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(57) ABSTRACT 
The present invention provides 2,4-pyrimidinediamine com 
pounds that inhibit the IgE and/or IgG receptor signaling 
cascades that lead to the release of chemical mediators, 
intermediates and methods of synthesizing the compounds 
and methods of using the compounds in a variety of con 
texts, including in the treatment and prevention of diseases 
characterized by, caused by or associated With the release of 
chemical mediators via degranulation and other processes 
e?cected by activation of the IgE and/or IgG receptor sig 
naling cascades. 
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FIG. 11A 
Inhibition of Phosphowlation of Proteins downstream of Syk in BMMC 

R921219 

R935138 

R921304 

U R940323 

M900 

W1 110 

W1 z 

W1 0L 

M 900 

vu? 170 

W1 z 

WHOL 

++++ 

US 2007/0293522 A1 

++++ 
W1 900 

W1 170 

W“ z 

W1 0L 

W1 900 

W1 170 

W1 z 

W1 0L 

++++ 

++++ 

P-Plcyma P-Lat191 P-ERK202/204 



Patent Application Publication Dec. 20, 2007 Sheet 12 0f 14 US 2007/0293522 A1 

Saga-mud 2:34-.“ mic-mi wmmvawlm 

++++ I ++++ +l ++++ +l +++ 
O O z iv 0 O 2 Ir 0 O 7v Ir 0 0 7w 

M W W M W W W W W M W 

o vvowom vmwommm nwmowmm mom K01 0255 E {Am *0 Emmbwcgou mEBoE *0 cow?iosnwosm v6 :oEnEE m: .01 



Patent Application Publication Dec. 20, 2007 Sheet 13 0f 14 

FIG. 1 1 C Inhibition of Phosphoryiation of Proteins downstream of Syk in BMMC 
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2,4-PYRIMIDINEDIAMINE COMPOUNDS AND 
THEIR USES 

l. CROSS REFERENCE TO RELATED APPLI 
CATIONS 

[0001] This application is a continuation application of 
US. application Ser. No. 10/355,543 ?led Jan. 31, 2003, 
Which claims bene?t under 35 U.S.C. §l 19(e) to application 
Ser. No. 60/353,333 ?led Feb. 1, 2002; application Ser. No. 
60/353,267 ?led Feb. 1, 2002; application Ser. No. 60/399, 
673 ?led Jul. 29, 2002; and application Ser. No. 60/434,277 
?led Dec. 17, 2002. 

2. FIELD OF THE INVENTION 

[0002] The present invention relates generally to 2,4 
pyrimidinediamine compounds, pharmaceutical composi 
tions comprising the compounds, intermediates and syn 
thetic methods of making the compounds and methods of 
using the compounds and compositions in a variety of 
contexts. 

3. BACKGROUND OF THE INVENTION 

[0003] Crosslinking of Fc receptors, such as the high 
af?nity receptor for IgE (FceRI) and/or the high af?nity 
receptor for IgG (FcyRI) activates a signaling cascade in 
mast, basophil and other immune cells that results in the 
release of chemical mediators responsible for numerous 
adverse events. For example, such crosslinking leads to the 
release of preformed mediators of Type I (immediate) ana 
phylactic hypersensitivity reactions, such as histamine, from 
storage sites in granules via degranulation. It also leads to 
the synthesis and release of other mediators, including 
leukotrienes, prostaglandins and platelet-activating factors 
(PAFs), that play important roles in in?ammatory reactions. 
Additional mediators that are synthesiZed and released upon 
crosslinking Fc receptors include cytokines and nitric oxide. 

[0004] The signaling cascade(s) activated by crosslinking 
Fc receptors such as FceRI and/or FcyRI comprises an array 
of cellular proteins. Among the most important intracellular 
signal propagators are the tyrosine kinases. And, an impor 
tant tyrosine kinase involved in the signal transduction 
pathWays associated With crosslinking the FceRI and/or 
FcyRI receptors, as Well as other signal transduction cas 
cades, is Syk kinase (see Valent et al., 2002, 1112!. J. Hematol. 
75(4):257-362 for revieW). 
[0005] As the mediators released as a result of FceRI and 
FcyRI receptor cross-linking are responsible for, or play 
important roles in, the manifestation of numerous adverse 
events, the availability of compounds capable of inhibiting 
the signaling cascade(s) responsible for their release Would 
be highly desirable. Moreover, oWing to the critical role that 
Syk kinase plays these and other receptor signaling cas 
cade(s), the availability of compounds capable of inhibiting 
Syk kinase Would also be highly desirable. 

4. SUMMARY OF THE INVENTION 

[0006] In one aspect, the present invention provides novel 
2,4-pyrimidinediamine compounds that, as Will be discussed 
in more detail beloW, have myriad biological activities. The 
compounds generally comprise a 2,4-pyrimidinediamine 
“core” having the folloWing structure and numbering con 
vention: 
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[0007] The compounds of the invention are substituted at 
the C2 nitrogen (N2) to form a secondary amine and are 
optionally further substituted at one or more of the folloWing 
positions: the C4 nitrogen (N4), the C5 position and/or the 
C6 position. When substituted at N4, the substituent forms 
a secondary amine. The substituent at N2, as Well as the 
optional substituents at the other positions, may range 
broadly in character and physico-chemical properties. For 
example, the substituent(s) may be a branched, straight 
chained or cyclic alkyl, a branched, straight-chained or 
cyclic heteroalkyl, a mono- or polycyclic aryl a mono- or 
polycyclic heteroaryl or combinations of these groups. 
These substituent groups may be further substituted, as Will 
be described in more detail beloW. 

[0008] The N2 and/or N4 substituents may be attached 
directly to their respective nitrogen atoms, or they may be 
spaced aWay from their respective nitrogen atoms via link 
ers, Which may be the same or different. The nature of the 
linkers can vary Widely, and can include virtually any 
combination of atoms or groups useful for spacing one 
molecular moiety from another. For example, the linker may 
be an acyclic hydrocarbon bridge (e.g., a saturated or 
unsaturated alkyleno such as methano, ethano, etheno, pro 
pano, prop[l]eno, butano, but[l]eno, but[2]eno, buta[l,3] 
dieno, and the like), a monocyclic or polycyclic hydrocarbon 
bridge (e.g., [l,2]benZeno, [2,3]naphthaleno, and the like), a 
simple acyclic heteroatomic or heteroalkyldiyl bridge (e.g., 
ADi, iSi, iSADi, iNHi, iPHi, %(O)i, 
%(O)NHi, iS(O)i, iS(O)2i, iS(O)NHi, 
iS(O)2NHi, A)%H2i, %H2A)iCH2i, 
4OiCH=CHiCH2i, and the like), a monocyclic or 
polycyclic heteroaryl bridge (e.g., [3,4]furano, pyridino, 
thiopheno, piperidino, piperaZino, pyraZidino, pyrrolidino, 
and the like) or combinations of such bridges. 

[0009] The substituents at the N2, N4, C5 and/or C6 
positions, as Well as the optional linkers, may be further 
substituted With one or more of the same or different 

substituent groups. The nature of these substituent groups 
may vary broadly. Non-limiting examples of suitable sub 
stituent groups include branched, straight-chain or cyclic 
alkyls, mono- or polycyclic aryls, branched, straight-chain 
or cyclic heteroalkyls, mono- or polycyclic heteroaryls, 
halos, branched, straight-chain or cyclic haloalkyls, 
hydroxyls, oxos, thioxos, branched, straight-chain or cyclic 
alkoxys, branched, straight-chain or cyclic haloalkoxys, 
tri?uoromethoxys, mono- or polycyclic aryloxys, mono- or 
polycyclic heteroaryloxys, ethers, alcohols, sul?des, thioet 
hers, sulfanyls (thiols), imines, aZos, aZides, amines (pri 
mary, secondary and tertiary), nitriles (any isomer), cyanates 
(any isomer), thiocyanates (any isomer), nitrosos, nitros, 
diaZos, sulfoxides, sulfonyls, sulfonic acids, sulfamides, 
sulfonamides, sulfamic esters, aldehydes, ketones, carboxy 
lic acids, esters, amides, amidines, formadines, amino acids, 
acetylenes, carbamates, lactones, lactams, glucosides, glu 
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conurides, sulfones, ketals, acetals, thioketals, oximes, 
oxamic acids, oxamic esters, etc., and combinations of these 
groups. Substituent groups bearing reactive functionalities 
may be protected or unprotected, as is Well-known in the art. 

[0010] In one illustrative embodiment, the 2,4-pyrim 
idinediamine compounds of the invention are compounds 
according to structural formula (1): 

[0011] including salts, hydrates, solvates and N-oxides 
thereof, Wherein: 

[0012] L1 and L2 are each, independently of one another, 
selected from the group consisting of a direct bond and a 
linker; 

[0013] R2 is selected from the group consisting of (C1-C6) 
alkyl optionally substituted With one or more of the same or 
different R8 groups, (C3-C8) cycloalkyl optionally substi 
tuted With one or more of the same or different R8 groups, 
cyclohexyl optionally substituted With one or more of the 
same or dif1‘“erentR8 groups, 3-8 membered cycloheteroalkyl 
optionally substituted With one or more of the same or 

different R8 groups, (C5-C15) aryl optionally substituted 
With one or more of the same or different R8 groups, phenyl 
optionally substituted With one or more of the same or 
different R8 groups and 5-15 membered heteroaryl option 
ally substituted With one or more of the same or different R8 

groups; 

[0014] R4 is selected from the group consisting of hydro 
gen, (C1-C6) alkyl optionally substituted With one or more 
of the same or different R8 groups, (C3-C8) cycloalkyl 
optionally substituted With one or more of the same or 
different R8 groups, cyclohexyl optionally substituted With 
one or more of the same or different R8 groups, 3-8 mem 

bered cycloheteroalkyl optionally substituted With one or 
more of the same or different R8 groups, (C5-C15) aryl 
optionally substituted With one or more of the same or 
different R8 groups, phenyl optionally substituted With one 
or more of the same or different R8 groups and 5-15 
membered heteroaryl optionally substituted With one or 
more of the same or different R8 groups; 

[0015] R5 is selected from the group consisting of R6, 
(C1-C6) alkyl optionally substituted With one or more of the 
same or different R8 groups, (C1-C4) alkanyl optionally 
substituted With one or more of the same or different R8 

groups, (C2-C4) alkenyl optionally substituted With one or 
more of the same or different R8 groups and (C2-C4) alkynyl 
optionally substituted With one or more of the same or 
different R8 groups; 

[0016] each R6 is independently selected from the group 
consisting of hydrogen, an electronegative group, 4ORd, 
iSRd, (C1-C3) haloalkyloxy, (C1-C3) perhaloalkyloxy, 
iNR°R°, halogen, (C1-C3) haloalkyl, (C1-C3) perha 
loalkyl, iCF3, iCH2CF3, %F2CF3, %N, iNC, 
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4OCN, iSCN, iNO, iNO2, iN3, iS(O)Rd, 
iS(O)2Rd, iS(O)2ORd, -S(O)NR°R°; iS(O)2NR°R°, 
ws(o)Rd, ws(o)2Rd, ws(o)2oRd, A)S(O)NR°R°, 
A)S(O)2NR°R°, %(O)Rd, iC(O)ORd, %(O)NR°R°, 
4C(NH)NR°R°, iOC(O)Rd, iSC(O)Rd, 4OC(O)ORd, 
iSC(O)ORd, -OC(O)NR°R°, -SC(O)NR°R°, iOC 
(NH)NR°R°, -SC(NH)NR°R°, i[NHC(O)]nRd, 
4[NHC(O)]nORd, 4[NHC(O)]DNR°R° and 4[NHC(NH)] 
nNR°R°, (C5-C10) aryl optionally substituted With one or 
more of the same or different R8 groups, phenyl optionally 
substituted With one or more of the same or different R8 

groups, (C6-C16) arylalkyl optionally substituted With one 
or more of the same or different R8 groups, 5-10 membered 

heteroaryl optionally substituted With one or more of the 
same or different R8 groups and 6-16 membered heteroary 
lalkyl optionally substituted With one or more of the same or 

different R8 groups; 

[0017] R8 is selected from the group consisting of Ra, Rb, 
Ra substituted With one or more of the same or different Ra 

or Rb, iORa substituted With one or more of the same or 

different Ra or Rb, iB(ORa)2, iB(NR°R°)2, i(CH2)mi 
Rb, i(CHRa)miRb, iO(CH2)miRb, iSi(CH2)miRb, 
ADiCHRaRb, A)iCRa(Rb)2, iOi(CHRa)miRb, 
A)i(CH2)m%H[(CH2)mRb]Rb, iSi(CHRa)miRb, 
4C(O)NHi(CH2)miRb, 4C(O)NHi(CHRa)miRb, 
4Oi(CH2)m4C(O)NHi(CH2)miRb, iSi(CH2)mi 
C(O)NHi(CH2)miRb, 4Oi(CHRa)miC(O)NHi 
(CHRa)miRb, iSi(CHRa)m4C(O)NHi(CHRa)miRb, 
iNHi(CH2)miRb, iNH(CHRa)miRb, iNH 
[(CH2)mRb], -N[(CH2)mRb]2, -NH%(O)-NH 
(CH2)miRb, iNH4C(O)i(CH2)m4CHRbRb and 
iNHi(cH2)m%(o)iNHi(cH2)miRb; 
[0018] each Ra is independently selected from the group 
consisting of hydrogen, (C1-C6) alkyl, (C3-C8) cycloalkyl, 
cyclohexyl, (C4-C11) cycloalkylalkyl, (C5-C10) aryl, phe 
nyl, (C6-C16) arylalkyl, benZyl, 2-6 membered heteroalkyl, 
3-8 membered cycloheteroalkyl, morpholinyl, piperaZinyl, 
homopiperaZinyl, piperidinyl, 4-11 membered cyclohet 
eroalkylalkyl, 5-10 membered heteroaryl and 6-16 mem 
bered heteroarylalkyl; 

[0019] each Rb is a suitable group independently selected 
from the group consisting of =0, 4ORd, (C1-C3) 
haloalkyloxy, 4OCF3, =S, iSRd, =NRd, =NORd, 
-NR°R°, halogen, %F3, %N, iNC, ADCN, iSCN, 
iNO, iNOZ, =N2, iN3, iS(O)Rd, iS(O)2Rd, 
iS(O)2ORd, -S(O)NR°R°, iS(O)2NR°R°, A)S(O)Rd, 
ws(o)2Rd, ws(o)2oRd, A)S(O)2NR°R°, %(O)Rd, 
%(O)ORd, -C(O)NR°R°, %(NH)NR°R°, iC(NRa)N 

[0020] each RC is independently a protecting group or Ra, 
or, alternatively, each RC is taken together With the nitrogen 
atom to Which it is bonded to form a 5 to 8-membered 
cycloheteroalkyl or heteroaryl Which may optionally include 
one or more of the same or different additional heteroatoms 
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and Which may optionally be substituted With one or more 
of the same or different Ra or suitable Rb groups; 

[0021] each R“1 is independently a protecting group or Ra; 

[0022] 

[0023] 
[0024] In another aspect, the present invention provides 
prodrugs of the 2,4-pyrimidinediamine compounds. Such 
prodrugs may be active in their prodrug form, or may be 
inactive until converted under physiological or other con 
ditions of use to an active drug form. In the prodrugs of the 
invention, one or more functional groups of the 2,4-pyrim 
idinediamine compounds are included in promoieties that 
cleave from the molecule under the conditions of use, 
typically by Way of hydrolysis, enZymatic cleavage or some 
other cleavage mechanism, to yield the functional groups. 
For example, primary or secondary amino groups may be 
included in an amide promoiety that cleaves under condi 
tions of use to generate the primary or secondary amino 
group. Thus, the prodrugs of the invention include special 
types of protecting groups, termed “progroups,” masking 
one or more functional groups of the 2,4-pyrimidinediamine 
compounds that cleave under the conditions of use to yield 
an active 2,4-pyrimidinediamine drug compound. Func 
tional groups Within the 2,4-pyrimidinediamine compounds 
that may be masked With progroups for inclusion in a 
promoiety include, but are not limited to, amines (primary 
and secondary), hydroxyls, sulfanyls (thiols), carboxyls, 
carbonyls, phenols, catechols, diols, alkynes, phosphates, 
etc. Myriad progroups suitable for masking such functional 
groups to yield promoieties that are cleavable under the 
desired conditions of use are knoWn in the art. All of these 
progroups, alone or in combinations, may be included in the 
prodrugs of the invention. Speci?c examples of promoieties 
that yield primary or secondary amine groups that can be 
included in the prodrugs of the invention include, but are not 
limited to amides, carbamates, imines, ureas, phosphenyls, 
phosphoryls and sulfenyls. Speci?c examples of promoieties 
that yield sulfanyl groups that can be included in the 
prodrugs of the invention include, but are not limited to, 
thioethers, for example S-methyl derivatives (monothio, 
dithio, oxythio, aminothio acetals), silyl thioethers, 
thioesters, thiocarbonates, thiocarbamates, asymmetrical 
disul?des, etc. Speci?c examples of promoieties that cleave 
to yield hydroxyl groups that can be included in the prodrugs 
of the invention include, but are not limited to, sulfonates, 
esters and carbonates. Speci?c examples of promoieties that 
yield carboxyl groups that can be included in the prodrugs 
of the invention included, but are not limited to, esters 
(including silyl esters, oxamic acid esters and thioesters), 
amides and hydraZides. 

[0025] In one illustrative embodiment, the prodrugs of the 
invention are compounds according to structural formula (I) 
in Which the protecting group of RC and R“1 is a progroup. 

[0026] Replacing the hydrogens attached to N2 and N4 in 
the 2,4-pyrimidinediamines of structural formula (I) With 
substituents adversely a?fects the activity of the compounds. 
HoWever, as Will be appreciated by skilled artisans, these 
nitrogens may be included in promoieties that, under con 
ditions of use, cleave to yield 2,4-pyrimidinediamines 
according to structural formula (I). Thus, in another illus 
trative embodiment, the prodrugs of the invention are com 

each m is independently an integer from 1 to 3; and 

each n is independently an integer from 0 to 3. 

Dec. 20, 2007 

pounds according to structural formula (II): 

[0027] including salts, hydrates, solvates and N-oxides 
thereof, Wherein: 

[0028] R2, R4, R5, R6, L1 and L2 are as previously de?ned 
for structural formula (I); and 

[0029] R2b and R4b are each, independently of one another, 
a progroup. 

[0030] In another aspect, the present invention provides 
compositions comprising one or more compounds and/or 
prodrugs of the invention and an appropriate carrier, excipi 
ent or diluent. The exact nature of the carrier, excipient or 
diluent Will depend upon the desired use for the composi 
tion, and may range from being suitable or acceptable for 
veterinary uses to being suitable or acceptable for human 
use. 

[0031] In still another aspect, the present invention pro 
vides intermediates useful for synthesiZing the 2,4-pyrim 
idinediamine compounds and prodrugs of the invention. In 
one embodiment, the intermediates are 4-pyrimidineamines 
according to structural formula (III): 

[0032] including salts, hydrates, solvates and N-oxides 
thereof, Wherein R4, R5, R6 and L2 are as previously de?ned 
for structural formula (I); LG is a leaving group such as, for 
example, iS(O)2Me, iSMe or halo (e.g., F, Cl, Br, I); and 
R40 is hydrogen or a progroup. 

[0033] In another embodiment, the intermediates are 2-py 
rimidineamines according to structural formula (IV): 

R20 
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[0034] including salts, hydrates, solvates and N-oxides 
thereof, Wherein R2, R5, R6 and L1 are as previously de?ned 
for structural formula (I); LG is a leaving group, such as, for 
example, iS(O)2Me, iSMe or halo (e.g., F, Cl, Br, I) and 
R20 is hydrogen or a progroup. 

[0035] In yet another embodiment, the intermediates are 
4-amino- or 4-hydroxy-2-pyrimidineamines according to 
structural formula (V): 

R20 

[0036] including salts, hydrates, solvates and N-oxides 
thereof, Wherein R2, R5, R6 and L1 are as previously de?ned 
for structural formula (I), R7 is an amino or hydroxyl group 
and R20 is hydrogen or a progroup. 

[0037] In another embodiment, the intermediates are 
N4-substituted cytosines according to structural formula 
(VI): 

[0038] including salts, hydrates, solvates and N-oxides 
thereof, Wherein R4, R5, R6 and L2 are as previously de?ned 
for structural formula (I) and R40 is hydrogen or a progroup. 

[0039] In yet another aspect, the present invention pro 
vides methods of synthesizing the 2,4-pyrimidinediamine 
compounds and prodrugs of the invention. In one embodi 
ment, the method involves reacting a 4-pyrimidineamine 
according to structural formula (III) With an amine of the 
formula HR2°N-L1-R2, Where L1, R2 and R20 are as previ 
ously de?ned for structural formula (IV) to yield a 2,4 
pyrimidinediamine according to structural formula (I) or a 
prodrug according to structural formula (II). 

[0040] In another embodiment, the method involves react 
ing a 2-pyrimidineamine according to structural formula 
(IV) With an amine of the formula R‘l-LZ-NHR4C Where L4, 
R4 and R40 are as previously de?ned for structural formula 
(III) to yield a 2,4-pyrimidinediamine according to structural 
formula (I) or a prodrug according to structural formula (II). 

[0041] In yet another embodiment, the method involves 
reacting a 4-amino-2-pyrimidineamine according to struc 
tural formula (V) (in Which R7 is an amino group) With an 
amine of the formula R4-L2-NHR4°, Where L2, R4 and R40 
are as de?ned for structural formula (III), to yield a 2,4 
pyrimidinediamine according to structural formula (I) or a 
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prodrug according to structural formula (II). Alternatively, 
the 4-amino-2-pyrimidineamine may be reacted With a com 
pound of the formula R4-L2-LG, Where R4 and L2 are as 
previously de?ned for structural formula (I) and LG is a 
leaving group. 

[0042] In still another embodiment, the method involves 
halogenating a 4-hydroxy-2-pyrimidineamine according to 
structural formula (V) (R7 is a hydroxyl group) to yield a 
2-pyrimidineamine according to structural formula (IV) and 
reacting this pyrimidineamine With an appropriate amine, as 
described above. 

[0043] In yet another embodiment, the method involves 
halogenating an N4-substituted cytosine according to struc 
tural formula (VI) to yield a 4-pyrimidineamine according to 
structural formula (III) and reacting this pyrimidineamine 
With an appropriate amine, as described above. 

[0044] The 2,4-pyrimidinediamine compounds of the 
invention are potent inhibitors of degranulation of immune 
cells, such as mast, basophil, neutrophil and/or eosinophil 
cells. Thus, in still another aspect, the present invention 
provides methods of regulating, and in particular inhibiting, 
degranulation of such cells. The method generally involves 
contacting a cell that degranulates With an amount of a 
2,4-pyrimidinediamine compound or prodrug of the inven 
tion, or an acceptable salt, hydrate, solvate, N-oxide and/or 
composition thereof, effective to regulate or inhibit degranu 
lation of the cell. The method may be practiced in in vitro 
contexts or in in vivo contexts as a therapeutic approach 
toWards the treatment or prevention of diseases character 
iZed by, caused by or associated With cellular degranulation. 

[0045] While not intending to be bound by any theory of 
operation, biochemical data con?rm that the 2,4-pyrim 
idinediamine compounds exert their degranulation inhibi 
tory effect, at least in part, by blocking or inhibiting the 
signal transduction cascade(s) initiated by crosslinking of 
the high af?nity Fc receptors for IgE (“FceRI”) and/or IgG 
(“FcyRI”). Indeed, the 2,4-pyrimidinediamine compounds 
are potent inhibitors of both FceRI-mediated and FcyRI 
mediated degranulation. As a consequence, the 2,4-pyrimi 
dine compounds may be used to inhibit these Fc receptor 
signalling cascades in any cell type expressing such FceRI 
and/or FcyRI receptors including but not limited to mac 
rophages, mast, basophil, neutrophil and/or eosinophil cells. 

[0046] The methods also permit the regulation of, and in 
particular the inhibition of, doWnstream processes that result 
as a consequence of activating such Fc receptor signaling 
cascade(s). Such doWnstream processes include, but are not 
limited to, FceRI-mediated and/or FcyRI-mediated degranu 
lation, cytokine production and/or the production and/or 
release of lipid mediators such as leukotrienes and prostag 
landins. The method generally involves contacting a cell 
expressing an Fc receptor, such as one of the cell types 
discussed above, With an amount of a 2,4-pyrimidinedi 
amine compound or prodrug of the invention, or an accept 
able salt, hydrate, solvent, N-oxide and/or composition 
thereof, effective to regulate or inhibit the Fc receptor 
signaling cascade and/or a doWnstream process effected by 
the activation of this signaling cascade. The method may be 
practiced in in vitro contexts or in in vivo contexts as a 
therapeutic approach toWards the treatment or prevention of 
diseases characterized by, caused by or associated With the 
Fc receptor signaling cascade, such as diseases effected by 
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the release of granule speci?c chemical mediators upon 
degranulation, the release and/or synthesis of cytokines 
and/ or the release and/or synthesis of lipid mediators such as 
leukotrienes and prostaglandins. 

[0047] In yet another aspect, the present invention pro 
vides methods of treating and/or preventing diseases char 
acteriZed by, caused by or associated With the release of 
chemical mediators as a consequence of activating Fc recep 
tor signaling cascades, such as FceRI and/ or FcyRI-signaling 
cascades. The methods may be practiced in animals in 
veterinary contexts or in humans. The methods generally 
involve administering to an animal subject or human an 
amount of a 2,4-pyrimidinediamine compound or prodrug of 
the invention, or an acceptable salt, hydrate, solvate, N-ox 
ide and/or composition thereof, effective to treat or prevent 
the disease. As discussed previously, activation of the FceRI 
or FcyRI receptor signaling cascade in certain immune cells 
leads to the release and/ or synthesis of a variety of chemical 
substances that are pharmacological mediators of a Wide 
variety of diseases. Any of these diseases may be treated or 
prevented according to the methods of the invention. 

[0048] For example, in mast cells and basophil cells, 
activation of the FceRI or FcyRI signaling cascade leads to 
the immediate (i.e., Within 1-3 min. of receptor activation) 
release of preformed mediators of atopic and/or Type I 
hypersensitivity reactions (e. g., histamine, proteases such as 
tryptase, etc.) via the degranulation process. Such atopic or 
Type I hypersensitivity reactions include, but are not limited 
to, anaphylactic reactions to environmental and other aller 
gens (e.g., pollens, insect and/or animal venoms, foods, 
drugs, contrast dyes, etc.), anaphylactoid reactions, hay 
fever, allergic conjunctivitis, allergic rhinitis, allergic 
asthma, atopic dermatitis, ecZema, urticaria, mucosal disor 
ders, tissue disorders and certain gastrointestinal disorders. 

[0049] The immediate release of the preformed mediators 
via degranulation is folloWed by the release and/or synthesis 
of a variety of other chemical mediators, including, among 
other things, platelet activating factor (PAF), prostaglandins 
and leukotrienes (e.g., LTC4) and the de novo synthesis and 
release of cytokines such as TNFot, IL-4, IL-5, IL-6, IL-l3, 
etc. The ?rst of these tWo processes occurs approximately 
3-30 min. folloWing receptor activation; the latter approxi 
mately 30 min.-7 hrs. folloWing receptor activation. These 
“late stage” mediators are thought to be in part responsible 
for the chronic symptoms of the above-listed atopic and 
Type I hypersensitivity reactions, and in addition are chemi 
cal mediators of in?ammation and in?ammatory diseases 
(e.g., osteoarthritis, in?ammatory boWel disease, ulcerative 
colitis, Crohn’s disease, idiopathic in?ammatory boWel dis 
ease, irritable boWel syndrome, spastic colon, etc.), loW 
grade scarring (e.g., scleroderma, increased ?brosis, keloids, 
post-surgical scars, pulmonary ?brosis, vascular spasms, 
migraine, reperfusion injury and post myocardial infarc 
tion), and sicca complex or syndrome. All of these diseases 
may be treated or prevented according to the methods of the 
invention. 

[0050] Additional diseases Which can be treated or pre 
vented according to the methods of the invention include 
diseases associated With basophil cell and/or mast cell 
pathology. Examples of such diseases include, but are not 
limited to, diseases of the skin such as scleroderma, cardiac 
diseases such as post myocardial infarction, pulmonary 
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diseases such as pulmonary muscle changes or remodeling 
and chronic obstructive pulmonary disease (COPD) and 
diseases of the gut such as in?ammatory boWel syndrome 
(spastic colon). 

[0051] The 2,4-pyrimidinediamine compounds of the 
invention are also potent inhibitors of the tyrosine kinase 
Syk kinase. Thus, in still another aspect, the present inven 
tion provides methods of regulating, and in particular inhib 
iting, Syk kinase activity. The method generally involves 
contacting a Syk kinase or a cell comprising a Syk kinase 
With an amount of a 2,4-pyrimidinediamine compound or 
prodrug of the invention, or an acceptable salt, hydrate, 
solvate, N-oxide and/or composition thereof, effective to 
regulate or inhibit Syk kinase activity. In one embodiment, 
the Syk kinase is an isolated or recombinant Syk kinase. In 
another embodiment, the Syk kinase is an endogenous or 
recombinant Syk kinase expressed by a cell, for example a 
mast cell or a basophil cell. The method may be practiced in 
in vitro contexts or in in vivo contexts as a therapeutic 
approach toWards the treatment or prevention of diseases 
characterized by, caused by or associated With Syk kinase 
activity. 

[0052] While not intending to be bound by any particular 
theory of operation, it is believed that the 2,4-pyrimidinedi 
amine compounds of the invention inhibit cellular degranu 
lation and/or the release of other chemical mediators prima 
rily by inhibiting Syk kinase that gets activated through the 
gamma chain homodimer of FceRI (see, e.g., FIG. 2). This 
gamma chain homodimer is shared by other Fc receptors, 
including FcyRI, FcyRIII and FcotRI. For all of these recep 
tors, intracellular signal transduction is mediated by the 
common gamma chain homodimer. Binding and aggregation 
of those receptors results in the recruitment and activation of 
tyrosine kinases such as Syk kinase. As a consequence of 
these common signaling activities, the 2,4-pyrimidinedi 
amine compounds described herein may be used to regulate, 
and in particular inhibit, the signaling cascades of Fc recep 
tors having this gamma chain homodimer, such as FceRI, 
FcyRI, FcyRIII and FcotRI, as Well as the cellular responses 
elicited through these receptors. 

[0053] Syk kinase is knoWn to play a critical role in other 
signaling cascades. For example, Syk kinase is an effector of 
B-cell receptor (BCR) signaling (Turner et al, 2000, Immu 
nology Today 21:148-154) and is an essential component of 
integrin beta(l), beta(2) and beta(3) signaling in neutrophils 
(Mocsai et al, 2002, Immunity 16:547-558). As the 2,4 
pyrimidinediamine compounds described herein are potent 
inhibitors of Syk kinase, they can be used to regulate, and in 
particular inhibit, any signaling cascade Where Syk plays a 
role, such as, fore example, the Fc receptor, BCR and 
integrin signaling cascades, as Well as the cellular responses 
elicited through these signaling cascades. The particular 
cellular response regulated or inhibited Will depend, in part, 
on the speci?c cell type and receptor signaling cascade, as 
is Well knoWn in the art. Non-limiting examples of cellular 
responses that may be regulated or inhibited With the 2,4 
pyrimidinediamine compounds include a respiratory burst, 
cellular adhesion, cellular degranulation, cell spreading, cell 
migration, phagocytosis (e.g., in macrophages), calcium ion 
?ux (e.g., in mast, basophil, neutrophil, eosinophil and 
B-cells), platelet aggregation, and cell maturation (e.g., in 
B-cells). 




















































































































































































































































































































































































































































































































