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COMPOSITIONS AND METHODS FOR 
INHIBITION OF THE JAK PATHWAY 

I. CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of US. provisional 
application Ser. No. 60/871,098, ?led 20 Dec. 2006 and of 
US. provisional application Ser. No. 60/776,636, ?led 24 
Feb. 2006, each of Which is incorporated herein by refer 
ence. This application also is a continuation-in-part of 
co-pending US. application Ser. No. 11/450,901, ?led 8 Jun. 
2006, Which is incorporated herein by reference. 

II. INTRODUCTION 

[0002] A. Field 
[0003] The present invention relates to compounds, pro 
drugs, and methods of using these compounds and prodrugs 
thereof in the treatment of conditions in Which modulation 
of the JAK pathWay or inhibition of JAK kinases, particu 
larly JAK3, are therapeutically useful. 
[0004] B. Background 
[0005] 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 cells (see, 
e.g., Hardie and Hanks, The Protein Kinase Facts Book, I 
and II, Academic Press, San Diego, Calif., 1995). Protein 
kinases are thought to have evolved from a common ances 
tral 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 can 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 families (see, e.g., Hanks & 
Hunter, (1995), FASEB J. 9:576-596; Knighton et al., 
(1991), Science 253:407-414; Hiles et al., (1992), Cell 
70:419-429; KunZ et al., (1993), Cell 73:585-596; Garcia 
Bustos et al., (1994), EMBO J. 13:2352-2361). 
[0006] JAK kinases (JAnus Kinases) are a family of 
cytoplasmic protein tyrosine kinases including JAKl, JAK2, 
JAK3 and TYK2. Each of the JAK kinases is selective for 
the receptors of certain cytokines, though multiple JAK 
kinases can be affected by particular cytokine or signaling 
pathWays. Studies suggest that JAK3 associates With the 
common gamma (yc) chain of the various cytokine recep 
tors. JAK3 in particular selectively binds to receptors and is 
part of the cytokine signaling pathWay for IL-2, IL-4, IL-7, 
IL-9, IL-15 and IL-21. JAKl interacts With, among others, 
the receptors for cytokines IL-2, IL-4, IL-7, IL-9 and IL-21, 
While JAK2 interacts With, among others, the receptors for 
IL-9 and TNF-ot. Upon the binding of certain cytokines to 
their receptors (e.g., IL-2, IL-4, IL-7, IL-9, IL-15 and 
IL-21), receptor oligomeriZation occurs, resulting in the 
cytoplasmic tails of associated JAK kinases being brought 
into proximity and facilitating the trans-phosphorylation of 
tyrosine residues on the JAK kinase. This trans-phosphory 
lation results in the activation of the JAK kinase. 
[0007] Phosphorylated JAK kinases bind various STAT 
(Signal Transducer and Activator of Transcription) proteins. 
STAT proteins, Which are DNA binding proteins activated 
by phosphorylation of tyrosine residues, function both as 
signaling molecules and transcription factors and ultimately 
bind to speci?c DNA sequences present in the promoters of 
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cytokine-responsive genes (Leonard et al., (2000), J. Allergy 
Clin. Immunol. 105:877-888). JAK/STAT signaling has 
been implicated in the mediation of many abnormal immune 
responses such as allergies, asthma, autoimmune diseases 
such as transplant (allograft) rejection, rheumatoid arthritis, 
amyotrophic lateral sclerosis and multiple sclerosis, as Well 
as in solid and hematologic malignancies such as leukemia 
and lymphomas. For a revieW of the pharmaceutical inter 
vention of the JAK/STAT pathWay see Frank, (1999), Mol. 
Med. 5:432:456 and Seidel et al., (2000), Oncogene 
19:2645-2656. 

[0008] JAK3 in particular has been implicated in a variety 
of biological processes. For example, the proliferation and 
survival of murine mast cells induced by IL-4 and IL-9 have 
been shoWn to be dependent on JAK3- and gamma chain 
signaling (SuZuki et al., (2000), Blood 96:2172-2180). 
JAK3 also plays a crucial role in IgE receptor-mediated mast 
cell degranulation responses (Malaviya et al., (1999), Bio 
chem. Biophys. Res. Commun. 257:807-813), and inhibition 
of JAK3 kinase has been shoWn to prevent type I hypersen 
sitivity reactions, including anaphylaxis (Malaviya et al., 
(1999), J. Biol. Chem. 274:27028-27038). JAK3 inhibition 
has also been shoWn to result in immune suppression for 
allograft rejection (Kirken, (2001), Transpl. Proc. 33:3268 
3270). JAK3 kinases have also been implicated in the 
mechanism involved in early and late stages of rheumatoid 
arthritis (Muller-Ladner et al., (2000), J. Immunal. 164: 
3894-3901); familial amyotrophic lateral sclerosis (Trieu et 
al., (2000), Biochem Biophys. Res. Commun. 267:22-25); 
leukemia (Sudbeck et al., (1999), Clin. Cancer Res. 5:1569 
1582); mycosis fungoides, a form of T-cell lymphoma 
(Nielsen et al., (1997), Prac. Natl. Acad. Sci. USA 94:6764 
6769); and abnormal cell groWth (Yu et al., (1997), J. 
Immunol. 159:5206-5210; Catlett-Falcone et al., (1999), 
Immunity 10:105-115). 
[0009] The JAK kinases, including JAK3, are abundantly 
expressed in primary leukemic cells from children With 
acute lymphoblastic leukemia, the most common form of 
childhood cancer, and studies have correlated STAT activa 
tion in certain cells With signals regulating apoptosis (De 
moulin et al., (1996), Mol. Cell. Biol. 16:4710-6; Jurlander 
et al., (1997), Blood. 89:4146-52; Kaneko et al., (1997), 
Clin. Exp. Immun. 109:185-193; and Nakamura et al., 
(1996), J. Biol. Chem. 271:19483-8). They are also knoWn 
to be important to lymphocyte differentiation, function and 
survival. JAK-3 in particular plays an essential role in the 
function of lymphocytes, macrophages, and mast cells. 
Given the importance of this JAK kinase, compounds Which 
modulate the JAK pathWay, including those selective for 
JAK3, can be useful for treating diseases or conditions 
Where the function of lymphocytes, macrophages, or mast 
cells is involved (KudlacZ et al., (2004) Am. J. Transplant 
4:51-57; Changelian (2003) Science 302:875-878). Condi 
tions in Which targeting of the JAK pathWay or modulation 
of the JAK kinases, particularly JAK3, are contemplated to 
be therapeutically useful include, leukemia, lymphoma, 
transplant rejection (e.g., pancreas islet transplant rejection, 
bone marroW transplant applications (e.g., graft-versus-host 
disease), autoimmune diseases (e.g., diabetes), and in?am 
mation (e.g., asthma, allergic reactions). Conditions Which 
can bene?t for inhibition of JAK3 are discussed in greater 
detail beloW. 

[0010] In vieW of the numerous conditions that are con 
templated to bene?t by treatment involving modulation of 
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the JAK pathway it is immediately apparent that neW 
compounds that modulate JAK pathWays and methods of 
using these compounds should provide substantial therapeu 
tic bene?ts to a Wide variety of patients. Provided herein are 
novel 2,4-pyrimidinediamine compounds for use in the 
treatment of conditions in Which targeting of the JAK 
pathWay or inhibition of JAK kinases, particularly JAK3, are 
therapeutically useful. 
[0011] Patents and patent applications related to modula 
tion of the JAK pathWay include: US. Pat. Nos. 5,728,536; 
6,080,747; 6,080,748; 6,133,305; 6,177,433; 6,210,654; 
6,313,130; 6,316,635; 6,433,018; 6,486,185; 6,506,763; 
6,528,509; 6,593,357; 6,608,048; 6,610,688; 6,635,651; 
6,677,368; 6,683,082; 6,696,448; 6,699,865; 6,777,417; 
6,784,195; 6,825,190; 6,506,763; 6,784,195; 6,528,509; 
6,608,048; 7,105,529; 6,699,865; 6,825,190; 6,815,439; 
6,949,580; 7,056,944; 6,998,391; 7,074,793; 6,969,760; 
US. Pat. App. Pub. No. 2001/0007033 A1; 2002/0115173 
A1; 2002/0137141 A1; 2003/0236244 A1; 2004/0102455 
A1; 2004/0142404 A1; 2004/0147507 A1; and 2004/ 
0214817 A1; and International patent applications WO 
95/03701A1; WO 99/15500A1; WO 00/00202A1; WO 
00/10981A1; WO 00/47583A1; WO 00/51587A2; WO 
00/55159A2; WO 01/42246A2; WO 01/45641A2; WO 
01/52892A2; WO 01/56993A2; WO 01/57022A2; WO 
01/72758A1; WO 02/00661A1; WO 02/43735A1; WO 
02/48336A2; WO 02/060492A1; WO 02/060927A1; WO 
02/096909A1; WO 02/102800A1; WO 03/020698A2; WO 
03/048162A1; WO 03/101989A1; WO 2004/016597A2; 
WO 2004/041789A1; WO 2004/041810A1; WO 2004/ 
041814A1; WO 2004/046112A2; WO 2004/046120A2; WO 
2004/047843A1; WO 2004/058749A1; WO 2004/ 
058753A1; WO 2004/085388A2; WO 2004/092154A1; WO 
2005/009957A1; WO 2005/016344A1; WO 2005/ 
028475A2; and WO 2005/033107A1. 
[0012] Patents and patent applications describing substi 
tuted pyrimidinediamine compounds include: US. applica 
tion Ser. No. 10/355,543 ?led Jan. 31, 2003 (US2004/ 
0029902A1), international application Serial No. PCT/ 
US03/03022 ?led Jan. 31, 2003 (WO 03/063794), US. 
application Ser. No. 10/631,029 ?led Jul. 29, 2003, intema 
tional application Serial No. PCT/US03/24087 (WO 
04/014382), US. application Ser. No. 10/903,263 ?led Jul. 
30, 2004, and international application Serial No. PCT/ 
US2004/24716 (WO 05/016893), the disclosures of Which 
are incorporated herein by reference. Substituted pyrim 
idinediamine compounds are also described in international 
patent application publication numbers: WO 02/059110, 
WO 03/074515, WO 03/106416, WO 03/066601, WO 
03/063794, WO 04/046118, WO 05/016894, WO 
05/122294, WO 05/066156, WO 03/002542, WO 
03/030909, WO 00/39101, WO 05/037800 and US. Pat. 
Pub. No. 2003/0149064. 

[0013] All of the above publications are herein incorpo 
rated by reference in their entirety to the same extent as if 
each individual publication Was speci?cally and individually 
indicated to be incorporated by reference in its entirety. 

Ill. SUMMARY OF THE INVENTION 

[0014] This invention is directed to compounds, prodrugs, 
and methods of using these compounds and prodrugs thereof 
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in the treatment of conditions in Which modulation of the 
JAK pathWay or inhibition of JAK kinases, particularly 
JAK3, Will be therapeutically useful. 
[0015] In one embodiment, the present invention provides 
compounds of formula I, and solvates, prodrugs and phar 
maceutically acceptable salts thereof: 

Y 

(R2)q X f\N / /(R3)P I l @N NAN \\ 

a solvate, prodrug or pharmaceutically acceptable salt 
thereof; Wherein: 

[0016] X is selected from the group consisting of alkyl, 
substituted alkyl, alkoxy, substituted alkoxy, amino, 
substituted amino, carboxyl, carboxyl ester, cyano, 
halo, nitro, alkenyl, substituted alkenyl, alkynyl and 
substituted alkynyl; 

[0017] Y is selected from the group consisting of hydro 
gen, alkyl substituted alkyl, amino, substituted amino, 
and halo; 

[0018] R is selected from the group consisting of hydro 
gen, alkyl, substituted alkyl, alkenyl, substituted alk 
enyl, alkynyl, substituted alkynyl, cycloalkyl and sub 
stituted cycloalkyl; 

[0019] ring A is selected from the group consisting of 
aryl, heteroaryl, cycloalkyl, cycloalkenyl and hetero 
cyclic, Wherein ring A is not indolyl or benZimidaZolyl; 

[0020] p is 0, 1, 2 or 3; 
[0021] q is 1, 2 or 3 When ring A is a single ring, or q 

is 0, 1, 2, 3, 4, or 5 When ring A comprises multiple 
rings; 

[0022] each R2 independently is selected from the group 
consisting of alkyl, substituted alkyl, alkoxy, substi 
tuted alkoxy, amino, substituted amino, aryl, substi 
tuted aryl, aryloxy, substituted aryloxy, cycloalkyl, 
substituted cycloalkyl heteroaryl, substituted het 
eroaryl, heterocyclic, substituted heterocyclic, hetero 
cyclyloxy, substituted carboxyl, carboxyl ester, 
hydroxyl, acylamino, aminosufonyl, alkynyl, substi 
tuted alkynyl, alkylthio, substituted alkylthio, ami 
nocarbonyl, acyl, oxo, and halo; 

[0023] each R3 independently is selected from the group 
consisting of alkyl, substituted alkyl, cycloalkyl, sub 
stituted cycloalkyl, heterocyclic, substituted heterocy 
clic, halo, and aminosulfonyl; and 

[0024] R4 and R5 independently are selected from the 
group consisting of hydrogen, alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, alkynyl, substituted alky 
nyl, alkoxy, cycloalkyl, substituted cycloalkyl, and 
acyl; or 

[0025] R4 and R5 together With the nitrogen atom 
bound thereto, form a heterocyclic or substituted 
heterocyclic group; 
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provided that: 
[0026] if (1:0, then X is not bromo; 
[0027] if ring A is cycloalkyl, then X is not bromo; 
[0028] if (1:2 and each of R2 is methoxy, halo, triha 

lomethyl or trihalomethoxy, then R4 and R5 are not one 
hydrogen and one methyl; 

[0029] if (1:2 and R2 is ?uoro and methyl, then R is not 
substituted alkenyl; and 

[0030] if ring A is phenyl, (1:1 and R2 is chloro, then R4 
and R5 are not one hydrogen and one methyl. 

[0031] In a preferred implementation, ring A is phenyl; R 
is hydrogen; X is halo, cyano or alkyl; and q is l or 2. More 
preferably at least one R2 is alkynyl, alkynyloxy, alkyny 
lamino, alkynyl(carboxyl ester)aminoalkyl, or alkynylami 
nosulfonyl. Most preferably, at least one R2 is alkynyloxy. In 
another preferred implementation at least one of X and Y is 
hydrogen. 
[0032] In another preferred implementation ring A is 
selected from the group consisting of: 

(1) 

Q (2) 

L 3@% o I|\I / 

R1 

[0033] Wherein Q is sulfur, oxygen or carbon, and R1 is 
hydrogen, alkyl, substituted alkyl, alkynyl, or acyl, 

(3) 

\ \HB'W, 
[0034] Wherein Q is oxygen or nitrogen, 

(4) 
\ 

Q / 

O 

[0035] Wherein Q is nitrogen or carbon, 

(5) 
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-continued 

(6) 

[0036] Wherein Q is oxygen or nitrogen, 

(7) 
g 

N/ | \ 
\ / 

O (3) 

O / , and 

(9) 
| \ 
/ 

[0037] One embodiment of the invention provides com 
pounds of formula IIa or IIb, and solvates, prodrugs and 
pharmaceutically acceptable salts thereof: 

Wherein Q is sulfur, oxygen or carbon; R1 is hydrogen, alkyl, 
substituted alkyl, alkynyl, or acyl, and R2, R3, R4, R5, q, p, 
and X are as de?ned above. 

[0038] Another embodiment of the invnetion provides 
compounds of formula III-a or III-b, and solvates, prodrugs 
and pharmaceutically acceptable salts thereof: 
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III-a 

R3)p 

Ill-b 

wherein Q is oxygen or nitrogen; R1 is selected from the 
group consisting of alkyl, substituted alkyl, cycloalkyl, 
substituted cycloalkyl, heterocyclyl, substituted heterocy 
clyl, aryl, substituted aryl, heteroaryl, and substituted het 
eroaryl; Y is selected from the group consisting of a bond, 

iNR7i, iC(O)NR7i, iNR7C(O)i, iNR7C(O)Oi, 
iOC(O)NR7i, iNR7C(O)NR7i, oxygen and sulfur, 
Where R7 is independently hydrogen, alkyl or substituted 
alkyl; -alk- is a bond or a straight or branched chain alkylene 

group, Wherein When alk and Y each are a bond then R1 is 

attached to the bicyclic ring by a single covalent bond. X, 
R3, R4, R5 and p are as de?ned above. 
[0039] Yet another embodiment of the invention provides 
compounds of formula lV-a or lV-b, and solvates, prodrugs 
and pharmaceutically acceptable salts thereof: 

XfN // @, \NlNLJ 

Wherein Q is nitrogen or carbon, and X, R3, R4, R5 and p are 
as de?ned above. 

[0040] One embodiment of the invention provides com 
pounds of formula V, and solvates, prodrugs and pharma 
ceutically acceptable salts thereof: 
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Wherein X, R2, R3, R4, R5, p and q are as de?ned above. 
[0041] Yet another embodiment of the invention provides 
compounds of formula Vl-a or Vl-b, and solvates, prodrugs 
and pharmaceutically acceptable salts thereof: 

-3. 

Wherein Q is nitrogen or oxygen, and X, R2, R4, R5 and q are 
as de?ned above. 
[0042] Another implementation of the invention provides 
compounds of formula VII-a or VII-b, and solvates, pro 
drugs and pharmaceutically acceptable salts thereof: 

Wherein X, R2, R3, R4, R5, p and q are as de?ned above. 
[0043] Yet another implementation of the invention pro 
vides compounds of formula VIII, and solvates, prodrugs 
and pharmaceutically acceptable salts thereof: 

VIII 

(R3)p 

(0111c / /| I 1 \ A \ 
0 If N g \SO2N(R4)R5 

R 
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wherein X, R, R3, R4, R5 and p are as de?ned above. 
Preferably R is hydrogen or lower alkyl, more preferably 
methyl, and X is ?uoro. R3 preferably is loWer alkyl. And 
each of R4 and R5 preferably is hydrogen or loWer alkyl, 
most preferably hydrogen. 
[0044] Another implementation of the invention provides 
compounds of formula IX, and solvates, prodrugs and 
pharmaceutically acceptable salts thereof: 

Wherein X, R2, R3. R4, R5, q and p are as de?ned above. 
Preferably, R2 is acylamino and X is halo or loWer alkyl. 

[0045] In another embodiment, this invention provides a 
method of inhibiting an activity of a JAK kinase, comprising 
contacting the JAK kinase With an amount of a compound of 
this invention effective to inhibit an activity of the JAK 
kinase. 

[0046] In another embodiment, this invention provides a 
method of inhibiting an activity of a JAK kinase, comprising 
contacting in vitro a JAK3 kinase With an amount of a 
compound of this invention to inhibit an activity of the JAK 
kinase. 

[0047] In another embodiment, this invention provides a 
method of inhibiting an activity of a JAK kinase, comprising 
contacting in a cell a JAK3 kinase With an amount of a 

compound effective to inhibit an activity of the JAK kinase 
Wherein the compound is selected from the compounds of 
this invention, as described above. 

[0048] In another embodiment, this invention provides a 
method of treating a T-cell mediated autoimmune disease, 
comprising administering to a patient suffering from such an 
autoimmune disease an amount of a compound of this 
invention effective to treat the autoimmune disease. 

[0049] In another embodiment, this invention provides a 
method of treating or preventing allograft transplant rejec 
tion in a transplant recipient, comprising administering to 
the transplant recipient an amount of a compound of this 
invention effective to treat or prevent the rejection. 

[0050] In another embodiment, this invention provides a 
method of treating or preventing a Type IV hypersensitivity 
reaction, comprising administering to a subject an amount of 
a compound of this invention effective to treat or prevent the 
hypersensitivity reaction. 
[0051] In another embodiment, this invention provides a 
method of inhibiting a signal transduction cascade in Which 
JAK3 kinase plays a role, comprising contacting a cell 
expressing a receptor involved in such a signaling cascade 
With a compound of this invention, as described above. 

[0052] In another embodiment, this invention provides a 
method of treating or preventing a JAK kinase-mediated 
disease, comprising administering to a subject an amount of 
a compound of this invention effective to treat or prevent the 
JAK kinase-mediated disease. 
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[0053] In another embodiment, this invention provides a 
pharmaceutical formulation comprising a compound 
selected from the compounds of this invention, as described 
above. 
[0054] In another embodiment, this invention provides a 
kit comprising a compound selected from the compounds of 
this invention or a prodrug thereof, packaging, and instruc 
tions for use. 
[0055] It Will be appreciated by one of skill in the art that 
the embodiments summariZed above may be used together 
in any suitable combination to generate additional embodi 
ments not expressly recited above, and that such embodi 
ments are considered to be part of the present invention 

IV. DETAILED DESCRIPTION 

[0056] A. OvervieW 
[0057] The invention encompasses compounds having 
formula I and the compositions and methods using these 
compounds in the treatment of conditions in Which modu 
lation of the JAK pathWay or inhibition of JAK kinases, 
particularly JAK3, are therapeutically useful. 
[0058] B. De?nitions 
[0059] As used herein, the folloWing de?nitions shall 
apply unless otherWise indicated. 
[0060] “Alkyl” refers to monovalent saturated aliphatic 
hydrocarbyl groups having from 1 to 10 carbon atoms and 
preferably 1 to 6 carbon atoms. This term includes, by Way 
of example, linear and branched hydrocarbyl groups such as 
methyl (CH3i), ethyl (CH3CH2i), n-propyl 
(CH3CH2CH2i), isopropyl ((CH3)2CHi), n-butyl 
(CH3CH2CH2CH2i), isobutyl ((CH3)2CHCH2i), sec-bu 
tyl ((CH3)(CH3CH2)CHi), t-butyl ((CH3)3Ci), n-pentyl 
(CH3CH2CH2CH2CH2i), and neopentyl ((CH3)3CCH2i). 
[0061] “Substituted alkyl” refers to an alkyl group having 
from 1 to 5 hydrogens replaced With substituents selected 
from the group consisting of alkoxy, substituted alkoxy, 
acyl, acylamino, acyloxy, amino, substituted amino, ami 
nocarbonyl, aminothiocarbonyl, aminocarbonylamino, ami 
nothiocarbonylamino, aminocarbonyloxy, aminosulfonyl, 
aminosulfonyloxy, sulfonylamino, aminosulfonylamino, 
amidino, aryl, substituted aryl, aryloxy, substituted aryloxy, 
arylthio, substituted arylthio, carboxyl, carboxyl ester, (car 
boxyl ester)amino, (carboxyl ester)oxy, cyano, cycloalkyl, 
substituted cycloalkyl, cycloalkyloxy, substituted cycloalky 
loxy, cycloalkylthio, substituted cycloalkylthio, cycloalk 
enyl, substituted cycloalkenyl, cycloalkenyloxy, substituted 
cycloalkenyloxy, cycloalkenylthio, substituted cycloalk 
enylthio, guanidino, substituted guanidino, halo, hydroxy, 
heteroaryl, substituted heteroaryl, heteroaryloxy, substituted 
heteroaryloxy, heteroarylthio, substituted heteroarylthio, 
heterocyclic, substituted heterocyclic, heterocyclyloxy, sub 
stituted heterocyclyloxy, heterocyclylthio, substituted het 
erocyclylthio, nitro, SO3H, sulfonyl, sulfonyloxy, thioacyl, 
thiol, alkylthio, and substituted alkylthio, Wherein said sub 
stituents are de?ned herein. In some embodiments, the alkyl 
has 1 to 3 of the aforementioned groups. In other embodi 
ments, the alkyl has 1 to 2 of the aforementioned groups. 
[0062] “Alkylene” refers to divalent saturated aliphatic 
hydrocarbyl groups preferably having from 1 to 6 and more 
preferably 1 to 3 carbon atoms that are either straight 
chained or branched. This term is exempli?ed by groups 
such as methylene (4CH2i), ethylene (iCH2CH2i), 
n-propylene (4CH2CH2CH2i), iso-propylene (iCHZCH 
(CH3)i) or (4CH(CH3)CH2i), and the like. 
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[0063] “Substituted alkylene” refers to an alkylene group 
having from 1 to 3 hydrogens replaced With substituents 
selected from the group consisting of alkyl, substituted 
alkyl, alkoxy, substituted alkoxy, acyl, acylamino, acyloxy, 
amino, substituted amino, aminocarbonyl, aryl, substituted 
aryl, aryloxy, substituted aryloxy, cyano, halogen, hydroxyl, 
nitro, carboxyl, carboxyl ester, cycloalkyl, substituted 
cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, 
substituted heterocyclic, and oxo Wherein said substituents 
are de?ned herein. In some embodiments, the alkylene has 
1 to 2 of the aforementioned groups. It is to be noted that 
When the alkylene is substituted by an oxo group, 2 hydro 
gens attached to the same carbon of the alkylene group are 
replaced by “=0”. 
[0064] “Alkoxy” refers to the groups 4O-alkyl, i0 
alkenyl, and 4O-alkynyl, Wherein alkyl, alkenyl and alky 
nyl are as de?ned herein. 

[0065] “Substituted alkoxy” refers to the groups *0 
(substituted alkyl), iO-(substituted alkenyl), and i0 
(substituted alkynyl), Wherein substituted alkyl, substituted 
alkenyl, and substituted alkynyl are as de?ned herein. 

[0066] “Acyl” refers to the groups HiC(O)i, alkyl-C 
(O)i, substituted alkyl-C(O)i, alkenyl-C(O)i, substi 
tuted alkenyl-C(O)i, alkynyl-C(O)i, substituted alkynyl 
C(O)i cycloalkyl-C(O)i, substituted cycloalkyl-C(O)i, 
cycloalkenyl-C(O)i, substituted cycloalkenyl-C(O)i, 
aryl-C(O)i, substituted aryl-C(O)i, heteroaryl-C(O)i, 
substituted heteroaryl-C(O)i, heterocyclic-C(O)i, and 
substituted heterocyclic-C(O)i, Wherein alkyl, substituted 
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alky 
nyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substi 
tuted cycloalkenyl, aryl, substituted aryl, heteroaryl, substi 
tuted heteroaryl, heterocyclic, and substituted heterocyclic 
are as de?ned herein. Acyl includes the “acetyl” group 

CH3C(O)i. 
[0067] “Acylamino” refers to the groups iNR2OC(O) 
alkyl, iNR2OC(O) substituted alkyl, iNR2OC(O)cy 
cloalkyl, iNR2OC(O) substituted cycloalkyl, iNR2OC(O) 
cycloalkenyl, iNR2OC(O) substituted cycloalkenyl, 
iNR2OC(O)alkenyl, iNR2OC(O) substituted alkenyl, 
iNR2OC(O)alkynyl, iNR2OC(O) substituted alkynyl, 
iNR2OC(O)aryl, iNR2OC(O) substituted aryl, iNRZOC 
(O)heteroaryl, iNR2OC(O) substituted heteroaryl, 
iNR2OC(O)heterocyclic, and iNR2OC(O) substituted het 
erocyclic, wherein R20 is hydrogen or alkyl and Wherein 
alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, 
substituted alkynyl, cycloalkyl, substituted cycloalkyl, 
cycloalkenyl, substituted cycloalkenyl, aryl, substituted aryl, 
heteroaryl, substituted heteroaryl, heterocyclic, and substi 
tuted heterocyclic are as de?ned herein. 

[0068] “Acyloxy” refers to the groups alkyl-C(O)Oi, 
substituted alkyl-C(O)Oi, alkenyl-C(O)Oi, substituted 
alkenyl-C(O)Oi, alkynyl-C(O)Oi, substituted alkynyl-C 
(O)Oi, aryl-C(O)Oi, substituted aryl-C(O)Oi, 
cycloalkyl-C(O)Oi, substituted cycloalkyl-C(O)Oi, 
cycloalkenyl-C(O)Oi, substituted cycloalkenyl-C(O)Oi, 
heteroaryl-C(O)Oi, substituted heteroaryl-C(O)Oi, het 
erocyclic-C(O)Oi, and substituted heterocyclic-C(O)Oi, 
Wherein alkyl, sub stituted alkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, cycloalkyl, substituted 
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, sub 
stituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, 
and substituted heterocyclic are as de?ned herein. 

[0069] “Amino” refers to the group iNHZ. 
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[0070] “Substituted amino” refers to the group 
iNR2lR22, Wherein R21 and R22 independently are selected 
from the group consisting of hydrogen, alkyl, substituted 
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alky 
nyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, 
cycloalkenyl, substituted cycloalkenyl, heteroaryl, substi 
tuted heteroaryl, heterocyclic, substituted heterocyclic, 
Where one of R21 and R22 is sulfonyl, and Wherein R21 and 
R22 are optionally joined together With the nitrogen bound 
thereto to form a heterocyclic or substituted heterocyclic 
group, provided that R21 and R22 are not both hydrogen, and 
Wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, cycloalkyl, substituted 
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, sub 
stituted aryl, heteroaryl, sulfonyl, substituted heteroaryl, 
heterocyclic, and substituted heterocyclic are as de?ned 
herein. When R21 is hydrogen and R22 is alkyl, the substi 
tuted amino group is sometimes referred to herein as “alky 
lamino.” When R21 and R22 are alkyl, the substituted amino 
group is sometimes referred to herein as “dialkylamino.” 
When referring to a monosubstituted amino, it is meant that 
either R21 or R22 is hydrogen, but not both. When referring 
to a disubstituted amino, it is meant that neither R21 nor R22 
is hydrogen. 
[0071] “Aminocarbonyl” refers to the group 4C(O) 
NR2lR22, Wherein R21 and R22 independently are selected 
from the group consisting of hydrogen, alkyl, substituted 
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alky 
nyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, 
cycloalkenyl, substituted cycloalkenyl, heteroaryl, substi 
tuted heteroaryl, heterocyclic, and substituted heterocyclic 
and Where R21 and R22 are optionally joined together With 
the nitrogen bound thereto to form a heterocyclic or substi 
tuted heterocyclic group, and Wherein alkyl, substituted 
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alky 
nyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substi 
tuted cycloalkenyl, aryl, substituted aryl, heteroaryl, substi 
tuted heteroaryl, heterocyclic, and substituted heterocyclic 
are as de?ned herein. 

[0072] “Aminothiocarbonyl” refers to the group 4C(S) 
NR2lR22, Wherein R21 and R22 independently are selected 
from the group consisting of hydrogen, alkyl, substituted 
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alky 
nyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, 
cycloalkenyl, substituted cycloalkenyl, heteroaryl, substi 
tuted heteroaryl, heterocyclic, and substituted heterocyclic 
and Where R21 and R22 are optionally joined together With 
the nitrogen bound thereto to form a heterocyclic or substi 
tuted heterocyclic group, and Wherein alkyl, substituted 
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alky 
nyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substi 
tuted cycloalkenyl, aryl, substituted aryl, heteroaryl, substi 
tuted heteroaryl, heterocyclic, and substituted heterocyclic 
are as de?ned herein. 

[0073] “Aminocarbonylamino” refers to the group 
iNR2OC(O)NR21R22, wherein R20 is hydrogen or alkyl and 
R21 and R22 independently are selected from the group 
consisting of hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, aryl, sub 
stituted aryl, cycloalkyl, substituted cycloalkyl, cycloalk 
enyl, substituted cycloalkenyl, heteroaryl, substituted het 
eroaryl, heterocyclic, and substituted heterocyclic and Where 
R21 and R22 are optionally joined together With the nitrogen 
bound thereto to form a heterocyclic or substituted hetero 
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cyclic group, and wherein alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, 
substituted cycloalkyl, cycloalkenyl, substituted cycloalk 
enyl, aryl, substituted aryl, heteroaryl, substituted het 
eroaryl, heterocyclic and substituted heterocyclic are as 
de?ned herein. 

[0074] “Aminothiocarbonylamino” refers to the group 
iNR2OC(S)NR2lR22, wherein R20 is hydrogen or alkyl and 
R21 and R22 independently are selected from the group 
consisting of hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, aryl, sub 
stituted aryl, cycloalkyl, substituted cycloalkyl, cycloalk 
enyl, substituted cycloalkenyl, heteroaryl, substituted het 
eroaryl, heterocyclic, and substituted heterocyclic and Where 
R21 and R22 are optionally joined together With the nitrogen 
bound thereto to form a heterocyclic or substituted hetero 
cyclic group, and Wherein alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, 
substituted cycloalkyl, cycloalkenyl, substituted cycloalk 
enyl, aryl, substituted aryl, heteroaryl, substituted het 
eroaryl, heterocyclic and substituted heterocyclic are as 
de?ned herein. 

[0075] “Aminocarbonyloxy” refers to the group iO4C 
(O)NR21R22, Wherein R21 and R22 independently are 
selected from the group consisting of hydrogen, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub 
stituted alkynyl, aryl, substituted aryl, cycloalkyl, substi 
tuted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, 
heteroaryl, substituted heteroaryl, heterocyclic, and substi 
tuted heterocyclic and Where R21 and R22 are optionally 
joined together With the nitrogen bound thereto to form a 
heterocyclic or substituted heterocyclic group, and Wherein 
alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, 
substituted alkynyl, cycloalkyl, substituted cycloalkyl, 
cycloalkenyl, substituted cycloalkenyl, aryl, substituted aryl, 
heteroaryl, substituted heteroaryl, heterocyclic and substi 
tuted heterocyclic are as de?ned herein. 

[0076] “Aminosulfonyl” refers to the group 
iSO2NR2lR22, Wherein R21 and R22 independently are 
selected from the group consisting of hydrogen, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub 
stituted alkynyl, aryl, substituted aryl, cycloalkyl, substi 
tuted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, 
heteroaryl, substituted heteroaryl, heterocyclic, substituted 
heterocyclic and WhereR21 and R22 are optionally joined 
together With the nitrogen bound thereto to form a hetero 
cyclic or substituted heterocyclic group and alkyl, substi 
tuted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted 
alkynyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, 
substituted cycloalkenyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, heterocyclic and substituted hetero 
cyclic are as de?ned herein. 

[0077] “Aminosulfonyloxy” refers to the group 
iOiSOZNRZIRZ, Wherein R21 and R22 independently are 
selected from the group consisting of hydrogen, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub 
stituted alkynyl, aryl, substituted aryl, cycloalkyl, substi 
tuted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, 
heteroaryl, substituted heteroaryl, heterocyclic, and substi 
tuted heterocyclic; R21 and R22 are optionally joined 
together With the nitrogen bound thereto to form a hetero 
cyclic or substituted heterocyclic group; and alkyl, substi 
tuted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted 
alkynyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, 
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substituted cycloalkenyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, heterocyclic, and substituted hetero 
cyclic are as de?ned herein. 

[0078] “Aminosulfonylamino” refers to the group 
iNR2OiSO2NR2lR22, wherein R20 is hydrogen or alkyl 
and R21 and R22 independently are selected from the group 
consisting of hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, aryl, sub 
stituted aryl, cycloalkyl, substituted cycloalkyl, cycloalk 
enyl, substituted cycloalkenyl, heteroaryl, substituted het 
eroaryl, heterocyclic, and substituted heterocyclic and Where 
R21 and R22 are optionally joined together With the nitrogen 
bound thereto to form a heterocyclic or substituted hetero 
cyclic group, and Wherein alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, 
substituted cycloalkyl, cycloalkenyl, substituted cycloalk 
enyl, aryl, substituted aryl, heteroaryl, substituted het 
eroaryl, heterocyclic and substituted heterocyclic are as 
de?ned herein. 

[0079] “Sulfonylamino” refers to the group 
iNR21SO2R22, Wherein R21 and R22 independently are 
selected from the group consisting of hydrogen, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub 
stituted alkynyl, aryl, substituted aryl, cycloalkyl, substi 
tuted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, 
heteroaryl, substituted heteroaryl, heterocyclic, and substi 
tuted heterocyclic and Where R21 and R22 are optionally 
joined together With the atoms bound thereto to form a 
heterocyclic or substituted heterocyclic group, and Wherein 
alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, 
substituted alkynyl, cycloalkyl, substituted cycloalkyl, 
cycloalkenyl, substituted cycloalkenyl, aryl, substituted aryl, 
heteroaryl, substituted heteroaryl, heterocyclic, and substi 
tuted heterocyclic are as de?ned herein. 

[0080] “Amidino” refers to the group iC(=NR3O) 
NR3lR32, Wherein R31 and R32 independently are selected 
from the group consisting of hydrogen, alkyl, substituted 
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alky 
nyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, 
cycloalkenyl, substituted cycloalkenyl, heteroaryl, substi 
tuted heteroaryl, heterocyclic, and substituted heterocyclic 
and Where R31 and R32 are optionally joined together With 
the nitrogen bound thereto to form a heterocyclic or substi 
tuted heterocyclic group. R30 is selected from the group 
consisting of hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, cycloalky 
nyl, substituted cycloalkynyl, aryl, substituted aryl, 
cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted 
cycloalkenyl, heteroaryl, substituted heteroaryl, heterocy 
clic, substituted heterocyclic, nitro, nitroso, hydroxy, alkoxy, 
cyano, acyl, iSO2-alkyl and iSO2-substituted alkyl, 
Wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, cycloalkynyl, substituted 
cycloalkynyl, cycloalkyl, substituted cycloalkyl, cycloalk 
enyl, substituted cycloalkenyl, aryl, substituted aryl, het 
eroaryl, substituted heteroaryl, heterocyclic, substituted het 
erocyclic, nitro, nitroso, hydroxy, alkoxy, and cyano are as 
de?ned herein. 

[0081] “Aryl” refers to a monovalent aromatic carbocyclic 
group of from 6 to 14 carbon atoms having a single ring 
(e.g., phenyl) or multiple condensed rings (e.g., naphthyl or 
anthryl) Which condensed rings may or may not be aromatic 
provided that the point of attachment is through an atom of 
the aromatic aryl group. As used herein multiple rings refers 



US 2007/0203161 A1 

to fused, bridged or spiro ring systems consisting of 2, 3 or 
4 rings. For example, l,2,3,4-tetrahydronaphthalen-5-yl, 
9H-?uoren-2-yl, and the like. Preferred aryl groups include 
phenyl and naphthyl. 
[0082] “Substituted aryl” refers to aryl groups having 1 to 
5 hydrogens replaced With substituents independently 
selected from the group consisting of alkyl, substituted 
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alky 
nyl, alkoxy, substituted alkoxy, acyl, acylamino, acyloxy, 
amino, substituted amino, aminocarbonyl, aminothiocarbo 
nyl, aminocarbonylamino, aminothiocarbonylamino, ami 
nocarbonyloxy, aminosulfonyl, aminosulfonyloxy, amino 
sulfonylamino, amidino, aryl, substituted aryl, aryloxy, 
substituted aryloxy, arylthio, substituted arylthio, carboxyl, 
carboxyl ester, (carboxyl ester)amino, (carboxyl ester)oxy, 
cyano, cycloalkyl, substituted cycloalkyl, cycloalkyloxy, 
substituted cycloalkyloxy, cycloalkylthio, substituted 
cycloalkylthio, cycloalkenyl, substituted cycloalkenyl, 
cycloalkenyloxy, substituted cycloalkenyloxy, cycloalk 
enylthio, substituted cycloalkenylthio, guanidino, substi 
tuted guanidino, halo, hydroxy, heteroaryl, substituted het 
eroaryl, heteroaryloxy, substituted heteroaryloxy, 
heteroarylthio, substituted heteroarylthio, heterocyclic, sub 
stituted heterocyclic, heterocyclyloxy, substituted heterocy 
clyloxy, heterocyclylthio, substituted heterocyclylthio, nitro, 
SO3H, sulfonyl, sulfonyloxy, thioacyl, thiol, alkylthio, and 
substituted alkylthio, Wherein said substituents are as 
de?ned herein. In some embodiments, the aryl has 1 to 3 of 
the aforementioned groups. In other embodiments, the aryl 
has 1 to 2 of the aforementioned groups. In some embodi 
ments, substituted aryl includes compounds containing oxo 
substituent in the non-aromatic ring fused to the aryl group. 
For example, l-oxo-indan-4-yl, Wherein the point of attach 
ment is through the phenyl ring. 
[0083] “Aryloxy” refers to the group iO-aryl, Wherein 
aryl is as de?ned herein, including, by Way of example, 
phenoxy, naphthoxy, and the like. 
[0084] “Substituted aryloxy” refers to the group *0 
(substituted aryl), Wherein substituted aryl is as de?ned 
herein. 
[0085] “Arylthio” refers to the group iS-aryl, Wherein 
aryl is as de?ned herein. In other embodiments, sulfur may 
be oxidized to iS(O)i or iSOZi moieties. The sulfox 
ide may exist as one or more stereoisomers. 

[0086] “Substituted arylthio” refers to the group iS 
(substituted aryl), Wherein substituted aryl is as de?ned 
herein. In other embodiments, sulfur may be oxidiZed to 
iS(O)i or iSOZi moieties. The sulfoxide may exist as 
one or more stereoisomers. 

[0087] “Alkenyl” refers to straight chain or branched 
hydrocarbyl groups having from 2 to 6 carbon atoms and 
preferably 2 to 4 carbon atoms and having at least 1 and 
preferably from 1 to 2 sites of vinyl (>C=C<) unsaturation. 
Such groups are exempli?ed by vinyl, allyl, and but-3-en 
l-yl. Included Within this term are the cis and trans isomers 
or mixtures of these isomers. 

[0088] “Substituted alkenyl” refers to alkenyl groups hav 
ing from 1 to 3 substituents selected from the group con 
sisting of alkoxy, substituted alkoxy, acyl, acylamino, acy 
loxy, amino, substituted amino, aminocarbonyl, 
aminothiocarbonyl, aminocarbonylamino, aminothiocarbo 
nylamino, aminocarbonyloxy, aminosulfonyl, aminosulfo 
nyloxy, aminosulfonylamino, amidino, aryl, substituted aryl, 
aryloxy, substituted aryloxy, arylthio, substituted arylthio, 

Aug. 30, 2007 

carboxyl, carboxyl ester, (carboxyl ester)amino, (carboxyl 
ester)oxy, cyano, cycloalkyl, substituted cycloalkyl, 
cycloalkyloxy, substituted cycloalkyloxy, cycloalkylthio, 
substituted cycloalkylthio, cycloalkenyl, substituted 
cycloalkenyl, cycloalkenyloxy, substituted cycloalkenyloxy, 
cycloalkenylthio, substituted cycloalkenylthio, guanidino, 
substituted guanidino, halo, hydroxy, heteroaryl, substituted 
heteroaryl, heteroaryloxy, substituted heteroaryloxy, het 
eroarylthio, substituted heteroarylthio, heterocyclic, substi 
tuted heterocyclic, heterocyclyloxy, substituted heterocycly 
loxy, heterocyclylthio, substituted heterocyclylthio, nitro, 
SO3H, sulfonyl, sulfonyloxy, thioacyl, thiol, alkylthio, and 
substituted alkylthio, Wherein said substituents are as 
de?ned herein and With the proviso that any hydroxy sub 
stitution is not attached to a vinyl (unsaturated) carbon atom. 
In some embodiments, the alkenyl has 1 to 2 of the afore 
mentioned groups. 
[0089] “Alkynyl” refers to straight or branched monova 
lent hydrocarbyl groups having from 2 to 6 carbon atoms 
and preferably 2 to 3 carbon atoms and having at least 1 and 
preferably from 1 to 2 sites of acetylenic iCECi unsat 
uration. Examples of such alkynyl groups include acetylenyl 
(iCECH), and propargyl (4CH2CECH). 
[0090] “Substituted alkynyl” refers to alkynyl groups hav 
ing from 1 to 3 substituents selected from the group con 
sisting of alkoxy, substituted alkoxy, acyl, acylamino, acy 
loxy, amino, substituted amino, aminocarbonyl, 
aminothiocarbonyl, aminocarbonylamino, aminothiocarbo 
nylamino, aminocarbonyloxy, aminosulfonyl, aminosulfo 
nyloxy, aminosulfonylamino, amidino, aryl, substituted aryl, 
aryloxy, substituted aryloxy, arylthio, substituted arylthio, 
carboxyl, carboxyl ester, (carboxyl ester)amino, (carboxyl 
ester)oxy, cyano, cycloalkyl, substituted cycloalkyl, 
cycloalkyloxy, substituted cycloalkyloxy, cycloalkylthio, 
substituted cycloalkylthio, cycloalkenyl, substituted 
cycloalkenyl, cycloalkenyloxy, substituted cycloalkenyloxy, 
cycloalkenylthio, substituted cycloalkenylthio, guanidino, 
substituted guanidino, halo, hydroxy, heteroaryl, substituted 
heteroaryl, heteroaryloxy, substituted heteroaryloxy, het 
eroarylthio, substituted heteroarylthio, heterocyclic, substi 
tuted heterocyclic, heterocyclyloxy, substituted heterocycly 
loxy, heterocyclylthio, substituted heterocyclylthio, nitro, 
SO3H, sulfonyl, sulfonyloxy, thioacyl, thiol, alkylthio, and 
substituted alkylthio, Wherein said substituents are as 
de?ned herein and With the proviso that any hydroxy or thiol 
substitution is not attached to an acetylenic carbon atom. In 
some embodiments, the alkynyl has 1 to 2 of the aforemen 
tioned groups. 
[0091] “Alkynyloxy” refers to the group 4O-alkynyl, 
Wherein alkynyl is as de?ned herein. Alkynyloxy includes, 
by Way of example, ethynyloxy, propynyloxy, and the like. 
[0092] “Carboxyl” or “carboxy” refers to iCOOH or 
salts thereof. 

[0093] “Carboxyl ester” or “carboxy ester” refers to the 
groups 4C(O)O-alkyl, 4C(O)O-substituted alkyl, 4C(O) 
O-alkenyl, iC(O)O-substituted alkenyl, 4C(O)O-alkynyl, 
4C(O)O-substituted alkynyl, 4C(O)O-aryl, iC(O)O 
substituted aryl, 4C(O)O-cycloalkyl, iC(O)O-substituted 
cycloalkyl, 4C(O)O-cycloalkenyl, iC(O)O-substituted 
cycloalkenyl, 4C(O)O-heteroaryl, iC(O)O-substituted 
heteroaryl, 4C(O)O-heterocyclic, and 4C(O)O-substi 
tuted heterocyclic, Wherein alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, 
substituted cycloalkyl, cycloalkenyl, substituted cycloalk 
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enyl, aryl, substituted aryl, heteroaryl, substituted het 
eroaryl, heterocyclic, and substituted heterocyclic are as 
de?ned herein. 
[0094] “(Carboxyl ester)amino” refers to the groups 
iNRiC(O)O-alkyl, iNR4C(O)Oi substituted alkyl, 
iNRiC(O)O-alkenyl, iNRiC(O)O-substituted alk 
enyl, iNRiC(O)O-alkynyl, iNRiC(O)O-substituted 
alkynyl, iNRiC(O)O-aryl, iNRiC(O)O-substituted 
aryl, iNRiC(O)O-cycloalkyl, iNRiC(O)O-substituted 
cycloalkyl, iNR4C(O)O-cycloalkenyl, iNR4C(O)O 
substituted cycloalkenyl, iNRiC(O)O-heteroaryl, 
iNRiC(O)O-substituted heteroaryl, iNRiC(O)O-het 
erocyclic, and iNR4C(O)O-substituted heterocyclic, 
Wherein R is alkyl or hydrogen and alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 
cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted 
cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic, and substituted heterocyclic are as 
de?ned herein. 
[0095] “(Carboxyl ester)oxy” refers to the groups iO4C 
(O)O-alkyl, iO4C(O)Oi substituted alkyl, 4O4C(O) 
O-alkenyl, iO4C(O)O-substituted alkenyl, 4O4C(O) 
O-alkynyl, 4OiC(O)O-substituted alkynyl, 4O4C(O) 
O-aryl, 4OiC(O)O-substituted aryl, 4O4C(O)O 
cycloalkyl, 4O4C(O)O-substituted cycloalkyl, iO4C 
(O)O-cycloalkenyl, 4OiC(O)O-substituted cycloalkenyl, 
iO4C(O)O-heteroaryl, 4O4C(O)O-substituted het 
eroaryl, iO4C(O)O-heterocyclic, and 4OiC(O)O-sub 
stituted heterocyclic, Wherein alkyl, substituted alkyl, alk 
enyl, substituted alkenyl, alkynyl, substituted alkynyl, 
cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted 
cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic, and substituted heterocyclic are as 
de?ned herein. 
[0096] “Cyano” or “nitrile” refers to the group iCN. 
[0097] “Cycloalkyl” refers to cyclic alkyl groups of from 
3 to 13 carbon atoms having single or multiple cyclic rings 
including fused, bridged, and spiro ring systems. Examples 
of cycloalkyl groups include adamantyl, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclooctyl, and the like. One or 
more rings fused to the cycloalkyl group can be aromatic, 
provided that the point of attachment is through the non 
aromatic ring, e.g. 9H-?uoren-9-yl, 1,2,3,4-tetrahydronaph 
thalen-2-yl, and the like. 
[0098] “Cycloalkenyl” refers to non-aromatic cyclic alkyl 
groups of from 3 to 10 carbon atoms having single or 
multiple rings and having at least one double bond and 
preferably from 1 to 2 double bonds. 
[0099] “Cycloalkynyl” refers to non-aromatic cycloalkyl 
groups of from 7 to 12 carbon atoms having single or 
multiple rings and having at least one triple bond. 
[0100] “Cycloalkylene” refers to divalent cycloalkyl 
groups, Wherein cycloalkyl is as de?ned herein. 
[0101] “Substituted cycloalkylene” refers to cycloalky 
lene group having from 1 to 3 hydrogens replaced With 
substituents selected from the group consisting of alkyl, 
substituted alkyl, alkoxy, substituted alkoxy, acyl, acy 
lamino, acyloxy, amino, substituted amino, aminocarbonyl, 
aryl, substituted aryl, aryloxy, substituted aryloxy, cyano, 
halogen, hydroxyl, nitro, carboxyl, carboxyl ester, 
cycloalkyl, substituted cycloalkyl, heteroaryl, substituted 
heteroaryl, heterocyclic, substituted heterocyclic, and oxo 
Wherein said substituents are as de?ned herein. In some 

embodiments, the alkylene has 1 to 2 of the aforementioned 
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groups. It is to be noted that When the cycloalkylene is 
substituted by an oxo group, 2 hydrogens attached to the 
same carbon of the cycloalkylene group are replaced by 
“=0”. 
[0102] “Substituted cycloalkyl,” “substituted cycloalk 
enyl,” and “substituted cycloalkynyl” refer to a cycloalkyl, 
cycloalkenyl, or cycloalkynyl group having from 1 to 5 
substituents selected from the group consisting of oxo, 
thioxo, alkyl, substituted alkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, 
acyl, acylamino, acyloxy, amino, substituted amino, ami 
nocarbonyl, aminothiocarbonyl, aminocarbonylamino, ami 
nothiocarbonylamino, aminocarbonyloxy, aminosulfonyl, 
aminosulfonyloxy, aminosulfonylamino, amidino, aryl, sub 
stituted aryl, aryloxy, substituted aryloxy, arylthio, substi 
tuted arylthio, carboxyl, carboxyl ester, (carboxyl ester) 
amino, (carboxyl ester)oxy, cyano, cycloalkyl, substituted 
cycloalkyl, cycloalkyloxy, substituted cycloalkyloxy, 
cycloalkylthio, substituted cycloalkylthio, cycloalkenyl, 
substituted cycloalkenyl, cycloalkenyloxy, substituted 
cycloalkenyloxy, cycloalkenylthio, substituted cycloalk 
enylthio, guanidino, substituted guanidino, halo, hydroxy, 
heteroaryl, substituted heteroaryl, heteroaryloxy, substituted 
heteroaryloxy, heteroarylthio, substituted heteroarylthio, 
heterocyclic, substituted heterocyclic, heterocyclyloxy, sub 
stituted heterocyclyloxy, heterocyclylthio, substituted het 
erocyclylthio, nitro, SO3H, sulfonyl, sulfonyloxy, thioacyl, 
thiol, alkylthio, and substituted alkylthio, Wherein said sub 
stituents are as de?ned herein, provides that any hydroxy or 
thiol substitution is not attached to an unsaturated carbon 
atom. In some embodiments, the cycloalkyl or cycloalkenyl 
has 1 to 3 of the aforementioned groups. 
[0103] “Cycloalkoxy” refers to iO-cycloalkyl. 
[0104] “Substituted cycloalkoxy” refers to 4O-(substi 
tuted cycloalkyl). 
[0105] “Cycloalkylthio” refers to iS-cycloalkyl. In other 
embodiments, sulfur may be oxidized to iS(O)i or 
iSOZi moieties. The sulfoxide may exist as one or more 
stereoisomers. 
[0106] “Substituted cycloalkylthio” refers to iS-(substi 
tuted cycloalkyl). In other embodiments, sulfur may be 
oxidiZed to iS(O)i, or iSOZi moieties. The sulfoxide 
may exist as one or more stereoisomers. 

[0107] “Cycloalkenyloxy” refers to 4O-cycloalkenyl. 
[0108] “Substituted cycloalkenyloxy” refers to iO-(sub 
stituted cycloalkenyl). 
[0109] “Cycloalkenylthio” refers to iS-cycloalkenyl. In 
other embodiments, sulfur may be oxidiZed to sul?nyl or 
sulfonyl moieties. The sulfoxide may exist as one or more 
stereoisomers. 
[0110] “Substituted cycloalkenylthio” refers to iS-(sub 
stituted cycloalkenyl). In other embodiments, sulfur may be 
oxidiZed to iS(O)i or iSOZi moieties. The sulfoxide 
may exist as one or more stereoisomers. 

[0111] “Guanidino” refers to the group iNHC(=NH) 
NH2. 
[0112] “Substituted guanidino” refers to the group 
iNR33C(=NR33)N(R33)2, Wherein each R33 indepen 
dently is selected from the group consisting of hydrogen, 
alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, heterocyclic, and substituted hetero 
cyclic; tWo R groups attached to a common guanidino 
nitrogen atom are optionally joined together With the nitro 
gen bound thereto to form a heterocyclic or substituted 
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heterocyclic group, provided that at least one R is not 
hydrogen; and said substituents are as de?ned herein. 
[0113] “Halo” or “halogen” refers to ?uoro, chloro, 
bromo, and iodo and is preferably ?uoro or chloro. 
[0114] “Hydroxy” or “hydroxyl” refers to the group 
iOH. 
[0115] “Heteroaryl” refers to an aromatic group of from 1 
to 10 carbon atoms and l to 4 heteroatoms selected from the 
group consisting of oxygen, nitrogen, and sulfur Within the 
ring. Such heteroaryl groups can have a single ring (e.g., 
pyridinyl or furyl) or multiple condensed rings (e. g., indoliz 
inyl or benzothienyl), Wherein the condensed rings may or 
may not be aromatic and/or contain a heteroatom, provided 
that the point of attachment is through an atom of the 
aromatic group containing the heteroatom. In one embodi 
ment, the nitrogen and/or sulfur ring atom(s) of the het 
eroaryl group are optionally oxidized to provide for the 
N-oxide (N—>O), sul?nyl, or sulfonyl moieties. Preferred 
heteroaryls include pyridinyl, pyrrolyl, indolyl, thiophenyl, 
and furanyl. 
[0116] “Substituted heteroaryl” refers to heteroaryl groups 
that are substituted With from 1 to 5 substituents selected 
from the group consisting of the same group of substituents 
de?ned for substituted aryl. In some embodiments, the 
heteroaryl has 1 to 3 of the aforementioned groups. In other 
embodiments, the heteroaryl has 1 to 2 of the aforemen 
tioned groups. 
[0117] “Heteroaryloxy” refers to iO-heteroaryl. 
[0118] “Substituted heteroaryloxy” refers to the group 
iO-(substituted heteroaryl). 
[0119] “Heteroarylthio” refers to the group iS-het 
eroaryl. In other embodiments, sulfur may be oxidized to 
iS(O)i or iSOZi moieties. The sulfoxide may exist as 
one or more stereoisomers. 

[0120] “Substituted heteroarylthio” refers to the group 
iS-(substituted heteroaryl). In other embodiments, sulfur 
may be oxidized to iS(O)i or iSOZi moieties. The 
sulfoxide may exist as one or more stereoisomers. 

[0121] “Heterocycle,” “heterocyclic,” “heterocycloalkyl,” 
and “heterocyclyl” refer to a saturated or unsaturated group 
having a single ring or multiple condensed rings, including 
fused bridged and spiro ring systems, and having from 3 to 
15 ring atoms, including 1 to 4 hetero atoms. These ring 
atoms are selected from the group consisting of nitrogen, 
sulfur, or oxygen, Wherein, in fused ring systems, one or 
more of the rings can be cycloalkyl, aryl, or heteroaryl, 
provided that the point of attachment is through the non 
aromatic ring. In one embodiment, the nitrogen and/ or sulfur 
atom(s) of the heterocyclic group are optionally oxidized to 
provide for the N-oxide, iS(O)i, or iSOZi moieties. 
[0122] “Substituted heterocyclic,” “substituted heterocy 
cloalkyl,” and “substituted heterocyclyl” refer to heterocy 
clyl groups that are substituted With from 1 to 5 of the same 
substituents as de?ned for substituted cycloalkyl. In some 
embodiments, the heterocyclyl has 1 to 3 of the aforemen 
tioned groups. 
[0123] “Heterocyclyloxy” refers to the group iO-hetero 
cycyl. 
[0124] “Substituted heterocyclyloxy” refers to the group 
iO-(substituted heterocycyl). 
[0125] “Heterocyclylthio” refers to the group iS-hetero 
cycyl. In other embodiments, sulfur may be oxidized to 
iS(O)i or iSOZi moieties. The sulfoxide may exist as 
one or more stereoisomers. 
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[0126] “Substituted heterocyclylthio” refers to the group 
iS-(substituted heterocycyl). In other embodiments, sulfur 
may be oxidized to iS(O)i or iSOZi moieties. The 
sulfoxide may exist as one or more stereoisomers. 

[0127] Examples of heterocycle and heteroaryls include, 
but are not limited to, azetidine, pyrrole, imidazole, pyra 
zole, pyridine, pyrazine, pyrimidine, pyridazine, indolizine, 
isoindole, indole, dihydroindole, indazole, purine, quinoliz 
ine, isoquinoline, quinoline, phthalazine, naphthylpyridine, 
quinoxaline, quinazoline, cinnoline, pteridine, carbazole, 
carboline, phenanthridine, acridine, phenanthroline, isothia 
zole, phenazine, isoxazole, phenoxazine, phenothiazine, 
imidazolidine, imidazoline, piperidine, piperazine, indoline, 
phthalimide, l,2,3,4-tetrahydroisoquinoline, 4,5,6,7-tet 
rahydrobenzo[b]thiophene, thiazole, thiazolidine, 
thiophene, benzo[b]thiophene, morpholinyl, thiomorpholi 
nyl (also referred to as thiamorpholinyl), l,l-dioxothiomor 
pholinyl, piperidinyl, pyrrolidine, tetrahydrofuranyl, and the 
like. 

[0128] “Nitro” refers to the group iNO2. 
[0129] “Nitroso” refers to the group iNO. 

[0130] “Oxo” refers to the atom (=0). 
[0131] “Sulfonyl” refers to the group iSOz-alkyl, 
iSO2-substituted alkyl, iSO2-alkenyl, iSOZ-substituted 
alkenyl, iSOz-cycloalkyl, iSOz-substituted cylcoalkyl, 
iSO2-cycloalkenyl, iSO2-substituted cylcoalkenyl, 
iSOz-aryl, iSOz-substituted aryl, iSO2-heteroaryl, 
iSO2-substituted heteroaryl, iSOZ-heterocyclic, and 
iSO2-substituted heterocyclic, Wherein alkyl, substituted 
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alky 
nyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substi 
tuted cycloalkenyl, aryl, substituted aryl, heteroaryl, substi 
tuted heteroaryl, heterocyclic, and substituted heterocyclic 
are as de?ned herein. Sulfonyl includes groups such as 
methyl-SOzi, phenyI-SOZi, and 4-methylphenyl-SO2i. 
[0132] “Sulfonyloxy” refers to the group 4OSO2-alkyl, 
4OSO2-substituted alkyl, 4OSO2-alkenyl, iOSOz-sub 
stituted alkenyl, iOSO2-cycloalkyl, 4OSO2-substituted 
cylcoalkyl, iOSO2-cycloalkenyl, iOSOz-substituted cyl 
coalkenyl, 4OSO2-aryl, iOSOz-substituted aryl, 
4OSO2-heteroaryl, 4OSO2-substituted heteroaryl, 
4OSO2-heterocyclic, and iOSOZ-substituted heterocy 
clic, Wherein alkyl, substituted alkyl, alkenyl, substituted 
alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted 
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, sub 
stituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, 
and substituted heterocyclic are as de?ned herein. 

[0133] “Thioacyl” refers to the groups HiC(S)i, alkyl 
C(S)i, substituted alkyl-C(S)i, alkenyl-C(S)i, substi 
tuted alkenyl-C(S)i, alkynyl-C(S)i, substituted alkynyl 
C(S)i, cycloalkyl-C(S)i, substituted cycloalkyl-C(S)i, 
cycloalkenyl-C(S)i, substituted cycloalkenyl-C(S)i, aryl 
C(S)i, substituted aryl-C(S)i, heteroaryl-C(S)i, substi 
tuted heteroaryl-C(S)i, heterocyclic-C(S)i, and substi 
tuted heterocyclic-C(S)i, Wherein alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 
cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted 
cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, heterocyclic, and substituted heterocyclic are as 
de?ned herein. 

[0134] “Thiol” refers to the group iSH. 

[0135] “Thioxo” refers to the group (=S). 
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[0136] “Alkylthio” refers to the group iS-alkyl, Wherein 
alkyl is as de?ned herein. In other embodiments, sulfur may 
be oxidized to iS(O)i. The sulfoxide may exist as one or 
more stereoisomers. 

[0137] “Substituted alkylthio” refers to the group iS 
(substituted alkyl), Wherein substituted alkyl is as de?ned 
herein. In other embodiments, sulfur may be oxidiZed to 
iS(O)i. The sulfoxide may exist as one or more stereoi 
somers. 

[0138] “Stereoisomer” and “stereoisomers” refer to com 
pounds that dilfer in the chirality of one or more stereo 
centers. Stereoisomers include enantiomers and diastere 
omers. 

[0139] “Tautomer” refers to alternate forms of a molecule 
that differ in the position of a proton, such as enol-keto and 
imine-enamine tautomers, or the tautomeric forms of het 
eroaryl groups containing a iN=C(H)iNHi ring atom 
arrangement, such as pyraZoles, imidaZoles, benZimida 
Zoles, triaZoles, and tetraZoles. A person of ordinary skill in 
the art Would recogniZe that other tautomeric ring atom 
arrangements are possible. 

[0140] “Patient” refers to human and non-human animals, 
especially mammals. 
[0141] “Pharmaceutically acceptable salt” refers to phar 
maceutically acceptable salts of a compound, Which salts are 
derived from a variety of organic and inorganic counter ions 
Well known in the art and include, by Way of example only, 
sodium, potassium, calcium, magnesium, ammonium, tet 
raalkylammonium, and the like; and When the molecule 
contains a basic functionality, salts of organic or inorganic 
acids, such as hydrochloride, hydrobromide, tartrate, mesy 
late, acetate, maleate, oxalate, and the like. 
[0142] “Prodrug” refers to a derivative of an active 4-py 
rimidineamine compound (drug) that may require a trans 
formation under the conditions of use, such as Within the 
body, to release the active 2,4-pyrimidinediamine drug. 
Prodrugs are frequently, but not necessarily, pharmacologi 
cally inactive until converted into the active drug. Prodrugs 
are typically obtained by masking one or more functional 
groups in an active 2,4-pyrimidinediamine drug believed to 
be in part required for activity With a progroup (de?ned 
beloW) to form a promoiety Which undergoes a transforma 
tion, such as cleavage, under the speci?ed conditions of use 
to release the functional group, and hence the active 2,4 
pyrimidinediamine drug. The cleavage of the promoiety 
may proceed spontaneously, such as by Way of a hydrolysis 
reaction, or it can be catalyZed or induced by another agent, 
such as an enZyme, light, an acid or base, or a change of or 
exposure to a physical or environmental parameter, such as 
temperature. The agent can be endogenous to the conditions 
of use, such as an enZyme present in the cells to Which the 
prodrug is administered or the acidic conditions of the 
stomach, or it can be supplied exogenously. 

[0143] “Progroup” refers to a type of protecting group 
that, When used to mask a functional group Within an active 
2,4-pyrimidinediamine drug to form a promoiety, converts 
the drug into a prodrug. Progroups are typically attached to 
the functional group of the drug via bonds that are cleavable 
under speci?ed conditions of use. Thus, a progroup is that 
portion of a promoiety that cleaves to release the functional 
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group under the speci?ed conditions of use. As a speci?c 
example, an amide promoiety of the formula iNH4C(O) 
CH3 comprises the progroup iC(O)CH3. 
[0144] “Pharmaceutically effective amount” and “thera 
peutically effective amount” refer to an amount of a com 

pound su?icient to treat a speci?ed disorder or disease or one 

or more of its symptoms and/ or to prevent the occurrence of 

the disease or disorder. In reference to tumorigenic prolif 
erative disorders, a pharmaceutically or therapeutically 
effective amount comprises an amount suf?cient to, among 
other things, cause the tumor to shrink or decrease the 

groWth rate of the tumor. 

[0145] “Solvate” refers to a complex formed by combi 
nation of solvent molecules With molecules or ions of the 
solute. The solvent can be an organic compound, an inor 
ganic compound, or a mixture of both. Some examples of 
solvents include, but are not limited to, methanol, N,N 
dimethylformamide, tetrahydrofuran, dimethylsulfoxide, 
and Water. 

[0146] Unless indicated otherWise, the nomenclature of 
substituents that are not explicitly de?ned herein are arrived 

at by naming the terminal portion of the functionality 
folloWed by the adjacent functionality toWard the point of 
attachment. For example, the substituent “arylalkyloxycar 
bonyl” refers to the group (aryl)-(alkyl)-OiC(O)i. 

[0147] It is understood that in all substituted groups 
de?ned above, polymers arrived at by de?ning substituents 
With further substituents to themselves (e. g., substituted aryl 
having a substituted aryl group as a substituent Which is 
itself substituted With a substituted aryl group, Which is 
further substituted by a substituted aryl group, etc.) are not 
intended for inclusion herein. In such cases, the maximum 
number of such substitutions is three. For example, serial 
substitutions of substituted aryl groups are limited to -sub 
stituted aryl-(substituted aryl)-substituted aryl. 
[0148] Similarly, it is understood that the above de?nitions 
are not intended to include impermissible substitution pat 
terns (e.g., methyl substituted With 5 ?uoro groups). Such 
impermissible substitution patterns are easily recogniZed by 
a person having ordinary skill in the art. 

[0149] 
[0150] This invention provides novel 2,4-pyrimidinedi 
amine compounds, prodrugs of the compounds, methods of 
making the compounds, and methods of using these com 
pounds in the treatment of conditions in Which targeting of 
the JAK pathWay or inhibition of JAK kinases, particularly 
JAK3, are therapeutically useful. These conditions include, 
but are not limited to, debilitating and fatal diseases and 
disorders that affect both children and adults. Examples of 
these conditions include oncological diseases such as leu 
kemia, including childhood leukemia and lymphoma; 
autoimmune conditions, such as transplant rejection; and the 
other conditions described herein. Given the severity of and 
suffering caused by these conditions, it is vital that neW 
treatments are developed to treat these conditions. 

[0151] In one embodiment, the present invention provides 
a compound of formula I, prodrugs, solvates, or pharma 
ceutically acceptable salts thereof: 

C. Compounds of the Invention 
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a solvate, prodrug or pharmaceutically acceptable salt 
thereof; wherein: 

[0152] X is selected from the group consisting of alkyl, 
substituted alkyl, alkoxy, substituted alkoxy, amino, 
substituted amino, carboxyl, carboxyl ester, cyano, 
halo, nitro, alkenyl, substituted alkenyl, alkynyl and 
substituted alkynyl; 

[0153] Y is selected from the group consisting of hydro 
gen, alkyl substituted alkyl, amino, substituted amino, 
and halo; 

[0154] R is selected from the group consisting of hydro 
gen, alkyl, substituted alkyl, alkenyl, substituted alk 
enyl, alkynyl, substituted alkynyl, cycloalkyl and sub 
stituted cycloalkyl; 

[0155] ring A is selected from the group consisting of 
aryl, heteroaryl, cycloalkyl, cycloalkenyl and hetero 
cyclic, Wherein ring A is not indolyl or benZimidaZolyl; 

[0156] p is 0, l, 2 or 3; 
[0157] q is l, 2 or 3 When ring A is a single ring, or q 

is 0, l, 2, 3, 4, or 5 When ring A comprises multiple 
rings; 

[0158] each R2 independently is selected from the group 
consisting of alkyl, substituted alkyl, alkoxy, substi 
tuted alkoxy, amino, substituted amino, aryl, substi 
tuted aryl, aryloxy, substituted aryloxy, cycloalkyl, 
substituted cycloalkyl heteroaryl, substituted het 
eroaryl, heterocyclic, substituted heterocyclic, hetero 
cyclyloxy, substituted carboxyl, carboxyl ester, 
hydroxyl, acylamino, aminosufonyl, alkynyl, substi 
tuted alkynyl, alkylthio, substituted alkylthio, ami 
nocarbonyl, acyl, oxo, and halo; 

[0159] each R3 independently is selected from the group 
consisting of alkyl, substituted alkyl, cycloalkyl, sub 
stituted cycloalkyl, heterocyclic, substituted heterocy 
clic, halo, and aminosulfonyl; and 

[0160] R4 and R5 independently are selected from the 
group consisting of hydrogen, alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, alkynyl, substituted alky 
nyl, alkoxy, cycloalkyl, substituted cycloalkyl, and 
acyl; or 
[0161] R4 and R5 together With the nitrogen atom 
bound thereto, form a heterocyclic or substituted 
heterocyclic group; 

provided that: 
[0162] if (1:0, then X is not bromo; 
[0163] if ring A is cycloalkyl, then X is not bromo; 
[0164] if (1:2 and each of R2 is methoxy, halo, triha 

lomethyl or trihalomethoxy, then R4 and R5 are not one 
hydrogen and one methyl; 

[0165] if (1:2 and R2 is ?uoro and methyl, then R is not 
substituted alkenyl; and 

[0166] ifring A is phenyl, (1:1 and R2 is chloro, then R4 
and R5 are not one hydrogen and one methyl. 
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[0167] In another embodiment, Wherein the compound is 
selected from the group consisting of the compounds dis 
closed in Tables I to XV. 

[0168] Those of skill in the art Will appreciate that the 
2,4-pyrimidinediamine compounds described herein may 
include functional groups that can be masked With pro 
groups to create prodrugs. Such prodrugs are usually, but 
need not be, pharmacologically inactive until converted into 
their active drug form. Indeed, many of the 2,4-pyrim 
idinediamine compounds described in this invention include 
promoieties that are hydrolyZable or otherWise cleavable 
under conditions of use. For example, ester groups com 
monly undergo acid-catalyZed hydrolysis to yield the parent 
carboxylic acid When exposed to the acidic conditions of the 
stomach or base-catalyZed hydrolysis When exposed to the 
basic conditions of the intestine or blood. Thus, When 
administered to a subject orally, 2,4-pyrimidinediamine 
compounds that include ester moieties can be considered 
prodrugs of their corresponding carboxylic acid, regardless 
of Whether the ester form is pharmacologically active. 

[0169] The mechanism by Which the progroup(s) metabo 
liZes is not critical and can be caused, for example, by 
hydrolysis under the acidic conditions of the stomach, as 
described above, and/or by enZymes present in the digestive 
tract and/or tissues or organs of the body. Indeed, the 
progroup(s) can be selected to metaboliZe at a particular site 
Within the body. For example, many esters are cleaved under 
the acidic conditions found in the stomach. Prodrugs 
designed to cleave chemically in the stomach to the active 
2,4-pyrimidinediamine can employ progroups including 
such esters. Alternatively, the progroups can be designed to 
metaboliZe in the presence of enZymes such as esterases, 
amidases, lipolases, and phosphatases, including ATPases 
and kinase, etc. Progroups including linkages capable of 
metaboliZing in vivo are Well knoWn and include, by Way of 
example and not limitation, ethers, thioethers, silylethers, 
silylthioethers, esters, thioesters, carbonates, thiocarbonates, 
carbamates, thiocarbamates, ureas, thioureas, and carboxa 
mides. In some instances, a “precursor” group that is oxi 
diZed by oxidative enZymes such as, for example, cyto 
chrome P450 of the liver, to a metaboliZable group, can be 
selected. 

[0170] In the prodrugs, any available functional moiety 
can be masked With a progroup to yield a prodrug. Func 
tional groups Within the 2,4-pyrimidinediamine compounds 
that can be masked With progroups for inclusion in a 
promoiety include, but are not limited to, amines (primary 
and secondary), hydroxyls, sulfanyls (thiols), and carboxyls. 
A Wide variety of progroups, as Well as the resultant pro 
moieties, suitable for masking functional groups in active 
2,4-pyrimidinediamine compounds to yield prodrugs are 
Well-knoWn in the art. For example, a hydroxyl functional 
group can be masked as a sulfonate, ester, or carbonate 
promoiety, Which can be hydrolyZed in vivo to provide the 
hydroxyl group. An amino functional group can be masked 
as an amide, carbamate, imine, urea, phosphenyl, phospho 
ryl, or sulfenyl promoiety, Which can be hydrolyZed in vivo 
to provide the amino group. A carboxyl group can be masked 
as an ester (including silyl esters and thioesters), amide, or 
hydraZide promoiety, Which can be hydrolyZed in vivo to 
provide the carboxyl group. Other speci?c examples of 
suitable progroups and their respective promoieties Will be 
apparent to those of skill in the art. All of these progroups, 
alone or in combinations, can be included in the prodrugs. 
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[0171] In some embodiments of the 2,4-pyrimidinedi 
amine compounds and methods of using the compounds, the 
progroup(s) can be attached to any available primary or 
secondary amine, including, for example, the N2 nitrogen 
atom of the 2,4-pyrimidinediamine moiety, the N4 nitrogen 
atom of the 2,4-pyrimidinediamine moiety, and/ or a primary 
or secondary nitrogen atom included in a substituent on the 
2,4-pyrimidinediamine compound. 
[0172] In particular embodiments of the 2,4-pyrimidinedi 
amine compounds and methods of using the compounds, the 
prodrugs described herein are 2,4-pyrimidinediamine com 
pounds that are substituted at the N4 nitrogen of the 2,4 
pyrimidinediamine moiety With a substituted or unsubsti 
tuted nitrogen-containing bicyclic ring that includes at least 
one progroup at one or more of the following: the nitrogen 
atom(s) of the bicyclic ring, the N2 nitrogen of the 2,4 
pyrimidinediamine moiety, and the N4 nitrogen of the 
2,4-pyrimidinediamine moiety. 
[0173] As noted above, the identity of the progroup is not 
critical, provided that it can be metaboliZed under the 
desired conditions of use, for example, under the acidic 
conditions found in the stomach and/or by enZymes found in 
vivo, to yield a biologically active group, e.g., the 2,4 
pyrimidinediamines as described herein. Thus, skilled arti 
sans Will appreciate that the progroup can comprise virtually 
any knoWn or later-discovered hydroxyl, amine or thiol 
protecting group. Non-limiting examples of suitable protect 
ing groups can be found, for example, in Protective Groups 
in Organic Synthesis, Greene & Wuts, 2nd Ed., John Wiley 
& Sons, NeW York, 1991 (especially pages 10-142 (alcohols, 
277-308 (thiols) and 309-405 (amines) the disclosure of 
Which is incorporated herein by reference). 
[0174] Additionally, the identity of the progroup(s) can 
also be selected so as to impart the prodrug With desirable 
characteristics. For example, lipophilic groups can be used 
to decrease Water solubility and hydrophilic groups can be 
used to increase Water solubility. In this Way, prodrugs 
speci?cally tailored for selected modes of administration can 
be obtained. The progroup can also be designed to impart the 
prodrug With other properties, such as, for example, 
improved passive intestinal absorption, improved transport 
mediated intestinal absorption, protection against fast 
metabolism (sloW-release prodrugs), tissue-selective deliv 
ery, passive enrichment in target tissues, and targeting 
speci?c transporters. Groups capable of imparting prodrugs 
With these characteristics are Well-knoWn and are described, 
for example, in Ettmayer et al., 2004, J. Med. Chem. 
47(10):2393-2404, the disclosure of Which is incorporated 
by reference. All of the various groups described in these 
references can be utiliZed in the prodrugs described herein. 

[0175] As noted above, progroup(s) may also be selected 
to increase the Water solubility of the prodrug as compared 
to the active drug. Thus, the progroup(s) may include or can 
be a group(s) suitable for imparting drug molecules With 
improved Water solubility. Such groups are Well-knoWn and 
include, by Way of example and not limitation, hydrophilic 
groups such as alkyl, aryl, and arylalkyl, or cycloheteroalkyl 
groups substituted With one or more of an amine, alcohol, a 
carboxylic acid, a phosphorous acid, a sulfoxide, a sugar, an 
amino acid, a thiol, a polyol, an ether, a thioether, and a 
quaternary amine salt. 
[0176] The suitability of any particular progroup for a 
desired mode of administration can be con?rmed in bio 
chemical assays. For example, if a prodrug is to be admin 
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istered by injection into a particular tissue or organ and the 
identities of the various enZyme(s) expressed in the tissue or 
organ are knoWn, the particular prodrug can be tested for 
metabolism in biochemical assays With the isolated enZyme 
(s). Alternatively, the particular prodrug can be tested for 
metabolism to the active 2,4-pyrimidinediamine compound 
With tissue and/or organ extracts. Using tissue and/or organ 
extracts can be of particular convenience When the identity 
(ies) of the enZymes expressed in the target tissues or organs 
are unknoWn or in instances When the isolated enZymes are 
not conveniently available. Skilled artisans Will be able to 
readily select progroups having metabolic properties (such 
as kinetics) suitable for particular applications using such in 
vitro tests. Of course, speci?c prodrugs could also be tested 
for suitable metabolism in in vitro animal models. 
[0177] Numerous references teach the use and synthesis of 
prodrugs, including, for example, Ettmayer et al., supra and 
Bungaard et al., (1989) J. Med. Chem. 32(12): 2503-2507. 
Additionally, the preparation and use of prodrugs of 2,4 
pyrimidinediamines is speci?cally taught in US. Provi 
sional Patent Application 60/654,620, ?led Feb. 18, 2005, 
entitled “Pyrimidinediamine Prodrugs and their Uses,” the 
disclosure of Which is hereby incorporated by reference in 
its entirety. 
[0178] One of ordinary skill in the art Will appreciate that 
many of the compounds and prodrugs thereof, as Well as the 
various compound species speci?cally described and/or 
illustrated herein, may exhibit the phenomena of tautomer 
ism, conformational isomerism, geometric isomerism, and/ 
or optical isomerism. For example, the compounds and 
prodrugs of the invention may include one or more chiral 
centers and/or double bonds and as a consequence may exist 
as stereoisomers, such as double-bond isomers (i.e., geo 
metric isomers), enantiomers, diasteromers, and mixtures 
thereof, such as racemic mixtures. As another example, the 
compounds and prodrugs of the invention may exist in 
several tautomeric forms, including the enol form, the keto 
form, and mixtures thereof. As the various compound 
names, formulae and compound draWings Within the speci 
?cation and claims can represent only one of the possible 
tautomeric, conformational isomeric, optical isomeric, or 
geometric isomeric forms, it should be understood that the 
invention encompasses any tautomeric, conformational iso 
meric, optical isomeric, and/or geometric isomeric forms of 
the compounds or prodrugs having one or more of the 
utilities described herein, as Well as mixtures of these 
various different isomeric forms. In cases of limited rotation 
around the 2,4-pryimidinediamine core structure, atropiso 
mers are also possible and are also speci?cally included in 
the compounds of the invention. It is intended that the 
compounds encompassed herein are, With the exception of 
forms of isomerism, chemically stable and able to be iso 
lated. 

[0179] Depending upon the nature of the various substitu 
ents, the 2,4-pyrimidinediamine compounds and prodrugs of 
the invention can be in the form of salts. Such salts include 
salts suitable for pharmaceutical uses (“pharmaceutically 
acceptable salts”), salts suitable for veterinary uses, etc. 
Such salts can be derived from acids or bases, as is Well 
knoWn in the art. 

[0180] In one embodiment, the salt is a pharmaceutically 
acceptable salt. Generally, pharmaceutically acceptable salts 
are those salts that retain substantially one or more of the 
desired pharmacological activities of the parent compound 
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and Which are suitable for administration to humans. Phar 
maceutically acceptable salts include acid addition salts 
formed With inorganic acids or organic acids. Inorganic 
acids suitable for forming pharmaceutically acceptable acid 
addition salts include, by Way of example and not limitation, 
hydrohalide acids (e.g., hydrochloric acid, hydrobromic 
acid, hydroiodic acid, etc.), sulfuric acid, nitric acid, phos 
phoric acid, and the like. Organic acids suitable for forming 
pharmaceutically acceptable acid addition salts include, by 
Way of example and not limitation, acetic acid, tri?uoro 
acetic acid, propionic acid, hexanoic acid, cyclopentanepro 
pionic acid, glycolic acid, oxalic acid, pyruvic acid, lactic 
acid, malonic acid, succinic acid, malic acid, maleic acid, 
fumaric acid, tartaric acid, citric acid, palmitic acid, benZoic 
acid, 3-(4-hydroxybenZoyl) benZoic acid, cinnamic acid, 
mandelic acid, alkylsulfonic acids (e.g., methanesulfonic 
acid, ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hy 
droxyethanesulfonic acid, etc.), arylsulfonic acids (e.g., ben 
Zenesulfonic acid, 4-chlorobenZenesulfonic acid, 2-naphtha 
lenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic 
acid, etc.), 4-methylbicyclo[2.2.2]-oct-2-ene-l-carboxylic 
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acid, glucoheptonic acid, 3-phenylpropionic acid, trimethy 
lacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, 
gluconic acid, glutamic acid, hydroxynaphthoic acid, sali 
cylic acid, stearic acid, muconic acid, and the like. 
[0181] Pharmaceutically acceptable salts also include salts 
formed When an acidic proton present in the parent com 
pound is either replaced by a metal ion (e.g., an alkali metal 
ion, an alkaline earth metal ion, or an aluminum ion) or 
coordinates With an organic base (e.g., ethanolamine, dietha 
nolamine, triethanolamine, N-methylglucamine, morpho 
line, piperidine, dimethylamine, diethylamine, triethy 
lamine, and ammonia). 
[0182] The 2,4-pyrimidinediamine compounds and pro 
drugs thereof, as Well as the salts thereof, may also be in the 
form of hydrates, solvates, and N-oxides, as is Well-known 
in the art. 

[0183] In another embodiment, this invention provides a 
compound, or stereoisomer, tautomer, prodrug, solVate, or 
pharmaceutically acceptable salt thereof, selected from 
Tables l-XV. 

TABLEI 

1 

(R2)q X (R3)p 

/ N \N)\N \ \ 
| H SO2N(R4)R5 
R 

Cmpd# (R2),1 R x (18);, SO2(R4)R5 

1-1 4-hydIOXyl-3-NHC(O)CH3 11 F - 3-SO2NH2 
1-2 4-hydIOXyl-3-NHC(O)CH3 11 1= 4-Me 3-SO2NH2 
1-3 4-hydIOXyl-3-NHC(O)CH3 11 F - 4-SO2NH2 
1-4 3-Cl-4-OMe 11 F - 3-so21\1(c113)2 

1-5 3-Cl-4-OMe 11 F - 4-so21\1(c113)2 

I-6 4-oc112c c11 11 1= 4-Me 3-SO2NH2 
1-7 4-oc112c c11 11 F 4-01 3-SO2NH2 
I-8 4-oc112cEc11 11 1= 4-Me 3-SO2NHC(O)Et 
1-9 4-oc112cEc11 11 1= 4-Me 3-SO2NH2 
1-10 4-(OCH2CECH)-3-Me 11 1= 4-Me 3-SO2NH2 
1-11 4-(oc112cEc11)-3-c1 11 1= 4-Me 3-SO2NH2 
1-12 4-(oc112cEc11)-3-1= 11 1= 4-Me 3-SO2NH2 
1-13 4-oc112cEc11 11 1= 4-Me 3-SO2NH2 
1-14 11 1= 4-Me 3-SO2NHC(O)Et 
1-15 4-oc112cic11 11 1= 4-isopropyl 3-SO2NH2 
I-16 4-NHCH2CECH 11 1= 4-Me 3-SO2NH2 
1-17 4-N(CH2CECH)2 11 1= 4-Me 3-SO2NH2 
11s 4-oc11gcic11 11 1= 4-Me 3-SO2NHMe 
1-19 4-oc112c c11 11 1= 4-Me 3-SO2NH(1-Me-piperidin-4-yl) 
1-20 4-oc112cEc11 11 1= 4-(1-Me- 3-SO2NH2 

piperizin—4—yl) 
1-21 4-CH2NHC(O)OCH2CECH 11 1= 4-Me 3-SO2NH2 
1-22 4-CH2NHC(O)OCH2CECH 11 F - 3-SO2NH2 
1-23 4-SO2NHCH2CECH 11 F - 3-SO2NH2 
1-24 4-SO2NHCH2CECH 11 1= 4-Me 3-SO2NH2 
1-25 4-SO2NHCH2CECH 11 F - 4-SO2NH2 
I-26 4-oc112cEc11 11 F - 3-SO2NHCH2CECH 
1-27 3-SO2NHCH2CECH 11 1= 4-Me 3-SO2NH2 
12s 3-SO2NHCH2CECH 11 F - 4-SO2NH2 
1-29 3-SO2NHCH CECH 11 F - 3-SO2NH2 
1-30 4-oc11gcic11 11 Me 4-Me 3-SO2NH2 
1-31 11 Me - 3-SO2NH2 

1-32 11 Me - 4-SO2NH2 

133 i 11 C13 4-Me 3-SO2NH2 
1-34 4-oc112c c11 11 c1 4-Me 3-SO2NH2 
1-35 4-oc112cEc11 11 01 - 4-SO2NH2 

I-36 4-oc112cEc11 11 01 - 3-SO2NH2 
























































































































































































