about 1 gM
to about 1000 g.M for inhibition of p38 MAPK; or a pharmaceutically

acceptable salt, ester, solvate or prbaroesdfkhe compound. [0017]
AnothEl%fibodieeresr e prelselst ifventsneowcompinerhalifgand OH; and

Ry is selected from the group consisting of H and CFj; and wherein the compound
exhibits an ECsp in the range of about 1 puM to about 1000 uM for inhibition of p38
MAPK; or a pharmaceutically acceptable salt, ester, solvate or prodrug of the compound. ‘

[6015] Another embodiment of the present invention is a compound having
the formula of Genus VI:

Ry
Ke—Ar—NnN —/>
Z Ry

Genus VI
[6016] Wherein Ar is pyridinyl or phenyl; Zis QO or §; X3 is H, F, Cl, OH, or

OCHsz; Ry is methyl, CE=OH, CF=O0)CHa, C{(=0)O-glucosyl, fluoromethyl,
difluoromethyl, trifluoromethyl, methylmethoxyl, methylhydroxyl, or phenyl; and Ry is
H or hydroxyl; with the proviso that when R is triflucromethyl, Z is O, Ry is H and Ar is
phenyl, the phenyl is not solely substituted at the 4’ position by H, F, or OH; wherem the
compound exhibits an ECsg in the range of about 1 pM to about 1000 pM for inhibition of
p38 MAPK; or a .pharmaceuticaily acceptable salt, ester, solvate or prodrug of the
compound.

[6017] Another embodiment of the present invention is a compound having
the formula of Genus VIL



the formula of Genus VII: -3 Y1 Y21\R4 Y3NO Y4 x3 Genus VII [0018]
Wherein X3 is H, halogen, CI-Cio alkoxy, or OH; Y1, Y2, Y3, and Y4 are
independently selected from the group consisting of H, Ci-Clo alkyl,
substituted CI- Clo alkyl, CI-Clo alkenyl, CI-Clo haloallcyl, CI-Cio nitroalkyl,
CI-Clo thioalkyl, CI-Cio hydroxyalkyl, C1-Cto alkoxy, phenyl, substituted
phenyl, halogen, hydroxyl, C1-Cto glkoxyallcyl, CI-Cio carboxy, C7-Cio
allcoxycarbonyl; R4 is H, haloggn, of OH; and ywherein the compound
exhibits an EC50 in the range of gpboutyl ishto about 1000 pM for
inhibition of p38 MAPK; or a pharmacetiicaky. acceptable salt, ester,
solvate or prodrug of the compbundi [0019] ASurther embodiment of the
present invention is a pharmaceuticé’l‘* 221 sition containing a
compound having a formula as described aljove and a pharmaceutically
acceptable excipient. [00201 These and gther embodiments are described
in greater detail below. Brief Description ®f the Drawings [0021] Figure 1
is a schematic representation of the p38 MAPK signalling cascade (prior
art, Figure 1 from Underwood et alclzomf g Respir Res 31:342-345).
This schematic shows activation of R%EE) g&gignaling cascade by a variety
of stinffiifid tH&Idewimteiart chdossnf G3€ activatinroo®El Yy, Yz, Y, and Yy

inflam @ﬁ&&iﬁ%%%ﬁt%% hroval g%%zﬁzacm%ﬁlzga&fim@ﬁc%%y1 substituted Cy-

translation/mRNA stabilization. [ ] Figu is a plot showing the
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aggnceéﬁ(rations of these compounds are shown to the right of the plot.
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of the compound.

[0019] A farther embodiment of the present invention is a pharmaceutical
composition containing a compound having a formula as described above and a
pharmaceutically acceptable excipient.

{6020]  These and other embodiments are described in greater detail below.

Brief Description of the Drawings

{0021]  Figure 1 is a schematic representation of the p38 MAPK signalling
cascade (prior art, Figure 1 from Underwood et al. 2001 Prog Respir Res 31:342-345).
This schematic shows activation of the p38 signaling cascade by a variety of stimuli and
the downstream effects of p38 activation on an inflammatory response through
transcriptional activation and translation/mRNA stabilization.

[0022]  Figure 2 is a plot showing the fractional inhibition of p38y by various
pirfemdone metabolites and analogs as a function of the concentration of the compounds.
The ECS50 concentrations of these compounds are shown to the right of the plot. A
detailed description of the assay can be found in Example 5.

[6023]  Figure 3 is a plot showing the fractional inhibition of p38a by various

pirfenidone metabolites and analogs as a function of the concentration of the compounds.



-4 The EC50 concentrations of these compounds are shown to the right of
the plot. A detailed description of the assay can be found in Example 5.
[0024] Figure 4 is a summary of the biochemical data for various
pirfenidone metabolites and analogs. The pirfenidone metabolites and
analogs referred to in Figures 2, 3, 5, and 6 are described by the
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for inhibition of the p38 by this compound. Preferably, the concentration is

less than EC20, even more preferably, the concentration is less than

EC10. [0029] " Lctalied Descrintion ok the Preferzed Mmbodiaveny

evolutfonzrily conberved senedibsepane kinasesdnvRlyackinitherfect in treating

regulation of many cellujar events. Several MAPK groups have been
S S TSR Ul TRy BAPAEANGlapase D30 may be achieved by

using a relatively low-potency p38 kinase inhibitor compound.

[0028]  Therefore, in one embodiment there is provided a method of
modulating a stress-activated kinase (SAPK) system by contacting a compound with a
p38 mitogen-activated protein kinase (MAPK). A preferred compound exhibits an ECsg
in the range of about 1 uM to about 1000 uM, preferably about 50 pM to about 650 uM
for the inhibition of at least one p38 MAPK. The concentration at which the compound is
contacted with the p38 MAPK is generally less than ECsp for inhibition of the p38 by this
compound. Preferably, the concentration is less than EC,y, even more preferably, the
concentration is less than ECyg.

[0029] “Mitogen-activated protein kinases (MAPKSs)” are evolutionarily
conserved serine/threonine kinases involved in the regulation of many cellular events.
Several MAPK. groups have been identified in mammalian cells, including extraceliular
signal-regulated kinase (ERK), p38, and SAPK/INK. It is believed that MAPKs are



signal-regulated kinase (ERIC), p38, and SAPK/7NIC. It is believed that
MAPKSs are -5 activated by their specific MAPK kinases (MAPKKSs): ERIC
by MEK1 and MEK2, p38 by MKK3 and MKK6, and SAPIC/IJNK by SEK1
(also known as MICK4) and MKIC7 (SEK2). These MAPKKs may also be
activated by various MAPKK kinases (MAPKKKS) such as Raf, MLK,
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Bheno ypic similarities to muscle cells including expression of alpha-
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physiologically. [0032] Jiang, Y. et al. 1996 J Biol Chem 271:17920-17926
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'ﬁé%? HReREP nRetEPIF L, ARd B3 %%QX@?%%@@HEMH%@&% and in

kines and enwronmental stress, p38f3is preferentially activated by

SR i i b SR EB i preseariallysp oSyt demyofbroblasts,
RGO ARRC LN AR AR, KABAE R1EtiRbiddRZ BIBRRERY of alpha-
smooth muscle actin. A number of subsirates of p38 MAP linase have been identified
including other kinases (MAPKAP K2/3, PRAX, MNK 1/2, MSKI/RLPK, RSK-B),
transcription factors (ATE2/6, myocyte enhancer factor 2, nuclear franscription factor-S,
CHOP/GADDI153, Elk1 and SAP-1A1) and cytosolic proteins (stathmin), many of which
are important physiologically.

[0032] Jiang, Y. et al. 1996 J Biol Chem 271:17920-17926 reported
characterization of p38p as a 372-amino acid protein closely related to p38-0.. Both p38a
and p38B are activated by proinflammatory cyiokines and environmental stress, p38p is
preferentially activated by MAP kinase kinase-6 (MKKG) and preferentially
phospohorylate activated transcription factor 2 (ATF2). Kumar, S. et al. 1997 Biochem
Biophys Res Comm 235:533-538 and Stein, B. et al. 1997 J Biol Chem 272:19509-19517
reported a second isoform of p38F, p-38P2, containing 364 amino acids with 73% identity
to p38¢. It is believed that p38P is activated by proinflammatory cyiokines and



Biophys Res Comm 235:533-538 and Stein, B. et al. 1997 JBiol Chem
272:19509-19517 reported a second isoform of p38[3, p-38(32,
containing 364 amino acids with 73% identity to p38a. It is believed that
p38(3 is activated by proinflammatory cytoknes and -6 environmental
stress, although the second reported p38{3 isoform, p38(32, appears to
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receptors, such as receptor tyrosine Idnases, chemokine or
CHPSEEYHLEIL BRRr e rare lpsren 1eiaieds b Gloateadippy aasscbifribifnAte, more
Bo8leMRKARS cfnQMMeKines or lipopolysaccharide (LPS) binding to a
cognate receptor. Subsequentlé/%a h@fS MAP kinase is activated b
n
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and other cytolines initiates a 1ocal or systemic inflammatory response in
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chronic ¢ellular, stress_leads to the excess, unregulated, or excess and
SGHres R sis B PRSI SSa AnEb Rr ERIRiR S AL Ty el Hmsgge, such

dOrtissidPhages and monocytes, both IL.-18 and TNFo. are transcribed in response to p38

activation. Subsequent translation and secretion of these and other cytokines imitiates a

local or systemic inflammatory response in adjacent tissue and through infiltration of
leukocytes. While this response is a normal part of physiological responses to cellular
stress, acute or chronic cellular stress leads to the excess, unregulated, or excess and
unregulated expression of pro-inflammatory cyiokines. This, in turn, leads to tissue
damage, often resulting in pain and debilitation.

[0035] In alveolar macrophages, inhibition of p38 kinases with p38 inhibitor,
SB203580, reduces cytokine gene products. It is believed that inflammatory cytokines
(TNF-a,, IFN-y, IL-4, IL-5) and chemokines (IL-8, RANTES, eotaxin) are capable of

regulating or supporting chronic airway inflammation. The production and action of



damage, often resulting in pain and debilitation. [0035] In alveolar
macrophages, inhibition of p38 kinases with p38 inhibitor, SB203580,
reduces cytokine gene products. It is believed that inflammatory cytokines
(TNF-a, IFN-y, IL-4, IL-5) and chemokines (IL-8, RANTES, eotaxin) are
capable of regulating or supporting chronic airway inflammation. The
Toly| acti -7 many of the potential medi '
o e e R voon e

strassgetpied Y IESA RRGsersp88ekif84& Kastapds( binderwesadst dindgppod et al.
2650 RESRU LR 315842345 ARYUABLCENRAE Kinase ;@@M%%gmm

numerous environmental stimuli results in the elaboration of recognized
chtirnmeaishsfradiendtninode stebrretion Ricsremired wfpmmatory mediators
viRaBS iianatyd eoubated-én ardiicanamnaly ok dafiammaionamesialQtsiety of
. activate p38 MAPK which may then_activate downstream targets of the
R Rt RS R BIR &7 BiNABE T HO SR FARIHE SRSiream target
of rdativh e gyetentiatiolian aheplifindsuaflamipaatoripivachssin teduigating the

Downstream s ates.of p38 group of MAR kinases [0036] Protein
p Fﬁr\é%swei é%rbasl}rﬁ e?é%% &n?ggan(g%lﬁ%%%p ﬂ%sk%%ee%n&ivated protein kinase 2
DvARIESHP $@ Bsbrmkd® pf P ki iMiaR &tinasprotein kinase (MNICI),

Fk)i:;i ;zﬂm?/ By pItogen-@ng :e%“i@%%-abcyvated

ot —

SRRl P08 - 3
Podsirakstivast Ag WIS ABRENotaletd), MPM@@@&G@%&ZS%;G (MNK1),
p@@@&%@%&&a@@ﬁa@%ﬁre '@%@:P%d%%ga%&@%ﬁi%g%@ws&

153, or GADD153), p53, C/ myocyte enhance factor 2C (MEF2C),
RAEs ar RETEL, DDIT3, ELK1, NFAT, and high mobility group-box protein

(HBP fge19038] fthes-typss Ataubskatesonh & CBLAG N tiditcription factor

exchanger isofonn- 1, tau, . min. |0039] Genes

(feliized BYIHR: PEE BSERWAY: BIRIANC YIS RNE:, (PP (gEov(th grrpesp and DNA
MEREl indeAik1 cINO B3P BARADIY IS0 Xy g8 arRHEI) ¥ivde fiellaaRnas Sabtor 2C
MMP-1), Callagenase-3 (MMP-13). HIV-LTR, Fgl-2, brain patriuretic ,
(&é%]fr'{j@ (%/Rﬁg)z’ ECMJZ"E?]@ R}%O@bmehmﬁﬁu digh mobility group-box protein
(embm)(y-k?nase_-cytosolic, cycli_n Dl_, LDL receptor (Ono et al. 20_00_
Ce”m%@g}na"”&h%% :ml_%g)ét%%ggﬁgsl %grnpsﬁg:uc%}fﬁ, %% ae%; %%ggr isoform-
1, tau, keratin 8, and stathmin. -

[0039] Genes regulated by the p38 pathway: c-jun, c-fos, junB, IL-1, TNF, IL-

6, IL-8, MCP-1, VCAM-1, iINOS, PPARy, cyclooxygenase (COX)-2, collagenase-1
(MMP-1), Collagenase-3 (MMP-13), HIV-LTR, Fgl-2, brain natriuretic peptide (BNP),
CD23, CCEK, phosphoenolpyruvate carboxy-kinase-cytosolic, cyclin D1, LDL receptor
(Ono et al. 2000 Cellular Signalling 12:1-13).

Biological conseguences of p38 activation
p38 and inflammation

16040} Acute and chronic inflammation are believed to be central to the
pathogenesis of many diseases such as rheumatoid arthritis, asthma, chronic obstructive
pulmonary disease (COPD) and acute respiratory distress syndrome (ARDS). The
activation of the p38 pathway may play an ceniral role in: (1) production of
proinflammatory cytokines such as IL-1B, TNF-a and IL-6; (2) induction of enzymes



p38 and inflammation [0040] Acute and chronic inflammation are believed

to be central to the pathogenesis of many diseases such as rheumatoid

arthritis, asthma, chronic obstructive pulmonary disease (COPD) and

acute respiratory distress syndrome (ARDS). The activation of the p38

pathway may play an central role in: (1) production of proinflammatory

@ﬁtoki ych as.lL- JTINTE-a.and IL-6: (2) i ction of en ep '%di .
R S sl R o G RRBROEEP cohation
(Patrpiengionl donu mtracelBlaxpressioachas MRSeilizh ongyisiesseddagion; (4)
RN BERIRAMIPIGS @HARHON N dauction, oL AGRE LA RIIEIIR SHA related

as VCAM-| and many other inflammatory related molecules. In addition to

mplsgulege Berddiipmay Mespplhy a3 qadmRy oY M 2pregreianoacdkhdn the
petiflesantation cigaksiibe MU SYRISMNRRS Kk RarlePaigy Participate in
GM-CSF, CSF, EPO, and CD40-induced cell proliferation and/or |

AR HorE S At FA s TRoBr T & P S ar D AR A e IR ted

diseageBitjas Sheliesidngeteratanyualhmpdelsniibibitionofddeloyiseases was
S 3580 reduced mortality in a.,murine I xin-indyced . ... .

s e e B S e et e
nantheatradil vah taddhdtis-fdecsh sbtully apldoimbibitdt tBB22008%SpwhicH imouse

¢ 2, P38, inhibitok, cau jonificant dose-

dec elgsl%g}sr?%%scu ar de%%llity%gcf %ﬁg g@% u%{rxr%g&r h e%fe %%sglﬁﬁqiﬁ%'ca%ot“ﬁ%{% that
S528 YRt evbish po Ay o Piienh 38 hinhibigrc aausedaatvigribeatic dasgdersndent
JEHRARRIRU HIRe RGP D ARtk ARARINHS 064214 APREAIR M that p38 or the

concomitant activation of p38 and apoptosis is induced by a variety of
QEERREs A e RASpatKaY shPa AdEERO HyitibRe T ft fog¥ Gliscase.
rReRases)tadR central to the apoptotic pathway and are expressed as
inactive zymogens. Caspase inhibitors may then blgck p38 activation, |

th roug[ﬁqi‘\ﬁ1 cr%&ﬂﬂ%ﬁ%%&%?}nﬁ%%éﬁgggi8§3§l’godﬁﬂ RN induced
K Ksabiegnodlsgeirnts uaehcas1eGE adtiviiyasidanel Fakedidntibhe roleeina3foteases
in apoptosis is cell type- and stimulus-dependent. While p38 signalin
CRERRRE Gafr  T e A e s R osens
Tizrpesep Behiviters auay sthew b itwle phArct suiviviiiosh flondtosadisking. However,

VBRI P HNANG S VBIRRANO RIS UERR ANQLESTR Ry ang cal
east'leads to significant slowing of proliferation, indicatin involvement o
e il eendeoRite3 A Boneptpssiferetibiype- and stimulns-dependent. While p38

signaling has been shown to promote cell death in some cell lines, in different cell lines

p38 has been shown to enhance survival, cell growth, and differentiation.
p38 in the cell cyvcle

[0043] Overexpression of p38c. in yeast leads to significant slowing of
proliferation, indicating involvement of p38a in cell growth. A slower proliferation of

cultured mammalian cells was observed when the cells were treated with p38a/B
inhibitor, SB203580.

38 and cardiomvocyte hypertrophy

[0044]  Activation and function of p38 in cardiomyocyte hypertrophy has been
studied. During progression of hypertrophy, both p38a, and p38J levels were increased
and constifutively active MKK?3 and MEX 6-elicited hypertrophic responses enhanced by

sarcomeric organization and elevated atrial natriuretic factor expression. Also, reduced



cultured mammalian cells was observed when the cells were treated with
p38a/(3 inhibitor, SB203580. p38 and cardiomvocyte hypertrophy [0044]
Activation and function of p38 in cardiomyocyte hypertrophy has been
studied. During progression of hypertrophy, both p38a and p380 levels
were increased and constitutively active MKK3 and MKK6- eIicited

SIHRRFY OPRIS seiRan BRIANGES Y. 38 RRRN G ARD2 2400 Al involving

vated atrial natriureti factor ex SIO SO, re ced I515|gna
CﬂS@?ﬁ%@ﬁéﬁtﬁW%@ﬂes myocyte dlfferentlatlon via a mechanism

pEVRInE Sedeiagrrin-NFAT signaling. p38 and development [0045]
Despite the non:viability of p38 knockout mice, evidence exists regarding

the difffhtial TORSRI 3e8iPERVMBHIRER 138 nbsoskert e tevidence exists
rﬁ@&t&ﬁ@&h@ﬂl@f@@ﬁﬂ%ﬁl@%ﬂ&&ﬂ dianassat A5 AR ERINiSRYE B  placental

studies. Fug ore, p38 h éﬁyﬁfeen linked to e?g/thropmetln
ERpreasion suggrgs‘ff’ﬁ E o)l PO pEAR AdiscehRisamRTe. p38
hipn plisa isinlndéd evelophrepsiistimexinesiiopl anigiieting RAKlMiR MARSpoiesis.

dto ressed throu houtbasto st
Fgg/%?gﬁ)grggr%? ggPS and&é%rﬁda ferenti @IOI‘] [#83%16 gla m PRAK
HEOHY tes pleafl ats imPorisadonoke meo;ellfomfeﬁenbat@tpfesssévkrahgmﬁteﬁhstocyst

deedifyRRs: The differentiation of 3T3-Ll cells into adipocytes and the
dlfferentlatlon of PC12 cells into neurons both require p38a and/or P. The
S gd-aell differentiationd o be necessary and sufficient for SICT6

dlfferqmwaon ijgshemamiohiased erlisamuwall as 2511 {1%‘ éoqn cell

in myotubules. p38 in senescence and tumor suppressmn

G RatatoRisr geresk dfareunedtomes. Theydlifivensiaton r@fpaﬂwa@ens into

sagbetiansf MKKerardMids3 latio %&E%ﬁ?ﬁ%&l@%‘a{m@ e%é dor p.
upon p38 MAPK activi %ﬁAlso p38 MAPK activity was show responsi

Tt ihaetaenAS foupB e depssrseranshewdisiegt fap6XEq piséﬂgr@ﬂm@n into

hehioxlidiniA&! @O genelSIgNating: AdeRremen daatus ohbtmner cells is a
0SS of senescency and p38 is Ilnked to tamorigenesis in certain cells. It

S fetion is reduced in tumors and that loss
of cor{ﬁ%ﬁ}ants p.’n&hhap%mﬁhwauﬁbﬁ@eﬁ&w Kitd aatddisk® resutethifve been

ré%g{'%‘?{ﬁgt activation of MKK6 and MKK3 led to a senescent phenotype dependent upon
p38 MAPK activity. Also, p38 MAPK activity was shown responsible for senescence in

gt

response to telomere shortening, H2O, exposure, and chronic RAS oncogene signaling. A
common feature of tumor cells is a loss of senescence and p38 is linked to tumorigenesis
in certain cells. It has been reported that p38 activation is reduced in tumors and that Joss
of components of the p38 pathway such as MKK3 and MKKS6 resulted in increased
proliferation and likelihood of tumorigenic conversion regardless of the cell line or the
tumor induction agent used in these studies.
p38 MAP kinase inhibitors

[0048] A “p38 MAPK inhibitor” is a compound that inhibits the activity of
p38. The inhibitory effects of a compound on the activity of p38 may be measured by
various methods well-known to a skilled artisan. For example, the inhibitory effects may
be measured by measuring the level of inhibition of lipopolysaccharide {LPS)-stimulated
cytokine production (Lee et al. 1988 Int J Immunopharmacol 10:835-843; Lee st al. 1993
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proliferation and likelihood of tumorigenic conversion regardless of the cell
line or the tumor induction agent used in these studies. p38 MAP kinase
inhibitors [0048] A "p38 MAPK inhibitor" is a compound that inhibits the
activity of p38. The inhibitory effects of a compound on the activity of p38
may be measured by various methods well-known to a skilled artisan. For
ASFNBIEAn SO BUION STEK B o0 RSN ROARI LIS BAL 1999
of inhibition of lipopolysaccharide (LPS)-stimulated cytokine production
Phoveaspblfee83: 3P A hunopharmacol 10:835-843; Lee et al. 1993 -10

ANnn P@ngad %@f&%@i&%ﬂ% §9§ RLAPR 9N G AL AIAReA4: Heeasing
. 1999 Pharn:acol.Th.er 82:38

et al : 389-397). [0049] Efforts to develop p38
PIEREK FRASRSRS %@@%%é'@ﬁﬁk@é@?ﬁ@%&éﬁc@%ﬁb@%ﬁ%@% kinase

OHRRL2, A antiary imigazelesyseisi{owndto bRspRieRiNSSikineSe03580 the ECs
inhibitors wijth EC50 values in nanomalar %aﬁsllge. FOé

1ang xample, for
vaRiyaddn ticEEkb WA BSURGYIBEERRISHRS 9?’%“ R o5iaL3 582 (P2)
siipéin 8682HEE )trad HBL A8 8 1¢hd)ashiaw thbataystigvel pE8ninisBiloas: Recent
the template for th jority of p38 inhibitors. t icatigns.(Lee et
S e Sl R R Gl e R
inhtilssr$PER 6 8hsho\vbalelowoNblakizarg dhepthipbibimrivisoisissthgvely high
ively hi 4 lectivj [ oun
p@éﬁgg é%ﬂ%%%%?%%@rﬁb%o%&% n am%wefti nggl:iﬁ\%gﬁ angi'ggrene iszfln 4 the
iyt pbodkmEIiJo GBUET @ieisreriefitiorPréHied ¥ébe in clinical
develppmppt are R A8 (BB ARINRTH SRR oA 4R VelEpRRse Y HEP6Eo

Phase Il trials for rheumatoid arthritis. Potent topical anti-inflammator

Biony Nas el Bisclo¥ett fois rmeBady Whihaad! Egisriet ﬁ}lﬂﬁ{ﬁeﬁé arthritls.
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ireatment of psoriasis and other skin disorders.
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N\FNNN Ng/-N\/NH2 oP4 P5RWJ68354 -11FN N N~Y CIC1
XNH P6X=H,Y=CH; HEP 689 (SB 235699) P8 VX-745 P7 X = HN2,
Y = N; SB 220025 [0051] Further discussion of various p38 inhibitors can
be found in Boehm et al. 2000 Exp Opin Ther Pat 10:25-37; and Salituro
et al. 1999 Curr Med Chem 6:807- 823. [0052] Preferred p38 inhibitors
described herein are pirfenidone derivatives and analogs that exhibit
relatively low potency of p38 inhibition while, surprisingly, still
relatlvely high therapeutlc effect (e.qg., for modulatlng an SARK

MAPK PIRFENIDCT
Pirfenidone (&aqe 5
compound and it$ pharmacological effects ar@ disclf , for example, in
Japanese t Application KOKAI (Laid-Qj . 8¢p77/1974 and
1284338/1976. U.S.|Pat. No. 3,839,346, issued]Oct. I, 1974; U.S. Pat.
No. 3,974, 281" issued ug 10, 1976; U.S. Pat ,42 699, issued

Aug. 16, 1977; and U. t. No. 4,052,509, i t. 4, 1977, all of

Whlcthré(heEi]egy n%%rﬁﬁgt@%gt@%?féﬁéﬁ% in thew%wWé‘t?@ describe

meth@ds30k HN,, Y = N; SB 220025

[0051] Further discussion of various p38 inhibitors can be found in Boehm et
al. 2000 Exp Opin Ther Par 18:25-37; and Salituro et al. 1999 Curr Med Chem 6:807-
823.

[6052] Preferred p38 inhibitors described herein are pirfenidone derivatives
and analogs that exhibit relatively low potency of p38 inbibition while, surprisingly, still
having a relatively high therapeutic effect (e.g., for modulating an SAPK system) as a
result of such inhibition. Preferably, the p38 inhibitors of the embodiments exhibit ECs
in the range of about 1 uM and about 1000 pM, preferably about 50 uM to about 650 pM
for the inhibition of the p38 MAPK.

PIRFENIDONE DERIVATIVES AND ANALOGS

{6053]  Pirfenidone (5-methyl-1-phenyl-2-(1H)-pyridone) itself is a known
compound and its pharmacological effects are disclosed, for example, in Japanese Patent
Application KOKAI (Laid-Open) Nos. 87677/1974 and 1284338/1976. U.S. Pat. No.
3,839,346, issued Oct. 1, 1974; U.S. Pat. No. 3,974,281, issued Aug. 10, 1976; U.S. Pat.
No. 4,042,699, issued Aug. 16, 1977; and U.S. Pat. No. 4,052,509, issued Oct. 4, 1977,
all of which are hereby incorporated by reference in their entireties, describe methods of
manufacture of 5-methyl-1-phenyl-2-(1H)-pyridone and its use as an anti-inflammatory
agent.

[0654] Pirfenidone and derivatives thereof are useful compounds for
modulating a stress activated protein kinase (SAPK) system.
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manufacture of 5-methyl-I-phenyl-2-(1H)-pyridone and its use as an
anti-inflammatory agent. [0054] Pirfenidone and derivatives thereof are
useful compounds for modulating a stress activated protein kinase
(SAPK) system. -12 [0055] The term "alkyl" used herein refers to a
monovalent straight or branched chain radical of from one to ten carbon

atoms, including, but not limited to, methyl, ethyl, n-propyl, isopr.
n- butW %%buty’?ﬁl"erfeﬁ?}tylWex??egnﬁefg’elIrﬁ‘éé/féo%]aTH@’?@%‘e%{kmﬁm or
bu&edehaﬂerﬁl ﬁetﬁﬁalt@iaﬂﬁﬁnenalameiraagiﬁroat&mneﬂﬂddiﬁgl rbuadiealinfited to,
otencabron nin ouble bond including,
YR RS BRBEYh 2 Shar o G BT R
2- buggdgtlandThe liea [Oﬂﬁéﬁrﬂlheme&rhét'faingehmwohrmmm&etsstmight or

Eé{l%h&? oRAHONAE. PLARING. + 08 I040e, 08l T 5‘3&5%15 (é ‘Qﬂi ot Gopible bond

erein re ers to one or more halogen groups appende
polEoIeT het rahinkind 40k raepentib e ProRFans; té- m@wkm@mb @rbetpsyi 2-

bﬁ%‘?ﬂ%@tﬁ% anealkyl radical. [0060] The term "thioalkyl" used herein

refefs to one or more thio groups appended to an aIkyI radical. [0061] The
term "B987dxyalky? tgaed Walrarrrererd frtsie Gifsirore Ryerisgy chlefiiss bromine,
cApneRged to an alkyl radical. [0062] The term "alkoxy" used herein refers

to strai ht or branched chain | radical cova ntly bonded to the parent
moledfi&#rougt? %FF%-WB%Y ’Esﬁgrh?ﬁ‘é% 1 9(;9‘@?868%0&?&3@56’6&0“?5
apfediediedatoalme tagioal ethoxy, propoxy, isopropoxy, butoxy, n- butoxy,

sec- brr&ﬂ?g} t- bL,iLBX){ and“th%hﬁi%’{p%e& ]ﬂer% 1t}grrr},aralIéé);(c}/alkc}/l use

herei efs to one or more allcoxy groups appende §%n alEl? chal ErOUpS
40364t drvaneriiny! cadipoky" used herein refers to -COOH optronally

appe ﬁ% a 'g% 0"‘ lx%%ci’ garho &E%D% C&‘fdxﬁ) fe 6

not lirite TZ) IR B S S coo CH3), &0
apmentied fikan MB]idlhéterm alkoxycarbonyl refers to -(C0O)-O-alkyl.
Exam%@gﬁf The term “hydroxyalkyl” used herein refers to one or more hydroxy

groups appended to an alky] radical.

[0062] The term “alkoxy” used herein refers to straight or branched chain
alkyl radical covalently bonded to the parent molecule through an --O-- linkage.
Examples of alkoxy groups include, but are limited to, methoxy, ethoxy, propoxy,
isopropoxy, butoxy, n-buioxy, sec-butoxy, t-butoxy and the like.

[0063]  The term “alkoxyalkyl” used herein refers to one or more alkoxy
groups appended to an alkyl radical.

[0064]  The term “carboxy” used herein refers to —COOH optionally
appended to an alkyl group. Examples of carboxy groups include, but are not limited to, -
COOH, -CH,COOH, -CH,CH,;COOH, -CH{COOH)(CHa), and the like.

[0065]  The term “alkoxycarbonyl” refers to —~(CO)--O-alkyl. Examples of
alkoxycarbonyl groups include, but are Imaited to, methoxycarbonyl group,
ethoxycarbonyl group, propoxyecarbonyl group, and the like.

[0066] Carbohydrates are polyhydroxy aldehydes or ketones, or substances
that yield such compounds upon hydrolysis. Carbohydrates comprise the elements carbon
(C), hydrogen (H) and oxygen (O) with a ratio of hydrogen twice that of carbon and

oxygen.
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alkoxycarbonyl groups include, but are limited to, methoxycarbonyl group,
ethoxycarbonyl group, propoxycarbonyl group, and the like. [0066]
Carbohydrates are polyhydroxy aldehydes or ketones, or substances that
yield such compounds upon hydrolysis. Carbohydrates comprise the
elements carbon (C), hydrogen (H) and oxygen (0) with a ratio of

hydrogen twice that of carbon and oxygen. -13 ﬁg?m] In their bﬁic form,
carbdf§8Fhtes Bre Sfile i ard P moffBRaEE S Bes Hhe S8 B pEi8ars  oF

movesiEEaieoMIhayiipachaiher danfarmbinsewtmaléx other to form more
carbohydrates. The co binatiog.of two sig le sygars isuaadisaccah%jde.hL 4
o5 Riotinir oGS TSR SnBIEosE RS iRy d = disnoeharide.
Calighsdenhaddesisihng ofhivee wittera dargdy sugaisesrareabafledligosaccharides, and
alysaccharides. 81 The term," ide’; refers to a monosaccharide
ﬂﬁ)g%r%ﬁaat%%%’fﬁn Og%lj%e@%%%;ﬁé gtﬁ%glggégon that is not part of the
ring. TeS8koniddnaene réesonidtieTetnnt 66 thernaspensabendeiduvbiy thearboxyl

FORE CLORIISH IR CRARGCA IO sUIONIS: FOLEXARPie LN RIHAGIHAS: GEtains the
glucuronide corrg;g}onds to glucose. [0069] As used herein, a radical

roptiehie Spermsecrhmidesingtethtnmur s W dScPhargethiPspremde.  For

eﬁgﬁ}ﬁ@ghﬂg iﬁgcmgglg@@@md il ?@@&%Mf&%}other schcies.h

ence, in this context, a radjcal is ngt necessarily a free radjcal. Rather, a .
racicAP S bate 88 SR Bort T ERCE R B B SORTeEe e e R Bceined
ctaihesuskdhdntrecipacige ablialding iesterdivid ronhs REIAS bestbd to another
herein, %substitu dS %%)L{gxis derived,from otp unsubftitgtgd Rarent

e
specie: 2nce £ a raqical 1S not necessari ee 'Tadical. Rather, a
Bilicture i Wnich ' there has béen an exchange S one’of more ﬁy rogen

radomisiidicagiothpedfonportigrood 2 et pen substilste Ththemybrdisehit can be used
i ) @ eup(s) individually and independently
%?%ée%%%ﬁ%%@l,%ﬁ%b cycloalkyl, aryl, fused aryl, .
heterd8§@Rl, heferaapgh Nerrirory SORG B RYP abyfskiychEiaphs, asubituted
M@%sﬁiﬁ@%ﬁXﬁ@Hm@@l@QﬁMﬂ@@%ﬂtﬁg%@W ln&le@dBrogen atoms for
u

alkoxycarbonyl, nitro, silyl, trihalomethanesulfonyl, trifluoromethyl, and

RIS, GBI RO ST RS S TE R BE FRPRTHERR! SEpL (Shif dfee) one or more
Ppoatesiad dedvatyes dheepbnlibeisreteatingy Soou TS -tattay, fonCiheycloalkyl,
2SEa yates S abgie sbsions o o L ese sl sl .
B goitiotitd o popifisoinc@nga nial Syethesisoulvih nhwdsiand, SHASiNeveMoekbonyl,
xgi 8,9 -Q{‘{;E%%’SE%&HEE&%‘%‘&)}E trifiuoromethyl, and amino, including mono- and
di-substituted amino groups, and the protected derivatives thereof. The protecting groups
that can form the protective derivatives of the above substituents are known to those of
skill in the art and can be found in references such as Greene and Wuts Protective Groups
in Organic Synthesis; John Wiley and Sons: New York, 1999. Wherever a substituent is
described as “optionally substituted” that substituent can be substituted with the above
substituents.

[0071]  The term “purified” refers to a compound which has been separated
from other compounds such that it comprises at least 95% of the measured substance
when assayed.

[0072]  Asymmetric carbon atoms may be present in the compounds described
herein. All such isomers, including diastereomers and enantiomers, as well as the
mixtures thereof are intended to be included in the scope of the recited compound. In

certain cases, compounds can exist in tautomeric forms. All tautomeric forms are
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described as "optionally substituted" that substituent can be substituted
with the above substituents. [0071] The term "purified" refers to a
compound which has been separated from other compounds such that it
comprises at least 95% of the measured substance when assayed.
[0072] Asymmetric carbon atoms may be present in the compounds
. descriped herein. All such isomers, inclyding diastereomers and . .
méf‘fé%ﬁgﬁ‘?er]%"j F05h St n e FSEFe Bl JPENEInORIROHHE: be Aty When

cimihmsdo pencfithe rkied aotipaytwhel prougyidiBreasess SRPPOIFItSyGEItis- and
exist.in tautor?%f‘?% s. All tauto Seriﬁof rms are, -14 intended to be

LS A RES 5 SFuSSTRE S o BT, Eib.aes RS 25 well as the
nggsharss uell sisortainteansal kemyérsr atkenyiderargecudp, thikue, existenbe herein to a

BRI CIRs 31RO SrdPOMEHE MDAl IAC SOMPOHBLSHEULELR: clearty
and trans- isomers, as well as the mixtures of cis- and trans- isomers, are
dignisrahareireThus, reference herein to a compound includes all of the

aforempAEenedysemarte:{atms YRIRANG SRR AIeaMY:, Siciales. polymorphs,

otherwise. [0073] Various forms are included in the embodiments, _
SpEReRng! or IR R ae hy AR duodBFofisiErei s, An@YieTRy is 2
cgmﬁoaliﬁt%sh&%s%lmqmimnﬁ@mmﬂm 1) Bavmaiﬁ@ei@m@ﬁ%nf ! i%@Eoivate is 2

ormula, but a different structuye. A solvate is a _composition formed by
SRR ARG S G Lo SR ARG T Ghagecules
athiesohftdle folwerate kydratein potnmpinmdeidbyedninooinaraionioh watester. A

former is a strycture that is a conformationalisomer. . . .

B S e O o sppeiam s e
phagneenstroe tof shddeeniss with diferame conftnnahfiomsulécbulf diffes)t cbaformstions

(@@ﬁHﬁﬁeﬁQﬁ&WgﬂﬁQ%aﬁ@B%ﬂg%ﬂﬁdsﬂﬁ ! H%B%S%byaﬂ%e%%%%%md by

known to those skilled in the art. For example, salts of‘compounds

mediosie ey Ee S tibrpenikidisp rsp thaertiasEWr ardnmisthsalistoit isonpeuinls can be
REpiMRI I RE BB L ORRA it AL HD IS @ SRR RS BAHNIEIARRSent of the

biotransformation (chemical conversion) before exhibiting its ) )
PRRHACOloGicEIUHEELES BoFuRBoMBR: thabrBatEEesh DiRtiansioyRien dghgmical
diigreivnbufiges padistiagdipreiestiveiaidps dfsatkin Polf 2RgiHk, B3RB&g can
rf?(.])rl]sager ar to %Iimin e undeslrable&lroga?g%%s in the §arent molecyle. )
uS® FRTETENER ReTRIR L8 S S S tSE HRS R ntioh dEpmstent
fame unledsithe wontieiheteanyidicthiespodipertidsan the parent molecule. Thus,
reference herein to a compound includes all of the aforementioned forms unless the
context clearly dictates otherwise.

[0074] The compounds described below are useful in the methods described
herein. In an embodiment, a compound as described below exhibits an ECs in the range
of about 1 uM to about 1000 uM for inhibition of p38 MAPK.

[0675] An embodiment provides a family of compounds represented by the
following genus (Genus Ia):

Xe XR R
X3 N / Rg
X %O Ry
Genus Ia;
[06676] wherein
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[0074] The compounds described below are useful in the methods
described herein. In an embodiment, a compound as described below
exhibits an ECSO in the range of about | pM to about 1000 pM for
inhibition of p38 MAPK. [0075] An embodiment provides a family of
compounds represented by the following genus (Genus la): X4 X5 R, R2
X3 No Rs X2 X, 0 R4_Genus la; [0076] wherein -1s 00771 RI, R2, R3,

and Ru’%@mde%bl%e%@%@%ﬂﬁa o3 ap! i@ﬂﬁbthéfgzP‘-@IG@%ﬁ}Stlﬂg
odliy, csgb:g;gutmgd, Gﬁﬁmlmyb%@ta@keovlcﬁlém@nls}a@”% Feltdaldl, Ci-Cyp

nltro Io thioalleyl, C CI ro Ic to alkoxy, pheny

"LRR ﬁfé@ ﬁ‘%f/ g i 55 ’%fry%?{'lo ﬁk@%ﬂﬁ%@%&ﬁa ftuted

p@t@l{haltcgmyd@dmngu @@zurﬂhaﬂ@'ﬂm, Gprihsaathaid €, -Cio alkoxycarbonyi,
- cchar nd 1X1, X

C%%%@%%&?%epend%ﬁ y sere@ég %Sa%%l%ag%uaﬁﬁg%@%%%a%%ﬁ“&

halogd®d &koxy Xan&KnydroxXiu,[60F XA avttivdenrisbdilyesd prodidesma the group

J@d‘&@ 89&‘%%&@5 GGG Jpa/r following genus (Genus Ib): R2
X3 O Genus [b; [00801 Wherein [0081] X3 is selected from the group

consid#¥g s H, Aaf rerehodisearkaigyides ¢ Grpiipog zermmindersptespated by

Horoitbe e eOsigtingef H, halogen, CI-CIO alkyl, substituted CI-CIO
alkyl, CI-Cio hydroxyalkyl, CI-Co alkoxyalkyl, CI-CIO carboxy, Cl- Cto

alkoxycarbonyl, CO-uronide, CO- monosaccha{lde CO-oligosaccharide,
and CO- polysaccharide; and [00 R4i |&cted from the group
consisting of H, halogen, an r>

Genus Ib;

[6080] wherein

[0081] X3 1s selected from the group consisting of H, halogen, C;-Cy; alkoxy,
and OH;

[0082] R; is selected from the group comsisting of H, halogen, Ci-Cyo alkyl,
substituted C;-Cyp alkyl, C;-Cyp hydroxyalkyl, C1-Cyo alkoxyalkyl, C1-Crp carboxy, C;-
Cyo alkoxycarbonyl, CO-uronide, CO-monosaccharide, CO-oligosaccharide, and CO-
polysaccharide; and

[0CG83] Ry is selected from the group consisting of H, halogen, and OH.

[0084]  Another embodiment provides a family of compounds represented by

the following genus (Genus Ic):
Ro
Xﬁ“@‘“‘i ,.,_/:>
O Ry

Genus Ic;
[0085] wherein
[0086] X3 is selected from the group consisting of H, F, OH, and OCHj;
[0087} Rz is selected from the group consisting of H, CFy, CHF,, CH,F,
CH,OH, COOH, CO-Glucoronide, Br, CHs, and CH,0OCH;; and

-16-



[00841 Another embodiment provides a family of compounds represented
by the following genus (Genus Ic): R2 X3/ NO/ O R4 Genus Ic; [0085]
wherein [0086] X3 is selected from the group consisting of H, F, OH, and
OCH3; [00871 R2 is selected from the group consisting of H, CF3, CHF2,
CH2F, CH20OH, COOH, CO-Glucoronide, Br, CH3, and CH20OCH3; and

-16 [0088] R4 is selected from the group consisting of H and OH; [00891
with tH8958visotnat shksetediionn el songisting SiEad @boo1

Anothergsgbodimentrgnddes dderibn ol cRramaurs sTenRseRted by the
following subgenus (Subgenus 11): R2 X3 /N O R4 Subgenus II; [0091]
Whereiﬁ%t%‘ﬂgzl KA L FERBT R RFRY KIS U RBHbI e B sk repisgpented by
{GHIBVANORIHRhis seibgtedS i@ the group consisting of H, CH20H,

COOH, CO- Glucoronide, Br, CH3, and CH20CHS3; and [00941 R4 is

selected from the group consisting of H and OH, yvith the proviso that

when X3 is OH then R2 is not CH3. [QQ95] A er embodiment provides
a family of compounds representg following subgenus (Subgenus
[l1): R2 X3 /N; O Subgenus llI; [00 wheyei
0 R4
Subgenus II;

{8091] wherein

10092) X 1s selected from the group consisting of H, OH, and OCHa;

[0053] R; is selected from the group comsisting of H, CH,OH, COOH, CO-
Glucoronide, Br, CH3, and CH,;OCH;; and

[0694] R, is selected from the group consisting of H and OH, with the proviso
that when X5 is OH then Ry is not CHs.

[0095] Another embodiment provides a family of compounds represented by
the following subgenus (Subgenus IIf):

Ro
xa@w;t}
O

Subgenus II;
| [6096] wherein
[0097} X3 is selected from the group consisting of H, F, and OH; and
[6098] R is selected from the group consisting of H, Br, CH,F, CHF,, and
CFa.
[0099] Another embodiment provides a family of compounds represented by
the following subgenus (Subgenus IV):

-0
O
Subgenus IV;
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[0097] X3 is selected from the group consisting of H, F, and OH; and

[0098] R2 is selected from the group consisting of H, Br, CH2F, CHF2,

and CF3. [0099] Another embodiment provides a family of compounds
represented by the following subgenus (Subgenus IV): X3 N; O

Subgenus 1V; -17 [0100] wherein X3 is selected from the group consisting

of H, halogen, C1-CIO _alkoxy, OH, CI-CIO alkyl, substituted C1-CI|0 alkyl,
CI-CIEPREny1, whesis Rals aa5eie T figoRmsoreisigohibdiRipgen, Cr-Cio

alkdz GO Ry drory abllaphenylistastiLted phany, Cly elkenplkoxyaliadioalkyl, C,-
1o carbox CI-C%&&k

C1-C Y argé)ﬁg/l, CQ-uronide, )
OIS o Gosa GBS ol AU abeny, C:-Cio
a[REOH}AN Othel g rolbdimedt-Ore\dlkes weitoity o iCOmpeidy Cepresesiatharide,

_the following su us {Subgenus V): CF3 X3 O Subgenus V; [0102]
C@v%%iﬁé?ﬁ%@lﬁg §%1€8%3§$r@ﬁ1£{%a§%%§6‘consisting of H, halogen, CI-Clo
alkoxy$1BLClo aMditenzsiitadid a8l-Blovalky Iz GGl kempo@HClepresented by
ﬂgéamu@y]h '%Qnﬁét g@écl%gh ¢lkilo thioalkyl, CI-Clo hydroxyalkyl, phenyl,
substltuteécslﬁlh nyl, él- Ouall oxyalkyl, CI-CIO carboxy, CI-Clo
alkoxycarbonyl, CO-uronide, CO-monosaccharide, CO-oligosaccharide,

and CO-polysaccharide. [0103] Another embgeliment provides a family of

compounds represented by ihe {ollo} '

Z R4 Genus VI [01041 wherein 189

Subgenus V;

[0102] wherein X is selected from the group consisting of H, halogen, C;-Cig
alkoxy, C1-Cyp alkyl, substituted Ci-Cyp alkyl, C;-Cip alkenyl, C1~Cig haloalkyl, Ci-Cip
nitroalkyl, C;-Cip thioalkyl, C;-Cip hydroxyalkyl, phenyl, substituted phenyl, Ci-Cio
alkkoxyalkyl, C,-Cyo carboxy, C:-Cyg alkoxyearbonyl, CO-uronide, CO-monosaccharide,
CO-oligosaccharide, and CO-polysaccharide.

[0103] Another embodiment provides a family of compounds represented by
the following genus (Genus VI):

R
Xs—Ar—N_ )
Z R

Genus VI

[0104) wherein

[0165] Ar is pyridinyl or phenyl;

[0106] ZisOor §;

{6107} X3is H, F, Cl, OH, CH;, or OCHay;

{0108] Rz is methyl, C=OH, C(=0)CH,, C(=0)0OCH;, C(=0)0O-glucosyl,
fluoromethyl, diffuoromethyl, trifluoromethyl, bromo, methylmethoxyl, methylhydroxyl,
or phenyl; and

[0109] Ry is H or hydroxyl;

(61101 with the proviso that when R is trifluoromethyl, Z is O, Ry is H and Ar
is phenyl, the phenyl is not solely substituted at the 4’ position by H, F, or OH.

-18-



[0106] Z is O or S; [0107] X3 is H, F, CI, OH, CH3, or OCH3; [01081 R2 is

methyl, C(=O)H, C(=0O)CHS3, C(=O)OCH3, C(=0)0-glucosyl, fluoromethyl,

difluoromethyl, trifluoromethyl, bromo, methylmethoxyl, methylhydroxyl, or

phenyl; and [0109] R4 is H or hydroxyl; [01101 with the proviso that when

R2 is trifluoromethyl, Z is 0, R4 is H and Ar is phenyl, the phenyl is not

solely substituted at the 4' position by H, F, or OH. -18 [0111] The Genus

VI indited the mﬂi@%ﬂf&mﬁ%ﬁdﬁ%@mﬁ@ﬁ@a ynprnds BYBREENdDY the
sabekihe Prbgenys MibpdadRR NO X3/ N/N Z R4 Z R4 Subgenus Via

Subgenus VIb [0112] wherein Z, X3, R2 and R4 are defined as in Genus

VI. It will be recognized that the phenyl ring in the structure reptesented

by Subgegu ) ibskituted by X3 at the 4' pgsition. [¢113] Another

embodiment prevides mily of compounds repr ted

genus (Genus Vii): Y¥ Y2/RR4 Y3 N O Y4 X3 Genus VIE[01

[0115] X3 is Iectedg m the group consisting of H t?lo e 1-CIO

alkoxy, andEPFITL f"\(l, Y2, Y3, and Y4 are indel gﬁ%}’ elected

from ti@a 1pbup whasistidg &k HRCEEIRkyé subistduted:CEEi0: Ayl It will be

re%!fg%!igeg kgny lth%I_p ngﬁalr%?gnc%ﬁl' the structure represented by Subgenus Via is
substituted by X, at the 4° position.

{6113] Another embodiment provides a family of compounds represented by
the following genus (Genus VII):

Yy
YZ R R4
Yy N7 X0
Yq g
Xa
Genus VI

[6114] wherein

[0115] X3 is selected from the group consisting of H, halogen, C;-Cy¢ alkoxy,
and OH;

10116] Yi, Yo, Y3, and Y: are independently selected from the group
consisting of H, C;-Cyp alkyl, substituted C;-Cyg alkyl, C;-Cyp alkenyl, Cy-Cyp haloalkyl,
Ci-Cio nitroalkyl, C;-Cyp thioalkyl, Ci-Ci¢ hydroxyalkyl, C;-Cyo alkoxy, phenyl,
substituted phenyl, halogen, hydroxyl, Ci-Cio alkoxyalkyl, C;-Cip carboxy, Ci-Cig
alkoxycarbonyl; and

[0117] Ry is selected from the group consisting of H, halogen, and OH.

[6118] It will be recognized that a particular compound described herein may
be a member of more than one of the various genera described above. The compounds
described herein are useful for modulating a stress activated protein kinase (SAPK)
sysiem. Exemplary compounds of Genera la-c, Subgenera II-V and Genera VI and VII
that are useful for modulating a stress activated protein kinase (SAPK) system are set
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CI-C1o nitroalkyl, CI-Clo thioalkyl, CI-CIO hydroxyallcyl, CI-Clo alkoxy,
phenyl, substituted phenyl, halogen, hydroxyl, C1-CIO allcoxyallcyl,
CI-Clo carboxy, CI-Clo allcoxycarbonyl; and [0117] R4 is selected from
the group consisting of H, halogen, and OH. [0118] It will be recognized
that a particular compound described herein may be a member of more
than one of the various genera described above. The compounds

£ dRbERP et hAISTE LSERIPRIRHTOLIAIZRh GXE TR ISl SRRSO R Subgenus TL
GongeedGARPIR) aystemmblenglannaemnpsuodssebaenerfila-cCompound 13 is

S bqgnera -V ang Gﬁnera VI ang \fl hat arelgsé?ful for O(ﬁﬁtén% a !
PEHESS At TRt kiASE tEAR é)“séé%’%é‘ﬂq re SEP U forthin FRERATP S
of Getpauide oiieemusvl-Carerexahplcls af eompdeniiSafuSiHgenus II.

Compounds 7-12 are examples of compounds of Subgenus IlI.

Compound 13 is pirfenidone, an example of a compound of Subgenus H.

Compounds 14-32 are examples off@igounds of Genus VI. Compound

33 is an examplgAhEaus VIl Table 1 Wag Compound Number

OH 1 /N 0 2K 03 O-Gluc &N O CH3 4N/ O OH CH3 5HO/

N/

OH
1 Dl
O
Q
9 _ OH
@“ 4
O
Q.
3 _ O—-Gluc
@N /
O
CHg
: O~
O OH
CH;
> HO—@—N;j
0

20~



0 -20 Compound Compound Number O/ 6 &N; 07 N/T-* 0 CF3 &N 8 N
/ 0O9HO -</N/ OCF3 10HO\/N/ 0 11 F\,NPOCF3 12FN/ 0-21
Compound Compound

Compound Compound
Number

O/
O
0
O
0
CF,
OO0
0
© e O
8]
CF4
© e On0)
o)
H F—< :}-—-ND
Q

3

CF
0
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Number CH3 13/N/OCH3 14F/NiO/CF3 15CH30O/N,~) O O
CH3 16 &N 17 _T /NOCH3 18 O0-NsCHFZ 19&N O OH 20 O-N;
O CF3 21 CI N 22 Compound Compound Number CH3 22 NV N//

Compound Compound
Number
CH;
1 @N;m>
0
CHg
14 F@—N —/>
O
CFq
15 CHy—0 N - )}
Q
C
CHy
16 —
e
0
17 _
e
o)
CHa
O
S
CHF,
o OO
0
Q
H
20 _
e
18]
CF,
21 m@r«z - /;
G

23



0 ~-~CH2F 23 0ON/.0 24NO 25NON+ Br26 NO Br\27NO OCHS3
-23 Compound Compound Number FH2C 28 (N O OH 29 F2HCa N O
OHBra 300 OHFH2C O 31INHH

Compound Compound
Number

n () Q
5 (O ;j

T,
25

NS0
“ ]
.
N‘I"
|
Br S
2 |
3] O
Br N
27 |
N0
OCH,

w23



OCH3 32 F2HCa O N HOCH3 Br/33\\~a~~ N0 b 101, 1 Ikl -24 [0119]
Another embodiment is directed to purified compounds represented by
Genera la-c, Subgenera 1l-V and/or Genera VI and VII. The degree of
purity may be expressed as a percentage as described above. In
preferred embodiments, purified compounds represented by Genera la-c,
Subgenera II-V and/or Genera VI and VIl have a purity of about 96% or
greater, more(‘\gﬁ%%%%% about 98% or grEQBPYP Y eight based on total

. WInher . : .
weight of the compaosition ywHaEcom rises the purified compound. For
example, an embodiment provigés purified Compound 3 (Table 1). [0120]
Compounds of Gepera la-c, Su [I-V and/or Genera VI and VII can
be synthesized by using various re ctioRs. Examples of syntheses include
the following, designated Synth chemes 1, 2, and 3. -25 Synthetic
Scheme 1 R2 R, A X, X2 R3 Br R, Xi XZ HN/ X3 R4R5RaN X3 0
X4 K2CO3/DW/ temp 4 R5 O X4

OH
FZHCKI
1
29 N
OH
Br ~
30 |
NN
2\[»
L
OH
FHAC_ A
l
31 NN
“
T
OCH,
F2HC(1
32 N So
OCH,
RO St
33 NS0

-
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X, = X 2= X3= X4 = H, alkyl, alkenyl, nitroalkyl, thioalkyl, phenyl,
substituted phenyl, CH2Phe , halogen, hydroxy, alkoxy, haloalkyl
Rt=R2=RrR4=RrH, alkyl, alkenyl, nitroalkyl, thioalkyl, phenyl, substituted
phenyl, CH2Phe, halogen, hydroxy, alkoxy, haloallcyl R2 Rl B Me R3\/
5\Phe x, x2 Me R2 R, X, X2 R4 R5 HN X3 R3 N Xa 30-/0 Cu (OAc) 2/
TBAF/ Solvent 0 X4 R4 R5 0 X4 CR2R, X, X2 R3\/B(OH)z RZR1 X.
X2 HN -/X3 0/- RaN Xa O X4 Cu (OAc) 2 /Oxidant (TEMPO,

PyridieshispxidciiRiieselRiiRaRE FEA)APRIRGE AdnplealersiRveskd by
(_%g%%s%gﬁ)f ?_‘nngenSelr/Q T’Bme\tflcagdc/gre @eengr%< al?ld%}ﬁ{x :”ij?aglé\leg(r)ee’\éf) p%i%ﬂ( may be
expressed as a percentage as described above. In preferred embodiments, purified
compounds represented by Genera Ia-¢, Subgenera II-V and/or Genera VI and VII have a
purity of about 96% or greater, more preferably about 98% or greater, by weight based on
total weight of the composition that comprises the purified compound. For example, an
embodiment provides purified Compound 3 (Table 1).

[0120] Compounds of Genera Ia-c, Subgenera II-V and/or Genera VI and VII
can be synthesized by using various reactions. Examples of syntheses include the

following, designated Synthetic Schemes 1, 2, and 3.
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[0121] Ullmann reaction: Chem.Pharm.Bull. 45(4) 719-721. Target N-aryl-
pyridine-2-ones were obtained via arylation of 2-hydroxypyridines. The
Ullmann reaction is useful in the preparation of disclosed compounds,
except the 5-bromo analogs and compound 33 which are afforded, for
example, by synthetic scheme 3. [0122] A mixture of 2-hydroxypyridine (1
aryl |od|de or bromide (2 mmol), Cul (0.1-0.5 mmol) and
- gp8l&ssium carbonate (1 mmol) in DMF (3 ml) was stirred
overnlght at 135C uncder argomsatmosphere. Deep colored reaction
mixtire was taken into cetate and 10% ammonium hydroxide.
Organic layey was wasy {th brine and dried over magnesium sulfate.
1\ shied'target compounds as off-white solids
C heme 3 HO RGs ~Rz R1HOB,O \N"@,
; H RZ [012 Target N-aryl-2-pyri
via a i of 2- hydr‘éxypynlsnes with alkylbo

mmol), arylboronic acid (10 mmol), cupper(ll) acetate {0.5-1 ghmol),
pyridine (10 mmol) and molecular sieves 4A (5“5 19) in*dichforometh4ne

(25 naf) was stitred, k2 4rdS hauigakieas), Ismpaale Qpepeeierthe
air. fRetegertibrirmixtikcenwhaisaliviashed with saturated sodium bicarbonate with

ED T AT R s i e et siiate Py etarie.

e
N-aryl- erﬁ)yrldones we;e |solateg by column chromatography as white

solids in 85-100% yleld -27 [ 24] As pirfenidone derivatives, compounds
of Gene®a la-c, Subgene and/oMGenera VI and VII may also be
synthesized by any-cg \ alregttiong known in the art based on the
kno>yvn synthetic schemey forirfenidgpe, such.as dlsclgsed ;p

Patent Nos/ 3,839,346; 7,974\281; 4,042,699; ard 4,052,509, \all of fich
are h expressly mcorpor&ed by reference } Ir entirety=—

HN / X3 N / X3

Y

o X, A Ry O Xe
el Rz Ry
X4 *a
Rg B(OH)z
Ry Rl X %o
HN X3
/ VAR _
e Ry N / Xg
© X+ Cu(0Ac), /Oxidant (TEMPO,
PyridineN-oxide,0,)/base(Py, TEAY/CH,Cl,
/ 4A molecular sieves) Re R 0 Xy
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[0125] Starting materials described herein are available commercially, are
known, or can be prepared by methods known in the art. Additionally,
starting materials not described herein are available commercially, are
known, or can be prepared by methods known in the art. [0126] Starting
materials can have the appropriate substituents to ultimately give desired
products W|th the corresponding substituents. Alternatively, substituents
Sy Attt any point of synthesis to ultimately give desired products
with the corresponding substituents. [0127] Synthetic Schemes 1-3 show

methods that ca@e used to prepare compounds of Genera la-c,

Subgenera [ enera VII. One skilled in the art will
R iate that g nygmber of dlm’i/nthetic reaction schemes can be
m synﬂTeglzggg'compound of Genera la-c, Subgenera II-V and/or
GenmeraVI and V. *Further, one d in the art will understand that a
number of different solvents, cou agents, and reaction conditions can
be used in the syntheses reactionsgo yield comparable results. [0128]
One Sﬂé ﬁ in th(ﬁ art will aapprem }1[ aﬁﬁitlonﬁ tf}g@gqﬂg% amPér ot N-aryl-
furthe recognlze Varations in the appropr e reaction conditions
phnodmthg- s lvgeud rEaedi oisasyletion of @thydmsepm@mwﬁmmwmereacﬁon

i@ﬁ?éﬁﬁrllﬂt%%& Sﬁf&ﬁt}? Prasesses ahn tﬁQ'E‘f%%iﬂgsa%logs and

Genera la-c, Subgenera | Vand/or Genera V and L [0129] In the

cm&%@a&h@h@@lﬁ&@@dié@ﬁﬁéﬁﬁkﬂﬁa@tﬁiﬁ%ﬁﬁé@@ﬁpéunds of
comp of Gengraila-6r SURARNS A Hdhand/anteenars baad ¥ hihRide (2

use o&pro tective groui)s is generally well recognlzed by one skilled in the

(i -Bsemnahy auther BEEHR RO HHET $8"BPap I g b i g D)
VO URS DA EAN S CaSes hadinplies inibspReasesses afitheisehendasmixture

e T T

viitobrine ihé ariedf organiatmisiniisse cdohexanhplenodtafhreneished target
"Protectve G he Wiley (New York), 1999. The
oS o e T AR

e reac escrBed herein may be isolated by
conventlonal means such as extraction, distillation, chromatography, and

ﬂ%ﬁc@éﬁ%@& J{e salts, e.g., pharmaceutically acceptable salts, of the

HO 1
O "0
'd

HO N o

N0 Cu(OAg)s, Oy, Py

R

[0123] Target N-aryl-2-pyridones may be obtained via arylation of 2-
hydroxypyridines with alkylboronic acids (Tetrahedron Lett., 42 (2001) 3415-3418). The
alkylboronic acid route is useful in the preparation of disclosed compounds. A mixture of
2-hydroxypyridine {5 mmol), arylboronic acid (10 mmol), cupper(Il) acetate (0.3-1
mmol}, pyridine (10 mmol) and molecular sieves 4A (0.5-1 g) in dichloromethane (25 ml)
was stirred for 24-48 hours at room temperature opened o the air. Reaction mixture was
washed with saturated sodium bicarbonate with EDTA and organic phase was dried over
sodium sulfate. Target N-aryl-2-pyridones were isolated by column chromatography as
white solids in 85-100% yield.
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Genera la-c, Subgenera II-V and/or Genera VI and VII may be prepared

by reacting the appropriate base or acid with a stoichiometric equivalent

of the compounds. Similarly, pharmaceutically acceptable derivatives

(e.g., esters), metabolites, hydrates, solvates and prodrugs of the

compounds of Genera la-c, Subgenera H-V and/or Genera VI and VII

may be prepared by methods generally known to those skilled in the art.

Thus,[@lther Aspioihidene gesiiadscerppognadsthbCansigrisdeugsberagra -V
RV SERMPOYIHd MO GRS &l FoP QIR E?W%M&Hﬂ%mﬁm known

“metabolized in vivo (e.g.," by a metabolic transtformation such as )
inydgraThbarsA cadhadpstersatieitsrhenas fonpiftriiare) b s dirsigsed in US.

PaghYeNELMYsA Spharpacellicedysacarpiabie Brdrliy o eaiehdare hereby
compound which is, within the s%ﬁp_e of sound medical judgment, suitable

R SR eBOTREE b}éé"‘?ﬁrﬁnﬁﬁﬁﬁ S RRBE Y indue toxicity, irritation,
allergimresponstxaanig thadikalsadekeffeativefanthee intanded usemercially, are
including a pharmaceuytically acceptable ester as wel a zyitterignic .

TR Crareh LSO 9 e PR D1 B S L e e

nof phacritedebiticall\aracoefirbic prodrrg tiiye sigr dodesoyile doim TheHjgeshied by

n?é}go\és E&g%,igrégédaw‘gs as Novel Delivery S sue, Vol. 14 of the A.C.S.

Symposium Series, and in Edward B. Roche, ed., Bioreversible Carriers
in DrulfBésign Rrdneanamnialmeatebava s sppranoatarabPdugaihth ultimately

JrFeaRsitcBioRRLR QIR BER DR RINY SHRRREAIN CAROIRISARY substiments can

reference in their entirety. [0131] The compounds and compositions _
WedefptPhaminkeay shoTnticHe 1 eviibBrtey AVasderhsferofisteth the
conelabalite; MeanRseatproduct of metabolism of a compound of the

embodjments or a pharmaceutically acceptable salt, analog, or deriyative
theredh ik oxtTBRBSHS SEFSEN PPt EERGh i S EoMpBLHciBrPTeper

dinepembodirGentsa Tde, Sabpeatads dndhdbmBesdinng descriiedhertiilied in the
may.also include, hydrates an ates. As used herein, the term

AN SR o R 1 SRR SRR SRR SR et
sBetheviad dhe, Quigyemndsaoll-Geandy de-Gelidrgevtant-Viindfvd &soivel and VIL

%gggﬁ»g%?{@hégﬁégﬁe% gﬁﬁ%ﬂ&&?ﬁmgp;rﬂﬁﬂlﬁep@faﬁ@mQ%&@?&wpimg

ere wi ogical activity of the solute. Solvents may be, by way
asfeniea ATG] ecashigrerordifioms| cor brutkddithel AYbRA o 1pastiersgoibigld comparable
s&igrence herein to a particular compound or genus of compounds will be
understood to include the various forms described above, including

pharmtdedlicalyae ckpteb s Shrerb St LpprseiiG S 2iEeas o dReaprguence and,
seivates-ne el tiesy giatR@othermisespPopriate reaction conditions from the

analogous reactions shown or otherwise known which may be appropriately used in the

processes above to make the compounds of Genera Ia-c, Subgenera II-V and/or Genera
VI and VIL

[0129) In the processes described herein for the preparation of the compounds
of compounds of Genera Ia-c, Subgenera II-V and/or Genera VI and VII, the use of
protective groups is generally well recognized by one skilled in the art of organic
chemistry, and accordingly the use of appropriate protecting groups may in some cases be
implied by the processes of the schemes herein, although such groups may not be
expressly illustrated. Introduction and removal of such suitable protecting groups are
well known in the art of organic chemistry; see for example, T.W. Greene, “Protective

Groups in Organic Synthesis”, Wiley (New York), 1999. The products of the reactions
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Methods of inhibiting p38 MAP kinase [0132] In an embodiment, methods
are provided for modulating a SAPK system, in vitro or in vivo. The
methods include contacting a SAPIC-modulating concentration of a
compound with at least one p38 MAPK (e.g., by contacting the compound
with a cell or tissue containing at least one p38 MAPK), where the
mpound has a relatively low potency for inhibition of the at least one
proglbadh breiBgres berispigedoby FemitsrsignalgmsamisUSH SordEmiatofifeHation,

Cmmwa%yﬁ%tﬂg@ﬁkgne p38 MAPK by the compound. [0133]
"Contacting a cell" refers to a condition in which a compound or other

compHUiEBh of Thatalts meciRtarRarREEratAsceRirbie felise 0b iR cBmounds of
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am ontactm or fissue ¢ ntalnl 38 PK with a
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sligekingt g caniacioa A cellar fissue e 3OmSNE, (0L v g v

y intermixing or a ministration a compoun

m@»mmmw@mnade gSetibniaremin Wahdiorsddeéia ‘theaarrél \/’Il‘hus another
AYALRRU o BIG" PERROL es BEgiale NEIeRS ARHALA, In general, a

pharmaceutical composition comgrls 63 oné or more of the foreg;m

oo isikcitmaoeRs Bdhdaiers ifs¥iHe fiseds I acesHARh EaRsfprmation

sﬁﬂﬁoﬁiﬁ%ﬁﬁ%ﬁpeﬂﬂﬂyﬁﬁom&{m@&&m%t theraam m%%w&bﬂs an active
targeted, directly or indirectly, to a cell or tissue containing p38 MAPK.
CORENg 4 m%&%ﬁw B RRCAPIRHBE UFRIBRE Gn ARTBRSIEH R hich is,

Wiihtahe seppeiod mm&hagsﬁgﬂ&n%&wm’ for &mhxﬁmdmﬂn&mw patient

ximity of the com d and 38 -cont al Ior tis
T R e R BBt ra S o bR e for he
1p&8dMA1§H<n{ﬂmaﬁgla pkm:tmacemﬁbaiﬁiymm;ﬂaﬁhe il s mitasteatwmthridnao form,

the cell
RIEBILE obiR: A St Rl BeRa e ME euicany-
@sm@hhaﬂ@émg@)p@s arecieRsobed s 5. dhiseehitrenibry tiitehesBre-daugs as Novel
e b . t ]
E%Hm%g%ﬁs%ﬁ%ﬂ' iegd gndpaint By, s%?é@ﬂ:&n?%@}%a 298 48 BB 40%e, ed.,

%, 10%), relatlve to the maX|ma observable reduction of the

AN HaraVa Pars %f.: ) a-a 20 =1=¢: 4:"5 1 mmﬁw% éSSOCIatIDIl and

Mgm@@@dsrqmm%tﬁ%wm e NRGLSH QRIF RO Qi PIRSEH B Neference in
%‘E’ﬁd concentratlon of TNFa, For example, EC50, EC40, EC30, EC20 and
GEri&Yetermined as

[0131] The compounds and compositions described herein may also include

metabolites. As used herein, the term “metabolite” means a product of metabolism of &
compound of the embodiments or a pharmaceutically acceptable salt, analog, or
derivative thereof, that exhibits a similar activity in vitro or in vivo to a compound of the
embodiments. The compounds and compositions described hersin may also include
hydrates and solvates. As used hergin, the term "solvate” refers to a complex formed by a
solute (herein, a compound of Genera la-c, Subgenera II-V and/or Genera VI and VII)
and a solvent. Such solvents for the purpose of the embodiments preferably should not
interfere with the biological activity of the solute. Solvents may be, by way of example,
water, ethanol, or acetic acid. In view of the foregoing, reference herein to a particular
compound or genus of compounds will be understood to include the various forms
described above, including pharmaceutically acceptable salts, esters, prodrugs,

metabolites and solvates thereof unless stated otherwise.
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-30 concentrations that result in reductions in the serum TNFa
concentration by 50%, 40%, 30%, 20% and 10%, respectively, relative to
the maximal observable reduction on a dose- response curve. [0137]
When the cell is contacted in vitro, except in a cell-based assay, the
effective concentration (EC) is a concentration that results in a reduction
in the activity of the specified target by a given percentage (e.g., 50%,
40%, 30%, 20%, 10%). For example, EC50, EC40, EC30, EC20 and
M ldhaes Alaisrminers a3 eoPegRLtIoNs that result in reductions in the
activity of the specified target by 50%, 40%, 30%, 20% and 10%,
respetiidly, on® B 8h ARGy Aksh RESIERS on Tngaleidim 2 SAPK

spaesified targetds noveblainad WeneifRclive erneentiatinn EShekamodulating

compound i%f concentrat on_tgoat results in a reduction of a target activity
BRI pol o REABESUEY, MRt 8RS, SR B0V ha i B icoagine e
comapoingl véthuctel af theutacgiahdhyity lysthacoRaIaUTE ) OFB&kL WheR mpound
he cell is gontacted in vitgo, i ell-based ay, the e ' .
G RS R e R
oeripdtidrelof ek peiititore cdpwintision fargebibitioenibie @.pash0%s, FRAJIAPK
306 LAHuHA%0) relative to the maximal observable reduction of the
by 1S cf 7> .
Specified endpoint by that compound. Such an endpoint may be a cellular

respoH883or exdmplectiaaaardy ieftneteacrendition INrHchs: cutmeninkbet other
chnositdnrer cRREGMEaoR I C U MRt i RoLeXaMRle:EGrYs E:ﬁg'é)_enough to

.EC30, EC20 and EC1o are determined as concentrations that result in
indirfcfdtssidiactogiesl elsgerateh By E596: 459 Seuplooosnipmingoell or
ﬁ(rjsapmvﬁmngemmgiggw@ﬁmm@gg%x@agﬁ%sﬁﬁ&wiﬁ fty maner that
0Se-response curve. of the system-modulating .
S Bt AT 26 ﬁ?ﬂ&é%ﬁ%@ﬁ&&ﬁf%%ﬂé@@%,the desired
bintrgipiefffeably akelit Ehpivttmabobll 658:pM fadyitkibilempficideast eRgnple,
3 RK. Thus,for example, /modulation of the SAPK system m
e o B o 37 C R o Goner fe
Sgberpsteh v 1/ antioreGneradWid adddnaveih, atisa stohre 8B MARISak diate
tHerONSRANRAIMRINAL SRS deabhe ! i
more referab?}less than EC2 ,ge%/tg)r? g?g% ?gb ﬁ%@@é@gg@%ﬁ? fegoing).
inhibitl8k361 the Altaativie: psBRetirK byelheotdiapsumtaddeterampighed by
Do DSe BSPGBSAICHIY S AMMOIRIAY HheCeHtRioRRRAHIMEAIS e directly or
.compound is Py vided in the form of a pharmaceutical composition,
HRSEERET it R b R RS AT Mo S MAAE Kar gRtacting a cell or fssue may be

accomplished under conditions such that a compound binds to at least one p38 MAPK.,

Such conditions may include proximity of the compound and p38-containing cell or
tissue, pH, temperature, or any condition that affects the binding of a compound to p38
MAPK.

[0135] In certain embodiments, the cell is contaéted with the compound in
vitro; in other embodiments, the cell is contacted with the compound in vivo.

[0136] When the cell is contacted in vivo, the effective concentration (EC) of
a compound is a concentration that results in a reduction of a specified endpoint by =
target percentage (e.g., 50%, 40%, 30%, 20%, 10%) relative to the maximal observable
reduction of the specified endpoint by that compound. Such an endpoint may be a
physiological response, for example, reduction in blood or other bodily fluid
concentration of TNFa. For example, ECso, ECag, ECsq, BECyo and EC)p are determined as
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-31 Screening a library of compounds for low-potency p38 inhibitors

[0141] In another aspect, a method is provided for identifying a

pharmaceutically active compound, e.g., for determining whether a

compound is potentially useful as a therapeutic agent, e.g., for the

prevention or treatment of an inflammatory condition (such as p38- or

cytokine-associated condition). The method includes assaying a plurality
cagfeentrapoun dsafarinhibitieduofiandcsashe serpB8 TWAR Kesan eliwstiby 20%. 40%,

A B e O ose
THPeREMeEGE about 1 pM to about 1000 M, preferably about 50 pM to
aboutyppiyM forgnbibition af ithg.atdeast ANG P38 MARK: Themlbialityefay, the

compounds to be assayed is preferably selected from a library of o
elSeRiNt SPROTABBEATHIE THe 28RRARGASOTMEIYI HFsREs Bt aossHaRdR e dptivity of
tﬂ@%g&gﬁeﬁmﬁg&ebm%ﬂcéﬁgpm@@&ngssm 2B ,mel%'p el %o/é,)_ For

embodiments, the methods further comprjse contacting at least.one :
CTRB R e SRR TR ARG (o et i
retwtpeisnis dnh iititie actitityspbetfitdkimest ApIBNIARRSIfefetbyand 10%,

selected from the group consisting 38a f3 and_p386. .
T oP e CREEo TS e o B B LR, tage
npteferratdnivodieins, wreoumsctn(ESiepiconpripessh Agakthogagrgedtion that
&%@@?ﬂ?@%ﬁﬁ&%%Qe%h&ﬁeigpeyradgiLPén“I%lﬂawﬁg@@egLeBO%, 40%, 30%,

embodiment, methods are provided for inhibiting the activity of p38 MAPK
2V EBT0)irelativedp amakimalEriBralon o hmiBassticitidy Bahtartnayas-

cell cqpiaiging afirastenaiPREMARIcHEh AR Ltieativm RASNRBIYNthe effective
amount of a compound (e.g., a compound of Genera la-c, Subgenera II-V

CREABEEERECY PAACIRPOURAF CoRORFSRE ARt Hab el vy SHUFRen of 2
speth ki bildietht Byamples pbroschgnetodsoae pooyidethjre0de, 10%) relative to

LEXAMPLES secti k%\%%ow. The.compou referapl eg{?ibits an EC50n
SR R T G e
e 8polfifaian hibiiolafithespbieasfans: pald AddKciihein ontactrgiod af TNFo. as
east on 3% with the compound is teferafl condugct t

RIS b AR TTUBUA Sl P obth S PEE B0 o
HESS BaNHE 2ikeraokeHiele abbriresitinehsEAH fauinhibidoncabiiamthe TNFa,
least one p3 !\/jéAfKﬁﬁg the ¢ ound. [ a?,3] In vivo methads include for _,
BT UEL g i ok o A s SPRRGF BT U he ool
ataspshladedhtniereaty doye-genmpaundof Genera la-c,

[0139] The BCsq of the SAPK system-modulating compound is preferably in
the range of about 1 pM to about 1000 puM, more preferably about 50 pM to about 650
uM for inhibition of at least one p38 MAPK. Thus, for example, modulation of the
SAPK system may involve contacting a compound (e.g., a compound of Genera Ia-c,
Subgenera -V andfor Genera V1 and VII) with at least one p38 MAPK at a
concentration that is less than an EC4p, preferably less than ECsg, more preferably less
than ECag, even preferably less than ECyq for inhibition of the at least one p38 MAPK by
the compound as determined on a dose-response curve in vivo.

[0140] In certain embodiments, the compound is provided in the form of a

pharrﬁaceuticak composition, together with a pharmaceutically acceptable carrier.
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Subgenera II-V and/or Genera VI and VII) in various concentrations.
Following the -32 introduction of the compound, lipopolysaccharide is
administered intravenously. Serum TNFa levels are measured and
compared to that from control animals. The preferred compounds inhibit
the release of TNFa, thus reducing TNFa levels in the blood samples of
the tested animals. The compound preferably exhibits an EC50 in the
range of about 1 M to about 1000 M, preferably about 50 pM to about 650

seAddRlzanibiiey of ihapaiaaseeiThaRti4bT awmeaikiad of identifying
a pharmaceutically active compound may further include determining

mamrfitdh toxiBity B8P s@fPERd hntBEHng. SticR MRS reidentiying 2
pasneraditkapyvadavhasensistied ir.the &t Tbrmbtingd whideatifying@pound is
gparr@ceutirgil I%acti[\%e compound r{la alsg inglude administering the t of
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spleching meermetioubiel seubiieatralatinalpevepriorciofordphinsingp3s MAPK.
I@Méﬁ%t BEQYIgESJIP N ads-fREEY %ﬂiﬁ\’&”&ﬁ%ﬂ?&{&i@ﬁeﬁﬁ@@%me of
e.g., in n(s

ammatory condition(s) and/or fibrotic condition(s). The methods

et d MG LA e PetlFRsRl PR AN YR 8heFiHRO déYiditoRhibition of
tBEISCIeLkirom 383 Infammatary paRMiHo N, AREAJRIRINCEARALIR 80Ts preferably

administering a compound to the subject in an effective amount to treat or

splestedht fomn AN ) BOREHR ncampR ot e oRRERS 1R tafe RibgRlty of
o@mbt;&ameﬂb%ntﬁ@ ﬁBffﬁﬂDHﬁbl 933@&&&%&@5&% ﬂaewr@}@?emf aboiid, f}ﬁ some
to.about 100Q M, prefer about 50 M to about 650 pM for inhikition. of .

b i e R S TR S
ireditgest achipathds, serideermmniherhabiy fhaidoeopnens dtibivihakiactivity of
less than gn QL. preferably, an E or, more preferably., an o]

R Aot MR RS piahly el bl MO RIS CRANA AR, posr,
1A8ycenthplsid dxipbifsred BEbOdmtsahgeoftabivgtsieRiakes glbenst in vitro; in

ROt My ReEIREADLY B0RMI R PNLLO 3BRHLERD RMFOLJAIBNAN o l08ms & cell
TNFa secretion. In other preferred embodiments, the effective amount
reETieRs 836 Mod Bryshuhe 6PanewEr bodily fluid concentration that is
less tha 41 EC30 qty Risirrabiys cickb? GiniiRre-preferakly. B EkibRing the

or, more referabl}/ an ECzo for ) .
activity of p3§ K m a cell, in vitro or in vivo. In general, such methods include

contacting a cell containing at least one p38 MAPK with an effective p38-inhibiting
amount of a compound (e.g., a compound of Genera Ia-c, Subgenera II-V and/or Genera
VI and VII), under conditions such that p38 activity in the cell is inhibited. Examples of
such methods are provided in the EXAMPLES section below. The compound preferably
exhibits an ECsg in the range of about 1 uM to about 1000 uM, preferably about 50 uM to
about 650 uM for inhibition of the at least one p38 MAPK. The contacting of at least one
p38 MAPK with the compound is preferably conducted at a SAPK system-modulating
concentration that is less than ECag, preferably less than ECyq, more preferably less than
ECyp for inhibition of the at least one p38 MAPK. by the compound.

[6343]  In vivo methods include for exemple, introducing into a group of
animals orally or by injection a compound of interest (e.g., a compound of Genera Ia-c,

Subgenera II-V and/or Genera VI and VII) in various concentrations. Following the

w32



inhibition of LPS-stimulated TNFa release in a bodily fluid by the
compound. The -33 effective amount is preferably about 70% or less,
more preferably less than about 50%, of an amount that causes an
undesirable side effect in the subject, such as, but not limited to,
drowsiness, nausea, cold symptom, gastrointestinal upset, and
photosensitivity rash. The compound used for the treatment or prevention

ingrpdatsicaon Bheompeond. direpeizsackbarids ibgdministied dnkiiyrdusizraSerum
TPV, (04461 Eﬁo&%fgém?éﬁy.@%ts%%ﬂﬁﬁa%%sha%%gp%?ferred

Inflammatory condition are known to those skilled in the art. Exam
ciriipeunstovy it i ilessthelt TiNER ibusaatudiog JrsVenieswlsyrt eerhistinbeisnples

o(}%ﬁg rt@?e% Qﬁgﬁﬁsin?ﬂéjgoﬁi Q&xﬂ&}?&@?ﬁ&%%&@ 3 §C%ﬁ’ i qﬁg\%%%g of about 1

associated with altered cytokine dctivity, ons assoclate

HYD i HHOSnLSA Rre Syrebdynabnsto b mivh éodibeut 68 Vard digeimbéstion of the
r@ﬁ%%?@“%gmth acute and chronic inflammation. The cytokine (or

cytokines) is (are) preferably selected from the group consisting of, but

not linfitdéto, ILThEEmetled oiBidandiiTINE a. phaamacentodimentivheompound may
MR OUBAMSAE: L0, HEALOL EGUERLIRE RHATUNAPH LRI Bompound.  Such

compound that inhibits a kinase in the SAPK signaling pathway. Examples
BehRsfo e ECESTHBL Y Nl JBeseoiRbst ie Srcherbaetop gdrideatifying a
PhdAd(RlBnekRive anfnybul@140dyT hesterm cRB8-assaqiaieehaongitiotelected

means a disease or other  deleterious condition in which the p38 MAP

GRS G A iRt Pt 6y SHEORR S cauychipre i ER dite ARFBRIRRHRR 0 mammalian
idiBplesef nB8-assosiated eoBaibcfismiig]utle ReNSibRRS €aAUSBIEAYhas or is at
IL-1[3, TNFa, 1L-6.or IL-8 dysrequlation or.overexpression, resulting from
T S B, CERE B ArE e B R F Bt B 5 PEmmal, and
wepdigiohsmiaclude, without limitation, inflammatory diseases,
autohmmmune diseases, fibrotic diseases, destructive bone disorders,
proliferative disorders, infectious diseases, neurodegenerative diseases,
allergies, reperfusion ischemia in stroke, heart attacks, angiogenic
Rietherty of GRpteRARBIOVBERRBHMY perplasia, cardiac hypertrophy,
thromgr4spuced ipiel etagsipgatiopravidtsonditions assardated WithiReenting
rostaglandin or cyclooxygenase, pathways, e.9., conditions involvi
SEtR SAN E EBF SEA BB P e SRR, i methods
incliurttel damyi fydmgl i owb s s aciate davivh avime didtack byatoisditsmsefep@8. from an
0] 48! "fibrotic.conditiqn,” ~fibreproliferative ¢ n%’gj@n " "fjbgotic
%’éeasétpgﬁbcr%%%flgﬁ era %g' é‘ll{%reoa%%?‘p [ t%gﬁcaalsgr er}?asger%l g & compound o the
Stibesp riolifor aflestiisordmnint to treat or prevent the inflammatory condition and/or

fibrotic condition. In preferred embodiments, the compound exhibits an ECy, in the range

of about 1 pM to about 1000 pM, preferably about 50 uM to about 650 uM for inhibition
of at least one p38 MAPK. In preferred embodiments, the effective amount produces a
blood or serum or another bodily fluid conceniration that is less than an ECag or,
preferably, an ECy or, more preferably, an ECjo for inhibition of p38 MAPK by the
compound. In preferred embodiments, the compound exhibits an ECs in the range of
about 1 uM to about 1000 uM, preferably about 50 pM to about 650 uM for inhibition of
the TNFo secretion. In other preferred embodiments, the effective amount produces a
blood or serum or another bodily fluid concentration that is less than an ECy, or,
preferably, an ECyo or, more preferably, an EC;s or, more preferably, an ECyy for

inbibition of LPS-stimulated TNFo release in a bodily fluid by the compound. The
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are used interchangeably to refer to a condition, disease or disorder that is
characterized by dysregulated proliferation or activity of fibroblasts and/or
pathologic or excessive accumulation of collagenous tissue. Typically,
any such disease, disorder or condition is -34 amenable to treatment by
administration of a compound having anti-fibrotic activity. Fibrotic
disorders include, but are not limited to, pulmonary fibrosis, including

sfineipeatarmopu is peisraby obeut P an dept imnorsamefiseblid fsothea Koo 50%, of
£ HRIGY HetRQSIR vRRdirana LY opis. QIRRL 58PIatY I alS 1ot limited to,

conditions include musculoskeletal fibrosis, cardiac fibrosis, post-surgica

AETRUATS hH SIASRS SO AR c B EC RS iNah Testo R Rbe tagenadiyies Tash. The

ool hederer ThRasipting AN SNSLR HIRANTINGERSNGOLT Genera Ta-c,
Sdgcrea&ﬁﬁ activity of the gr'[ress-actlvated protein kinase system activity,
e e

G AR b 585 vt Nether in vitro or in vivo. In certain
emboflitdénts, thixiBR|GrSysteifyisy meaditaied wihehPRthackivbhithdeethatory
is. iphibited by abaut 50% ferahly b out 40%,.mare preferabl :

o B B Y S o1 AR, Eohcions tha
e feg dbbptes/ abpuvessl damparedte diedp@8ibefiVierah dnchinteepR] associated
cGQ&lrﬁQhéieé!g.[,oc?oﬁ%fé&o&gbté%isﬁ%ﬁﬁ'Qﬁ@gﬁ}@’-gﬂt igred 6 ,.Wo%@ﬁ%‘ﬁ'%@?osciated
used hereiri, refers to a condition in which cytokine activity’is a ered

“eBnprAetatierachon-isRRsteRarIoT G ditse st s ibtdinwtadsapiated with
a6@RBAHORESANSRH B Halds3, W@y’c&dﬁ@f&bﬁ&é{ﬁégf ‘i’éj(g‘bﬁ‘gjjﬂrgferably selected

dysregulation resulting in sustained, prolonged, enhanced or elevated

eve o seBIGRRSEERG )L DHicRombtsed s dEidBdllvith F38aetiiBNBucHn an
cBORAINNS, iHeludRnyuitae UsdimitaliaRsindapAR VRIS GaBES ARSI on is
dlsease?ss, fibrotic diseases, destructive bone disorders, proliferative

comRrHRA bl diiduates hrufltit simating eatiswisc Examplgicf preferred
cbﬁi}ﬁnﬁuh e 'Hﬁtwﬂmpmlﬁl h- ' F@ﬁ&eﬁ&%ﬂﬁ&@l&&geﬂﬂﬁimﬂﬁﬁm b QI_Q%&% Vjﬁﬁﬂ VIL
ypo scular hyperplasia, cardiac hypertr /, thrombin-induce
pIateii?la%‘%reg;%n,%Wg cé’r?él'ﬁ%sr?gl Eegoccfgf]éjg h RS chooXythsfale otber
delstetipoxygadittm signeliich et n8ays] ABchinsspragiagianguthway is implicated,
I ] A gytokine-assqgiated candlition.can inclyde any .. .
e S B B R T s
chusgbbit 18- b, aFyFothBr-6ytoKihe vilyiohgtdative kegoiateripbssgidB. riaulting from

S AR 8 A SR AL S Bl
Edudeio weheHutbimiistinne inflammatory diseases, autoimmune diseases, fibrotic
diseaées, destructive bonme disorders, proliferative disorders, infectious diseases,
neurodegenerative diseases, allergies, reperfusion ischemia in stroke, heart attacks,
angiogenic disorders, organ hypoxia, vascular hyperplasia, cardiac hypertrophy,
thrombin-induced platelet aggregation, and conditions associated with the prostaglandin
or cyclooxygenase pathways, e.g., conditions involving prostaglandin endoperoxide
synthase. A p38-associated condition can include any condition associated with or
mediated by an isoform of p38.

[0i48] A “fibrotic condition," "fibroproliferative condition,” "fibrotic
disease," "fibroproliferative disease,” "fibrotic disorder," and "fibroproliferative disorder"
are used interchangeably to refer to a condition, disease or disorder that is characterized
Hy dysregulated proliferation or activity of fibroblasts and/or pathologic or excessive

accumulation of collagenous tissue. Typically, any such disease, disorder or condition is
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diseases and diseases associated with acute and chronic inflammation.

These diseases include, but are not limited to: chronic obstructive

pulmonary disease (COPD), bronchiolitis obliterans syndrome, chronic

allogratft fibrosis, inflammatory pulmonary fibrosis (IPF), rheumatoid

arthritis; rheumatoid spondylitis; osteoarthritis; gout, other arthritic
-conditions; sepsis; septic_shock; endotoxic shock; gram-negative sepsis; .
ARSRIED o3 0 s HERIEDh Ao SRR 1A Patn COFARRBRYC VDS ) ridmsigiaotivity.
F%ﬂ‘tﬁmaisc?ﬁwﬁﬁﬁﬂﬁdﬁ,%ﬁt ﬁiéﬁeﬁﬁrﬁﬁadi &emlﬁiﬁlmarmi@fl | Qfsbﬁi&.!ﬂcﬂigﬁdﬁgiathic
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& [ nia; thrombocytopenia; pancreatic fibrosis;
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kefieidase; renal fibrosis, irritable bowel syndrome; pyresis; restenosis;

cerebfg] yaplariapaireke anddsEREPIEARILNGRELTALIRUNA: AERE NS reasing

disease; Huntington's disease; Parkinson's disease; acute and chronic
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2D ey QRidvL ENERNIEHICEF LIRS, ABMIEPRIRANGRLSHMERROhEAGAPK s ystem is

malaria; Ierﬁrosy' leishmaniasis; Lyme disease; Reiter's syndrome; acute
Qe PR e &s@&ﬁéiatFoﬁ?%awrﬂ%{be&ﬁhaﬁiﬁéwérﬁé%nawﬁ%&bw by about
4oeiniated prefitlsle, 1or felapees dntarveste rleisk e Wydibene 20%, or yet even
osteopetrosis;, throm is: silicosis; monary sarcosis; bone resorptio
T D R R S e SH Tt B aie comc ol
disordd@isigan CeX, mnmmmmdimmmm@mmmmmmmm
réfék‘af?&@'o&ﬁa&%ﬂ'ﬂ?vmﬁ Q&Héek%%ﬂﬁisgégé%dcéﬁﬁrg&e%ﬁ? NORSMAkased
cell lung cancer; graft- versus-host reaction; and auto-immune diseases,
staioh BeMutliplessbisiosie, lupitad anctdilditmpaigiasdbp SLahl, GTNEpyials or IL-

sISEARERIER 85 HERES A0S Rl IAe RS 5l ;eg%* é:%ﬁoﬂ%éaﬂg&%%ydw? jevated

Severe Acute Respiratory Syndrome(SARS I cytom gélpkus; and
Iengls et syinkineScHY RndwieM mayretsasierdeidnpddasisnts. cBnobeconditions

iMgadlo aaberatiferaiive diserdersncluginghothbenian.ard malighantiyrotc
hyperplasias), including acute myelogenous I_eukemla, chronic

%%er@@fg‘ﬁ%‘f&nh%t‘?%a‘ﬁ%@réar(%ﬂ?ﬁ?r%%sﬂéﬁﬂf%iaﬁﬁfﬁ%ﬁﬂm diseases,

nanbigentyRiveaibiaas! cliegaes) Nelpeinginetasiatic.biaastk-ialCRMAattacks,
colorectal.éarci oma; malignant melanoma; gastric cancer; nop-small cell

RRGER P IRSETC) P B8e RI R asEE I (MR H%n dRgHaR Jypertophy,
timetobiingndewrompkeelar paiprdgeddachendancendidimsdentsbgiaied angith  the

c@f:tl%gg?g%%iz{}éang{gg ri];i)%xygenase signaling pathways, such as prostaglandin
endoperoxide synthase, A cytokine-associated condition can include any condition
associated with or mediated by IL-1 (particularly IL-183), TNFa, IL-6 or IL-8, or any
other cytokine which can be regulated by p38. In preferred embodiments, the cyiokine
associated condition is a condition associated with TNFa.

[03151] The methods described herein may also be used to treat autoimmune
diseases and diseases associated with acute and chronic inflammation. These diseases
include, but are not limited to: chronic obstructive pulmonary disease (COPD),
bronchiolitis obliterans syndrome, chronic allograft fibrosis, inflammatory pulmonary
fibrosis (IPF), rheumatoid arthriiis; rheumatoid spondylitis; osteoarthritis; gout, other

arthritic conditions; sepsis; septic shock; endotoxic shock; gram-negative sepsis; toxic
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disorders including solid tumor angiogenesis, ocular neovascularization,

and infantile hemangioma; conditions associated with the

cyclooxygenase and lipoxygenase signaling pathways, including

conditions associated with prostaglandin endoperoxide synthase-2

(including edema, fever, analgesia, and pain); organ hypoxia;
thrombin-induced platelet aggregation, In addition, the methods described
sheskipyadgse wyefesidmtie eadmmeatd Blrottisdienise astas adiiha¢spiratory
dRekMingJaname aistiRdba MRIRE! MY CIOAHPICINMOrSEEISR. aczoma;

issues, or organisms. A preferred subject is a mammal. A mammal may
CTANES S RS BRBRITNTHEOISIEx SHIPHC Shereidisisnthmviiarisease;

Coclogtscdittesgigautsheeng Ogisu iRl Ses6aRals, HuiRl0 astindlS hemolytic
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hephitiasy inoliéikg dwpaiic tibrasts; Specificekerhpiaiy adniinitcation routeSbrosis,
y e ogul ctal cal ical, nasal,.ophthalmic . .
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W reBrbl taEned ddrinemts slidessriaHu0288)h Fhéitersns Parkinson's disease;
adherapeulically siisctiveAmountiaid, RIRREMaGHGRL . Rifegly AP vitis;
as_used herein, refer to an amount of a compound sufficient to Ttreat,

AR PARET B be\ OR i T eRSh SN i SEBCCRTORBR B o ey esibia malatia;
lepegiaiahineiaRRUtcy RO RAviasdic s iibianySHRCt . Ihe ef{ectaaR beuscle

(%etected by, for example, the assays disclosed in the following examples.
REPETRHL: BHBlive teRHIo rERSYBRIRA PRty JoRteds e Bralapsed
iteeyemtightdhiz eyatcbhepltidiemnaiyeranhbaient s Dite conditingARekcosis;
the thera %utic ol combination of therapeutjcs selecied for administration.

O R AP T Py S

erapeukicaty and propiytachtaly SRS A JumuAS: Fyfna-related bone

dierdtion cane dre idehedingn bt byorolitiniede xp exieta it it ds-yithim fhlorectal
kil and iud eht 8,[ inicjan.. Preferably, the effective amount of the .
compouhd og%ﬁe emf}glg?r%énn%sg%rngdﬁ%nggré éo%pgrsg“}eaﬂﬁr%eor Shoders & 2k
setyinsid wsHesn sediohtthanisies dishassavEL 36, MUEblorEEtGifpiupus and

fABRRIYoRe RISIMAR JRSErd0dnat WA CHIRLY Qgstg}?H%pes Simplex I or

therapeutically or éjrophylactically effective amount can be estimated _

hitefiieuthar i cevetfidre s Siraiatery Shndopris(S4RM, d ipvigmredlovirus;
m'@dﬁseb twngllytﬁgtsm_a@mﬁmﬁ&mﬂ@ b DIFS «HHR ARIMR mﬁdféd 108 to treat
also. be used to determine the appropriate concentration range and route. -
B3P AR S HAHerS L SR B b eplenay dummirdcascRiuding
agogesnaydogentes fdeukemia, chronic myelogenous leukemia, Kaposi's sarcoma,

metastatic melanoma, multiple myeloma, breast cancer, including metastatic breast

carcinoma; colorectal. carcinoma; malignant melanoma; gasiric cancer; non-small ceil
lung cancer (NSCLC); bone metastases, and the like; pain disorders including
neuromuscular pain, headache, cancer pain, dental pain, and arthritis pain; angiogenic
disorders including solid tumor angiogenesis, ocular neovascularization, and infantile
hemangioma; conditions associated with the cyclooxygenase and lipoxygenase signaling
pathways, including oohditions associated with prostaglandin endoperoxide synthase-2
(including edema, fever, analgesia, and pain), organ hypoxia; thrombin-induced platelet
aggregation. In addition, the methods described herein may be useful for the treatment of
protozoal diseases in animals, including mammals. '

{0152} A subject may include one or more cells or tissues, or organisms. A

preferred subject is 2 mammal. A mammal may include any mammal. As a non-limiting
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administration in humans. 10155] Therapeutic/prophylactic efficacy and
toxicity may be determined by standard pharmaceutical procedures in cell
cultures or experimental animals, e.g., EDso ,(the dose therapeutically
effective in 50% of the population) and LD50 (the dose lethal to 50% of

the population). The dose ratio between therapeutic and toxic effects is

the therapeutic index, and it can be expressed as the ratio, ED50/LD50.
PRl EampakiiBALdn srtlo BittadehetapEuleTitticemsle butfalo,
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offBpH h IO WE p 29 ¥SCHUBHEIDL ST Br abamoPsipNi acemsparadsuficsnt to treat,
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upon the route of administration. Guidance as to particular dosages and
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1 A to gbout 10 g/day, or.aQout mg to ahout 5 g/day, or

SR TG HROLIES Sy PO MRS e end exten
finle, abinvdideh; oandodiinubussinses dor apatienioveighihgrieiweensalzoted  for

. 10 hich dose may be adj df tients above or .

o BRI PSRRI v
sttwstowiltae e thetommigedobabomtia mrpktierdisint 300 nsgikighaf Bedskill and
jﬁ@ﬂ@ﬁpg? %GE%&ZLT h?r@fé?&él&??ﬁ?eg%f}%@r% QS%@&H%'%?%P&’ égﬁpound of the

practitioner, in light of factors reldted to the subject that requires _
erebodamt IS At Blaadmristramar apethedjbeddy Grisieorrenitatienciet is less
devels stihemclive BORTS ) MEiRiRAAINEe theMiesited effect. Factors

which may be taken into account include the severity of the disease state

generdtélith IR SFBUSRERUEE: WeigheranitiatderoPtABhsAsal Y gtfective
difverandn fie petmare o fiadialivistradian, iU gutaminalends)., Waalipstic cells, or

sensitivities, and tolerance/response.to therapy. Long:actin
%h%%aafcrélﬁﬁc%r usia §ﬁ%’ af/a%Elts’ Hgags, o¥ pigs. ﬁm a:%mal model may also

be used to determine the appropriate concentration range and route of administration.

Such information can then be used to determine useful doses and routes for
administration in humans. _

[0155] Therapeutic/prophylactic efficacy and toxicity may be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., EDso
[(the dose therapeutically effective in 50% of the population) and LDsy (the dose lethal to
50% of the population). The dose ratio between therapeutic and toxic effects is the
therapeuntic index, and it can be expressed as the ratio, EDso/LDsp. Pharmaceutical
compositions that exhibit large therapeutic indices are preferred. However, the
pharmacentical compositions that exhibit narrow therapeutic indices ars also within the
scope of the embodiments. The data obtained from cell culture assays and animal studies
may be used in formulating a range of dosage for human use. The dosage contained in

such compositions is preferably within a range of circulating concentrations that include
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administered twice a day, once a day, once very two days, three times a
week, twice a week, every 3 to 4 days, or every week depending on
half-life and clearance rate of the particular formulation. For example, in
an embodiment, a pharmaceutical composition contains an amount of a
compound as described herein that is selected for administration to a
patient on a schedule selected from: twice a day, once a day, once very

A aya thiiveonme foridive KT Aosag ek var witkia thissweddessiding upon
téliba anRiaciaplb Al ieamapbasdessihed henainng udesRrayanting

a disease, ameljorating symptoms, slowing disease progression, reversing
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opulation m Iso,be measured, for example, by caTcuIatlng for a

&%ﬁw@i Sgee e 5 SnoRreerofigharbComaieithasput fid mg/kg of
odindraflitertrdent with an active compound. [0160] In another aspect,

treatin inflammatory condition results in a decrease in the mortality _.

rate of B Apulati ST SRS BUL e FEBHRYATOR % PR ABn B ekt of

Isciojesctslateceivirtgecantipenlbae rdquimesthestaspect, Ieatinpad administration are
Jaflammat 5 [tion. in a-decrease in the mortality rate of a .
o B e R i, dosned
3ﬁ€§tfuﬁﬁéﬁlé_sﬁ@éh weningeninflanmatoryincbiiditionsrastilts of decitases state,
sedtimmealiyrrale hmRoPiyal N Bhi AP LaUedP . REAIRE %e and
opulation receiving monotherapy with a drug that is not a compound o

BUEHY o dFh e FEMBRE M £B8E  coprpbinabprithe SsRotinBtalsoNsiivities, and
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morte.than abqut 20(/i>; more prgferably, by more than about 5%; more

TTRHRILEISS Y ot taf B LT bRPSNIFRJYo days, three times a weels twics a
week, every 3 to 4 days, or every week depending on half-life and clearance rate of the

particular formulation. Por example, in an embodiment, a pharmaceutical composition
contains an amount of a compound as described herein that is selected for administration
to a patient on a schedule selected from: twice a day, once a day, once very two days,
three times a week, twice a week, and once a week.

6158} It will be appreciated that treatment as described herein includes
preventing a disease, ameliorating symptoms, slowing disease progression, reversing
damage, or curing a disease.

[6159] In one aspect, treating an inflammatory condition results in an increase
in average survival time of a population of treated subjects in comparison to a population
of unireated subjects. Preferably, the average survival time is increased by more than
about 30 days; more preferably, by more than about 60 days; more preferably, by more

than about 90 days; and even more preferably by more than about 120 days. An increase

38~



preferably, by more than about 25%. In a preferred aspect, a decrease in
the mortality rate of a population of treated subjects may be measured by
any reproducible means. In another preferred aspect, a decrease in the
mortality rate of a population may be measured, for example, by
calculating for a population the average number of disease- related deaths
per unit time following initiation of treatment with an active co o&g)und In

0, sBtvEEhiERs o2 BIBLAtOR SRFE 4% WeasEr At PRy Y dRPedapipuRamss. In a
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by at least about 75%. Tumor growth rate may be measured by any
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75%. The rate of cellular proI| ration may be measured by any
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srlisian proffersionds measured, for Lxampled ¥ agasiRe:e RURDElortality
of dividing cells in a tissue sample per unit time. [0163] In another aspect,
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related deaths per unit time following initiation of treatment with an active compound. In

another preferred aspect, a decrease in the mortality rate of a population may also be
measured, for example, by calculating for a population the average number of disease
related deaths per unit time following completion of a first round of treatment with an
active compound.

[0161] In another aspect, treating an inflammatory condition results in a
decrease in growth rate of a tumor. Preferably, after treatment, tumor growth rate is
reduced by at least about 5% relative to /number prior fo treatment; more preferably,
tumor growth rate is reduced by at least about 10%; more preferably, reduced by at least
about 20%; more preferably, reduced by at least about 30%; more preferably, reduced by
at least about 40%; more preferably, reduced by at least about 50%; even more
preferably, reduced by at least 60%; and most preferably, reduced by at least about 75%.

Tumor growth rate may be measured by any reproducible means of measurement. In a
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least about 10%; more preferably, by at least about 20%; more preferably,
by at least about 30%; more preferably, by at least about 40%; more
preferably, by at least about 50%; even more preferably, by at least about
60%; and most preferably, by at least about 75%. The proportion of
proliferating cells may be measured by any reproducible means of
measurement. In a preferred aspect, the proportion of proliferating cells is
PRREEEG 8t et MEREnSHIEY By A6 AN ISR HIERE PROFIAT Br BIRhansg Bufidmor diameter
pEelativeite:the number of nondividing cells in a tissue sample. In another
preferred aspect, the proportion of proliferating_cells is equivalent to the .
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herein, the compounds described herein may be formulated in
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proliferating cells is equivalent to the mitotic index.

[0164] In another aspect, treating an inflamamatory condition resulis in a
decrease in size of an area or zone of cellular proliferation. Preferably, after treatment,
size of an area or zone of cellular proliferation is reduced by at least 5% relative to its size
prior to treatment; more preferably, reduced by at least about 10%; more preferably,
reduced by at least about 20%; more preferably, reduced by at least about 30%; more
preferably, reduced by at least about 40%; more preferably, reduced by at least about
50%; even more pfefembly, reduced by at least about 60%; and most preferably, reduced
by at least about 75%. Size of an area or zone of cellular proliferation may be measured
by any reproducible means of measurement. In a preferred aspect, size of an area or zone

of cellular proliferation may be measured as a diameter or width of an area or zone of

cellular proliferation.
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administration, or the compound of the embodiments can be administered
over a period of time, either in divided doses or in a continuous-release
formulation or administration method (e.g., a pump). However the
compounds of the embodiments are administered to the subject, the
amounts of compound administered and the route of administration

chosen should be selected to permit efficacious treatment of the dis{?%iﬁﬁft "
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activity (or cytokine levels) measured to determine whether the .

cBorp Sl sslertedemsrat i epoioMLiRArh 8B tBF Elitnsmeradiing

with afpiE@50 inTHienenges Arabeuhbidipdnans @bpidhileGdMspifaraiihpound
about 50 to aboyt 650 M), Such a test may be used 1o detefmine .
Rt AR SR BB TEnABR Y B REhL TRRRae seents
fstitfectreftesnntiVelscibe cadiplenmaline contastenbivithia tahdiediion of active
ilrggar%)la%jlttg%}é 'églaégugu 0%&{%%'% %%&?% o Q l‘elﬁddroc{eﬁvered si Iﬂt%nteﬁgsly ina

VI compoun e sampﬁe then examined an )
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&3@)‘%W&Eisﬂﬁr%%ﬂlﬂlﬁa&%%@fsﬁybﬂgg%n known in the art. When delivered in
alternation therapy, the methods described herein may comprise administering or
delivering the active ingredients seguentially, e.g., in separate solution, emmulsion,
suspension, tablets, pills or capsules, or by different injections in separate syringes. In
general, during alternation therapy, an effective dosage of each active ingredient is
administered sequentially, i.e., serially, whereas in simultaneous therapy, effective
dosages of two or more active ingredients are administered together. Various sequences
of intermittent combination therapy may also be used.

[6168] Diagnostic tests are contemplated as part of the methods described
herein. For example, a tissue biopsy sample may be taken from a subject suffering from
an inflammatory condition, e.g., a p38-associated or cyiokine-associated condition. The

biopsy sample can be tested to determine the level of p38 activity (or cytokine levels)
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samples taken during a course of treatment may also be used to study the
efficacy of the treatment. Other diagnostic tests using the compounds
described herein will be apparent to one of ordinary skill in the art in light
of the teachings of this specification. [0169] Thus, for example, an
embodiment provides methods for determining the presence, location, or

antity, or any combination thereof of p38 protejn in a cell or tissue
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compounds and methods described herein COPD Chronic
eS0T A G AL Py 1S CRRAEROh 268, eER GR35 MAPC
i flaencettorytpsueessipléhe hengrifisihin ehedpeetdldocioasra NMBRLSH, or any
combination thereof of the compound in the cell or tissue sample may be conducted by
any means that reveals the presence, location, or quantity, or any combination thereof of
the compound in the cell or tissue. For example, as described previously, radioactive or
fluorescent labeling methods may be used. Additional methods of determining the
presence, location, or quantity, or any combination thereof of the compound will be
apparent to a skilled artisan.

[0170]  Another embodiment provides methods for determining: (1) whether 2
compound will be a useful therapeutic agent for treatment of a subject suffering from an
inflammatory condition, or (2) the severity of disease or (3) the course of disease during
treatoent with a disease-modifying agent. The methods include: a) obtaining a cell or
tissue sample from the subject before, during and after termination of treatment with a
compound as described hereinor another disease-modifying agent; b) contacting the

sample with the compound; and ¢) determining the amount of the compound that binds to
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inflammatory cells (neutrophils, macrophages and SD8+ T cells) in the
airways and parenchyma, (2) increased inflammatory cytokine and
chemokine expression, and (3) increased number of proteases
(elastases, cathepsins, and matrix metalloproteinases, MMPs). The
production and action of many of potential mediators of airway
inflammation are believed to be dependent on the stress-induced MAPK
R Spsaplen yoer i Sadias é%%?al}%%&@'s@s SOPRBRENSSEa s thenount of
pRiBsL ALY dtbosnvile.as plethora of pulmonary events: LPS- and
TNF-a-induced intercellular adhesion molecule-1 expression on
pulmonary microvascular endothelial cells, MMP-9 activation, hypoxia-
el miatidisépeirootenphittetial welisatainer asneolanisyiras pee ehethods
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IL-8 expression in bronchial epi Qellilgle%eﬂls,eand enhanced eosinophil

trafficking and survival. [0172] ~(2005 Brit J Pharmacol
GQER 002-10) reported that CGH2466, a combined adenosine receptor
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caused b%( alveolitis comprising an inflammatory cellular infiltration into

the aM8bT2 septiipll FealifhBlAuRsdis/ Pherammsels WP R0ZreQimmged that
PrERess) weoois ek AR PR MARKALMAI OB hRENPREANd phosphodiesterase

dem{ﬂ trated g\ the lung of patients with pulmaonary fibrosis. A number of

R TR EBB S BOTFROAGR OTRLAE AP IC S aetigg Hfseases
such as asthma and COPD. Underwood et al. (2000 dm J Physiol Lung Cell Mol Physiol
279:1.895-1.902) demonstrated that the potent and selective p38 MAPK inhibitor,

SB239063, reduced proinflammatory cytokine production, including IL-1B, TNF-a, IL-6,
and IL-8, which have been linked fo airway fibrosis because of their ability to regulate
fibroblast proliferation and matrix production; that leads to diminished neutrophil
trafficking and activation in the lung. Earlier, the same compound was found capable of
altering responses associated with chronic fibrosis induced by bleomycin. This inhibitory
activity was selective for the o, and B isoforms of the p38. The compounds and methods

described herein are useful in the treatment of COPD.
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augmented expression of some cytokines in the lung are relevant to
recruitment of inflammatory cells and accumulation of extracellular matrix
components followed by remodeling of the lung architecture. In particular,
proinflammatory cytokines such as TNF-a and interleukin IL-1[3 were
demonstrated to play major roles in the formation of pneumonitis and
pulmonary fibrosis. In addition, profibrotic cytokines such as TGF-(3 and
CTGF also play critical roles in the pathogenesis of pulmonary fibrosis.
M&g@kﬁﬂr@dls(moz Am JPhysiol Lung Cell Mol Physiol 283:L103-LI 12)
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Bronchiolitis obliterans syndrome [0174] Bronchiolitis obliterans, and
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accompanled y recurring infections o ower resplratory tract an

Fusthenzaion sitpwidmrar{itssteyby phensherithrieyodrgahisms coumsind  with
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years after Iur;%%transplantatlon surgery, and five year survival after onset

BPBrBRiHoMAEsIRE RIS SIESE 3A1yvsB-a0d8. LireptramdinarBagy o al
BBYEMB.] Respir Crit Care Med 159:1061-1069; Nagai et al. 2002 Intern Med 41:1118-

1123; Gahl et al. 2002 Mol Genet Metab 76:234-242; Azuma et al. 2002 4Am J Respir Crit

Care Med 165:A729). The compounds and methods described herein are useful in the
treatment of pulmonary fibrosis, such as IPF.

Bronchiolitis obliterans and Bronchiolitis obliterans syndrome

[6174] Bronchiolitis obliterans, and its correlating clinical condition
bronchiolitis obliterans syndrome, are characterized by obstruction of the pulmonary
pathway via obliteration of pulmonary small airways. In bronchiolitis obliterans,
pathologic examination characteristically finds lesions which obstruct or obliterate small
airways in the lung. These lesions are granular fibromyxoid tissue and dense submucosal

scar tissue. Lesions progress from prolonged, abnormal, or aberrant inflammation of



experiencing bronchiolitis obliterans syndrome often respond poorly to
augmented immunosuppression. In patients with idiopathic pulmonary
fibrosis, survival after bronchiolitis obliterans syndrome is shorter than in
patients with emphysema. The compounds and methods described
herein are useful in the treatment of bronchiolitis obliterans syndrome.
Chronic Allograft Fibrosis [0176] Allograft failure is a profound concern in
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A levels. The compounds and methods described herein are
Ogg%%%%%?%%tment of renal fibrosis. Leiomyoma [0178] Uterine
leiomyomas or fibroids are the most common pelvic tumors in women

MEBR0 AR Hﬁoﬁ@ﬁt%{y effective drug therapies available. Leiomyomas
are characterized by increased cell proliferation and tissue fibrosis.
PirfeniBibffd wadeetsrfioiiieeiprontefeiishoanaces ia jemwkprassp magagement.
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of chronic allograft dysfunction aré chronic inflammation and chronic fibrosis, both of
which are associated with the production of inflammatory cytokines and growth factors.
Mediation of inflammatory cytokine and growth factors, particularly resulting in
interruption of collagen and TGF production, is useful in the treatment of chronic
allograft fibrosis. The term “chronic allograft fibrosis™ as used herein is intended to
encompass both chronic inflammation and chronic fibrosis associated with chronic

allograft fibrosis. The compounds and methods described herein are ussful in the
treatment of chronic allograft fibrosis.

Renal fibrosis

[0177] Irrespective of the nature of the initial insult, renal fibrosis is
considered to be the common final pathway by which kidney disease progresses to end-
stage renal failure. Stambe et al. (2004 J Am Soc Nephrol 15:370-379) tested an inhibitor
of the active (phosphorylated) form of p38, NPC 31169, developed by Scios Inc. {(San
Francisco, CA) in a rat model of renal fibrosis, and reported a significant reduction in

renal fibrosis assessed by inferstitial volume, collagen IV deposition, and connective
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cell proliferation (Lee et al. 1998 J Clin Endocrinol Metab 83:219-223).

The compounds and methods described herein are useful in the

treatment of leiomyomas. Endomyocardial fibrosis [0179] Endomyocardial

fibrosis (EMF) is a disorder characterized by the development of

restrictive cardiomyopathy. EMF is sometimes considered part of a

spectrum of a single disease process that includes Liffler endocarditis
ti{haniropitahNainephdicHrdemypocadd ial dintedisde rdibrapldstia garetalseful in

endocarditis. wit sinophilia). In EMF, the underlying process produces
thsgiﬁ g}?ﬁ%{rg‘zfg{b‘t}flfﬁ% “&fdocardial surface of the heart, leading to reduced

compliance and, ultimately, restrictive physiology as the endomyocardial

L%%‘folﬁ" &, hecomes more generally involved. Endocardial fibrosis principally
involves the inflow tracts of the right and left ventricles and may affect the
atrioviaffular Vteties [¢temiegns aidiupidsod Mnrabpegemghean oalviviamkrs in
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Eﬁﬁi@ﬁ%c@%ﬂlﬁﬁ%@ﬁg&?ry distress syndrome; chronic obstructive

pulmanary disease; chronic pulmonary inflammation; inflammatory bowel
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irritable bowel syndrome; pyresis; restenosis; cerebral malaria; stroke'and =
SREOHERRIC i Rlsu A eia i oAds Hfth épdunee dsilipn priipgradiys (nontropical
diseasenP agdnsans disnasanassic and gbrepissRainpallergic shiitisditis  with
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syndroftie; osteopetrosis; thrombosis; cancer; resienosis; Silitosis;
Endocardial fibrosis principally involves the inflow tracts of the right and left veniricles
and may affect the atrioventricular valves, leading to tricuspid and mitral regurgitation.
MAPK activation was shown to contribute to arrhythmogenic airial structural remodeling
in EMF. The compounds and methods described herein are useful in the treatment and/or

prevention of endomyocardial fibrosis.

Other inflammatory diseases

[0180] Many autoimmune diseases and diseases associated with chronic
inflammation, as well as acute responses, have been linked to activation of p38 MAP
kinase and overexpression or dysregulation of inflammatory cytokines. These diseases
include, but are not Himited to: rhewmatoid arthritis; rheumatoid spondylitis; osteoarthritis;
gout, other arthritic conditions; sepsis; septic shock; endotoxic shock; gram-negative
sepsis; toxic shock syndrome; asthma; adult respiratory distress syndrome; chronic

obstructive pulmonary disease; chronic pulmonary inflammation; inflammatory bowel
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pulmonary sarcosis; bone resorption diseases, such as osteoporosis;

graft-versus-host reaction; and auto-immune diseases, such as Multiple

Sclerosis, lupus and fibromyalgia; AIDS and other viral diseases such as

Herpes Zoster, Herpes Simplex | or Il, influenza virus and

cytomegalovirus; and diabetes mellitus. [01811 Many studies have shown

that reducing the activity of p38 MAP kinase, its upstream activators or its
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these conditions.

[0182] Cardiovascular  disease, Inflammation  and  leukocyte

activation/infiltration play a major role in the initiation and progression of cardiovascular
diseases including atherosclerosis and heart failure. Acute p38 mitogen-activated protein
kinase (MAPK) pathway inhibition attenuates tissue damage and leukocyte accumulation
in myocardial ischemia/reperfusion injury. The compounds and methods described
herein are useful for treating cardiovascular disease.

[6183]___ Multiple sclerosis. Inflammation in the central nefvous system occurs
in diseases such as multiple sclerosis and leads to axon dysfunction and destruction. Both
in vitro and in vivo observations have shown an important role for nitric oxide (NO) in
mediating inflammatory axonopathy. p38 MAP kinase is activated by NO exposure and
inhibition of p38 signalling was shown to lead to neuronal and axonal survival effects.

OCM and IGF-1 reduced p38 activation in NO-exposed cortical neurons and improved
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partially by pro-inflammatory cytokines, such as interleukin-1(3 (IL-i(3) and
tumor necrosis factor-a (TNF-a) produced by resident islet macrophages.

The p38 pathway is known to be involved in cytolcine production in the

cells of the monocyte-macrophage lineage. Inhibition of the p38 pathway

by a chemical p38 inhibitor, SB203580, suppresses IL-1(3 and TNF-a
production in human islets exposed to lipopolysaccharide (LPS) and/or
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which was accompanied be{ﬁ?_n increase in kidney p38 MAPK activity and

Aot ssllan AR RA Sk dr yeelateiohvera islaimaRBR0A280 Wi Hisbed the
MARYK JRDiinSKIE SRR AIAB G Witk eI SRIRYIR) ShRs AR FeRRle-2 (COX-2) in

%Sfundi n, less severe histglogic damage and fewer Ieukocgtes

niiSATe WS- ci SRR R R R SIS ferieS. iR BBASSERdRAdR prier to
metphasadescrlbecdhesigin fvantigeitifarpie seaftingragise remak iBpiyounds and

01861. Periodontitis. The proinfl atory mediator bradykinin (BK) ., . . .
R i % oML ors PR i GG UAT bRk e
itnspdamdaplays -48 an important role in the pathogenesis of various

inflam ggg d'%@wﬁﬁ%ﬂ%fiﬂiﬁ% p@f-i q titis. specific,n38 .
mitogeqr@ac IVated protein Kinas '(M,&%K mﬁa@fgnéﬁﬁ%% rgeﬂéﬁg (31‘[10 agent
g savetrsHistmaldrurhy Rt ebihisinetiororbikiands mediated twsihgh tumor
necrosis factor-a (TNF- o). Cisplatin activates p38 MAPK and induces apoptosis in

cancer cells. p38 MAPK activation leads to increased production of TNF- ¢. in ischemic
injury and in macrophages. In vitro, cisplatin caused a dose dependent activation of p38
MAPK in proximal tubule cells. Inhibition of p38 MAPK activation led to inhibition of
TNF- o production. In vive, mice treated with a single dose of cisplatin developed severe
repal dysfunction, which was accompanied by an increase in kidney p38 MAPK activity
and an increase in infiltrating leukocytes. However, animals treated with a p38 MAPK
inhibitor SKF86002 along with eisplatin showed Iess renal dysfunction, less severe
histologic damage and fewer leukocytes compared with cisplatin+vehicle treated animals.
The compounds and methods described herein are useful for preventing acute remal
injury.

[6186]___Periodontitis. ~ The proinflammatory mediator bradykinin (BK)

stimulates interleukin-8 (IL-8) production in human gingival fibroblasts in vitre and plays

48



as the IL-1 (3-stimulated IL-8 production. The compounds and methods

described herein are useful for treating or preventing periodontitis.

Pharmaceutical Compositions [0187] While it is possible for the

compounds described herein to be administered alone, it may be

preferable to formulate the compounds as pharmaceutical compositions.

As such, in yet another aspect, pharmaceutical compositions useful in the
amdthpaitant tikeirive ftiorpatte prossided! Merewartidlaemyatting diseases including
selisamRaRLeal comapsisenidiestinad erein iy Brue sl IS lRiior 5B

for treating or preventing inflammatory conditions, e.g., conditions

28338 eadasiih-Sam akwiiey ctippleldn dniviepmiieaiipe B augriL-1P as well
AGERT. FpRRAmAce ?ﬂ%ﬁ@&ﬂ&?&ﬁ'%@&%‘éﬁﬁ&%ﬂ oMBEMAY DS herein

administered In vitro or in"vivo or both to a subject in order to treat or
BBy Bodbmvdreveniing preiedenéfibodiment, a pharmaceutical
composition may be administered in vivo. A subject may include one or
more cells or tissues, or organisms. A preferred subject is a mammal. A

FharmacauHen Goapeyifithimal, such as by way of non-Limiting example,

cattle [pig] shepmiBO@tSishpseblc el mdUiiAPoaalE deaFiTalShdRike to be

nd humans. A highly preferred subject mammal is a human, [0188] Inan .
SRR AT 'Sﬁ% e 85%1%3%% ST, I ROt SRl ppcoutical

opharsizioesticallyiabcrpiab mekeipigrdst spiehraaceatital sosglueiticns useful in the
stabilizer |uvants,.diluents, etc. .depending upon t articular mode .

' %?%égﬁriﬁin??tr%al?léonm‘é%nél%sgrfe P(gcrm#ei‘ﬁe prkqg?lr%ageu ica cg’mp&&i gﬁrsm aceutical
oommpsiel tiyeredatiyribedfdremitated yobackhisul aphy sidlogivallyretimpatiblgeventing
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about pH&?to_about [’JOIE-T%’, depen mgl%é:&% gac}orm'u})agt?gén)clgn rg%t p_ggyammy
RRTretraitiom thiismatirobarberstien Somnnaitioe prefarrorrnositipe hat may

He adivsied e & \BREIHM AR 3P dedheut RH R-MaraRRCHAL Yorate »

the pharmaceutical compositions may comprise a therapeutically or
BSPFRacticaily e et hnTotin B et e As PORBTRE RGN PAS RS b ey be
diengikidegerhenwith ansject mofeipkasnace Wically: asteptafeuexcpisiifisms.

tiqnally, the pharmaceutical compositjons comprise a_ combination
s e o DR o THIGT Ao RO BEUHA s 7y ey of
nogréalicintusefublin thetlscpivaesizop nrementionaf bactdsidhuifdotion{edggs, rats,

L DRI 2 AYIHToRl20S0iE) (0189} Eoumulatons. ©9- for
parén eral or oral a T%IFTY ration, areJmos

[0188] In an embodiment, the pharmaceutical compositions may be
formulated with pharmaceutically acceptable excipients such as carriers, solvents,
stabilizers, adjuvants, diluents, etc., depending upon the particular mode of administration
and dosage form. The pharmaceutical compositions should generally be formulated to
achieve a physiologically compatible pH, and may range from a pH of about 3 to a pH of
about 11, preferably about pH 3 to about pH 7, depending on the formulation and route of
administration. In alternative embodiments, it may be preferred that the pH is adjusted to
a range from about pH 5.0 to about pH 8. More particularly, the pharmacsutical
compositions may comprise a therapeutically or prophylactically effective amount of at
least one compound as described herein, together with one or more pharmaceutically
acceptable excipients. Optionally, the pharmaceutical compositions may comprise a

combination of the compounds described herein, or may include a second active
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typically solids, liquid solutions, emulsions or suspensions, while inhalable
formulations for pulmonary administration are generally liquids or
powders, with powder formulations being generally preferred. A preferred
pharmaceutical composition may also be formulated as a lyophilized solid
that is reconstituted with a physiologically compatible solvent prior to
administration. Alternative pharmaceutical compositions may be
infgnedigiaitoscdd dyithp Srestammigramtmratien adbbeterpldnfestite ($@1.90itiFbesterial
DE%H-M%%%QH&?.HV acceptable excipient” refers to an excipient for
administration of a pharmaceutical agent, such as the compounds

descri8t®hereliermptatienn refersits anjepiripn gttt aBxBisiEriomaere most
tyPRYIBEBAMINISIREH WHBRY Ot L0 Gk IRARAE RiRIB At IS P rmulations

acceptable excipients are determined in part by the  particular composition

f AT AR BE T EQRANeRERGFIHY HAHIR R RARHY TibpRyvder formulations
bepinsterathe pesfupaailions Asedtdinlyphdaiecexists aovwidRsaoetyal also be
suitable , formulations o aceutical caompasitions (see, e.d., .
o SRR TP "LE o EE P S5 SR EH SRl prpstibl
sbiyguarrigiom dle autesnibattineludAldrgetsiowiametabttide dompositions may be
les s rotei ccharj olylactic acids,

fﬁ%%%%?ﬁﬁi& pc%ﬁé@é%%rﬁ%qgggg’ g}ﬁﬁ@%ﬁéﬁ  copolymers, and
inactii@Miflis p&"hﬁs!émtﬁphmmyIMCﬁsr@mghbcl@aeiﬁnﬁﬁximfms to an
LR85 R Cathit anitdo. LHElANG AgeRSSHEB.A8 R A SR RONMARIRSdescribed

such as dextrin., hydroxyalkylcellulose, hydroxyalkylmethylcellulose, )
hersiyd BRETRAGIEE $0 R mRigIRaGmisala Fpicgh et anan be afministered without
waiing:esgmulsifying agents; pH buffering substances; and the like.
Liposomes_ are also included within the definition of pharmaceutically

acceptiblelexcipreNTRa{BA 481 ARSI AR SR 81 SEMTTGHSS 1 part by the
mesaribe dohgreittismnydhe: fadmidatettdinaanydors suitableaticthe intehoedsed to
~method of administration. When intended for oral .use for example, :
Bt PR cRTBAANES. 2 B B CEp TG, AOMEadRRgof tebl
feotutlensndisD arisiioes powddrsangeariides (swejudipg Reoedrpmeds pRiticieseutical
Q. han particles), emulsions, hard or soft capsules, syrups or elixirs may

be prepared. Compositions intended for oral use may be prepared
accord§id anPrieiHe graiwigrstenan bareroetrecineirefdbab iacdide large, siowly

RAGHNRLRU AL ARRRSIO NS AN dSUh RATW0HRRS. ARV dee0 F8NBIic acids,
one or more agents including sweetening agents, flavoring agents,”

%W]é@éﬁés, polymeric amino acids, amino acid copolymers, and inactive virus
particles. Other exemplary excipients include antioxidants such as ascorbic acid;
chelating agents such as BEDTA; carbohydrates such as dextrin, hydroxyalkylcellulose,
hydroxyalkylmethyloellulose, stearic acid; liquids such as oils, water, saline, glycerol and
ethanol; wetting or emulsifying agents; pH buffering substances; and the like. Liposomes

are aiso included within the definition of pharmaceutically acceptable excipients.

=0

[0193] The pharmaceutical compositions described herein may be formulated
in any form suitable for the intended method of administration, When intended for oral
use for example, tablets, froches, lozenges, aqueous or oil suspensions, non-agqueous
solutions, dispersible powders or granules (including micronized particles or
nanoparticles), emulsions, hard or soft capsules, syrups or elixirs may be prepared.
Compositions intended for oral use may be prepared according o any method known to

the art for the manufacture of pharmaceutical compositions, and such compositions may
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and preserving agents, in order to provide a palatable preparation. [0194]
Pharmaceutically acceptable excipients particularly suitable for use in
conjunction with tablets include, for example, inert diluents, such as
celluloses, calcium or sodium carbonate, lactose, calcium or sodium
phosphate; disintegrating agents, such as cross-linked povidone, maize
starch, or alginic acid; binding agents, such as povidone, starch, gelatin
cotdaatia panthis hpest by g speatinag apegse Savorste agatds, stelanog agents
|d or talc. a Qr ma be coated by known
nlques:g #ceﬁj ngor%l%rrﬁo c%(%%s%u%a?%? %‘atg%g%%}%)f(smtegratlon and
adsori@tlaﬁlm thhgemstrsiriesiiin atcapleblnekthpicsy proividerly suielileetpr use in
c@:&i&ﬁ&%ﬁ%ﬁh‘%&ﬂ% @1%19&’8 oY gﬁﬁgﬁ’ ﬁeMHQIﬁLa)émgf'@élﬁHSEb?Scalcmm

glyceryl monostearate or g ﬁqlycery distearate alone or with a wax may be

O@isﬁém%@ﬁrt@m@] Isiont etisREY OF é«?éﬂﬁ@@lﬁqaghe@ isnteabingegaats, such as
iR gRIAIR,HARR e Wb Rt dhe AckivEniBUSdienhisAp I XeshWithudh HRSSbvidone,

solid diluent, for example celluloses, actose calcium phosphate or

SIREEHirB Y s G HPREASE SRS THED a&w&a&né‘ﬁﬁ?ﬁm%w acid

oywﬁtbnon -aqueous or oll medlum such as glycerin, propylene glycol,

o O L B AR ) B S S e
hm]a@hgsmnmmmmﬁhqﬂmddmoﬁﬂﬁ@tﬁmn@d&mﬂ@m&mgamemtesﬁml
lﬁé‘xse% NG RRAaGEL ”ng‘fﬁe&%"'%&gﬁ' mrﬁb Syitzle JOL g 4 time

manu acture fa suspension. In'yet anot odlment
dpharrma‘r@@@henm@mgidsmhmmytmaﬁ@nﬁﬁiﬂt@&féﬁl&ﬁ%@t@uﬁl@p&m&h a wax
n@d}%grgg guitable for preparation of a suspension by the addition of
suitable excipients. [0199] Excipients suitable for use in connection with
suspelfddfls indivaauiaiops g §Hl o, Barhbes depligrssented as hard gelatin

chprrRyymeikyirelidose ufFi%E!}MJﬁeﬂéUiﬂﬁéd e Oy REORWIRE i@l Uies@x ample
I

sodium alginate, polyvin olidone, gum tragacanth, gum acacia,

Ca%B@%g?néaBﬁOwe&mw@ SHSRRRR 55 a0l I R R PIERBHST erein the

akRige, :ﬂgfetﬁaa} 1@ ﬁ@f@wmtmmpdu&k of anl allofiene exidesvillyafaityropylene
Cld

Ienes a g con nsation product of ethylene
S L S R S
heptacﬂ&;lﬁbﬁthylépeompﬁ@apmbpémudemaqamxstabt orﬁpmhgim mmay be
f?é%ﬂﬁa‘@éﬁ‘a? RAUALERIELAGHME Tom A iRl 3pE 20 el APRYAHSre wit
at iga.l’st one pharmaceutically acceptable excipient suitable for the manufacture of a

suspension.

[6198] In yet another embodiment, pharmacentical compositions may be
formulated as dispersible powders and granules suitable for preparation of a suspension
by the addition of suitable excipients.

[0199] Excipients suitable for use in connection with suspensions include
suspending agents, such as sodium carboxymethylcellulose, methylcelinlose,

hydroxypropyl methyleellulose, sodium alginate, polyvinyipyrrolidone, gum tragacanth,
gum acacia, dispersing or wetting agents such as a naturally occurring phosphatide (e.g.,
lecithin), a condensation product of an alkylene oxide with a fatty acid (e.g.,
polyoxyethylene stearate), a condensation product of ethylene oxide with a long chain
aliphatic alcohol (e.g., heptade'caethyleneoxycethanol), a condensation product of
ethylene oxide with a partial ester derived from a fatty acid and a hexitol anhydride (e.g.,
polyoxyethylene sorbitan monooleate); polysaccharides and polysaccharide-like
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polyoxyethylene sorbitan monooleate); polysaccharides and
polysaccharide-like -51 compounds (e.g. dextran sulfate);
glycoaminoglycans and glycosarninoglycan-like compounds (e.g.,
hyaluronic acid); and thickening agents, such as carbomer, beeswax,
hard paraffin or cetyl alcohol. The suspensions may also contain one or
more preservatives such as acetic acid, methyl and/or n-propyl

opnippunsiey ez sl on esdfzinor glycrommg aaiers; onel oghioretidneriprpn-like
c ﬁ@ﬁiﬂé"t@t%”%%irﬁg%@ SWELIGING RGN, %,%Sﬂté}ssﬁbi?r aggqmer, beeswax,

saccharin. [0Z20 harmaceutical compositions may also be in the

i PBRST IRl igAbohs, The SHSPBRRCE P&V EQuIaBIeoBn, o more
pRsseh asvelive il &Y akaghiscall, meminesshal., @;59!5?@? Jod-payafling ke one or

mixture of these. Suitable emulsifying agents include naturally-occurring
PO LSHRS 420t PRE LIPS Pl RS BRI SRF Ay GEC SHRGEILnS agents
siftiosphatisleSrsiackhagsoybean lecithin, esters or partial esters derived

from cids,.hexitol anhydrides, such as sorbitan mqgnoopleate; and o

condd T o B P P AL are VR At Bt TRy ciin
vasep elyolsysthy [Einechrbliase menbeleatgetdtie ainslsio asrhyealficocantdiis oil, a

enjn I ing.agents. Syruns and elixirs A formulated

e e e A B R b RS AL USSR agens
m@knﬁalmglmaymgogum@@émlm, ecprisendativie; drfigararifiy opturally
o%c%%%{éﬂgh&gﬁ%d[%?%lﬂg'émﬁﬂ% iheRiamaceylical CaMRESIIaNY e from

y be in the form of a sterile injectable preparation, such as a sterile

f?ﬁﬁ%&éé& heviieb aatyidridsto SUSh Ab AgThIR TRARGSAPRIR AT HHedamsRlion BRoducts

cTUBRR\SiaMTRAK-ROBHAGE BeRR! A 19 he MR Ath L8R ERGSB ool eate.
uitable dispersing or wetting agents and suspending agents which have,
]ﬁlfe‘??l‘lﬁf"‘é?ﬁi Hf?éfoagﬂcﬁ?é‘f‘% SRR R agsﬁ%n FAYPS 88 drlixins may

etefileniflgedaklizth Solbamiae Syt SHthng BDR<aTCPaRolesallucrose.  Such
Acce t{ablg dij&ue&tﬁor sﬂolventé s&gﬁ%ugs a solution int.l,z-grggane-diol. ori
ﬁﬁ%’% Fhe Gatié |ﬁje°ct%%rllé‘ prepara‘ﬂ%ﬁ’ rﬁa@%ﬁg%' %g%r p ST 2 colonng
dgaphilized powder. Among the acceptable vehicles and solvents that may
be emplayRd are WAlLH RINGS, gf%%am pddzotonic.sedium.chiogide

. nally, | f
soI}uti(_)%L.%ynﬂadd%on, steri flxe(ﬁl)l s may E_)%é em Syeg as aggl_vé%t or Om? ole
IS cniHiiabtA auRpeTatieon. thishour poteridmipisiinbifiraueolls wrayigien or oleaginous
Seiayad nedRAISAIReGMAIRN A GeitlaR:n AdALioRN, BN ARINSM art
such as oleic acid may likewise be used in the preparation of injectables.
using those suitable dispersing or wetting agents and suspending agents which have been
mentioned above. The sterile injectable preparation may also be 2 sterile injectable
sojution or suspension in a non-toxic parenteraily acceptable diluent or solvent, such as a
solution in 1,2-propane-diol.

16202] The sterile injectable preparation may also be prepared as a lyophilized
powder. Among the acceptable vehicles and solvents that may be employed are water,
Ringer's solution, and isotonic sodium chloride solution. In addifion, sterile fixed oils may
be employed as a solvent or suspending medium. For this purpose any bland fixed oil
may be employed including synthetic mono- or diglycerides. In addition, fatty acids such
as oleic acid may likewise be used in the preparation of injectables.

[6203] To obtain a stable water-soluble dose form of a pharmaceutical
composition, & phanmaceutically acceptable salt of a compound described herein may be
dissolved in an aqueous solution of an organic or inorganic acid, such as 0.3 M solution

of succinic acid, or more preferably, citric acid. If a soluble salt form is not available, the
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[0203] To obtain a stable water-soluble dose form of a pharmaceutical
composition, a pharmaceutically acceptable salt of a compound described
herein may be dissolved in an aqueous solution of an organic or inorganic
acid, such as 0.3 M solution of succinic acid, or more preferably, citric
acid. If a soluble salt form is not available, the -52 compound may be
dissolved in a suitable co-solvent or combination of co-solvents.

cevantpib ey seatabreodird oveninblgdeosiebivet, propyidiratiyret] co-solvents.
mRalisiyig Q@i%@&quméyﬁﬁm@ée&ﬁgh&y?%@ﬁﬁg %ﬂ%&%@y&tﬁylene glycol

concentrations ranging from about O to abou % of the total volume. In

3BReretroBkAtA R, sheattividBrIdsRFREBHAY Mognadommae i about
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of  sglution . f a salt form of the active ingredient in an appropriate

Da%géozl?g\agﬁfgi%‘ffé Ve water or isotonic saline or dextrose solution.
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g absséﬁitt%i;?x?% fo%adggi‘%ns ofe 81}?3161 ic% or biochetmical moietgla; whic make1£
thrm Mora SUItADIS ToF danvary ta o A ERE S TIRAAYS BRbadfivitueh as water or
isatentialsiliye cledeatisecadision rddsticrssetoldidbarxempeubiis which have been
SRR VGO EE YRR, [DROBHO AR SIS, o1
embodir??ent,. thg%?(%%u%hﬁggé%ﬁ%%}ﬁ%%iréiQr%gg;/J_%%mf%gr_frﬁ?ﬁést.eds f‘ggn Srhakae
themirietratBHable fprd dediveryfdesuldnersasitaplatiittowiseribiity palatability,

RepReuUnNdsekipid-hagsdforsuiatians cangnperlly eRRaRcsithe OfRlosylation,
bigavailability of such compounds. [0206] As such, a preferred
k Gifcal composition comprises a therapeutically or

propr;]yfbacs'_pﬁlIy?Lff@giuﬁﬁeﬁwﬁbm@mq?ﬁ@%ﬁaﬁa@a@l;&%em?rm dmay be
~logether with at least.one armaceuyugcally cept e excipl nt selecte "

A e A T P TR
cestpoattierdab{é-gasat dopaneigly cah aatesmn ediblaciathe agid iR BBIlity of

aprylic and capric fatty acids) and pharmaceutically acceptable
Sglﬁ%gé:?aprﬁ%ng%bh as polyoxyl 40 hydrogenated castor oil. [0207] In an

alternd#&@sbrefetedseehbodinperfiroyclgdientrassuticst beoatdeitias comprises a
tﬁ@iﬁaﬂﬁﬁﬂ}um'% roxye%%gﬁyp Leiered syclodexy 'Q%Hg%%gﬁd escribed herein,

hydroxypropyl, thyl, glucosyl, maltosyl and maltotriosy
taasibetivad of sraqBonsmharepeiigalyritrcAprrscenainjepFeriersrtl from the group

sxBlesie BRI LERNBRGSLIS Y HIRYRRPY & LY Rd e ABRZE Glopylens
gi,}bclglh Q;f?a%/sbgfa%g%getofggg Oatl;;[gs? gx?c%\/%-sd%i%g)?l?g %.gg] %%;Ix:[ilc? n?atty acids) and
pharmaceutically acceptable surfactants such as polyoxyl 40 hydrogenated castor oil.
[0207] In an aliernative preferred embodiment, cyclodextrins may be added as
aqueous solubility enhancers. Preferred cyclodextring include hydroxypropyl,
hydroxyethyl, glucosyl, maltosyl and maltotriosyl derivatives of «-, B-, and 7-
cyclodextrin. A particularly preferred cyclodexirin solubility enhancer is hydroxypropyl-
o-cyclodextrin (BPBC), which may be added to any of the above-described compositions
to further improve the aqueous solubility characteristics of the compounds of the
embodiments. In one embodiment, the composition comprises about 0.1% to about 20%
hydroxypropyl-o-cyclodextrin, more preferably about 1% to about 15% hydroxypropyl-o-
cyclodextrin, and even more preferably from about 2.5% to about 10% hydroxypropyl-o-
cyclodextrin. The amount of solubility enhancer employed will depend on the amount of

the compound of the embodiments in the composition.
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to further improve the aqueous solubility characteristics of the compounds
of the embodiments. In one embodiment, the composition comprises
about 0.1% to about 20% hydroxypropyl-o-cyclodextrin, more preferably
about 1% to about 15% hydroxypropyl-o- cyclodextrin, and even more
preferably from about 2.5% to about 10% hydroxypropyl-o- cyclodextrin.
The amount of solubility enhancer employed will depend on the amount of

the c&MPBuNd b1 BREBHASBHRHFREMPHHORAAPEEIAGh 103 posoef AT the active
m%t@r@iﬁ@%ugﬁéleamp%mwmﬁteﬁ@a%@&ﬁﬁ@te@me M&%eﬁﬁecxﬁcaﬂy,

ingredient(s) sufficient to achieve an intended therapeutic effect

sl GRbARmNtS HHePBATBGER A CARB AR SeRigtRS P dBRRRSUieAlly effective
a600iAINe. B, therapouiic Ay £ featiie rasaolathee @sm@eﬂmuﬂﬁ & effective in the

SAPK-modulatin m nd that is eff t|ve in evention or
LT b SRR o P AR Lty SLNY (iR pe condition,
wirtreteith¢henpompdundiibithibit £ G BCHe lmmlge tﬁm@eufflabbﬂtdﬂi\zbtolooo UM,

t t
B O NP Al R0 e, (B i O e el S R AT e
toighrisivagtsvieh the eertsunihtéaaisay byoduobined nwaiy ﬂ:@smgr&mnwwmls to
oYh¥cHepanging UReRiheRastiieaiad and g Raticiia g‘%@togreated and the
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:)osmons EXAMPLE 1, [0209] Compou s are screened for the ability

1%5 HRIRERSAHS 2 RSBHS R B SO3%PREKIMnase in vitro. The ability of

compounds to inhibit ATF2 phosphorylation in this in vitro assay is

correlated with the inhibition of p%%? l% se and TNFa expression in
vivo, and is therefore an indicatorof p éﬁ ial in vivo therapeutic activity

(Raind@Z0sdl, J. ébaip(l@% J.#830|.sGhemd 2 74017 4 2G> 7 426 1B rinkmanhiMiN. ATF2
144308 Fu hs S Y,
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m& %&‘5:%%&‘8&‘94% QHH‘X@%%%%@ %lﬁﬁ%ﬁ!&so#‘gmeﬁﬂaz in wvo thera cutic

amino-terminal GST fusion, expressed in and purified from E. coll

agtiay (Rasisreptolent ébﬁ%?ﬁl#g%%l@%{%@@%ﬂﬂﬁéh%@ MN et al.
19%DreSERA 0/kemCal 4. AdkRI0IBINR atgRtiguated end: SIOedhal;- 88 em. 275:12560-
12564, 2000).

[0216]  All kinases and the substrate ATF2 are acquired from Upstate
(Charlottesville, VA). p38 MAP Kinases are recombinant human full-length proteins
with an amino-terminal GST fusion, expressed in and purified from E. coli. ATF2 is 2
GST fusion protein containing amino acids 19-96 of human ATF2 expressed in E. coli.
All proteins are aliquoted and stored at -80°C.

{6211}  p38 MAP kinase assays are performed using an assay buffer containing
25 mM HEPES, pH 7.5, 10 mM MgCly, 2 mM DTT, 20 mM p-glycerophosphate, (.1
mM NazVOy, 40 pM ATP and 1.25 pM of ATF2, together with 6 ng of p38a protein, 12
ng p38P protein, 1.5 ng p38y, or 0.4 ng INK2a2. Compounds are serially diluted in

DMSO and 2 pL of test compound at various concentrations is used. The vehicle control
receives DMSO only.
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[02111 p38 MAP kinase assays are performed using an assay buffer
containing 25 mM HEPES, pH 7.5, 10 mM MgC12, 2 mM DTT, 20 mM
(3-glycerophosphate, 0.1 mM Na3VO4, 40 M ATP and 1.25 p.M of ATF2,
together with 6 ng of p38a protein, 12 ng p3813 protein, 1.5 ng p38y, or

0.4 ng JNK2a2. Compounds are serially diluted in DMSO and 2 L of test
compound at various concentrations is used. The vehicle control receives
DMS@zity. -5 46 b pbesticompouniedraial exitb Utiatgdof/idn20deoin kinase

e in ki uf , bH 12,2 m
o O Ny it M. et 2N G AR G ceropLosphat
atenfple raMr &gV 0%) minutes tBepations fse Ifitiatacdy Rddiion0ad0bhitiated by
strate. solution to yield a final concentration of 40 M ATP and 1. M
oS R S S S SR SRR i gl 125
pah A T Inin dtizel s ybtkfgen d ditie nr &fc £i8-s08:2 0 eaddtED Tod . AANELETA at 37°C and
method s used tqQ ,measyre th horylation of ATF2 at Thr 69. High
R OBIEh FIABCOR, (hAtodE T B AT e A oA B s Hged 0
nikéind e ghatptapladasnot WHBDed THite20HighwastitpooBuifen (2adnMe coated
Tris HC|, pH.8.3, 192 mM glycine, 0.1%.SDg.and 0.05% Tween-20) three
R0 il 58 SRR B B e AL FIHES Gk T o 200
mpdﬁmﬁ'aﬁ&)h .(A%%M%ﬁz&ng(gmﬁigsm? imtgﬂ%tpgiydﬂseo%@.}w%b@iand 0.05%
nti-phpspho- ATF ti ell Signaling, 1L, 1:500).far .
TR0 PR i, AP 78 R L Een T AR IgHdn TBS
(Piterct3TEAHatiohenbibeky Hec anjugaibdigdatiansiorabbit apbhaslyi-phospho-
(Cell Signalin 4, 1:500 0, minutes at 37C. Plates are then
AT e D ot e A R BT 50,41, o
Ultra TO2B3EL | SR {Rsercewad(aBihfer Summnwidd atasbing Heffependdune. incubation
Ei f phosphoric acid (1 M) is added t reaction d plat.
e e b R G YA P D for 20
iiheteomipSdrds ifthibit thee pthespivesiiatichred Aifke? ivithiswashitng ey .before
.Preferred ¢ unds ibit s af betw t1Man
S S e el e e Lok s at zoom
tEaREbjt@emPBmatigis5ar elsef ebowdh doic tinechfdilib)tés intuilbdt (6 8fop rededisss and plate
rom THP-1 cells stimulated with lipqpol charide (LPS) in vitro. The
ebii ya% Com 6%1%%%81%1}% é\i%?ﬁtz—%?\ggfgggg r?a ilée?é Sitro assay is
correld83@4lith thibsichibiiiomds pdébit the phosphorylation of ATF2 in this in vifro
assay. Preferred compounds exhibit ECsy values of between about 1 pM and about 1000

pM, preferably about 50 pM to about 650 uM.

EXAMPLE 2

[0215] Compounds are screened for the ability to inhibit TNFa release from
THP-1 cells stimulated with lipopolysaccharide (LPS) ir vifro. The ability of compounds
to inhibit TNFo release in this in vitro assay is correlated with the inhibition of p38
activity and TNFq, and is therefore an indieator of potential in vivo therapeutic activity
(Lec J. C. et al. 1993 dnn. N.Y. Acad. Sci. 696:149-170; and1994 Nature 372:739-746).

16216} THP- I cells from ATCC (TIB202) are maintained at 37°C, 5% CO; in
RPMI 1640 media (MediaTech, Herndon, VA) containing 4.5 g/L glucose, supplemented
with 10% fetal bovine serum, 1% penicillin/streptomyein and 50 uM B-mercaptoethanol.



activity and TNFa, and is therefore an indicator of potential in vivo
therapeutic activity (Lee J. C. et at. 1993 Ann. N.Y. Acad. Sci.
696:149-170; and1994 Nature 372:739-746). [0216] THP- | cells from
ATCC (T1B202) are maintained at 37C, 5% CO2 in RPMI 1640 media
(MediaTech, Hemdon, VA) containing 4.5 g/L glucose, supplemented with
10% fetal bovine serum, 1% penicillin/streptomycin and 50 M

(3-mel¥&iloethA R comBoends ALt Bdtiabrhenaion apdRiMihmegis uieP4PMSO
(RAMIrped RN AnBIVE R Ty Mt BPRBRES ALG ek aeriatvedilteditions,

RPMI media for all subsequent dilutions. The assa%/és Performed under

TheAteexdnantreetypdre sirtin coathtinns SRSy 676852 QB EAENEPE6-8
1eoletineiand sestisaepaednipenRRNY medianat ARGl 0 cdBOHOT 100 1l of

resuspended cells are added to each well, which contain 100 | of a test

remsaarticHs A RAARD h aRC B re ek orarincEOMhliric tshearpareh, Test
CEtﬂ?‘bﬁ‘mt Q@@Zﬁ&ﬁr@ii@@ﬂ? fﬂiééﬁéﬁﬁﬁcﬁﬁ?@n@rﬁ%ﬁévﬁg}apggﬁéﬁﬁ%ox}[centration is

reincubated with co or 60 miputes a , 5% rior to
f@n%fr%%ﬂ @ﬁ%&@ﬁﬂ?ﬁ@&?fm&%ﬁ%&@%é11%86? S @Brm%&wt 37°C,
e FRD) phike thnsihRisSticencstirbtiopolyseatinna| (BHY) ¢Ri3ohg/MIABR0, 4 mg/mi

a IL:L R rel respectively. Unstimulated_contrg| cel
T R TR O S AR O el s 8 e doBe:and
It YB1ielrass, frspadiFee Bnd Undi@uRied sentreBRettivehint s Sleoive PBS vehicle
Os, ermnts are taken, and transferred to a fresh plate and stored _at
C S

POHRE RS ALT DU f9n d L RS P ENE G it B release,

redpaivkits. IS0-UMInessaneritsuted:asR8PIaieraeieto ATRYRIBliSe and stored
performed by non-linear _regiession toégenerate a dose response curve.
éﬁ% i

S ReUCHI GO T RE 03 e iR eBAdEntPalRylb PR a e Eehipm Bl Kits.

A3AUsenasbéhde dacieagea thdlaer Headbl levelen{QR1A] ?&fﬂﬁﬁé@%”} non-linear
inhibit the release of TNFa, IL-1(3 or both TNFa, and IL- I(3 in this in vitro
TSR OPr&e BRAFEEMPoTNRSs IRRAME EBY Y al B G Bt e 1Pelepa is the

ohbatweRn abdidtikdanthaatthh00MhMs prferabitakou FNMLIeraRoL levels.
650 M gga are provided in Table 2 below. Table 2 R2 X3 /NO Z R4

No.' x$HBRa oW 54 $5aeite% 28 INEG IR 1A or Rothy TNF, and IL-
1B in this in vitro assay. Preferred compounds exhibit ECso values for TNFa and/or IL-

13 of between about 1 uM and about 1000 pM, preferably about 50 uM to about 650 pM.
Data are provided in Table 2 below.

Table 2
Ro
XSQ,Q
Z Ry
Ne.! X R, Rs Z TNFECs (M)  Toxicity’
13 .H -CH; H 0 A > 1 mM
7 H H H 0 p D
9 .OH H H 0 ¢ D
11 F H H O g D
8 -H -CF3 H O g D
12 -F -CFs H © C D

~56-



7-H-H-HOBD 9-OH-H-HOCD 11-F-H-HOBD 8-H-CF3-HOB
D 12-F-CF3-HOCD -565-OH -CH3-HOA>1mM 1-H-CH20H -H
OBD2-H-COOH-HOCD 3-H -glucuronide -H 0 C D 6 -H -CH20CHS3
‘HOA>1mM 4-H-CH3-OHOA> 1mM 14-F-CH3-HOBD 15
“OCH3 -CF3-HOCD 16 -COCH3-H-HOCD 10 -OH-CF3-HOAD 17
-H -phenyl-HOCD 18-H-CH3-HS CD 25 Seenote CH3-HOBB 26
‘H -BY -H O%IB 27 -c$&43 -Br -H ¢l A 98 -OM -CH2F -H 0 C D>29mMIH
-CHF -H Qi D 30 -QfizBH-H 0 ApA 310OCH3 -CH2F -H 0 AA_32
_OCH3 -CHF2 -H O A A 33 -H See note 5 -H 0°C D 24 -H CO2CH3 -H O
C D €ompbund numtfeP&Elshownh Tadle 1 2Q\::S 2,000; B: > 2ID00; C:

Incorglusivgi(e.g., No-griuinids acyity o@serv%d) 3 D: Inconclusj'bve

(e.g.,éwo dq}? or no toz&i:ij[tﬁ/ooé)ﬁ%rv%ql) o A

=1 mM
4 -H -CHj; OH © A > 1 mM
14 -F ~CH3 -H O B D
15 -OCHs, -CF3 -H O C D
16 -COCH, -H -H ) C D
10 -OH -CFq -H O A D
17 -H -phenyl -H 0 ¢ D
18 -H -CH; -H S 's: D
25 See note
4 CHa -H O B B
26 -H -Br -H O p B
27  -OCH; -Br ~-H O A A
28  -OH -CHoF -H O C D
25 -OH -CHF, -H O C D
30 -OH -Br -H O A A
31 -OCH; -CH,F -H O A A
32 -OCH; -CHF, H O A A
33 -H Seenote 5  -H O C D
24 -H CO2CH3 -H O C D

! Compound number as shown in Table 1

% A: £2,000; B: >2,000; C: Inconclusive {e.g., no data or no activity observed)

*D: Inconclusive (e.g., no data or no toxicity observed)

* Compound 25 is as depicted in Table 1, namely the aryl group attached to a 2-
pyridone nitrogen is an N-methylpyridinium moiety

> Compound 33 is as depicted in Table 1, namely 2 bromoaryl group fused to the 5
and 6 positions of a 2-pyridone ring

Y.



4 Compound 25 is as depicted in Table 1, namely the aryl group attached

to a 2- pyridone nitrogen is an N-methylpyridinium moiety 5 Compound 33

is as depicted in Table 1, namely a bromoaryl group fused to the 5 and 6

positions of a 2-pyridone ring -57 EXAMPLE 3 [0219] Compounds are

screened for the ability to inhibit TNFa release from primary human

peripheral blood mononuclearcells (PBMC) stimulated with

lipopolysaccharide (LPS) in vitroEX¥aévBBil? of compounds to inhibit TNFa

releageyify)this towiouagsaveiscasrslnier wihihaynbiRiian oMmBs AJEMY from

and is therefore an "indicator of potential in vivo therapeutic activity (2002
PRFaRED atiHie g ReHRhEAE Yowh1meromklrFaureiss BMEw siasated  with

ﬁ&ﬁ&%&mﬁ%% ARo2 Fak 2AR)- §924R1HdwRaRnerpReTalRioRkase in

mononuclear ce BMC) are isolated by _differential centrifugation
S rGuGHTR BREH-Hy PR Sy o A REPB B tRetr ERHng0d 18 therefore an
aRieuat bheedsianegr svigolateehBiid Gaentginanpr aimpaiely - Y Rukblage

1R RSB T Boe h  KaRe o $0l P e 252740

stimulgzadivith Huogol ysagpdhedidddbdP Sicnonngnl ; Slp@aBSIC) cuis jddi@ed by
in.the prese and ahsence of.the.test gompound.in seral dilutions..dn

RS AR B IR EE 8 HO P AR R SR OBl sorum
Oté’w&bgdﬁ,vmylv\bihodlt@Qm. TmaﬁtlFl%ﬁMfél m_zdeihs@mm'ammbigm% CD-14
pﬁ%%%?%&%?%@%@d@ﬁﬁﬁiﬂ&%&%ﬂ@@%' yailpie kLR RN #Sc (10°

1] Preferred compounds inhibit the felease of TNFa in this
absanp witiuaed EOsdyvemsacor B ash BBt Mitdnipaprivtarobaride (ILPS; 50
npefeabivAleut 58] WAGDialnibERR M AEX AMBLE o {02221 CARPBAKAEUS serial

are screened for the ability to inhibit the release of TNFa in aninvivg |
dinnatniBoRiR R I, Brdlo B E B QEEQT DRIG e Rrdem. Rrdirogen,
G914 24R) Radnt, friv et Ble 1996 1RRAMaeq! shxdndBek is determined by
.279:1453-1461; Dong, C. et al. 2002 Annu. Rey. Immunal. 20:55-72 (and
Fekerohiing airarmeratly et sheMiisP bt eLiifiar Signalling
12:1-13Az1yd referereses silegothereinhisiothSrifihs, of. Bred b h89Q GyiNkith an
Rheumatol, Rep. 1:139-148). 022310Without being bound by an¥
E;%ﬁi@}fﬁ?’ ?ﬁgswfzmgmq é\;él}% gt about 1000 uM, preferably about 50 pM to about

650 UM,

EXAMPLE 4

[6222} Compounds are screened for the ability to inhibit the release of TNFa
in an in vivo animal model (See, e.g., Griswold D. E. et al. 1993 Drugs Exp. Clin. Res.
19:243-248; Badger, A.M. et al. 1996 J. Pharmacol, Exp. Ther. 279:1453-1461; Dong, C.
et al. 2002 Annu. Rev. Immunol. 20:55-72 {and references cited therein); Ono, K. and
Han, 1. 2000 Cellular Signalling 12:1-13 (and references cited therein); and Griffiths, J.B.
et al. 1999 Curr. Rheumaiol. Rep. 1:139-148).

[0223] Without being bound by any particular theory, it is believed that
inhibition of TNFo in this model is due to inhibition of p38 MAP kinase by the
compound.

[6224) Male Sprague-Dawley rats (0.2 - 0.35 kg) are randomly divided into
groups of six or more and are dosed intravenously by infusion or bolus injection, or are

dosed orally with test compounds in a suitable formulation in each case. Thirty minutes
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inhibition of TNFa in this model is due to inhibition of p38 MAP kinase by
the compound. [0224] Male Sprague-Dawley rats (0.2 - 0.35 kg) are
randomly divided into groups of six or more and are dosed intravenously
by infusion or bolus injection, or are dosed orally with test compounds in
a suitable formulation in each case. Thirty minutes -58 following end of
infusion or bolus injection, and 1-2 hr following oral administration,

oS50 SRl pariEsen SRR RECR B sk i b dRHTE RS ST AdBpgration,

lipapoples e eridolie a0l 57 BRI pest kg i emt WiiskddSVS e BIGLd Mmdples are
(Ié?#gls are_determined usin%‘ trp%%&ISA kit from Bioso;g: (KR 3011_C)d )

QG o SR PSR L S P LB RO fo 8 isgpimed using

IROBIGUNHER bhibiBibeieleqER BTN imthisifpdiva assayt fFuafeddeie-treated
cotgé[i)ounds exhibit an ED50 value of less than 500 mg/kg, preferably less

“YRan 400 mg/kg, preferably less than 200 mg/kg, preferably less than 100
mg/kdénisie pixtdeabl ctegsothdn hibikvigig, rahare pfeldiBdlin thasithaine assay.
40. mgikg, mare prefecabl s than 3 / referably, |

R R S SRR 5% L L R I B s o

460 degkpiningaiblE 056 diahe{Khiigite,oppS&iha lesntbaundhehedes, more

pRARIRAS RS NE At LRGN NG A ARG e UL Lr My, Less

ubstra

of the downstream s tes of p38 MAPK as describéd above.

theretB otk ghasee Rieiviably . derdifisnadn) meleiansm nrfsably.dese Bni8my/ks.

expre§giegiof genesAonws i B@te[-@ﬁhﬂﬁ%eﬁgm_@? sither incividyalbs P88 by a
by gene arrays. EXAMPLE 5 [0227] The following methods can be used

oRIPRIYRLinchade Zuy P dsdmommIty arEkagleyy hpananftifsiiR AfiRetion of
akinagamssaniardaianbinatianobEC oAt Medsaten abdrductinarabre, these
TNFa expressiaqn, (4), a.test far cell toxicity, and (5) an assay ,to test the

TR Re P OB R B B 1 S0 S HOR P P IRESRD (S A58Fy ows o be
regtiuityd dfythBERaBkmeba daaligrmsbly 38ysanthiP38a is determined by
phosphorylation of ATF-2 in presence of 32P-y-ATP. The incorporation of

32P into ATF-2 in the presence or absence of inhibitors is determined.
Pirfenidone and its different deri¥atidéPade Sested for inhibition of P38y

and Pagn iginase,activiy.ith iz Jpigghemical assay- Tihe G8MPARKS a&ay for
solubilized in water or DM50O and tested at
determination of ECsp, (2) a non-radiomentric kinase assay for determination of ECsg, (3)
modulation of induction of TNFo expression, {(4) a test for cell toxicity, and (5) an assay
fo test the effect of compounds on collagen production.
Kinase Assay
[0228] The activity of the P38 kinase isoforms P38y and P38a is determined
by phosphorylation of ATF-2 in presence of “P-y-ATP, The incerporation of *P into
ATF-2 in the presence or absence of inhibitors is determined. Pirfenidone and its
different derivatives are tested for inhibition of P38y and P38 kinase activity in this
biochemical assay. The compounds are solubilized in water or DMSO and tested at
different concentrations from 0 1010 mM using the appropriate solvent for dilutions and
as vehicle control. The enzymes P38y and P38a are obtained as activated and purified
recombinant protein (Upstate, Charlottesville,VA). The activated enzyme is used at 24.8
nM in the final reaction. The enzymes are diluted prior to the reaction in the following
buffer (1M HEPES, pH 7.4, 500mM DTT, 1% Triton X-100 and 10mg/ml BSA). The

reaction is performed in the following solution that is prepared as a two fold stock
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different concentrations from 0 to10 mM using the appropriate solvent for

dilutions and as vehicle control. The enzymes P38y and P38a are

obtained as activated and purified recombinant protein (Upstate,

Charlottesville,VA). The activated enzyme is used at 24.8 nM in the final

reaction. The enzymes are diluted prior to the reaction in the following

buffer %}ﬁ"\g HEPES, pH 7.4,500mM DTT, 1%0Tritqn X-100 and 10mg/ml
seigiop M HERERo BT péro0edliPite ol don foniafad preprdigactive
Axpaidwecield stotle rBfbaelutios (SVUINERES, (081l Sepf@aMVeHANHA%Y0 To

Triton X-100), and non-radioacti TP ig present in the reactiop at 6.25
ARTREP (NI b, T o ot AL FHBS A tbip coch
rexfcAdiFaRa YRRt iR 8000 DS a0dR ¢ ignatich, PeaetlonMBA as 2 kinase

ratio S MM, ATE-2 (Cell Signaling.. Beverly, MA) as a kinase.

ORI o £ A e 3 R Yl RO Bvated
kipasstiond indvividee @ Kirrasepaomdinitibiloclor abvetrap proprids! e hisdetionnitrdfer and
PSS B rearion i ienaad aincuealed for 30,010 A5 a0 eq blé( i'2he addition

temé)erature. The kinase reaction is initiated by the addition of ATF-2 and

oAAPIh e FhE Ay ol Br okine Sctrsh rs bt indl pé earedogmed at

réReMdamRpRiaR o SGaRURSIAHYS ShedBumainstes.abiteubalian S0kmmiie
bof aerr[%ggle ggr is added. Subsequently 20% of the reaction is .
BrAREEy SEBECBRGEBOREA bRTeten © Ayret RYdbemgTage (BioRad,

Handiip G Miekeledidppaesitidhe gehis eiospldrds eSANinRees to a

late and analyzed usjn hosphoimager (Storm S m, Amersha
e R S e
Heslhignoesm dPiscatavetinniaid cdlbulatedzbopeivedt inhipitidifiudingtéhebackground

inhihit i ivity with , the :vehicl ntrol as.0% inhibition. The . .
cgggui% ggﬁéyfa,%gee%px;e gylvgg;ét g%%;@wﬁ %sfi&ﬁ%ﬁ. A I %[mase 1%ty with

Ifrerent INAIDItOr concentrations, 1S

tbm@d%mtmém%rémw@merg@hsmW@cﬁmm@,thwrmence of different
RN R0, fey ﬁ@ﬁ@dcﬁ)éﬂ]%ck 165180 F3B KA Care. Reading, PA)

s
Non-radiometric Kinase Assay [0229] Ar% alternate,” non-radiometric kinase
ta detgrmnag thrsBlemiBrosnsd rommend e teetsd B3R iaRastion of P38. In this

NeSAMiPBBKIESRkaNsIeys a phosphate from ATP to an EGF-R peptide
substrr@te resulting in the formation_of phqsphorylated EGF-R pepti

peptide
with tHE%Chcom B R rSRSR-SAFRRBA BB AFthcBtmiele employed to
defaetidr, PG8latso hyiilyras ATP. almkiowensatssit teabsensRrofa phosphate

e tﬁlf bstr (Fox et.al, FEBS Lett 1‘$ 9), which contribute f’g@ht
R LRI RO R Ao kG RS L A Poseid
EodpRrivopiade o 86 thetisiycottithet end ek adinaSA TP to ADP. In an uncoupled
reaction, p38 also hydrolyzes ATP at a slower rate in the absence of peptide substrate
(Fox et al, FEBS Lett 1999), which contributes slightly to ATP consumption. Thus, the

amount of ATP consumed is directly proportional to p38 activity. At the end of a kinase
reaction, the amount of ATP remaining is determined using Kinase-Glo Plus Luminescent
Kinase Assay (Promega, Inc., Madison, WI). These reagents use residual ATP to support
the ATP-dependent enzymatic conversion of beetle luciferin to oxyluciferin with the
concomitant production of light, which is detected by a luminometer.

[6230] Kinase reactions are conducted by mixing compound (diluted in
DMSO and assay buffer) with either p38c or p38y, and EGF-R peptide substrate
(AnaSpec, Inc., San Jose, CA) in assay buffer. Reactions are then initiated by the addition
of ATP and allowed to run for 45 minutes at room temperature. Final buffer conditions
are: 20 mM HEPES (pH 7.4), 2 mM DTT, 0.1% Triton-X-100, 10 mM MgCl,, 10%
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reaction, the amount of ATP remaining is determined using Kinase-Glo
Plus Luminescent Kinase Assay (Promega, Inc., Madison, WI). These
reagents use residual ATP to support the ATP-dependent enzymatic
conversion of beetle luciferin to oxyluciferin with the concomitant
production of light, which is detected by a luminometer. [0230] Kinase

reactjo re conducted hy mixing compound (diluted in DMSO and ,
IR D o s e Py CRA S A OGO LE R peptide
susnaSpend |00. SR TPse ThAfiiklassay boliaheReddiols atedhetfol reaction is

initiated by the addition .of ATP and allowed to run for 45 minutes at roo
p{AER B B Sompenac ARER (el e FARIER Sl e
pEIPTNG] e TaitoreXpbood tonvevtiMipE 12)1 1086ti066 aglgfpsrfoknlﬁ_*zi Snrtiglicate.

p38a{@§§)§8y (lﬁgﬁgﬁ%e ﬂf‘gg E“ﬁn\{iégb %M}:E%.gfﬁqum% e reaction is

substrate, and 10 M ATP. The fi%?qusay vgume is 10 L."A contfo
qyerfhrenby therdfived pfthe absehBévesetinBlndasaertraaenicoiirelluciferase

TRBGHORS A Nth PR RGaRefbe e d AL EVERHEP TP aERd CORCOR Al frvision

All reactions are performed in triplicate. [0231] Forty-five minutes after

bsh et & rafigsl rakaddnehbife srd sl vicasierc ey Brsiqadidén. Data
a&}‘lélattz@fak(iﬁﬁﬁiﬁﬁ@ﬂ]?|M§rﬁ$3®¥sﬁeagg%ﬁbﬁdﬁ@i&ﬁﬁaﬁﬁnﬁ@@ﬁ“ﬁﬂlﬁleida&aph
owed to_equilibrate for 15 minutes prior to being read on ap Envisio
RSP SRS AR i SRS S R ek BRRERADe deta fo 4-
pBastuer Mﬁdﬁ@a@mmwmﬁbnnﬁ@muﬂmﬂﬁ@ed from control
e A TR IR0 LR, SRS et iy

values are mine - paramater
binding equation using a fixed upper bound that is determined from control

BRGNS MR, aseRcs of P38 (as luminescence is inversely related to
kinase activity). Inhibifion of TNFa induction [0232] THP-1 (ATCC,

RockWlifié2i1D) iSiffowrditderkegtibleiddie surmmencarintionsiias tissue culture
c6RERDIERE Qb RYIdeLhy & TOUYS PHELIOJRE Y RRLIBXBBLI RGNS WREGvere plated

ig?ct?eéi in a 96 we|l format in regular culture media containing 1% serum

PEOEmtre MR T el Srio8188 0 GrE R thdI0 Fhan! culture
vohmmpaitddenaided 50Gaoh wil Rr Wplicales apghifdamPRreptsecselvBRlell in

R B L R EO R SRR02820 o
SB@%IS&QWG! Ucubfinof (Uﬂﬁ‘atexwwnn Mﬁg)/ml ﬂn%dsda&tcbddgité&odmﬂaﬁ B each
BRSBTS, Celours s hepiRcionlon Ot o
mpiintes QBGt proBeidnahittie Following a 4 hour incubation under tissue culture
conditions the cells are sedimented by centrifugation (10 min, 1000rpm, Beckman table
top centrifuge) and a fraction of the cell free supernatant is collected and used in a tenfold
dilution for the guantification in the TNFa specific ELISA (R&D Systems, Minneapolis,
MN). The TNFa ELISA is performed according to the directions provided by the
manufacturer, The TNFa is detected in pg/m! and plotted as fraciional activity

normalized to the TNFa expression in the solvent control.

Compound toxicity testing in a cell based assay
102331  The reiease of LDH as result of a disrupted cell membrane is applied

as a measure of cell toxicity. LDH is detected by its enzymatic activity using a

commercially available diagnostic kit (Roche Diagnostics, Cat# 1 644 793). THP-1 cells
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top centrifuge) and a fraction of the cell free supernatant is collected and
used in a tenfold dilution for the quantification in the TNFa specific ELISA
(R&D Systems, Minneapolis, W. The TNFa ELISA is performed according
to the directions provided by the manufacturer. The TNFa is detected in
pg/mi and plotted as fractional activity normalized to the TNFa expression
in the solvent control. Compound toxicity testing jn a cell hased assay

2t 28 Ti08 aisruieatioh At SR Wi ERRES Y mdthofahdduced TNFo
cRfiRlgen a8 thengesivie @kpallkﬁ@ﬁic:tggsl Liviisaslgtdeiedbay s-apiipatidnhibition
[vity usin commercially availa iagpostic kit (Roche,Diagnostics,
AN SRR, Sl S B oyl PR AT BT B sl
tisne andiste neyndiifinthe ifitloceddpbifres expressioh i thigprevicoscentrations in
. oL ibed f . inhibii fa
SHEIE LSRN eS Lo SRR ! TS oo

apisifinarthysenils sunorlusondRibeis TRdecaraplatisusreiistioebadititre tter this
HARGEBH AR INnl iNGALR: JREAPRIRRHAL SAVENEO RIS SRR Ih% viv) to
each assay. After compound addition the cells are cultured 18 hours .

YHasedegeilsr trduaimtnd namishditandy tismistsaden perplstanestl lysis.
Seséivenrpntrel dslnitiatesiby-rdding dhitanaXalop 4280 WMbiRnWItIBa P ernatant
cells apd incubated for_an itional 10 minutes for complete cell lysis. ,

r%‘ﬂB‘é%‘E&éﬁtlﬁ%é’ IS iFRTRE By EEiRFGATIRSaY Af ot Bpturer's
ithenatipar drhstdspmnongicshranatydad 3o cbD b bty henastiviy to the Triton-X-

rdi the manufacturer's instructions. The data is typically reported
@?i%sgé]??(})%i%:slgl/@o)?qrﬁ%ﬂ‘é%%ctlgf the Triton-X- 100 lysed cells as 100% cell

toxicity0382B41 Toxicity data areadswbhiambdsiring cocommesiitjatyailable ATP

agg ;:ggﬁléwaraﬁ%%s’lw ﬂ e&gﬁﬁﬁnﬁzﬁ Rs%égfn%i@%ﬁlﬂt #9808 itrogen}

> from Invitrogen) and/or using a MTT assay. B e ATP an
TR VI TFRG Saé Theassate nietkbBirc Addinprede thee TR caesalys Theanager metabolic

RINMMRATH S g abjiily M’I‘*Pea&%('} ihigduee %e”é@iﬁf‘]{ SEREL R Whichuce o
is related to metabolic comfgetence l.e. viability). The ATP ass

a
BB FBRS EIGH AT FPIBHCKRSHRORIIR (FRIERBRRoidin TAbR e Bre ATP
£emRecHRdres OX cHRMP ATSHIReEHRRAYaad preiahelmachvie W R mpound.

ads to a redyction in ATP concentration. Assay. for Effect of Compounds
B RIS R TS M B R e rlseR b SR TOLHtn ATP
gnovttrarider regular tissue

Assav for Effect of Compounds on Collagen Produgtion

[0235] HFIL-~1 Cells (ATCC, Rockville, MD) were grown under regular tissue

culture conditions in complete media containing 10% fetal bovine serum (FBS;

Mediatech, Inc., Herndon, VA)., Cells in early passage were plated in 6 well plates.
‘When the cells reached confluence, the media was removed, cells washed with PBS, and
the cells were kept overnight in complete media containing 0.1% FBS. The media was
then replaced with fresh media plus 0.1% FCS, 10 pM L-Proline (EMD Chemicals,
Gibbstown, NI), 20 ug/mlL ascorbic acid (EMD Chemmicals, Gibbstown, NJ). Compounds
were added to triplicate wells to a final concentration of 1 mM from 100X stock solutions
in DMSO. One hour after the addition of compound, the cells were treated with TGF-B1
(Sigma-Aldrich, St. Louis, MO) to a final concentration of 10 ng/mL (25 ng total). Three
days after addition of TGYF-B, the media was removed, cells were washed with PBS and
then lysed. The total collagen content of lysed cells was assessed with a dye-based
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culture conditions in complete media containing 10% fetal bovine serum
(FBS; Mediatech, Inc., Herndon, VA). Cells in early passage were plated
in 6 well plates. When the cells reached confluence, the media was
removed, cells washed with PBS, and the cells were kept overnight in
complete media containing 0.1% FBS. The media was then replaced with
fresh medlaf%)I (501% FCS, 10 M L-Prolin

cRl TR o AT BT PR SRTCATE, OOl o HQusn

pl‘d‘cb)bﬁé@m p@ﬁﬁd&pﬂ!ﬁﬁ&%ﬂe@ﬂmﬁ@hcﬁiﬂm&s@ alfinal GBieekntiGAdf with
B B R0 PP Ry e gl e
nidh) Wmﬂeﬁrﬁ%dﬁbﬁi{ﬁmuf wmmfmr_l)(ﬂiﬁ thy m@ndrehaaé dayscaft@'r TGF-B.
rAAgitan; eﬁo@g ,1}%5@?@ egsatﬂ\éage@gap\@ﬂb&% wfeﬁwm%mhcﬁﬁgm as

and then‘lysed. The tota collagen content of lysed cells was assessed
depranggentihe dellommegsimgBatassay (Sircol Collagen Assay,

Newtownabbey, Northern Ireland) and a RQuant plate-based

oS PREHINRRRIODR e ARIOHE kiR IIMET!S. B o NN BRAO Kb HWHE-B))/[ (collagen,
nARURTOICRLE Stantaks Chious- TR ghynamic range of the assay is defined
by cells that were mock treated (1% DMSO without compound) in the

presence and absence of TGF-R. % ﬁ e reported in Table 3 as the
percent inhibition of TGF-f3-induced &BIf: a%en as determined in the

following equatidbesfpmhilititen=100*[(colldgentbbtikhrof TGF-§ Stimulated
TGF-(3)-(collagen, treated/+TGF-(3)]/[(collagen,

mock/+TGF-(3)-(collagen, mock!-TGF-(3)] Table 3C uzrlr%gusﬁai ﬁgsx%
Inhibition of TGF-P StirBulated Collagen Synthesis 8 48 #4 23 1549 26
58 30 69 EXAMPLE § J0236] Preparation of
1-(4-hydroxyphenyl)-5-(trifloromethyl)-2-pyridone (Compound 10): A
mixture of 5-(triflorometfyl)-2(1H)-pyridone (815.5 mg, 5 rfithol), 4-

iodoanisole (2.34g, 104gmol), Cul (952 mg, 5 mmol), K2C§3 (691 mg, 5
mmol) and 20 €o

EXAMPLE 6

[0236] Preparation of 1-(4-hydroxyphenyl)-5-(trifioromethyl)-2-pyridone
(Compound 10): A mixture of 5-(irifloromethyl)-2(1H)-pyridone (815.5 mg, 5 mmol), 4-
iodoanisole (2.34g, 10 mmol), Cul (952 mg, 5 mmol), K,CO; (691 mg, 5 mmol) and
DMF (5 ml) was heated at 135°C overnight. The reaction mixture was diluted with 10%
ammonia (15 ml) and extracted with ethyl acetate. The organic extract was washed with
saturaied sodium chloride, dried over magnesium sulfate and evaporated. Column
chromatography purification (30% ethyl acetate-hexans) afforded 526 mg (39.2%) of I-
{4-methoxyphenyl)-5-(trifloromethyl)-2-pyridone. This compound (268.2 mg, 1 mmol)
was treated with 1M BBrs solution in dichloromethane (DCM, 2 ml) in DCM (5 ml) for 2
hours at 0°C. Reaction mixture was diluted with DCM and washed 3 times with water.
Organic phase was dried over sodium sulfate and evaporated. The residue was separated
by column chromatography (20% ethyl acetate- DCM) to afford the title compound as a

off-white solid, 226 mg (89%). The 'H NMR spectra was consistent with the structure of
Compound 10.
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DMF (5 ml) was heated at 135C overnight. The reaction mixture was
diluted with 10% ammonia (15 ml) and extracted with ethyl acetate. The
organic extract was washed with saturated sodium chloride, dried over
magnesium sulfate and evaporated. Column chromatography purification
(30% ethyl acetate-hexane) afforded 526 mg (39.2%) of 1-
(4-methoxyphenyl)-5-(trifloromethyl)-2-pyridone. This compound (268.2
mg, 1 mmol) was treated with 1%@@@@% tion in dichloromethane
(DCM, 2 ml) in DCM (5 ml) for 2 a . Reaction mixture was

dilutet@#H DCRepatrtivasied Bpimmegl fithevdierpyBdgani(PhapewNas16):  2-
nEbhesk- o) Iy sulfe e [ ..The residue.w rated. |
s A R DGR LA

gt ddFeRs e oK Wedeialives (Bbojodine hyduviidis pe ot Tvas! then

e£oRAiaieRiveriD a5l reehC aRpand AR, -GIESAMPYRY [0334] suifue
Prei%ar ion of 1-phenyl-5-acetyl-2-pyridone (Compound 16): 2- ’

CYRRHRB Y- A2 CBR PR s BYsklliged e ohy taeaiela oitaien Hostat-2(1H)-
pi0Ghéarsa Wisits Solld)el IBRGHTBR) UL RS HRILTRRECH MU L SAIN \was reacted
“H%dg%(i) gtoIE)HJ nd then extracted several times with DCM. Organic
layer was dried %\'/% By ilrr% I?fﬂfgfem BESHE M d-tHe(Posmage (ngmol) and
I@@Q@ﬂﬁﬁém;;ﬁ?m) AcOME (6 @xé&%;ﬁ?@loagﬁig@ﬁ@@%a%ﬁﬁ\gﬁﬂﬁxﬁ was
! _Thi ou 7.m ol) was reacted wit
dﬁ)%%%iﬁ%ﬁ%%o. 4?%#?%0 m oﬁj)lgne%lgéa%?ceise & {gﬂﬁ#@? E@igamic extract
Vinmdiaed Rt osysIedmepdumma)aiddMEdGimiyet k85 evernighlfate and
ViR raactiopmixt | ih 4R iy I g
:E%(itﬁ;acted with eth%/ﬁl%}g{e%ﬁa?gg%%d(gpggn%@ﬁx%%%%ﬁ\%gﬁéaﬁ\%%ﬁw mg (38%)

Hhéiriarest Sommemh R & titetp e TaagRasMR spdtite wasl censiglenatedih the

sfieiuebummatagranhy (10% ethyl acetate-DCM) afforded 407 mg
(38%) of the target compound as a white solid. The 1H NMR spectra was

consistent with the structure of Compound 16. EXAMPLE 8 [0238]

Preparation of 1-(4_-pyridinyI)-S-W-%ridone (Compound 22):
Compound 22 was synthesized Lhisdtion of

5-metigB3]IH)-Prapeortion 337 .1-(gyd dinytioD-mBih A-DropaioNE {08 mpound 22):

B e e B s S PR 5274 o, 3
mEgbiwiihhiisecnaditielodiwithlatts @ifmegid @aeiatt extsaate M (60
n%t,wjﬁﬁﬁﬁﬁi?and KoCOs (1.36 g, 10 mmol) in DMF (3 ml) at 135°C overnight. The
reaction mixture was dituted with 10% ammonia (15 ml) and extracted with ethyl acetate.
Organic exiract was washed with saturated sodium chloride, dried over magnesium
sulfate and evaporated. Column chromatography (5% MeOH-DCM} afforded 197 mg
(35%) of the target compound as a yellowish solid. The 'H NMR spectra was consistent
with the structure of Compound 22.

EXAMPLE 9
[0239]  Preparation of 1-phenyl-5-methyl-2-pyridinethione (Compound 18):
1-phenyl-5-methyl-2-pyridinone (555.7 mg, 3 mmol) was reacted with Lawesson’s
reagent (606.7 mg, _1.5 mumol) in toluene (5 ml) at 90°C, Reaction mixture was evaporated
and the target compound was isolated by column chromatography (20-30% ethyl acetate-
hexane) followed by crystallization from methyl-tert-butyl ether. Yield 403 mg (67%),
yellow solid. The 'H NMR spectra was consistent with the siructure of Compound 18.
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Organic extract was washed with saturated sodium chloride, dried over
magnesium sulfate and evaporated. Column chromatography (5%
MeOH-DCM) afforded 197 mg (35%) of the target compound as a
yellowish solid. The 1H NMR spectra was consistent with the structure of
Compound 22. EXAMPLE 9 [0239] Preparation of
1-phenyl-5-methyl-2-pyridinethione (Compound 18):
1-phenyl-5-methyl-2-pyridinone (555.7 mg, 3 mmol) was reacted with
Lawesson's reagent (606.7 mgEX.AN#LE ] i toluene (5 ml) at 90C.

Reac |xtu was e rated and the targe 0 |solated
by coﬂ]%r%n chromg%ggra%i%%%aﬁﬁfe%?ﬁeqeace aftjm%rggang) #)V owedg b))m thetic
sabegrstallization from methyl-tert-butyl ether. Yield 403 mg (67%), yellow

solid. The 1H NMR spectra was consistent with the structure of
Compound 18. -64 EXAMPLE 10 [024 ompound 33 was Q)rgpared

accoyding to thecj}gllomngc,gyrghetlcfa N OEt Et @) ngm
O~,EI\}1LSr OE&H2S04 _E0)Q - T) IN
P2 Br'fHOBN O Mo e:u(OA E BQ* Y 3 Compu [0241] A

mixture of commggmall availahle ethyl 3,3-diethoxypropipnate (9.7 ml, 50
mmol), sodium hyd{t*(lOM 0 60 imol) and water (15 ml) was

Fe nt|I hohf?oge ous (approxinatel:a30 min). After cooling to OC 6N
hy amde&ﬁg)za@Idﬁp to brlng of the solution to 2-3 (-10 ml).
The mixture was extracted with dichlago hethane, organic phase was

washe# with water, dried over sodlu&g%@&% and the solvent was
removed under vacuum to give acid 1 which was used without any

addititheipurificemsrure 24 2pmasreisiiyieredeble g rcle Miiebprowivricagte (.7
rr'i_lpfm%ﬁji)ﬂﬂ Q)%%?Qroxide {10M, 6 ml, 60 mmol) and water (15 ml) was reflaxed

until homogenous (approximately 30 min). After cooling to 0°C 6N hydrochloric acid
was added to bring pH of the solution to 2-3 (~10 mi). The mixture was extracted with
dichloromethane, organic phase was washed with water, dried over sodium sulfate, and
the solvent was removed under vacuum to give acid 1 which was used without any
additional purification.

[0242]  To a solution of crude acid 1 (approximately 50 mmol) in DCM (100
ml) at 0°C was sequentially added 4-bromoaniline (10.3 g, 60 mmol), HOBT (675 mg, 5
mmol) and finally DCC (12.4 g, 60 mmol). The reaction mixture was stirred at 0°C for 1
hour and then refluxed for another 4 hours. The solid was filtered off, filtrate was washed
with saturated sodium bicarbonate, dried over sodium sulfate, and the solvent was
removed under vacuum to give amide 2 as slightly yellow solid. This solid was dissolved
in sulfuric acid (96%, 50 ml) at 0°C. The solution was kept at the same temperature for
another 3 h and then poured into ice-water (500 mi). The solid was filtered off, washed
with water, and stirred with hot acetonitrile (100 ml). Quinolinone 3 was filtered off and
dried under vacuum. The yield was 10 g (91%).

16243] Mixture of compound 3 (309 mg, 1.38 mmol), phenylboronic acid (336
mg, 2.76 mmol), Ce(QAc); (36 mg, 0.2 nimol), molecular sieves 4a (0.3 g), pyridine
(0.24 ml) and DCM (10 ml) was stirred at room femperature for 2 days. Reaction mixture
was filtered trough Celite, washed with saturated sodium bicarbonate with EDTA and
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ml) at OC was sequentially added 4-bromoaniline (10.3 g, 60 mmol),
HOBT (675 mg, 5 mmol) and finally DCC (12.4 g, 60 inmol). The reaction
mixture was stirred at OC for 1 hour and then refluxed for another 4 hours.
The solid was filtered off, filtrate was washed with saturated sodium
bicarbonate, dried over sodium sulfate, and the solvent was removed
under vacuum to give amide 2 as slightly yellow solid. This solid was
orglpsae [\VRleRsh mﬁjr@aéidOQ@kS%QMI)@ﬂ%@: Theseputdn Wasvaspisalatrd by
CHEARA ISR [ iy RRRIIRE R AN DR RALT e TR IO EE WA B 8 5%).
nil). The solid was filtered off, washed with water, and stirred with hot
acetonitrile (100 ml). Quinolinone 3 was filtered off and dried under
vacuum. The yield was 10 g (91%x§@0248]ilixture of compound 3 (309
mg, 1.38 mmol), phenylboronic acid (336 mg, 2.76 mmol), Cu(OAc)2,(36.
e, G hon, HiGIR A EREE Ea (18 P bAiTe o BATAHEH, DEtiRidons
afdlogn | pndasistineilat roem tesapedatinraifail 2camyiatdR e@iion]npdarfvasrotid)
filtered.trough Celite,.washed with saturated sodium.hicarbona ith
SEER DA S e e T S Bk gl s
waiZhing wpplacdibiely 3inigtggrapy {80%isterdd catdngaverame (> mg/Kg) or oral
Rfbylacst Eg ISl WAS Ao %‘Y%p AP R4 41860 sampl
( é?ﬁ% 9ﬁnéeﬁt-l‘lgc EIQ/K) properﬁ%é&% 1@ [ plr:t?f) fQ > r glamP %

pharmacokinetic _ of pirfenidone, pirfenidone analogs an _
waeriveliRaisd vdrdriEsadesd rwiart datiratbtineg e fhg b imemsciretiagsing using
eBRROKe DavlayciathlmbarlenBiveni-aneraierie ssiac sV dRinaieRsMAl. Al

Male rats weighing approximately 275-300g were administered an_ _.
TR Y 5o rREACES et BY AT BEARGFRQTDR Jhdstrisasee Bt grifdingg of the
a@@@w@@?ﬁﬁﬁ@fwlmdh@m n:dafaaﬁm@mmiﬁﬁlh r;mtear@wt.e@yed via

intra- gl canula at desired times in the 24 hours r dosipg.usin

D AR oo R R 0 AR oS nd, MDS
SEHEEXAPT 30T snasr epecinaueted AypliathBiopensan) Ebineaciorodngeauhed to a

uidelin f opriate Jnstitutional Apimal Ca d Use
R (X e Tl S w2 Dol G
ghgrd Camg dgsingP eckeD Sci8GIEX RRIMBBOD Gisiss Spectrérmebeatigpsiawples were
p%}?%%ﬁtg@ﬁﬁgﬁﬁtﬁﬁm a&éﬁ@%ﬂéﬁ@oéb@@%ﬂe}{ﬁdﬂg Ezﬁlog or derivative,

Shimadzu Corp., Kyoto, Japan) outfitted with a Duragel G Cis guard
v giaemeekd Sedavur oo aatRb Cxyiat diskena Serapibsaliereample
iP Eﬁ@%fﬁ@ekﬁia‘maﬂn@&&%@%%&%ﬁlﬁ%@ﬂ@&ﬂ%%&@ﬂ%ﬁ%@ﬁ@ﬁﬁ&ﬁon to

or derivative, with rat plasma, A standard curve was created by serial .
ﬂm&%@m@%m&rﬂ%asma sample with 3 volumes of iée cold acetonitrile

containing internal standard. Samples were then centrifuged. Amn aliquot of the resulting

supernatant was then mixed with five volumes of 0.2% formic acid in water, injecied to
the HPLC, and resolved in a methanol gradient (containing 0.18-0.2% formic acid). The
integrated analyte signal was corrected for that of the internal standard and compared to
the appropriate standard curve in order to define the analyte concentration.

[6246] The pharmacokinetic parameters shown in Table 4 were derived using
the WinNonlin Software package (Pharsight Corp, Mountain View, CA),

66~



in the same matrix. Both standard and analytical samples were prepared

for injection to the HPLC by mixing an aliquot of plasma sample with 3
volumes of ice cold acetonitrile containing internal standard. Samples

were then centrifuged. An aliquot of the resulting supernatant was then
mixed with five volumes of 0.2% formic acid in water, injected to the

HPLC, and resolved in a methanol gradient (containing 0.18-0.2% formic
acid). The integrated analyte signal was corrected for that of the internal
standard and compared to the appropriate standard curve in order to
define the analyte concentration. [ F‘Fhe pharmacokinetic parameters
shown in Table 4 were derived using the WinNonlin Software package
(PHBAYEht cEpsemobrrane g, Erg. -eBIRIIRE 4 R%&%osegémﬁ%und E
Ting fK{IRTiﬁF@‘Eﬁ)s AUClast E offffrg/kg h®%hr mI.W/RH‘F@-WW%L %

A 106 1y 58139203 0,117 302 19.2.96 6.26 0,142 33 35 1.62
319 190754.8 § 8 63.9°4247]
Yo

2.4 0,691 10.3"Oral 50 8°122.4 4
While the present inventign has b&ér] desctibed in s etail f

purpgses of Clﬁb'ty ano_l uRderstan ing, one Skilled in he_ art will appreciate, <
that various changes in {grm and detail can be made without defﬁrt}ng 548
from the true scope of thgﬁ invention. All figures, tables, appendi%%% 63:9
patents, patent applications and publications, referred to above, are
hereby incorporated by reference in their entirety. -67 CLAIMS 1. A
compound havir‘l’g the formula of Genus VI: -\ARZ X3-Ar-N//) Z/~-R4 )
Genudi471 hile the present invention has been described in some detail for
purposes of clarity and understanding, one skilled in the art will appreciate that various
changes in form and detail can be made without departing from the true scope of the
invention. All figures, tables, appendices, patents, patent applications and publications,

referred to above, are hereby incorporated by reference in their entirety.
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wherein Ar is pyridinyl or phenyl; ZisOorS; X3 is H, F, CI, OH, or OCHS;
R2 is fluoromethyl, difluoromethyl, or trifluoromethyl; and R4 is H or
hydroxyl; with the proviso that when R2 is trifluoromethyl, Z is 0, R4 is H
and Ar is phenyl, the phenyl is not solely substituted at the 4' position by
cth €' OH; wherein the compound exhibits an EC50 in the range of

about 1 M to about 1000 M for inhibition of p38 MAPK; or a
pharmaceutically acceptable salt, ester, solvate or prodrug of the
compound. 2, The compound of glai 1 in which the EC50 is in the range
of abolit 50 Kt (8™&B HF Wﬁ%cgén?ﬁ%% of Claim 1 having an
EC5o0 in the range of about 1 pM to about 1000 pM for inhibition of TNFa
secretion in a bodily fluid in vivo. 4. The compBrind of Claim 1 having an
EC50 in the range of about 1 uM to abou 0 M for inhibition of TNFa
secretion by cultured cells in vitfe B ThE\contbound of Claim 1, wherein
the compound is selected from the group” consisting of. CF3 /~/CHF2 CF3
/~ICH2F CH30N/NCI&NN/) 68 F H2C F2*HC FH7C C F,HC jN, O
----0 N~ N O OH OH OCH, and @&hkh0¥F& pharmaceutically acceptable
salt, solvate, ester, or prodrug thereof. 6. The compound of Claim 5
having a structure CF3 CH3 0&N /j 0 or a pharmaceutically acceptable
salt, solvate, ester, or prodrug thereof.

Ar is pyridinyl or phenyl;

ZisOors;

X;is H, F, CL, O, or OCH;;

R2 is fluoromethyl, diftuoromethyi, or trifluoromethyl; and

R4 is H or hydroxyl;

with the proviso that when R is trifluoromethyl, Z is O, Ry 1s H and Ar is phenyl,

the phenyl is not solely substituted at the 4' position by H, F, or OH;
wherein the compound exhibits an ECs, in the range of about 1 uM to about 1000
uM for inhibition of p38 MAPK;

or a pharmaceutically acceptable salt, ester, solvate or prodrug of the compound.

2. The compound of Claim 1 in which the ECs; is in the range of about 50 pM to
about 650 pM.
3 The compound of Claim 1 having an ECs, m the range of about 1 pM to about 1000

uM for inhibition of TNFa secretion in a bodily fluid in vivo.

4, The compound of Claim 1 having an ECs in the range of about 1 uM to about

1000 M for inhibition of TNFa secretion by cultured cells in vitro.

5. The compound of Claim 1, wherein the compound 1s selected from the group
consisting of:
CHF, CH,F

CF CF3
o ’ o i o) s 0 ,
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7. The compound of Claim 5 having a structure CHF2 N 0/ Oor a
pharmaceutically acceptable salt, solvate, ester, or prodrug thereof. 8.
The compound of Claim 5 having a structure CF3 0/ CI N or a
pharmaceutically acceptable salt, solvate, ester, or prodrug thereof. 9. The

€QIRPpo dof Claimé h mgastm%r-(l—lZF N// Ok~

phar ace tically accéptable salt, solvate e&er or prodrugitherdof. - 69
10. Thé'comBound of Clim Bhaving a sifuctife FHZC, t NOYOH Gr a
phar tically acc*e salt, solv T/ a ter, or prodrug fh/er of 11.

The cor pound of Clal aving astruc re FZHC~IN O ora
pharmac€utically accepfaBle sait, solvate; 8ster, -orprodrug theredt. 12.

The com und of aving a structu ZC NOOCH3 ora
or a ph e e e e e D et 13,
g
The compound of Claim 5 having a structure Fz HC1/N\~

6. The compound of Claim 5 having a structure

CF3
]
or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof.

7. The compound of Ciaim 5 having a structure
CHE,

or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof.

g The compound of Claim 5 having a structure
CF
C.QNQ
O
or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof.

9, The compound of Claim 5 having a structure
CHoF

@p

or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof,
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N O CHS3 or a pharmaceutically acceptable salt, solvate, ester, or prodrug
thereof. -70 14. A compound selected from the group consisting of CH3
CH3H O?1,0 0O/N/N/N/NOOO Br~Br'~a~rl~ NONONO
CN* OCH3, , and OH or a pharmaceutically acceptable salt, solvate,
ester, of i Qdryg.iheieohinl 8 hiNgcomRayad of Claim 14 having a
structure 0 CH3 &N 0 or a pharmaceutically acceptable salt, solvate,
ester, or prodrug thereof. 16. THe ound of Claim 14 having a
structure N O or a pharmaceutical aggeptable salt, solvate, ester, or
prodrug thereof 17. The compound of Cld&m 14 having a structure CH3 N
S or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof.
-71 18. The compound of Claim 1ing a structure

OH

or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof

11. The compound of Claim 3 having a structure

FZHC\(\l

3

S
OH

=z

or a pharmacextically acceptable salt, solvate, ester, or prodrug thereof,
12, The compound of Claim 5 having a structure

PHQCQ

N7 SO
OCH;
or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof.

13 The compound of Claim 5 having a structure
FoHC S
S

Chg

or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof.
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H N O or a pharmaceutically acceptable salt, solvate, ester, or prodrug
thereof. 19. The compound of Claim 14 having a structure lIca NO + N
or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof.
20. The compound of Claim 14 having a structure BrN O 0 OCH3 ora
pharmaceuiically asceriakls sRlLsgIvalRisERIEsFOr prodrug thereof. 21.
The compound of Claim 14 having a structure Brn NO OH or a
pharmaceutically acceptable salt, solvate, ester, or prodrug thereof. 72
22. A pharmaceutical composition_ comprising the compound of any one of

effective amouritof the compoun of infdl1-21 for the

Citre of a ._ S€” atel
3K for aving a cendition @ ator d|t|

c condition; whereinthe compound exhll@ s an EC50 in the nge
of about 1 um to about 1000 uJVI for inhibition of at least’ one MAPK; and
herain theh ment produces a blood or serum or another bodily fluid
tion ess tha 30 for inhibition of the at least one
3 MAPK. 24. he use of clai which the condition is selected
e group S|st|ng of

OCH;,
OH

? 2

or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof.
15.  The compound of Claim 14 having a structure

3 CH
o3
O

or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof,

16.  The compound of Claim 14 having a structure

or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof

17. The compound of Claim 14 having a structure
CHs
a0
S

or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof.
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fibrosis, chronic obstructive pulmonary disease, inflammatory pulmonary
fibrosis, idiopathic pulmonary fibrosis, bronchiolitis obliterans syndrome,
chronic allograft fibrosis, rheumatoid arthritis; rheumatoid spondylitis;
osteoarthritis; gout; sepsis; septic shock; endotoxic shock; gram-negative
$8psis. #RxigaRaelk syrdrame nnyafacialeain syndrome (MPS);
Shigellosis; asthma; adult respiratory distress syndrome; inflammatory
bowel disease; Crohn's disease; psoriasis; eczema; ulcerative colitis;

o \\ e .
glomerular nephritis; scleroderma; chropic thyroiditis; Grave's disease;
Ormond's disease; autoimy fis; myasthenia gravis; autoimmune
hemolytic anemia; autoimmy openia; thrombocytopenia;
pancreatic fibrosis; chronic active hepatitis; hepatic fibrosis; renal
disease; renal fibrasis, irritable bowel syn%}ri%rae; pyresis; restenosis;

or a phappaeRPIANAISHTRIBIFSRE S Fe CRSIIE TH] \elfal trauma; Alzheimer's

disease; Huntington's disease; Parkinson's disease; acute and chronic

Rain: aieraigsicaaidipeiypertraphy. chrgnicheart failure; acute coronary
syndrome; cachexia; malaria; Ie%:ishmaniasis; Lyme disease;

Reiter's syndrome; acute synovitisjjmuiscle degeneration, bursitis;
tendonitis; tenosynovitis; herniateds-r, @d, or prolapsed intervertebral
disk syndrome; osteopetrosis; thromposis; silicosis; pulmonary narcosis;
bone resorption disease; cancer; [tultiple Sclerosis, lupus; fibromyalgia;
AIDS; Herpes Zoster, Herpes Sim ;influenza virus; Severe Acute
Respiratory Syndrome (SARS); cytomegalovirus; and diabetes mellitus.
25. The use of Claim 23 in which the effective amount is less than 50% of
an amount that causes an undesirable side effect in the subject. 26. The
or a phatseeiGldipe23inhidnich thercermpoundindibitgiadihase in the SAPK
signaling pathway. 27. The use of Claim 24, wherein the condition is
bronchiolitis obliterans syndrome. -73 28. The use of Claim 24, wherein
the condition is chronjc allogratt fibrosis. 29. The use of Claim 24, wherein
0 con ST A S ARTSRr 30, The use of Claitn 24
wherein the condition is chronic obstructive pulmonary disease. 74
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or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof.

21.  The compound of Claim 14 having a structure

L
N™ ™0
o

o |
OH

or a pharmaceutically acceptable salt, solvate, ester, or prodrug thereof.
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22. A pharmaceutical composition comprising the compound of any one of Claims 1-

21 and a pharmaceutically acceptable excipient.

23, Use of an effective amount of the compound of any one of Claims 1-2! for the
manufacture of a medicament for treating a disease state in a subject at risk for or having a condition

selected from an nflammatory condition and a fibrotic condition;

wherein the compound exhibits an EC50 in the range of about 1 uM to about 1000 uwJVI for
inhibition of at least one MAPK; and
wherein the medicament produces a blood or serum or another bodily fluid concentration that

is less than an EC30 for inhibition of the at least one p38 MAPK.

24, The use of claim 23, in which the condition is selected from the group consisting of
fibrosis, chronic obstructive pulmonary disease, inflammatory pulmonary fibrosis, idiopathic
pulmonary fibrosis, bronchiolitis obliterans syndrome, chronic aliograft fibrosis, rheumatoid arthritis;
rheumatoid spondylitis; ostecarthritis; gout; sepsis; septic shock; endotoxic shock; gram-negative
sepsis; toxic shock syndrome; myofacial pain syndrome (MPS); Shigellosis; asthma; adult
respiratory distress syndrome; inflammatory bowel disease; Crohn's disease; psoriasis; eczema,
ulcerative colitis; glomerular nephritis; scleroderma; chronic thyroiditis; Grave's disease; Ormond's
disease; autoimmune gastritis; myasthenia gravis; autoimmune hemolytic anemia; autoimmune
neutropenia; thrombocytopenia; pancreatic fibrosis; chronic active hepatitis; hepatic fibrosis; renal
disease; renal fibrosis, irritable bowel syndrome; pyresis; restenosis; cerebral malaria; stroke and
ischemic injury; neural trauma; Alzheimer's disease; Huntington's disease; Parkinson's disease; acute
and. chronic pain; allergies; cardiac hypertrophy, chronic heart failure; acute coronary syndrome;
cachexia; malaria; leprosy; leishmaniasis; Lyme discase; Reiter's syndrome; acate synovitis; muscle
degeneration, bursitis; tendonitis; tenosynovitis; herniated, ruptured, or prolapsed intervertebral disk
syndrome; osteopetrosis; thrombosis; silicosis; pulmonary sarcosis; bone resorption disease; cancer;
Multiple Sclerosis, lupus; fibromyalgia; AIDS; Herpes Zoster, Herpes Simplex; influenza virus;

Severe Acute Respiratory Syndrome (SARS); cytomegalovirus; and diabetes meflitus.

25. The use of Claim 23 in which the effective amount is less than 50% of an amount

that causes an undesirable side effect in the subject.

26. The use of Claim 23 in which the compound inhibits a kinase in the SAPK
signaling pathway. ’

27. The use of Claim 24, wherein the condition is bronchiolitis obliterans syndrome.
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28, The use of Claim 24, wherein the condition is chronic allografi fibrosis.

29, The use of Claim 24, wherein the condition is idiopathic pulmonary fibrosis.

30. The use of Claim 24, wherein the condition is chronic obstructive pubmonary

disease.
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