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( 57 ) ABSTRACT 
Disclosed are compounds and methods for treating inflam 
matory and fibrotic disorders , including methods of modu 
lating a stress activated protein kinase ( SAPK ) system with 
an active compound , wherein the active compound exhibits 
low potency for inhibition of the p38 MAPK ; and wherein 
the contacting is conducted at a SAPK - modulating concen 
tration that is at a low percentage inhibitory concentration 
for inhibition of the p38 MAPK by the compound . Also 
disclosed are derivatives and analogs of pirfenidone , useful 
for modulating a stress activated protein kinase ( SAPK ) 
system . 
[ Mederski et al . , Tetrahedron ( 1999 ) , 55 ( 44 ) , 12757 
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[ Badger , et al . , “ Pharmacological profile of SB 203580 , a 
selective inhibitor of cytokine suppressive binding protein / 
p38 kinase , in animal models of arthritis , bone resorption , 
endotoxin shock and immune function ” , J . Pharmacol . Exp . 
Ther . 279 : 1453 - 61 ( 1996 ) . ] 
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COMPOUNDS AND METHODS FOR Rl is selected from the group consisting of hydrogen , alkyl , 
TREATING INFLAMMATORY AND cycloalkyl , alkenyl , cyano , sulfonamido , halo , aryl , alk 

FIBROTIC DISORDERS enylenearyl , and heteroaryl ; 
R ’ is selected from the group consisting of hydrogen , alkyl , 

5 haloalkyl , halo , cyano , aryl , alkenyl , alkenylenearyl , het Matter enclosed in heavy brackets [ ] appears in the eroaryl , haloalkylcarbonyl , cycloalkyl , hydroxylalkyl , sul original patent but forms no part of this reissue specifica fonamido , and cycloheteroalkyl or R ? and R together form tion ; matter printed in italics indicates the additions an optionally substituted 5 - membered nitrogen - containing made by reissue ; a claim printed with strikethrough heterocyclic ring ; 
indicates that the claim was canceled , disclaimed , or held 10 R * is selected from the group consisting of hydrogen , aryl , invalid by a prior post - patent action or proceeding . alkenylenearyl , heteroaryl , alkyl , alkenyl , haloalkyl , amino , 

and hydroxy ; CROSS - REFERENCE TO RELATED R4 is selected from the group consisting of hydrogen , alkyl , APPLICATIONS haloalkyl , cyano , alkoxy , aryl , alkenyl , alkenylenearyl , and 
heteroaryl ; and 

This application claims the priority benefit under 35 USC X1 , X2 , X3 , X4 , and Xs are independently selected from the 
$ 119 ( e ) of U . S . Provisional Application No . 61 / 058 , 436 , group consisting of hydrogen , alkyl , alkenyl , halo , hydroxy , 
filed Jun . 3 , 2008 and U . S . Provisional Application No . amino , aryl , cycloalkyl , thioalkyl , alkoxy , haloalkyl , 
61 / 074 , 446 , filed Jun . 20 , 2008 , each of which is incorpo haloalkoxy , alkoxyalkyl , cyano , aldehydo , alkylcarbonyl , 
rated by reference in its entirety . amido , haloalkylcarbonyl , sulfonyl , and sulfonamide , or X 

and X3 together form a 5 - or 6 - membered ring comprising 
BACKGROUND O ( CH2 ) , 0 , wherein n is 1 or 2 , 

with the proviso that when all of A , B , E , G , J , K , L , and M 
1 . Field of the Invention are not N , then ( a ) at least one of X ' , X² , X3 , x4 , and X® is 
This invention relates to compounds and methods useful not selected from the group consisting of hydrogen , halo , 

in treating various inflammatory and fibrotic conditions , alkoxy , and hydroxy or ( b ) at least one of R1 , R² , R " , or R4 
including those associated with enhanced activity of kinase is not selected from the group consisting of hydrogen , alkyl , 
p38 . alkenyl , haloalkyl , hydroxyalkyl , alkoxy , phenyl , substituted 

2 . Background of the Invention 30 phenyl , halo , hydroxy , and alkoxyalkyl , 
A large number of chronic and acute conditions have been or a pharmaceutically acceptable salt , ester , or solvate 

recognized to be associated with perturbation of the inflam thereof . 
matory response . A large number of cytokines participate in ate in In some embodiments , the compounds of formula ( I ) have 

a structure of formula ( II ) or ( III ) : this response , including IL - 1 , IL - 6 , IL - 8 and TNFa . It 
appears that the activity of these cytokines in the regulation 35 
of inflammation may be associated with the activation of an 
enzyme on the cell signaling pathway , a member of the MAP R3 
kinase family generally known as p38 and also known as 
SAPK , CSBP and RK . R ? 

Several inhibitors of p38 , such as NPC 31169 , SB239063 , 40 
SB203580 , FR - 167653 , and pirfenidone have been tested in 
vitro and / or in vivo and found to be effective for modulating 
inflammatory responses . 

There continues to be a need for safe and effective drugs 
to treat various inflammatory conditions such as inflamma - 45 
tory pulmonary fibrosis . 

Se 

R4 

SUMMARY or 

( III ) Disclosed herein are compounds of formula I 

X - N 

1 

AO , N 

wherein M is N or CR ' ; A is N or CR2 ; L is N or CR ? ; B is wherein X and X ? are independently selected from the 
N or CR4 ; E is N or CX4 ; G is N or CX ' ; J is N or CX2 ; K 65 group consisting of hydrogen , aryl , heteroaryl , cycloalkyl , 
is N or CX ' ; a dashed line is a single or double bond , except heterocycloalkyl , alkylenylaryl , alkylenylheteroaryl , alkyle 
when B is CR4 , then each dashed line is a double bond ; nylheterocycloalkyl , alkylenylcycloalkyl , or X and X7 
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together form an optionally substituted 5 or 6 membered identified in mammalian cells , including extracellular sig 
heterocyclic ring . In a specific class of embodiments , the nal - regulated kinase ( ERK ) , p38 , and SAPK / JNK . It is 
compound of formula ( I ) is a compound selected from the believed that MAPKs are activated by their specific MAPK 
group recited in Table 1 , below . kinases ( MAPKKs ) : ERK by MEK1 and MEK2 , p38 by 

A compound disclosed herein preferably exhibits an IC50 5 MKK3 and MKK6 , and SAPK / JNK by SEK1 ( also known 
in the range of about 0 . 1 uM to about 1000 uM , and as MKK4 ) and MKK7 ( SEK2 ) . These MAPKKs may also 
preferably about 1 uM to about 800 uM , about 1 uM to about be activated by various MAPKK kinases ( MAPKKKs ) such 
500 uM , about 1 uM to about 300 uM , about 1 uM to about as Raf , MLK , MEKK1 , TAK1 , and ASK1 . 
200 uM , or about 1 uM to about 100 uM for inhibition of p38 It is believed that the MAPK network involves at least MAPK . 10 twelve cloned highly conserved , proline - directed serine Also disclosed herein is a composition including the threonine kinases which , when activated by cell stresses compound of formula ( I ) and a pharmaceutically acceptable ( e . g . , oxidative stress , DNA damage , heat or osmotic shock , excipient . ultraviolet irradiation , ischemia - reperfusion ) , exogenous In another aspect , disclosed herein are methods of modu 
lating a stress activated protein kinase ( SAPK ) system by 15 15 agents ( e . g . , anisomycin , Na arsenite , lipopolysaccharide , 
contacting a compound disclosed herein with a p38 mitogen LPS ) or pro - inflammatory cytokines , TNF - a and IL - 1ß , can 
activated protein kinase ( MAPK ) , wherein the compound phosphorylate and activate other kinases or nuclear proteins 
exhibits an IC50 in the range of about 0 . 1 uM to about 1000 such as transcription factors in either the cytoplasm or the 
uM for inhibition of the p38 MAPK ; and wherein the nucleus . 
contacting is conducted at a SAPK - modulating concentra - 20 p38 MAPK 
tion that is less than an IC2 , for inhibition of the p38 MAPK As used herein , “ p38 MAPK ” is a member ( sub family ) 
by the compound . Contemplated p38 MAPKs include , but of the stress - activated protein kinase family , which includes 
are not limited to , p38a , p383 , p38y , and p388 . In a at least 4 isoforms ( a , B , Y , 8 ) , several of which are 
preferred composition , the concentration of the compound considered important in processes critical to the inflamma 
disclosed herein is effective to alter TNFa release in whole 25 tory response and tissue remodeling ( Lee et al . Immunop 
blood by at least 15 % . harmacol . 47 : 185 - 201 ( 2000 ) ) . Unless indicated otherwise , 

In yet another aspect , disclosed herein are methods of reference to " p38 MAPK , " " a p38 MAPK , ” or “ the p38 
modulating a SAPK system in a subject in need thereof , MAPK ” contemplates any one , all , or a subset of the 
comprising administering to the subject a therapeutically subfamily members . The predominant kinases in monocytes 
effective amount of a compound as disclosed herein , 30 and macrophages , p38a and p38ß , appear more widely 
wherein the compound exhibits an IC50 in the range of about expressed compared to p38y ( skeletal muscle ) or p388 
0 . 1 uM to about 1000 UM for inhibition of p38 MAPK ; and ( testes , pancreas , prostate , small intestine , and in salivary , 
the therapeutically effective amount produces a blood or pituitary and adrenal glands ) . A number of substrates of p38 
serum concentration of the compound that is less than an MAP kinase have been identified including other kinases 
IC30 for inhibition of p38 mitogen - activated protein kinase 35 ( MAPKAP K2 / 3 , PRAK , MNK 1 / 2 , MSK1 / RLPK , RSK - B ) , 
( MAPK ) . In some embodiments , the subject suffers from an transcription factors ( ATF2 / 6 , myocyte enhancer factor 2 , 
inflammatory condition . The subject preferably is a mam nuclear transcription factor - B , CHOP / GADD153 , Elk1 and 
mal , more preferably human . The compound can be admin - SAP - 1A1 ) and cytosolic proteins ( stathmin ) , many of which 
istered to the subject on a schedule selected from the group are important physiologically . 
consisting of three times a day , twice a day , once a day , once 40 Jiang et al . J Biol Chem 271 : 17920 - 17926 ( 1996 ) 
every two days , three times a week , twice a week , and once reported characterization of p38ß as a 372 - amino acid 
a week . protein closely related to p38a . Both p38a and p38ß are 

For the compositions and methods described herein , pre - activated by proinflammatory cytokines and environmental 
ferred features , such as components , compositional ranges stress , p38ß is preferentially activated by MAP kinase 
thereof , conditions , and steps , can be selected from the 45 kinase - 6 ( MKK6 ) and preferentially activated transcription 
various examples provided herein . factor 2 . Kumar et al . Biochem Biophys Res Comm 235 : 

533 - 538 ( 1997 ) and Stein et al . J Biol Chem 272 : 19509 
DETAILED DESCRIPTION 19517 ( 1997 ) reported a second isoform of p38B , p38B2 , 

containing 364 amino acids with 73 % identity to p38a . It is 
It has now been discovered that a high therapeutic effect 50 believed that p38ß is activated by proinflammatory cytok 

in treating various disorders associated with enhanced activ - ines and environmental stress , although the second reported 
ity of kinase p38 can be achieved by using a relatively p38ß isoform , p3862 , appears to be preferentially expressed 
low - potency p38 kinase inhibitor compound . in the central nervous system ( CNS ) , heart and skeletal 

Therefore , in one embodiment there is provided a method muscle , compared to the more ubiquitous tissue expression 
of modulating a stress - activated kinase ( SAPK ) system by 55 of p38a . Furthermore , it is believed that activated transcrip 
contacting a compound as described herein with a p38 tion factor - 2 ( ATF - 2 ) is a better substrate for p38B2 than for 
mitogen - activated protein kinase ( MAPK ) . A preferred com - p38a . 
pound exhibits an IC50 in the range of about 0 . 1 uM to about The identification of p38y was reported by Li . et al . 
1000 uM , and preferably about 1 uM to about 800 uM , about Biochem Biophys Res Comm 228 : 334 - 340 ( 1996 ) and of 
1 uM to about 500 uM , about 1 uM to about 300 uM , about 60 p388 by Wang et al . J Biol Chem 272 : 23668 - 23674 ( 1997 ) 
1 uM to about 200 uM , or about 1 uM to about 100 uM for and by Kumar et al . Biochem Biophys Res Comm 235 : 533 
inhibition of p38 MAPK . The concentration at which the 538 ( 1997 ) . These two p38 isoforms ( y and 8 ) represent a 
compound is contacted with p38 MAPK is preferably less unique subset of the MAPK family based on their tissue 
than IC30 for inhibition of the p38 by this compound . expression patterns , substrate utilization , response to direct 
Mitogen - activated protein kinases are evolutionarily con - 65 and indirect stimuli , and susceptibility to kinase inhibitors . 

served serine / threonine kinases involved in the regulation of It is believed that p38a and ß are closely related , but diverge 
many cellular events . Several MAPK groups have been from y and d , which are more closely related to each other . 
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A characterization of p38 isoforms that are [ espressing ] Other types of substrates for p38 include cPLA2 , Na + / H + 
expressing in affected tissue from patients with Rheumatoid exchanger isoform - 1 , tau , keratin 8 , and stathmin 
Arthritis suggests that p38a and y are the most significantly Genes regulated by the p38 pathway include c - jun , c - fos , 
expressed isoforms ( Korb , Tohidats - Akrad , Cetin , Axmann , junB , IL - 1 , TNF , IL - 6 , IL - 8 , MCP - 1 , VCAM - 1 , iNOS , 
Smolen , and Schett . 2006 . Arthritis and Rheumatism 54 ( 9 ) : 5 PPARy , cyclooxygenase ( COX ) - 2 , collagenase - 1 ( MMP - 1 ) , 
2745 - 56 ) . The authors found that p38a and y were the Collagenase - 3 ( MMP - 13 ) , HIV - LTR , Fg1 - 2 , brain natri 
predominant isoforms in macrophages , p38B and y were uretic peptide ( BNP ) , CD23 , CCK , phosphoenolpyruvate 

carboxy - kinase - cytosolic , cyclin D1 , and LDL receptor expressed in synovial fibroblasts , and p38d was expressed in ( Ono et al . Cellular Signalling 12 : 1 - 13 ( 2000 ) ) . granulocytes . These data suggest that p38 isoforms in addi 
tion to p38a is more broad than suggested by the results of f 10 Biological Consequences of p38 Activation 

P38 and inflammation : Acute and chronic inflammation in initial studies . are believed to be central to the pathogenesis of many Typically the p38 MAP kinase pathway is directly or diseases such as rheumatoid arthritis , asthma , chronic indirectly activated by cell surface receptors , such as recep obstructive pulmonary disease ( COPD ) and acute respira tor tyrosine kinases , chemokines or G protein - coupled 15 tory distress syndrome ( ARDS ) . The activation of the p38 receptors , which have been activated by a specific ligand , pathway may play an central role in : ( 1 ) production of 
e . g . , cytokines , chemokines or lipopolysaccharide ( LPS ) proinflammatory cytokines such as IL - 1B , TNF - a and IL - 6 ; 
binding to a cognate receptor . Subsequently , p38 MAP ( 2 ) induction of enzymes such as COX - 2 , which controls 
kinase is activated by phosphorylation on specific threonine connective tissue remodeling in pathological condition ; ( 3 ) 
and tyrosine residues . After activation , p38 MAP kinase can 20 expression of an intracellular enzyme such as iNOS , which 
phosphorylate other intracellular proteins , including protein regulates oxidation ; ( 4 ) induction of adherent proteins such 
kinases , and can be translocated to the cell nucleus , where it as VCAM - 1 and many other inflammatory related mol 
phosphorylates and activates transcription factors leading to ecules . In addition to these , the p38 pathway may play a 
the expression of pro - inflammatory cytokines and other regulatory role in the proliferation and differentiation of 
proteins that contribute to the inflammatory response , cell 25 cells of the immune system . p38 may participate in GM 
adhesion , and proteolytic degradation . For example , in cells CSF , CSF , EPO , and CD40 - induced cell proliferation and / or 
of myeloid lineage , such as macrophages and monocytes , differentiation . 
both IL - 1ß and TNFa are transcribed in response to p38 The role of the p38 pathway in inflammatory - related 
activation . Subsequent translation and secretion of these and diseases was studied in several animal models . Inhibition of 
other cytokines initiates a local or systemic inflammatory 30 p38 by SB203580 reduced mortality in a murine model of 
response in adjacent tissue and through infiltration of leu - endotoxin - induced shock and inhibited the development of 
kocytes . While this response is a normal part of physiologi - mouse collagen - induced arthritis and rat adjuvant arthritis . A 
cal responses to cellular stress , acute or chronic cellular recent study showed that SB220025 , which is a more potent 
stress leads to the excess , unregulated , or excess and unregu p38 inhibitor , caused a significant dose - dependent decrease 
lated expression of pro - inflammatory cytokines . This , in 35 in vascular density of the granuloma . These results indicate 
turn , leads to tissue damage , often resulting in pain and that p38 or the components of the p38 pathway can be a 
debilitation . therapeutic target for inflammatory disease . 

In alveolar macrophages , inhibition of p38 kinases with P38 and fibrosis : The uncontrolled and / or excessive depo 
p38 inhibitor , SB203580 , reduces cytokine gene products . It sition of extracellular matrix is a defining aspect of fibrotic 
is believed that inflammatory cytokines ( TNF - a , IFN - Y , 40 diseases such as pulmonary fibrosis , liver cirrhosis , renal 
IL - 4 , IL - 5 ) and chemokines ( IL - 8 , RANTES , eotaxin ) are fibrosis , and focal segmental glomerulosclerosis . Fibrosis is 
capable of regulating or supporting chronic airway inflam - also an important factor in the progression and pathology of 
mation . The production and action of many of the potential disease states that are not primarily considered to be fibrotic 
mediators of airway inflammation appear to be dependent diseases . Several studies have implicated the p38 signaling 
upon the stress - activated MAP kinase system ( SAPK ) or p38 45 cascade in fibrosis . ( Wang L , Ma R , Flavell R A , and Choi 
kinase cascade ( Underwood et al . Prog Respir Res 31 : 342 - ME 2002 Journal of Biological Chemistry 277 : 47257 - 62 ; 
345 ( 2001 ) ) . Activation of the p38 kinase pathway by Stambe C , Atkins RC , Tesch G H , Masaki T , Schreiner G 
numerous environmental stimuli results in the elaboration of F , Nikolic - Paterson D J 2004 J . Am Soc Nephrol 15 : 370 - 9 ; 
recognized inflammatory mediators whose production is Furukawa F , Matsuzaki K , et al 2003 Hepatology 38 : 
considered to be translationally regulated . In addition , a 50 879 - 89 ) . 
variety of inflammatory mediators activate p38 MAPK p38 and apoptosis : It appears that concomitant activation 
which may then activate downstream targets of the MAPK of p38 and apoptosis is induced by a variety of agents such 
system including other kinases or transcription factors , thus as NGF withdrawal and Fas ligation . Cysteine proteases 
creating the potential for an amplified inflammatory process ( caspases ) are central to the apoptotic pathway and are 
in the lung . 55 expressed as inactive zymogens . Caspase inhibitors may 
Downstream Substrates of p38 Group of MAP Kinases then block p38 activation through Fas cross - linking . How 

Protein kinase substrates of p38a or p38 % include MAP ever , overexpression of dominant active MKK6b can also 
kinase - activated protein kinase 2 ( MAPKAPK2 or M2 ) , induce caspase activity and cell death . The role of p38 in 
MAP kinase interaction protein kinase ( MNK1 ) , p38 regu - apoptosis is cell type - and stimulus - dependent . While p38 
lated / activated kinase ( PRAK ) , mitogen - and stress - acti - 60 signaling has been shown to promote cell death in some cell 
vated kinase ( MSK : RSK - B or RLPK ) . lines , in different cell lines p38 has been shown to enhance 

Transcription factors activated by p38 include activating survival , cell growth , and differentiation . 
transcription factor ( ATF ) - 1 , 2 and 6 , SRF accessory protein p38 in the cell cycle : Overexpression of p38a in yeast 
1 ( Sap 1 ) , CHOP ( growth arrest and DNA damage inducible leads to significant slowing of proliferation , indicating 
gene 153 , or GADD153 ) , p53 , C / EBPB , myocyte enhance 65 involvement of p38a in cell growth . A slower proliferation 
factor 2C ( MEF2C ) , MEF2A , MITF1 , DDIT3 , ELK1 , of cultured mammalian cells was observed when the cells 
NFAT , and high mobility group - box protein ( HBP1 ) . were treated with p38a / inhibitor , SB203580 . 



US RE47 , 142 E 

GO 

p38 and cardiomyocyte hypertrophy : Activation and func Two p38 inhibitors reported to be in clinical development 
tion of p38 in cardiomyocyte hypertrophy has been studied . are HEP689 ( 7 , anti - inflammatory for psoriasis and other 
During progression of hypertrophy , both p38a and p38B skin disorders ) and VX - 745 ( 8 , anti - inflammatory for rheu 
levels were increased and constitutively active MKK3 and matoid arthritis ) . 
MKK6 - elicited hypertrophic responses enhanced by sarco - 5 
meric organization and elevated atrial natriuretic factor 
expression . Also , reduced signaling of p38 in the heart 
promotes myocyte differentiation via a mechanism involv 
ing calcineurin - NFAT signaling . 
p38 and development : Despite the non - viability of p38 

knockout mice , evidence exists regarding the differential 
role of p38 in development . p38 has been linked to placental 
angiogenesis but not cardiovascular development in several 
studies . Furthermore , p38 has also been linked to erythro 
poietin expression suggesting a role in erythropoiesis . 

1 SKF 86002 PRAK has recently been implicated in cell development in 
murine implantation . PRAK mRNA , as well as p38 iso 
forms , were found to be expressed throughout blastocyst 
[ development ] development . 20 
p38 and cell differentiation : p38a and / or p38ß were found 

to play an important role in cell differentiation for several 
different cell types . The differentiation of 3T3 - L1 cells into 
adipocytes and the differentiation of PC12 cells into neurons 
both require p38a and / or ß . The p38 pathway was found to 25 
be necessary and sufficient for SKT6 differentiation into 2 X = N ; SB 203580 hemo - globinized cells as well as C2C112 differentiation in 3X = CH ; L - 167307 
myotubules . 

p38 in senescence and tumor suppression : p38 has a role 
in tumorigenesis and senescence . There have been reports 
that 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 
response to telomere shortening , H2O , exposure , and 28 
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 loss of components 
of the p38 pathway such as MKK3 and MKK6 resulted in 40 
increased proliferation and likelihood of tumorigenic con 
version regardless of the cell line or the tumor induction 
agent used in these studies . 
p38 MAP Kinase Inhibitors 

A “ p38 MAPK inhibitor " is a compound that inhibits the 45 
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 50 
( Lee et al . Int J Immunopharmacol 10 : 835 - 843 ( 1988 ) ; Lee 
et al . Ann NY Acad Sci 696 : 149 - 170 ( 1993 ) ; Lee et al . 
Nature 372 : 739 - 746 ( 1994 ) ; Lee et al . Pharmacol Ther 
82 : 389 - 397 ( 1999 ) ) . 

Efforts to develop p38 MAPK inhibitors have focused on 55 
increasing potency . SB203580 and other 2 , 4 , 5 - triaryl imi 
dazoles were found to be potent p38 kinase inhibitors with 
IC50 values in nanomolar range . For example , for SB203580 
the ICao was found to be 48 nM . The pyridinylimidazoles 
SKF 86002 ( 1 ) and SB203580 ( 2 ) shown below have been 60 
used as the template for the majority of p38 inhibitors . 
Recent publications ( Lee et al . Immunopharmacology 
47 : 185 - 201 ( 2000 ) ) have disclosed the p38 inhibitors ( 3 - 6 ) 
shown below . Notable among these inhibitors is the rela 
tively high potency and selectivity described for compound 65 5 RWJ 68354 4 ( p38 IC50 = 0 . 19 nM ) and the inhibition of inflammation 
driven angiogenesis by SB 220025 ( 6 ) . 
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- continued polycyclic hydrocarbon group , for example , norbornyl , ada 
mantyl , bicyclo [ 2 . 2 . 2 ] octyl , bicyclo [ 2 . 2 . 1 ] heptyl , bicyclo 
[ 3 . 2 . 1 ] octyl , or decahydronaphthyl . Alkyl groups optionally 
can be substituted , for example , with hydroxy ( OH ) , halo , 

5 aryl , heteroaryl , cycloalkyl , heterocycloalkyl , and amino . It 
is specifically contemplated that in the analogs described 
herein the alkyl group consists of 1 - 40 carbon atoms , 
preferably 1 - 25 carbon atoms , preferably 1 - 15 carbon atoms , 
preferably 1 - 12 carbon atoms , preferably 1 - 10 carbon atoms , 
preferably 1 - 8 carbon atoms , and preferably 1 - 6 carbon 
atoms . 
As used herein , the term " cycloalkyl ” refers to a cyclic 

6 X = H , Y = CH ; HEP 689 ( SB 235699 ) hydrocarbon group , e . g . , cyclopropyl , cyclobutyl , cyclo 
7 X = HN2 , Y = N ; SB 220025 hexyl , and cyclopentyl . “ Heterocycloalkyl ” is defined simi 

larly as cycloalkyl , except the ring contains one to three 
heteroatoms independently selected from the group consist 
ing of oxygen , nitrogen , and sulfur . Nonlimiting examples of 
heterocycloalkyl groups include [ piperdine ] piperidine , tet 

20 rahydrofuran , tetrahydropyran , dihydrofuran , morpholine , 
thiophene , and the like . Cycloalkyl and heterocycloalkyl 
groups can be saturated or partially unsaturated ring systems 
optionally substituted with , for example , one to three 
groups , independently selected from the group consisting of 

25 alkyl , alkyleneOH , C ( O ) NH2 , NH2 , oxo ( O ) , aryl , 
haloalkyl , halo , and OH . Heterocycloalkyl groups optionally 
can be further N - substituted with alkyl , hydroxyalkyl , alky 
lenearyl , or alkyleneheteroaryl . 

The term “ alkenyl ” used herein refers to a straight or 
30 branched chain hydrocarbon group of two to ten carbon 

8 VX - 745 atoms containing at least one carbon double bond including , 
but not limited to , 1 - propenyl , 2 - propenyl , 2 - methyl - 1 
propenyl , 1 - butenyl , 2 - butenyl , and the like . 

Further discussion of new p38 inhibitors can be found in The term “ halo ” used herein refers to fluoro , chloro , 
Boehm et al . Exp Opin Ther Pat 10 : 25 - 37 ( 2000 ) ; and 35 bromo , or iodo . 
Salituro et al . Curr Med Chem 6 : 807 - 823 ( 1999 ) . The term “ alkylene ” used herein refers to an alkyl group 

Preferred p38 inhibitors described herein are pirfenidone having a substituent . For example , the term “ alkylene aryl ” 
derivatives and analogs that exhibit relatively low potency refers to an alkyl group substituted with an aryl group . The 
of p38 inhibition while , surprisingly , still having a relatively alkylene group is optionally substituted with one or more 
high therapeutic effect ( e . g . , for modulating an SAPK sys - 40 substituent previously listed as an optional alkyl substituent . 
tem ) as a result of such inhibition . Preferably , the p38 For example , an alkylene group can be CH2CH2 - . 
inhibitors of the embodiments exhibit ICs , in the range of As used herein , the term “ alkenylene ” is defined identical 
about 0 . 1 uM to about 1000 UM , or more preferably about as “ alkylene , ” except the group contains at least one carbon 
1 uM to about 800 uM , about 1 uM to about 500 uM , about carbon double bond . 
1 uM to about 300 uM , about 1 uM to about 200 UM , or 45 As used herein , the term “ aryl ” refers to a monocyclic or 
about 1 uM to about 100 uM for inhibition of p38 MAPK . polycyclic aromatic group , preferably a monocyclic or bicy 

clic aromatic group , e . g . , phenyl or naphthyl . Unless other 
Pirfenidone Derivatives and Analogs wise indicated , an aryl group can be unsubstituted or sub 

stituted with one or more , and in particular one to four 
Pirfenidone ( 5 - methyl - 1 - phenyl - 2 - ( 1H ) - pyridone ) itself 50 groups independently selected from , for example , halo , 

is a known compound and its pharmacological effects are alkyl , alkenyl , OCF , NO , , CN , NC , OH , alkoxy , 
disclosed , for example , in Japanese Patent Application haloalkoxy , amino , CO , H , CO alkyl , aryl , and heteroaryl . 
KOKAI ( Laid - Open ) Nos . 87677 / 1974 and 1284338 / 1976 . Exemplary aryl groups include , but are not limited to , 
U . S . Pat . Nos . 3 , 839 , 346 ; 3 , 974 , 281 ; 4 , 042 , 699 ; and 4 , 052 , phenyl , naphthyl , tetrahydronaphthyl , chlorophenyl , meth 
509 , each of which is hereby incorporated by reference in its 55 ylphenyl , methoxyphenyl , trifluoromethylphenyl , nitrophe 
entirety , describe methods of manufacture of 5 - methyl - 1 nyl , 2 , 4 - methoxychlorophenyl , and the like . 
phenyl - 2 - ( 1H ) - pyridone and its use as an anti - inflammatory As used herein , the term “ heteroaryl ” refers to a mono 
agent . cyclic or bicyclic ring system containing one or two aro 

Pirfenidone and derivatives and analogs thereof are useful matic rings and containing at least one nitrogen , oxygen , or 
compounds for modulating a stress activated protein kinase 60 sulfur atom in an aromatic ring . Unless otherwise indicated , 
( SAPK ) system . a heteroaryl group can be unsubstituted or substituted with 

The term “ alkyl ” used herein refers to a straight or one or more , and in particular one to four , substituents 
branched chain hydrocarbon group of one to ten carbon selected from , for example , halo , alkyl , alkenyl , OCF3 , NO2 , 
atoms , including , but not limited to , methyl , ethyl , n - propyl , CN , NC , OH , alkoxy , haloalkoxy , amino , CO2H , CO alkyl , 
isopropyl , n - butyl , isobutyl , tert - butyl , n - hexyl , and the like . 65 aryl , and heteroaryl . Examples of heteroaryl groups include , 
Alkyls of one to six carbon atoms are also contemplated . The but are not limited to , thienyl , furyl , pyridyl , oxazolyl , 
term “ alkyl ” includes “ bridged alkyl , ” i . e . , a bicyclic or q uinolyl , thiophenyl , isoquinolyl , indolyl , triazinyl , triaz 
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olyl , isothiazolyl , isoxazolyl , imidazolyl , benzothiazolyl , As used herein , a substituted group is derived from the 
pyrazinyl , pyrimidinyl , thiazolyl , and thiadiazolyl . unsubstituted parent structure in which there has been an 

The term “ haloalkyl ” used herein refers to one or more exchange of one or more hydrogen atoms for another atom 
halo groups appended to an alkyl group . or group . When substituted , the substituent group ( s ) is ( are ) 

The term “ nitroalkyl ” used herein refers to one or more 5 one or more group ( s ) individually and independently 
nitro groups appended to an alkyl group . selected from alkyl , cycloalkyl , aryl , fused aryl , heterocy 

The term “ thioalkyl ” used herein refers to one or more clyl , heteroaryl , hydroxy , alkoxy , aryloxy , mercapto , alkyl 
thio groups appended to an alkyl group . thio , arylthio , cyano , halo , carbonyl , thiocarbonyl , alkoxy 

The term “ hydroxyalkyl ” used herein refers to one or carbonyl , nitro , silyl , trihalomethanesulfonyl , 
more hydroxy groups appended to an alkyl group . 10 trifluoromethyl , and amino , including mono and di substi 

The term “ alkoxy ” used herein refers to straight or tuted amino groups , and the protected derivatives thereof . 
branched chain alkyl group covalently bonded to the parent The protecting groups that can form the protective deriva 
molecule through an o - linkage . Examples of alkoxy tives of the above substituents are known to those of skill in 
groups include , but are not limited to , methoxy , ethoxy , the art and can be found in references such as Greene and 
propoxy , isopropoxy , butoxy , n - butoxy , sec - butoxy , t - butoxy 15 Wuts , Protective Groups in Organic Synthesis ; 3rd Edition , 
and the like . John Wiley and Sons : New York , 2006 . Wherever a sub 

The term “ alkoxyalkyl ” used herein refers to one or more stituent is described as " optionally substituted ” that substitu 
alkoxy groups appended to an alkyl group . ent can be substituted with the above - described substituents . 

The term “ arylalkoxy ” used herein refers to a group Asymmetric carbon atoms can be present . All such iso 
having an aryl appended to an alkoxy group . A non - limiting 20 mers , including diastereomers and enantiomers , as well as 
example of an arylalkoxy group is a benzyloxy ( Ph - CH2 – the mixtures thereof , are intended to be included in the scope 
0 - ) . of the disclosure herein . In certain cases , compounds can 

The term “ amino ” as used herein refers to - NR2 , where exist in tautomeric forms . All tautomeric forms are intended 
R is independently hydrogen or alkyl . Non - limiting to be included in the scope of the disclosure herein . Like 
examples of amino groups include NH , and N ( CH2 ) 2 . 25 wise , when compounds contain an alkenyl or alkenylene 

The term “ amido ” as used herein refers to — NHC ( O ) group , there exists the possibility of cis - and trans - isomeric 
alkyl or — NHC ( OH . A non - limiting example of an amido forms of the compounds . Both cis - and trans - isomers , as 
group is — NHC ( O ) CHz . well as the mixtures of cis - and trans - isomers , are contem 

The term “ carboxy ” or “ carboxyl ” used herein refers to plated . 
- COOH or its deprotonated form — C00 . 30 One family of such compounds is a compound of formula 
The term “ alkoxycarbonyl ” refers to ( CO ) O - alkyl . ( I ) 

Examples of alkoxycarbonyl groups include , but are not 
limited to , methoxycarbonyl group , ethoxycarbonyl group , 
propoxycarbonyl group , and the like . 

The term “ alkylcarbonyl ” refers to ( CO ) - alkyl . 35 
Examples of alkylcarbonyl groups include , but are not 
limited to , methylcarbonyl group , ethylcarbonyl group , pro 
pylcarbonyl group , and the like . 

The term " sulfonamido ” refers to — SONR , where R is 
independently hydrogen or an alkyl group . Examples of a 40 
sulfonamido group include , but are not limited to , - SON 
( CHZ ) , and — SO , NH , . 

The term “ sulfonyl ” refers to — SOzalkyl . One example 
of a sulfonyl group is methylsulfonyl ( e . g . , SO2CH3 ) . 

Carbohydrates are polyhydroxy aldehydes or ketones , or 45 wherein M is N or CR ' ; A is N or CR2 ; L is N or CR " ; B is 
substances that yield such compounds upon hydrolysis . N or CR4 ; E is N or CX4 ; G is N or CX ' ; J is N or CX ? ; K 
Carbohydrates comprise the elements carbon ( C ) , hydrogen is N or CX ? ; a dashed line is a single or double bond , except 
( H ) and oxygen ( O ) with a ratio of hydrogen twice that of when B is CR4 , then each dashed line is a double bond ; 
carbon and oxygen . In their basic form , carbohydrates are R ' is selected from the group consisting of hydrogen , alkyl , 
simple sugars or monosaccharides . These simple sugars can 50 cycloalkyl , alkenyl , cyano , sulfonamido , halo , aryl , alk 
combine with each other to form more complex carbohy - enylenearyl , and heteroaryl ; 
drates . The combination of two simple sugars is a disaccha - R² is selected from the group consisting of hydrogen , alkyl , 
ride . Carbohydrates consisting of two to ten simple sugars haloalkyl , halo , cyano , aryl , alkenyl , alkenylenearyl , het 
are called oligosaccharides , and those with a larger number eroaryl , haloalkylcarbonyl , cycloalkyl , hydroxyalkyl , sulfo 
are called polysaccharides . 55 namido , and cycloheteroalkyl or R2 and Rl together form an 

The term “ uronide ” refers to a monosaccharide having a optionally substituted 5 - membered nitrogen - containing het 
carboxyl group on the carbon that is not part of the ring . The erocyclic ring ; 
uronide name retains the root of the monosaccharide , but the R * is selected from the group consisting of hydrogen , aryl , 
- ose sugar suffix is changed to - uronide . For example , the alkenylenearyl , heteroaryl , alkyl , alkenyl , haloalkyl , amino , 
structure of glucuronide corresponds to glucose . 60 and hydroxy ; 
As used herein , a radical indicates species with a single , R * is selected from the group consisting of hydrogen , alkyl , 

unpaired electron such that the species containing the radical haloalkyl , cyano , alkoxy , aryl , alkenyl , alkenylenearyl , and 
can be covalently bonded to another species . Hence , in this heteroaryl ; and 
context , a radical is not necessarily a free radical . Rather , a X ! , X² , X3 , X4 , and X? are independently selected from the 
radical indicates a specific portion of a larger molecule . The 65 group consisting of hydrogen , alkyl , alkenyl , halo , hydroxy , 
term “ radical ” can be used interchangeably with the term amino , aryl , cycloalkyl , thioalkyl , alkoxy , haloalkyl , 
" group . " haloalkoxy , alkoxyalkyl , cyano , aldehydo , alkylcarbonyl , 
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amido , haloalkylcarbonyl , sulfonyl , and sulfonamide , or X2 - continued 
and X together form a 5 - or 6 - membered ring comprising ( IV ) 
- O ( CH2 ) , wherein n is 1 or 2 , with the proviso that 
when all of A , B , E , G , J , K , L , and M are not N , then either 
( a ) at least one ofX ! , X2 , X3 , X4 , and X is not selected from 5 
the group consisting of hydrogen , halo , alkoxy , and hydroxy 
or ( b ) at least one of R ' , R ? , R , or R * is not selected from 
the group consisting of hydrogen , alkyl , alkenyl , haloalkyl , 
hydroxyalkyl , alkoxy , phenyl , substituted phenyl , halo , 

10 hydroxy , and alkoxyalkyl . 
In some embodiments , only A is N . In various embodi 

ments , only E and J are each N . In some embodiments , only 
B is N . In various embodiments , only G is N . In some 
embodiments , only K is N . In various embodiments , only E 
is N . In some embodiments , only J is N . In some embodi 
ments , only L is N . In various embodiments , only M is N . wherein X® is hydrogen or alkyl ; X and X ? are indepen 

In some embodiments , R ' is selected from the group dently selected from the group consisting of hydrogen , aryl , consisting of hydrogen , 4 - pyridyl , cyclopropanyl , 4 - fluoro heteroaryl , cycloalkyl , heterocycloalkyl , alkylenylaryl , 
phenyl , 2 - furanyl , cyano , H NSO2 , ( CH3 ) 2NSO2 , 4 - sulfo - 20 alkylenylheteroaryl , alkylenylheterocycloalkyl , alkylenyl namido - phenyl , fluoro , 4 - ( 3 , 5 - dimethyl ) - isoxazolyl , 4 - pyra cycloalkyl , or X and X ' together form an optionally sub zolyl , 4 - ( 1 - methyl ) - pyrazolyl , 5 - pyrimidinyl , 1 - piperazinyl , stituted 5 or 6 membered heterocyclic ring . In some embodi 1 - morpholinyl , 1 - pyrrolidinyl , 2 - imidazolyl , and thiazolyl . ments , X7 is hydrogen . In various embodiments , XS is In some embodiments , the compound of formula ( 1 ) is a 
compound of formula ( II ) : 

In some embodiments , at least one of Xl , X2 , X3 , X4 , or 
X is alkyl , for example , haloalkyl . In various embodiments , 
at least one of X ! , X² , X ” , X4 , or XS is alkenyl . In some 
embodiments , at least one of X1 , X2 , X3 , X4 , or X ” is amino . 

30 In various embodiments , at least one of X1 , X2 , X ” , X4 , or 
X5 is thioalkyl . In some embodiments , at least one of X1 , X ? , 
X } , X4 , or X is aryloxy . In various embodiments , at least 
one of X ' , X2 , X3 , X4 , or XS is arylalkoxy . In some 
embodiments , at least one of X1 , X² , X3 , X4 , or XS is 

35 211 , alkoxyalkyl . In various embodiments , at least one of X1 , X² , 
X3 , X4 , or XS is alkylcarbonyl . In various embodiments , at 
least one of X ' , X² , X ? , X4 , or X5 is amido . In some 

x2 embodiments , at least one of Xl , X² , X ’ , X4 , or X® is 
sulfonyl . 40 

Specific preferred compounds of formula ( I ) are listed in 
the following Table 1 . 

wherein at least one of R1 , R2 , R3 , or R4 is not selected from 
the group consisting of hydrogen , alkyl , alkenyl , haloalkyl , TABLE 1 hydroxyalkyl , alkoxy , phenyl , substituted phenyl , halo , 45 
hydroxy , and alkoxyalkyl . Cmpd 

In some embodiments , R . and R ? together form an option No . Structure 
ally substituted 5 - membered nitrogen - containing heterocy 
clic ring . In a specific class of embodiments , the compound 
of formula ( I ) is a compound of formula ( III ) or formula 50 
( IV ) : 

25 methyl . 

R4 

( III ) 
55 

X ? 

NX8 " 

or 
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Ullmann Condensation 

General procedure A ( Coupling ) : A mixture of reagent A 
25 ( 0 . 5 - 1 mmol , 1 eq . ) , boronic acid B ( 2 eq . ) , copper ( II ) 

acetate ( 0 . 1 - 0 . 2 eq . ) , pyridine ( 2 eq . ) and molecular sieves 4 
Å in dichloromethane ( 5 mL / 1 mmol reagent A ) is stirred 
overnight at room temperature ( e . g . , 20 - 25° C . ) , opened to 
the air . The reaction is monitored by TLC , and when no 

30 starting material is detected , the reaction mixture is washed 
AcHN with saturated sodium bicarbonate and ethylenediaminetet 

raacetic acid ( EDTA ) and dried over sodium sulfate . Target 
products are isolated by prep - TLC ( typically using ethyl 

Synthetic Processes acetate / petroleum ether as solvent ) . 
The compounds of Formula ( 1 ) can be synthesized using 35 General procedure B ( Ulmann condensation ) : A mixture 

known techniques . One means of synthesizing these com of reagent A ( 1 eq . ) , reagent B ( 1 . 2 eq . ) , copper iodide ( Cul , 
pounds is via a Suzuki coupling , as shown in Scheme 1 , and 0 . 2 eq . ) and potassium carbonate ( K2CO3 , 2 eq ) in dimeth 
another is via an Ullmann condensation , as shown in ylformamide ( DMF ) is refluxed overnight under nitrogen . 

The reaction is monitored by TLC , and when no starting Scheme 2 . The starting reagents are chosen to provide the 40 material is detected , the reaction mixture is washed with desired substitutions in the final product . These reagents can saturated sodium bicarbonate , extracted with ethyl acetate themselves be prepared using known techniques or can be ( EA ) and dried over sodium sulfate . Target products are purchased from commercial sources , such as Sigma - Aldrich isolated by prep - TLC . 
( Milwaukee , Wis . ) . In some embodiments , the intermediate aryl bromide for 

45 the Suzuki coupling is synthesized . A synthetic route is 
outlined in Scheme 3 , below . Scheme 1 

B ( OH ) 2 
Scheme 3 

50 

| - R , Cu ( OAC ) 2 , Py 
DCM . 0 , PhB ( OH ) 2 , Cu ( OAc ) 2 

Py , DCM ' N OH 
reagent A reagent B 

Br 

Ao RB ( OH ) 2 , 
Pd catalyst , PCy3 

K2CO3 , 
Toluene / water , 

100° C . 

Suzuki Coupling 65 General procedure C ( including synthesis of aryl bromide 
intermediate ) : For some compounds , two Suzuki couplings 
are used to synthesize the final compound . The first inter 
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122 
mediate aryl bromide is prepared as described for General ( 1 . 7 g , 16 . 8 mmol ) at - 78° C . , followed by the addition of 
procedure A . Then , to a solution of Br - substituted - 1 - phenyl trifluoromethanesulfonic anhydride ( 4 . 76 g , 16 . 9 mmol ) . 
1H - pyridin - 2 - one ( 1 eq ) , a second boronic acid ( 1 . 2 eq ) , The resulting mixture is stirred at - 78° C . for 15 min and 
potassium carbonate ( 3 . 5 eq ) and tricyclohexylphosphine quenched with ammonium chloride solution ( 10 mL ) . After 
( 0 . 1 eq ) in toluene / water ( 2 / 1 , v / v ) under a nitrogen atmo - 5 warming to room temperature , water ( 30 mL ) and DCM ( 50 
sphere is added palladium acetate ( 0 . 05 eq ) . The mixture is mL ) are added and separated . The target product is obtained 
heated to 100° C . for 2 - 3 h , and then cooled to room by washing the crude mixture with methanol . For step 4 , a 
temperature . Water is added , and the mixture is extracted solution of trifluoromethanesulfonic acid intermediate ( 0 . 79 
with EA , the combined organics are washed with brine and mmol ) and tetrakis ( triphenylphosphine ) palladium ( 0 . 011 g , 
water , dried over anhydrous sodium sulfate , and concen - 1 0 . 0095 mmol ) in dimethoxyethane ( DME , 1 mL ) is stirred at 
trated in vacuo . The residue is purified by prep - TLC to room temperature for 15 min followed by the addition of the 
afford the desired compound . solution arylboronic acid ( 0 . 21 mmol ) in DME ( 1 mL ) and 

The compound can also be synthesized using a scheme as 2M sodium carbonate ( 1 mL ) . The resulting mixture is 
depicted below , where a triflate intermediate is used in the 16 refluxed for 14 hr and cooled down to room temperature . 
Suzuki coupling . Water and ethyl acetate are added . After separation , the 

aqueous layer is extracted with ethyl acetate . The combined 
ethyl acetate solution is dried over sodium sulfate and Scheme 4 filtered . The filtrate is concentrated in vacuo to dryness . 

20 Target products are isolated by prep - TLC . OBn 

Cu ( OAC ) 2 , Py 
DCM , O2 Scheme 5 

Br RB ( OH ) 2 , Pd ( OAC ) 2 , NH A 25 PCy3 
OBn K2CO3 , Toluene / water 

100°C . 
Pd / C , H2 

CH3OH , r . t . PhB ( OH ) 2 , Cu ( OAC ) 2 , 
Py , DCM 30 

2 

N 
35 

General procedure E : ( Alternative Suzuki coupling reac 
Tf20 , Et3N to tion conditions ) To a solution of 5 - bromo - 2 - hydroxypyri 

DCM , - 78° C . dine ( 1 eq . ) , corresponding boronic acid ( 1 . 2 eq ) , potassium 
carbonate ( 3 . 5 eq ) and tricyclohexylphosphine ( 0 . 1 eq ) in 
toluene / water ( 2 : 1 , v : v ) under nitrogen atmosphere is added 

45 palladium acetate ( 0 . 05 eq ) . The mixture is heated to 100° C . 
for 2 - 3 h , and then cooled to room temperature , water is OTE 
added and the mixture extracted with EA ; the combined 
organics are washed with brine , dried over sodium sulfate , 
and concentrated in vacuo . Purification by prep - TLC affords 

RB ( OH ) 2 50 the desired 5 - substituted - 2 - hydroxypyridine . The second 
Pd ( PPh34 coupling , a Suzuki coupling , of the intermediate 5 - substi DME tuted - 2 - hydroxypyridine with an aryl boronic acid is per 

formed following General Procedure A , as described above . 
In some embodiments , the compound of formula ( I ) has 

55 at least one fluorine atom as a substituent . Introduction of the 
fluorine can be accomplished , as outlined in Scheme 6 . 

General procedure D : For step 1 , the procedure is the 
same as for general procedure A . For step 2 , a solution of the 
intermediate benzyl protected phenol ( 3 . 5 g , 10 . 8 mmol ) in 60 
methanol ( 200 ml ) is added to a Pd / C ( 300 mg ) catalyst B ( OH ) 2 
under N , atmosphere , and then stirred for 2 h under H , OHC , atmosphere ( 1 atm , 25° C . ) . The catalyst is filtered off Cu ( OAc ) 2 , Py 
through a celite pad , and the filtrate is concentrated in vacuo DCM , air to give the free phenolic hydroxyl . For step 3 , a solution of 65 
the resulting phenol intermediate ( 2 . 2 g , 11 . 8 mmol ) in 
dichloromethane ( DCM , 120 mL ) is added to triethylamine 

Scheme 6 

ZT 
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- continued - continued 
OHC , Ph . 

DAST 
Acetonitrile 

10 

HF C 
General procedure G : This procedure exemplified in 

Scheme 7 , above . To a solution of 1 ( 3 . 0 g , 16 mmol ) , 2 ( 2 . 5 
g , 21 mmol ) , K3PO4 ( 12 . 5 g , 57 mmol ) in toluene / water ( 60 
mL / 3 mL ) under a nitrogen atmosphere is added Pd ( PPh , ) 
( 2 . 0 g , 1 . 6 mmol ) . The mixture is heated to reflux for 3 h and 
then cooled to room temperature . Water is added and the 

20 mixture extracted with EA . The combined organics are 
washed with brine , dried over Na SO4 and concentrated in 
vacuo . The product is isolated by column chromatography to 
afford 3 . 3 ( 2 . 0 g , 11 mmol ) in HBr ( aq . 40 % ) / ethanol ( 20 
mL / 4 mL ) is heated to reflux for 2 h , and monitored by TLC . General procedure F ( fluorination ) : 1 ( 1 eq ) is dissolved 25 When no starting material is detected , the mixture is cooled in acetonitrile , diethyl amino sulfur trifluoride ( DAST , 2 . 2 to room temperature , and neutralized by addition of 

eq ) is added , and fluorination is carried out at 80º C . in a NaHCO , , extracted with EA , and then washed with brine , 
capped plastic tube for 4 to 8 hours . After cooling to room dried over Na2SO4 and concentrated in vacuo to afford 4 . 5 
temperature , the reaction mixture is diluted with DCM and is prepared using general procedure A . 
poured into saturated bicarbonate solution . The organic 30 
phase is separated and dried over sodium sulfate . The 
product is isolated by prep - TLC . Scheme 8 

Scheme 7 35 

?? ?? HO OH 
? B 

BI 23 . 01 - Pd ( PPhz ) 4 , K3PO4 
toluene , H2O / reflux 

40 R ' - 

45 

Ph 

HBr ( aq . ) , EtOH 
reflux 

General procedure H : In some embodiments , the com 
pounds of formula I are prepared using a Chan - Lam reac 
tion , as depicted in Scheme 8 , above . In one embodiment , 

50 the Chan - Lam synthetic procedure is as follows ( Method 
THIAJ HIA — where reagent A is a solid ) : to a solution of A 
( 0 . 5 mmol ) in 6 mL of DCM and 2 mL of DMF , copper ( II ) 
acetate ( 1 . 0 mmol , 2 eq ) , boronic acid B ( 1 . 2 eq ) , pyridine 
( 2 eq ) and finely ground , activated 4 Å molecular sieves 
( 600 mg ) are added . When the reagent A is a hydrobromide 
salt , TEA ( 2 mL ) is added . The mixture is stirred at room 
temperature in the open air for 12 hours up to about 4 days . 
Additional boronic acid B can be added to the reaction 
mixture . Then , concentrated NH OH is added . The solvents 

60 are evaporated under vacuum , and the crude product 
absorbed on a silica pad and purified by chromatographic 
column . In some specific cases , the product is further 
purified on reverse - phase preparative HPLC . 

Alternatively , Method H1B starts with reagent A as a 
65 solution in DMF . This procedure is as follows : to a solution 

of A ( 2 . 5 mL of DMF solution , 0 . 74 mmol ) in 5 mL of DMF , 
copper ( II ) acetate ( 1 . 48 mmol , 2 eq ) , boronic acid B ( 1 . 2 

?? 

Ph 

OH 
Cu ( OAc ) 2 , Py , DCM 
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eq ) , pyridine ( 2 eq ) and finely ground , activated 4 Å molecu 
lar sieves ( 600 mg ) are added . The mixture is stirred at room 
temperature in the open air for 12 hours up to about 4 days . 
Additional boronic acid B can be further added . Then , 
concentrated NH OH is added . The solvents are evaporated 5 
under vacuum , and the crude product is absorbed on silica 
pad and purified by chromatographic column . In some 
specific cases , the product is further purified on reverse 
phase preparative HPLC . 

10 
In another procedure , the Chan - Lam reaction proceeds as 

follows ( Method H2 ) : to a 0 . 3 M solution of A in DMF , 
copper ( II ) acetate ( 2 eq ) , boronic acid B ( 1 . 2 eq ) and 
pyridine ( 2 eq ) are added . The mixture is heated 1 h at 100° 
C . under microwave irradiation , then concentrated NH OH 15 
is added . The reaction mixture then is diluted with EA and 
filtered through a celite pad . Solvents are evaporated , and 
the crude mixture absorbed on silica pad and purified by 
chromatographic column . In some specific cases , the prod 
uct is further purified on reverse - phase preparative HPLC . 20 
General Procedure I : Preparation of pyridones which are 

not commercially available can be achieved in the following 
manner , as outlined in Scheme 9 . 

Helena N OH Amide 
Formation 

25 
N NHR 

Scheme 9 

BI 
Suzuki coupling 
RB ( OH ) 2 30 

O 

11 

Demethylation 
35 Suzuki Coupling : General procedure : A mixture of the 

appropriate ester 8 ( 1 eq ) , the phenylboronic acid ( 1 . 2 eq ) , 
copper ( II ) acetate ( 1 . 2 eq ) , pyridine ( 3 eq ) and activated 
freshly crushed 4 A molecular sieves in 1 , 2 - dichloroethane 
( 21 mL / mmol of ester ) is stirred , in an open vessel , for 4 

40 days at room temperature . The mixture is filtered through 
celite and the solution thus obtained is evaporated under 
vacuum . The residue is dissolved DCM , washed with an 
aqueous NaHCO3 solution , water , dried over Na2SO4 and 
concentrated under vacuum . Purification by flash chroma 

The 5 - bromo - 2 - methoxy - pyridine ( 1 eq ) , the boronic acid 45 tography ( SiO2 ; DCM : MeOH mixture ) affords the desired 
( 1 . 2 eq ) and K , CO , ( 3 eq ) were dissolved in a 10 : 1 mixture compound 9 . 
of DME / H , O ( 4 ml / mmol ) . The solution was degassed by Hydrolysis : To a solution of the appropriate carboxylic 
bubbling N2 for 15 min and then Pd ( PPhz ) 4 ( 0 . 05 eq ) was ester 9 ( 1 eq ) in a 1 : 1 mixture of H2O and THF ( 10 
added . The reaction mixture was heated at 90° C . for 4 - 8 h mL / mmol of ester ) , cooled to 0° C . , a 6M aqueous solution 
and then cooled at room temperature , diluted with AcOEt 50 of NaOH ( 10 eq ) is added dropwise at 0° C . The reaction 
and filtered on a celite plug . The filtrate was washed with mixture is heated to 75º C . for 48 h . The remaining aqueous 
brine . The separated organic phase was dried over Na2SO4 fraction , previously washed with Et20 , is cooled at 0° C . and 
and concentrated under reduced pressure . The obtained citric acid is added until the pH is 3 - 4 . The precipitate thus 
residue was purified by column chromatography . formed is filtered and washed with plenty of water and Et O 
General Procedure J : Compounds of Formula III , as 55 to afford the pure desired compound 10 . 

disclosed herein , are prepared as outlined in Scheme 10 . Amide formation : General procedure A solution of the 
appropriate carboxylic acid 10 ( 150 mg , 0 . 44 mmol ) in a 1 : 1 
mixture of acetonitrile and EA ( 6 mL / mmol of acid ) , trieth 

Scheme 10 ylamine ( 2 eq ) is admixed . Pyrrolidine ( 1 . 2 eq ) and TBTU 
60 ( 1 . 2 eq ) are added . The reaction mixture is stirred at room 

temperature for 12 h . The solvents are removed under 
vacuum and the crude thus obtained is re - dissolved in DCM . 

Suzuki The organic layer is washed with 10 % aqueous solution of 
coupling NaHCO3 , brine , dried over Na SO , and evaporated under 

65 vacuum . Purification by flash chromatography ( SiO2 ; DCM : 
MeOH mixture ) affords the pure desired compound 11 of 
Formula III . 

NH N 
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General Procedure K ( synthesis of 8 ) : Preparation began To a refluxing solution of di - tert - butyldicarbonate ( 211 . 7 
with synthesis of 8 via either route A or route B . Route A is g , 0 . 97 mol ) in hexane ( 500 mL ) , a solution of 2 - amino - 3 
detailed in the following Scheme 11 . methylpyridine ( 100 g , 0 . 9247 mol ) in AcOEt ( 150 mL ) was 

added over 30 min . The mixture was stirred at reflux 
temperature ( 65° C . ) for an additional hour and then cooled 

Scheme 11 to room temperature . The suspension was diluted with 
hexane ( 500 mL ) and stirred for 1 h at room temperature . ( Boc ) 20 , 

Hexane , EtOA , The product was isolated by filtration , washed with hexane 
reflux , 2 h and dried under vacuum to afford 130 g of 2 ( tert - butyl 

N NH2 3 - methylpyridin - 2 - ylcarbamate ) that was used in the next 
step without further purification . 

A solution of 2 ( 50 g , 0 . 24 mol ) in THF was cooled at t - BuLi , THF 
diethyloxalate - 45° C . and a 1 . 3 M solution of t - butyl lithium in pentane 

15 ( 500 mL , 0 . 65 mol ) was added dropwise . After 1 h the 
reaction temperature was decreased to - 80° C . and diethyl 
oxalate ( 105 . 22 g , 0 . 72 mol ) was added . The reaction 
mixture turned yellow and turbidity was observed . The 
mixture was kept at - 50° C . for additional 2 h and then 

20 warmed at room temperature . The reaction was quenched by 
TFA , dem slowly adding 700 mL of water and extracted with EA , 

rt , o / n washed with brine and dried over Na SO , to obtain 100 g of 
3 ( 1 - tert - butyl 2 - ( ethoxycarbonyl ) - 2 - hydroxy - 2 , 3 - dihydro 
1H - pyrrolo [ 2 , 3 - b ] pyridine - 1 , 2 - dicarboxylate ) as a crude 
orange oil . 

Then , 3 ( 100 g ) was dissolved in dry DCM ( 400 mL ) and 
cooled at 0° C . TFA ( 300 mL ) was added dropwise and the 

( Boc ) 20 reaction mixture was stirred overnight . Volatile fractions 
ACN , 30 were removed under vacuum and the residue TFA was 

0 DMAP neutralized with an aqueous solution of NaHCO3 . The pure 
4 ( ethyl 1H - pyrrolo [ 2 , 3 - b ] pyridine - 2 - carboxylate , 25 g , 
54 % yield over two steps ) was obtained by filtration and 
washing with water . 

Then , 4 ( 25 gm , 0 . 131 mol ) was dissolved in acetonitrile 
( 250 mL ) . 4 - dimethylamino pyridine ( 27 . 29 g , 0 . 22 mol ) 

dem and a 4 M solution of BOC anhydride ( 48 . 83 g , 0 . 22 mol ) 
in acetonitrile were added to the reaction mixture . The 

40 reaction mixture was stirred for 1 h . EA was added to the 
reaction , the organic phase was separated and washed with 
water , brine , dried over Na2SO4 and evaporated under 
vacuum . Purification by flash chromatography ( Si0 , ; DCM : 

0 Ac20 , MeOH 99 : 1 ) 20 g ( 52 % yield ) of pure 5 ( 1 - tert - butyl 
reflux 45 2 - ( ethoxycarbonyl ) - 1H - pyrrolo [ 2 , 3 - b ] pyridine - 1 , 2 - dicar 

boxylate ) as an off - white solid . 
Next , to a solution of 5 ( 20 g , 0 . 064 mol ) in DCM ( 200 

mL ) was added mCPBA ( 77 g , 0 . 44 mol ) , and the reaction 
was stirred at room temperature overnight . The mixture was 
purified by flash chromatography ( SiO , ; DCM : MeOH 99 : 1 ) 
to afford 12 g ( 56 % yield ) of 6 ( 1 - ( tert - butoxycarbonyl ) - 2 

TEA , H20 , ( ethoxycarbonyl ) - 1H - pyrrolo [ 2 , 3 - b ] pyridine 7 - oxide ) as a 
EtOH colorless oil . 

5 Then , 6 ( 12 g , 0 . 04 mol ) was dissolved in acetic anhydride 
( 120 mL ) and refluxed overnight . The reaction mixture was 
concentrated under vacuum and the residue was evaporated 
by addition of toluene to afford crude 7 ( ethyl 6 - acetoxy 
1H - pyrrolo [ 2 , 3 - b ] pyridine - 2 - carboxylate ) that was dis 
solved in a 1 : 10 : 10 mixture of Et , N : EtOH : H , O and stirred 
overnight at room temperature . The reaction mixture was 
concentrated under vacuum and EA was added . The pre 
cipitate thus formed was filtered and washed with EA to 
afford 2 . 8 g ( 35 % yield ) of pure 8 ( ethyl 6 - oxo - 6 , 7 - dihydro 

65 1H - pyrrolo [ 2 , 3 - b ] pyridine - 2 - carboxylate ) . 
Alternatively , 8 can be prepared following Route B , 

where 6a is made directly from 4 , as shown in Scheme 12 . 

35 

m - CPBA 

boc 

boc 

( 603 ) ACO 

. 
O 
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precipitate thus formed was filtered and washed with EA to 
afford 9 . 6 g ( 40 % yield ) of pure 8 . 
General Procedure L : Compounds as disclosed herein can 

be prepared using Buchwald - Hartwig coupling , using aryl 
5 bromides . Appropriate aryl bromides can be prepared via the 

following Scheme 13 . 

( Boc ) 20 , 
Hexane , ETOA , 

reflux , 2 h 
' N NH2 

Scheme 13 t - BuLi , THF 
diethyloxalate 10 

?? ?? 
* N CNH 

Cu ( OAc ) 2 Br 
boc Py 

2 DCM - DMF 
02 

4A MS OH O 
TFA , dem 

rt , o / n 
Br 

20 
boc 

m - CPBA 25 
dcm 

Catalyst 
+ BINAP 
NaOtBu 

30 

Toluene Ac20 , 
reflux N2 

35 

?? 

40 TEA , H20 , 
EtOH 

AO NA N 
- R1 

45 

NH 
IZ . 

5 - bromo - pyridin - 2 - one ( 1 eq . ) is dissolved in DCM ( 5 
mL / mmol of aryl halide ) and N , N - dimethylformammide 
( 0 . 7 mL / mmol of aryl halide ) . The appropriate boronic acid 
( 1 . 2 eq . ) , copper ( II ) acetate ( 2 . 0 eq . ) , pyridine ( 2 . 0 eq . ) and 
4 Å molecular sieves are added to the solution and the 
reaction is stirred at room temperature in an open vessel for 
3 days . The reaction is monitored by UPLC - MS . At the end 

To a solution of 4 ( 25 g , 0 . 131 mol ) in DCM ( 250 mL ) 55 of the reaction a concentrated solution of NH OH is added . 
mCPBA ( 90 . 5 g , 0 . 525 mol ) was added , and the reaction was Solvents are removed at reduced pressure and the crude is 
stirred , at room temperature , overnight . The mixture was purified by flash chromatography ( SiO2 ; Pet . Ether / EtOAC 
purified by flash chromatography ( SiO2 ; DCM : MeOH 95 : 5 ) mixture ) . The bromopyridone intermediate is then used in 
to afford 24 g ( 88 % yield ) of 6a ( 2 - ( ethoxycarbonyl ) - 1H - the Buchwald - Hartwig coupling either via Method L1 or 
pyrrolo [ 2 , 3 - b ] pyridine 7 - oxide ) as a colorless oil . 60 Method L2 . 

Then , 6a ( 24 g , 0 . 08 mol ) was dissolved in acetic anhy - Method L1 is as follows : + BINAP ( 0 . 2 eq . ) is suspended 
dride ( 240 mL ) and the reaction was refluxed overnight . The in dry toluene ( 7 . 5 mL / mmol of aryl halide ) and dissolved 
mixture was concentrated under vacuum and the residue was at 80° C . After dissolution , the mixture is cooled to room 
evaporated by addition of toluene to afford crude 7 that was temperature and Pd ( OAc ) , ( 0 . 1 eq ) is added . The mixture is 
dissolved in a 1 : 10 : 10 mixture of EtzN : EtOH : H20 and 65 stirred for 5 minutes , then the appropriate bromopyridone ( 1 
stirred overnight at room temperature . The reaction mixture eq . ) is added , followed by the appropriate amine ( 5 eq . ) and 
was evaporated under vacuum and EA was added . The NaOtBu ( 1 . 4 eq . ) . The reaction is heated at 80° C . for 15 h . 
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3N HCl is added , at room temperature , to the mixture and out undue toxicity , irritation , allergic response , and the like , 
the aqueous phase is separated and washed with EtoAc . The and effective for the intended use , including a pharmaceu 
aqueous layer is then basified with NH OH and back tically acceptable ester as well as a zwitterionic form , where 
extracted with EtoAc . The organic portions are collected , possible , of the compounds of Formula I . Examples of 
dried over Na SO , and concentrated under reduced pressure . 5 pharmaceutically - acceptable prodrug types are described in 
The crude is purified by flash chromatography ( SiO , : Pet . Higuchi and Stella , Pro - drugs as Novel Delivery Systems , 
Ether / EtoAc 3 : 1 up to pure EtOAc ) then by reverse - phase Vol . 14 of the A . C . S . Symposium Series , and in Roche , ed . , 
preparative HPLC . Bioreversible Carriers in Drug Design , American Pharma 

Method L2 is as follows : + BINAP ( 0 . 2 eq . ) is suspended ceutical Association and Pergamon Press , 1987 , both of 
in dry toluene ( 7 . 5 mL / mmol of aryl halide ) and Pd dbaz 10 which are incorporated herein by reference . 
( 0 . 1 eq ) is added . The mixture is stirred for 15 minutes , then The compounds and compositions described herein may 
the appropriate bromopyridone ( 1 eq . ) is added , followed by also include metabolites . As used herein , the term “ metabo 
the appropriate amine ( 5 eq . ) and NaOtBu ( 1 . 4 eq . ) . The lite ” means a product of metabolism of a compound of the 
reaction is heated at 80° C . for 15 h , and then cooled at room embodiments or a pharmaceutically acceptable salt , analog , 
temperature . Solvents are evaporated and the crude product 15 or derivative thereof , that exhibits a similar activity in vitro 
is purified by flash chromatography ( SiO2 ; Pet . Ether / EtOAC or in vivo to a compound of Formula I . The compounds and 
3 : 1 up to pure EtOAC ) then by reverse - phase preparative compositions described herein may also include hydrates 
HPLC . and solvates . As used herein , the term " solvate ” refers to a 

Other means of synthesizing the compounds of Formula complex formed by a solute ( herein , a compound of Formula 
I can be used . As pirfenidone derivatives and analogs , these 20 I ) and a solvent . Such solvents for the purpose of the 
compounds can also be synthesized by any conventional embodiments preferably should not negatively interfere with 
reactions known in the art based on the known synthetic the biological activity of the solute . Solvents may be , by way 
schemes for pirfenidone , such as disclosed in U . S . Pat . Nos . of example , water , ethanol , or acetic acid . In view of the 
3 , 839 , 346 ; 3 , 974 , 281 ; 4 , 042 , 699 ; and 4 , 052 , 509 . foregoing , reference herein to a particular compound or 

Starting materials described herein are available commer - 25 genus of compounds will be understood to include the 
cially , are known , or can be prepared by methods known in various forms described above , including pharmaceutically 
the art . Additionally , starting materials not described herein acceptable salts , esters , prodrugs , metabolites and solvates 
are available commercially , are known , or can be prepared thereof . 
by methods known in the art . Starting materials can have the Methods of Inhibiting p38 MAP Kinase 
appropriate substituents to ultimately give desired products 30 In an embodiment , methods are provided for modulating 
with the corresponding substituents . Alternatively , substitu - a SAPK system , in vitro or in vivo . The methods include 
ents can be added at any point of synthesis to ultimately give contacting a SAPK - modulating concentration of a com 
desired products with the corresponding substituents . pound with a p38 MAPK ( e . g . , by contacting the compound 
One skilled in the art will appreciate variations in the with a cell or tissue containing the p38 MAPK ) , wherein the 

sequences and , further , will recognize variations in the 35 compound has a relatively low potency for inhibition of the 
appropriate reaction conditions from the analogous reactions p38 MAPK , corresponding to a relatively high inhibitory 
shown or otherwise known which may be appropriately used concentration for inhibition of the p38 MAPK by the com 
in the processes described herein to make the compounds of pound . 
Formula I . The inhibitory concentration ( IC ) is a concentration that 

In the processes described herein for the preparation of 40 results in a reduction in the activity of p38 MAPK by a 
the compounds of Formula 1 , the use of protective groups is specified percentage ( e . g . , 50 % , 40 % , 30 % , 20 % , 10 % ) on 
generally well recognized by one skilled in the art of organic a dose - response curve . For example , IC50 , IC40 , IC30 , IC20 
chemistry , and accordingly the use of appropriate protecting and IC10 are determined as concentrations that result in 
groups may in some cases be implied by the processes of the reductions in the activity of p38 MAPK by 50 % , 40 % , 30 % , 
schemes herein , although such groups may not be expressly 45 20 % and 10 % , respectively on a dose - response curve . The 
illustrated . Introduction and removal of such suitable pro - IC50 of the SAPK system - modulating compound is prefer 
tecting groups are well known in the art of organic chem - ably in the range of about 0 . 1 uM to about 1000 uM , and 
istry ; see for example , T . W . Greene , Protective Groups in more preferably about 1 uM to about 800 uM , about 1 uM 
Organic Synthesis , Wiley ( New York ) , 1999 . The products to about 500 uM , about 1 uM to about 300 UM , about 1 uM 
of the reactions described herein may be isolated by con - 50 to about 200 uM , or about 1 uM to about 100 uM for 
ventional means such as extraction , distillation , chromatog - inhibition of p38 MAPK . Thus , for example , modulation of 
raphy , and the like . the SAPK system may involve contacting a compound ( e . g . , 

The salts , e . g . , pharmaceutically acceptable salts , of the a compound of Formula I ) with a p38 MAPK at a concen 
compounds of Formula I may be prepared by reacting the tration that is less than an IC40 , preferably less than IC30 , 
appropriate base or acid with a stoichiometric equivalent of 55 more preferably less than IC20 , even preferably less than 
the compounds of Formula I . Similarly , pharmaceutically IC10 for inhibition of the p38 MAPK by the compound as 
acceptable derivatives ( e . g . , esters ) , metabolites , hydrates , determined on a concentration - response curve . 
solvates and prodrugs of the compounds of Formula I may “ Contacting a cell ” refers to a condition in which a 
be prepared by methods generally known to those skilled in compound or other composition of matter is in direct contact 
the art . Thus , another embodiment provides compounds that 60 with a cell or tissue , or is close enough to induce a desired 
are prodrugs of an active compound . In general , a prodrug biological effect in a cell or tissue . For example , contacting 
is a compound which is metabolized in vivo ( e . g . , by a a cell or tissue containing p38 MAPK with a compound may 
metabolic transformation such as deamination , dealkylation , be conducted in any manner that permits an interaction 
de - esterification , and the like ) to provide an active com - between p38 MAPK and the compound , resulting in the 
pound . A “ pharmaceutically acceptable prodrug ” means a 65 desired biological effect in a cell . Contacting a cell or tissue 
compound which is , within the scope of sound medical may be accomplished , for example , by intermixing or 
judgment , suitable for pharmaceutical use in a patient with administering a compound ( such as a compound of Formula 
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I ; and / or a salt , ester , prodrug and / or intermediate thereof , takes place in vitro . In preferred embodiments , the contact 
and / or a pharmaceutical composition comprising one or ing step comprises contacting a cell comprising p38 MAPK 
more of the foregoing ) . with the compound . 

Alternatively , contacting a cell or tissue may be accom In yet another embodiment , methods are provided for 
plished by introducing a compound in a manner such that the 5 inhibiting the activity of a p38 MAPK in a cell , in vitro or 
compound will be targeted , directly or indirectly , to a cell or in vivo . In general , such methods include contacting a cell 
tissue containing p38 MAPK . Contacting a cell or tissue containing a p38 MAPK with an effective p38 - inhibiting 
may be accomplished under conditions such that a com amount of a compound ( e . g . , a compound of Formula I ) , 
pound binds to the p38 MAPK . Such conditions may include under conditions such that p38 activity in the cell is inhib 
proximity of the compound and p38 - containing cell or 10 ited . Examples of such methods are provided in the 

EXAMPLES section below . The compound preferably tissue , pH , temperature , or any condition that affects the exhibits an IC50 in the range of about 0 . 1 uM to about 1000 binding of a compound to p38 MAPK . UM , and more preferably about 1 uM to about 800 uM , about In one class of embodiments , the cell is contacted with the 1 uM to about 500 uM , about 1 uM to about 300 uM , about 
compound in vitro ; in other embodiments , the cell is con ell is con - 15 1 uM to about 200 uM , or about 1 uM to about 100 uM for tacted with the compound in vivo . inhibition of p38 MAPK . The contacting of the p38 MAPK 
When the cell is contacted in vivo , the effective concen - with the compound is preferably conducted at a SAPK 

tration ( EC ) is a concentration that results in a reduction in system - modulating concentration that is less than IC30 , 
the activity of a p38 MAPK by a specified percentage ( e . g . , preferably less than IC20 , more preferably less than IC10 for 
50 % , 40 % , 30 % , 20 % , 10 % ) as measured by a specific 20 inhibition of the p38 MAPK by the compound . 
physiological response which depends on the reduction of In vivo methods include for example , introducing into a 
the activity of the p38 MAPK . Such physiological response group of animals orally or by injection a compound of 
may be , for example , reduction in blood or other bodily fluid interest ( e . g . , a compound of Formula I ) in various concen 
concentration of TNFa . For example , EC , EC . 0 , EC20 , trations . Following the introduction of the compound , 
EC20 and EC10 are determined as concentrations that result 25 lipopolysaccharide is administered intravenously . Serum 
in reductions in the activity of a p38 MAPK as measured by TNFa levels are measured and compared to that from 
reduction in TNFa concentration by 50 % , 40 % , 30 % , 20 % control animals . The preferred compounds inhibit the 
and 10 % , respectively on a dose - response curve . The EC50 release of TNFa , thus reducing TNFa levels in the blood 

samples of the tested animals . The compound preferably of the SAPK system - modulating compound is preferably in 
the range of about 100 uM to about 1000 „ M , more 30 more 30 exhibits an EC50 in the range of about 100 uM to about 1000 
preferably about 200 uM to about 800 uM for inhibition of uM , preferably about 200 uM to about 800uM for inhibition 
the p38 MAPK . Thus , for example , modulation of the SAPK of the release of TNFa . In some cases , the compound 

exhibits an EC50 in the range of about 10 to about 100 UM . system may involve contacting a compound ( e . g . , a com The method of identifying a pharmaceutically active pound of Formula I ) with a p38 MAPK at a concentration tration 35 compound may further include determining a mammalian that is less than an EC . 0 , preferably less than EC20 , more toxicity of the selected compound . Such methods are gen 
preferably less than EC20 , even preferably less than EC , for erally known to those skilled in the art . The method of inhibition of the p38 MAPK by the compound as determined identifying a pharmaceutically active compound may also 
on a dose - response curve in vivo . include administering the selected compound to a test sub 

The compound can be provided in the form of a pharma - 40 ject , either in conjunction with the determination of mam 
ceutical composition , together with a pharmaceutically malian toxicity or for other reasons . In an embodiment , the 
acceptable carrier . test subject test subject has or is at risk for having an 
Screening a Library of Compounds for Low - Potency p38 inflammatory condition . Preferably the test subject is a 
Inhibitors mammal , and can be a human . 

In another aspect , a method is provided for identifying a 45 Methods of Treatment and / or Prevention 
pharmaceutically active compound , e . g . , for determining Another embodiment provides methods for treating or 
whether a compound is potentially useful as a therapeutic preventing disease states , e . g . , inflammatory condition ( s ) 
agent , e . g . , for the prevention or treatment of an inflamma - and / or fibrotic conditions . The methods include identifying 
tory condition ( such as a p38 - or cytokine - associated con a subject at risk for or having an inflammatory condition 
dition ) . The method includes assaying a plurality of com - 50 and / or fibrotic condition and administering a compound to 
pounds for inhibition of a p38 MAPK and selecting a the subject in an effective amount to treat or prevent the 
compound which exhibits a relatively low potency for inflammatory and / or fibrotic condition . In preferred embodi 
inhibiting p38 MAPK . Preferably , an IC50 of such a low - ments , the compound exhibits an IC50 in the range of about 
potency p38 inhibitor compound is in the range of about 0 . 1 0 . 1 uM to about 1000 uM , and more preferably about 1 uM 
uM to about 1000 uM , and more preferably about 1 uM to 55 to about 800 uM , about 1 uM to about 500 uM , about 1 uM 
about 800 UM , about 1 uM to about 500 uM , about 1 uM to to about 300 uM , about 1 uM to about 200 uM , or about 1 
about 300 uM , about 1 uM to about 200 uM , or about 1 uM UM to about 100 uM for inhibition of p38 MAPK . In 
to about 100 uM for inhibition of p38 MAPK . The plurality preferred embodiments , the effective amount produces a 
of compounds to be assayed is preferably selected from a blood or serum or another bodily fluid concentration that is 
library of potential compounds . The assaying of the plurality 60 less than an IC30 or , preferably , an IC20 or , more preferably , 
of compounds from the library may be conducted in various an IC1 , for inhibition of a p38 MAPK by the compound . In 
ways . For example , in some embodiments , the methods preferred embodiments , the compound exhibits an EC50 in 
further comprise contacting a p38 MAPK with the plurality the range of about 100 uM to about 1000 uM , preferably 
of compounds , and determining whether the compounds about 200 uM to about 800 uM for inhibition of TNFa 
inhibit the activity of cytokines . The p38 MAPK is prefer - 65 secretion . In other preferred embodiments , the effective 
ably selected from the group consisting of p38a , p383 , p38y , amount produces a blood or serum or another bodily fluid 
and p388 . In preferred embodiments , the contacting step concentration that is less than an EC30 or , preferably , an 
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EC20 or , more preferably , an EC15 or , more preferably , an is altered compared to a non - diseased state . This includes , 
EC10 for inhibition of LPS - stimulated TNFa release in a but is not limited to , conditions caused by IL - 1B , TNFa , 
bodily fluid by the compound . The effective amount is IL - 6 or IL - 8 overproduction or dysregulation resulting in 
preferably about 70 % or less , more preferably less than sustained , prolonged , enhanced or elevated levels of 
about 50 % , of an amount that causes an undesirable side 5 cytokine activity , which may be associated with p38 activity . 
effect in the subject , such as , but not limited to , drowsiness , Such conditions include , without limitation , inflammatory 
gastrointestinal upset , and photosensitivity rash . The com diseases , autoimmune diseases , fibrotic diseases , destructive 
pound used for the treatment or prevention is preferably a bone disorders , proliferative disorders , infectious diseases , 
compound of Formula I . neurodegenerative diseases , allergies , reperfusion / ischemia 
Methods for identifying a subject at risk for or having an 10 in stroke , heart attacks , angiogenic disorders , organ hypoxia , 

inflammatory condition are known to those skilled in the art . vascular hyperplasia , cardiac hypertrophy , thrombin - in 
Examples of inflammatory conditions that may be treated or duced platelet aggregation , and conditions associated with 
prevented by the methods described herein include p38 the cyclooxygenase and lipoxygenase signaling pathways , 
associated conditions , e . g . , conditions associated with such as prostaglandin endoperoxide synthase . A cytokine 
altered cytokine activity , conditions associated with modu - 15 associated condition can include any condition associated 
lation of a SAPK system , autoimmune diseases , and diseases with or mediated by IL - 1 ( particularly IL - 1B ) , TNFa , IL - 6 
associated with acute and chronic inflammation . The or IL - 8 , or any other cytokine which can be regulated by 
cytokine ( or cytokines ) is ( are ) preferably selected from the p38 . In preferred embodiments , the cytokine associated 
group consisting of , but not limited to , IL - 1 , IL - 6 , IL - 8 , and condition is a condition associated with TNFa . 
TNFa . In an embodiment , the compound used to treat or 20 The methods described herein may also be used to treat 
prevent the inflammatory condition is a compound that autoimmune diseases and diseases associated with acute and 
inhibits a kinase in the SAPK signaling pathway . Examples chronic inflammation . These diseases include , but are not 
of preferred compounds include a compound of Formula I . limited to : chronic obstructive pulmonary disease ( COPD ) , 

The term " p38 - associated condition ” means a disease or idiopathic pulmonary fibrosis ( IPF ) , rheumatoid arthritis ; 
other deleterious condition in which the p38 MAP kinase 25 rheumatoid spondylitis ; osteoarthritis ; gout , other arthritic 
signaling pathway is implicated , whether directly or indi - conditions ; sepsis ; septic shock ; endotoxic shock ; gram 
rectly . Examples of p38 - associated conditions include con - negative sepsis ; toxic shock syndrome ; ( myofacial ] myofas 
ditions caused by IL - 1B , TNFa , IL - 6 or IL - 8 dysregulation cial pain syndrome ( MPS ) ; Shigellosis ; asthma ; adult respi 
or overexpression resulting from sustained , prolonged , ratory distress syndrome ; inflammatory bowel disease ; 
enhanced or elevated levels of p38 activity . Such conditions 30 Crohn ' s disease ; psoriasis ; eczema ; ulcerative colitis ; glom 
include , without limitation , inflammatory diseases , autoim - erular nephritis ; scleroderma ; chronic thyroiditis ; Grave ' s 
mune diseases , fibrotic diseases , destructive bone disorders , disease ; Ormond ' s disease ; autoimmune gastritis ; myasthe 
proliferative disorders , infectious diseases , neurodegenera - nia gravis ; autoimmune hemolytic anemia ; autoimmune 
tive diseases , allergies , reperfusion ischemia in stroke , heart neutropenia ; thrombocytopenia ; pancreatic fibrosis ; chronic 
attacks , angiogenic disorders , organ hypoxia , vascular 35 active hepatitis including hepatic fibrosis ; acute renal dis 
hyperplasia , cardiac hypertrophy , thrombin - induced platelet e ase , chronic renal disease ; renal fibrosis , irritable bowel 
aggregation , and conditions associated with the prostaglan - syndrome ; pyresis ; restenosis ; cerebral malaria ; stroke 
din or cyclooxygenase pathways , e . g . , conditions involving injury , ischemic injury ; neural trauma ; Alzheimer ' s disease ; 
prostaglandin endoperoxide synthase . A p38 - associated con - Huntington ' s disease ; Parkinson ' s disease ; acute pain , 
dition can include any condition associated with or mediated 40 chronic pain ; allergies , including allergic rhinitis and aller 
by an isoform of p38 . gic conjunctivitis ; cardiac hypertrophy , chronic heart failure ; 

A “ fibrotic condition , ” “ fibroproliferative condition , ” acute coronary syndrome ; cachexia ; malaria ; leprosy ; leish 
“ fibrotic disease , ” “ fibroproliferative disease , ” “ fibrotic dis - maniasis ; Lyme disease ; Reiter ' s syndrome ; acute ( synovii 
order , ” and “ fibroproliferative disorder ” are used inter - tis ] synovitis ; muscle degeneration , bursitis ; tendonitis ; 
changeably to refer to a condition , disease or disorder that is 45 ( tenosynoviitis ] tenosynovitis ; herniated , ruptured , or pro 
characterized by dysregulated proliferation or activity of lapsed intervertebral disk syndrome ; osteopetrosis ; throm 
fibroblasts and / or pathologic or excessive accumulation of bosis ; silicosis ; pulmonary sarcosis ; bone resorption dis 
collagenous tissue . Typically , any such disease , disorder or eases , such as osteoporosis or multiple myeloma - related 
condition is amenable to treatment by administration of a bone disorders ; cancer , including but not limited to meta 
compound having anti - fibrotic activity . Fibrotic disorders 50 static breast carcinoma , colorectal carcinoma , malignant 
include , but are not limited to , pulmonary fibrosis , including melanoma , gastric cancer , and non - small cell lung cancer ; 
idiopathic pulmonary fibrosis ( IPF ) and pulmonary fibrosis graft - versus - host reaction ; and auto - immune diseases , such 
from a known etiology , liver fibrosis , and renal fibrosis . as Multiple Sclerosis , lupus and fibromyalgia ; AIDS and 
Other exemplary fibrotic conditions include musculoskeletal other viral diseases such as Herpes Zoster , Herpes Simplex 
fibrosis , cardiac fibrosis , post - surgical adhesions , sclero - 55 I or II , influenza virus , Severe Acute Respiratory Syndrome 
derma , glaucoma , and skin lesions such as keloids . ( SARS ) and cytomegalovirus ; and diabetes mellitus . In 

The term “ modulating SAPK system ” means increasing addition , the methods of the embodiments can be used to 
or decreasing activity of the stress - activated protein kinase treat proliferative disorders ( including both benign and 
system activity , e . g . , by inhibiting p38 activity , whether in malignant hyperplasias ) , including acute myelogenous leu 
vitro or in vivo . In certain embodiments , the SAPK system 60 kemia , chronic myelogenous leukemia , Kaposi ' s sarcoma , 
is modulated when p38 activity in a cell is inhibited by about metastatic melanoma , multiple myeloma , breast cancer , 
50 % , preferably by about 40 % , more preferably by about including metastatic breast carcinoma ; colorectal . carci 
30 % , even more preferably by about 20 % , or yet even more noma ; malignant melanoma ; gastric cancer , non - small cell 
preferably by about 10 % compared to the p38 activity of an lung cancer ( NSCLC ) ; bone metastases , and the like ; pain 
untreated control cell . 65 disorders including neuromuscular pain , headache , cancer 

A condition associated with altered cytokine activity , as pain , dental pain , and arthritis pain ; angiogenic disorders 
used herein , refers to a condition in which cytokine activity including solid tumor angiogenesis , ocular neovasculariza 
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tion , and infantile hemangioma ; conditions associated with More specifically , the maximum plasma concentrations 
the cyclooxygenase and lipoxygenase signaling pathways , ( Cmax ) can range from about 0 . 1 uM to about 200 uM . 
including conditions associated with prostaglandin endop Cmax can be about 0 . 5 uM to about 175 uM , about 65 uM 
eroxide synthase - 2 ( including edema , fever , analgesia , and to about 115 uM , or about 75 UM to about 105 uM , or about 
pain ) ; organ hypoxia ; thrombin - induced platelet aggrega - 5 85 uM to about 95 uM , or about 85 uM to about 90 UM 
tion . In addition , the methods described herein may be depending upon the route of administration . In some 
useful for the treatment of protozoal diseases in animals , embodiments , Cmax can be about 1 uM to about 50 UM , 
including mammals . about 1 uM to about 25 uM , about 1 uM to about 20 uM , 

A subject may include one or more cells or tissues , or about 1 uM to about 15 uM , about 1 uM to about 10 UM , 
organisms . A preferred subject is a mammal . A mammal can 10 about 1 uM to about 5 UM . Specific Cmax values can be 

about 1 uM , about 2 uM , about 3 uM , about 4 uM , about 5 include any mammal . As non - limiting examples , preferred uM , about 6 uM , about 7 uM , about 8 uM , about 9 uM , about mammals include cattle , pigs , sheep , goats , horses , camels , 10 UM , about 11 uM , about 12 uM , about 13 uM , about 14 buffalo , cats , dogs , rats , mice , and humans . A highly pre uM , about 15 uM , about 16 uM , about 17 uM , about 18 UM , 
ferred subject mammal is a human . The compound ( s ) can be 15 about 19 M . about 20 uM , about 21 uM . about 22 uM . 
administered to the subject via any drug delivery route . about 23 uM , about 24 uM , or about 25 uM . In general the 
Specific exemplary administration routes include oral , ocu dose will be in the range of about 100 mg / day to about 10 
lar , rectal , buccal , topical , nasal , ophthalmic , subcutaneous , g / day , or about 200 mg to about 5 g / day , or about 400 mg to 
intramuscular , intravenous ( bolus and infusion ) , intracere about 3 g / day , or about 500 mg to about 2 g / day , in single , 
bral , transdermal , and pulmonary . 20 divided , or continuous doses for a patient weighing between 

The terms “ therapeutically effective amount ” and “ pro - about 40 to about 100 kg ( which dose may be adjusted for 
phylactically effective amount , " as used herein , refer to an patients above or below this weight range , particularly 
amount of a compound sufficient to treat , ameliorate , or children under 40 kg ) . Generally the dose will be in the 
prevent the identified disease or condition , or to exhibit a range of about 1 mg / kg to about 100 mg / kg of body weight 
detectable therapeutic , prophylactic , or inhibitory effect . The 25 per day . 
effect can be detected by , for example , the assays disclosed The exact dosage will be determined by the practitioner , 
in the following examples . The precise effective amount for in light of factors related to the subject that requires treat 
a subject will depend upon the subject ' s body weight , size , ment . Dosage and administration are adjusted to provide 
and health ; the nature and extent of the condition ; and the sufficient levels of the active agent ( s ) or to maintain the 
therapeutic or combination of therapeutics selected for 30 desired effect . Factors which may be taken into account 
administration . Therapeutically and prophylactically effec - include the severity of the disease state , general health of the 
tive amounts for a given situation can be determined by subject , age , weight , and gender of the subject , diet , time and 
routine experimentation that is within the skill and judgment frequency of administration , drug combination ( s ) , reaction 
of the clinician . Preferably , the effective amount of the sensitivities , and tolerance / response to therapy . Long - acting 
compound of the embodiments produces a blood or serum or 35 pharmaceutical compositions may be administered every 3 
another bodily fluid concentration that is less than an IC20 , to 4 days , every week , or once every two weeks depending 
IC2 , or IC1 , for inhibition of p38 MAP kinase . Preferably , on half - life and clearance rate of the particular formulation . 
the effective amount of the compound of the embodiments It will be appreciated that treatment as described herein 
produces a blood or serum or another bodily fluid concen - includes preventing a disease , ameliorating symptoms , 
tration that is effective to alter TNFa secretion from whole 40 slowing disease progression , reversing damage , or curing a 
blood by 10 % , 15 % , 20 % , 30 % , 40 % or 50 % . disease . 

For any compound , the therapeutically or prophylactically In one aspect , treating an inflammatory condition results 
effective amount can be estimated initially either in cell in an increase in average survival time of a population of 
culture assays , e . g . , of neoplastic cells , or in animal models , treated subjects in comparison to a population of untreated 
usually rats , mice , rabbits , dogs , or pigs . The animal model 45 subjects . Preferably , the average survival time is increased 
may also be used to determine the appropriate concentration by more than about 30 days ; more preferably , by more than 
range and route of administration . Such information can about 60 days ; more preferably , by more than about 90 days ; 
then be used to determine useful doses and routes for and even more preferably by more than about 120 days . An 
administration in humans . increase in survival time of a population may be measured 

Therapeutic / prophylactic efficacy and toxicity may be 50 by any reproducible means . In a preferred aspect , an 
determined by standard pharmaceutical procedures in cell increase in average survival time of a population may be 
cultures or experimental animals , e . g . , ED50 ( the dose thera - measured , for example , by calculating for a population the 
peutically effective in 50 % of the population ) and LD 50 ( the average length of survival following initiation of treatment 
dose lethal to 50 % of the population ) . The dose ratio with an active compound . In an another preferred aspect , an 
between therapeutic and toxic effects is the therapeutic 55 increase in average survival time of a population may also 
index , and it can be expressed as the ratio , ED50 / LD50 . be measured , for example , by calculating for a population 
Pharmaceutical compositions that exhibit large therapeutic the average length of survival following completion of a first 
indices are preferred . However , pharmaceutical composi - round of treatment with an active compound . 
tions that exhibit narrow therapeutic indices are also within In another aspect , treating an inflammatory condition 
the scope of the invention . The data obtained from cell 60 results in a decrease in the mortality rate of a population of 
culture assays and animal studies may be used in formulat - treated subjects in comparison to a population of subjects 
ing a range of dosage for human use . The dosage contained receiving carrier alone . In another aspect , treating an inflam 
in such compositions is preferably within a range of circu - matory condition results in a decrease in the mortality rate 
lating concentrations that include an ED50 with little or no of a population of treated subjects in comparison to an 
toxicity . The dosage may vary within this range depending 65 untreated population . In a further aspect , treating an inflam 
upon the dosage form employed , sensitivity of the patient , matory condition results a decrease in the mortality rate of 
and the route of administration . a population of treated subjects in comparison to a popula 
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tion receiving monotherapy with a drug that is not a com - at least about 20 % ; more preferably , reduced by at least 
pound of the embodiments , or a pharmaceutically acceptable about 30 % ; more preferably , reduced by at least about 40 % ; 
salt , metabolite , analog or derivative thereof . Preferably , the more preferably , reduced by at least about 50 % ; even more 
mortality rate is decreased by more than about 2 % ; more preferably , reduced by at least about 60 % ; and most pref 
preferably , by more than about 5 % ; more preferably , by 5 erably , reduced by at least about 75 % . Size of an area or zone 
more than about 10 % ; and most preferably , by more than of cellular proliferation may be measured by any reproduc 
about 25 % . In a preferred aspect , a decrease in the mortality ible means of measurement . In a preferred aspect , size of an 
rate of a population of treated subjects may be measured by area or zone of cellular proliferation may be measured as a 
any reproducible means . In another preferred aspect , a diameter or width of an area or zone of cellular proliferation . 
decrease in the mortality rate of a population may be 10 The methods described herein may include identifying a 
measured , for example , by calculating for a population the subject in need of treatment . In a preferred embodiment , the 
average number of disease - related deaths per unit time methods include identifying a mammal in need of treatment . 
following initiation of treatment with an active compound . In a highly preferred embodiment , the methods include 
In another preferred aspect , a decrease in the mortality rate identifying a human in need of treatment . Identifying a 
of a population may also be measured , for example , by 15 subject in need of treatment may be accomplished by any 
calculating for a population the average number of disease means that indicates a subject who may benefit from treat 
related deaths per unit time following completion of a first ment . For example , identifying a subject in need of treat 
round of treatment with an active compound . ment may occur by clinical diagnosis , laboratory testing , or 

In another aspect , treating an inflammatory condition any other means known to one of skill in the art , including 
results in a decrease in growth rate of a tumor . Preferably , 20 any combination of means for identification . 
after treatment , tumor growth rate is reduced by at least As described elsewhere herein , the compounds described 
about 5 % relative to / number prior to treatment ; more pref - herein may be formulated in pharmaceutical compositions , 
erably , tumor growth rate is reduced by at least about 10 % ; if desired , and can be administered by any route that permits 
more preferably , reduced by at least about 20 % ; more treatment of the disease or condition . A preferred route of 
preferably , reduced by at least about 30 % ; more preferably , 25 administration is oral administration . Administration may 
reduced by at least about 40 % ; more preferably , reduced by take the form of single dose administration , or the compound 
at least about 50 % ; even more preferably , reduced by at least of the embodiments can be administered over a period of 
60 % ; and most preferably , reduced by at least about 75 % . time , either in divided doses or in a continuous - release 
Tumor growth rate may be measured by any reproducible formulation or administration method ( e . g . , a pump ) . How 
means of measurement . In a preferred aspect , tumor growth 30 ever the compounds of the embodiments are administered to 
rate is measured according to a change in tumor diameter per the subject , the amounts of compound administered and the 
unit time . route of administration chosen should be selected to permit 

In another aspect , treating an inflammatory condition efficacious treatment of the disease condition . 
results in a reduction in the rate of cellular proliferation . The methods of the embodiments also include the use of 
Preferably , after treatment , the rate of cellular proliferation 35 a compound or compounds as described herein together with 
is reduced by at least about 5 % ; more preferably , by at least one or more additional therapeutic agents for the treatment 
about 10 % ; more preferably , by at least about 20 % ; more of disease conditions . Thus , for example , the combination of 
preferably , by at least about 30 % ; more preferably , by at active ingredients may be : ( 1 ) co - formulated and adminis 
least about 40 % ; more preferably , by at least about 50 % ; tered or delivered simultaneously in a combined formula 
even more preferably , by at least about 60 % ; and most 40 tion ; ( 2 ) delivered by alternation or in parallel as separate 
preferably , by at least about 75 % . The rate of cellular formulations ; or ( 3 ) by any other combination therapy 
proliferation may be measured by any reproducible means of regimen known in the art . When delivered in alternation 
measurement . In a preferred aspect , the rate of cellular therapy , the methods described herein may comprise admin 
proliferation is measured , for example , by measuring the istering or delivering the active ingredients sequentially , 
number of dividing cells in a tissue sample per unit time . 45 e . g . , in separate solution , emulsion , suspension , tablets , pills 

In another aspect , treating an inflammatory condition or capsules , or by different injections in separate syringes . In 
results in a reduction in the proportion of proliferating cells . general , during alternation therapy , an effective dosage of 
Preferably , after treatment , the proportion of proliferating each active ingredient is administered sequentially , i . e . , 
cells is reduced by at least about 5 % ; more preferably , by at serially , whereas in simultaneous therapy , effective dosages 
least about 10 % ; more preferably , by at least about 20 % ; 50 of two or more active ingredients are administered together . 
more preferably , by at least about 30 % ; more preferably , by Various sequences of intermittent combination therapy may 
at least about 40 % ; more preferably , by at least about 50 % ; also be used . 
even more preferably , by at least about 60 % ; and most Diagnostic tests are contemplated as part of the methods 
preferably , by at least about 75 % . The proportion of prolif - described herein . For example , a tissue biopsy sample may 
erating cells may be measured by any reproducible means of 55 be taken from a subject suffering from an inflammatory 
measurement . In a preferred aspect , the proportion of pro - condition , e . g . , a p38 - associated or cytokine - associated con 
liferating cells is measured , for example , by quantifying the dition . The biopsy sample can be tested to determine the 
number of dividing cells relative to the number of nondi - level of p38 activity ( or cytokine levels ) present in the 
viding cells in a tissue sample . In another preferred aspect , sample ; the sample can then be contacted with a selected 
the proportion of proliferating cells is equivalent to the 60 compound of the invention , and the p38 activity ( or cytokine 
mitotic index . levels ) measured to determine whether the compound has a 

In another aspect , treating an inflammatory condition desired effect ( e . g . , inhibition of p38 or cytokine activity 
results in a decrease in size of an area or zone of cellular with an IC50 in the range of about [ about ] 0 . 1 uM to about 
proliferation . Preferably , after treatment , size of an area or 1000 UM , and preferably about 1 uM to about 800 UM , about 
zone of cellular proliferation is reduced by at least 5 % 65 1 uM to about 500 uM , about 1 uM to about 300 uM , about 
relative to its size prior to treatment ; more preferably , 1 uM to about 200 uM , or about 1 uM to about 100 uM for 
reduced by at least about 10 % ; more preferably , reduced by inhibition of p38 MAPK ) . Such a test may be used to 
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determine whether treatment with such a compound is likely Trifilieff et al . Brit J Pharmacol 144 : 1002 - 10 ( 2005 ) 
to be effective in that subject . Alternatively , the sample may reported that CGH2466 , a combined adenosine receptor 
be contacted with a labeled compound ( e . g . , a fluorescently - antagonist , p38 MAPK and phosphodiesterase type 4 inhibi 
labeled compound , or a radioactivity - labeled compound ) tor showed potent in vitro and in vivo anti - inflammatory 
and the sample then examined and the fluorescent or radio - 5 activities in diseases such as asthma and COPD . Underwood 
active signal detected to determine the distribution of p38 in et al . Am J Physiol Lung Cell Mol Physiol 279 : L895 - L902 
the tissue sample . Repeated biopsy samples taken during a ( 2000 ) demonstrated that the potent and selective p38 
course of treatment may also be used to study the efficacy of MAPK inhibitor , SB239063 , reduced proinflammatory 
the treatment . Other diagnostic tests using the compounds cytokine production , including IL - 1B , TNF - a , IL - 6 , and 
described herein will be apparent to one of ordinary skill in 10 IL - 8 , which have been linked to airway fibrosis because of 
the art in light of the teachings of this specification . their ability to regulate fibroblast proliferation and matrix 

Thus , for example , an embodiment provides methods for production that leads to diminished neutrophil trafficking 
determining the presence , location , or quantity , or any and activation in the lung . Earlier , the same compound was 
combination thereof of p38 protein in a cell or tissue sample . found capable of altering responses associated with chronic 
The methods include : a ) contacting the cell or tissue sample 15 fibrosis induced by bleomycin . This inhibitory activity was 
with a compound of the invention under conditions such that selective for the a and B isoforms of the p38 . The com 
the compound can bind to a p38 MAPK ; and b ) determining pounds and methods described herein are useful in the 
the presence , location , or quantity , or any combination treatment of COPD . 
thereof of the compound in the cell or tissue sample , thereby Pulmonary Fibrosis 
determining the presence , location , or quantity , or any 20 Pulmonary fibrosis also called idiopathic pulmonary 
combination thereof of the p38 MAPK in the cell or tissue fibrosis ( IPF ) , interstitial diffuse pulmonary fibrosis , inflam 
sample . Determining the presence , location , or quantity , or matory pulmonary fibrosis , or fibrosing alveolitis , is an 
any combination thereof of the compound in the cell or inflammatory lung disorder and a heterogeneous group of 
tissue sample may be conducted by any means that reveals conditions characterized by abnormal formation of fibrous 
the presence , location , or quantity , or any combination 25 tissue between alveoli caused by alveolitis comprising an 
thereof of the compound in the cell or tissue . For example , inflammatory cellular infiltration into the alveolar septae 
as described previously , radioactive or fluorescent labeling with resulting fibrosis . The effects of IPF are chronic , 
methods may be used . Additional methods of determining progressive , and often fatal . p38 MAPK activation has been 
the presence , location , or quantity , or any combination demonstrated in the lung of patients with pulmonary fibro 
thereof of the compound will be apparent to a skilled artisan . 30 sis . A number of investigations about pulmonary fibrosis 

Another embodiment provides methods for determining : have indicated that sustained and augmented expression of 
( 1 ) whether a compound will be a useful therapeutic agent some cytokines in the lung are relevant to recruitment of 
for treatment of a subject suffering from an inflammatory inflammatory cells and accumulation of extracellular matrix 
condition , or ( 2 ) the severity of disease or ( 3 ) the course of components followed by remodeling of the lung architec 
disease during treatment with a disease - modifying agent . 35 ture . In particular , pro - inflammatory cytokines such as 
The methods include : a ) obtaining a cell or tissue sample TNF - a and interleukin IL - 1B were demonstrated to play 
from the subject before , during and after termination of major roles in the formation of pneumonitis and pulmonary 
treatment with a compound as described herein or another fibrosis . In addition , profibrotic cytokines such as TGF - a 
disease - modifying agent ; b ) contacting the sample with the and CTGF also play critical roles in the pathogenesis of 
compound ; and c ) determining the amount of the compound 40 pulmonary fibrosis . Matsuoka et al . Am J Physiol Lung Cell 
that binds to the sample , wherein binding to p38 MAPK by Mol Physiol 283 : L103 - L112 ( 2002 ) have demonstrated that 
the compound is related to the amount of p38 MAPK in the a p38 inhibitor , FR - 167653 , ameliorates murine bleomycin 
sample . induced pulmonary fibrosis . Furthermore , pirfenidone , a 

compound with combined anti - inflammatory , antioxidant 
Specific Examples of Diseases Contemplated to be 45 and antifibrotic effects was found effective in experimental 
Treated by the Compounds and Methods Described models of pulmonary fibrosis as well as in clinical studies 

Herein ( see Raghu et al . Am J Respir Crit Care Med 159 : 1061 - 1069 
( 1999 ) ; Nagai et al . Intern Med 41 : 1118 - 1123 ( 2002 ) ; Gahl 

COPD et al . Mol Genet Metab 76 : 234 - 242 ( 2002 ) ; Azuma et al . Am 
Chronic obstructive pulmonary disease ( COPD ) is char - 50 J Respir Crit Care Med 165 : A729 ( 2002 ) ) . The compounds 

acterized by a chronic inflammatory process in the lung that and methods described herein are useful in the treatment of 
includes ( 1 ) increased number of inflammatory cells ( neu - pulmonary fibrosis , such as IPF . 
trophils , macrophages and SD8 + T cells ) in the airways and Renal Fibrosis 
parenchyma , ( 2 ) increased inflammatory cytokine and Irrespective of the nature of the initial insult , renal fibrosis 
chemokine expression , and ( 3 ) increased number of pro - 55 is considered to be the common final pathway by which 
teases ( elastases , cathepsins , and matrix metalloproteinases , kidney disease progresses to end - stage renal failure . Stambe 
MMPs ) . The production and action of many of potential et al . J Am Soc Nephrol 15 : 370 - 379 ( 2004 ) tested an 
mediators of airway inflammation are believed to be depen inhibitor of the active ( phosphorylated ) form of p38 , NPC 
dent on the stress - induced MAPK or p38 kinase cascade . 31169 , developed by Scios Inc . ( San Francisco , Calif . ) in a 
Several reports support the association pf p38 kinase acti - 60 rat model of renal fibrosis , and reported a significant reduc 
vation with as plethora of pulmonary events : LPS - and tion in renal fibrosis assessed by interstitial volume , collagen 
TNF - a - induced intercellular adhesion molecule - 1 expres - IV deposition , and connective tissue growth mRNA levels . 
sion on pulmonary microvascular endothelial cells , MMP - 9 The compounds and methods described herein are useful in 
activation , hypoxia - induced stimulation of pulmonary arte - the treatment of renal fibrosis . 
rial cells , hyperosmolarity - induced IL - 8 expression in bron - 65 Leiomyoma 
chial epithelial cells , and enhanced eosinophil trafficking Uterine leiomyomas or fibroids are the most common 
and survival . pelvic tumors in women with no known long - term effective 
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drug therapies available . Leiomyomas are characterized by p38 MAP kinase - associated inflammatory responses indi 
increased cell proliferation and tissue fibrosis . Pirfenidone cates that there is a need for effective methods for treating 
was tested on cell proliferation and collagen expression in these conditions . 
cultured myometrial and leiomyoma smooth muscle cells , Cardiovascular disease . Inflammation and leukocyte acti 
and was found to be an effective inhibitor of myometrial and 5 vation / infiltration play a major role in the initiation and 
leiomyoma cell proliferation ( Lee et al . J Clin Endocrinol progression of cardiovascular diseases including atheroscle 
Metab 83 : 219 - 223 ( 1998 ) ) . The compounds and methods rosis and heart failure . Acute p38 mitogen - activated protein 
described herein are useful in the treatment of leiomyomas . kinase ( MAPK ) pathway inhibition attenuates tissue damage 
Endomyocardial Fibrosis and leukocyte accumulation in myocardial ischemia / reper 

Endomyocardial fibrosis ( EMF ) is a disorder character aster 10 fusion injury . The compounds and methods described herein 
ized by the development of restrictive cardiomyopathy . are useful for treating cardiovascular disease . 

Multiple sclerosis . Inflammation in the central nervous EMF is sometimes considered part of a spectrum of a single system occurs in diseases such as multiple sclerosis and disease process that includes Löffler endocarditis ( nontropi leads to axon dysfunction and destruction . Both in vitro and cal eosinophilic endomyocardial fibrosis or fibroplastic pari sornbroplastic parl - 15 in vivo observations have shown an important role for nitric 
etal endocarditis with eosinophilia ) . In EMF , the underlying oxide ( NO ) in mediating inflammatory axonopathy . p38 
process produces patchy fibrosis of the endocardial surface MAP kinase is activated by NO exposure and inhibition of 
of the heart , leading to reduced compliance and , ultimately , p38 signalling was shown to lead to neuronal and axonal 
restrictive physiology as the endomyocardial surface survival effects . OCM and IGF - 1 reduced p38 activation in 
becomes more generally involved . Endocardial fibrosis prin - 20 NO - exposed cortical neurons and improved axon survival in 
cipally involves the inflow tracts of the right and left cultures exposed to NO , a process dependent on mitogen 
ventricles and may affect the atrioventricular valves , leading activated protein kinase / extracellular signal - related kinase 
to tricuspid and mitral regurgitation . MAPK activation was signalling . The compounds and methods described herein 
shown to contribute to arrhythmogenic atrial structural are useful for treating multiple sclerosis . 
remodeling in EMF . The compounds and methods described 25 Primary graft nonfunction . Nonspecific inflammation is 
herein are useful in the treatment and / or prevention of associated with primary graft nonfunction ( PNF ) . Inflam 
endomyocardial fibrosis . matory islet damage is mediated at least partially by pro 
Other Inflammatory Diseases inflammatory cytokines , such as interleukin - 1ß ( IL - 1B ) and 
Many autoimmune diseases and diseases associated with tumor necrosis factor - a ( TNF - a ) produced by resident islet 

chronic inflammation , as well as acute responses , have been 30 macrophages . The p38 pathway is known to be involved in 
linked to activation of p38 MAP kinase and overexpression cytokine production in the cells of the monocyte - macro 
or dysregulation of inflammatory cytokines . These diseases phage lineage . Inhibition of the p38 pathway by a chemical 
include , but are not limited to : rheumatoid arthritis , rheu p38 inhibitor , SB203580 , suppresses IL - 1B and TNF - a 
matoid spondylitis ; osteoarthritis ; gout , other arthritic con production in human islets exposed to lipopolysaccharide 
ditions ; sepsis ; septic shock ; endotoxic shock ; gram - nega - 35 ( LPS ) and / or inflammatory cytokines . Although IL - 1B is 
tive sepsis ; toxic shock syndrome ; asthma ; adult respiratory predominantly produced by resident macrophages , ductal 
distress syndrome ; chronic obstructive pulmonary disease ; cells and islet vascular endothelial cells were found to be 
chronic pulmonary inflammation ; inflammatory bowel dis - another cellular source of IL - 1ß in isolated human islets . 
ease ; Crohn ' s disease ; psoriasis ; eczema ; ulcerative colitis ; SB203580 also inhibited the expression of inducible nitric 
pancreatic fibrosis ; hepatic fibrosis ; acute and chronic renal 40 oxide synthase ( NOS ) and cyclooxygenase - 2 ( COX - 2 ) in 
disease ; irritable bowel syndrome ; pyresis ; restenosis ; cere - the treated islets . Furthermore , human islets treated with 
bral malaria ; stroke and ischemic injury ; neural trauma ; SB203580 for 1 h prior to transplantation showed signifi 
Alzheimer ' s disease ; Huntington ' s disease ; Parkinson ' s dis - cantly improved graft function . The compounds and meth 
ease ; acute and chronic pain ; allergic rhinitis ; allergic con ods described herein are useful for improving graft survival 
junctivitis ; chronic heart failure ; acute coronary syndrome ; 45 in clinical islet transplantation . 
cachexia ; malaria ; leprosy ; leishmaniasis ; Lyme disease ; Acute renal injury . Cisplatin is an important chemothera 
Reiter ' s syndrome ; acute [ synoviitis ] synovitis ; muscle peutic agent but can cause acute renal injury . Part of this 
degeneration , bursitis ; tendonitis ; tenosynovitis ; herniated , acute renal injury is mediated through tumor necrosis fac 
ruptures , or prolapsed intervertebral disk syndrome ; osteo - tor - a ( TNF - a ) . Cisplatin activates p38 MAPK and induces 
petrosis ; thrombosis ; cancer ; restenosis ; silicosis ; pulmo - 50 apoptosis in cancer cells . p38 MAPK activation leads to 
nary sarcosis ; bone resorption diseases , such as osteoporo increased production of TNF - a in ischemic injury and in 
sis ; graft - versus - host reaction ; and auto - immune diseases , macrophages . In vitro , cisplatin caused a dose dependent 
such as Multiple Sclerosis , lupus and fibromyalgia ; AIDS activation of p38 MAPK in proximal tubule cells . Inhibition 
and other viral diseases such as Herpes Zoster , Herpes of p38 MAPK activation led to inhibition of TNF - a pro 
Simplex I or II , influenza virus and cytomegalovirus ; and 55 duction . In vivo , mice treated with a single dose of cisplatin 
diabetes mellitus . developed severe renal dysfunction , which was accompa 
Many studies have shown that reducing the activity of p38 nied by an increase in kidney p38 MAPK activity and an 

MAP kinase , its upstream activators or its downstream increase in infiltrating leukocytes . However , animals treated 
effectors , either through genetic or chemical means , blunts with the p38 MAPK inhibitor SKF86002 along with cispla 
the inflammatory response and prevents or minimizes tissue 60 tin showed less renal dysfunction , less severe histologic 
damage ( see , e . g . , English , et al . Trends Pharmacol Sci damage and fewer leukocytes compared with cisplatin + 
23 : 40 - 45 ( 2002 ) ; and Dong et al . Annu Rev Immunol vehicle treated animals . The compounds and methods 
20 : 55 - 72 ( 2002 ) ) . Thus , inhibitors of p38 activity , which described herein are useful for preventing acute renal injury . 
also inhibit excess or unregulated cytokine production and Periodontitis . The proinflammatory mediator bradykinin 
may inhibit more than a single pro - inflammatory cytokine , 65 ( BK ) stimulates interleukin - 8 ( IL - 8 ) production in human 
may be useful as anti - inflammatory agents and therapeutics . gingival fibroblasts in vitro and plays an important role in 
Furthermore , the large number of diseases associated with the pathogenesis of various inflammatory diseases including 
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periodontitis . The specific p38 mitogen - activated protein Suitable excipients may be carrier molecules that include 
kinase ( MAPK ) inhibitor SB 203580 reduced IL - 8 produc large , slowly metabolized macromolecules such as proteins , 
tion stimulated by the combination of BK and IL - 1ß as well polysaccharides , polylactic acids , polyglycolic acids , poly 
as the IL - 1B - stimulated IL - 8 production . The compounds meric amino acids , amino acid copolymers , and inactive 
and methods described herein are useful for treating or 5 virus particles . Other exemplary excipients include antioxi 
preventing periodontitis . dants ( e . g . , ascorbic acid ) , chelating agents ( e . g . , EDTA ) , 
Pharmaceutical Compositions carbohydrates ( e . g . , dextrin , hydroxyalkylcellulose , and / or 

While it is possible for the compounds described herein to hydroxyalkylmethylcellulose ) , stearic acid , liquids ( e . g . , 
be administered alone , it may be preferable to formulate the oils , water , saline , glycerol and / or ethanol ) wetting or emul 
compounds as pharmaceutical compositions . As such , in yet 10 sifying agents , pH buffering substances , and the like . Lipo 
another aspect , pharmaceutical compositions useful in the somes are also included within the definition of pharmaceu 
methods of the invention are provided . More particularly , tically acceptable excipients . 
the pharmaceutical compositions described herein may be The pharmaceutical compositions described herein may 
useful , inter alia , for treating or preventing inflammatory be formulated in any form suitable for an intended method 
conditions , e . g . , conditions associated with p38 activity or 15 of administration . When intended for oral use for example , 
cytokine activity or any combination thereof . A pharmaceu tablets , troches , lozenges , aqueous or oil suspensions , non 
tical composition is any composition that may be adminis - aqueous solutions , dispersible powders or granules ( includ 
tered in vitro or in vivo or both to a subject in order to treat i ng micronized particles or nanoparticles ) , emulsions , hard 
or ameliorate a condition . In a preferred embodiment , a or soft capsules , syrups or elixirs may be prepared . Com 
pharmaceutical composition may be administered in vivo . A 20 positions intended for oral use may be prepared according to 
subject may include one or more cells or tissues , or organ - any method known to the art for the manufacture of phar 
isms . A preferred subject is a mammal . A mammal includes maceutical compositions , and such compositions may con 
any mammal , such as by way of non - limiting example , tain one or more agents including sweetening agents , fla 
cattle , pigs , sheep , goats , horses , camels , buffalo , cats , dogs , voring agents , coloring agents and preserving agents , in 
rats , mice , and humans . A highly preferred subject mammal 25 order to provide a palatable preparation . 
is a human . Pharmaceutically acceptable excipients particularly suit 

In an embodiment , the pharmaceutical compositions may able for use in conjunction with tablets include , for example , 
be formulated with pharmaceutically acceptable excipients inert diluents , such as celluloses , calcium or sodium car 
such as carriers , solvents , stabilizers , adjuvants , diluents , bonate , lactose , calcium or sodium phosphate ; disintegrating 
etc . , depending upon the particular mode of administration 30 agents , such as cross - linked povidone , maize starch , or 
and dosage form . The pharmaceutical compositions should alginic acid ; binding agents , such as povidone , starch , gela 
generally be formulated to achieve a physiologically com - tin or acacia ; and lubricating agents , such as magnesium 
patible pH , and may range from a pH of about 3 to a pH of stearate , stearic acid or talc . 
about 11 , preferably about pH 3 to about pH 7 , depending on Tablets may be uncoated or may be coated by known 
the formulation and route of administration . In alternative 35 techniques including microencapsulation to delay disinte 
embodiments , it may be preferred that the pH is adjusted to gration and adsorption in the gastrointestinal tract and 
a range from about pH 5 . 0 to about pH 8 . More particularly , thereby provide a sustained action over a longer period . For 
the pharmaceutical compositions may comprise a therapeu - example , a time delay material such as glyceryl monoste 
tically or prophylactically effective amount of at least one arate or glyceryl distearate alone or with a wax may be 
compound as described herein , together with one or more 40 employed . 
pharmaceutically acceptable excipients . Optionally , the Formulations for oral use may be also presented as hard 
pharmaceutical compositions may comprise a combination gelatin capsules wherein the active ingredient is mixed with 
of the compounds described herein , or may include a second an inert solid diluent , for example celluloses , lactose , cal 
active ingredient useful in the treatment or prevention of cium phosphate or kaolin , or as soft gelatin capsules wherein 
bacterial infection ( e . g . , anti - bacterial or anti - microbial 45 the active ingredient is mixed with non - aqueous or oil 
agents ) . medium , such as glycerin , propylene glycol , polyethylene 

Formulations , e . g . , for parenteral or oral administration , glycol , peanut oil , liquid paraffin or olive oil . 
are most typically solids , liquid solutions , emulsions or In another embodiment , pharmaceutical compositions 
suspensions , while inhalable formulations for pulmonary may be formulated as suspensions comprising a compound 
administration are generally liquids or powders , with pow - 50 of the embodiments in admixture with at least one pharma 
der formulations being generally preferred . A preferred ceutically acceptable excipient suitable for the manufacture 
pharmaceutical composition may also be formulated as a of a suspension . 
lyophilized solid that is reconstituted with a physiologically In yet another embodiment , pharmaceutical compositions 
compatible solvent prior to administration . Alternative phar - may be formulated as dispersible powders and granules 
maceutical compositions may be formulated as syrups , 55 suitable for preparation of a suspension by the addition of 
creams , ointments , tablets , and the like . suitable excipients . 

The term “ pharmaceutically acceptable excipient ” refers Excipients suitable for use in connection with suspensions 
to an excipient for administration of a pharmaceutical agent , include suspending agents ( e . g . , sodium carboxymethylcel 
such as the compounds described herein . The term refers to lulose , methylcellulose , hydroxypropyl methylcellulose , 
any pharmaceutical excipient that may be administered 60 sodium alginate , polyvinylpyrrolidone , gum tragacanth , 
without undue toxicity . gum acacia ) ; dispersing or wetting agents ( e . g . , a naturally 

Pharmaceutically acceptable excipients are determined in occurring phosphatide ( e . g . , lecithin ) , a condensation prod 
part by the particular composition being administered , as uct of an alkylene oxide with a fatty acid ( e . g . , polyoxyeth 
well as by the particular method used to administer the ylene stearate ) , a condensation product of ethylene oxide 
composition . Accordingly , there exists a wide variety of 65 with a long chain aliphatic alcohol ( e . g . , heptadecaethylene 
suitable formulations of pharmaceutical compositions ( see , oxycethanol ) , a condensation product of ethylene oxide with 
e . g . , Remington ' s Pharmaceutical Sciences ) . a partial ester derived from a fatty acid and a hexitol 
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anhydride ( e . g . , polyoxyethylene sorbitan monooleate ) ) ; and pounds . Lipid - based formulations can generally enhance the 
thickening agents ( e . g . , carbomer , beeswax , hard paraffin or oral bioavailability of such compounds . 
cetyl alcohol ) . The suspensions may also contain one or As such , a preferred pharmaceutical composition com 
more preservatives ( e . g . , acetic acid , methyl or n - propyl prises a therapeutically or prophylactically effective amount 
p - hydroxy - benzoate ) ; one or more coloring agents ; one or 5 of a compound described herein , together with at least one 
more flavoring agents ; and one or more sweetening agents pharmaceutically acceptable excipient selected from the 
such as sucrose or saccharin . group consisting of medium chain fatty acids and propylene 

The pharmaceutical compositions may also be in the form glycol esters thereof ( e . g . , propylene glycol esters of edible 
of oil - in water emulsions . The oily phase may be a vegetable fatty acids , such as caprylic and capric fatty acids ) and 
oil , such as olive oil or arachis oil , a mineral oil , such as pharmaceutically acceptable surfactants , such as polyoxyl 
liquid paraffin , or a mixture of these . Suitable emulsifying 40 hydrogenated castor oil . 
agents include naturally - occurring gums , such as gum acacia In an alternative preferred embodiment , cyclodextrins 
and gum tragacanth ; naturally occurring phosphatides , such may be added as aqueous solubility enhancers . Preferred 
as soybean lecithin , esters or partial esters derived from fatty cyclodextrins include hydroxypropyl , hydroxyethyl , gluco 
acids ; hexitol anhydrides , such as sorbitan monooleate ; and syl , maltosyl and maltotriosyl derivatives of a - , B - , and 
condensation products of these partial esters with ethylene y - cyclodextrin . A particularly preferred cyclodextrin solu 
oxide , such as polyoxyethylene sorbitan monooleate . The bility enhancer is hydroxypropyl - o - cyclodextrin ( BPBC ) , 
emulsion may also contain sweetening and flavoring agents . which may be added to any of the above - described compo 
Syrups and elixirs may be formulated with sweetening 20 sitions to further improve the aqueous solubility character 
agents , such as glycerol , sorbitol or sucrose . Such formula istics of the compounds of the embodiments . In one embodi 
tions may also contain a demulcent , a preservative , a fla - ment , the composition comprises about 0 . 1 % to about 20 % 
voring or a coloring agent . hydroxypropyl - o - cyclodextrin , more preferably about 1 % to 

Additionally , the pharmaceutical compositions may be in about 15 % hydroxypropyl - o - cyclodextrin , and even more 
the form of a sterile injectable preparation , such as a sterile 25 preferably from about 2 . 5 % to about 10 % hydroxypropyl 
injectable aqueous emulsion or oleaginous suspension . This O - cyclodextrin . The amount of solubility enhancer employed 
emulsion or suspension may be formulated by a person of will depend on the amount of the compound of the invention 
ordinary skill in the art using those suitable dispersing or in the composition 
wetting agents and suspending agents , including those men A pharmaceutical composition contains a total amount of 
tioned above . The sterile injectable preparation may also be 30 + 1 the active ingredient ( s ) sufficient to achieve an intended a sterile injectable solution or suspension in a non - toxic therapeutic effect . More specifically , in some embodiments , parenterally acceptable diluent or solvent , such as a solution the pharmaceutical composition contains a therapeutically in 1 , 2 - propane - diol . effective amount ( e . g . , an amount of an SAPK - modulating The sterile injectable preparation may also be prepared as 
a lyophilized powder . Among the acceptable vehicles and 35 comp 5 compound that is effective in the prevention or treatment of 
solvents that may be employed are water , Ringer ' s solution , the symptoms of an inflammatory disease or condition , 
and isotonic sodium chloride solution . In addition , sterile wherein the compound exhibits an IC50 in the range of about 
fixed oils may be employed as a solvent or suspending 0 . 1 uM to about 1000 uM , and preferably about 1 uM to 
medium . For this purpose any bland fixed oil may be about 800 uM , about 1 uM to about 500 uM , about 1 uM to 
employed including synthetic mono - or diglycerides . In 40 about 300 uM , about 1 uM to about 200 uM , or about 1 uM 
addition , fatty acids ( e . g . , oleic acid ) may likewise be used to about 100 uM for inhibition of p38 MAPK ) . The total 
in the preparation of injectables . amounts of the compound that may be combined with the 

To obtain a stable water - soluble dose form of a pharma - carrier materials to produce a unitary dosing form will vary 
ceutical composition , a pharmaceutically acceptable salt of depending upon the host treated and the particular mode of 
a compound described herein may be dissolved in an aque - 45 administration . Preferably , the compositions are formulated 
ous solution of an organic or inorganic acid , such as 0 . 3 M so that a dose of between 0 . 01 to 100 mg / kg body weight / 
solution of succinic acid , or more preferably , citric acid . If day of an SAPK - modulating compound is administered to a 
a soluble salt form is not available , the compound may be patient receiving the compositions . 
dissolved in a suitable co - solvent or combination of co 
solvents . Examples of suitable co - solvents include alcohol , 50 EXAMPLES 
propylene glycol , polyethylene glycol 300 , polysorbate 80 , 
glycerin and the like in concentrations ranging from about 0 Synthesis of Compounds of Formula ( 1 ) 
to about 60 % of the total volume . In one embodiment , the 
active compound is dissolved in DMSO and diluted with The following examples show the synthesis of specific 
water . 55 compounds of Formula I , as depicted in Table 1 , above . 

The pharmaceutical composition may also be in the form Synthesis of Compound 1 : Following general procedure 
of a solution of a salt form of the active ingredient in an A , compound 1 was prepared in 50 % yield as an oil . 
appropriate aqueous vehicle , such as water or isotonic saline MS - ESI : m / z = 200 . 3 [ M + 11 + 
or dextrose solution . Also contemplated are compounds Synthesis of Compound 2 : Following general procedure 
which have been modified by substitutions or additions of 60 A , compound 2 was prepared in 73 % yield as an oil . 
chemical or biochemical moieties which make them more MS - ESI : m / z = 200 . 3 [ M + 1 ] * 
suitable for delivery ( e . g . , increase solubility , bioactivity , Synthesis of Compound 3 : Following general procedure 
palatability , decrease adverse reactions , etc . ) , for example by A , compound 3 was prepared in 78 % yield as an oil . 
esterification , glycosylation , PEGylation , etc . MS - ESI : m / z = 200 . 3 [ M + 1 ] * 

In a preferred embodiment , the compounds described 65 Synthesis of Compound 4 : Following general procedure 
herein may be formulated for oral administration in a A , compound 4 was prepared in 46 % yield as an oil . 
lipid - based formulation suitable for low solubility com - MS - ESI : m / z = 214 . 3 [ M + 1 ] " 
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Synthesis of Compound 5 : Following general procedure Synthesis of Compound 27 : Following general procedure 

A , compound 5 was prepared in 52 % yield as a yellowish A , compound 27 was prepared in 73 . 5 % yield as a white 
oil . MS - ESI : m / z = 214 . 3 [ M + 1 ] * solid . MS - ESI : m / z = 292 . 2 [ M + 1 ] * 

Synthesis of Compound 6 : Following general procedure Synthesis of Compound 28 : Following general procedure 
A , compound 6 was prepared in 86 % yield as a solid . 5 A , compound 28 was prepared in 4 . 5 % yield as a white solid . 
MS - ESI : m / z = 214 . 3 [ M + 1 ] * MS - ESI : m / z = 230 . 1 [ M + 1 ] * 

Synthesis of Compound 7 : Following general procedure Synthesis of Compound 29 : Following general procedure 
A , compound 7 was prepared in 50 % yield as a white solid . A , compound 29 was prepared in 25 % yield as an oil . 
MS - ESI : m / z = 242 . 2 [ M + 1 ] + MS - ESI : m / z = 230 . 1 [ M + 1 ] + 

Synthesis of Compound 8 : Following general procedure 10 Synthesis of Compound 30 : Following general procedure 
A , compound 30 was prepared in 25 % yield as an oil . A , compound 8 was prepared in 52 % yield as an oil . MS - ESI : m / z = 230 . 2 [ M + 1 ] + MS - ESI : m / z = 212 . 2 [ M + 1 ] * Synthesis of Compound 31 : Following general procedure Synthesis of Compound 9 : Following general procedure A , compound 31 was prepared in 52 % yield as a white solid . 

A , compound 9 was prepared in 79 % yield as an oil . 15 . MS - ESI : m / z = 2601 IM + 11 + 
MS - ESI : m / z = 212 . 3 [ M + 1 ] * Synthesis of Compound 32 : Following general procedure 

Synthesis of Compound 10 : Following general procedure A , compound 32 was prepared in 23 . 8 % yield as a solid , 
A , compound 10 was prepared in 48 % yield as a white solid . using triethylamine as a base , instead of pyridine . MS - ESI : 
MS - ESI : m / z = 212 . 3 [ M + 1 ] + m / z = 241 . 2 [ M + 1 ] * 

Synthesis of Compound 11 : Following general procedure 20 Synthesis of Compound 33 : Following general procedure 
A , compound 11 was prepared in 73 % yield as an oil . A , compound 33 was prepared in 81 % yield as a white solid . 
MS - ESI : m / z = 229 . 2 [ M + 11 + MS - ESI : m / z = 211 . 2 [ M + 1 ] * 

Synthesis of Compound 12 : Following general procedure Synthesis of Compound 34 : Following general procedure 
A , compound 12 was prepared in 81 % yield as a white solid . A , compound 34 was prepared in 80 % yield as a reddish 
MS - ESI : m / z = 229 . 2 [ M + 11 + 25 solid , after crystallization . MS - ESI : m / z = 244 . 4 FM + 11 + 

Synthesis of Compound 13 : Following general procedure Synthesis of Compound 35 : Following general procedure 
A , compound 13 was prepared in 5 . 5 % yield as a white solid . A , compound 35 was prepared in 82 % yield as a yellowish 
MS - ESI : m / z = 262 . 3 [ M + 1 ] + solid . MS - ESI : m / z = 230 . 4 M + 11 + 

Synthesis of Compound 14 : Following general procedure Synthesis of Compound 36 : Following general procedure 
A , compound 14 was prepared in 35 % yield as a white solid . 30 A , compound 36 was prepared in 71 % yield as a solid . 
MS - ESI : m / z = 262 . 3 [ M + 1 ] * MS - ESI : m / z = 244 . 2 [ M + 1 ] * 

Synthesis of Compound 15 : Following general procedure Synthesis of Compound 37 : Following general procedure 
A , compound 15 was prepared in 49 % yield as a white solid . A , compound 37 was prepared in 72 % yield as a white solid . 
MS - ESI : m / z = 262 . 3 [ M + 1 ] + MS - ESI : m / z = 228 . 0 [ M + 1 ] 

Synthesis of Compound 16 : Following general procedure 35 Synthesis of Compound 38 : Following general procedure 
A , compound 16 was prepared in 75 % yield as a solid . A , compound 38 was prepared in 75 % yield as a white solid . 
MS - ESI : m / z = 268 . 3 [ M + 1 ] + MS - ESI : m / z = 227 . 9 [ M + 1 ] + 

Synthesis of Compound 17 : Following general procedure Synthesis of Compound 39 : Following general procedure 
A , compound 17 was prepared in 40 % yield as a yellowish A , compound 39 was prepared in 38 % yield as a white solid . 
solid . MS - ESI : m / z = 232 . 2 [ M + 11 + 40 MS - ESI : m / z = 242 . 9 [ M + 1 ] * 

Synthesis of Compound 18 : Following general procedure Synthesis of Compound 40 : Following general procedure 
A , compound 18 was prepared in 79 % yield as an oil . A , compound 40 was prepared in 81 % yield as a white solid . 
MS - ESI : m / z = 232 . 2 [ M + 1 ] * MS - ESI : m / z = 188 . 0 [ M + 1 ] * 

Synthesis of Compound 19 : Following general procedure Synthesis of Compound 41 : Following general procedure 
A , compound 19 was prepared in 85 % yield as a white solid . 45 A , compound 41 was prepared in 85 % yield as a white solid . 
MS - ESI : m / z = 232 . 2 [ M + 1 ] MS - ESI : m / z = 308 . 2 [ M + 1 ] * 

Synthesis of Compound 20 : Following general procedure Synthesis of Compound 42 : Following general procedure 
A , compound 20 was prepared in 8 % yield as an oil . A , compound 42 was prepared in 91 % yield as a white solid . 
MS - ESI : m / z = 254 . 1 [ M + 1 ] * MS - ESI : m / z = 308 . 2 [ M + 11 + 

Synthesis of Compound 21 : Following general procedure 50 Synthesis of Compound 43 : Following general procedure 
A , compound 21 was prepared in 62 % yield as a white solid . A , compound 43 was prepared in 70 % yield as a solid . 
MS - ESI : m / z = 254 . 2 [ M + 11 + MS - ESI : m / z = 286 . 1 [ M + 1 ] + 

Synthesis of Compound 22 : Following general procedure Synthesis of Compound 44 : Following general procedure 
A , compound 22 was prepared in 57 % yield as a white solid . A , compound 44 was prepared in 23 . 8 % yield as a white 
MS - ESI : m / z = 254 . 3 [ M + 1 ] + 55 solid . MS - ESI : m / z = 241 . 2 [ M + 1 ] + 

Synthesis of Compound 23 : Following general procedure Synthesis of Compound 45 : Following general procedure 
A , compound 23 was prepared in 30 % yield as a white solid . A , compound 45 was prepared in 80 % yield as a solid . 
MS - ESI : m / z = 278 . 3 [ M + 1 ] + MS - ESI : m / z = 197 . 3 [ M + 1 ] * 

Synthesis of Compound 24 : Following general procedure Synthesis of Compound 46 : 
A , compound 24 was prepared in 93 % yield as a white solid . 60 
MS - ESI : m / z = 278 . 3 [ M + 1 ] + 

Synthesis of Compound 25 : Following general procedure NC . 
A , compound 25 was prepared in 17 % yield as a yellowish 
solid . MS - ESI : m / z = 292 . 2 [ M + 1 ] * DMF , 60° C . 

Synthesis of Compound 26 : Following general procedure 65 
A , compound 26 was prepared in 50 % yield as an oil . 
MS - ESI : m / z = 292 . 2 [ M + 1 ] + 

EtsNa 
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Synthesis of Compound 56 : Following general procedure 
D , compound 56 was prepared in 60 % yield as a solid . 
MS - ESI : m / z = 254 . 3 [ M + 1 ] * 

Synthesis of Compound 57 : 

OH 

NC 
OH 

Cu ( OAc ) 2 , Py 
DCM OH 

NC . BI 
10 

Ph - ?? 
Pd ( OAC ) 2 , PCy3 , K2CO3 

Toluene , 100° C . 

OH Min ?? Ph 

OH 

A solution of 1 ( 134 mg , 1 mmol ) , EtSNa ( 168 mg , 2 mmol ) Cu ( OAC ) 2 , Py 
DCM in DMF ( 5 ml ) was heated to 60° C . for 4 h . To the reaction 20 

mixture was added HCl ( aq . ) until pH was about 6 . The 
mixture was evaporated in vacuo to give 2 . ( 110 mg , 92 % ) . Ph Pyridine ( 140 mg , 1 . 8 mmol ) was slowly added to a mixture 
of 2 ( 110 mg , 0 . 9 mmol ) , phenylboronic acid ( 220 mg , 1 . 8 
mmol ) and Cu ( OAc ) , ( 18 mg ) in DCM ( 5 mL ) . After the 25 
suspension was stirred overnight at room temperature , it was 
monitored by TLC . When no starting material was detected , 
the mixture was washed with saturated NaHCO3 . The 
organic layer was dried over sodium sulfate , evaporated in 
vacuo to afford the crude product , which was purified by 30 
preparative TLC to give compound 46 ( 50 mg , 25 % yield ) 
as a white solid . MS - ESI : m / z = 197 . 3 ( M + 1 ] * 

Synthesis of Compound 47 : Following general procedure Following general procedure E , compound 57 was synthe 
A , compound 47 was prepared in 65 % yield as a white solid . sized ( yield of first step 51 % ; yield of second step 17 % ) . 
MS - ESI : m / z = 251 . 2 [ M + 1 ] " , 253 . 2 [ M + 3 ] * 35 MS - ESI : m / z = 274 . 3 [ M + 1 ] + 

Synthesis of Compound 48 : Following general procedure Synthesis of Compound 58 : Following general procedure 
A , compound 48 was prepared in 23 % yield as a solid . E , compound 58 was prepared in 61 % yield as a solid . 
MS - ESI : m / z = 189 . 2 [ M + 1 ] * MS - ESI : m / z = 254 . 3 [ M + 1 ] * 

Synthesis of Compound 49 : Following general procedure Synthesis of Compound 59 : 
A , compound 49 was prepared in 1 % yield as a solid . 40 
MS - ESI : m / z = 189 . 2 [ M + 11 + 

Synthesis of Compound 50 : Following general procedure 
A , compound 50 was prepared in 2 % yield as a white solid . t - BuOH , t - BuOK 
MS - ESI : m / z = 203 . 2 [ M + 11 + reflux Synthesis of Compound 51 : Following general procedure 45 Br 
B , compound 51 was prepared in 34 % yield as a white solid . 1 
MS - ESI : m / z = 241 . 2 [ M + 1 ] + 

Synthesis of Compound 52 : Following general procedure Cu ( OAC ) 2 , Py 
B , compound 52 was prepared in 22 % yield as a white solid . DCM , O2 
MS - ESI : m / z = 241 . 2 [ M + 11 + 50 

Synthesis of Compound 53 : A mixture of 3 - Bromo - 1H 
pyridin - 2 - one ( 150 mg , 0 . 6 mmol ) ) , thienyl boromic acid 
( 160 mg , 1 . 25 mmol ) ) , Pd ( PPhz ) 2C12 ( 30 mg , 0 . 07 mmol ) 
and Na2CO3 ( 200 mg , 1 . 88 mmol ) in toluene ( 20 mL ) and 
water ( 5 mL ) was heated at 60° C . overnight under nitrogen 55 
atmosphere . Then , water ( 20 mL ) was added and the aque 
ous layer was extracted with CH C12 ( 30 mLx2 ) . The 
organics were washed by water and brine , dried over 
Na2SO4 , and concentrated in vacuo . The residue was puri 
fied by prep - TLC to give compound 52 ( 85 mg , 56 % yields ) 60 
as a yellowish solid . MS - ESI : m / z = 254 . 3 [ M + 1 ] * 

Synthesis of Compound 54 : Following general procedure 
A , compound 54 was prepared in 78 % yield as a white solid . 
MS - ESI : m / z = 278 . 1 [ M + 1 ] * A mixture of 2 , 6 - dibromopyridine ( 1 ) ( 4 g , 17 mmol ) , 

Synthesis of Compound 55 : Following general procedure 65 potassium t - butoxide ( 20 g , 0 . 27 mol ) , and redistilled t - butyl 
D , compound 55 was prepared in 65 % yield as a solid alcohol ( 100 mL ) was refluxed overnight . After cooling , the 
MS - ESI : m / z = 274 . 3 [ M + 1 ] + solvent was removed in vacuo , ice / water was carefully 

Br 

2 

Br 
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added , and the aqueous layer was extracted with chloroform 8 . 3 g of 5 . Following general procedure A , compound 61 
( 100 mLx2 ) , which removed the unreacted staring material . was prepared in 52 % yield as a white solid . MS - ESI : 
The aqueous layer was acidified with 3 N HCl , extracted m / z = 284 . 0 [ M + 1 ] * 
with chloroform ( 100 mLx2 ) , washed with brine , dried over Synthesis of Compound 62 : Following general procedure 
anhydrous Na2SO4 and concentrated affording pure 5 outli outlined for compound 61 , compound 62 was prepared in 
6 - bromo - 2 - pyridone ( 2 . 5 g , 85 % yields ) as a white solid . 80 % yield as a solid . MS - ESI : m / z = 283 . 0 [ M + 1 ] * The preparation of 3 followed the general procedure A , in a 
73 % yield . 3 was then subjected to the conditions of general Synthesis of Compound 63 : Following general procedure 
procedure A to prepare compound 59 in 35 % yield as a outlined for compound 61 , compound 63 was prepared in 
yellowish oil . MS - ESI : m / z = 274 . 3 [ M + 11 + 10 78 % yield as a white solid . MS - ESI : m / z = 307 . 9 [ M + 1 ] + 

Synthesis of Compound 60 : Compound 60 is synthesized Synthesis of Compound 64 : Following general procedure 
in a similar fashion as compound 59 , in 7 . 9 % yield as a F , compound 64 was prepared in 79 % for the first step and 
yellowish oil . MS - ESI : m / z = 254 . 2 [ M + 1 ] + 65 % for the second step , to produce an oil . MS - ESI : 

Synthesis of Compound 61 : m / z = 290 . 1 [ M + 1 ] * 
Synthesis of Compound 65 : Following general procedure 

F , compound 65 was prepared in 64 % for the first step and 
CF3 1 ) Py , DCM , 0° C . 60 % for the second step , to produce a yellowish solid . 

2 ) r . t . , 3 h MS - ESI : m / z = 290 . 2 [ M + 1 ] * 
20 Synthesis of Compound 66 : Following general procedure 

F , compound 66 was prepared in 80 % for the first step and 
56 % for the second step . MS - ESI : m / z = 250 . 2 [ M + 1 ] * 

Synthesis of Compound 67 : Following general procedure 
F3C 25 F , compound 67 was prepared in 85 % for the first step . The 

second step was performed at 0° C . , using DCM as the 
solvent , giving compound 67 in 76 % yield for the second 

To a solution of ethyl vinyl ether ( 1 , 40 mL ) in 100 ml of step . MS - ESI : m / z = 268 . 2 ( M + 1 ] " 
dichloromethane , pyridine ( 36 mL ) was added . Then a Synthesis of Compound 68 : Following general procedure 
solution of trifluoroacetic anhydride ( 87 . 6 g ) in 50 mL of 30 F , compound 68 was prepared in 10 % for the first step and 
dichloromethane was added at 0° C . After stirring at room 15 % for the second step to give a white solid . MS - ESI : 
temperature for 30 min , the solution was poured into 40 mL m / z = 222 . 7 FM + 11 + 
of H , 0 . The layers were separated and the aqueous layer 
was extracted again with 40 mL of dichloromethane . The Synthesis of Compound 69 : Following general procedure 
organic layers were combined , washed with H2O and dried 35 O and dried 35 F , compound 69 was prepared in 79 % for the first step and 
over MgSO4 . Removal of solvent the gave crude 3 , which 59 % for the second step . MS - ESI : m / z = 222 . 7 [ M + 1 ] * 
was used directly in the next step . Synthesis of Compound 70 : Following general procedure 

F , compound 70 was prepared in 75 % for the first step and 
63 % for the second step . MS - ESI : m / z = 223 . 2 [ M + 1 ] + 

Synthesis of Compound 71 : Following general procedure 1 ) ( CH3 ) SiCI , Zn , 
THF , 40° C . F , compound 71 was prepared in 85 % for the first step . The 

+ C1 CN 2 ) reflux for 4 h second step was carried out at room temperature in a capped 
plastic tube for 6 hours to give an oil in a 50 % yield for the 

CF3 45 second step . MS - ESI : m / z = 265 . 2 [ M + 1 ] * 
Synthesis of Compound 72 : 

3 

40 

F3C 

3 

- o B ( OH ) 2 NH 50 

+ 
Cu ( OAC ) 2 , Py 
DCM , air 

DAST 

Trimethylchlorosilane ( 26 . 5 mL , 150 mmol ) was added to 
the solution of zinc powder ( 10 g , 150 mmol ) in anhydrous 55 
THF ( 150 ml ) under N2 . After stirring for 0 . 5 h , a solution 
of chloroacetonitrile ( 6 . 35 mL , 100 mmol ) and trifluoro 
acetylvinyl ether ( 8 . 4 g , 50 mmol ) in anhydrous THF ( 75 
mL ) was added dropwise slowly to keep the temperature at 
40° C . The mixture was refluxed for 2 h . After cooling to 60 
room temperature , concentrated HCI ( 25 mL ) was added . 
The mixture was refluxed for 1 h , then cooled to room 
temperature . The reaction mixture was then poured into ice 
water . The product was extracted with EA , and washed with 
brine . The organic layer was dried over anhydrous Na2SO4 , 65 
filtered and evaporated to dryness to give the residue . The 
residue was purified by column chromatography to afford 

Acetonitrile 
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- continued Synthesis of Compound 86 : Following general proce 
dures G then F , compound 86 was prepared in 82 % for first 
step and 56 % yield for second step ( fluorination ) . MS - ESI : 
m / z = 312 . 0 [ M + 1 ] * 

5 Synthesis of Compound 87 : Following general proce 
dures A then F , compound 87 was synthesized in 86 % yield 
then 20 % yield for the second step ( fluorination ) . MS - ESI : 
m / z = 236 [ M + 1 ] " 

Synthesis of Compound 88 : Following general proce 
F " dures A then F , compound 88 was synthesized in 65 % yield 

then 25 % yield for the second step ( fluorination ) . MS - ESI : 
m / z = 236 [ M + 1 ] * 

Synthesis of Compound 89 : Following general proce 
5 dures A then F , compound 89 was synthesized in 72 % yield 

Following general procedure F , compound 72 was prepared then 26 % yield for the second step ( fluorination ) . MS - ESI : 
in 89 % for the first step and 53 % for the second step , where mz = 250 . 0 IM + 11 + 
in the second step , 4 eq of DAST was used . MS - ESI : Synthesis of Compound 90 : Following general proce 
m / z = 272 . 0 [ M + 1 ] * dures A then F , compound 90 was synthesized in 75 % yield 

Synthesis of Compound 73 : Following general procedure 20 then 27 % yield for the second step ( fluorination ) . MS - ESI : 
F , compound 73 was prepared in 89 % for the first step and mz = 250 . 0 IM + 11 + 
58 % for the second step to give an oil , where in the second Synthesis of Compound 91 : 
step , 4 eq of DAST was used . MS - ESI : m / z = 272 . 0 [ M + 1 ] * 

Synthesis of Compound 74 : Following general procedure 
F , compound 74 was prepared in 85 % for the first step and 25 B ( OH ) 2 
56 % for the second step to give an oil , where in the second 
step , 6 eq of DAST was used . MS - ESI : m / z = 286 . 0 ( M + 1 ] " 

Synthesis of Compound 75 : Following general procedure Cu ( OAc ) 2 , Py 
F , compound 75 was prepared in 71 . 4 % for the first step and DCM , O2 

39 % for the second step to give a white solid , where in the 30 
second step , 6 eq of DAST was used . MS - ESI : m / z = 286 . 0 
[ M + 1 ] + 

Synthesis of Compound 76 : Following general procedure 
F , compound 76 was prepared in 89 % for the first step and 
57 % for the second step to give a white solid . MS - ESI : 35 
m / z = 290 . 0 [ M + 1 ] + NaBH 

Synthesis of Compound 77 : Following general procedure THF , methanol 
G , compound 77 was prepared in 20 % yield as a white solid . 
MS - ESI : m / z = 291 . 9 [ M + 11 + 40 Synthesis of Compound 78 : Following general procedure 
G , compound 78 was prepared in 38 % yield as a white solid . 
MS - ESI : m / z = 291 . 0 [ M + 1 ] * 

Synthesis of Compound 79 : Following general procedure 
G , compound 79 was prepared in 78 % yield as a white solid . 45 
MS - ESI : m / z = 315 . 9 [ M + 1 ] * DAST Synthesis of Compound 80 : Following general procedure 
G , compound 80 was prepared in 83 % yield as a solid . 
MS - ESI : m / z = 290 . 0 ( M + 1 ] * 

Synthesis of Compound 81 : Following general procedure 50 
G , compound 81 was prepared in 85 % yield as a solid . 
MS - ESI : m / z = 290 . 0 [ M + 1 ] + 

Synthesis of Compound 82 : Following general procedure 
G , compound 82 was prepared in 70 % yield as a white solid . 3 , above , was prepared using general procedure A . 4 was 
MS - ESI : m / z = 304 . 9 [ M + 11 + 65 prepared in the following manner . To a solution of 3 ( 1 eq ) 

Synthesis of Compound 83 : Following general proce - in tetrahydrofuran - methanol ( 10 : 1 ) was added sodium boro 
dures G then F , compound 83 was prepared in 90 % for first hydride ( 5 eq ) at 0° C . The mixture was stirred at room 
step and 25 % yield for second step ( fluorination ) as a temperature for 30 min . Water was added and then mixture 
yellowish oil . MS - ESI : m / z = 298 [ M + 1 ] * was extracted with EA . The organics were washed with 

Synthesis of Compound 84 : Following general proce - 60 brine , dried over Na SO , and concentrated in vacuo . 4 was 
dures G then F , compound 84 was prepared in 83 % for first isolated by prep - TLC . 5 was prepared according to general 
step and 54 % yield for second step ( fluorination ) . MS - ESI : procedure F . Compound 91 was prepared under these reac 
m / z = 298 . 4 [ M + 1 ] * tion conditions to provide 86 % yield of first step , 70 % yield 

Synthesis of Compound 85 : Following general proce of second step , and 30 % yield of third step . MS - ESI : 
dures G then F , compound 85 was prepared in 86 % for first 65 m / z = 272 . 2 [ M + 1 ] * 
step and 49 % yield for second step ( fluorination ) . MS - ESI : Synthesis of Compound 92 : Similar to synthesis of com 
m / z = 312 . 0 [ M + 1 ] * pound 91 , compound 92 was prepared to provide 82 % yield 

HO 

DCM 
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of first step , 85 % yield of second step , and 15 % yield of third Synthesis of Compound 96 : Similar to synthesis of com 
step . MS - ESI : m / z = 272 . 3 [ M + 1 ] * pound 95 , compound 96 was prepared to provide 89 % yield 

Synthesis of Compound 93 : Similar to synthesis of com as a white solid . MS - ESI : m / z = 280 . 2 [ M + 1 ] + 
pound 91 , compound 93 was prepared to provide 80 % yield Synthesis of Compound 97 : 
of first step , 79 . 5 % yield of second step , and 50 % yield of 5 
third step . MS - ESI : m / z = 232 . 3 ( M + 11 + 

Synthesis of Compound 94 : Similar to synthesis of com B ( OH ) 2 
pound 91 , compound 94 was prepared to provide 82 . 9 % 
yield of first step , 51 % yield of second step , and 32 % yield Cu ( OAc ) 2 , Py 

DCM , air of third step . MS - ESI : m / z = 250 . 2 [ M + 1 ] * 
Synthesis of Compound 95 : 

+ 

10 

Br 

Na on 
DAST , Acetonitrile 

B ( OH ) 2 K3PO4 , Pd ( AcO ) 2 
toluene / H20 

HBr , C2H5OH 
reflux 

B ( OH ) 2 
Cu ( OAc ) 2 , Py 
DCM , air 

30 

N 

35 
F F 

TR 
Using the procedure as outlined for compound 95 and 
general procedure F , compound 97 was prepared in 82 % 

U yield ( first step ) and 59 % yield ( second step ) . MS - ESI : 
m / z = 262 . 2 [ M + 1 ] * 

Synthesis of Compound 98 : 

OVO ~ 
45 

To a solution of 5 - bromo - 2 - methoxy - pyridine ( 2 . 4 g , 8 . 94 mCPBA , DCM 
mmol ) , ( E ) - prop - 1 - enylboronic acid ( 1 g , 11 . 6 mmol ) , R - S R - S 

0° C . K3PO4 ( 6 . 6 g , 31 . 3 mmol ) and tricyclohexylphosphine ( 250 
mg , 0 . 894 mmol ) in toluene ( 40 mL ) and water ( 2 mL ) under 
a nitrogen atmosphere was added palladium acetate ( 100 50 
mg , 0 . 447 mmol ) . The mixture was heated to 100° C . for 3 
h and then cooled to room temperature . Water ( 100 mL ) was Meta - chloroperbenzoic acid ( mCPBA , 5 eq . ) was added to 
added and the mixture extracted with EA ( 2x150 mL ) , the the solution of 1 in DCM at - 78° C . The reaction was stirred 
combined organics were washed with brine ( 100 mL ) , dried at 0° C . for 20 minutes , then filtered . The reaction filtrate 
over Na2SO4 and concentrated in vacuo . The product was 55 was purified by prep - TLC to give 2 . Following this general 
purified by column chromatography to give 1 . 3 g of com - procedure , compound 18 was subjected to these conditions 
pound 3 ( 68 . 4 % , yield ) . Compound 3 ( 1 . 3 g , 8 . 72 mmol ) was to provide compound 98 in 22 % yield as a white solid . 
added to a stirred solution of hydrobromic acid ( 9 . 7 mL ) in MS - ESI : m / z = 263 . 9 [ M + 1 ] * 
absolute ethanol ( 234 mL ) under nitrogen and the mixture Synthesis of Compound 99 : Similar to the synthesis of 
was heated under reflux for 5 hours . The cooled solution was 60 compound 98 , compound 99 was prepared from compound 
evaporated in vacuo , and the residue partitioned between 19 to provide compound 99 in 40 % yield as a yellowish 
10 % sodium carbonate solution and DCM . The organic solid . MS - ESI : m / z = 264 [ M + 11 + 
phase was dried with Na2SO4 and evaporated in vacuo to Synthesis of Compound 100 : Similar to the synthesis of 
give 1 . 04 g of compound 4 as a white solid . ( 89 % yield ) . compound 98 , compound 100 was prepared from compound 
Compound 5 was prepared using general procedure A . 65 67 to provide compound 100 in 80 % yield as a white solid . 
Compound 95 was prepared to give 85 % yield of an oil . MS - ESI : m / z = 300 . 2 [ M + 1 ] + 
MS - ESI : m / z = 255 . 3 [ M + 1 ] + Synthesis of Compound 101 : 
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reduced pressure in the reaction process . The reaction was 
cooled to room temperature with an ice bath . Filtration and 
washing of the solid with ice water and iced ethanol gave the 
desired compound IBX ( 16 g , 70 % yield ) . Compound 103 ( 1 

MezSi — CF3 , TBAF g , 3 mmol ) was dissolved in EA ( 50 mL ) , and IBX ( 4 g , 15 
THF mmol ) was added . The resulting suspension was immersed 

in an oil bath set to 80° C . and stirred vigorously open to the 
atmosphere overnight . The reaction was cooled to room 
temperature and filtered . The filter cake was washed with 

10 EA , and the combined filtrates were concentrated . The 
desired compound was obtained ( 0 . 98 g , 98 % yields ) as a 
white solid . MS - ESI : m / z = 336 [ M + 1 ] + 

Synthesis of Compound 105 : Compound 105 was pre 
F3C pared from compound 104 . Compound 104 ( 80 mg , 0 . 24 

mmol ) in dry DCM ( 1 . 5 mL ) was added at the temperature 
CH2Cl2 of - 78° C . under N , atmosphere to a solution of DAST ( 50 

mg , 0 . 31 mmol ) in DCM ( 0 . 5 mL ) . The mixture was stirred 
at - 78° C . for 2 h , and then warmed to room temperature 
overnight . The reaction mixture was diluted with DCM ( 20 

20 mL ) , and poured into saturated NaHCO , ( 30 mL ) . The 
organic phase was separated and dried over Na2SO4 and 
concentrated in vacuo . Compound 105 was isolated by 
thin - layer chromatography ( 42 mg , 50 % yields ) as a white 2 is prepared using general procedure A in 84 % yield . A solid . MS - ESI : m / z = 340 . 2 [ M + 1 ] * mixture of 2 ( 1 g , 5 mmol ) and trimethyl - trifluoromethyl - , y ! 25 Synthesis of Compound 106 : Compound 106 was pre 

silane ( 3 . 5 mL , 2M in THF , 7 mmol ) in THF ( 20 mL ) was pared from compound 104 . Compound 104 ( 100 mg , 0 . 3 
cooled to 0° C . in an ice bath and treated with tetrabuty mmol ) was dissolved in acetonitrile ( 1 . 2 mL ) , and DAST 
lammonium fluoride ( 0 . 25 mL , 1 M in THF , 0 . 25 mmol ) ( 100 mg , 0 . 6 mmol ) was added . Fluorination was carried out 
under nitrogen atmosphere at 0° C . for 30 min . The mixture at 80º C . in a pressure vessel for 4 h . After cooling to room 
was warmed to room temperature and stirred 24 h . Then , 1 30 temperature , the reaction mixture was diluted with DCM ( 20 
M HC1 ( 50 mL ) was added , and the mixture was stirred mL ) , and poured into the saturated sodium bicarbonate 
overnight . The aqueous layer was extracted with EA ( 50 solution ( 30 mL ) . The organic phase was separated and dried 
mLx2 ) and the organic layer was concentrated . The desired over sodium sulfate . Compound 106 was isolated by prep 
product was separated by column chromatography to give TLC ( 20 mg , 20 % yields ) as a yellowish solid . MS - ESI : 
pure intermediate ( 0 . 94 g , 70 % yield ) as yellow solid . 35 m / z = 357 . 7 [ M + 1 ] * 
MS - ESI : m / z = 270 . 2 [ M + 1 ] + The intermediate ( 50 mg , 0 . 19 Synthesis of Compound 107 : Compound 107 was pre 
mmol ) and manganese dioxide ( 165 mg , 1 . 9 mmol ) were pared from compound 104 . A mixture of Compound 104 ( 80 
stirred overnight at room temperature in DCM ( 5 mL ) . The mg , 0 . 24 mmol ) and trimethyl - trifluoromethyl - silane ( 0 . 07 
progress of the reaction was detected by TLC . Upon comple - mL pure , 0 . 49 mmol ) in THF ( 2 . 5 mL ) cooled to 0° C . in an 
tion , the crude mixture was filtered through a pad of celite 40 ice bath is treated with tetrabutylammonium fluoride ( 0 . 5 
and the filtrate was concentrated . Compound 101 was iso - mL , 0 . 024 M in THF , 0 . 012 mmol ) under nitrogen atmo 
lated by washing the crude with petroleum ether to give pure sphere at 0° C . for 30 min . The mixture was raised to room 
product ( 36 mg , 70 % yields ) as a white solid . MS - ESI : temperature and stirred 24 h . Then , 1 M HCl ( 20 mL ) was 
m / z = 268 . 2 [ M + 11 + added and the mixture was stirred overnight . The aqueous 

Synthesis of Compound 102 : Following general proce - 45 layer was extracted with EA ( 30 mLx2 ) and the organic 
dure A , compound 102 was prepared in 80 % yield as a white layers were concentrated . The desired product was separated 
solid . MS - ESI : m / z = 268 . 2 [ M + 11 + out by washing the crude with EA to give Compound 107 

Synthesis of Compound 103 : Compound 103 was pre - ( 50 mg , 52 % yield ) as a yellowish solid . MS - ESI : 
pared from compound 102 . A mixture of compound 102 ( 2 m / z = 406 . 2 [ M + 11 + 
g , 10 mmol ) and trimethyl - trifluoromethyl - silane ( 7 ml , 2M 50 Synthesis of Compound 108 : A slurry of pyrimidin - 2 
in THF , 15 mmol ) in THF ( 40 mL ) was cooled to 0° C . in ( 1H ) - one ( 1 g , 10 . 4 mmol ) , triphenylbismuth ( 6 . 88 g , 15 . 6 
an ice bath and then treated with tetrabutylammonium mmol ) , anhydrous Cu ( OA ) , ( 2 . 84 g , 15 . 6 mmol ) and NEtz 
fluoride ( 0 . 5 ml , 1 M in THF , 0 . 5 mmol ) under nitrogen ( 2 . 5 mL ) in anhydrous DCM ( 16 mL ) was stirred at room 
atmosphere at 0° C . for 30 min . The mixture was warmed to temperature under a nitrogen atmosphere . After a period of 
room temperature and stirred 24 h . Then , 1 M HCl ( 50 mL ) 55 two days , the solution became gelatinous and changed from 
was added and the mixture was stirred overnight . The deep blue to light green . The reaction mixture was diluted 
aqueous layer was extracted with EA ( 70 mLx2 ) and the with DCM then filtered . The filtrate was washed with 
organic layer was concentrated . The desired product was NaHCO3 , EDTA and NaCl ( aq ) and then dried with Na S04 . 
separated by column chromatography to give pure com - Compound 108 was isolated by flash column chromatogra 
pound 103 ( 1 . 5 g , 45 % yields ) as a white solid . 60 phy ( 358 mg , 20 % yield ) . MS - ESI : m / z = 173 . 2 [ M + 1 ] * 
MS - ESI : m / z = 338 . 3 [ M + 1 ] * Synthesis of Compounds 109 & 110 : Compound 109 was 
Synthesis of Compound 104 : Compound 104 was pre - prepared from compound 108 . Sodium borohydride ( 200 mg 

pared from compound 103 . Potassium bromate ( 16 . 6 g , 0 . 1 5 . 26 mmol ) was added slowly to a solution of Compound 
mol ) was added over 0 . 5 h to a vigorously stirred mixture of 108 ( 90 mg , 0 . 526 mmol ) in acetic acid ( 32 mL ) and the 
2 - iodobenzoic acid ( 20 g , 0 . 08 mmol ) and 180 mL 0 . 73 M 65 mixture was stirred for 30 min at room temperature . The 
H , SO . ( 0 . 13 mol ) in a 55° C . bath . The mixture was stirred reaction mixture was neutralized cautiously with aqueous 
for 4 h at 68° C . , and the Br2 formed was removed by sodium hydroxide , on an ice - water bath , and then extracted 
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with dichloromethane and dried over anhydrous magnesium Synthesis of Compound 117 : Compound A for compound 
sulfate . Compound 109 ( 78 mg , 39 % , MS - ESI : m / z = 173 . 2 117 was prepared as stated for compound 116 . The prepared 
[ M + 1 ] + ) and Compound 110 ( 59 mg , 29 % , MS - ESI : compound A was used in General procedure H1A to provide 
m / z = 177 . 2 [ M + 1 ] + ) were obtained by prep - TLC . compound 117 in 25 % yield . ' H NMR ( 300 MHz , DMSO 

Synthesis of Compound 111 : Following general proce - 5 do ) ppm 10 . 10 ( s , 1H ) , 7 . 65 ( t , 1H ) , 7 . 51 - 7 . 61 ( m , 1H ) , 
dure A , compound 112 was prepared in 45 % yield as a white 7 . 36 - 7 . 45 ( m , 2H ) , 7 . 25 ( dd , 1H ) , 7 . 04 ( ddd , 1H ) , 6 . 41 ( d , 
solid . MS - ESI : m / z = 242 . 2 [ M + 1 ] * 1H ) , 2 . 06 ( s , 3H ) , 1 . 67 - 1 . 84 ( m , 1H ) , 0 . 73 - 0 . 87 ( m , 2H ) , 

Synthesis of Compound 112 : Following general proce 0 . 52 - 0 . 63 ( m , 2H ) 
dure A , compound 113 was prepared in 72 % yield as an oil . Synthesis of Compound 118 : Compound A for compound 
MS - ESI : m / z = 230 . 2 [ M + 1 ] * 118 was prepared as stated for compound 116 . The prepared 

Synthesis of Compound 113 : Following general proce - compound Awas used in General procedure H1A to provide 
dure A , compound 114 was prepared in 75 % yield as a solid . compound 118 in 18 % yield . ' H NMR ( 300 MHz , DMSO 
MS - ESI : m / z = 268 . 2 [ M + 1 ] * do ) ppm 7 . 56 ( m , 2H ) , 7 . 49 ( m , 2H ) , 7 . 46 ( d , 1H ) , 7 . 28 ( dd , 

Synthesis of Compound 114 : Following General proce 15 1H ) , 6 . 44 ( d , 1H ) , 1 . 67 - 1 . 84 ( m , 1H ) , 0 . 73 - 0 . 89 ( m , 2H ) , 
dure H2 , compound 114 was synthesized in 20 % yield . [ ' 1H ] 0 . 54 - 0 . 65 ( m , 2H ) 
' H NMR ( 300 MHz , DMSO - do ) ppm 7 . 68 ( dd , 1H ) , 7 . 45 Synthesis of Compound 119 : Following General proce 
7 . 61 ( m , 5H ) , 6 . 50 ( dd , 1H ) , 6 . 33 ( td , 1H ) dure H2 , compound 119 was synthesized in 45 % yield . ' 1H 

Synthesis of Compound 115 : A for compound 115 was NMR ( 300 MHz , DMSO - do ) ppm 7 . 63 ( ddd , 1H ) , 7 . 31 - 7 . 58 
prepared in the following manner . A solution of 5 - cyano - 2 - 20 ( m , 6H ) , 6 . 40 - 6 . 55 ( m , 1H ) , 6 . 31 ( td , 1H ) 
methoxy pyridine ( 1 eq ) , sodium ethylsulfide ( EtsNa ) ( 2 eq ) Synthesis of Compound 120 : Following General proce 
in DME ( 5 ml / eq ) was heated to 60° C . for 4 h . To the dure H2 , compound 120 was synthesized in 30 % yield . ' 1H 
reaction mixture was added HCl - Et 0 until the mixture NMR ( 300 MHz , DMSO - do ) ppm 8 . 03 ( dd , 1H ) , 7 . 73 ( dd , 
reached a pH of about 6 , under nitrogen flush , in order to 1 H ) , 7 . 45 - 7 . 60 ( m , 5H ) , 6 . 63 ( dd , 1H ) , 2 . 71 ( s , 6H ) 
remove volatiles ( [ Et20 ] Et , and EtSH ) . The mixture was 25 5 Synthesis of Compound 121 : Following General proce 
centrifuged and filtered , which removed the sodium chlo dure I , A was prepared as follows . 
ride . The DMF solution was used as prepared in General 
procedure H2 to provide compound 115 in 21 % yield . ' H OH 
NMR ( 300 MHz , DMSO - d6 ) ppm 8 . 63 ( d , 1H ) , 7 . 77 ( dd , 
1H ) , 7 . 64 ( m , 2H ) , 7 . 55 ( m , 2H ) , 6 . 61 ( d , 1H ) 30 Br . 

Synthesis of Compound 116 : For compound 116 , A was 
prepared according to general procedure I , as follows . 

Pd ( PPh34 
K2CO3 acq 

OH DME , 75 % 

7 ?? 

35 

Br 

OH 
EtSNa 

AV Pd ( PPh34 
KF , Toluene 

150° C . MW 74 % 
DMF 40 

A N 

N 
EtsNa 45 The 5 - Furan - 2 - yl - 1H - pyridin - 2 - one product was obtained 

by reaction of 2 . 66 g ( 14 mmol ) of 5 - bromo - 2 - methoxy 
pyridine . After purification ( SiO2 ; Pet . Ether / AcOEt 9 : 1 ) 
1 . 83 g ( 75 % yield ) of pure product were obtained as white 
solid . The obtained product was de - methylated using EtsNa . 

The 5 - bromo - 2 - methoxy - pyridine ( 750 mg , 4 mmol ) , cyclo - 50 The obtained A in a DMF solution ( 10 mmol / 30 ml ) was 
propyl boronic acid ( 1 . 08 g , 12 . 5 mmol ) KF ( 760 mg , 13 used for the Chan Lam reaction , following General Proce 
mmol ) and Pd ( PPh ) a were dissolved in toluene ( 12 ml ) and dure H2 to provide compound 121 in 19 % yield . ' H NMR 
the reaction mixture was heated at 150° C . by microwave for ( 300 MHz , DMSO - d6 ) ppm 7 . 85 - 7 . 94 ( m , 2H ) , 7 . 66 ( dd , 
1 . 5 h . The crude was purified by column chromatography to 1H ) , 7 . 42 - 7 . 59 ( m , 5H ) , 6 . 80 ( dd , 1H ) , 6 . 60 ( dd , 1H ) , 6 . 55 
give the intermediate ( 1 . 33 g 74 % yield ) as colorless oil . To 55 ( dd , 1H ) 
a magnetically stirred solution of 5 - cyclopropyl - 2 - methoxy - Synthesis of Compound 122 : Following General proce 
pyridine ( 1 . 33 g , 8 . 9 mmol ) , in 30 mL of DMF , ETSNa dure H1A , compound 122 was synthesized in 53 % yield . ' H 
( 1 . 502 g , 17 . 8 mmol ) was added . The mixture was heated at NMR ( 300 MHz , DMSO - do ) ppm 10 . 13 ( s , 1H ) , 7 . 69 ( t , 1 
90° C . for 24 h . The reaction was cooled at room tempera - H ) , 7 . 61 ( ddd , 1H ) , 7 . 54 - 7 . 59 ( m , 1H ) , 7 . 47 - 7 . 54 ( m , 1H ) , 
ture and HC1 / Et20 was added until pH 6 . EtSH formed . The 607 . 42 ( t , 1H ) , 7 . 04 ( ddd , 1H ) , 6 . 39 - 6 . 53 ( m , 1H ) , 6 . 31 ( td , 
remaining HC1 / Et , and EtSH was evaporated by bubbling 1H ) , 2 . 06 ( s , 3H ) 
N , at 40° C . The solution of A ( concentration 40 mg / ml ) was Synthesis of Compound 123 : Following General proce 
use as such for the next step . Following general procedure dure H1A , compound 123 was synthesized in 37 % yield . ' H 
H1A , compound 116 was prepared in 25 % yield . ' H NMR NMR ( 300 MHz , DMSO - do ) ppm 8 . 13 ( d , 1H ) , 7 . 73 ( dd , 
( 300 MHz , DMSO - d6 ) ppm 8 . 65 - 8 . 77 ( m , 2H ) , 7 . 51 - 7 . 57 65 1H ) , 7 . 66 ( m , 2H ) , 7 . 55 ( m , 2H ) , 6 . 64 ( d , 1H ) , 2 . 71 ( s , 6H ) 
( m , 2H ) , 7 . 48 ( d , 1H ) , 7 . 30 ( dd , 1H ) , 6 . 46 ( d , 1H ) , 1 . 69 - 1 . 85 Synthesis of Compound 124 : For compound 124 , A was 
( m , 1H ) , 0 . 76 - 0 . 87 ( m , 2H ) , 0 . 57 - 0 . 66 ( m , 2H ) prepared as described for compound 121 . The obtained A in 
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a DMF solution ( 10 mmol / 30 ml ) was used for the Chan - continued 
Lam reaction , following General Procedure H2 to provide H2NO2S . 
compound 124 in 13 % yield . ' H NMR ( 300 MHz , DMSO 
06 ) ppm 7 . 98 ( d , 1H ) , 7 . 90 ( dd , 1H ) , 7 . 66 - 7 . 68 ( m , 1H ) , 7 . 66 
( m , 2H ) , 7 . 54 ( m , 2H ) , 6 . 81 ( dd , 1H ) , 6 . 62 ( dd , 1H ) , 6 . 56 5 
( dd , 1H ) 

Synthesis of Compound 125 : Following General proce 
dure H2 , compound 125 was synthesized in 20 % yield . ' H 
NMR ( 300 MHz , DMSO - d . ) ppm 10 . 16 ( s , 1H ) , 8 . 02 ( d , 
1H ) , 7 . 75 ( t , 1H ) , 7 . 72 ( dd , 1H ) , 7 . 57 - 7 . 66 ( m , 1H ) , 7 . 46 ( t , Following standard Suzuki coupling , the 2 - Methoxy - 5 - phe 
1H ) , 7 . 15 ( ddd , 1H ) , 6 . 63 ( d , 1H ) , 2 . 71 ( s , 6H ) , 2 . 07 ( s , 3H ) nyl - pyridine was obtained by reaction of 1 . 9 g ( 10 mmol ) of 

Synthesis of Compound 126 : Following General proce 5 - bromo - 2 - methoxy - pyridine . After purification ( SiO2 ; Pet . dure H2 , compound 126 was synthesized in 13 % yield . ' H Ether / EA 9 : 1 ) 1 . 8 g ( 97 % yield ) of pure product were NMR ( 300 MHz , DMSO - do ) ppm 8 . 73 ( dd , 2H ) , 7 . 70 ( ddd , 15 · 15 obtained as white solid . The 2 - Methoxy - 5 - phenyl - pyridine 1 H ) , 7 . 49 - 7 . 60 ( m , 3H ) , 6 . 52 ( ddd , 1H ) , 6 . 37 ( td , 1H ) 
Synthesis of Compound 127 : Compound A for compound ( 1 g , 5 . 4 mmol ) was added to HSO2Cl ( 2 ml ) at 0° C . The 

127 was prepared as stated for compound 115 . The prepared dark solution was stirred at room temperature for 4 h and 
compound A was used in General procedure H2 to provide then poured onto ice . Concentrated ammonia was added , 
compound 127 in 33 % yield . ' H NMR ( 300 MHz , DMSO - 20 while maintaining the temperature < 10° C . The intermediate 
do ) ppm 10 . 15 ( s , 1H ) , 8 . 58 ( d , 1H ) , 7 . 75 ( dd , 1H ) , 7 . 72 ( t , was extracted with EA ( 1 . 2 g , 84 % yield ) and used for the 
1H ) , 7 . 60 ( ddd , 1H ) , 7 . 45 ( t , 1H ) , 7 . 10 ( ddd , 1H ) , 6 . 59 ( dd , next step without further purification . To a magnetically 
1H ) , 2 . 07 ( s , 3H ) stirred solution of the intermediate ( 4 - ( 6 - Methoxy - pyridin Synthesis of Compound 128 : For compound 128 , A was 3 - yl ) benzenesulfonamide , 1 . 2 g , 4 . 5 mmol ) , in 3 mL of prepared as described for compound 121 . The obtained 25 EtOH , 15 mL of HBr were added . The mixture was heated demethylated A in a DMF solution ( 10 mmol / 30 ml ) was 
used for the Chan Lam reaction , following General Proce at 80º C . for 20 h . The reaction was cooled at room 
dure H2 to provide compound 128 in 20 % yield . 1H NMR temperature and poured into KHCO3 saturated solution . EA 
( 300 MHz , DMSO - d6 ) ppm 10 . 14 ( s , 1H ) , 7 . 83 - 7 . 96 ( m , was added and the mixture was transferred into a separator 
2H ) , 7 . 70 - 7 . 77 ( m , 1H ) , 7 . 66 ( dd , 1H ) , 7 . 60 ( ddd , 1H ) , 7 . 45 30 funnel . The aqueous layer was separated and extracted with 
( t , 1H ) , 7 . 13 ( ddd , 1H ) , 6 . 80 ( dd , 1H ) , 6 . 57 - 6 . 64 ( m , 1H ) , additional portion of EA . The combined organics were 
6 . 55 ( dd , 1H ) , 2 . 07 ( s , 3H ) washed once with water . The organic layer was dried with Synthesis of Compound 129 : Compound A for compound sodium sulfate , filtered and evaporated under vacuum , 129 was prepared as stated for compound 116 . The prepared 
compound A was used in General procedure H1A to provide 35 affording 300 mg of A . The aqueous layer was acidified and 
compound 129 in 23 % yield . ' H NMR ( 300 MHz , DMSO the solvent was evaporated under vacuum . Purification by 
do ) ppm 7 . 92 ( m , 2H ) , 7 . 62 ( m , 2H ) , 7 . 41 - 7 . 53 ( m , 3H ) , 7 . 29 flash column chromatography ( EA ) afforded 750 mg of A 
( dd , 1H ) , 6 . 45 ( d , 1H ) , 1 . 68 - 1 . 84 ( m , 1H ) , 0 . 74 - 0 . 88 ( m , ( 89 % of yield ) . A was used for the Chan Lam reaction , 
2H ) , 0 . 52 - 0 . 67 ( m , 2H ) following General Procedure H1A to provide compound 130 Synthesis of Compound 130 : Following General proce - 40 na in 77 % yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 8 . 12 ( d , dure I , A was prepared as follows . 1H ) , 8 . 00 ( dd , 1H ) , 7 . 83 ( m , 4H ) , 7 . 42 - 7 . 64 ( m , 5H ) , 7 . 34 ( s , 

2H ) , 6 . 64 ( d , 1H ) 
OH Synthesis of Compound 131 : Compound A for compound 

45 131 was prepared as stated for compound 130 . The prepared 
compound A was used in General procedure H1A to provide 
compound 131 in 61 % yield . ' H NMR ( 300 MHz , DMSO 
do ) ppm 8 . 18 ( d , 1H ) , 8 . 02 ( dd , 1H ) , 7 . 84 ( m , 4H ) , 7 . 69 ( m , Pd ( PPhz ) 4 

K2CO3 acq , 2H ) , 7 . 55 ( m , 2H ) , 7 . 34 ( s , 2H ) , 6 . 65 ( d , 1H ) 
DME , 95 % Synthesis of Compound 132 : Compound A for compound 

132 was prepared as stated for compound 116 . The prepared 
compound A was used in General procedure H1A to provide 
compound 132 in 25 % yield . ' H NMR ( 300 MHz , DMSO 

1 ) HSO3C1 do ) ppm 7 . 42 - 7 . 57 ( m , 3 H ) , 7 . 36 - 7 . 42 ( m , 2H ) , 7 . 33 ( dd , 
2 ) NH3 1H ) , 7 . 13 - 7 . 24 ( m , 1H ) , 6 . 80 ( d , 1H ) , 1 . 66 - 1 . 81 ( m , 1 H ) , 

0 . 86 - 0 . 97 ( m , 2H ) , 0 . 52 - 0 . 64 ( m , 2H ) 
Synthesis of Compound 133 : For compound 133 , A was 

prepared as described for compound 121 . The obtained A in H2NO2S so a DMF solution ( 10 mmol / 30 ml ) was used for the Chan 
Lam reaction , following General Procedure H2 to provide 
compound 133 in 17 % yield . ' H NMR ( 300 MHz , DMSO 
d6 ) ppm 8 . 87 - 8 . 96 ( m , 2H ) , 7 . 79 - 7 . 85 ( m , 2H ) , 7 . 69 - 7 . 77 
( m , 2H ) , 7 . 44 ( dd , 1H ) , 6 . 76 - 6 . 84 ( m , 1H ) , 6 . 47 - 6 . 57 ( m , To 

Synthesis of Compound 134 : Following General proce 
dure I , A was prepared as follows . 

OH 

50 

65 2H ) 
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Pd ( PPh34 
K2CO3 acq , 
DME , 92 % 

Pd ( PPhz ) 4 
K2CO3 acq 
DME 

10 

A 

. 

1 

HBr 48 % 
EtOH 

20 HBr 
EtOH 

25 

V 

NH IZ 30 

35 , 

Following standard Suzuki coupling , an intermediate was 1 . 53 g ( 10 mmol ) of 2 - methoxy - pyridine - 5 - boronic acid and 
obtained by reaction of 2 . 82 g ( 15 mmol ) of 5 - bromo - 2 - 2 . 46 g ( 15 mmol ) of 2 - Bromo - thiazole and K , CO , ( 3 eq ) 
methoxy - pyridine . After purification ( SiO . ; Pet . Ether / EA were dissolved in a 10 : 1 mixture of DME / H , O ( 4 ml / mmol ) . 
9 : 1 ) 2 . 8 g ( 92 % yield ) of pure intermediate were obtained as The solution was degassed by bubbling N2 for 15 min and 
white solid . The intermediate ( 900 mg ) was dissolved in then Pd ( PPhz ) 4 ( 0 . 05 eq ) was added . The reaction mixture 
HBr 48 % ( 10 ml ) and EtOH ( 3 ml ) and the solution was was heated at 90° C . for 8 h [ an ] and then cooled at room 
heated at reflux for 3 h . After evaporation of volatiles the temperature , diluted with EA and filtered on a celite plug . 

desired A pyridone was obtained as white solid ( 780 mg , 40 The filtrate was washed with brine . The separated organic 
93 % yield ) . A was used in the Chan Lam reaction , following phase was dried over Na SO , and concentrated under 

reduced pressure . After purification ( SiO , ; Pet . Ether / EA General Procedure H1A to provide compound 134 in 33 % 9 : 1 ) 1 . 8 g ( 92 % yield ) of a 1 : 1 mixture of intermediate and yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 8 . 02 ( d , 1H ) , the dimeric 2 - methoxy - pyridine were obtained and used for 7 . 87 - 7 . 99 ( m , 3H ) , 7 . 73 ( m , 2H ) , 7 . 69 ( m , 2H ) , 7 . 50 ( s , 2H ) , the next step . The mixture ( 1 . 1 g ) was dissolved in HBr 48 % 7 . 25 ( m , 2H ) , 6 . 62 ( d , 1H ) 45 ( 10 43 ( 10 ml ) and EtOH ( 3 ml ) and the solution was heated at Synthesis of Compound 135 : For compound 135 , A was reflux for 3 h . After evaporation of volatiles , the crude was prepared as described for compound 134 . A was used in the purified by column chromatography ( SiO2 ; Pet . Ether / EA 
Chan Lam reaction , following General Procedure H1A to 9 : 1 ) leading to the desired pyridone A ( 350 mg ) . Following 
provide compound 135 in 59 % yield . ' H NMR ( 300 MHz , general ( procued ] procedure H1A , compound 138 was pre 
DMSO - d6 ) ppm 10 . 13 ( s , 1H ) , 7 . 86 - 7 . 96 ( m , 2H ) , 7 . 74 ( t , 30 pared in 35 % yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 
1H ) , 7 . 55 - 7 . 71 ( m , 3H ) , 7 . 44 ( t , 1H ) , 7 . 23 ( m , 2H ) , 7 . 14 8 . 23 ( d , 1H ) , 8 . 07 ( dd , 1H ) , 7 . 84 ( d , 1H ) , 7 . 70 ( d , 1H ) , 
( ddd , 1H ) , 6 . 55 - 6 . 64 ( m , 1H ) , 2 . 06 ( s , 3H ) 7 . 41 - 7 . 63 ( m , 5H ) , 6 . 64 ( d , 1 H ) 

Synthesis of Compound 136 : For compound 136 , À was Synthesis of Compound 139 : Following general proce 
prepared as described for compound 134 . A was used in the dure I , A was prepared as follows . 
Chan Lam reaction , following General Procedure H1A to 
provide compound 136 in 53 % yield . ' H NMR ( 300 MHz , 
DMSO - d6 ) ppm 7 . 94 ( d , 1H ) , 7 . 91 ( dd , 1H ) , 7 . 68 ( m , 2H ) , Pd / Tetrakis 
7 . 40 - 7 . 59 ( m , 5H ) , 7 . 23 ( m , 2H ) , 6 . 60 ( dd , 1H ) K2CO3 , 

Synthesis of Compound 137 : For compound 137 , A was 60 DME , 
prepared as described for compound 134 . A was used in the Br H20 , 
Chan Lam reaction , following General Procedure H1A to 110° C . 

provide compound 137 in 53 % yield . ' H NMR ( 300 MHz , 51 % Yield 
DMSO - d6 ) ppm 8 . 01 ( d , 1H ) , 7 . 93 ( dd , 1H ) , 7 . 63 - 7 . 74 ( m , 
4H ) , 7 . 53 ( m , 2H ) , 7 . 24 ( m , 2H ) , 6 . 61 ( dd , 1H ) 65 

Synthesis of Compound 138 : For compound 138 , A was 
prepared as follows : 

BO 
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- continued - continued 
HBr 48 % 
EtOH 

HBr , EtOH , 
80° C . N 

Quantitative 
yield 

15 

N 

6 - Methoxy - pyridin - 3 - ylamine ( 2 . 5 g 2 mmol ) was dissolved 
10 in 48 % HBF , ( 10 ml ) and cooled at 0° C . NaNO , ( 2 . 4 g , 3 . 4 

mmol ) was added portionwise maintaining the tempera 
ture < 5° C . The dark solution was stirred at low temperature 
for 1 h . The solid was collected by filtration and washed with 
water and then dried under vacuum . The desired diazonium 
salt was obtained ( 3 . 18 g , 72 % ) as white crystalline solid . 
The diazonium salt ( 2 g , 8 . 9 mmol ) and celite ( 4 g ) were 
finely mixed in a mortar , transferred to a reaction vessel , 
then gradually heated to 150° C . , whereupon a rapid evo 
lution of fumes occurred . The resulting solid was washed 
several times with abundant diethyl ether . The organic 

20 solution was washed with Et , O / HC1 then evaporated to 
Following standard procedure for Suzuki coupling , the provide the desired intermediate as its hydrochloric salt ( 1 . 2 
intermediate was obtained by reaction of 3 g ( 16 mmol ) of g ) as pale yellow viscous oil . The obtained fluoromethoxy 
5 - bromo - 2 - methoxy - pyridine . After purification ( SiO2 ; pyridine ( 1 . 2 g ) was dissolved in HBr 48 % ( 10 ml ) and 
Hexane / EA 30 / 1 to EA ) 2 . 2 g ( 51 % yield ) of the interme - EtOH ( 3 ml ) and the solution was heated at reflux for 6 h . 
diate were obtained as white solid . To a magnetically stirred 25 After evaporation of volatiles the desired pyridone A was 
solution of 2 - Methoxy - 5 - ( 1 - methyl - 1H - pyrazol - 4 - yl ) - pyri obtained as amorphous solid in quantitative yield , and used 
dine ( 1 . 2 g , 6 . 3 mmol ) , in 3 mL of EtOH , 15 mL of HBr were in General procedure H1A to provide compound 142 in 28 % 

yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 7 . 85 - 7 . 97 ( m , added . The mixture was heated at 80° C . for 20 h . The 1H ) , 7 . 59 - 7 . 73 ( m , 1H ) , 7 . 34 - 7 . 57 ( m , 5H ) , 6 . 45 - 6 . 57 ( m , reaction was cooled at room temperature . The solvent was 11 
evaporated under vacuum . Purification by flash column Synthesis of Compound 143 : Using A as prepared as 
chromatography ( EA ) afforded 1 . 1 g of A quantitative described for compound 142 , following General procedure 
yield ) . Following general procedure H1A , compound 139 H1A , compound 143 was prepared in 13 % yield . ' H NMR 
was prepared in 63 % yield . ' H NMR ( 300 MHz , DMSO - 06 ) ( 300 MHz , DMSO - d6 ) ppm 10 . 13 ( br . s . , 1H ) , 7 . 89 ( ddd , 
ppm 8 . 04 ( d , 1H ) , 7 . 94 ( dd , 1H ) , 7 . 79 ( d , 1H ) , 7 . 79 ( dd , 1H ) , 25 1H ) , 7 . 69 - 7 . 72 ( m , 1H ) , 7 . 67 ( ddd , 1 H ) , 7 . 57 ( ddd , 1H ) , 

7 . 62 ( m , 2 H ) , 7 . 54 ( m , 2H ) , 6 . 56 ( d , 1H ) , 3 . 82 ( s , 3H ) 33 7 . 35 - 7 . 48 ( m , 1H ) , 6 . 97 - 7 . 16 ( m , 1H ) , 6 . 51 ( ddd , 1H ) , 2 . 06 
( s , 3H ) Synthesis of Compound 140 : For compound 140 , A was Synthesis of Compound 144 : Using A as prepared as 

prepared as described for compound 134 . A was used in the described for compound 142 , following General procedure 
Chan Lam reaction , following General Procedure H1A to [ HIA ] HIA , compound 144 was prepared in 26 % yield . ' H 
provide compound 140 in 30 % yield . ' H NMR ( 300 MHz , 40 NMR ( 300 MHz , DMSO - d6 ) ppm 10 . 13 ( br . s . , 1H ) , 7 . 89 
DMSO - d6 ) ppm 9 . 26 ( s , 1H ) , 9 . 08 ( s , 2H ) , 8 . 18 ( d , 1H ) , 7 . 99 ( ddd , 1H ) , 7 . 69 - 7 . 72 ( m , 1H ) , 7 . 67 ( ddd , 1 H ) , 7 . 57 ( ddd , 
( dd , 1H ) , 7 . 70 ( m , 2H ) , 7 . 27 ( m , 2H ) , 6 . 66 ( d , 1H ) 1H ) , 7 . 35 - 7 . 48 ( m , 1H ) , 6 . 97 - 7 . 16 ( m , 1H ) , 6 . 51 ( ddd , 1H ) , 

2 . 06 ( s , 3H ) Synthesis of Compound 141 : For compound 141 , A was - Synthesis of Compound 145 : For compound 145 , A was 
prepared as described for compound 134 . A was used in the 45 prepared as described for compound 139 . A was used in the 
Chan Lam reaction , following General Procedure H1A to Chan Lam reaction , following General Procedure H1A to 
provide compound 141 in 45 % yield . ' H NMR ( 300 MHz , provide compound 145 in 42 % yield . ' H NMR ( 300 MHz , 
DMSO - d6 ) ppm 8 . 68 - 8 . 81 ( m , 2H ) , 8 . 02 ( dd , 1H ) , 7 . 94 ( dd , DMSO - d6 ) ppm 8 . 04 ( s , 1H ) , 7 . 88 ( dd , 1H ) , 7 . 71 - 7 . 83 ( m , 
1H ) . 7 . 70 ( m , 2H ) . 7 . 62 - 7 . 66 ( m . 2H ) . 7 . 26 ( m . 2H ) , 6 . 64 2H ) , 7 . 36 - 7 . 61 ( m , 5H ) , 6 . 54 ( dd , 1H ) , 3 . 82 ( s , 3H ) 
( dd , 1H ) 50 Synthesis of Compound 146 : For compound 146 , A was 

prepared as described for compound 121 . The obtained 
Synthesis of Compound 142 : Compound A for compound demethylated A in a DMF solution ( 10 mmol / 30 ml ) was 

142 was prepared according to the following scheme . used for the Chan Lam reaction , following General Proce 
dure H2 to provide compound 146 in 7 % yield . ' H NMR 
( 300 MHz , DMSO - d6 ) ppm 9 . 26 ( s , 1H ) , 9 . 04 ( s , 2H ) , 8 . 15 

H2N ( d , 1H ) , 7 . 95 ( dd , 1H ) , 7 . 70 ( dd , 1H ) , 6 . 81 ( dd , 1H ) , 6 . 67 
HBF4 ( dd , 1H ) , 6 . 58 ( dd , 1H ) 

Synthesis of Compound 147 : Following general proce NaNO2 dure I , A was prepared as follows . 
60 

NEN OH Br 
BF4 . 130° C . HO HO K2CO3 

Pd ( PPhz ) 4 
DME , HO 

og 
NN 
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HBr 48 % 
EtOH HBr 48 % EtOH 
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HBr 
10 

N 

N O 15 IZ 

The 2 - methoxy - pyridine - 5 - boronic acid ( 1 . 9 g . 12 mmol ) . Following standard procedure for Suzuki coupling , the 
the 5 - bromo - pyrimidine ( 1 . 2 eq ) and K2CO3 ( 3 eq ) were intermediate product was obtained by reaction of 2 . 5 g ( 13 . 3 
dissolved in a 10 : 1 mixture of DME / H , O ( 4 ml / mmol ) . The 20 mmol ) of 5 - bromo - 2 - methoxy - pyridine . After purification 
solution was degassed by bubbling N2 for 15 min and then ( SiO2 ; Hexane / EA 30 / 1 to EA ) 2 . 1 g ( 87 % yield ) of the 
Pd ( PPh ) , ( 0 . 05 eq ) was added . The reaction mixture was intermediate product were obtained as white solid . A solu 

heated at 90° C . for 8 h [ an ] and then cooled at room tion of 6 - Methoxy - [ 3 , 4 ' ] bipyridinyl ( 2 . 1 g , 11 . 3 mmol ) in 
EtOH ( 6 ml ) and HBr 48 % ( 12 ml ) was stirred at 90° C . for temperature , diluted with EA and filtered on a celite plug . 

The filtrate was washed with brine . The separated organic | 25 6 h . The solvent was evaporated and crude A ( as hydrobro 
mide salt ) was utilized in the next step without any purifi phase was dried over Na2SO4 and concentrated under cation . Following general procedure H1A , compound 151 

reduced pressure . The obtained residue was purified by was prepared in 12 % yield . ' H NMR ( 300 MHz , DMSO - 06 ) 
column chromatography . ( SiO2 ; Hexane / EA 30 / 1 to EA ) ppm 10 . 15 ( s , 1H ) , 8 . 57 ( br . s . , 2H ) , 8 . 25 ( d , 1H ) , 8 . 06 ( dd , 
1 . 29 g ( 56 % yield ) of intermediate were obtained as white 30 1H ) , 7 . 75 ( dd . 1 H ) , 7 . 66 - 7 . 73 ( m , 2H ) , 7 . 62 ( ddd , 1H ) , 7 . 46 
solid . A solution of 5 - ( 6 - Methoxy - pyridin - 3 - yl ) - pyrimidine ( dd . 1H ) , 7 . 15 ( ddd , 1H ) , 6 . 64 ( d , 1H ) , 2 . 07 ( s , 3H ) 
( 1 . 29 g , 6 . 9 mmol ) in EtOH ( 4 ml ) and HBr 48 % ( 10 ml ) was Synthesis of Compound 152 : For compound 152 , A was 
stirred at 90° C . for 7 h . The solvent was evaporated and the prepared as described for compound 151 . A was used in the 
crude A ( as hydrobromide salt ) was utilized in the next step Chan Lam reaction , following General Procedure H1A to 
without any purification . Following general procedure H1A , 35 provide compound 152 in 29 % yield . ' H NMR ( 300 MHz , 
compound 147 was prepared in 22 % yield . 1H NMR ( 300 DMSO - d6 ) ppm 8 . 45 - 8 . 64 ( m , 2 H ) , 8 . 18 ( dd , 1H ) , 8 . 00 ( dd , 
MHz , DMSO - d6 ) ppm 9 . 12 ( s , 2H ) , 9 . 11 ( s , 1H ) , 8 . 32 ( d , 1H ) , 7 . 61 - 7 . 76 ( m , 2H ) , 7 . 37 - 7 . 61 ( m , 5H ) , 6 . 63 ( dd , 1H ) 
1H ) , 8 . 06 ( dd , 1H ) , 7 . 69 ( m , 2H ) , 7 . 56 ( m , 2H ) , 6 . 68 ( d , 1H ) Synthesis of Compound 153 : For compound 153 , A was 

Synthesis of Compound 148 : For compound 148 , A was prepared as described for compound 151 . Awas used in the 
prepared as stated for compound 147 . Following general 40 Chan Lam reaction , following General Procedure H1A to 
procedure H1A , compound 148 was prepared in 37 % yield . provide compound 153 in 36 % yield . ' H NMR ( 300 MHz , 
' H NMR ( 300 MHz , DMSO - d6 ) ppm 10 . 15 ( br . s . , 1H ) , 9 . 10 DMSO - d6 ) ppm 8 . 45 - 8 . 70 ( m , 2 H ) , 8 . 32 ( d , 1H ) , 8 . 07 ( dd , 
( s , 3H ) , 8 . 25 ( d , 1H ) , 8 . 04 ( dd , 1H ) , 7 . 76 ( s , 1H ) , 7 . 61 ( d , 1H ) , 7 . 63 - 7 . 77 ( m , 4H ) , 7 . 55 ( d , 2H ) , 6 . 66 ( d , 1H ) 

Synthesis of Compound 154 : Compound 154 was syn 1H ) , 7 . 46 ( dd , 1H ) , 7 . 15 ( ddd , 1H ) , 6 . 65 ( d , 1H ) , 2 . 06 ( s , 3H ) 
Synthesis of Compound 149 : For compound 149 , A was 45 thesized in the following manner . To a solution of 2 - pyri 

done ( 200 mg , 2 . 1 mmol ) and 4 - bromophenyl sulfonamide prepared as stated for compound 147 . Following general ( 994 mg , 4 . 2 mmol ) in 0 . 9 mL NMP , K , CO , ( 292 mg , 2 . 1 procedure [ HIA ] HIA , compound 149 was prepared in 16 % mmol ) and copper ( I ) iodide ( 120 mg , 30 % ) were added , and yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 9 . 12 ( br . s . , 3H ) , the mixture heated at 160° C . for 30 seconds under MW 
8 . 26 ( d , 1H ) , 8 . 04 ( dd , 1H ) , 7 . 32 - 7 . 66 ( m , 5H ) , 6 . 66 ( d , 1H ) 50 h ) 50 irradiation . The crude mixture was then dissolved in EA and Synthesis of Compound 150 : For compound 150 , A was the product precipitated out as a solid . The solid was purified prepared as stated for compound 130 . The prepared A was by prep - HPLC to give 31 . 4 mg of compound 154 as a white used in General procedure H1A to provide compound 150 in solid ( 3 % yield ) . ' H NMR ( 300 MHz , DMSO - do ) ppm 7 . 93 36 . 5 % yield . ' H NMR ( 300 MHz , DMSO - do ) ppm 9 . 27 ( s , ( m , 2H ) , 7 . 69 ( ddd , 1H ) , 7 . 63 ( m , 2H ) , 7 . 53 ( ddd , 1H ) , 7 . 47 
1H ) , 9 . 09 ( s , 2H ) , 8 . 33 ( dd , 1H ) , 8 . 07 ( dd , 1H ) , 7 . 86 ( S , 4H ) , 55 ( s . 21 ) . 6 . 50 ( dt . 11 ) . 6 . 35 ( td . 11 ) 
7 . 36 ( s , 2H ) , 6 . 70 ( dd , 1H ) Synthesis of Compound 155 : For compound 155 , A was Synthesis of Compound 151 : Following general proce prepared as described for compound 139 . A was used in the dure I , A was prepared in the following manner . Chan Lam reaction , following General Procedure H1A to 

provide compound 155 in 14 % yield . ' H NMR ( 300 MHz , 
60 DMSO - d6 ) ppm 10 . 13 ( s , 1H ) , 8 . 03 ( s , 1H ) , 7 . 86 ( dd , 1H ) , HO . OH 

7 . 78 ( d , 1H ) , 7 . 78 ( dd , 1H ) , 7 . 70 ( t , 1H ) , 7 . 52 - 7 . 65 ( m , 1H ) , 
7 . 44 ( t , 1H ) , 7 . 09 ( ddd , 1H ) , 6 . 54 ( dd , 1H ) , 3 . 82 ( s , 3H ) , 2 . 06 

K2CO3 ( s , 3H ) 
Synthesis of Compound 156 : For compound 156 , A was Pd ( PPh3 ) 4 

DME , H2O 65 prepared as described for compound 139 . A was used in the 
Chan Lam reaction , following General Procedure H1A to 
provide compound 156 in 20 % yield . ' H NMR ( 300 MHz , 



172 
US RE47 , 142 E 

171 
DMSO - d6 ) ppm 8 . 04 ( s , 1H ) , 7 . 90 - 8 . 00 ( m , 3H ) , 7 . 79 ( d , 
1H ) , 7 . 81 ( dd , 1H ) , 7 . 68 ( m , 2H ) , 7 . 49 ( br . s . , 2H ) , 6 . 57 ( dd , 
1H ) , 3 . 83 ( s , 3H ) 

Synthesis of Compound 157 : For compound 157 , A was 
prepared in the following manner . 5 Br 

Pd / Tetrakis 

K2CO3 , 
DME , 
H2O , 

110° C . 
59 % Yield 

OH 

10 HOMB ada K2CO3 
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NN DME , H2O HBr , EtOH , 
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So 35 NH 

Following standard procedure for Suzuki coupling , the 
intermediate was obtained by reaction of 2 . 82 g ( 15 mmol ) 
of 5 - bromo - 2 - methoxy - pyridine . After purification ( SiO2 ; 

30 Hexane / EA 8 / 2 ) 1 . 8 g ( 59 % yield ) of pure intermediate were 
obtained as white solid . To a magnetically stirred solution of 
2 - Methoxy - 5 - ( 1 - methyl - 1H - pyrazol - 4 - yl ) - pyridine ( 1 g , 4 . 9 
mmol ) , in 3 mL of EtOH , 10 mL of HBr were added . The 
mixture was heated at 90° C . for 4 h . The reaction was 
cooled at room temperature . The solvent was evaporated 
under vacuum , afforded 1 . 34 g of A ( quantitative yield ) . 
Following general procedure H1A , compound 159 was 

The 2 - methoxy - pyridine - 3 - boronic acid ( 1 . 9 g , 12 mmol ) , prepared in 11 % yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 
the 5 - bromo - pyrimidine ( 1 . 2 eq ) and K2CO3 ( 3 eq ) were 10 . 13 ( s , 1H ) , 7 . 74 ( dd , 1 H ) , 7 . 69 ( dd , 1H ) , 7 . 52 - 7 . 62 ( m , 
dissolved in a 10 : 1 mixture of DME / H , O ( 4 mL / mmol ) . The 40 2H ) , 7 . 44 ( dd , 1H ) , 7 . 11 ( ddd , 1H ) , 6 . 58 ( dd , 1H ) , 2 . 39 ( s , 
solution was degassed by bubbling nitrogen for 15 min and 3H ) , 2 . 22 ( s , 3H ) , 2 . 06 ( s , 3H ) 
then Pd ( PPh ) , ( 0 . 05 eq ) was added . The reaction mixture Synthesis of Compound 160 : For compound 160 , A was 
was heated at 90° C . for 8 h and then cooled at room prepared as stated for compound 159 . Following general 
temperature , diluted with EtoAc and filtered on a celite procedure H1A , compound 160 was prepared in 23 % yield . 
plug . The filtrate was washed with brine . The separated 45 H NMR ( 300 MHz , DMSO - d6 ) ppm 7 . 71 ( dd , 1H ) , 7 . 42 
organic phase was dried over Na2SO4 and concentrated 7 . 61 ( m , 6H ) , 6 . 58 ( dd , 1 H ) , 2 . 39 ( s , 3H ) , 2 . 22 ( s , 3H ) 
under reduced pressure . The obtained residue was purified Synthesis of Compound 161 : Compound A for compound 
by column chromatography . ( SiO2 ; Hexanes / EtOAc 30 / 1 to 161 was [ preared ] prepared as stated for compound 138 . The 
EtOAc ) 1 . 29 g ( 56 % yield ) of pure product were obtained as prepared compound A was used in General procedure H1A 
white solid . A solution of 5 - ( 6 - Methoxy - pyridin - 3 - yl ) - py - 50 to provide compound 161 . ' H NMR ( 300 MHz , DMSO - 06 ) 
rimidine ( 1 . 29 g , 6 . 9 mmol ) in EtOH ( 4 ml ) and HBr 48 % ppm 7 . 58 ( dd , 1H ) , 7 . 38 - 7 . 54 ( m , 5H ) , 6 . 90 ( d , 1H ) , 6 . 47 ( d , 
( 10 ml ) was stirred at 90° C . for 7 h . The solvent was 1H ) , 3 . 61 - 3 . 77 ( m , 4H ) , 2 . 79 - 2 . 97 ( m , 4H ) 
evaporated and the crude compound ( as hydrobromide salt ) Synthesis of Compound 162 : Compound A for compound 
was utilized in the next step without any purification . A was 162 was prepared as stated for compound 138 . The prepared 
used in the Chan Lam reaction , following General Procedure 55 compound A was used in General procedure H1A to provide 
H1A to provide compound 157 in 11 % yield . ' H NMR ( 300 compound 162 in 65 % yield . ' H NMR ( 300 MHz , DMSO 
MHz , DMSO - d6 ) ppm 9 . 10 - 9 . 17 ( m , 3H ) , 8 . 73 - 8 . 81 ( m , da ) ppm 10 . 16 ( s , 1H ) , 8 . 22 ( dd , 1H ) , 8 . 06 ( dd , 1H ) , 7 . 84 ( d , 
2H ) , 8 . 31 ( dd , 1H ) , 8 . 07 ( dd , 1H ) , 7 . 63 - 7 . 70 ( m , 2H ) , 6 . 70 1H ) , 7 . 75 ( t , 1H ) , 7 . 70 ( d , 1H ) , 7 . 57 - 7 . 67 ( m , 1H ) , 7 . 46 ( t , 
( dd , 1H ) 1H ) , 7 . 16 ( ddd , 1H ) , 6 . 64 ( dd , 1H ) , 2 . 07 ( s , 3H ) 

Synthesis of Compound 158 : For compound 158 , A was 60 Synthesis of Compound 163 : For compound 163 , A was 
prepared as stated for compound 147 . Following general prepared as stated for compound 159 . Following general 
procedure [ HIA ] HIA , compound 158 was prepared in 37 % procedure H1A , compound 163 was prepared in 33 % yield . 
yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 9 . 02 - 9 . 21 ( m , H NMR ( 300 MHz , DMSO - d6 ) ppm 7 . 77 ( dd , 1H ) , 7 . 45 
3H ) , 8 . 32 ( d , 1H ) , 8 . 07 ( dd , 1 H ) , 7 . 97 ( m , 2H ) , 7 . 75 ( m , 7 . 71 ( m , 5H ) , 6 . 60 ( dd , 1 H ) , 2 . 39 ( s , 3H ) , 2 . 23 ( s , 3H ) 
2H ) , 7 . 51 ( s , 2H ) , 6 . 69 ( d , 1H ) 65 Synthesis of Compound 164 : For compound 164 , A was 

Synthesis of Compound 159 : Following general proce - prepared as stated for compound 159 . Following general 
dure I , A was prepared as follows . procedure H1A , compound 164 was prepared in 25 % yield . 
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' H NMR ( 300 MHz , DMSO - d6 ) ppm 8 . 71 - 8 . 78 ( m , 2H ) , 1H ) , 8 . 18 ( dd , 1H ) , 8 . 07 ( ddd , 1H ) , 8 . 01 ( dd , 1H ) , 7 . 64 - 7 . 74 
7 . 78 ( dd , 1H ) , 7 . 54 - 7 . 66 ( m , 3H ) , 6 . 62 ( dd , 1H ) , 2 . 40 ( s , 3H ) , ( m , 2H ) , 7 . 49 - 7 . 60 ( m , 2H ) , 7 . 44 ( dd , 1H ) , 6 . 65 ( dd , 1H ) 
2 . 23 ( s , 3H ) Synthesis of Compound 170 : Compound 170 is prepared 

Synthesis of Compound 165 : For compound 165 , A was , as outlined in General Procedures K and J . [ Initialy ] Ini prepared as described for compound 139 . A was used in the 5 tially , 8 is prepared according to procedure K , then 9 was 
Chan Lam reaction , following General Procedure H1A to prepared according to General Procedure J by reaction of 2 . 3 provide compound 165 in 4 . 6 % yield . ' H NMR ( 300 MHz , g ethyl 6 - oxo - 6 , 7 - dihydro - 1H - pyrrolo [ 2 , 3 - b ] pyridine - 2 - car 
DMSO - d6 ) ppm 9 . 25 ( s , 1H ) , 9 . 04 ( s , 2H ) , 8 . 08 ( dd , 1H ) , boxylate ( 11 . 1 mmol ) , with 2 . 5 g of 4 - isopropoxyphenylbo 
8 . 04 ( d , 1H ) , 7 . 85 ( dd , 1H ) , 7 . 79 ( d , 1H ) , 6 . 62 ( dd , 1H ) , 3 . 84 10 ronic acid ( 13 . 9 mmol ) . After purification ( SiO2 ; DCM : 
( s , 3H ) MeOH 99 : 1 ) 2 . 1 g ( 55 % yield ) of 9 were obtained . Next , 10 Synthesis of Compound 166 : Following General proce was obtained starting from 2 . 1 g ( 6 . 2 mmol ) of 9 . After dure H1A , compound 166 was synthesized . ' 1H NMR ( 300 filtration 1 . 8 g ( 93 . 3 % yield ) of 10 were obtained . Then , MHz , DMSO - do ) ppm 8 . 65 - 8 . 79 ( m , 2H ) , 8 . 03 ( dd , 1H ) , from 10 amide formation with morpholine was performed to 
7 . 65 ( dd , 1H ) , 7 . 50 - 7 . 60 ( m , 2H ) , 6 . 51 ( dd , 1H ) 15 provide compound 170 in 46 . 2 % yield . ' H NMR ( 300 MHz , Synthesis of Compound 167 : Following General Proce DMSO - d6 ) ppm 11 . 32 ( s , 1H ) , 7 . 80 ( d , 1H ) , 7 . 42 - 7 . 58 ( m , dure L1 , compound 167 was prepared in 13 % yield . ' H 4H ) , 6 . 86 ( s , 1H ) , 6 . 20 ( d , 1 H ) , 3 . 39 - 3 . 73 ( m , 4H ) , 1 . 74 - 1 . 99 NMR ( 300 MHz , DMSO - d6 ) ppm 7 . 55 - 7 . 66 ( m , 3H ) , 7 . 35 ( m , 4H ) 
7 . 54 ( m , 2H ) , 6 . 95 ( d , 1H ) , 6 . 48 ( d , 1H ) , 3 . 50 - 3 . 81 ( m , 4H ) , 
2 . 80 - 2 . 96 ( m , 4H ) Synthesis of Compound 171 : For compound 171 , A was 

Synthesis of Compound 168 : For compound 168 , A was prepared as stated for compound 159 . Following general 
prepared as described for compound 139 . A was used in the procedure H1A , compound 171 was prepared in 5 % yield . 
Chan Lam reaction , following General Procedure H1A to ? H NMR ( 300 MHz , DMSO - d6 ) ppm 9 . 25 ( s , 1H ) , 9 . 03 
provide compound 168 in 7 . 4 % yield . ' H NMR ( 300 MHz , ( s , 2H ) , 7 . 90 ( dd , J = 2 . 6 , 0 . 6 Hz , 1 H ) , 7 . 65 ( dd , J = 9 . 5 , 2 . 5 
CDC1 . ) ppm 8 . 80 ( m , 2H ) , 7 . 60 ( d . 1H ) , 7 . 55 ( dd . 1H ) . 7 . 49 25 Hz , 1H ) , 6 . 66 ( dd , J = 9 . 4 , 0 . 6 Hz , 1H ) , 2 . 41 ( s , 3H ) , 2 . 24 ( s , 
( s , 1H ) , 7 . 46 ( m , 2H ) , 7 . 41 ( dd , 1H ) , 6 . 73 ( dd , 1H ) , 3 . 95 ( s , 
3 H ) Synthesis of Compound 172 : For compound 172 , A was 

Synthesis of Compound 169 : Following general proce prepared as stated for compound 169 . Following general 
dure I , A was prepared as follows . procedure H1A , compound 172 was prepared in 21 % yield . 

30 H NMR ( 300 MHz , DMSO - d6 ) ppm 8 . 88 ( br . s . , 1H ) , 8 . 51 
( br . s . , 1H ) , 8 . 10 ( dd , 1 H ) , 8 . 05 ( dt , 1H ) , 7 . 95 - 8 . 02 ( m , 1H ) , 

HO OH 7 . 39 - 7 . 58 ( m , 6H ) , 6 . 63 ( d , 1H ) 
Synthesis of Compound 173 : Compound 173 was syn 

K2CO3 thesized in the following manner . 
Pd ( PPhz ) 4 
DME , H20 

20 

3H ) 

Br 
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N 

55 
Following standard procedure for Suzuki coupling , the 
intermediate was obtained by reaction of 2 g ( 10 . 64 mmol ) 
of 5 - bromo - 2 - methoxy - pyridine . After purification ( SiO2 ; 
hexane / EA 20 / 1 to EA ) 2 . 1 g ( 87 % yield ) of pure interme 
diate were obtained as white solid . A solution of 6 - methoxy - 60 
3 , 3 - bipyridine ( 1 . 7 g , 11 . 3 mmol ) in EtOH ( 6 ml ) and HBr 
48 % ( 12 ml ) was stirred at 80° C . for 20 h . The solvent was 
evaporated and crude A ( as hydrobromide salt ) was utilized 
in the next step without any purification ( quantitative yield ) . 
Following general procedure HIA , with the addition of 65 
triethylamine , compound 169 was prepared in 14 % yield . ' H 
NMR ( 300 MHz , DMSO - d6 ) ppm 8 . 89 ( br . s . , 1H ) , 8 . 51 ( d , 

NH3 
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- continued 5 - iodo - 1 - ( pyridin - 4 - yl ) pyridin - 2 ( 1H ) - one ( 0 . 120 g , 0 . 4 
mmol ) was dissolved in dry and degassed toluene ( 10 mL ) , 
previously degassed . Pd ( PPhz ) 4 ( 0 . 023 g , 0 . 02 mmol ) was 
then added and the mixture was stirred for 10 minutes . 

5 2 - ( tributylstannyl ) thiazole ( 0 . 15 g , 0 . 4 mmol ) was added 
and the reaction was heated at 90° C . for 4 h under nitrogen 
atmosphere . A large excess of a KF / H , O solution was added 
and the mixture was stirred for 1 h . The aqueous phase was 
extracted with EtOAc . The solvent was removed under 
reduced pressure and the crude was purified by flash chro 
matography ( SiO ; EtOAc / MeOH 95 : 5 ) and then through 
titration in CH3CN . 38 . 7 mg ( 38 % yield ) of compound 174 

6 - methoxynicotinaldehyde ( 1 . 0 g , 7 . 2 mmol ) was dissolved were obtained as a white solid . ' H NMR ( 300 MHz , DMSO 
in HBr 48 % ( 10 mL ) and EtOH ( 3 mL ) and the solution was 15 db ) ppm 8 . 65 - 8 . 86 ( m , 2H ) , 8 . 31 ( dd , 1H ) , 8 . 10 ( dd , 1H ) , 
heated at reflux for 2 h . After evaporation of volatiles , 1 . 6 g 7 . 86 ( d , 1H ) , 7 . 72 ( d , 1H ) , 7 . 58 - 7 . 68 ( m , 2H ) , 6 . 60 - 6 . 74 ( m , 
of the desired pyridone intermediate was obtained . The 1 H ) 
intermediate was used in the next step without further Synthesis of Compound 175 : For compound 175 , 10 was 
purification . To a solution of 6 - oxo - 1 , 6 - dihydropyridine - 3 prepared as described for compound 170 , then 10 was mixed 
carbaldehyde ( 640 mg , 5 . 2 mmol ) in DCM ( 6 mL ) and DMF 20 with [ N - methylpiperdine ] N - methylpiperidine under the ( 2 mL ) , Cu ( OAc ) 2 ( 1 . 8 g , 10 . 4 mmol ) , phenyl boronic acid amide formation conditions of General Procedure J to pro ( 1 . 2 g , 10 . 4 mmol ) , pyridine ( 0 . 8 g , 10 . 4 mmol ) and finely 
grounded , activated 4 Å molecular sieves ( 1 g ) were added . vide compound 175 in 28 % yield . ' H NMR ( 300 MHz , 
The mixture was stirred at room temperature for 24 h . A DMSO - d6 ) ppm 11 . 18 ( s , 1H ) , 7 . 74 ( d , 1H ) , 7 . 22 ( m , 2H ) , 
concentrated solution of NH OH was added . The solvents 7 . 05 ( m , 2H ) , 6 . 64 ( s , 1 H ) , 6 . 17 ( d , 1H ) , 4 . 69 ( spt , 1H ) , 
were evaporated under vacuum , and the resulting crude was 25 3 . 42 - 3 . 80 ( m , 4H ) , 2 . 25 - 2 . 36 ( m , 4H ) , 2 . 19 ( s , 3H ) , 1 . 34 ( d , 
purified by chromatographic column ( SiO2 ; Pet . Ether / 6H ) 
EtOAc 10 / 1 to 0 / 1 ) . 300 mg ( 48 % yield ) of the second Synthesis of Compound 176 : For compound 176 , A was 
intermediate were obtained as a white solid . To a solution of prepared as stated for compound 169 . Following general 
the second intermediate ( 6 - oxo - 1 - phenyl - 1 , 6 - dihydropyri - procedure H1A , compound 176 was prepared in 7 . 6 % yield . 
dine - 3 - carbaldehyde , 300 mg , 2 . 5 mmol ) in of MeOH ( 20 30 H NMR ( 300 MHz , DMSO - d6 ) ppm 8 . 89 ( dd , 1H ) , 8 . 76 
mL ) , glyoxal ( 0 . 89 g , 10 . 4 mmol ) was added at 0° C . ( dd , 2H ) , 8 . 52 ( dd , 1H ) , 8 . 16 ( dd , 1H ) , 8 . 07 ( ddd , 1H ) , 8 . 01 
Gaseous NH , was bubbled into the mixture at 0° C . for 1 h . ( dd , 1H ) , 7 . 62 - 7 . 69 ( m , 2H ) , 7 . 44 ( ddd , 1H ) , 6 . 67 ( dd , 1H ) 
The reaction was warmed at room temperature and stirred Synthesis of Compound 177 : For compound 177 , 10 was 
for 24 h . The solvent was evaporated under vacuum and the prepared as described for compound 170 , then 10 was mixed 
resulting crude was purified by flash chromatography ( SiO2 , 35 with 3 - methoxybenzylamine under the amide formation 
Pet . Ether / EtoAc 10 / 1 to 0 / 1 ) and by reverse - phase prepara - conditions of General Procedure J to provide compound 177 
tive HPLC . 80 mg ( 14 % yield ) of compound 173 were in 46 . 5 % vield . IH NMR ( 300 MHz . DMSO - 06 ) ppm 
obtained . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 14 . 16 ( br . Synthesis of Compound 178 : For compound 178 , 10 was 
S . , 1H ) , 8 . 49 ( d , 1H ) , 8 . 03 ( dd , 1H ) , 7 . 66 ( s , 2H , 7 . 44 - 7 . 63 prepared as described for compound 170 , then 10 was mixed 
( m , 5H ) , 6 . 75 ( d , 1H ) 40 with benzylamine under the amide formation conditions of Synthesis of Compound 174 : For compound 174 , the General Procedure J to provide compound 178 in 33 . 8 % 
iodopyridone intermediate was prepared as described for yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 10 . 94 ( s , 1H ) , 
compound 189 , below . The iodopyridone intermediate was 8 . 65 ( t , 1H ) , 7 . 78 ( d , 1H ) , 7 . 15 - 7 . 39 ( m , 7H ) , 6 . 96 - 7 . 12 ( m , then used in a Stille coupling . 3H ) , 6 . 18 ( d , 1H ) , 4 . 68 ( quin , 1H ) , 4 . 42 ( d , 2H ) , 1 . 33 ( d , 6H ) 

45 Synthesis of Compound 179 : For compound 179 , 10 was 
prepared as described for compound 170 , then 10 was mixed 
with 2 - aminothiazole under the amide formation conditions 

Pd ( PPh3 ) 4 of General Procedure J to provide compound 179 in 37 % 
yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 12 . 23 ( br . S . , Toluene 50 1H ) , 11 . 38 ( br . s . , 1H ) , 7 . 83 ( d , 1H ) , 7 . 49 ( d , 1H ) , 7 . 40 ( s , N Sn ( Bu ) 3 1H ) , 7 . 29 ( m , 2H ) , 7 . 19 ( d , 1H ) , 7 . 10 ( m , 2H ) , 6 . 25 ( d , 1H ) , 
4 . 71 ( spt , 1H ) , 1 . 36 ( d , 6H ) 

Synthesis of Compound 180 : For compound 180 , 10 was 
prepared as described for compound 170 , then 10 was mixed 

55 with [ N - methylpiperdine ] N - methylpiperidine under the 
amide formation conditions of General Procedure J to pro 
vide compound 180 in 33 . 8 % yield . ' H NMR ( 300 MHz , 
DMSO - d6 ) ppm 11 . 48 ( s , 1H ) , 7 . 78 ( d , 1H ) , 7 . 46 - 7 . 58 ( m , 
4H ) , 6 . 67 ( s , 1H ) , 6 . 20 ( d , 1H ) , 3 . 57 - 3 . 72 ( m , 4H ) , 2 . 23 - 2 . 35 

o 60 ( m , 4H ) , 2 . 18 ( s , 3H ) 
Synthesis of Compound 181 : For compound 181 , 10 was 

prepared as described for compound 170 , then 10 was mixed 
with [ pyrole ] pyrrole under the amide formation conditions 
of General Procedure J to provide compound 181 in 46 . 2 % 

65 yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 11 . 32 ( s , 1H ) , 
7 . 80 ( d , 1H ) , 7 . 42 - 7 . 58 ( m , 4H ) , 6 . 86 ( s , 1H ) , 6 . 20 ( d , 1H ) , 
[ 3 . 48 - 3 . 73 ] 3 . 39 - 3 . 73 ( m , 4H ) , 1 . 74 - 1 . 99 ( m , 4H ) 

O + 
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Synthesis of Compound 182 : For compound 182 , 10 was clear solution was dried over Na S04 and concentrated 
prepared as described for compound 170 , then 10 was mixed under vacuum to afford 10 . 2 g ( 61 % yield ) of pure 
with morphiline under the amide formation conditions of 6 - methoxy - pyridine - 3 - sulfonyl chloride . 6 - Methoxy - pyri 
General Procedure J to provide compound 182 in 47 % yield . dine - 3 - sulfonyl chloride ( 5 . 0 g , 0 . 025 mol ) was dissolved in 
' H NMR ( 300 MHz , DMSO - d6 ) ppm 11 . 50 ( br . s . , 1H ) , 7 . 78 5 DCM and cooled at 0° C . [ Gasseous ] Gaseous NH , was 
( d , 1H ) , 7 . 44 - 7 . 59 ( m , 4H ) , 6 . 71 ( s , 1H ) , 6 . 20 ( d , 1H ) , bubbled in the solution for 10 min . The resulting pale brown 
3 . 48 - 3 . 75 ( m , 8H ) suspension was filtered and the solid was triturated with 

Synthesis of Compound 183 : For compound 183 , the water . The resulting white solid was filtered and dried under 
general procedure outlined for compound 189 was used . vacuum to afford 3 . 2 g ( 70 . 6 % yield ) of pure 6 - Methoxy 

10 pyridine - 3 - sulfonamide . 6 - Methoxy - pyridine - 3 - sulfona 
mide ( 0 . 752 g , 4 . 0 mmol ) was dissolved in EtOH ( 6 mL ) . An 
excess of 48 % HBr aqueous solution ( 12 mL ) was added and 
the reaction was heated at 90° C . for 20 h . The solvent was 
removed under reduced pressure and the residual hydrobro 
mic acid was further dried under reduced pressure , at 40° C . , 
to provide the intermediate sulfonamide in quantitative 
yield . The sulfonamide was used in General Procedure H1A 
to provide compound 184 in 10 % yield . ' H NMR ( 300 MHz , 

20 DMSO - d6 ) ppm 8 . 05 ( dd , 1H ) , 7 . 79 ( dd , 1H ) , 7 . 62 ( m , 2H ) , 
7 . 55 ( m , 2H ) , 7 . 36 ( s , 2H ) , 6 . 67 ( dd , 1H ) 

The iodopyridone intermediate above was obtained by reac Synthesis of Compound 185 : For compound 185 , A was 
tion of 600 mg ( 2 . 7 mmol ) of 5 - iodo - 2 - pyridone with prepared in the following manner . 
phenylboronic acid . After purification ( SiO2 ; Hexane / Ac 
etate / MeOH 1 / 1 / 0 to 0 / 10 / 1 ) . 600 mg ( 75 % yield ) of pure 25 B ( OH ) 2 intermediate were obtained as a pale yellow solid . The 
Suzuki coupling , as outlined for compound 189 , below , F . Pd ( PPh34 
provided compound 183 in 38 % yield . ' H NMR ( 300 MHz , K2CO3 , DME DMSO - d6 ) ppm 7 . 98 ( s , 2H ) , 7 . 91 ( dd , 1H ) , 7 . 83 ( dd , 1 H ) , 
7 . 36 - 7 . 62 ( m , 5H ) , 6 . 54 ( dd , 1H ) 

Synthesis of Compound 184 : For compound 184 , inter 
mediate sulfonamide was prepared as follows . 

Br 

30 

H2N HBr 48 % 
EtOH 

40 
NH3 

On 
O = 

45 

p = 
HBr 

0 
EtOH EtOH 

DCM Following the general procedure I , 5 - ( 2 - fluorophenyl ) - 2 
methoxypyridine was obtained by reaction of 3 g ( 16 mmol ) 

H2N 15 of 5 - bromo - 2 - methoxy - pyridine . After purification ( SiO2 ; 
Pet . Ether / EtOAC 1 / 1 to 0 / 1 ) , 750 mg ( 31 % yield ) of pure 
product was obtained as a white solid . 5 - ( 2 - fluorophenyl ) 
2 - methoxypyridine ( 750 mg ) was dissolved in HBr 48 % ( 10 
mL ) and EtOH ( 3 mL ) and the solution was heated at reflux 

50 for 3 h . After evaporation of volatiles , 700 mg ( quantitative 
yield ) of the desired pyridone were obtained as a white solid . 

A mixture of 2 - methoxy - 5 - aminopyridine ( 10 g , 0 . 08 mol ) Following general procedure H1A , compound 185 was 
in AcOH ( 125 mL ) , and concentrated HCl ( 150 mL ) was prepared in 58 % yield . ' H NMR ( 300 MHz , DMSO - 06 ) 
cooled at 0° C . in an ice / water bath . A solution of NaNO , ppm 10 . 13 ( s , 1H ) , 7 . 69 - 7 . 90 ( m , 3H ) , 7 . 51 - 7 . 65 ( m , 2H ) , 
( 4 . 0 g , 0 . 058 mol ) in water ( 15 mL ) was added dropwise at 55 7 . 20 - 7 . 50 ( m , 4 H ) , 7 . 14 ( dd , 1H ) , 6 . 60 ( d , 1H ) , 2 . 06 ( s , 3H ) 
0° C . The resulting mixture was stirred for 45 minutes at 0° Synthesis of Compound 186 : For compound 186 , A was 
C . In a separate round bottom flask , 150 mL of concentrated prepared as described for compound 185 . Following general 
HCl was added dropwise to a sodium bisulphite solution . procedure H1A , compound 186 was prepared in 43 % yield . 
The gaseous SO , thus formed was purged for 2 - 3 h into a H NMR ( 300 MHz , DMSO - d6 ) ppm 7 . 82 - 7 . 88 ( m , 1H ) , 
third round bottom flask containing AcOH cooled at - 20° C . 60 7 . 78 ( ddd , 1H ) , 7 . 35 - 7 . 62 ( m , 7H ) , 7 . 22 - 7 . 36 ( m , 2H ) , 6 . 61 
CuCl2 ( 18 g ) was added , and the reaction was stirred for 20 ( dd , 1H ) 
minutes at - 20° C . The mixture was added dropwise to the Synthesis of Compound 187 : For compound 187 , A was 
2 - methoxy - 5 - aminopyridine / AcOH / concentrated HCl mix - prepared as described for compound 185 . Following general 
ture maintained at 0° C . The reaction was allowed to warm procedure H1A , compound 187 was prepared in 58 % yield . 
up to room temperature and stirred overnight . The mixture 65 ' H NMR ( 300 MHz , DMSO - d6 ) ppm 7 . 90 ( d , 1H ) , 7 . 79 
was quenched with water and the solid thus formed was ( ddd , 1H ) , 7 . 67 ( m , 2H ) , 7 . 47 - 7 . 63 ( m , 3H ) , 7 . 19 - 7 . 46 ( m , 
filtered , re - dissolved in DCM and filtered through celite . The 3H ) , 6 . 62 ( dd , 1H ) 
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Synthesis of Compound 188 : The synthesis of compound was added . The solvents were evaporated under vacuum and 
188 was achieved in the following manner . the resulting crude was absorbed on silica pad and purified 

by flash chromatographic column ( SiO2 ; Pet . Ether / EtOAC 
mixture ) . 

B ( OH ) 2 5 800 mg ( 4 . 2 mmol ) of 5 - iodo - 2 - pyridone with 4 - pyridine 
Cu ( OAc ) 2 boronic acid . After purification ( SiO2 ; Pet . Ether / EtOAc / 

MeOH 1 / 1 / 0 to 0 / 10 / 1 ) . 387 mg ( 31 % yield ) of pure product 
DCM - DMF were obtained as a pale yellow solid . MS - ESI * : m / z = 299 

O2 [ MH + ] MS 4A 
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Compound 173 Compound 188 

5 - ( 1H - imidazol - 2 - yl ) pyridin - 2 ( 1H ) - one ( 0 . 097 g , 0 . 6 mmol ) 25 
was dissolved in DCM ( 3 mL ) and N , N - dimethylformam 
mide ( 3 mL ) . Phenylboronic acid ( 0 . 087 g , 0 . 72 mmol ) , 
copper ( II ) acetate ( 0 . 21 g , 1 . 2 mmol ) , pyridine ( 0 . 095 g , 1 . 2 
mmol ) and 4 Å molecular sieves were added and the reaction 
was stirred at room temperature in an open vessel for nine 30 
days . The reaction was monitored by UPLC - MS . At the end 
of the reaction , a concentrated solution of NH OH was 
added . Solvents were removed at reduced pressure , and the For the Suzuki coupling , the iodopyridone ( 1 eq ) , the 
crude was purified by flash chromatography ( SiO2 ; EtoAc appropriate boronic acid ( 1 . 2 eq ) and K , CO , ( 3 eq ) were 
MeOH 1 : 0 to 95 : 5 ) . Two main products were recovered : 24 35 dissolved in a 10 : 1 mixture of DME / H , 0 ( 4 mL / mmol ) . The 
mg of compound 173 ( 10 % yield ) and 7 mg of compound solution was degassed by bubbling N , for 15 min and then 
188 ( 2 % yield ) . ' H NMR ( 300 MHz , DMSO - d6 ) ppm Pd ( PPhz ) , ( 0 . 05 eq ) was added . The reaction mixture was 
7 . 81 - 7 . 94 ( m , 1H ) , 7 . 75 ( d , 1H ) , 7 . 71 ( br . s . , 1H ) , 7 . 40 - 7 . 66 heated at 90° C . for 18 h , after which time , BOC protecting 
( m , 8H ) , 7 . 33 ( dd , 1H ) , 7 . 22 - 7 . 30 ( m , 2H ) , 6 . 50 ( d , 1H ) group was completely cleaved . Mixture was cooled at room 

Synthesis of Compound 189 : For compound 189 , an 40 temperature , diluted with EtoAc and filtered on a celite 
iodopyridone is the intermediate of the Suzuki reaction . plug . The filtrate was washed with brine . The separated 

organic phase was dried over Na , SO and concentrated 
under reduced pressure . The obtained residue was purified 

HO OH Cu ( OAc ) 2 by column chromatography ( SiO2 ; Pet . Ether / EtoAc mix 
?? 45 ture ) . 

Compound 189 was obtained in 42 % yield . ' H NMR ( 300 + 
MHz , DMSO - 06 ) ppm 8 . 71 - 8 . 92 ( m , 2H ) , 8 . 00 ( s , 2H ) , 7 . 98 

- R 4A MS ( dd , 1H ) , 7 . 88 ( dd , 1H ) , 7 . 66 - 7 . 78 ( m , 2H ) , 6 . 60 ( dd , 1H ) , 
5 . 74 ( br . s . , 1H ) 

50 Synthesis of Compound 190 : For compound 190 , the 
intermediate sulfonamide was prepared as described for 
compound 184 . The intermediate sulfonamide was used in 
General Procedure H1A to provide compound 190 in 9 % 
yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 7 . 99 ( d , 1H ) , 
7 . 78 ( dd , 1H ) , 7 . 41 - 7 . 64 ( m , 5H ) , 7 . 36 ( s , 2H ) , 6 . 66 ( d , 1H ) 

R : Synthesis of Compound 191 : For compound 191 , A was 
prepared as stated for compound 147 . Following general 
procedure H1A , compound 191 was prepared . ' H NMR 
( 300 MHz , DMSO - d6 ) ppm 9 . 13 ( s , 1H ) , 9 . 12 ( s , 1H ) , 8 . 76 

To a solution of 5 - iodo - pyridin - 2 - one ( 1 eq ) in DCM ( 5 60 ( d , 1H ) , 8 . 67 ( dd , 1H ) , 8 . 35 ( dd , 1H ) , 8 . 08 ( dd , 1H ) , 8 . 02 
mL / mmol of aryl halide ) and DMF ( 0 . 7 mL / mmol of aryl ( ddd , 1H ) , 7 . 61 ( ddd , 1H ) , 6 . 70 ( dd , 1H ) 
halide ) , Cu ( OAC ) , ( 2 eq ) , the appropriate boronic acid ( 1 . 2 Synthesis of Compound 192 : For compound 192 , A was 
eq ) , pyridine ( 2 eq ) and finely grounded , activated 4 Å prepared as stated for compound 169 . Following general 
molecular sieves were added . The mixture was stirred at procedure H1A , compound 192 was prepared in 15 % yield . 
room temperature in an open vessel for a variable time ( from 65 ' H NMR ( 300 MHz , DMSO - d6 ) ppm 8 . 89 ( d , 1H ) , 8 . 52 ( dd , 
12 hours to 7 days ) . Fresh Boronic acid was further added 1H ) , 8 . 17 ( d , 1H ) , 8 . 06 ( ddd , 1H ) , 8 . 01 ( dd , 1H ) , 7 . 96 ( m , 
in sluggish reactions . A concentrated solution of NH , OH 2H ) , 7 . 74 ( m , 2H ) , 7 . 49 ( s , 2H ) , 7 . 43 ( ddd , 1H ) , 6 . 66 ( d , 1H ) 

DCM - DMF 
02 
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Synthesis of Compound 193 : For compound 193 , the with 3 - aminobenzenesulfonamide under the amide forma 
iodopyridone intermediate was prepared as described for tion conditions of General Procedure J to provide compound 
compound 189 and 183 , above . The iodopyridone was then 197 in 21 . 4 % yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 
used in a Stille coupling . 11 . 31 ( s , 1H ) , 10 . 16 ( s , 1H ) , 8 . 12 - 8 . 18 ( m , 1H ) , 7 . 89 - 8 . 01 

5 ( m , 1H ) , 7 . 84 ( d , 1H ) , 7 . 43 - 7 . 57 ( m , 2H ) , 7 . 30 - 7 . 35 ( m , 3H ) , 
7 . 27 ( m , 2H ) , 7 . 09 ( m , 2H ) , 6 . 23 ( d , 1H ) , 4 . 71 ( quin , 1H ) , 
1 . 35 ( d , 6H ) 
Synthesis of Compound 198 : For compound 198 , 10 was 

Pd ( PPh3 ) 4 prepared as described for compound 170 , then 10 was mixed 
with 3 - methylaminopyridine under the amide formation 
conditions of General Procedure J to provide compound 198 N Sn ( Bu ) 3 in 28 . 4 % yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 11 . 02 
( s , 1H ) , 8 . 62 - 8 . 92 ( m , 1H ) , 8 . 35 - 8 . 58 ( m , 2H ) , 7 . 79 ( d , 1 H ) , 

15 . 7 . 17 - 7 . 34 ( m , 4H ) , 6 . 98 - 7 . 14 ( m , 3H ) , 6 . 19 ( d , 1H ) , 4 . 68 
( quin , 1H ) , 4 . 43 ( d , 2H ) , 1 . 33 ( d , 6H ) 

Synthesis of Compound 199 : For compound 199 , 10 was 
prepared as described for compound 170 , then 10 was mixed 
with 3 - phenoxyaniline under the amide formation condi 

20 tions of General Procedure J to provide compound 199 in 
47 % yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 11 . 28 ( s , 
1H ) , 9 . 92 ( s , 1H ) , 7 . 81 ( d , 1H ) , 7 . 35 - 7 . 49 ( m , 4H ) , 7 . 31 ( dd , 
1H ) , 7 . 20 - 7 . 27 ( m , 3H ) , 7 . 10 - 7 . 19 ( m , 1H ) , 6 . 98 - 7 . 10 ( m , 
4H ) , 6 . 72 ( [ ddd , 1 ] ddd , 1 H ) , 6 . 21 ( d , 1H ) , 4 . 69 ( quin , 1H ) , 

25 1 . 34 ( d , 6H ) 
Synthesis of Compound 200 : Following General Proce 

5 - iodo - 1 - phenylpyridin - 2 ( 1H ) - one ( 0 . 088 g , 0 . 3 mmol ) was dure L2 , compound 200 was prepared in 10 % yield . ' H 
dissolved in dry and degassed toluene ( 7 . 5 mL / mmol ) . The NMR ( 300 MHz , DMSO - d6 ) ppm 7 . 45 - 7 . 55 ( m , 2H ) , 7 . 34 
catalyst was then added ( 0 . 017 g , 0 . 015 mmol ) and the 30 7 . 45 ( m , 4H ) , 6 . 57 ( d , 1H ) , 6 . 45 ( dd , 1H ) , 2 . 99 - 3 . 12 ( m , 4H ) , 
mixture was stirred for 10 minutes . 2 - ( tributylstannyl ) ox 30 1 . 78 - 1 . 97 ( m , 4H ) 
azole ( 0 . 107 g , 0 . 3 mmol ) was added and the reaction was Synthesis of Compound 201 : For compound 201 , A was 
heated at 90° C . for 18 h under nitrogen atmosphere . Conc . prepared as described for compound 185 . Following general 
NH OH was added . The solvent was removed at reduced procedure H1A , compound 201 was prepared in 13 % yield . 
pressure and the crude was purified by flash chromatography 35 H NMR ( 300 MHz , DMSO - d6 ) ppm 9 . 25 ( s , 1H ) , 9 . 07 ( s , 
( SiO2 ; Pet . Ether / EtOAc 1 : 1 ) and then through titration in 2H ) , 8 . 06 ( d , 1H ) , 7 . 79 - 7 . 88 ( m , 1H ) , 7 . 55 - 7 . 65 ( m , 1H ) , 
di - isopropylether . The residual product present in the mother 7 . 20 - 7 . 47 ( m , 3H ) , 6 . 66 ( dd , 1H ) 
liquor was recovered after purification with preparative . 36 Synthesis of Compound 202 : Compound A for compound 
mg ( 30 % yield ) of compound 193 were obtained as a pale 202 was prepared as stated for compound 116 . The prepared 
yellow solid . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 8 . 19 ( dd , 40 compound A was used in General procedure H1A to provide 
1H ) , 8 . 14 ( d , 1H ) , 8 . 02 ( dd , 1H ) , 7 . 43 - 7 . 61 ( m , 5H ) , 7 . 32 ( d , compound 202 in 8 % yield . ' H NMR ( 300 MHz , DMSO - do ) 
1H ) , 6 . 66 ( dd , 1H ) 9 . 27 ( s , 1H ) , 8 . 91 ( s , 2 H ) , 7 . 29 - 7 . 35 ( m , 1H ) , 7 . 11 ( dt , 1H ) , 

Synthesis of Compound 194 : For compound 194 , 10 was 6 . 71 ( d , 1H ) , 1 . 63 - 1 . 83 ( m , 1H ) , 0 . 86 - 1 . 02 ( m , 2 H ) , 
prepared as described for compound 170 , then 10 was mixed 0 . 51 - 0 . 69 ( m , 2H ) 
with [ pyrole ] pyrrole under the amide formation conditions 45 Synthesis of Compound 203 : For compound 203 , the 
of General Procedure J to provide compound 194 in 29 % iodopyridone intermediate was obtained as described for 
yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 10 . 72 ( br . s . , compound 189 . 
1H ) , 7 . 76 ( d , 1H ) , 7 . 22 ( m , 2H ) , 7 . 05 ( m , 2H ) , 6 . 85 ( s , 1 H ) , 
6 . 19 ( d , 1 H ) , 4 . 69 ( quin , 1H ) , 3 . 39 - 3 . 72 ( m , 4H ) , 1 . 78 - 1 . 95 
( m , 4H ) , 1 . 34 ( d , 6H ) 

Synthesis of Compound 195 : For compound 195 , 10 was 
prepared as described for compound 170 , then 10 was mixed 
with 3 - methoxyaniline under the amide formation condi 
tions of General Procedure J to provide compound 195 in 
75 % yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 11 . 26 ( br . 55 
S . , 1H ) , 9 . 86 ( s , 1H ) , 7 . 83 ( d , 1H ) , 7 . 37 - 7 . 41 ( m , 1H ) , 
7 . 14 - 7 . 32 ( m , 5H ) , 7 . 08 ( m , 2H ) , 6 . 63 ( ddd , 1H ) , 6 . 22 ( d , 
1H ) , 4 . 70 ( quin , 1H ) , 3 . 73 ( s , 3 H ) , 1 . 35 ( d , 6H ) 

Synthesis of Compound 196 : For compound 196 , 10 was 
prepared as described for compound 170 , then 10 was mixed 60 
with 3 - phenoxyaniline under the amide formation condi 
tions of General Procedure J to provide compound 196 in 
20 % yield . ' H NMR ( 300 MHz , DMSO - d6 ) ppm 11 . 64 ( s , 
1H ) , 9 . 94 ( s , 1H ) , 7 . 86 ( d , 1H ) , 7 . 28 - 7 . 57 ( m , 10 H ) , 7 . 15 The product was obtained by reaction of 500 mg ( 2 . 25 
( dddd , 1H ) , 7 . 04 ( m , 2H ) , 6 . 72 ( ddd , 1H ) , 6 . 24 ( d , 1H ) 65 mmol ) of 5 - iodo - 2 - pyridone with 4 - trifluoromethoxy - phe 

Synthesis of Compound 197 : For compound 197 , 10 was nyl - boronic acid . After flash chromatography ( SiO2 ; Pet . 
prepared as described for compound 170 , then 10 was mixed Ether / EtOAc 2 : 1 ) 300 mg ( 35 % yield ) of the intermediate 
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