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(57) ABSTRACT 
The present invention relates to compounds useful as inhibi 
tors of protein kinases. The invention also provides phar 
maceutically acceptable compositions comprising said com 
pounds and methods of using the compositions in the 
treatment of various disease, conditions, or disorders. 
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COMPOSITIONS USEFUL AS INHIBITORS OF 
PROTEIN KINASES 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to US. Provisional 
Patent Application 60/364,864 ?led Mar. 15, 2002 the 
entirety of Which is incorporated herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention relates to compounds useful 
as inhibitors of protein kinases. The invention also provides 
pharmaceutically acceptable compositions comprising the 
compounds of the invention and methods of using the 
compositions in the treatment of various disorders. 

BACKGROUND OF THE INVENTION 

[0003] The search for neW therapeutic agents has been 
greatly aided in recent years by a better understanding of the 
structure of enZymes and other biomolecules associated With 
diseases. One important class of enZymes that has been the 
subject of eXtensive study is protein kinases. 

[0004] Protein kinases constitute a large family of struc 
turally related enZymes that are responsible for the control of 
a variety of signal transduction processes Within the cell. 
(See, Hardie, G. and Hanks, S. The Protein Kinase Facts 
Book, I and 11, Academic Press, San Diego, Calif.: 1995). 
Protein kinases are thought to have evolved from a common 
ancestral gene due to the conservation of their structure and 
catalytic function. Almost all kinases contain a similar 
250-300 amino acid catalytic domain. The kinases may be 
categoriZed into families by the substrates they phosphory 
late (e.g., protein-tyrosine, protein-serine/threonine, lipids, 
etc.). Sequence motifs have been identi?ed that generally 
correspond to each of these kinase families (See, for 
eXample, Hanks, S. K., Hunter, T., FASEB J. 1995, 9, 
576-596; Knighton et al., Science 1991, 253, 407-414; Hiles 
et al., Cell 1992, 70, 419-429; KunZ et al., Cell 1993, 73, 
585-596; Garcia-Bustos et al., EMBO J. 1994, 13, 2352 
2361). 
[0005] In general, protein kinases mediate intracellular 
signaling by effecting a phosphoryl transfer from a nucleo 
side triphosphate to a protein acceptor that is involved in a 
signaling pathWay. These phosphorylation events act as 
molecular on/off sWitches that can modulate or regulate the 
target protein biological function. These phosphorylation 
events are ultimately triggered in response to a variety of 
extracellular and other stimuli. Examples of such stimuli 
include environmental and chemical stress signals (e.g., 
osmotic shock, heat shock, ultraviolet radiation, bacterial 
endotoXin, and H202), cytokines (e.g., interleukin-1 (IL-1) 
and tumor necrosis factor 0t (TNF-ot)), and groWth factors 
(e.g., granulocyte macrophage-colony-stimulating factor 
(GM-CSF), and ?broblast groWth factor An extra 
cellular stimulus may affect one or more cellular responses 
related to cell groWth, migration, differentiation, secretion of 
hormones, activation of transcription factors, muscle con 
traction, glucose metabolism, control of protein synthesis, 
and regulation of the cell cycle. 

[0006] Many diseases are associated With abnormal cel 
lular responses triggered by protein kinase-mediated events 
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as described above. These diseases include, but are not 
limited to, autoimmune diseases, in?ammatory diseases, 
bone diseases, metabolic diseases, neurological and neuro 
degenerative diseases, cancer, cardiovascular diseases, aller 
gies and asthma, AlZheimer’s disease, and hormone-related 
diseases. Accordingly, there has been a substantial effort in 
medicinal chemistry to ?nd protein kinase inhibitors that are 
effective as therapeutic agents. 

[0007] Aurora-2 is a serine/threonine protein kinase that 
has been implicated in human cancer, such as colon, breast 
and other solid tumors. This kinase is involved in protein 
phosphorylation events that regulate the cell cycle. Speci? 
cally, Aurora-2 plays a role in controlling the accurate 
segregation of chromosomes during mitosis. Misregulation 
of the cell cycle can lead to cellular proliferation and other 
abnormalities. In human colon cancer tissue, the Aurora-2 
protein has been found to be overeXpressed [Bischoff et al., 
EMBO J. 1998, 17, 3052-3065; Schumacher et al., J. Cell 
Biol. 1998, 143, 1635-1646; Kimura et al., J. Biol. Chem. 
1997, 272, 13766-13771]. Thus, Aurora-2 inhibitors have an 
important role in the treatment of Aurora-2 mediated dis 
eases. 

[0008] Glycogen synthase kinase-3 (GSK-3) is a serine/ 
threonine protein kinase comprised of 0t and [3 isoforms that 
are each encoded by distinct genes [Coghlan et al., Chem 
istry & Biology 2000, 7, 793-803; and Kim and Kimmel, 
Curr. Opinion Genetics Dev., 2000 10, 508-5141. GSK-3 has 
been implicated in various diseases including diabetes, 
AlZheimer’s disease, CNS disorders such as manic depres 
sive disorder and neurodegenerative diseases, and cardi 
omyocyte hypertrophy [PCT Application Nos.: WO 
99/65897 and WO 00/38675; and Haq et al., J. Cell Biol. 
2000, 151, 117-130]. These diseases may be caused by, or 
result in, the abnormal operation of certain cell signaling 
pathWays in Which GSK-3 plays a role. GSK-3 has been 
found to phosphorylate and modulate the activity of a 
number of regulatory proteins. These proteins include gly 
cogen synthase, Which is the rate limiting enZyme necessary 
for glycogen synthesis, the microtubule associated protein 
Tau, the gene transcription factor [3-catenin, the translation 
initiation factor e1F2B, as Well as ATP citrate lyase, aXin, 
heat shock factor-1, c-Jun, c-myc, c-myb, CREB, and 
CEPBot. These diverse protein targets implicate GSK-3 in 
many aspects of cellular metabolism, proliferation, differ 
entiation, and development. 

[0009] In a GSK-3 mediated pathWay that is relevant for 
the treatment of type II diabetes, insulin-induced signaling 
leads to cellular glucose uptake and glycogen synthesis. 
Along this pathWay, GSK-3 is a negative regulator of the 
insulin-induced signal. Normally, the presence of insulin 
causes inhibition of GSK-3 mediated phosphorylation and 
deactivation of glycogen synthase. The inhibition of GSK-3 
leads to increased glycogen synthesis and glucose uptake 
[Klein et al., PNAS 1996, 93, 8455-8459; Cross et al., 
Biochem. J. 1994, 303, 21-26); Cohen, Biochem. Soc. Trans. 
1993, 21, 555-567; and Massillon et al., Biochem J. 1994, 
299, 123-128]. HoWever, in a diabetic patient, Where the 
insulin response is impaired, glycogen synthesis and glucose 
uptake fail to increase despite the presence of relatively high 
blood levels of insulin. This leads to abnormally high blood 
levels of glucose With acute and long-term effects that may 
ultimately result in cardiovascular disease, renal failure and 
blindness. In such patients, the normal insulin-induced inhi 
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bition of GSK-3 fails to occur. It has also been reported that 
in patients With type II diabetes, GSK-3 is overeXpressed 
[see, PCT Application: WO 00/38675]. Therapeutic inhibi 
tors of GSK-3 are therefore potentially useful for treating 
diabetic patients suffering from an impaired response to 
insulin. 

[0010] GSK-3 activity has also been associated With 
AlZheimer’s disease. This disease is characteriZed by the 
Well-known [3-amyloid peptide and the formation of intra 
cellular neuro?brillary tangles. The neuro?brillary tangles 
contain hyperphosphorylated Tau protein, in Which Tau is 
phosphorylated on abnormal sites. GSK-3 has been shoWn 
to phosphorylate these abnormal sites in cell and animal 
models. Furthermore, inhibition of GSK-3 has been shoWn 
to prevent hyperphosphorylation of Tau in cells [Lovestone 
et al., Current Biology 1994, 4, 1077-86; and BroWnlees et 
al., Neuroreport 1997, 8, 3251-55]. Therefore, it is believed 
that GSK-3 activity may promote generation of the neu 
ro?brillary tangles and the progression of AlZheimer’s dis 
ease. 

[0011] Another substrate of GSK-3 is [3-catenin, Which is 
degradated after phosphorylation by GSK-3. Reduced levels 
of [3-catenin have been reported in schiZophrenic patients 
and have also been associated With other diseases related to 
increase in neuronal cell death [Zhong et al., Nature 1998, 
395, 698-702; Takashima et al., PNAS 1993, 90, 7789-93; 
and Pei et al., J. Neuropathol. Exp 1997, 56, 70-78]. 

[0012] GSK-3 activity has also been associated With 
stroke [Wang et al., Brain Res 2000, 859, 381-5; Sasaki et 
al., Neurol Res 2001, 23, 588-92; Hashimoto et al., J. Biol. 
Chem 2002, 277, 32985-32991]. 

[0013] Another kinase family of particular interest is the 
Src family of kinases. These kinases are implicated in 
cancer, immune system dysfunction and bone remodeling 
diseases. For general revieWs, see Thomas and Brugge, 
Annu. Rev. Cell Dev. Biol. 1997, 13, 513; LaWrence and Niu, 
Pharmacol. Ther. 1998, 77, 81; Tatosyan and MiZenina, 
Biochemistry (MoscoW) 2000, 65, 49-58; Boschelli et al., 
Drugs of the Future 2000, 25(7), 717. 

[0014] Members of the Src family include the folloWing 
eight kinases in mammals: Src, Fyn, Yes, Fgr, Lyn, Hck, 
Lck, and Elk. These are nonreceptor protein kinases that 
range in molecular mass from 52 to 62 kD. All are charac 
teriZed by a common structural organiZation that is com 
prised of siX distinct functional domains: Src homology 
domain 4 (SH4), a unique domain, SH3 domain, SH2 
domain, a catalytic domain (SH1), and a C-terminal regu 
latory region. Tatosyan et al. Biochemistry (MoscoW) 2000, 
65, 49-58. 

[0015] Based on published studies, Src kinases are con 
sidered as potential therapeutic targets for various human 
diseases. Mice that are de?cient in Src develop osteopetro 
sis, or bone build-up, because of depressed bone resorption 
by osteoclasts. This suggests that osteoporosis resulting 
from abnormally high bone resorption can be treated by 
inhibiting Src. Soriano et al., Cell 1992, 69, 551 and Soriano 
et al., Cell 1991, 64, 693. 

[0016] Suppression of arthritic bone destruction has been 
achieved by the overeXpression of CSK in rheumatoid 
synoviocytes and osteoclasts. Takayanagi et al., J. Clin. 
Invest. 1999, 104, 137. CSK, or C-terminal Src kinase, 
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phosphorylates and thereby inhibits Src catalytic activity. 
This implies that Src inhibition may prevent joint destruc 
tion that is characteristic in patients suffering from rheuma 
toid arthritis. Boschelli et al., Drugs of the Future 2000, 
25(7), 717. 

[0017] Src also plays a role in the replication of hepatitis 
B virus. The virally encoded transcription factor HBX acti 
vates Src in a step required for propagation of the virus. 
Klein et al., EMBO J. 1999, 18, 5019, and Klein et al., Mol. 
Cell. Biol. 1997, 17, 6427. 

[0018] A number of studies have linked Src expression to 
cancers such as colon, breast, hepatic and pancreatic cancer, 
certain B-cell leukemias and lymphomas. Talamonti et al.,J. 
Clin. Invest. 1993, 91, 53; LutZ et al., Biochem. Biophys. 
Res. 1998 243, 503; Rosen et al., J. Biol. Chem. 1986, 261, 
13754; Bolen et al., Proc. Natl. Acad. Sci. USA 1987, 84, 
2251; Masaki et al., Hepatology 1998, 27, 1257; Biscardi et 
al., Adv. Cancer Res. 1999, 76, 61; Lynch et al., Leukemia 
1993, 7, 1416. Furthermore, antisense Src expressed in 
ovarian and colon tumor cells has been shoWn to inhibit 
tumor groWth. Wiener et al., Clin. Cancer Res., 1999, 5, 
2164; Staley et al., Cell Growth Di?”. 1997, 8, 269. 

[0019] Accordingly, there is a great need to develop com 
pounds useful as inhibitors of protein kinases. In particular, 
it Would be desirable to develop compounds that are useful 
as inhibitors of Aurora-2, GSK-3, and Src particularly given 
the inadequate treatments currently available for the major 
ity of the disorders implicated in their activation. 

SUMMARY OF THE INVENTION 

[0020] It has noW been found that compounds of this 
invention, and pharmaceutically acceptable compositions 
thereof, are effective as inhibitors of protein kinases. In 
certain embodiments, these compounds are effective as 
inhibitors of Aurora-2, GSK-3, and Src protein kinases. 
These compounds have the general formula I: 

[0021] or a pharmaceutically acceptable derivative 
thereof, Wherein X, Y, Z1, Z2, Q, and Ring D are as de?ned 
beloW. 

[0022] These compounds and pharmaceutically accept 
able compositions thereof are useful for treating or prevent 
ing a variety of diseases, disorders or conditions, including, 
but not limited to, heart disease, diabetes, AlZheimer’s 
disease, immunode?ciency disorders, in?ammatory dis 
eases, allergic diseases, autoimmune diseases, destructive 
bone disorders such as osteoporosis, proliferative disorders, 
infectious diseases, immunologically-mediated diseases, 
neurodegenerative or neurological disorders, or viral dis 
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eases. The compositions are also useful in methods for 
preventing cell death and hyperplasia and therefore may be 
used to treat or prevent reperfusion/ischemia in stroke, heart 
attacks, and organ hypoxia. The compositions are also useful 
in methods for preventing thrombin-induced platelet aggre 
gation. 
[0023] The compounds provided by this invention are also 
useful for the study of kinases in biological and pathological 
phenomena; the study of intracellular signal transduction 
pathWays mediated by such kinases; and the comparative 
evaluation of neW kinase inhibitors. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] 
tion: 

I. General Description of Compounds of the Inven 

[0025] The present invention relates to a compound of 
formula I: 

I 

[0026] or a pharmaceutically derivative 
thereof, Wherein: 

[0027] X is oxygen or sulfur; 

[0028] Y is nitrogen or CR; 

[0029] each occurrence of R is independently hydro 
gen, an optionally substituted C1_6 aliphatic group, or 

acceptable 

[0030] Z1 is nitrogen or CRX; Wherein 

[0031] RX is —R, halogen, —N(R)2, —NO2, 
—CN, —CO2R, —OR, or —SR; Wherein 

[0032] tWo R bound to the same nitrogen atom 
may be taken together With that nitrogen atom 
to form a ?ve or six membered heterocyclic or 
heteroaryl ring having one to tWo additional 
heteratoms independently selected from oxy 
gen, nitrogen, or sulfur; 

[0033] Z2 is nitrogen or CRY, provided that Z1 and Z2 
are not simultaneously nitrogen; Wherein 

[0034] Ry is —Rl, —CN, halogen, —NO2, —Ar, 
—T—Ar, or —T—R; or 

[0035] RX and Ry are taken together to form a 
?ve to seven membered optionally substituted 
partially unsaturated or fully unsaturated ring 
having Zero to tWo heteroatoms independently 
selected from oxygen, sulfur, or nitrogen, 
Wherein: 
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[0036] each substitutable ring nitrogen of the 
ring formed by RX and Ry is optionally sub 
stituted; 

[0037] R1 is hydrogen or an optionally substituted 
C176 aliphatic group; 
[0038] each Ar is independently a three to six 
membered optionally substituted heterocyclic ring 
having one to tWo heteroatoms independently 
selected from nitrogen, oxygen, or sulfur; or 

[0039] a ?ve or six membered optionally substi 
tuted aryl ring having Zero to three heteroatoms 
independently selected from nitrogen, oxygen, or 
sulfur, Wherein: 

[0040] Ar is optionally fused to a ?ve or six 
membered optionally substituted partially 
unsaturated, or fully unsaturated ring having 
Zero to tWo heteroatoms independently selected 
from nitrogen, oxygen, or sulfur; 

[0041] T is a C1_4 alkylidene chain Wherein one 
methylene unit of T is optionally replaced by —O—, 

[0043] each R1 is independently hydrogen or CL6 
aliphatic; and 

[0044] Ring D is a ?ve or six membered optionally 
substituted monocyclic aryl ring having Zero to tWo 
heteroatoms independently selected from nitrogen, 
oxygen, or sulfur; or an eight to ten membered 
optionally substituted partially unsaturated or fully 
unsaturated bicyclic ring having Zero to four het 
eroatoms independently selected from nitrogen, oxy 
gen, or sulfur. 

[0045] 2. Compounds and De?nitions: 

[0046] Compounds of this invention include those 
described generally above, and are further illustrated by the 
classes, subclasses, and species disclosed herein. As used 
herein, the folloWing de?nitions shall apply unless otherWise 
indicated. For purposes of this invention, the chemical 
elements are identi?ed in accordance With the Periodic Table 
of the Elements, CAS version, Handbook of Chemistry and 
Physics, 75th Ed. Additionally, general principles of organic 
chemistry are described in “Organic Chemistry”, Thomas 
Sorrell, University Science Books, Sausalito: 1999, and 
“March’s Advanced Organic Chemistry”, 5th Ed., Ed.: 
Smith, M. B. and March, 1., John Wiley & Sons, NeW York: 
2001, the entire contents of Which are hereby incorporated 
by reference. 

[0047] As described herein, compounds of the invention 
may optionally be substituted With one or more substituents, 
such as are illustrated generally above, or as exempli?ed by 
particular classes, subclasses, and species of the invention. 
It Will be appreciated that the phrase “optionally substituted” 
is used interchangeably With the phrase “substituted or 
unsubstituted.” In general, the term “substituted”, Whether 
preceded by the term “optionally” or not, refers to the 
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replacement of hydrogen radicals in a given structure With 
the radical of a speci?ed substituent. Unless otherwise 
indicated, an optionally substituted group may have a sub 
stituent at each substitutable position of the group, and When 
more than one position in any given structure may be 
substituted With more than one substituent selected from a 
speci?ed group, the substituent may be either the same or 
different at every position. Combinations of substituents 
envisioned by this invention are preferably those that result 
in the formation of stable or chemically feasible compounds. 
The term “stable”, as used herein, refers to compounds that 
are not substantially altered When subjected to conditions to 
alloW for their production, detection, and preferably their 
recovery, puri?cation, and use for one or more of the 
purposes disclosed herein. In some embodiments, a stable 
compound or chemically feasible compound is one that is 
not substantially altered When kept at a temperature of 40° 
C. or less, in the absence of moisture or other chemically 
reactive conditions, for at least a Week. 

[0048] The term “aliphatic” or “aliphatic group”, as used 
herein, means a straight-chain (i.e., unbranched) or 
branched, substituted or unsubstituted hydrocarbon chain 
that is completely saturated or that contains one or more 

units of unsaturation, or a monocyclic hydrocarbon or bicy 
clic hydrocarbon that is completely saturated or that contains 
one or more units of unsaturation, but Which is not aromatic 
(also referred to herein as “carbocycle”“cycloaliphatic” or 
“cycloalkyl”), that has a single point of attachment to the 
rest of the molecule. Unless otherWise speci?ed, aliphatic 
groups contain 1-20 aliphatic carbon atoms. In some 
embodiments, aliphatic groups contain 1-10 aliphatic carbon 
atoms. In other embodiments, aliphatic groups contain 1-8 
aliphatic carbon atoms. In still other embodiments, aliphatic 
groups contain 1-6 aliphatic carbon atoms, and in yet other 
embodiments aliphatic groups contain 1-4 aliphatic carbon 
atoms. In some embodiments, “cycloaliphatic” (or “car 
bocycle” or “cycloalkyl”) refers to a monocyclic C3-C8 
hydrocarbon or bicyclic C8-C12 hydrocarbon that is com 
pletely saturated or that contains one or more units of 

unsaturation, but Which is not aromatic, that has a single 
point of attachment to the rest of the molecule Wherein any 
individual ring in said bicyclic ring system has 3-7 members. 
Suitable aliphatic groups include, but are not limited to, 
linear or branched, substituted or unsubstituted alkyl, alk 
enyl, alkynyl groups and hybrids thereof such as (cycloalky 
l)alkyl, (cycloalkenyl)alkyl or (cycloalkyl)alkenyl. 

[0049] The term “heteroaliphatic”, as used herein, means 
aliphatic groups Wherein one or tWo carbon atoms are 
independently replaced by one or more of oxygen, sulfur, 
nitrogen, phosphorus, or silicon. Heteroaliphatic groups may 
be substituted or unsubstituted, branched or unbranched, 
cyclic or acyclic, and include “heterocycle”, “heterocyclyl”, 
“heterocycloaliphatic”, or “heterocyclic” groups. 

[0050] The term “heterocycle”, “heterocyclyl”, “heterocy 
cloaliphatic”, or “heterocyclic” as used herein means non 
aromatic, monocyclic, bicyclic, or tricyclic ring systems in 
Which one or more ring members is an independently 
selected heteroatom. In some embodiments, the “hetero 
cycle”, “heterocyclyl”, “heterocycloaliphatic”, or “hetero 
cyclic” group has three to fourteen ring members in Which 
one or more ring members is a heteroatom independently 
selected from oxygen, sulfur, nitrogen, or phosphorus, and 
each ring in the system contains 3 to 7 ring members. 
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[0051] The term “heteroatom” means one or more of 
oxygen, sulfur, nitrogen, phosphorus, or silicon (including, 
any oxidiZed form of nitrogen, sulfur, phosphorus, or sili 
con; the quaterniZed form of any basic nitrogen or; a 
substitutable nitrogen of a heterocyclic ring, for example N 
(as in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or 
NR+ (as in N-substituted pyrrolidinyl)). 

[0052] The term “unsaturated”, as used herein, means that 
a moiety has one or more units of unsaturation. 

[0053] The term “alkoxy”, or “thioalkyl”, as used herein, 
refers to an alkyl group, as previously de?ned, attached to 
the principal carbon chain through an oxygen (“alkoxy”) or 
sulfur (“thioalkyl”) atom. 

[0054] The terms “haloalkyl”, “haloalkenyl” and 
“haloalkoxy” means alkyl, alkenyl or alkoxy, as the case 
may be, substituted With one or more halogen atoms. The 
term “halogen” means F, Cl, Br, or I. 

[0055] The term “aryl” used alone or as part of a larger 
moiety as in “aralkyl”, “aralkoxy”, or “aryloxyalkyl”, refers 
to monocyclic, bicyclic, and tricyclic ring systems having a 
total of ?ve to fourteen ring members, Wherein at least one 
ring in the system is aromatic and Wherein each ring in the 
system contains 3 to 7 ring members. The term “aryl” may 
be used interchangeably With the term “aryl ring”. The term 
“aryl” also refers to heteroaryl ring systems as de?ned 
hereinbeloW. 

[0056] The term “heteroaryl”, used alone or as part of a 
larger moiety as in “heteroaralkyl” or “heteroarylalkoxy”, 
refers to monocyclic, bicyclic, and tricyclic ring systems 
having a total of ?ve to fourteen ring members, Wherein at 
least one ring in the system is aromatic, at least one ring in 
the system contains one or more heteroatoms, and Wherein 
each ring in the system contains 3 to 7 ring members. The 
term “heteroaryl” may be used interchangeably With the 
term “heteroaryl ring” or the term “heteroaromatic”. 

[0057] An aryl (including aralkyl, aralkoxy, aryloxyalkyl 
and the like) or heteroaryl (including heteroaralkyl and 
heteroarylalkoxy and the like) group may contain one or 
more substituents. Suitable substituents on the unsaturated 
carbon atom of an aryl or heteroaryl group are selected from 
halogen; —RO; —ORO; —SRO; 1,2-methylene-dioxy; 1,2 
ethylenedioxy; phenyl (Ph) optionally substituted With R0; 
—O(Ph) optionally substituted With R0; —(CH2)1_2(Ph), 
optionally substituted With R0; —CH=CH(Ph), optionally 
substituted With R0; —NO2; —CN; —N(R°)2; —NRO 
C(O)RO; —NROC(S)RO; —NROC(O)N(RO)2; —NROC(S 
)N(RO)2; —NROCOZRZO; —NRONROC(O)RO; —NRONR‘l 
C(O)N(RO)2; —NRONROCOZRO; —C(O)C(O)RO; 
—C(O)CH2C(O)RO; —COZRO; —OC(O)RO; —C(O)RO; 
—C(S)RO; —c(o>N(RO)2; —oc(o>N(RO)2; —c(NO 
RO)RO; —S(O)RO; —S(O)2RO; —S(O)3RO; —SO2N(RO)2; 
—NROSO2N(RO)2; —NROSOZRO; —N(ORO)RO; 
—C(=S)N(RO)Z; —C(=NH>—N(RO)Z; or —(CHZ)O.ZNH 
C(O)RO Wherein each independent occurrence of RO is 
selected from hydrogen, optionally substituted CL6 ali 
phatic, an unsubstituted 5-6 membered heteroaryl or hetero 
cyclic ring, phenyl, —O(Ph), or —CH2(Ph), or, notWith 
standing the de?nition above, tWo independent occurrences 
of R", on the same substituent or different substituents, taken 
together With the atom(s) to Which each RO group is bound, 
form a 3-8-membered cycloalkyl, heterocyclyl, aryl, or 
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heteroaryl ring having 0-3 heteroatoms independently 
selected from nitrogen, oxygen, or sulfur. Optional substitu 
ents on the aliphatic group of RO are selected from NH2, 
NH(C1_4aliphatic), N(C1_4aliphatic)2, halogen, C1_4ali 
phatic, OH, O(C1_4aliphatic), NO2, CN, COZH, CO2(C1_ 
4aliphatic), O(haloC1_4aliphatic), or haloC1_4aliphatic, 
Wherein each of the foregoing C1_4aliphatic groups of Rois 
unsubstituted. 

[0058] An aliphatic or heteroaliphatic group, or a non 
aromatic heterocyclic ring may contain one or more sub 
stituents. Suitable substituents on the saturated carbon of an 

aliphatic or heteroaliphatic group, or of a non-aromatic 
heterocyclic ring are selected from those listed above for the 
unsaturated carbon of an aryl or heteroaryl group and 
additionally include the following: =0, :5, =NNHR*, 
=NN(R*)2, =NNHC(O)R*, =NNHCO2(alkyl), 
=NNHSO2(alkyl), or =NR*, Where each R* is indepen 
dently selected from hydrogen or an optionally substituted 
C176 aliphatic. Optional substituents on the aliphatic group of 
R* are selected from NH2, NH(C1_4 aliphatic), N(C1_4 ali 
phatic)2, halogen, C1_4 aliphatic, OH, O(C1_4 aliphatic), 
NO2, CN, COZH, CO2(C1_4 aliphatic), O(halo C1_4 ali 
phatic), or halo(C1_4 aliphatic), Wherein each of the forego 
ing C1_4aliphatic groups of R* is unsubstituted. 

[0059] Optional substituents on the nitrogen of a non 
aromatic heterocyclic ring are selected from —R", —N(R+ 
)2, —C(O)R+, —CO2R+, —C(O)C(O)R+, 
—C(O)CH2C(O)R+, —SO2R+, —SO2N(R+)2, 
—C(=S)N(R+)2, —C(=NH)—N(R+)2, or —NR+SO2R+; 
Wherein R+ is hydrogen, an optionally substituted CL6 
aliphatic, optionally substituted phenyl, optionally substi 
tuted —O(Ph), optionally substituted —CH2(Ph), optionally 
substituted —(CH2)1_2(Ph); optionally substituted 
—CH=CH(Ph); or an unsubstituted 5-6 membered het 
eroaryl or heterocyclic ring having one to four heteroatoms 
independently selected from oxygen, nitrogen, or sulfur, or, 
notWithstanding the de?nition above, tWo independent 
occurrences of R", on the same substituent or different 

substituents, taken together With the atom(s) to Which each 
R+ group is bound, form a 3-8-membered cycloalkyl, het 
erocyclyl, aryl, or heteroaryl ring having 0-3 heteroatoms 
independently selected from nitrogen, oxygen, or sulfur. 
Optional substituents on the aliphatic group or the phenyl 
ring of R+ are selected from NH2, NH(C1_4 aliphatic), 
N(C14 aliphatic)2, halogen, CL4 aliphatic, OH, O(C1_4 ali 
phatic), NO2, CN, COZH, CO2(C1_4aliphatic), O(halo C1_4 
aliphatic), or halo(C1_4 aliphatic), Wherein each of the fore 
going C1_4aliphatic groups of R+ is unsubstituted. 

[0060] The term “alkylidene chain” refers to a straight or 
branched carbon chain that may be fully saturated or have 
one or more units of unsaturation and has tWo points of 
attachment to the rest of the molecule. 

[0061] As detailed above, in some embodiments, tWo 
independent occurrences of RO (or R", or any other variable 
similarly de?ned herein), are taken together together With 
the atom(s) to Which each variable is bound to form a 
3-8-membered cycloalkyl, heterocyclyl, aryl, or heteroaryl 
ring having 0-3 heteroatoms independently selected from 
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nitrogen, oxygen, or sulfur. Exemplary rings that are formed 
When tWo independent occurrences of RO(or R", or any other 
variable similarly de?ned herein) are taken together With the 
atom(s) to Which each variable is bound include, but are not 
limited to the folloWing: a) tWo independent occurrences of 
RO(or R", or any other variable similarly de?ned herein) that 
are bound to the same atom and are taken together With that 
atom to form a ring, for example, N(RO)2, Where both 
occurrences of ROare taken together With the nitrogen atom 
to form a piperidin-l-yl, piperaZin-1-yl, or morpholin-4-yl 
group; and b) tWo independent occurrences of RO(or R", or 
any other variable similarly de?ned herein) that are bound to 
different atoms and are taken together With both of those 
atoms to form a ring, for example Where a phenyl group is 
substituted With tWo occurrences of 

OR0 

[0062] these tWo occurrences of ROare taken together With 
the oxygen atoms to Which they are bound to form a fused 

6-membered oxygen containing ring: 

51; i0] 0 

[0063] It Will be appreciated that a variety of other rings 
can be formed When tWo independent occurrences of RO(or 
R", or any other variable similarly de?ned herein) are taken 
together With the atom(s) to Which each variable is bound 
and that the examples detailed above are not intended to be 
limiting. 

[0064] Unless otherWise stated, structures depicted herein 
are also meant to include all isomeric (e.g., enantiomeric, 
diastereomeric, and geometric (or conformational)) forms of 
the structure; for example, the R and S con?gurations for 
each asymmetric center, (Z) and double bond isomers, 
and (Z) and conformational isomers. Therefore, single 
stereochemical isomers as Well as enantiomeric, diastereo 
meric, and geometric (or conformational) mixtures of the 
present compounds are Within the scope of the invention. 
Unless otherWise stated, all tautomeric forms of the com 
pounds of the invention are Within the scope of the inven 
tion. Additionally, unless otherWise stated, structures 
depicted herein are also meant to include compounds that 
differ only in the presence of one or more isotopically 
enriched atoms. For example, compounds having the present 
structures except for the replacement of hydrogen by deu 
terium or tritium, or the replacement of a carbon by a 13C 
or 14C-enriched carbon are Within the scope of this inven 
tion. Such compounds are useful, for example, as analytical 
tools or probes in biological assays. 
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[0065] 3. Description of Exemplary Compounds: 

[0066] According to one embodiment, the present inven 
tion relates to a compound of formula I: 

N X 
/ 

[0067] or a pharmaceutically derivative 
thereof, Wherein: 

acceptable 

[0068] X is oxygen or sulfur; 

[0069] Y is nitrogen or CR; 

[0070] each occurrence of R is independently 
hydrogen, an optionally substituted CL6 aliphatic 
group, or Ar; 

[0071] Z1 is nitrogen or CRX; Wherein 

[0072] RX is —R, halogen, —N(R)2, —NO2, 
—CN, —COZR, —OR, or —SR; Wherein 

[0073] tWo R bound to the same nitrogen atom 
may be taken together With that nitrogen atom 
to form a ?ve or six membered heterocyclic or 

heteroaryl ring having one to tWo additional 
heteratoms independently selected from oxy 
gen, nitrogen, or sulfur; 

[0074] Z2 is nitrogen or CRY, provided that Z1 and Z2 
are not simultaneously nitrogen; Wherein 

[0075] Ry is —Rl, —CN, halogen, —NO2, —Ar, 
—T—Ar, or —T—R; or 

[0076] RX and Ry are taken together to form a 
?ve to seven membered optionally substituted 
partially unsaturated or fully unsaturated ring 
having Zero to tWo heteroatoms independently 
selected from oxygen, sulfur, or nitrogen, 
Wherein: 

[0077] each substitutable ring nitrogen of the 
ring formed by RX and Ry is optionally sub 
stituted; 

[0078] R1 is hydrogen or an optionally substituted 
C176 aliphatic group; 

[0079] each Ar is independently a three to six 
membered optionally substituted heterocyclic ring 
having one to tWo heteroatoms independently 
selected from nitrogen, oxygen, or sulfur; or a ?ve 
or six membered optionally substituted aryl ring 
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having Zero to three heteroatoms independently 
selected from nitrogen, oxygen, or sulfur, 
Wherein: 

[0080] Ar is optionally fused to a ?ve or six 
membered optionally substituted partially 
unsaturated, or fully unsaturated ring having 
Zero to tWo heteroatoms independently selected 

from nitrogen, oxygen, or sulfur; 

[0081] T is a C1_4 alkylidene chain Wherein one 
methylene unit of T is optionally replaced by —O—, 

[0083] each R1 is independently hydrogen or CL6 
aliphatic; and 

[0084] Ring D is a ?ve or six membered optionally 
substituted monocyclic aryl ring having Zero to tWo 
heteroatoms independently selected from nitrogen, 
oxygen, or sulfur; or an eight to ten membered 
optionally substituted partially unsaturated or fully 
unsaturated bicyclic ring having Zero to four het 
eroatoms independently selected from nitrogen, oxy 
gen, or sulfur. 

[0085] According to another embodiment, the present 
invention relates to a compound of formula I, Wherein: 

[0086] X is oxygen or sulfur; 

[0087] Y is nitrogen or CR; 

[0088] each occurrence of R is independently 
hydrogen, C1_6 aliphatic, or Ar Wherein: 

[0089] R is optionally substituted With one to 
three groups independently selected from oxo, 

—COZR‘, —Ar, —OR‘, —N(R‘)2, —SR‘, 
—NO2, halogen, or —CN; Wherein 

[0090] each R1 is independently hydrogen or 
CL6 aliphatic, or tWo R‘ bound to the same 
nitrogen atom may be taken together With 
that nitrogen atom to form a ?ve or six 

membered heterocyclic or heteroaryl ring 
optionally having one or tWo additional het 
eroatoms independently selected from nitro 
gen, oxygen, or sulfur; 

[0091] Z1 is nitrogen or CRX; Wherein 

[0092] RX is —R, halogen, —N(R)2, —NO2, 
—CN, —COZR, —OR, or —SR; Wherein 

[0093] tWo R bound to the same nitrogen atom 
may be taken together With that nitrogen atom 
to form a ?ve or six membered heterocyclic or 

heteroaryl ring having one to tWo additional 
heteratoms independently selected from oxy 
gen, nitrogen, or sulfur; 
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[0094] Z2 is nitrogen or CRY, provided that Z1 and Z2 
are not simultaneously nitrogen; Wherein 

[0095] Ry is —Rl, —CN, halogen, —NO2, —Ar, 
—T—Ar, or —T—R; or 

[0096] RX and Ry are taken together to form a 
?ve to seven rnernbered partially unsaturated or 

fully unsaturated ring having Zero to tWo het 
eroatorns independently selected from oxygen, 
sulfur, or nitrogen, Wherein: 

[0097] each substitutable ring nitrogen of the 
ring formed by RX and Ry is optionally and 
independently substituted by —R, —C(O)R, 
—COZR, —SOZR, —C(O)N(R)2 or 
—SO2N(R)2, and 

[0098] one to three substitutable ring carbons 
of the ring formed by RX and Ry are option 
ally and independently substituted With —R, 
—OR, —N(R)2, —SR, —NO2, —CN or 
halogen; 

[0099] R1 is hydrogen or a C1_6 aliphatic optionally 
substituted With one to three groups independently 

selected from oxo, —COZR‘, phenyl, —OR‘, 
—N(R‘)2, —SR‘, —NO2, halogen, or —CN; 

[0100] each Ar is independently a three to six 
rnernbered heterocyclic ring having one to tWo 
heteroatorns independently selected from nitro 
gen, oxygen, or sulfur; or a ?ve or six rnernbered 

aryl ring having Zero to three heteroatorns inde 
pendently selected from nitrogen, oxygen, or sul 
fur, Wherein: 

[0101] Ar is optionally fused to a ?ve or six 
rnernbered partially unsaturated, or fully unsat 
urated ring having Zero to tWo heteroatorns 
independently selected from nitrogen, oxygen, 
or sulfur; and 

[0102] Ar is optionally substituted With one to 
three groups independently selected from —R, 
—OR, —SR, —CN, —NO2, oxo, halogen, 
—N(R)2, —C(O)R, —OC(O)R, —COZR, 
—SOZR, —SO2N(R)2, —N(R)SO2R, 
—C(O)N(R), —C(O)N(R>Z, —OC(O)N(R), 
—OC(O)N(R)2, —N(R)C(O)R, —N(R 
)C(O)N(R)Z, or —N(R)COxR); 

[0103] T is a C1_4 alkylidene chain Wherein one 
rnethylene unit of T is optionally replaced by —O—, 

[0104] Q is —N(R‘)—, —S—, —O—, —C(R‘)2—, 
or a valence bond; and 

[0105] Ring D is a ?ve or six rnernbered rnonocyclic 
aryl ring having Zero to tWo heteroatorns indepen 
dently selected from nitrogen, oxygen, or sulfur; or 
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an eight to ten rnernbered partially unsaturated or 

fully unsaturated bicyclic ring having Zero to four 
heteroatorns independently selected from nitrogen, 
oxygen, or sulfur, Wherein: 

[0106] Ring D is optionally substituted With one to 
three substituents independently selected from 

—R, —T—R, —T—Ar, halogen, —CN, —NO2, 
or —Ar. 

TABLE 1 

Ring Ht 

R N Ht1 

\ > 
S 

R N HtZ 

\ W 
O 

N Ht3 

N/ w 
\ O 

N Ht4 

[0107] Wherein R is as de?ned above. 

[0108] RX and Ry, When present in formula I, may be taken 
together to form a ring (“R’i/Ry ring”) fused to Ring A, thus 
providing a bicyclic ring system. Preferred RX/Ry rings are 
optionally substituted ?ve or six rnernbered unsaturated or 

partially unsaturated rings having Zero to tWo heteroatorns. 
Preferred bicyclic systems containing Ring A are rnoieties 
I-A through I-AA shoWn beloW Wherein each substitutable 

carbon atom of the bicyclic ring systems is optionally and 
independently substituted With —R, —OR, —N(R)2, —SR, 
—NO2, —CN or halogen and Wherein each substitutable 
ring nitrogen of the bicyclic ring systems is optionally and 
independently substituted With —R, —C(O)R, —COZR, 
—SOZR, —C(O)N(R)2 or —SO2N(R)2. 
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-continued 
I-Y 

PINE, 
N // \N 

N\ | / 
g N 

I-Z 

W23 
0 I \N 

/ 
N 

I-AA 

HI}, 
| \N 

O N/ 

[0109] More preferred bicyclic Ring A systems are I-A, 
I-B, I-C, I-D, I-E, I-H, 1-1, 1-], 1-0, I-P, I-T, or I-U, even more 
preferably I-A, I-B, I-D, 1-1, 1-0, or I-U, and most preferably 
I-A, I-B, I-C, I-D, or I-I. 

[0110] In the bicyclic Ring Asystem of formula I, the ring 
formed When RX and Ry are taken together may be substi 
tuted or unsubstituted. Preferred substituents on the ring 

formed by RX and Ry are halo, —R, —OR, —CN, —N(R)2, 
or —NO2. More preferred R"/Ry ring substituents are halo, 
—OR, or —NR2, Wherein R is hydrogen or CL4 aliphatic. 

[0111] In the monocyclic Ring Asystem of formula I (i.e., 
Wherein RX and Ry do not form a ring), preferred RX groups, 
When present, are hydrogen, —N(R)2, —OR, or a —C1_4 
aliphatic group. Preferred Ry groups, When present, are 
—Rl, —Ar, —T—R, or —T—Ar Wherein T is —NR—, 
—O—, or —S—. More preferred Ry groups are CL4 ali 
phatic, —T—C1_4 aliphatic, ?ve or siX membered heteroaryl 
or heterocyclyl rings, or optionally substituted phenyl. The 
most preferred Ry groups are methyl, ethyl, cyclopropyl, 
isopropyl, t-butyl, methoXyethylamino, methoXymethyl, 
methylamino, dimethylamino, dimethylaminopropyloXy, 
acetamido, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolidinyl, imi 
daZolyl, furanyl, thiaZolyl, thienyl, piperidinyl, morpholinyl, 
thiomorpholinyl, piperaZinyl, or halo-substituted phenyl. 

[0112] Preferred Q groups of formula I are —N(R‘)—, 
—S—, or a valence bond. More preferred Q groups of 
formula I are —N(R‘)— or —S—. 
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[0113] Preferred Ring D groups of formula I are an 
optionally substituted siX membered monocyclic aryl ring 
having Zero to tWo nitrogens or an optionally substituted 
nine or ten membered partially unsaturated or fully unsat 
urated bicyclic ring having Zero to three heteroatoms inde 
pendently selected from nitrogen, oXygen, or sulfur. More 
preferred Ring D groups of formula I are optionally substi 
tuted rings including phenyl, imidaZolyl, pyraZoloyl, 
pyridyl, pyridaZinyl, pyrimidinyl, pyraZinyl, naphthyl, tet 
rahydronaphthyl, benZimidaZolyl, benZthiaZolyl, quinolinyl, 
quinaZolinyl, benZodioXinyl, isobenZofuran, indanyl, 
indolyl, indolinyl, indaZolyl, or isoquinolinyl. 

[0114] On Ring D of formula I, preferred substituents are 
independently halo, —CN, —NO2, or —T—R, Wherein R is 
hydrogen or —C1_4 aliphatic. Preferred —T—R substituents 
on Ring D are —C(O)R, —COZR, —C(O)NHR, —NH 
C(O)R, —N(R)2, —NHSOZR, —NHC(O)RN(R)2, or 
—NHC(O)RNCO2R. Most preferred substituents on Ring D 
of formula I are independently —Cl, —Br, —F, —CN, 
—CF3, —COOH, —CONHMe, —CONHEt, —NH2, 
—NHAc, —NHSOZMe, —NHSOZEt, —NHSO2(n-propyl), 
—NHSO2(isopropyl), —NHCOEt, —NHCOCH2NHCH3, 

—NHCOCH2CH2CH2N(CH3)2, —NHCO(cyclopropyl), 
—NHCO(isopropyl), —NHCO(isobutyl), 
—NHCOCH2(morpholin-4-yl), 
—NHCOCH2CH2(morpholin-4-yl), 
—NHCOCH2CH2CH2(morpholin-4-yl), —NHCO2(t-bu 
tyl), —NH(cycloheXyl), —NHMe, —NMe2, —OH, 
—OMe, methyl, ethyl, cyclopropyl, isopropyl, or t-butyl. 

[0115] Another embodiment relates to compounds of for 
mula I Wherein Q is a valence bond and Ring D has one 
substituent in the ortho position and optionally one or tWo 
additional substituents. When Q is a valence bond and Ring 
D has an ortho substituent, preferred ortho substituents on 
Ring D are —CN, —CF3 or —Cl. 

[0116] Apreferred embodiment of the present invention is 
a compound of formula II: 

w 

Ry NAQ4® 
[0117] or a pharmaceutically acceptable salt thereof, 
Wherein RX, Ry, X, Y, Q, Ring D, and subcomponents thereof 
are as de?ned above for a compound of formula I. 

[0118] Preferred RX, Ry (including embodiments Where RX 
and Ry are taken together to form a ring), Q, and Ring D 
groups are as described above for compounds of formula I. 
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[0119] Representative compounds of formula II are shoWn 
below in Table 2. TABLE 2-continued 

TABLE 2 Compounds of Formula II 

Compounds of Formula II 

/Z_§ II-6 N—N II-1 H 

H\N/4S> E o H N 

/ NY 6 L 
Me c1 

11-2 [L7 

H Et N 

\N/QO) H\ I) 

R /1 so 11 Me \NJ\ 5 
Me II-3 

1N Q Q5 

of ZKLUF 
:lrrm 

CN H 

| N 
MeN \ / 

2 \/\o N g M6021: \N)\S 

MeO 
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TABLE 2-continued TABLE 2-continued 

Compounds of Formula II 
Compounds of Formula II 

H\N S 
/ N 

/ 
IN Me \ I 

\ N/ N 
N \N 

/ 

[0120] According to yet another embodiment the present 
invention relates to compounds of formula III: 

N 11-22 
N/ 

| \> 111 H Y —N 

H HN 

/ IN N\N RX 
\ / \ N 

MeOZC N o I 

N 11-23 

I \ [0121] or a pharmaceutically acceptable salt thereof, 
H Wherein RX, X, Y, Q, Ring D, and subcomponents thereof are 
\N 5 as de?ned above for a compound of formula I. 

re erre , , an mg groups are as N 0122 Pf dRXQ dR~ D 
/ N \> described above for compounds of formula I. 

e resentatrve com oun s o ormu a are \ I S 0123 Rp ' p d ff 1111 

(\N N shoWn beloW in Table 3. 
N 

Me/ TABLE 3 

Compounds of Formula III: 
N 11-24 

\> /N 111-1 
H | N \ 
\ 0 L N H 

\N S 

/ N M g 

I e / N Y 
\N J\ N O 

%N 0 
11-25 

N/ /N 111-2 

H ' \> 1\> \N S H\N O 

H 

/ N / N N\ 

N O OMe 
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TABLE 3-continued 

Compounds of Formula III: 

III-3 

III-4 

III-5 

III-6 

[0124] According to yet another embodiment the present 
invention relates to compounds of formula IV: 

w 

14 
Jan. 15, 2004 

[0125] or a pharmaceutically acceptable derivative 
thereof, Wherein Ry, X, Y, Q, and Ring D are as de?ned 
above. 

[0126] Preferred Ry, Q, and Ring D groups are as 
described above for compounds of formula I. 

[0127] Representative compounds of formula IV are 
shoWn beloW in Table 4. 

TABLE 4 

Compounds of Formula IV 

H, b 
NAN 

\NANLS 

IV-2 

NAN 
$11,, | 

H\ All 

l @N / 
N 

IV-3 
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TABLE 4-continued 

Compounds of Formula IV 

A Z 

[0128] 4. General Synthetic Methodology: 

[0129] The compounds of this invention may be prepared 
in general by methods knoWn to those skilled in the art for 

analogous compounds, as illustrated by the general schemes 
I-VI beloW. 

Schemel 

c1 

RX \ Y/N 

I1 - M - 
RY N/ c1 HZN X 

1 2 
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-continued 

YFN\> HN)\X 
RX b 

| \N 
)\ 

RY N c1 

3 

/N 

1 \> 
HN X 

RX 
| \N 

A @ RY N Q 

II 

[0130] Reagents: (a) EtOH, Et3N, room temperature; (b) 
Ring D-QH (Q=O, S or NH) or Ring D-CH2—M/catalyst 
(M is Al or Mg or Sn, catalyst=PdO or NiO). 

[0131] Scheme I above shoWs a general route for the 
preparation of compounds of formula II. The dichlorinated 
starting material 1 may be prepared using methods similar to 
the those reported in J. Indian. Chem. Soc., 61, 690-693 
(1984) or in J. Med. Chem., 37, 3828-3833 (1994). The 
reaction of 1 With aminoheterocycle 2 in a manner as 

described in Bioorg. Med. Chem. Lett, 10, 11, 1175-1180, 
(2000) or in J. Het. Chem, 21, 1161-1167, (1984) provides 
the versatile monochloro intermediate 3. Conditions for 

displacing the chloro group of 3 by Ring D-QH Will depend 
on the nature of the Q linker moiety and are generally knoWn 

in the ?eld. See, for example, J. Med. Chem, 38, 14, 
2763-2773, (1995) (Where Q is an N-Link), Chem. Pharm. 
BulL, 40, 1, 227-229, (1992) (S-Link), or J. Het. Chem., 21, 
1161-1167, (1984) (O-Link) or Bioorg. Med. Chem. Lett, 8, 
20, 2891-2896, (1998) (C-Link). 

Schemel 

OH 

RX a 
| \N g 

A (1D Ry N Q— 

4 
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-continued 
Cl 

N RX b 

l \ N + )L \> —> 

5 2 

[0132] Reagents: (a) POCl3, Pr3N, 110° C.; (b) EtOH, 
Et3N, room temperature. 

[0133] Scheme II above shows an alternate route for the 

preparation of the present compounds of formula II. The 
starting material 4 may be prepared in a manner similar to 

that described for analogous compounds. See Chem. Het 
erocycl. C0mpd., 35, 7, 818-820 (1999) (Where Q is an 
N-Link), Indian J. Chem. Sect. B, 22, 1, 37-42 (1983) 
(N-Link), Pestic. Sci, 47, 2, 103-114 (1996) (O-Link), J. 
Med. Chem., 23, 8, 913-918 (1980) (S-Link), or Pharmazie, 
43, 7, 475-476 (1988) (C-Link). The chlorination of 4 
provides intermediate 5. See J. Med. Chem., 43, 22, 4288 
4312 (2000) (Q is an N-Link), Pestic. Sci., 47, 2, 103-114 
(1996) (O-Link), J. Med. Chem., 41, 20, 3793-3803 (1998) 
(S-Link), or J. Med. Chem., 43, 22, 4288-4312 (2000) 
(C-Link). Displacement of the 4-Cl group in intermediate 5 
With aminoheterocycle 2 to provide compounds of this 
invention may be performed according to knoWn methods 
for analogous compounds. See J. Med. Chem., 38, 14, 
2763-2773 (1995) (Where Q is an N-Link), Bioorg. Med. 
Chem. Lett., 7, 4, 421-424 (1997) (0-Link), Bioorg. Med. 
Chem. Lett., 10, 8, 703-706 (2000) (S-Link), or J. Med. 
Chem., 41, 21, 4021-4035 (1998) (C-Link). 

SchemLIII 

OH 

RX 
\ N a 

| —> 
/ 

Ry N S — Me 

16 
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-continued 
Cl 

RX / 
\ Y 

| N )L \> —-b + 

A X Ry N S—Me HZN 

7 2 

N N / 

Yl/ \> i \> )\ X HN X HN 

RX RX \ d 

l \ N —C> fN —> A Ry N)\s—Me Ry N 5— Me 

' A -@ N Q 

II 

RY 

[0134] Reagents: (a) POCl3; (b) EtOH, Et3N, room tem 
perature; (c) oXone; (d) Ring D-QH (Q=O, S or NH) or Ring 
D-CH2-M/catalyst (M is Al or Mg or Sn, catalyst=PdO or 

Ni"). 
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[0135] Scheme III above shows another alternate route for 
preparing the present compounds of formula II. The starting 
material 6 may be chlorinated to provide intermediate 7. 
Displacement of the 4-Cl group in 7 With aminoheterocycle 
2 gives intermediate 8 Which, upon oxidation of the meth 
ylsulfanyl group, provides the methylsulfone 9. The meth 
ylsulfonyl group of 9 may be displaced readily With Ring 
D-QH to give compounds of formula II. See J. Am. Chem. 
Soc, 81, 5997-6006 (1959) (Where Q is an N-Link)or in 
Bioorg. Med. Chem. Lett., 10, 8, 821-826 (2000) (S-Link). 

12 13 

Y/N Y/N | \ | \ m1) in} 
6* Ry N //S\\—Me Ry N QAQD) 

O O 

14 IV 

[0136] Reagents: (a) POCl3; (b) EtOH, Et3N, room tem 
perature; (c) Ry—H (R=S, NH or O); (d) oXone; (e) Ring 
D-QH (Q=O, S or NH) or R1—CH2—M/catalyst (M isAl or 
Mg or Sn, catalyst=PdO or Ni"). 
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[0137] Scheme IV above shoWs a general route for the 
preparation of the compounds of formula II, formula III, or 
formula IV Wherein Ry is a group attached to the pyrimidine 
core via a nitrogen, oXygen, or sulfur heteroatom. The 

starting 4,6-dihydroXy-2-methylsulfanylpyrimidine 10 may 
be prepared as described in J. Med. Chem., 27, 12, 1621 
1629 (1984). The chloro groups of intermediate 11 may be 
displaced sequentially With aminoheterocycle 2 and then 
With another amine (or alcohol or thiol) folloWing proce 
dures similar to those reported in US. Pat. No. 2,585,906 

(ICI, 1949). The methylsulfanyl group of 13 may then be 
oXidiZed to provide the methylsulfone 14. Displacement of 
the methylsulfonyl group of 14 gives compounds of formula 
IV. 
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[0138] Reagents: (a) Ring D-QH, EtOH; (b) EtOH, Et3N, 
room temperature; (c) Ry—H (R=S, NH or O). 

[0139] Scheme V above shows an alternate route for the 
preparation of the compounds of formula II or formula IV 
Wherein Ry is a group attached to the triaZine core via a 

nitrogen, oxygen or sulfur heteroatom. The chloro groups of 
intermediate 17 may be displaced sequentially With amino 
heterocycle 2 and then With another amine (or alcohol or 
thiol) folloWing procedures similar to those reported in US. 
Pat. No. 2,585,906 (ICI, 1949) to give compounds of for 
mula IV. Compound 15 is commercially available and 
compound 16 can be prepared by knoWn methods. 
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[0140] Reagents: (a) EtOH, Et3N, room temperature; (b) 
Ring D-B(OH)2, PdC12(dppf), P(t-Bu)3, 2M Na2CO3, DMF, 
80° C. 

[0141] Scheme VI is a general route for the preparation of 
compounds of formula II, formula III, or formula IV Wherein 
Ring D is an aryl or heteroaryl ring. Preparation of the 
starting dichloropyrimidine 1 may be achieved in a manner 
similar to that described in Chem. Pharm. BulL, 30, 9, 1982, 
3121-3124. The chlorine in position 4 of intermediate 1 may 
be replaced by an aminoheterocycle 2 to provide interme 
diate 3 in a manner similar to that described in J. Med. 

Chem, 38, 3547-3557 (1995). Ring D is then introduced 
using a boronic acid under palladium catalysis (see Tetra 
hedron, 48, 37, 1992, 8117-8126) to give compounds of 
formula II. 

[0142] Although certain exemplary embodiments are 
depicted and described above and herein, it Will be appre 
ciated that a compounds of the invention can be prepared 
according to the methods described generally above using 
appropriate starting materials by methods generally avail 
able to one of ordinary skill in the art. 
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[0143] 5. Uses, Formulation and Administration 

[0144] Pharmaceutically Acceptable Compositions 
[0145] As discussed above, the present invention provides 
compounds that are inhibitors of protein kinases, and thus 
the present compounds are useful for the treatment of 
diseases, disorders, and conditions including, but not limited 
to cancer, a proliferative disorder, a cardiac disorder, a 
neurodegenerative disorder, an autoimmune disorder, a con 
dition associated With organ transplant, an in?ammatory 
disorder, an immunologically mediated disorder, a viral 
disease, or a bone disorder. Accordingly, in another aspect of 
the present invention, pharmaceutically acceptable compo 
sitions are provided, Wherein these compositions comprise 
any of the compounds as described herein, and optionally 
comprise a pharmaceutically acceptable carrier, adjuvant or 
vehicle. In certain embodiments, these compositions option 
ally further comprise one or more additional therapeutic 
agents. 

[0146] It Will also be appreciated that certain of the 
compounds of present invention can exist in free form for 
treatment, or Where appropriate, as a pharmaceutically 
acceptable derivative thereof. According to the present 
invention, a pharmaceutically acceptable derivative 
includes, but is not limited to, pharmaceutically acceptable 
salts, esters, salts of such esters, or any other adduct or 
derivative Which upon administration to a patient in need is 
capable of providing, directly or indirectly, a compound as 
otherWise described herein, or a metabolite or residue 
thereof. 

[0147] As used herein, the term “pharmaceutically accept 
able salt” refers to those salts Which are, Within the scope of 
sound medical judgement, suitable for use in contact With 
the tissues of humans and loWer animals Without undue 
toxicity, irritation, allergic response and the like, and are 
commensurate With a reasonable bene?t/risk ratio. A “phar 
maceutically acceptable salt” means any non-toxic salt or 
salt of an ester of a compound of this invention that, upon 
administration to a recipient, is capable of providing, either 
directly or indirectly, a compound of this invention or an 
inhibitorily active metabolite or residue thereof. As used 
herein, the term “inhibitorily active metabolite or residue 
thereof” means that a metabolite or residue thereof is also an 

inhibitor of a GSK-3, Aurora-2 or Src kinase. 

[0148] Pharmaceutically acceptable salts are Well knoWn 
in the art. For example, S. M. Berge et al., describe phar 
maceutically acceptable salts in detail in J. Pharmaceutical 
Sciences, 1977, 66, 1-19, incorporated herein by reference. 
Pharmaceutically acceptable salts of the compounds of this 
invention include those derived from suitable inorganic and 
organic acids and bases. Examples of pharmaceutically 
acceptable, nontoxic acid addition salts are salts of an amino 
group formed With inorganic acids such as hydrochloric 
acid, hydrobromic acid, phosphoric acid, sulfuric acid and 
perchloric acid or With organic acids such as acetic acid, 
oxalic acid, maleic acid, tartaric acid, citric acid, succinic 
acid or malonic acid or by using other methods used in the 
art such as ion exchange. Other pharmaceutically acceptable 
salts include adipate, alginate, ascorbate, aspartate, benZe 
nesulfonate, benZoate, bisulfate, borate, butyrate, camphor 
ate, camphorsulfonate, citrate, cyclopentanepropionate, 
digluconate, dodecylsulfate, ethanesulfonate, formate, 
fumarate, glucoheptonate, glycerophosphate, gluconate, 
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hemisulfate, heptanoate, hexanoate, hydroiodide, 2-hy 
droxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl 
sulfate, malate, maleate, malonate, methanesulfonate, 
2-naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, 
palmitate, pamoate, pectinate, persulfate, 3-phenylpropi 
onate, phosphate, picrate, pivalate, propionate, stearate, suc 
cinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate, 
undecanoate, valerate salts, and the like. Salts derived from 
appropriate bases include alkali metal, alkaline earth metal, 
ammonium and N"(C1_4alkyl)4 salts. This invention also 
envisions the quaterniZation of any basic nitrogen-contain 
ing groups of the compounds disclosed herein. Water or 
oil-soluble or dispersable products may be obtained by such 
quaterniZation. Representative alkali or alkaline earth metal 
salts include sodium, lithium, potassium, calcium, magne 
sium, and the like. Further pharmaceutically acceptable salts 
include, When appropriate, nontoxic ammonium, quaternary 
ammonium, and amine cations formed using counterions 
such as halide, hydroxide, carboxylate, sulfate, phosphate, 
nitrate, loWeralkyl sulfonate and aryl sulfonate. 

[0149] As described above, the pharmaceutically accept 
able compositions of the present invention additionally 
comprise a pharmaceutically acceptable carrier, adjuvant, or 
vehicle, Which, as used herein, includes any and all solvents, 
diluents, or other liquid vehicle, dispersion or suspension 
aids, surface active agents, isotonic agents, thickening or 
emulsifying agents, preservatives, solid binders, lubricants 
and the like, as suited to the particular dosage form desired. 
Remington’s Pharmaceutical Sciences, Sixteenth Edition, E. 
W. Martin (Mack Publishing Co., Easton, Pa., 1980) dis 
closes various carriers used in formulating pharmaceutically 
acceptable compositions and knoWn techniques for the 
preparation thereof. Except insofar as any conventional 
carrier medium is incompatible With the compounds of the 
invention, such as by producing any undesirable biological 
effect or otherWise interacting in a deleterious manner With 
any other component(s) of the pharmaceutically acceptable 
composition, its use is contemplated to be Within the scope 
of this invention. Some examples of materials Which can 
serve as pharmaceutically acceptable carriers include, but 
are not limited to, ion exchangers, alumina, aluminum 
stearate, lecithin, serum proteins, such as human serum 
albumin, buffer substances such as phosphates, glycine, 
sorbic acid, or potassium sorbate, partial glyceride mixtures 
of saturated vegetable fatty acids, Water, salts or electrolytes, 
such as protamine sulfate, disodium hydrogen phosphate, 
potassium hydrogen phosphate, sodium chloride, Zinc salts, 
colloidal silica, magnesium trisilicate, polyvinyl pyrroli 
done, polyacrylates, Waxes, polyethylene-polyoxypropy 
lene-block polymers, Wool fat, sugars such as lactose, glu 
cose and sucrose; starches such as corn starch and potato 
starch; cellulose and its derivatives such as sodium car 
boxymethyl cellulose, ethyl cellulose and cellulose acetate; 
poWdered tragacanth; malt; gelatin; talc; excipients such as 
cocoa butter and suppository Waxes; oils such as peanut oil, 
cottonseed oil; safflower oil; sesame oil; olive oil; corn oil 
and soybean oil; glycols; such a propylene glycol or poly 
ethylene glycol; esters such as ethyl oleate and ethyl laurate; 
agar; buffering agents such as magnesium hydroxide and 
aluminum hydroxide; alginic acid; pyrogen-free Water; iso 
tonic saline; Ringer’s solution; ethyl alcohol, and phosphate 
buffer solutions, as Well as other non-toxic compatible 
lubricants such as sodium lauryl sulfate and magnesium 
stearate, as Well as coloring agents, releasing agents, coating 


























