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(57) ABSTRACT 

Provided are bicyclic heterocycle-based p38 kinase, includ 
ing p380t and p386 kinase, inhibitors. Pharmaceutical com 
positions containing the compounds are also provided. Meth 
ods of use of the compounds and compositions are also 
provided, including methods of treatment, prevention, or 
amelioration of one or more symptoms of p38 kinase medi 
ated diseases and disorders, including, but not limited to, 
in?ammatory diseases and disorders. 
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BICYCLIC HETEROCYCLIC P-38 KINASE 
INHIBITORS 

RELATED APPLICATIONS 

[0001] Priority is claimed herein to US. Provisional Patent 
Application Nos. 60/532,529, ?led Dec. 23, 2003, and 
60/575,113, ?led May 28, 2004. Where national laWs alloW, 
the disclosures of the above-referenced provisional applica 
tions are incorporated herein in their entirety. 

FIELD 

[0002] Provided herein are bicyclic heterocyclic com 
pounds Which have cytokine inhibitory activity. Also pro 
vided are the uses of bicyclic heterocyclic compounds for 
treating conditions associated With p380t and [3 kinases and 
for treating p38 kinase-associated conditions. 

BACKGROUND 

[0003] A large number of cytokines participate in the 
in?ammatory response, including IL-1, IL6, IL-8 and TNF-ot. 
Overproduction of cytokines such as IL-1 and TNF-ot are 
implicated in a Wide variety of diseases, including in?amma 
tory boWel disease, rheumatoid arthritis, psoriasis, multiple 
sclerosis, endotoxin shock, osteoporosis, AlZheimer’s dis 
ease, and congestive heart failure, among others (Henry et al., 
Drugs FuL, 24:1345-1354 (1999); Salituro et al., Curl’. Med. 
Chem, 6:807-823 (1999)). Evidence in human patients indi 
cates that protein antagonists of cytokines are effective in 
treating chronic in?ammatory diseases, such as, for example, 
monoclonal antibody to TNF-ot (Remicade) (Rankin et al., BK 
J. Rheumalol, 34:334-342 (1995)), and soluble TNF-ot 
receptor-Fc fusion protein (Etanercept) (Moreland et al., 25 
Ann. Intern. Med., 130:478-486 (1999)). 
[0004] The biosynthesis of TNF-ot occurs in many cell 
types in response to an external stimulus, such as, for 
example, a mitogen, an infectious organism, or trauma. 
Important mediators of TNF-ot production are the mitogen 
activated protein (MAP) kinases, and in particular, p38 
kinases. These kinases are activated in response to various 
stress stimuli, including but not limited to proin?animatory 
cytokines, endotoxin, ultraviolet light, and osmotic shock. 
Activation of p38 requires dual phosphorylation by upstream 
MAP kinase kinases (MKK3 and MKK6) on threonine and 
tyrosine Within a Thr-Gly-Tyr motif characteristic of p38 
isoZymes. 
[0005] There are four knoWn isofomns of p38, i.e., p380t, 
p38[3, p38y, and p386. The 0t and [3 isoforms are expressed in 
in?ammatory cells and are key modulators of TNF-ot produc 
tion. Inhibiting the p380t and [3 enZymes in cells results in 
reduced levels of TNF-ot expression. Also, administering 
inhibitors of p380t and [3 in animal models of in?ammatory 
disease has proven that such inhibitors are effective in treating 
those diseases.Accordingly, the p38 enZymes serve an impor 
tant role in in?ammatory processes mediated by IL-1 and 
TNF-ot. Compounds that reportedly inhibit p38 kinase and 
cytokines such as IL-1 and TNF-ot for use in treating in?am 
matory diseases are disclosed in US Pats. Nos. 6,277,989 and 
6,130,235 to Scios, Inc; US. Pat. Nos. 6,147,080 and 5,945, 
418 to Vertex Pharmaceuticals Inc; US. Pat. Nos. 6,251,914, 
5,977,103 and 5,658,903 to Smith-Kline Beecham Corp.; 
US. Pat. Nos. 5,932,576 and 6,087,496 to G. D. Searle & Co.; 
WO 00/56738 and WO 01/27089 to Astra Zeneca; WO 
01/34605 to Johnson & Johnson; W0 00/ 12497 (quinaZoline 
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derivatives as p38 kinase inhibitors); W0 00/ 56738 (pyridine 
and pyrimidine derivatives for the same purpose); W0 
00/ 12497 (discusses the relationship betWeen p38 kinase 
inhibitors); and W0 00/ 12074 (piperaZine and piperidine 
compounds useful as p38 inhibitors). 
[0006] PyrrolotriaZine compounds useful as tyrosine 
kinase inhibitors are disclosed in US. patent application Ser. 
No. 09/573,829 ?led May 18, 2000, assigned to Bristol-My 
ers Squibb. In addition, pyrrolotriaZine kinase inhibitors are 
disclosed in WO 02/40486, assigned to Bristol-Myers 
Squibb. Recent applications: WO 03/032970, WO 
03/033482, WO03/032971, WO 03/032986, WO 03/032980, 
WO 03/032987, WO 03/033483, WO 03/033457 and WO 
03/032972 are incorporated into this application. A series of 
aminoaryl substituted 5- and 6-membered ring heterocycles 
useful as inhibitors of IMPH are disclosed in WO 00/25780. 
US. Pat. Nos. 6,005,109 and 6,103,900 disclose pyraZoles 
and pyraZolopyrimidines having CRF antagonistic activity. 
WO 03/090912 and WO 03/091229 disclose certain pyrrolo 
triaZines useful as kinase inhibitors. Each of the patent appli 
cations, patents, and publications referred to herein is incor 
porated herein by reference. 

SUMMARY 

[0007] Compounds for use in compositions and methods 
for modulating the activity of cytokines are provided. In one 
embodiment, the compounds are used in compositions and 
methods for modulating p38 kinase, including, but not lim 
ited to p380t and p38[3 kinase activity. In certain embodi 
ments, the compounds are bicyclic heterocyclic compounds 
that are substituted With a cycloalkylamide moiety. In certain 
embodiments, the compounds provided herein are substituted 
purines, pyrrolotriaZines, pyrraZolopyrimidines, imidaZol 
opyrimidines, and related compounds. 
[0008] In one embodiment, provided herein are compounds 
of formula I: 

[0009] 
Wherein: 
[0010] R1 is hydrogen, halo, alkyl, cycloalkyl, alkynyl, 
haloalkyl, alkoxy, haloalkoxy, pseudohalo, iNR4R5 or 
‘0R4; 
[0011] R2 at each occurrence is independently selected 
from alkyl, substituted alkyl, loWer cycloalkyl, halo, tri?uo 
romethyl, tri?uoromethoxy, iOR4, 4CN, iNR4R5; 
iS(:O)alkyl, iS(:O)aryl, iNHSO2-arylene-R4, 
iNHSOzalkyl, %O2R4, iCONHz, iSO3H, iS(O) 
alkyl, iS(O)aryl, iSO2NHR4, and iNHC(:O)NHR4; 
[0012] nis 0, 1 or 2; 
[0013] R3 is selected from hydrogen, alkyl, ‘0R4, substi 
tuted alkyl, cycloalkyl, 4CR4cycloalkyl, heteroaryl, substi 
tuted heteroaryl, heterocycle and substituted heterocycle; 

or pharmaceutically acceptable derivatives thereof, 
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substituents on aryl group are selected from one to four sub 
stituents selected from alkyl, substituted alkyl, haloalkyl, 
halo, tri?uoromethoxy, tri?uoromethyl, hydroxy, hydroxy 
alkyl, aminoalkyl, alkoxy, alkanoyl, alkanoyloxy, amino, ary 
lamino, aralkylamino, dialkylamino, alkanoylamino, thiol, 
alkylthio, ureido, nitro, cyano, cyanoalkyl, heterocyclyl, car 
boxy, carboxyalkyl, carbamyl, alkoxycarbonyl, aminocarbo 
nyl, alkylthiono, arylthiono, arylsulfonylamine, sulfonic 
acid, alkysulfonyl, sulfonamido, aryloxy and CONRaRb, 
Where R“ and Rb are selected from hydrogen, alkyl, alkenyl, 
alkynyl, cycloalkyl, alkoxycarbonylaminoalkyl and alky 
lamino; or R“ and Rh together With the nitrogen on Which they 
are substituted, form a 3-6 membered heterocyclic or het 
eroaryl ring. The substituent may be further substituted by 
hydroxy, alkyl, alkoxy, aryl, substituted aryl, substituted alkyl 
or aralkyl. 

[0034] In one embodiment, the groups A,Y, R1, R2, R3, X1, 
X2 and D are selected such that the resulting compound has 
effect on cytokine activity. 
[0035] Also of interest are any pharmaceutically-accept 
able derivatives, including salts, esters, enol ethers, enol 
esters, solvates, hydrates and prodrugs of the compounds 
described herein. Pharrnaceutically-acceptable salts, include, 
but are not limited to, amine salts, such as but not limited to 
N,N'-dibenZylethylenediamine, chloroprocaine, choline, 
ammonia, diethanolamine and other hydroxyalkylamines, 
ethylenediamine, N-methylglucamine, procaine, N-ben 
Zylphenethylamine, l -para-chlorobenZyl-2 -pyrrolidin- l '-yl 
methylbenZimidaZole, diethylamine and other alkylamines, 
piperaZine and tris(hydroxymethyl)aminomethane; alkali 
metal salts, such as but not limited to lithium, potassium and 
sodium; alkali earth metal salts, such as but not limited to 
barium, calcium and magnesium; transition metal salts, such 
as but not limited to Zinc, aluminum, and other metal salts, 
such as but not limited to sodium hydrogen phosphate and 
disodium phosphate; and also including, but not limited to, 
salts of mineral acids, such as but not limited to hydrochlo 
rides and sulfates; and salts of organic acids, such as but not 
limited to acetates, lactates, malates, tartrates, citrates, ascor 
bates, succinates, butyrates, valerates and fumarates. 
[0036] Pharmaceutical compositions formulated for 
administration by an appropriate route and means containing 
effective concentrations of one or more of the compounds 
provided herein, or pharmaceutically acceptable derivatives 
thereof, that deliver amounts effective for the treatment, pre 
vention, or amelioration of one or more symptoms of diseases 
or disorders that are modulated or otherWise affected by 
cytokine activity, in one embodiment, p38 kinase activity, or 
in Which cytokine activity, in one embodiment, p38 kinase 
activity is implicated, are also provided. The effective 
amounts and concentrations are effective for ameliorating 
any of the symptoms of any of the diseases or disorders. 

[0037] Methods for treatment, prevention, or amelioration 
of one or more symptoms of diseases or disorders mediated 
by or in Which cytokine activity, in one embodiment, p38 
kinase activity, is implicated, are provided. Such methods 
include methods of treatment, prevention and amelioration of 
one or more symptoms of in?ammatory diseases, autoim 
mune diseases, destructive bone disorders, proliferative dis 
orders, angiogenic disorders, infectious diseases, neurode 
generative diseases, and viral diseases, using one or more of 
the compounds provided herein, or pharmaceutically accept 
able derivatives thereof. 
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[0038] Methods of modulating the activity of cytokines, in 
one embodiment, the activity of p38 kinases, using the com 
pounds and compositions provided herein are also provided. 
[0039] Methods of reducing the expression of inducible 
pro-in?ammatory proteins, including, but not limited to pros 
taglandin endoperoxide synthase-2 (PGHS-2), also referred 
to as cyclooXygenase-2 (COX-2), in a subject in need thereof 
by administration of one or more compounds or compositions 
provided herein are also provided. 
[0040] In practicing the methods, effective amounts of the 
compounds or compositions containing therapeutically effec 
tive concentrations of the compounds, Which are formulated 
for systemic delivery, including parenteral, oral, or intrave 
nous delivery, or for local or topical application, for the treat 
ment of cytokine, in one embodiment, p38 kinase, mediated 
diseases or disorders, or diseases or disorders in Which cytok 
ine activity, in one embodiment, p38 kinase activity, is impli 
cated, including, but not limited to, in?ammatory diseases, 
autoimmune diseases, destructive bone disorders, prolifera 
tive disorders, angiogenic disorders, infectious diseases, neu 
rodegenerative diseases, and viral diseases, are administered 
to an individual exhibiting the symptoms of these diseases or 
disorders. The amounts are effective to ameliorate or elimi 
nate one or more symptoms of the diseases or disorders. 

[0041] Articles of manufacture containing packaging 
material, a compound or composition, or pharmaceutically 
acceptable derivative thereof, provided herein, Which is effec 
tive for modulating the activity cytokines, in one embodi 
ment, p38 kinases, or for treatment, prevention or ameliora 
tion of one or more symptoms of cytokine, in one 

embodiment, p38 kinase, mediated diseases or disorders, or 
diseases or disorders in Which cytokine activity, in one 
embodiment, p38 kinase activity, is implicated, Within the 
packaging material, and a label that indicates that the com 
pound or composition, or pharmaceutically acceptable 
derivative thereof, is used for modulating the activity of 
cytokine, in one embodiment, the activity of p38 kinases, or 
for treatment, prevention or amelioration of one or more 
symptoms of cytokine, in one embodiment, p38 kinase, medi 
ated diseases or disorders, or diseases or disorders in Which 
cytokine activity, in one embodiment, p38 kinase activity, is 
implicated, are provided. 

DETAILED DESCRIPTION 

A. De?nitions 

[0042] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as is commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. All patents, applications, published appli 
cations and other publications are incorporated by reference 
in their entirety. In the event that there are a plurality of 
de?nitions for a term herein, those in this section prevail 
unless stated otherWise. 
[0043] As used herein, p380t refers to the enZyme disclosed 
in Han J, Richter B, Li Z, Kravchenko V, Ulevitch R J. 
Molecular cloning of human p38 MAP kinase. Biochim Bio 
phys Acta. 1995; 1265 (2-3):224-7. As used herein, p386 
refers to the enZyme disclosed in JiangY, Chen C, Li Z, Guo 
W, Gegner J A, Lin S, Han J. Characterization of the structure 
and function of a neW mitogen-activated protein kinase 
(p38beta). J Biol. Chem. 1996 Jul. 26; 271 (30):l7920-6. As 
used herein, p38y refers to the enZyme disclosed in Li, Z.; 
Jiang, Y.; Ulevitch, R. J.; Han, 1.: The primary structure of 
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p38-gamma: a new member of p38 group of MAP kinases. 
Biochem. Biophys. Res. Commun. 228: 334-340, 1996. As 
used herein, p386 refers to the enzyme disclosed inMolecular 
Cloning and Characterization ofa Novelp38 MiZogen-acli 
valed Protein Kinase, Xuhong Sunny Wang, Katrina Diener, 
Carl L. Manthey, Shen-Wu Wang, Bradley Rosenzweig, Jef 
frey Bray, Jolm Delaney, Craig N. Cole, Po-Ying Chan-Hui, 
Nathan Mantlo, Henri S. Lichenstein, Mark ZukoWski and 
Zhengbin Yao. 
[0044] The term “p38-associated condition”, as used herein 
means any disease or condition in Which p38 is knoWn to play 
a role. This includes, conditions Which are knoWn to be 
caused by lL-l, TNF, IL-6 or IL-8 overproduction. Such 
conditions include, but are not limited to, in?ammatory dis 
eases, autoimmune diseases, destructive bone disorders, pro 
liferative disorders, infectious diseases, viral disease, and 
neurodegenerative diseases. 
[0045] As used herein inhibition of p-380t/[3kinase means 
either p380t and/or p38[3 kinase are inhibited. Thus, reference 
to an lC5O value for inhibiting p-380t/kinase means that the 
compound has such effectiveness for inhibiting at least one 
of, or both of, p380t and p38[3 kinases. 
[0046] As used herein, pharmaceutically acceptable deriva 
tives of a compound include salts, esters, enol ethers, enol 
esters, acetals, ketals, orthoesters, hemiacetals, hemiketals, 
acids, bases, solvates, hydrates or prodrugs thereof. Such 
derivatives may be readily prepared by those of skill in this art 
using knoWn methods for such derivatization. The com 
pounds produced may be administered to animals or humans 
Without substantial toxic effects and either are pharmaceuti 
cally active or are prodrugs. Pharmaceutically acceptable 
salts include, but are not limited to, amine salts, such as but 
not limited to N,N'-dibenzylethylenediamine, chlorop 
rocaine, choline, ammonia, diethanolamine and other 
hydroxyalkylamines, ethylenediamine, N-methylglucamine, 
procaine, N-benzylphenethylamine, l-para-chlorobenzyl-2 
pyrrolidin-l'-ylmethyl-benzimidazole, diethylamine and 
other alkylamines, piperazine and tris(hydroxymethyl)ami 
nomethane; alkali metal salts, such as but not limited to 
lithium, potassium and sodium; alkali earth metal salts, such 
as but not limited to barium, calcium and magnesium; tran 
sition metal salts, such as but not limited to zinc; and other 
metal salts, such as but not limited to sodium hydrogen phos 
phate and disodium phosphate; and also including, but not 
limited to, nitrates, borates, methanesulfonates, benzene 
sulfonates, toluenesulfonates, salts of mineral acids, such as 
but not limited to hydrochlorides, hydrobromides, hydroio 
dides and sulfates; and salts of organic acids, such as but not 
limited to acetates, tri?uoroacetates, maleates, oxalates, lac 
tates, malates, tartrates, citrates, benzoates, salicylates, ascor 
bates, succinates, butyrates, valerates and fumarates. Phar 
maceutically acceptable esters include, but are not limited to, 
alkyl, alkenyl, alkynyl, aryl, heteroaryl, aralkyl, het 
eroaralkyl, cycloalkyl and heterocyclyl esters of acidic 
groups, including, but not limited to, carboxylic acids, phos 
phoric acids, phosphinic acids, sulfonic acids, sul?nic acids 
and boronic acids. Pharmaceutically acceptable enol ethers 
include, but are not limited to, derivatives of formula C:C 
(OR) Where R is hydrogen, alkyl, alkenyl, alkynyl, aryl, het 
eroaryl, aralkyl, heteroaralkyl, cycloalkyl or heterocyclyl. 
Pharmaceutically acceptable enol esters include, but are not 
limited to, derivatives of formula C:C(OC(O)R) Where R is 
hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, aralkyl, 
heteroaralkyl, cycloalkyl or heterocyclyl. Pharmaceutically 
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acceptable solvates and hydrates are complexes of a com 
pound With one or more solvent or Water molecules, or 1 to 
about 100, or 1 to about 10, or one to about 2, 3 or 4, solvent 
or Water molecules. 

[0047] As used herein, treatment means any manner in 
Which one or more of the symptoms of a disease or disorder 
are ameliorated or otherWise bene?cially altered. Treatment 
also encompasses any pharmaceutical use of the composi 
tions herein, such as use for treating a p38 kinase mediated 
diseases or disorders, or diseases or disorders in Which p38 
kinase activity, including p380t activity, is implicated. 
[0048] As used herein, amelioration of the symptoms of a 
particular disorder by administration of a particular com 
pound or pharmaceutical composition refers to any lessening, 
Whether permanent or temporary, lasting or transient that can 
be attributed to or associated With administration of the com 
position. 
[0049] As used herein, lC5O refers to an amount, concen 
tration or dosage of a particular test compound that achieves 
a 50% inhibition of a maximal response, such as modulation 
of p38 kinase activity, in an assay that measures such 
response. 
[0050] As used herein, EC5O refers to a dosage, concentra 
tion or amount of a particular test compound that elicits a 
dose-dependent response at 50% of maximal expression of a 
particular response that is induced, provoked or potentiated 
by the particular test compound. 
[0051] As used herein, a prodrug is a compound that, upon 
in vivo administration, is metabolized by one or more steps or 
processes or otherWise converted to the biologically, pharma 
ceutically or therapeutically active form of the compound. To 
produce a prodrug, the pharmaceutically active compound is 
modi?ed such that the active compound Will be regenerated 
by metabolic processes. The prodrug may be designed to alter 
the metabolic stability or the transport characteristics of a 
drug, to mask side effects or toxicity, to improve the ?avor of 
a drug or to alter other characteristics or properties of a drug. 
By virtue of knoWledge of pharmacodynamic processes and 
drug metabolism in vivo, those of skill in this art, once a 
pharmaceutically active compound is knoWn, can design pro 
drugs ofthe compound (see, e.g., Nogrady (1985) Medicinal 
Chemistry A Biochemical Approach, Oxford University 
Press, NeW York, pages 388-392). 
[0052] It is to be understood that the compounds provided 
herein may contain chiral centers. Such chiral centers may be 
of either the (R) or (S) con?guration, or may be a mixture 
thereof. Thus, the compounds provided herein may be enan 
tiomerically pure, or be stereoisomeric or diastereomeric 
mixtures. In the case of amino acid residues, such residues 
may be of either the L- or D-form. The con?guration for 
naturally occurring amino acid residues is generally L. When 
not speci?ed the residue is the L form. As used herein, the 
term “amino acid” refers to ot-amino acids Which are racemic, 
or of either the D- or L-con?guration. The designation “d” 
preceding an amino acid designation (e.g., dAla, dSer, dVal, 
etc.) refers to the D-isomer of the amino acid. The designation 
“dl” preceding an amino acid designation (e.g., dlPip) refers 
to a mixture of the L- and D-isomers of the amino acid. It is to 
be understood that the chiral centers of the compounds pro 
vided herein may undergo epimerization in vivo . As such, one 
of skill in the art Will recognize that administration of a 
compound in its (R) form is equivalent, for compounds that 
undergo epimerization in vivo, to administration of the com 
pound in its (S) form. 
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[0053] As used herein, substantially pure means su?i 
ciently homogeneous to appear free of readily detectable 
impurities as determined by standard methods of analysis, 
such as thin layer chromatography (TLC), gel electrophore 
sis, high performance liquid chromatography (HPLC) and 
mass spectrometry (MS), used by those of skill in the art to 
assess such purity, or suf?ciently pure such that further puri 
?cation Would not detectably alter the physical and chemical 
properties, such as enZymatic and biological activities, of the 
substance. Methods for puri?cation of the compounds to 
produce substantially chemically pure compounds are knoWn 
to those of skill in the art. A substantially chemically pure 
compound may, hoWever, be a mixture of stereoisomers. In 
such instances, further puri?cation might increase the spe 
ci?c activity of the compound. 
[0054] As used herein, alkyl, alkenyl and alkynyl carbon 
chains, if not speci?ed, contain from 1 to 20 carbons, or 1 or 
2 to 16 carbons, and are straight or branched. Alkenyl carbon 
chains of from 2 to 20 carbons, in certain embodiments, 
contain 1 to 8 double bonds and alkenyl carbon chains of 2 to 
16 carbons, in certain embodiments, contain 1 to 5 double 
bonds. Alkynyl carbon chains of from 2 to 20 carbons, in 
certain embodiments, contain 1 to 8 triple bonds, and the 
alkynyl carbon chains of 2 to 16 carbons, in certain embodi 
ments, contain 1 to 5 triple bonds. Exemplary alkyl, alkenyl 
and alkynyl groups herein include, but are not limited to, 
methyl, ethyl, propyl, isopropyl, isobutyl, n-butyl, sec-butyl, 
tert-butyl, isopentyl, neopentyl, tert-pentyl, isohexyl, allyl 
(propenyl) and propargyl (propynyl). As used herein, loWer 
alkyl, loWer alkenyl, and loWer alkynyl refer to carbon chains 
having from about 1 or about 2 carbons up to about 6 carbons. 
As used herein, “alk(en)(yn)yl” refers to an alkyl group con 
taining at least one double bond and at least one triple bond. 

[0055] As used herein, “cycloalkyl” refers to a saturated 
mono- or multi-cyclic ring system, in certain embodiments of 
3 to 10 carbon atoms, in other embodiments of 3 to 6 carbon 
atoms; cycloalkenyl and cycloalkynyl refer to mono- or mul 
ticyclic ring systems that respectively include at least one 
double bond and at least one triple bond. Cycloalkenyl and 
cycloalkynyl groups may, in certain embodiments, contain 3 
to 10 carbon atoms, With cycloalkenyl groups, in further 
embodiments, containing 4 to 7 carbon atoms and cycloalky 
nyl groups, in further embodiments, containing 8 to 10 carbon 
atoms. The ring systems of the cycloalkyl, cycloalkenyl and 
cycloalkynyl groups may be composed of one ring or tWo or 
more rings Which may be joined together in a fused, bridged 
or spiro-connected fashion. “Cycloalk(en)(yn)yl” refers to a 
cycloalkyl group containing at least one double bond and at 
least one triple bond. 

[0056] As used herein, “aryl” refers to aromatic monocy 
clic or multicyclic groups containing from 6 to 19 carbon 
atoms. Aryl groups include, but are not limited to groups such 
as unsubstituted or substituted ?uorenyl, unsubstituted or 
substituted phenyl, and unsubstituted or substituted naphthyl. 

[0057] As used herein, “heteroaryl” refers to a monocyclic 
or multicyclic aromatic ring system, in certain embodiments, 
of about 5 to about 15 members Where one or more, in one 
embodiment l to 3, of the atoms in the ring system is a 
heteroatom, that is, an element other than carbon, including 
but not limited to, nitrogen, oxygen or sulfur. The heteroaryl 
group may be optionally fused to a benZene ring. Heteroaryl 
groups include, but are not limited to, furyl, imidaZolyl, pyri 
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midinyl, tetraZolyl, thienyl, pyridyl, pyrrolyl, thiaZolyl, 
isothiaZolyl, oxaZolyl, isoxaZolyl, triaZolyl, quinolinyl and 
isoquinolinyl. 
[0058] As used herein, a “heteroarylium” group is a het 
eroaryl group that is positively charged on one or more of the 
heteroatoms. 
[0059] As used herein, “heterocyclyl” refers to a monocy 
clic or multicyclic non-aromatic ring system, in one embodi 
ment of 3 to 10 members, in another embodiment of 4 to 7 
members, in a further embodiment of 5 to 6 members, Where 
one or more, in certain embodiments, l to 3, of the atoms in 
the ring system is a heteroatom, that is, an element other than 
carbon, including but not limited to, nitrogen, oxygen or 
sulfur. In embodiments Where the heteroatom(s) is(are) nitro 
gen, the nitrogen is optionally substituted With alkyl, alkenyl, 
alkynyl, aryl, heteroaryl, aralkyl, heteroaralkyl, cycloalkyl, 
heterocyclyl, cycloalkylalkyl, heterocyclylalkyl, acyl, guani 
dino, or the nitrogen may be quaterniZed to form an ammo 
nium group Where the substituents are selected as above. 

[0060] As used herein, “aralkyl” refers to an alkyl group in 
Which one of the hydrogen atoms of the alkyl is replaced by an 
aryl group. 
[0061] As used herein, “heteroaralkyl” refers to an alkyl 
group in Which one of the hydrogen atoms of the alkyl is 
replaced by a heteroaryl group. 
[0062] As used herein, “halo”, “halogen” or “halide” refers 
to F, Cl, Br or I. 
[0063] As used herein, pseudohalides or pseudohalo 
groups are groups that behave substantially similar to halides. 
Such compounds can be used in the same manner and treated 
in the same manner as halides. Pseudohalides include, but are 
not limited to, cyanide, cyanate, thiocyanate, selenocyanate, 
tri?uoromethoxy, and aZide. 
[0064] As used herein, “haloalkyl” refers to an alkyl group 
in Which one or more of the hydrogen atoms are replaced by 
halogen. Such groups include, but are not limited to, chlo 
romethyl, tri?uoromethyl and l-chloro-2-?uoroethyl. 
[0065] As used herein, “haloalkoxy” refers to ROi in 
Which R is a haloalkyl group. 
[0066] As used herein, “sul?nyl” or “thionyl” refers to 
iS(O)i. As used herein, “sulfonyl” or “sulfuryl” refers to 
iS(O)2i. As used herein, “sulfo” refers to iS(O)2Oi. 
[0067] As used herein, “carboxy” refers to a divalent radi 
cal, iC(O)Oi. 
[0068] As used herein, “aminocarbonyl” refers to 4C(O) 
NH2. 
[0069] As used herein, “alkylaminocarbonyl” refers to 
4C(O)NHR in Which R is alkyl, including loWer alkyl. As 
used herein, “dialkylaminocarbonyl” refers to iC(O)NR'R 
in Which R' and R are independently alkyl, including loWer 
alkyl; “carboxamide” refers to groups of formula iNR'COR 
in Which R' and R are independently alkyl, including loWer 
alkyl. 
[0070] As used herein, “diarylaminocarbonyl” refers to 
4C(O)NRR' in Which R and R' are independently selected 
from aryl, including loWer aryl, such as phenyl. 
[0071] As used herein, “arylalkylaminocarbonyl” refers to 
4C(O)NRR' in Which one of R and R' is aryl, including loWer 
aryl, such as phenyl, and the other of R and R' is alkyl, 
including loWer alkyl. 
[0072] As used herein, “arylaminocarbonyl” refers to 
4C(O)NHR in Which R is aryl, including loWer aryl, such as 
phenyl. 
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[0073] As used herein, “hydroxycarbonyl” refers to 
iCOOH. 
[0074] As used herein, “alkoxycarbonyl” refers to 4C(O) 
OR in Which R is alkyl, including loWer alkyl. 
[0075] As used herein, “aryloxycarbonyl” refers to 4C(O) 
OR in Which R is aryl, including loWer aryl, such as phenyl. 
[0076] As used herein, “alkoxy” and “alkylthio” refer to 
ROi and RSi, in Which R is alkyl, including loWer alkyl. 
[0077] As used herein, “aryloxy” and “arylthio” refer to 
ROi and RSi, in Which R is aryl, including loWer aryl, such 
as phenyl. 
[0078] As used herein, “alkylene” refers to a straight, 
branched or cyclic, in certain embodiments straight or 
branched, divalent aliphatic hydrocarbon group, in one 
embodiment having from 1 to about 20 carbon atoms, in 
another embodiment having from 1 to 12 carbons. In a further 
embodiment alkylene includes loWer alkylene. There may be 
optionally inserted along the alkylene group one or more 
oxygen, sulfur, including S(:O) and S(:O)2 groups, or 
substituted or unsubstituted nitrogen atoms, including 
iNRi and iN+RRi groups, Where the nitrogen substitu 
ent(s) is(are) alkyl, aryl, aralkyl, heteroaryl, heteroaralkyl or 
COR', Where R' is alkyl, aryl, aralkyl, heteroaryl, het 
eroaralkyl, iOY or iNYY, WhereY is hydrogen, alkyl, aryl, 
heteroaryl, cycloalkyl or heterocyclyl. Alkylene groups 
include, but are not limited to, methylene (4CH2i), ethyl 
ene (iCH2CH2i), propylene (i(CH2)3i), methylene 
dioxy (iO4CH24Oi) and ethylenedioxy (4Oi(CH2) 
2A)*). The term “loWer alkylene” refers to alkylene groups 
having 1 to 6 carbons. In certain embodiments, alkylene 
groups are loWer alkylene, including alkylene of l to 3 carbon 
atoms. 

[0079] As used herein, “aZaalkylene” refers to i(CRR)ni 
NRi(CRR)m, Where n and m are each independently an 
integer from 0 to 4. As used herein, “oxaalkylene” refers to 
i(CRR)n4Oi(CRR)mi, Where n and m are each inde 
pendently an integer from 0 to 4. As used herein, “thiaalky 
lene” refers to i(CRR)niSi(CRR)mi, (CRR)niS 
(:O)i(CRR)mi, and i(CRR)niS(:O)2i(CRR)mi, 
Where n and m are each independently an integer from 0 to 4. 

[0080] As used herein, “alkenylene” refers to a straight, 
branched or cyclic, in one embodiment straight or branched, 
divalent aliphatic hydrocarbon group, in certain embodi 
ments having from 2 to about 20 carbon atoms and at least one 
double bond, in other embodiments l to 12 carbons. In further 
embodiments, alkenylene groups include loWer alkenylene. 
There may be optionally inserted along the alkenylene group 
one or more oxygen, sulfur or substituted or unsubstituted 

nitrogen atoms, Where the nitrogen substituent is alkyl. Alk 
enylene groups include, but are not limited to, 4CH:CHi 
CH:CHi and 4CH:CH4CH2i. The term “loWer alk 
enylene” refers to alkenylene groups having 2 to 6 carbons. In 
certain embodiments, alkenylene groups are loWer alk 
enylene, including alkenylene of 3 to 4 carbon atoms. 
[0081] As used herein, “alkynylene” refers to a straight, 
branched or cyclic, in certain embodiments straight or 
branched, divalent aliphatic hydrocarbon group, in one 
embodiment having from 2 to about 20 carbon atoms and at 
least one triple bond, in another embodiment l to 12 carbons. 
In a further embodiment, alkynylene includes loWer alky 
nylene. There may be optionally inserted along the alky 
nylene group one or more oxygen, sulfur or substituted or 
unsubstituted nitrogen atoms, Where the nitrogen sub stituent 
is alkyl. Alkynylene groups include, but are not limited to, 
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%EC%ECi, iCECi and %EC%H2i. The 
term “loWer alkynylene” refers to alkynylene groups having 2 
to 6 carbons. In certain embodiments, alkynylene groups are 
loWer alkynylene, including alkynylene of 3 to 4 carbon 
atoms. 

[0082] As used herein, “alk(en)(yn)ylene” refers to a 
straight, branched or cyclic, in certain embodiments straight 
or branched, divalent aliphatic hydrocarbon group, in one 
embodiment having from 2 to about 20 carbon atoms and at 
least one triple bond, and at least one double bond; in another 
embodiment l to 12 carbons. In further embodiments, alk(en) 
(yn)ylene includes loWer alk(en)(yn)ylene. There may be 
optionally inserted along the alkynylene group one or more 
oxygen, sulfur or substituted or unsubstituted nitrogen atoms, 
Where the nitrogen substituent is alkyl. Alk(en)(yn)ylene 
groups include, but are not limited to, 4C:Ci(CH2)ni 
CECi, Where n is l or 2. The term “loWer alk(en)(yn)ylene” 
refers to alk(en)(yn)ylene groups having up to 6 carbons. In 
certain embodiments, alk(en)(yn)ylene groups have about 4 
carbon atoms. 

[0083] As used herein, “cycloalkylene” refers to a divalent 
saturated mono- or multicyclic ring system, in certain 
embodiments of 3 to 10 carbon atoms, in other embodiments 
3 to 6 carbon atoms; cycloalkenylene and cycloalkynylene 
refer to divalent mono- or multicyclic ring systems that 
respectively include at least one double bond and at least one 
triple bond. Cycloalkenylene and cycloalkynylene groups 
may, in certain embodiments, contain 3 to 10 carbon atoms, 
With cycloalkenylene groups in certain embodiments con 
taining 4 to 7 carbon atoms and cycloalkynylene groups in 
certain embodiments containing 8 to 10 carbon atoms. The 
ring systems of the cycloalkylene, cycloalkenylene and 
cycloalkynylene groups may be composed of one ring or tWo 
or more rings Which may be joined together in a fused, 
bridged or spiro -connected fashion. “Cycloalk(en)(yn)ylene” 
refers to a cycloalkylene group containing at least one double 
bond and at least one triple bond. 
[0084] As used herein, “arylene” refers to a monocyclic or 
polycyclic, in certain embodiments monocyclic, divalent aro 
matic group, in one embodiment having from 5 to about 20 
carbon atoms and at least one aromatic ring, in another 
embodiment 5 to 12 carbons. In further embodiments, arylene 
includes loWer arylene. Arylene groups include, but are not 
limited to, 1,2-, 1,3- and l,4-phenylene. The term “loWer 
arylene” refers to arylene groups having 6 carbons. 
[0085] As used herein, “heteroarylene” refers to a divalent 
monocyclic or multicyclic aromatic ring system, in one 
embodiment of about 5 to about 15 atoms in the ring(s), Where 
one or more, in certain embodiments l to 3, of the atoms in the 
ring system is a heteroatom, that is, an element other than 
carbon, including but not limited to, nitrogen, oxygen or 
sulfur. The term “loWer heteroarylene” refers to het 
eroarylene groups having 5 or 6 atoms in the ring. 
[0086] As used herein, “heterocyclylene” refers to a diva 
lent monocyclic or multicyclic non-aromatic ring system, in 
certain embodiments of 3 to 10 members, in one embodiment 
4 to 7 members, in another embodiment 5 to 6 members, 
Where one or more, including 1 to 3, of the atoms in the ring 
system is a heteroatom, that is, an element other than carbon, 
including but not limited to, nitrogen, oxygen or sulfur. 
[0087] As used herein, “substituted alkyl,” “substituted alk 
enyl,” “substituted alkynyl,” “substituted cycloalkyl,” “sub 
stituted cycloalkenyl,” “substituted cycloalkynyl,” “substi 
tuted aryl,” “substituted heteroaryl,” “substituted 
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heterocyclyl,” “substituted alkylene,” “substituted alk 
enylene,” “substituted alkynylene,” “substituted cycloalky 
lene,” “substituted cycloalkenylene,” “substituted cycloalky 
nylene,” “substituted arylene,” “substituted heteroarylene” 
and “substituted heterocyclylene” refer to alkyl, alkenyl, 
alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, het 
eroaryl, heterocyclyl, alkylene, alkenylene, alkynylene, 
cycloalkylene, cycloalkenylene, cycloalkynylene, arylene, 
heteroarylene and heterocyclylene groups, respectively, that 
are substituted With one or more substituents, in certain 
embodiments one, tWo, three or four substituents, Where the 
substituents are as de?ned herein, in one embodiment 
selected from Q1. 
[0088] As used herein, “alkylidene” refers to a divalent 
group, such as :CR'R", Which is attached to one atom of 
another group, forming a double bond. Alkylidene groups 
include, but are not limited to, methylidene (:CH2) and 
ethylidene (:CHCH3). As used herein, “arylalkylidene” 
refers to an alkylidene group in Which either R' or R" is an aryl 
group. “Cycloalkylidene” groups are those Where R' and R" 
are linked to form a carbocyclic ring. “Heterocyclylid-ene” 
groups are those Where at least one of R' and R" contain a 
heteroatom in the chain, and R' and R" are linked to form a 
heterocyclic ring. 
[0089] As used herein, “amido” refers to the divalent group 
iC(O)NHi. “Thioamido” refers to the divalent group 
iC(S)NHi. “Oxyamido” refers to the divalent group 40C 
(O)NHi. “Thiaamido” refers to the divalent group iSC(O) 
NHi. “Dithiaamido” refers to the divalent group *SC(S) 
NHi. “Ureido” refers to the divalent group iHNC(O) 
NHi. “Thioureido” refers to the divalent group iHNC(S) 
NHi. 

[0090] As used herein, “semicarbaZide” refers to iNHC 
(O)NHNHi. “CarbaZate” refers to the divalent group 40C 
(O)NHNHi. “IsothiocarbaZate” refers to the divalent group 
iSC(O)NHNHi. “IhiocarbaZate” refers to the divalent 
group 4OC(S)NHNHi. “SulfonylhydraZide” refers to the 
divalent group iSO2NHNHi. “HydraZide” refers to the 
divalent group 4C(O)NHNHi. “AZo” refers to the divalent 
group iN:Ni. “HydraZinyl” refers to the divalent group 
iNH:NHi. 

[0091] Where the number of any given substituent is not 
speci?ed (e. g., haloalkyl), there may be one or more substitu 
ents present. For example, “haloalkyl” may include one or 
more of the same or different halogens. As another example, 
“C l_3alkoxyphenyl” may include one or more of the same or 
different alkoxy groups containing one, tWo or three carbons. 

[0092] As used herein, the abbreviations for any protective 
groups, amino acids and other compounds, are, unless indi 
cated otherWise, in accord With their common usage, recog 
niZed abbreviations, or the IUPAC-IUB Commission on Bio 
chemical Nomenclature (see, (1972) Biochem. 111942-944). 
Certain of the abbreviations used herein are listed beloW: 

[0093] Phrphenyl 
[0094] BZ:benZyl 
[0095] t-Bu?ertiary butyl 
[0096] Me:methyl 
[0097] Et:ethyl 
[0098] Prrpropyl 
[0099] Iso-P or iPFisopropyl 
[0100] MeOH:methanol 
[0101] EtOH:ethanol 
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[0102] EtOAcIethyl acetate 
[0103] Boc?ert-butyloxycarbonyl 
[0104] CBZ:carbobenZyloxy or carbobenZoxy or ben 

Zyloxycarbonyl 
[0105] DCM or CH2Cl2:dichloromethane 
[0106] DCE:1,2-dichloroethane 
[0107] DMF:dimethyl formamide 
[0108] DMSO:dimethyl sulfoxide 
[0109] TFA:tri?uoroacetic acid 
[011 0] THF?etrahydrofuran 
[0111] HATUIO-(7-AZabenZotriaZol-1-yl)-N,N,N',N' 

tetramethyluronim hexa?uoropho sphate 
[0112] KOHIpOtassium hydroxide 
[0113] K2CO3:potassium carbonate 
[0114] POCL3rphosphorous oxychloride 
[0115] KOtBurpotassium t-butoxide 
[0116] EDC or EDCIII -(3 -Dimethylaminopropyl)-3 

ethylcarbodiimide hydrochloride 
[0117] DIPEA:diisopropylethylamine 
[0118] HOBtIl -hydroxybenZotriaZole hydrate 
[0119] m-CPBAIm-chIoroperbenZoic acid 
[0120] NaH:sodium hydride 
[0121] NaOHIsodium hydroxide 
[0122] Na2SO4:sodium sulfate 
[0123] Na2S2O3:sodium thiosulfate 
[0124] Pdrpalladium 
[0125] Pd/C:palladium on carbon 
[0126] min:minute(s) 
[0127] LIliter 
[0128] mL:milliliter 
[0129] uL:microliter 
[0130] g:gram(s) 
[013 1] mg:milligram(s) 
[0132] mol:moles 
[0133] mmol:millimole(s) 
[0134] meq:milliequivalent 
[0135] RT or rt:room temperature 
[0136] tVIHPLC retention time (minutes) 
[0137] sat or sat’dIsaturated 

B. Compounds 

[0138] In one embodiment, the compounds provided herein 
for use in the compositions and methods provided herein have 
formula I, Where the variables are as described beloW. All 
combinations of such embodiments are Within the scope of 
the instant disclosure. 
[0139] In one embodiment, R1 is hydrogen, loWer alkyl, 
loWer cycloalkyl, alkenyl or alkynyl. In another embodiment, 
R1 is methyl, halo, hydroxyl, loWer alkyl, loWer cycloalkyl, 
loWer alkynyl, tri?uoromethyl, methoxy, tri?uoromethoxy, 
cyano, iNHZ or iNR4R5. In another embodiment, R1 is 
methyl, halo, hydroxyl, loWer alkyl, loWer cycloalkyl, loWer 
alkynyl, tri?uoromethyl, methoxy, tri?uoromethoxy, cyano, 
iNH2, iNR4R5 or ‘0R4. In another embodiment, R1 is 
methyl, hydroxyl, loWer alkyl, loWer cycloalkyl, loWer alky 
nyl, tri?uoromethyl, methoxy, tri?uoromethoxy, cyano, 
iNHZ, iNR4R5 or iOR4. In one embodiment, R1 is hydro 
gen or loWer alkyl. In another embodiment, R1 is hydrogen or 
methyl. In another embodiment, R1 is methyl. 
[0140] In another embodiment, R2 is alkyl or cycloalkyl. In 
one embodiment, R2 is hydrogen or alkyl. In one embodi 
ment, R2 is hydrogen or loWer alkyl. In one embodiment, R2 
is hydrogen. 
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[0141] In another embodiment, R3 is selected from hydro 
gen, alkyl, substituted alkyl, cycloalkyl, heterocyclyl and het 
eroaryl. In another embodiment, R3 is selected from alkyl, 
iOR4, substituted alkyl, cycloalkyl, 4CR4cycloalkyl, het 
eroaryl, substituted heteroaryl, heterocycle and substituted 
heterocycle. In one embodiment, R3 is cycloalkyl, cycloalky 
lalkyl, alkoxyalkyl or heteroaryl. In one embodiment, R3 is 
methyl, isopropyl, ethyl, cyclopropyl, cyclopropylmethyl, 
methoxymethyl, oXaZolyl or thiaZolyl. In another embodi 
ment, R3 is cyclopropyl. 
[0142] In another embodiment, Y is 4C(:O)NHi, 
iNH(C:O)i, iNH(C:O)NHi, isOzNHi, 
iNHsOzi or 4C(:O)i. In another embodiment, Y is a 
single bond, C(:O)NHi or iSOZNHi. In another 
embodiment, Y is iC(:O)NHi. 
[0143] In another embodiment, X1 is a single bond or alky 
lene. In another embodiment, X1 is a single bond or 4CH2i. 
In another embodiment, X1 is a single bond. 
[0144] In another embodiment, A is a bicyclic heterocyclic 
ring system, Where each ring contains at least one N atom, and 
is optionally substituted With up to tWo R13. In another 
embodiment, A is a bicyclic heteroaryl ring system, Where 
each ring contains at least one N atom, and is optionally 
substituted With up to tWo R13. In another embodiment, A is a 
bicyclic heteroaryl ring system, Where each ring contains tWo 
N atoms, and is optionally substituted With up to tWo R13. In 
another embodiment, A is a imidaZolopyrimidine, pyrraZol 
opyrimidine, imidaZolopyrimidinone or pyraZolopyrimidi 
none group. In another embodiment, A is a imidaZolopyrimi 
dine or a pyrraZolopyrimidine group 

[0145] In another embodiment, X2 is a single bond, alky 
lene or iNHi. In another embodiment, X2 is a single bond, 
iCHZi or iNHi. In another embodiment, X2 is a single 
bond. 

[0146] In another embodiment, D is heterocyclyl, 
cycloalkyl, heteroaryl or aryl, and is optionally substituted by 
one to four, in one embodiment one or tWo, (CR9RIO)WE 
groups. In another embodiment, D is cyclohexyl, cyclopenyl, 
pyridyl, pyrimidinyl or phenyl, and is optionally substituted 
by one to four, in one embodiment one or tWo, (CR9RIO)WE 
groups. In another embodiment, D is phenyl and is optionally 
substituted by one to four, in one embodiment one or tWo, 

(CR9RIO)WE groups. 
[0147] In another embodiment, A is optionally substituted 
With one Rl3 group. In another embodiment, R13 is alkyl, OH 
or NH2. In another embodiment, R13 is methyl, OH or NH2. 
[0148] In another embodiment, (CR9RIO)WE is alkyl, 
alkoxy, halo, 4CH2-heterocyclyl, iCONH-cycloalkyl, 
alkylsulfonyl, alkylthio, alkylsulfonylamino, haloalkyl, ami 
nocarbonyl, pseudohalo or heterocyclyl, or tWo (CR9R1O)WE 
groups, Which substitute adjacent atoms on D, together form 
alkylenedioxy. In another embodiment, (CR9RIO)WE is meth 
oxy, methyl, 1,2,4-triazolyl, methylsulfonyl, ethoxy, 4-me 
thyl-l-piperaZinylmethyl, ?uoro, chloro, cyclohexylami 
nocarbonyl, methanesulfonylamino, methylthio, 
4-morpholinyl, tri?uoromethyl, aminocarbonyl, iodo, cyano 
or cyclopropylaminocarbonyl, or tWo (CR9RIO)WE groups, 
Which substitute adjacent atoms on D, together form methyl 
enedioxy or ethylenedioxy. 
[0149] In another embodiment, R1 is halo, alkyl, 
cycloalkyl, alkynyl, haloalkyl, alkoxy, haloalkoxy, 
pseudohalo, iNR4R5 or iOR4; andY is 4C(:O)NHi, 
iNH(C:O)i, iNH(C:O)NHi, isOzNHi, 
iNHSOZi or ic(:o)i. 
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[0150] In another embodiment, the compounds for use in 
the compositions and methods provided herein have formulae 
II: 

or 

[0151] Where k is an integer from 0 to 4; and the other 
variables are as de?ned above. 

[0152] In another embodiment, the compounds for use in 
the compositions and methods provided herein have formula 
III: 

or 

((CRQRIOMDk 
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[0156] In another embodiment, the compounds for use in 
-continued the compositions and methods provided herein have formula 

<<CR9R1°>WE>k v; 

OI 

((CR9Rl0)wE)k 
[0153] Where the variables are as de?ned above. 

[0154] In another embodiment, the compounds for use in 
the compositions and methods provided herein have formula 
IV: 

<<CR9R1°>WE>k 

OI 

((CRQRIOMDk 

[0157] Where the substituents are selected as above. 

[0158] In another embodiment, the compounds for use in 
((CR9Rl0)wE)k the compositions and methods provided herein have formula 

VI: 

OI 

[0155] Where the substituents are selected as above. 
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[0162] In another embodiment, the compounds for use in 
_cominued the compositions and methods provided herein have formula 

((CR9R10)WE)k VIII: 

OI 

[0159] Where the substituents are selected as above. 
((CR9Rl0)WE)/ [0160] In another embodiment, the compounds for use in 

the compositions and methods provided herein have formula 
VII: 

((CRQRIOMB/ 

((CRQRIOMB/ 

[0163] Where the variables are as de?ned above. 
<<CR9R1°>WE>/ . . 

[0164] In another embodiment, the compounds for use in 
the compositions and methods provided herein have formulae 
IX: 

[0161] Where f is an integer from 0 to 3; and the remaining ((CR9R1°)WE)k 
variables are selected as above. 
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[0168] In another embodiment, the compounds for use in 
-continued the compositions and methods provided herein have formula 

<<CR9R1°>WE>k X11 

/ 

N \ 

Rl3—</ I l 
N Ilq 0 

Or 

$2)” \— R1 R13 
R; \ / _ 

[0165] Where k is an integer from 0 to 4; and the other 
variables are as de?ned above. 

[0166] In another embodiment, the compounds for use in 
the compositions and methods provided herein have formula 

R3 
R1 / 

N \ 

R13_</ | l or 
N N/ R13 

<<CR9R1°>WE>k 

[0169] Where the substituents are selected as above. 

9 10 [0170] In another embodiment, the compounds for use in 
((CR R )WE)k the compositions and methods provided herein have formula 

XII: 

of 

[0167] Where the variables are as de?ned above. 
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-continued 
<<CR9R1°>WE>k 

/ \q 
/ 

N \ 

M I l 
N N/ R13 

2 — 

if )n\ R1 
R; \ / 

[0171] Where the substituents are selected as above. 
[0172] In another embodiment, the compounds for use in 
the compositions and methods provided herein have formula 
XIII: 

[0173] Where the substituents are selected as above. 
[0174] In another embodiment, the compounds for use in 
the compositions and methods provided herein have formula 
XIV: 
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Or 

2 — 

if M \ R1 
R; \ / 

[0175] Where f is an integer from 0 to 3; and the remaining 
variables are selected as above. 

[0176] In another embodiment, the compounds for use in 
the compositions and methods provided herein have formula 

OI 
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-continued 
((CR9Rl0)wE)f 

[0177] 
[0178] In another embodiment, the compounds are selected 
from those shown in the EXAMPLES. 

where the variables are as de?ned above. 

C. Preparation of the Compounds 

[0179] Compounds provided herein may be generally be 
prepared according to the following schemes and the knowl 
edge of one skilled in the art. In addition to the documents 
incorporated by reference we disclose the following. 
Examples of methods useful for the production of compounds 
provided herein are illustrated in schemes 1-5. 

[0180] Appropriately substituted 1H-pyraZolo[3,4-d]pyri 
midines of type (I), which are useful herein, can be made by 
several means, for example as shown in scheme 1, the acid 
catalyZed cycliZation of (5-amino-1H-pyraZol-4-yl)-ketones 
with formamide. 

Scherne_1 

O 
NH2 

R1 / HCONHZ, p-TsOH 
2 180° C., Microwave 

N—R 
\ 

N 

R2 
/ N 

F | N\ N 
N\ / 

R1 

(1) 

[0181] Appropriately substituted 9H-purines of type (11), 
which are useful herein, can be made by several means, for 
example as shown in scheme 2, the acid-catalyZed cycliZation 
of (5 -amino-1H-imidaZol-4-yl)-ketones with formamide. 
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Schemel 

O 
NH2 

R1 / HCONHZ, p-TsOH 
2 180° C., Microwave 

N—R 

N\/ 
R2 
/ 

(N N l /> N\ N 

R1 

(11) 

[0182] Alternatively, 9H-purines of type (III) bearing a 
6-aryl substituent can be prepared by several means, for 
example as shown in Scheme 3. The microwave-mediated 
reaction between 4,6-dichlorpyrimin-5-ylamine and an 
appropriately substituted amine in a solvent such as NMP in 

the presence of a base such as DIEA, at a temperature pref 
erably between 60° C. and 2500 C., yields the monosubsti 
tuted pyrimidine. This intermediate is treated with triethyl 
orthoformate and a catalytic acid such as acetic acid to pro 
vide the 6-chloro-purine intermediate. The 6-chloro-purine 
thus obtained can be treated in the microwave with an appro 

priately substituted organometallic reagent such as a tributyl 
stannane or an appropriately substituted boronic acid under 
palladium(0) catalysis in a solvent such as DMF or dioxane at 

a temperature preferably between 60° C. and 150° C. to 
provide the desired substituted purine. 

Scheme} 

R1 
01 N | 

/ W HN N 
IN R1—NH2 i HC(OEt)3 4> 4> 

\ NMP,A I AcOH 
HZN /N 

HZN 
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[0183] Alternatively, 9H-purines of type (III) bearing a 
6-aryl substituent can be prepared by several means, for 
example as shown in Scheme 4 
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[0184] Alternatively, 9H-purines of type (III) bearing a 
6-aryl substituent can be prepared by several means, for 
example as shown in Scheme 5 
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[0185] Appropriately substituted 5-amino4-acyl-pyrazoles 
of type (IV), which are useful herein as intermediates for the 
preparation of lH-pyrazolo[3,4-d]pyrimidines of type (I), 
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can be made by several means, for example as shown in 
scheme 4. An appropriately substituted 3-oxo-propionitrile is 
treated with diphenylformamidine in a solvent such as tolu 
ene or xylene at a temperature preferably between 60° C. and 
1 50° C. The intermediate thus obtained can be treated with an 
appropriately substituted hydrazine in a solvent such as etha 
nol at a temperature preferably between 50° C. and 100° C. to 
yield the 4-acyl-5-aminopyrazole. A base such as triethy 
lamine or diisopropylethylamine can be added to the reaction 
mixture to neutralize in situ any hydrazine obtained as a 
hydrochloride or tri?uoroacetate salt. The 3-oxo-propioni 
triles useful herein can be purchased commercially or pre 
pared by several means, for example from esters by the reac 
tion with the lithium salt of acetonitrile as disclosed in WO 
99/57101 and shown in Scheme 4a. 
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[0186] Appropriately substituted 5-amino-4-acyl-imida 
zoles of type (V), useful as intermediates for the preparation 
of 9H-purines of type (II), can be made by several means, for 
example as shown in scheme 5. Appropriately substituted 
amines can be treated with triethyl orthoformate in the micro 
wave at a temperature between preferably between 60° C. and 
150° C. The intermediate thus obtained can be treated with 
aminomalonitrile tosylate and a catalyst such as p-toluene 
sulfonic acid in a solvent such as acetic acid to provide the 
5-amino-lH-imidazole-4-carbonitrile. Reaction of the carbo 
nitrile with an organometallic reagent such as a Grignard 
reagent in a solvent such as THF followed by acid hydrolysis 
yields the 4-acyl-5-aminoimidazole. 
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D. Formulation of Pharmaceutical Compositions 

[0187] The pharmaceutical compositions provided herein 
contain therapeutically effective amounts of one or more of 
the compounds provided herein that are useful in the preven 
tion, treatment, or amelioration of one or more of the symp 
toms of diseases or disorders associated With p38 kinase, 
including p380t kinase activity, or in Which p38 kinase is 
implicated, in a pharmaceutically acceptable carrier. Diseases 
or disorders associated With p38 kinase include, but are not 
limited to, in?ammatory diseases, autoimmune diseases, 
destructive bone disorders, proliferative disorders, angio 
genic disorders, infectious diseases, neurodegenerative dis 
eases, and viral diseases. Pharmaceutical carriers suitable for 
administration of the compounds provided herein include any 
such carriers knoWn to those skilled in the art to be suitable for 
the particular mode of administration. 
[0188] In addition, the compounds may be formulated as 
the sole pharmaceutically active ingredient in the composi 
tion or may be combined With other active ingredients. 
[0189] The compositions contain one or more compounds 
provided herein. The compounds are, in one embodiment, 
formulated into suitable pharmaceutical preparations such as 
solutions, suspensions, tablets, dispersible tablets, pills, cap 
sules, poWders, sustained release formulations or elixirs, for 
oral administration or in sterile solutions or suspensions for 
parenteral administration, as Well as transdermal patch prepa 
ration and dry poWder inhalers. In one embodiment, the com 
pounds described above are formulated into pharmaceutical 
compositions using techniques and procedures Well knoWn in 
the art (see, e. g., Ansel Introduction to Pharmaceutical Dos 
age Forms, Fourth Edition 1985, 126). 
[0190] In the compositions, effective concentrations of one 
or more compounds or pharmaceutically acceptable deriva 
tives thereof is (are) mixed With a suitable pharmaceutical 
carrier. The compounds may be derivatiZed as the corre 
sponding salts, esters, enol ethers or esters, acetals, ketals, 
orthoesters, hemiacetals, hemiketals, acids, bases, solvates, 
hydrates or prodrugs prior to formulation, as described above. 
The concentrations of the compounds in the compositions are 
effective for delivery of an amount, upon administration, that 
treats, prevents, or ameliorates one or more of the symptoms 
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of diseases or disorders associated With p38 kinase activity or 
in Which p38 kinase activity is implicated. 
[0191] In one embodiment, the compositions are formu 
lated for single dosage administration. To formulate a com 
position, the Weight fraction of compound is dissolved, sus 
pended, dispersed or otherWise mixed in a selected carrier at 
an effective concentration such that the treated condition is 
relieved, prevented, or one or more symptoms are amelio 
rated. 

[0192] The active compound is included in the pharmaceu 
tically acceptable carrier in an amount su?icient to exert a 
therapeutically useful effect in the absence of undesirable 
side effects on the patient treated. The therapeutically effec 
tive concentration may be determined empirically by testing 
the compounds in in vitro and in vivo systems described 
herein (see, e. g., EXAMPLE 15) and then extrapolated there 
from for dosages for humans. 
[0193] The concentration of active compound in the phar 
maceutical composition Will depend on absorption, inactiva 
tion and excretion rates of the active compound, the physico 
chemical characteristics of the compound, the dosage 
schedule, and amount administered as Well as other factors 
knoWn to those of skill in the art. For example, the amount that 
is delivered is su?icient to ameliorate one or more of the 
symptoms of diseases or disorders associated With p38 kinase 
activity or in Which p38 kinase activity is implicated, as 
described herein. 

[0194] In one embodiment, a therapeutically effective dos 
age should produce a serum concentration of active ingredi 
ent of from about 0.1 ng/ml to about 50-100 ug/ml. The 
pharmaceutical compositions, in another embodiment, 
should provide a dosage of from about 0.001 mg to about 
2000 mg of compound per kilogram of body Weight per day. 
Pharmaceutical dosage unit forms are prepared to provide 
from about 0.01 mg, 0.1 mg or 1 mg to about 500mg, 1000 mg 
or 2000 mg, and in one embodiment from about 10 mg to 
about 500 mg of the active ingredient or a combination of 
essential ingredients per dosage unit form. 
[0195] The active ingredient may be administered at once, 
or may be divided into a number of smaller doses to be 
administered at intervals of time. It is understood that the 
precise dosage and duration of treatment is a function of the 
disease being treated and may be determined empirically 
using knoWn testing protocols or by extrapolation from in 
vivo or in vitro test data. It is to be noted that concentrations 
and dosage values may also vary With the severity of the 
condition to be alleviated. It is to be further understood that 
for any particular subject, speci?c dosage regimens should be 
adjusted over time according to the individual need and the 
professional judgment of the person administering or super 
vising the administration of the compositions, and that the 
concentration ranges set forth herein are exemplary only and 
are not intended to limit the scope or practice of the claimed 
compositions. 
[0196] In instances in Which the compounds exhibit insuf 
?cient solubility, methods for solubiliZing compounds may 
be used. Such methods are knoWn to those of skill in this art, 
and include, but are not limited to, using cosolvents, such as 
dimethylsulfoxide (DMSO), using surfactants, such as 
TWEEN®, or dissolution in aqueous sodium bicarbonate. 
Derivatives of the compounds, such as prodrugs of the com 
pounds may also be used in formulating effective pharmaceu 
tical compositions. 



US 2009/0264409 A1 

[0197] Upon mixing or addition of the compound(s), the 
resulting mixture may be a solution, suspension, emulsion or 
the like. The form of the resulting mixture depends upon a 
number of factors, including the intended mode of adminis 
tration and the solubility of the compound in the selected 
carrier or vehicle. The effective concentration is su?icient for 
ameliorating the symptoms of the disease, disorder or condi 
tion treated and may be empirically determined. 
[0198] The pharmaceutical compositions are provided for 
administration to humans and animals in unit dosage forms, 
such as tablets, capsules, pills, poWders, granules, sterile 
parenteral solutions or suspensions, and oral solutions or 
suspensions, and oil-Water emulsions containing suitable 
quantities of the compounds or pharmaceutically acceptable 
derivatives thereof. The pharmaceutically therapeutically 
active compounds and derivatives thereof are, in one embodi 
ment, formulated and administered in unit-dosage forms or 
multiple-dosage forms. Unit-dose forms as used herein refers 
to physically discrete units suitable for human and animal 
subjects and packaged individually as is knoWn in the art. 
Each unit-dose contains a predetermined quantity of the 
therapeutically active compound su?icient to produce the 
desired therapeutic effect, in association With the required 
pharmaceutical carrier, vehicle or diluent. Examples of unit 
dose forms include ampoules and syringes and individually 
packaged tablets or capsules. Unit-dose forms may be admin 
istered in fractions or multiples thereof. A multiple-dose form 
is a plurality of identical unit-dosage forms packaged in a 
single container to be administered in segregated unit-dose 
form. Examples of multiple-dose forms include vials, bottles 
of tablets or capsules or bottles of pints or gallons. Hence, 
multiple dose form is a multiple of unit-doses Which are not 
segregated in packaging. 
[0199] Liquid pharmaceutically administrable composi 
tions can, for example, be prepared by dissolving, dispersing, 
or otherWise mixing an active compound as de?ned above and 
optional pharmaceutical adjuvants in a carrier, such as, for 
example, Water, saline, aqueous dextrose, glycerol, glycols, 
ethanol, and the like, to thereby form a solution or suspension. 
If desired, the pharmaceutical composition to be adminis 
tered may also contain minor amounts of nontoxic auxiliary 
substances such as Wetting agents, emulsifying agents, solu 
biliZing agents, pH buffering agents and the like, for example, 
acetate, sodium citrate, cyclodextrine derivatives, sorbitan 
monolaurate, triethanolamine sodium acetate, triethanola 
mine oleate, and other such agents. 
[0200] Actual methods of preparing such dosage forms are 
knoWn, or Will be apparent, to those skilled in this art; for 
example, see Remington’s Pharmaceutical Sciences, Mack 
Publishing Company, Easton, Pa., 15th Edition, 1975. 
[0201] Dosage forms or compositions containing active 
ingredient in the range of 0.005% to 100% With the balance 
made up from non-toxic carrier may be prepared. Methods for 
preparation of these compositions are knoWn to those skilled 
in the art. The contemplated compositions may contain 
0.001%-100% active ingredient, in one embodiment 
01-95%, in another embodiment 75-85%. 
[0202] 1. Compositions for Oral Administration 
[0203] Oral pharmaceutical dosage forms are either solid, 
gel or liquid. The solid dosage forms are tablets, capsules, 
granules, and bulk poWders. Types of oral tablets include 
compressed, cheWable loZenges and tablets Which may be 
enteric-coated, sugar-coated or ?lm-coated. Capsules may be 
hard or soft gelatin capsules, While granules andpoWders may 
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be provided in non-effervescent or effervescent form With the 
combination of other ingredients knoWn to those skilled in the 
art. 

[0204] a. Solid Compositions for Oral Administration 
[0205] In certain embodiments, the formulations are solid 
dosage forms, in one embodiment, capsules or tablets. The 
tablets, pills, capsules, troches and the like can contain one or 
more of the folloWing ingredients, or compounds of a similar 
nature: a binder; a lubricant; a diluent; a glidant; a disinte 
grating agent; a coloring agent; a sWeetening agent; a ?avor 
ing agent; a Wetting agent; an emetic coating; and a ?lm 
coating. Examples of binders include microcrystalline cellu 
lose, gum tragacanth, glucose solution, acacia mucilage, 
gelatin solution, molasses, polyinylpyrrolidine, povidone, 
crospovidones, sucrose and starch paste. Lubricants include 
talc, starch, magnesium or calcium stearate, lycopodium and 
stearic acid. Diluents include, for example, lactose, sucrose, 
starch, kaolin, salt, mannitol and dicalcium phosphate. 
Glidants include, but are not limited to, colloidal silicon diox 
ide. Disintegrating agents include crosscarmellose sodium, 
sodium starch glycolate, alginic acid, corn starch, potato 
starch, bentonite, methylcellulose, agar and carboxymethyl 
cellulose. Coloring agents include, for example, any of the 
approved certi?ed Water soluble ED and C dyes, mixtures 
thereof; and Water insoluble ED and C dyes suspended on 
alumina hydrate. SWeetening agents include sucrose, lactose, 
mannitol and arti?cial sWeetening agents such as saccharin, 
and any number of spray dried ?avors. Flavoring agents 
include natural ?avors extracted from plants such as fruits and 
synthetic blends of compounds Which produce a pleasant 
sensation, such as, but not limited to peppermint and methyl 
salicylate. Wetting agents include propylene glycol 
monostearate, sorbitan monooleate, diethylene glycol mono 
laurate and polyoxyethylene laural ether. Emetic-coatings 
include fatty acids, fats, Waxes, shellac, ammoniated shellac 
and cellulose acetate phthalates. Film coatings include 
hydroxyethylcellulose, sodium carboxymethylcellulose, 
polyethylene glycol 4000 and cellulose acetate phthalate. 
[0206] The compound, or pharmaceutically acceptable 
derivative thereof, could be provided in a composition that 
protects it from the acidic environment of the stomach. For 
example, the composition can be formulated in an enteric 
coating that maintains its integrity in the stomach and releases 
the active compound in the intestine. The composition may 
also be formulated in combination With an antacid or other 
such ingredient. 
[0207] When the dosage unit form is a capsule, it can con 
tain, in addition to material of the above type, a liquid carrier 
such as a fatty oil. In addition, dosage unit forms can contain 
various other materials Which modify the physical form of the 
dosage unit, for example, coatings of sugar and other enteric 
agents. The compounds can also be administered as a com 
ponent of an elixir, suspension, syrup, Wafer, sprinkle, cheW 
ing gum or the like. A syrup may contain, in addition to the 
active compounds, sucrose as a sWeetening agent and certain 
preservatives, dyes and colorings and ?avors. 
[0208] The active materials can also be mixed With other 
active materials Which do not impair the desired action, or 
With materials that supplement the desired action, such as 
antacids, H2 blockers, and diuretics. The active ingredient is 
a compound or pharmaceutically acceptable derivative 
thereof as described herein. Higher concentrations, up to 
about 98% by Weight of the active ingredient may be 
included. 
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[0209] In all embodiments, tablets and capsules formula 
tions may be coated as known by those of skill in the art in 
order to modify or sustain dissolution of the active ingredient. 
Thus, for example, they may be coated With a conventional 
enterically digestible coating, such as phenylsalicylate, 
Waxes and cellulose acetate phthalate. 
[0210] b. Liquid Compositions for Oral Administration 
[0211] Liquid oral dosage forms include aqueous solutions, 
emulsions, suspensions, solutions and/or suspensions recon 
stituted from non-effervescent granules and effervescent 
preparations reconstituted from effervescent granules. Aque 
ous solutions include, for example, elixirs and syrups. Emul 
sions are either oil-in-Water or Water-in-oil. 

[0212] Elixirs are clear, sWeetened, hydroalcoholic prepa 
rations. Pharmaceutically acceptable carriers used in elixirs 
include solvents. Syrups are concentrated aqueous solutions 
of a sugar, for example, sucrose, and may contain a preserva 
tive. An emulsion is a tWo-phase system in Which one liquid 
is dispersed in the form of small globules throughout another 
liquid. Pharmaceutically acceptable carriers used in emul 
sions are non-aqueous liquids, emulsifying agents and pre 
servatives. Suspensions use pharmaceutically acceptable sus 
pending agents and preservatives. Pharmaceutically 
acceptable substances used in non-effervescent granules, to 
be reconstituted into a liquid oral dosage form, include dilu 
ents, sWeeteners and Wetting agents. Pharmaceutically 
acceptable substances used in effervescent granules, to be 
reconstituted into a liquid oral dosage form, include organic 
acids and a source of carbon dioxide. Coloring and ?avoring 
agents are used in all of the above dosage forms. 
[0213] Solvents include glycerin, sorbitol, ethyl alcohol 
and syrup. Examples of preservatives include glycerin, 
methyl and propylparaben, benZoic acid, sodium benZoate 
and alcohol. Examples of non-aqueous liquids utiliZed in 
emulsions include mineral oil and cottonseed oil. Examples 
of emulsifying agents include gelatin, acacia, tragacanth, 
bentonite, and surfactants such as polyoxyethylene sorbitan 
monooleate. Suspending agents include sodium carboxym 
ethylcellulose, pectin, tragacanth, Veegum and acacia. SWeet 
ening agents include sucrose, syrups, glycerin and arti?cial 
sWeetening agents such as saccharin. Wetting agents include 
propylene glycol monostearate, sorbitan monooleate, dieth 
ylene glycol monolaurate and polyoxyethylene lauryl ether. 
Organic acids include citric and tartaric acid. Sources of 
carbon dioxide include sodium bicarbonate and sodium car 
bonate. Coloring agents include any of the approved certi?ed 
Water soluble ED and C dyes, and mixtures thereof. Flavoring 
agents include natural ?avors extracted from plants such 
fruits, and synthetic blends of compounds Which produce a 
pleasant taste sensation. 
[0214] For a solid dosage form, the solution or suspension, 
in for example propylene carbonate, vegetable oils or triglyc 
erides, is in one embodiment encapsulated in a gelatin cap 
sule. Such solutions, and the preparation and encapsulation 
thereof, are disclosed in US. Pat. Nos. 4,328,245; 4,409,239; 
and 4,410,545. For a liquid dosage form, the solution, e.g., for 
example, in a polyethylene glycol, may be diluted With a 
suf?cient quantity of a pharmaceutically acceptable liquid 
carrier, e.g., Water, to be easily measured for administration. 
[0215] Alternatively, liquid or semi-solid oral formulations 
may be prepared by dissolving or dispersing the active com 
pound or salt in vegetable oils, glycols, triglycerides, propy 
lene glycol esters (e.g., propylene carbonate) and other such 
carriers, and encapsulating these solutions or suspensions in 
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hard or soft gelatin capsule shells. Other useful formulations 
include those set forth in US. Pat. Nos. RE28,819 and 4,358, 
603. Brie?y, such formulations include, but are not limited to, 
those containing a compound provided herein, a dialkylated 
mono- or poly-alkylene glycol, including, but not limited to, 
l,2-dimethoxymethane, diglyme, triglyme, tetraglyme, poly 
ethylene glycol-350-dimethyl ether, polyethylene glycol 
550-dimethyl ether, polyethylene glycol-750-dimethyl ether 
Wherein 350, 550 and 750 refer to the approximate average 
molecular Weight of the polyethylene glycol, and one or more 
antioxidants, such as butylated hydroxytoluene (BHT), buty 
lated hydroxyanisole (BHA), propyl gallate, vitamin E, hyd 
roquinone, hydroxycoumarins, ethanolamine, lecithin, 
cephalin, ascorbic acid, malic acid, sorbitol, phosphoric acid, 
thiodipropionic acid and its esters, and dithiocarbamates. 
[0216] Other formulations include, but are not limited to, 
aqueous alcoholic solutions including a pharmaceutically 
acceptable acetal.Alcohols used in these formulations are any 
pharmaceutically acceptable Water-miscible solvents having 
one or more hydroxyl groups, including, but not limited to, 
propylene glycol and ethanol. Acetals include, but are not 
limited to, di(loWer alkyl)acetals of loWer alkyl aldehydes 
such as acetaldehyde diethyl acetal. 
[0217] 2. lnjectables, Solutions and Emulsions 
[0218] Parenteral administration, in one embodiment char 
acteriZed by injection, either subcutaneously, intramuscu 
larly or intravenously is also contemplated herein. lnj ectables 
can be prepared in conventional forms, either as liquid solu 
tions or suspensions, solid forms suitable for solution or 
suspension in liquid prior to injection, or as emulsions. The 
injectables, solutions and emulsions also contain one or more 
excipients. Suitable excipients are, for example, Water, saline, 
dextrose, glycerol or ethanol. In addition, if desired, the phar 
maceutical compositions to be administered may also contain 
minor amounts of non-toxic auxiliary substances such as 
Wetting or emulsifying agents, pH buffering agents, stabiliZ 
ers, solubility enhancers, and other such agents, such as for 
example, sodium acetate, sorbitan monolaurate, triethanola 
mine oleate and cyclodextrins. 
[0219] Implantation of a sloW-release or sustained-release 
system, such that a constant level of dosage is maintained 
(see, e.g., US. Pat. No. 3,710,795) is also contemplated 
herein. Brie?y, a compound provided herein is dispersed in a 
solid inner matrix, e. g., polymethylmethacrylate, polybutyl 
methacrylate, plasticiZed or unplasticiZed polyvinylchloride, 
plasticiZed nylon, plasticiZed polyethyleneterephthalate, 
natural rubber, polyisoprene, polyisobutylene, polybutadi 
ene, polyethylene, ethylene-vinylacetate copolymers, sili 
cone rubbers, polydimethylsiloxanes, silicone carbonate 
copolymers, hydrophilic polymers such as hydrogels of 
esters of acrylic and methacrylic acid, collagen, cross-linked 
polyvinylalcohol and cross-linked partially hydrolyZed poly 
vinyl acetate, that is surrounded by an outer polymeric mem 
brane, e.g., polyethylene, polypropylene, ethylene/propylene 
copolymers, ethylene/ethyl acrylate copolymers, ethylene/ 
vinylacetate copolymers, silicone rubbers, polydimethyl 
siloxanes, neoprene rubber, chlorinated polyethylene, poly 
vinylchloride, vinylchloride copolymers With vinyl acetate, 
vinylidene chloride, ethylene and propylene, ionomer poly 
ethylene terephthalate, butyl rubber epichlorohydrin rubbers, 
ethylene/vinyl alcohol copolymer, ethylene/vinyl acetate/vi 
nyl alcohol terpolymer, and ethylene/vinyloxyethanol 
copolymer, that is insoluble in body ?uids. The compound 
diffuses through the outer polymeric membrane in a release 
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rate controlling step. The percentage of active compound 
contained in such parenteral compositions is highly depen 
dent on the speci?c nature thereof, as Well as the activity of 
the compound and the needs of the subject. 
[0220] Parenteral administration of the compositions 
includes intravenous, subcutaneous and intramuscular 
administrations. Preparations for parenteral administration 
include sterile solutions ready for injection, sterile dry soluble 
products, such as lyophiliZed poWders, ready to be combined 
With a solvent just prior to use, including hypodermic tablets, 
sterile suspensions ready for injection, sterile dry insoluble 
products ready to be combined With a vehicle just prior to use 
and sterile emulsions. The solutions may be either aqueous or 
nonaqueous. 
[0221] If administered intravenously, suitable carriers 
include physiological saline or phosphate buffered saline 
(PBS), and solutions containing thickening and solubiliZing 
agents, such as glucose, polyethylene glycol, and polypropy 
lene glycol and mixtures thereof. 
[0222] Pharmaceutically acceptable carriers used in 
parenteral preparations include aqueous vehicles, nonaqu 
cous vehicles, antimicrobial agents, isotonic agents, buffers, 
antioxidants, local anesthetics, suspending and dispersing 
agents, emulsifying agents, sequestering or chelating agents 
and other pharmaceutically acceptable substances. 
[0223] Examples of aqueous vehicles include Sodium 
Chloride Injection, Ringers Injection, Isotonic Dextrose 
Injection, Sterile Water Injection, Dextrose and Lactated 
Ringers Injection. Nonaqueous parenteral vehicles include 
?xed oils of vegetable origin, cottonseed oil, corn oil, sesame 
oil and peanut oil. Antimicrobial agents in bacteriostatic or 
fungistatic concentrations must be added to parenteral prepa 
rations packaged in multiple-dose containers Which include 
phenols or cresols, mercurials, benZyl alcohol, chlorobutanol, 
methyl and propyl p-hydroxybenZoic acid esters, thimerosal, 
benZalkonium chloride and benZethonium chloride. Isotonic 
agents include sodium chloride and dextrose. Buffers include 
phosphate and citrate. Antioxidants include sodium bisulfate. 
Local anesthetics include procaine hydrochloride. Suspend 
ing and dispersing agents include sodium carboxymethylcel 
luose, hydroxypropyl methylcellulose and polyvinylpyrroli 
done. Emulsifying agents include Polysorbate 80 (TWEEN® 
80). A sequestering or chelating agent of metal ions include 
EDTA. Pharmaceutical carriers also include ethyl alcohol, 
polyethylene glycol and propylene glycol for Water miscible 
vehicles; and sodium hydroxide, hydrochloric acid, citric 
acid or lactic acid for pH adjustment. 
[0224] The concentration of the pharmaceutically active 
compound is adjusted so that an injection provides an effec 
tive amount to produce the desired pharmacological effect. 
The exact dose depends on the age, Weight and condition of 
the patient or animal as is knoWn in the art. 

[0225] The unit-dose parenteral preparations are packaged 
in an ampoule, a vial or a syringe With a needle. All prepara 
tions for parenteral administration must be sterile, as is 
knoWn and practiced in the art. 
[0226] Illustratively, intravenous or intraarterial infusion of 
a sterile aqueous solution containing an active compound is 
an effective mode of administration. Another embodiment is 
a sterile aqueous or oily solution or suspension containing an 
active material injected as necessary to produce the desired 
pharmacological effect. 
[0227] Injectables are designed for local and systemic 
administration. In one embodiment, a therapeutically effec 
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tive dosage is formulated to contain a concentration of at least 
about 0.1% W/W up to about 90% W/W or more, in certain 
embodiments more than 1% W/W of the active compound to 
the treated tissue(s). 
[0228] The compound may be suspended in microniZed or 
other suitable form or may be derivatiZed to produce a more 
soluble active product or to produce a prodrug. The form of 
the resulting mixture depends upon a number of factors, 
including the intended mode of administration and the solu 
bility of the compound in the selected carrier or vehicle. The 
effective concentration is su?icient for ameliorating the 
symptoms of the condition and may be empirically deter 
mined. 
[0229] 3. LyophiliZed PoWders 
[0230] Of interest herein are also lyophiliZed poWders, 
Which can be reconstituted for administration as solutions, 
emulsions and other mixtures. They may also be reconstituted 
and formulated as solids or gels. 
[0231] The sterile, lyophiliZed poWder is prepared by dis 
solving a compound provided herein, or a pharmaceutically 
acceptable derivative thereof, in a suitable solvent. The sol 
vent may contain an excipient Which improves the stability or 
other pharmacological component of the poWder or reconsti 
tuted solution, prepared from the poWder. Excipients that may 
be used include, but are not limited to, dextrose, sorbital, 
fructose, corn syrup, xylitol, glycerin, glucose, sucrose or 
other suitable agent. The solvent may also contain a buffer, 
such as citrate, sodium or potassium phosphate or other such 
buffer knoWn to those of skill in the art at, in one embodiment, 
about neutral pH. Subsequent sterile ?ltration of the solution 
folloWed by lyophiliZation under standard conditions knoWn 
to those of skill in the art provides the desired formulation. In 
one embodiment, the resulting solution Will be apportioned 
into vials for lyophiliZation. Each vial Will contain a single 
dosage or multiple dosages of the compound. The lyophiliZed 
poWder can be stored under appropriate conditions, such as at 
about 40 C. to room temperature. 
[0232] Reconstitution of this lyophiliZed poWder With 
Water for injection provides a formulation for use in 
parenteral administration. For reconstitution, the lyophiliZed 
poWder is added to sterile Water or other suitable carrier. The 
precise amount depends upon the selected compound. Such 
amount can be empirically determined. 

[0233] 4. Topical Administration 
[0234] Topical mixtures are prepared as described for the 
local and systemic administration. The resulting mixture may 
be a solution, suspension, emulsions or the like and are for 
mulated as creams, gels, ointments, emulsions, solutions, 
elixirs, lotions, suspensions, tinctures, pastes, foams, aero 
sols, irrigations, sprays, suppositories, bandages, dermal 
patches or any other formulations suitable for topical admin 
istration. 
[0235] The compounds or pharmaceutically acceptable 
derivatives thereof may be formulated as aerosols for topical 
application, such as by inhalation (see, e.g., US. Pat. Nos. 
4,044,126, 4,414,209, and 4,364,923, Which describe aero 
sols for delivery of a steroid useful for treatment of in?am 
matory diseases, particularly asthma). These formulations for 
administration to the respiratory tract can be in the form of an 
aerosol or solution for a nebuliZer, or as a micro?ne poWder 
for insuf?ation, alone or in combination With an inert carrier 
such as lactose. In such a case, the particles of the formulation 
Will, in one embodiment, have diameters of less than 50 
microns, in one embodiment less than 10 microns. 
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[0236] The compounds may be formulated for local or topi 
cal application, such as for topical application to the skin and 
mucous membranes, such as in the eye, in the form of gels, 
creams, and lotions and for application to the eye or for 
intracisternal or intraspinal application. Topical administra 
tion is contemplated for transdermal delivery and also for 
administration to the eyes or mucosa, or for inhalation thera 
pies. Nasal solutions of the active compound alone or in 
combination With other pharmaceutically acceptable excipi 
ents can also be administered. 

[0237] These solutions, particularly those intended for oph 
thalmic use, may be formulated as 0.01%-10% isotonic solu 
tions, pH about 5-7, With appropriate salts. 
[0238] 5. Compositions for Other Routes of Administration 
[0239] Other routes of administration, such as transdermal 
patches, including iontophoretic and electrophoretic devices, 
and rectal administration, are also contemplated herein. 
[0240] Transdermal patches, including iotophoretic and 
electrophoretic devices, are Well knoWn to those of skill in the 
art. For example, such patches are disclosed in Us. Pat. Nos. 
6,267,983, 6,261,595, 6,256,533, 6,167,301, 6,024,975, 
6,010715, 5,985,317, 5,983,134, 5,948,433, and 5,860,957. 
[0241] For example, pharmaceutical dosage forms for rec 
tal administration are rectal suppositories, capsules and tab 
lets for systemic effect. Rectal suppositories are used herein 
mean solid bodies for insertion into the rectum Which melt or 
soften at body temperature releasing one or more pharmaco 
logically or therapeutically active ingredients. Pharmaceuti 
cally acceptable substances utilized in rectal suppositories are 
bases or vehicles and agents to raise the melting point. 
Examples of bases include cocoa butter (theobroma oil), 
glycerin-gelatin, carboWax (polyoxyethylene glycol) and 
appropriate mixtures of mono-, di- and triglycerides of fatty 
acids. Combinations of the various bases may be used, Agents 
to raise the melting point of suppositories include spermaceti 
and Wax. Rectal suppositories may be prepared either by the 
compressed method or by molding. The Weight of a rectal 
suppository, in one embodiment, is about 2 to 3 gm. 
[0242] Tablets and capsules for rectal administration are 
manufactured using the same pharmaceutically acceptable 
substance and by the same methods as for formulations for 
oral administration. 
[0243] 6. Targeted Formulations 
[0244] The compounds provided herein, or pharmaceuti 
cally acceptable derivatives thereof, may also be formulated 
to be targeted to a particular tissue, receptor, or other area of 
the body of the subject to be treated. Many such targeting 
methods are Well knoWn to those of skill in the art. All such 
targeting methods are contemplated herein for use in the 
instant compositions. For non-limiting examples of targeting 
methods, see, e.g., U.S. Pat. Nos. 6,316,652, 6,274,552, 
6,271,359, 6,253,872, 6,139,865, 6,131,570, 6,120,751, 
6,071,495, 6,060,082, 6,048,736, 6,039,975, 6,004,534, 
5,985,307, 5,972,366, 5,900,252, 5,840,674, 5,759,542 and 
5,709,874. 
[0245] In one embodiment, liposomal suspensions, includ 
ing tissue-targeted liposomes, such as tumor-targeted lipo 
somes, may also be suitable as pharmaceutically acceptable 
carriers. These may be prepared according to methods knoWn 
to those skilled in the art. For example, liposome formulations 
may be prepared as described in Us. Pat. No. 4,522,811. 
Brie?y, liposomes such as multilamellar vesicles (MLV’s) 
may be formed by drying doWn egg phosphatidyl choline and 
brain phosphatidyl serine (7:3 molar ratio) on the inside of a 
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?ask. A solution of a compound provided herein in phosphate 
buffered saline lacking divalent cations (PBS) is added and 
the ?ask shaken until the lipid ?lm is dispersed. The resulting 
vesicles are Washed to remove unencapsulated compound, 
pelleted by centrifugation, and then resuspended in PBS. 
[0246] 7. Articles of Manufacture 
[0247] The compounds or pharmaceutically acceptable 
derivatives may be packaged as articles of manufacture con 
taining packaging material, a compound or pharmaceutically 
acceptable derivative thereof provided herein, Which is effec 
tive for modulating the activity of p38 kinase, or for treat 
ment, prevention or amelioration of one or more symptoms of 
p38 kinase mediated diseases or disorders, or diseases or 
disorders in Which p38 kinase activity, is implicated, Within 
the packaging material, and a label that indicates that the 
compound or composition, or pharmaceutically acceptable 
derivative thereof, is used for modulating the activity of p38 
kinase, or for treatment, prevention or amelioration of one or 
more symptoms of p38 kinase mediated diseases or disorders, 
or diseases or disorders in Which p38 kinase is implicated. 
[0248] The articles of manufacture provided herein contain 
packaging materials. Packaging materials for use in packag 
ing pharmaceutical products are Well knoWn to those of skill 
in the art. See, e.g., U.S. Pat. Nos. 5,323,907, 5,052,558 and 
5,033,252. Examples of pharmaceutical packaging materials 
include, but are not limited to, blister packs, bottles, tubes, 
inhalers, pumps, bags, vials, containers, syringes, bottles, and 
any packaging material suitable for a selected formulation 
and intended mode of administration and treatment. A Wide 
array of formulations of the compounds and compositions 
provided herein are contemplated as are a variety of treat 
ments for any disease or disorder in Which p38 kinase is 
implicated as a mediator or contributor to the symptoms or 
cause. 

E. Evaluation of the Activity of the Compounds 

[0249] Standard physiological, pharmacological and bio 
chemical procedures are available for testing the compounds 
to identify those that possess biological activities that modu 
late the activity of cytokines, including the p38 kinase activ 
ity. 
[0250] Compound inhibitory activity Was measured in a 
radioactive enZyme assay. The buffer composition Was 
adopted from Lisnock et al (Biochemistry, 1998, vol. 37, pp 
16573-16581). Peptide substrate Was selected from Chen et al 
(Biochemistry, 2000, vol. 39, 2079-2087). The concentra 
tions of p380t, [y-33P-ATP] and peptide Were equal 1 nM, 85 
uM and 250 uM, respectively. Incorporation of 3 3 P into pep 
tide Was measured using absorption on ?lterrnats With subse 
quent Wash With 100 nM phosphoric acid folloWed by etha 
nol. 
[0251] Other conditions for the p380t enZymatic assay Were 
also described in literature. They either differed from the 
assay described in either buffer composition (Biochemistry, 
2000, vol. 39, 2079-2087)), or substrate (Biochemistry, 1998, 
vol. 37, pp 16573-16581), or both (Protein Sci., 1998, vol. 7, 
pp. 2249-2255). 

F. Methods of Use of the Compounds and 
Compositions 

[0252] In certain embodiments, the compounds provided 
herein are selective inhibitors of p38 kinase activity, and in 
one embodiment, the compounds are inhibitors of isoforms of 
































































