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ABSTIRACT

The present invention provides methods of &reating or preventing autoimmune diseases
with 2,4-pyrimidinediamine compounds, as well as methods of treating, preventing or
ameliorating symptoms associated with such diseases. Specific examples of
autoimmune diseases that can be treated or prevented with the compounds include
rheumatoid arthritis and/or its associated syrmptoms, systemic lups erythematosis and/or

its associated symptoms and multiple sclerossis and/or its associated symptoms.
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METHODS OF TREATING OR PREEVENTING AUTOIMMUNE DISEASES
WITH 2,4-PYRIMIDITNEDIAMINE COMPOUNDS

1. CROSS REFERENCE TO RELAATED APPLICATION

This application claims benefit undeer 35 U.S.C. § 119(e) to application Serial No.
60/491,641, filed July 30, 2003 (attorney d~ocket No. 28575/US/US/2), Serial No.
60/531,598, filed December 19, 2003 (attommey docket No. 28575/US/8) and Serial No.
60/572,246, filed May 18, 2004 (attorney Clocket No. 28575/US/9).

2. FIELD OF THE INVENTION

The present invention relates gener=ally to 2,4-pyrimidinediamine compounds,
pharmaceutical compositions comprising thhe compounds, intermediates and synthetic
methods of making the compounds and me=thods of using the compounds and compositions
in a variety of contexts, such as in the treat-ment or prevention of autoimmune diseases

and/or the symptoms associated therewith.

3, BACKGROUND OF THE INVEZNTION

Crosslinking of Fc receptors, such as the high affinity receptor for IgE (FceRD)
and/or the high affinity receptor for IgG (F=cyRI) activates a signaling cascade in mast,
basophil and other immune cells that resul-ts 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 (Cimmediate) anaphylactic hypersensitivity
reactions, such as histamine, frdm storage éites in granules via degranulation. It also leads
to the synthesis and release of other media_tors, including leukotrienes, prostaglandins and
platelet-activating factors (PAFs), that plazy important roles i inflammatory reactions.
Additional mediators that are synthesized zand released upon crosslinking Fc receptors
include cytokines and nitric oxide.

The signaling cascade(s) activated by crosslinking Fc receptors such as FceRI and/or
FcRI comprises an array of cellular prote ins. Among the most important intracellular
signal propagators are the tyrosine kinasess. And, an important tyrosine kinase involved in
the signal transduction pathways associatesd with crosslinking the FceRI and/or FeyRI
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receptors, as well as other signal transduction cascades, is Syk kinase (see Valent ef al__,
2002, Intl. J. Hematol. "7 5(4):257-362 for review).

As the mediatorss released as a result of FceRI and FoyRI receptor cross-linkingg are
responsible for, or play dimportant roles in, the manifestation of numerous adverse everats,
the availability of comp ounds capable of inhibiting the signaling cascade(s) responsibl e for
their release would be h ighly desireable. Moreover, owing to the critical role that Syk
kinase plays these and osther receptor signaling cascade(s), the availability of compoun_ds
capable of inhibiting Sy k kinase would also be highly desirable.

4. SUMMARY ON THE INVENTION

In one aspect, th e present invention provides novel 2,4-pyrimidinediamine
compounds that, as will be discussed in more detail below, have myriad biological '
activities. The compoumds generally comprise a 2,4-pyrimidinediamine “core” having- the

following structure and numbering convention:

LI
“HIN ‘\r;IJZ\NHz

The compounds of the invention are substituted at the C2 nitrogen (N2) to form a
secondary amine and aree optionally further substituted at one or more of the following
positions: the C4 nitrogsen (N4), the C5 position and/or the C6 position. When substitmited
at N4, the substituent fo-rms a secondary amine. The substituent at N2, as well as the
optional substituents at he other positions, may range broadly in character and physico-
chemical properties. Fosr example, the substituent(s) may be a branched, straight-chairmed or
cyclic alkyl, a branched _, straight-chained or cyclic heteroalkyl, a mono- or polycyclic axryl a
mono- or polycyclic heteroaryl or combinations of these groups. These substituent grosups
may be further substituteed, as will be described in more detail below.

The N2 and/or NJ4 substituents may be attached directly to their respective nitrogen
atoms, or they may be sppaced away from their respective nitrogen atoms via linkers, w-hich
may be the same or diffeerent. The nature of the linkers can vary widely, and can inclucle
virtually any combination of atoms or groups useful for spacing one molecular moiety from
another. For example, tthe linker may be an acyclic hydrocarbon bridge (e.g, a saturate d or

2
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unsaturated alkylenc such as methano, ethano, etheno, propano, prop[1]eno, brutano,
but{1]eno, but[2]eno, buta[1,3]dieno, and the like), a monocyclic or polycycliec hydrocarbon

bridge (e.g., [1,2]bemzeno, [2,3]naphthaleno, and the like), a simple acyclic hesteroatomic or

heteroalkyldiyl bridgze (e.g., -O-, -S-, -8-O-, -NH-, -PH-, -C(0)-, -C(O)NH-, -S(0)-, -S(O)>~,
-S(O)NH-, -S(0),NH-, -O-CH;-, -CH,-O-CH,-, -O-CH=CH-CHj-, and the likze), a
monocyclic or polycyclic heteroaryl bridge (e.g., [3,4]furano, pyridino, thioplaeno,
piperidino, piperazimo, pyrazidino, pyrrolidino, and the like) or combinations of such
bridges. '

The substitueents at the N2, N4, C5 and/or C6 positions, as well as the «ptional
linkers, may be furthher substituted with one or more of the same or different s ubstituent
groups. The nature of these substituent groups may vary broadly. Non-limiti-ng examples
of suitable substitue=nt groups inclnde branched, straight—chain or cyclic alkyl s, mono- or
polycyclic aryls, breanched, straight—chain or cyclic heteroalkyls, mono- or polycyclic
heteroaryls, halos, bsranched, straight—chain or cyclic haloalkyls, hydroxyls, o=xos, thioxos,
branched, straight-c hain or cyclic alkoxys, branched, straight-chain or cyclic haloalkoxys,
trifluoromethoxys, rmono- or polycyclic aryloxys, mono- or polycyclic heteroaaryloxys,
ethers, alcohols, sulfides, thioethers, sulfanyls (thiols), imines, azos, azides, a¥mines
(primary, secondary® and tertiary), nitriles (any isomer), cyanates (any isomer®, thiocyanates
(any isomer), nitros=o0s, nitros, diazos, sulfoxides, sulfonyls, sulfonic acids, sul famides,
sulfonamides, sulfammic esters, aldehydes, ketones, carboxylic acids, esters, armides,
amidines, formadinees, amino acids, acetylenes, carbamates, lactones, lactams ,, glucosides,
gluconurides, sulfores, ketals, acetals, thioketals, oximes, oxamic acids, oxamic esters, etc.,
and combinations o=f these groups. Substituent groups bearing reactive functi<onalities may
be protected or unpmotected, as is well-known in the art. )

In one illustarative embodiment, the 2,4-pyrimidinediamine compound.s of the

invention are compeounds according to structural formula (I):

RB
5
L2 A LY
R* I'NI N ” R?
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including salts, hydrates, solwates and N-oxides thereof, wherein:

L' and I? are each, independlently of one another, selected from the group consisting
of a direct bond and a linker;

R%and R* are described infra,

R’ is selected from the group> consisting of R, (C1-C6) alkyl optionally substituted
with one or more of the same or different R® groups, (C1-C4) alkanyl optionally substituted
with one or more of the same or different R® groups, (C2-C4) alkenyl optionally substitutec
with dne or more of the same or different R® groups and (C2-C4) alkyny! optionally
substituted with one or more of the same or different R® groups;

each R® is independently selected from the group coﬁsisting of hydrogen, an
electronegative group, ~OR®, -SR¢, C1-C3) haloalkyloxy, (C1-C3) perhaloalkyloxy,
-NR'R’, halogen, (C1-C3) haloalkyl ,(C1-C3) perhaloalkyl, -CFs, -CH,CF3, -CF,CF3, -CN,
-NC, -OCN, -SCN, -NO, -NO;, -N3, -S(O)R?, -S(0):R®, -S(0),0R?, -S(O)NR°R’,
-S(0)NR°R°, -OS(O)R’, -0S(0);RY, -OS(0),0R’, -OS(0O)NR'R’, -OS(ONR°R’, -C(O)RS,
-C(O)OR?, -C(O)NR°R’, -C(NH)NRR’, -OC(O)R’, -SC(O)R?, -OC(O)ORY, -SC(0)ORY,
-OC(O)NRR’, -SC(O)NR‘R’, -OC(NH)NRR’, -SCANH)NRR®, -[NHC(0)1,R?,
-[NHC(0)],0R", -[NHC(0)],NR°R® and [NHC(NH)],NR°R®, (C5-C10) aryl optionally
substituted with one or more of the same or different R® groups, phenyl optionally
substituted with one or more of the same or different R® groups, (C6-C16) arylalkyl
optionally substituted with one or m ore of the same or different R® groups, 5-10 membered
heteroaryl optionally substituted with one or more of the same or different R® groups and 6—
16 membered heteroarylalkyl optiormally substituted with one or more of the same or
different R® groups;

R® is selected from the group consisting of R®, R, R? substituted with one or more of
the same or different R® or R, -OR® substituted with one or more of the same or different R.2
or R®, -B(OR®)2, -BNR°R%),, -(CH2),-R?, «(CHR®),,-R®, ~O-(CH),-R?, -S-(CHy)-R?,
-0-CHR'R, -O0-CR*(R), -O-(CHR"),-R’, -O- (CHz)~-CH[(CH,),R"*R?, -S-(CHR?),--R,
-C(O)NH-(CH2)-R®, -C(O)NH-(CHR?),,-RP, -O~(CHz),,-C(O)NH-(CH,)-R",
-S-(CH2)-C(O)NH-(CH3)»-R", -O- CHR?),,-C(O)NH-(CHR®),,-R",
-8-(CHR")-C(O)NH~(CHR®),,-R®, ~NH-(CH2)»-R®, -NH-(CHR®),-R®, -NH[(CH,),R"],
-N[(CH2)»R"]z, -NH-C(0)-NH-(CHx),-R?, -NH-C(O)-(CH,),.-CHR°R® and
-NH~(CH;)n-C(0)-NH-(CH,)»-R";
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each R® is independently selected from the group consisting of hydrogen, (C1-C6)
alkyl, (C3-C8) cycloalkyl, cyclohexyl, (C4-C1 1) cycloalkylalkyl, (C5-C10) aryl, phenyl,
(C6-C16) arylalkyl, benzyl, 2-6 membered hetesroalkyl, 3-8 membered cycloheteroalkyl,
morpholinyl, piperazinyl, homopiperazinyl, piperidinyl, 4-11 membered
cycloheteroalkylalkyl, 5-10 membered heteroa-ryl and 6-16 membered heteroarylalkyl;

each R® is a suitable group independengly selected from the group consisting of =0,
-ORY, (C1-C3) haloalkyloxy, -OCFs, =S, -SRY_ =NRY, =NORY, -NR°R®, halogen, -CF;, -CN,
-NC, -OCN, -SCN, -NO, -NOz, =N, -N3, -S(O®)R?, -S(O)2RY, -S(0)0RY, -S(O)NR°R°®,
-S(0):NR°R, -OS(O)R’, -0S(0);R", -0S(0), DR, -OS(0);NR°R®, -C(O)R?, -C(O)ORS,
-C(O)NR'R’, -CINH)NRR’, -C(NR*)NRR®, -«C(NOH)R®, -CANOH)NR°R®, -OC(O)RS,
-OC(0)OR?, -OC(O)NR°R’, -OCNH)NRR®, —~OC(NRY)NR°R’, -[NHC(O)l,R?,
-INR'C(O)L.R", -[NHC(O)J,OR’, -[NR*C(0)]- OR’, -[NHC(O)},NR°R", -[NR*C(O)],NRR’,
-[NHC(NH)],NR°R® and -[NR*C(NR")],NR°R;

each R° is independently a protecting garoup or R?, or, alternatively, each R° is taken
together with the nitrogen atom to which it is twonded to form a 5 to 8-membered
cycloheteroalkyl or heteroaryl which may opticnally include one or more of the same or
different additional heteroatoms and which ma-y optionally be substituted with one or more
of the same or different R® or suitable R® groupss;
' each R is independently a protecting garoup or R%

each m is independently an integer fromn 1 to 3;.and

each # is independently an integer frorm 0 to 3.

In one embodiment, R’ is F and R® is h=ydrogen.

In another aspect, the present invention provides prodrugs of the 2,4-
pyrimidinediamine compounds. Such prodrugss may be active in their prodrug form, or may
be inactive until converted under physiological_ or other conditions of use to an active drug
form. In the prodrugs of the invention, one or mmore functional groups of the 2,4-
pyrimidinediamine compounds are included in promoieties that cleave from the molecule
under the conditions of use, typically by way o=f hydrolysis, enzymatic cleavage or some
other cleavage mechanism, to yield the functiomnal groups, For example, primary or
secondary amino groups may be included in an_ amide promoiety that cleaves under

conditions of use to generate the primary or seccondary amino group. Thus, the prodrugs of

5
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the invention include special types of protecting groups, termed “progroups,” masking one
ér 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. Functional
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 s-uch 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 incluaded in the prodrugs of the
invention. Specific 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. Specific 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 disulfides, etc. Specific examples of promoieties that cleave

. to jrield hydroxyl groups that can be included in the prodrugs of the invention include, but

are not limited to, sulfonates, esters and carhonates. Specific 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 essters and thioesters), amides and
hydrazides.

In one illustrative embodiment, the prodrugs of the invention are compounds
according to structural formula (I) in which the protecting group of R® and R? is a progroup.’

In another illustrative embodiment, the prodrugs o=f the invention are compounds
according to structural formula (I):

R6
5
R~ |N
2 1
R4’L\ \N N’L\Rz
ol

including salts, hydrates, solvates and N-oxides thereof, wherein:
R%L, R, R% RS, L' and 12 are as previously defined for structural formula (J);

6
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R? isz a progroup;

R* iss progroup or an alky] group, e.g., methyl, and as furthesr defined by the
examples. . .

In aneother aspect, the present invention provides compositiosns comprising one or
more compowmunds and/or prodrugs of the invention and an appropria-te catrier, excipient or
diluent. The exact nature of the carrier, excipient or diluent will degpend upon the desired
use for the composition, and may range from being suitable or acce ptable for veterinary
uses to being= suitable or acceptable for human use.

In sti-1] another aspect, the present invention provides intermmediates useful for
synthesizing the 2,4-pyrimidinediamine compounds and prodrugs o=f the invention. In one
embodiment_, the intermediates are 4-pyrimidineamines according teo structural formula (I):

5
X
L2 N
RY "N N LG
|lq4c

inclu ding salts, hydrates, solvates and N-oxides thereof, wheerein R*, R, RéandI?
are as previosusly defined for structural formula (I); LG isa leaviﬂg group such as, for
example, —Se«(0);Me, -SMe or halo (e.g., F, Cl, Br, I); and R* is hyclrogen, a progroup, an
alkyl group or as described herein.

In an other embodiment, the intermediates are 2-pyrimidineamines according to
structural fomrmula (IV): .

R6
5
N PIRY
LG N/kN
|
R2c

inclu_ding salts, hydrates, solvates and N-oxides thereof, wh-erein R%LR%, Réand L!
are as previcsusly defined for structural formula (I); LG is a leaving group, such as, for
example, —S (0),Me, -SMe or halo (e.g., F, Cl, Br, I) and.

In ye=t another embodiment, the intermediates are 4-amino- «or 4-hydroxy-2-

R2

pyrimidineammines according to structural formula (V):
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R f\ N
< : I 1
B
'1120

includin g salts, hydrates, solvates and N-oxides thereof, wherein RZ, R’, R and L'
are as previousl y defined for structural formula (I), R’ is an amino or hydroxyl group and

R2

R* is hydrogen. or a progroup. .
5 In anothxer embodiment, the intermediates are N4-substituted cytosimes according to
structural formuala (VI):
: -

R5
~” "NH

RY Lz\l}l SN ’go
Riéc

includim g salts, hydrates, solvates and N-oxides thereof, wherein R*, R’,R®and L%

are as previousLy defined for structural formula () and R* is as previously clefined in
10  formula (OI).

In yet amother aspect, the present invention provides methods of synihesizing the
2,4-pyrimidinecdliamine compounds and prodrugs of the invention. In one exrmbodiment, the
method involve=s reacting a 4-pyrimidineamine according to structural formula (III) with an
amine of the formula HR*N-L'-R? where L', R? and R are as previously defined for

15 structural formuala (IV) to yield a 2,4-pyrimidinediamine according to structwural formula (I)
or a prodrug acecording to structurzil formula (IT).

In anotlmer embodiment, the method involves reacting a 2-pyrimidineamine
according to structural formula (IV) with an amine of the formula R*-L2-NEIR* where L*,
R* and R*are aas previously defined for structural formula (III) to yield a 2,4-

20 pyrimidinedianmaine according to structural formula (I) or a prodrug accordim g to structural
formula (II).
In yet axrother embodiment, the method involves reacting a 4-amino-2-

pyrimidineamirye according to structural formula (V) (in which R7 is an amimo group) with
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an amine of the formula R*-L2-NEIR*, where 12, R* and R* are as defined for structural
formula (III), to yield a 2,4-pyrimMdinediamine according to structural formula (I) or a
prodrug according to structural fommula (IT). Alternatively, the 4-amino-2|-pyrimidineamine
may be reacted with a compound f the formula R*L?*LG, where R* and L2 are as
previously defined for structural feormula (I) and LG is a leaving group.

In still another embodimert, the method involves halogenating a 4-hydroxy-2-
pyrimidineamine according to struactural formula (V) (R’ is a hydroxyl group) to yield a 2-
pyrimidineamine according to strmctural formula (IV) and reacting this pyrimidineamine
with an appropriate amine, as described above.

In yet another embodimen‘i, the method involves halogenating an N4-substituted
cytosine according to structural fosrmula (VI) to yield a 4-pyrﬁnidineamine according to
structural formula (IIT) and reactirag this pyrimidineamine with an appropriate amine, as
described above. '

The 2,4-pyrimidinediaminee compounds of the invention are potent inhibitors of
degranulation of immune cells, su-ch as mast, basophil, neutrophil and/or eosinophil cells.—
Thus, in still another aspect, the paresent invention provides methods of regulating, and in
particular inhibiting, degranulatiom of such cells. The method generally involves contactiing
a cell that degranulates with an anount of a 2,4-pyrimidinediamine compound or prodrugs of
the invention, or an acceptable sal-t, hydrate, solvate, N-oxide and/or composition thereof,,
effective to regulate or inhibit deg-ranulation of the cell. The method may be practiced in i
vitro contexts or in in vivo contexes as a therapeutic approach towards the treatment or
prevention of diseases characterized by, caused by or associated with cellular degranulatieon.

While not intending to be Ebound by any theory of operation, biochemical data
confirm that the 2,4-pyrimidinedi;amine compounds exert their degranulation inhibitory
effect, at least in part, by blockingr or inhibiting the signal transduction cascade(s) initiatead
by crosslinking of the high affinitsy Fc receptors for IgE (“FceRI”) and/or IgG (“FcyRI”).
Indeed, the 2,4-pyrimidinediamine compounds are potent inhibitors of both FceRI-mediatted
and FcyRI-mediated degranulatiora. As a consequence, the 2,4-pyrimidine compounds maay
be used to inhibit these Fc recepto-r signalling cascades in any cell type expressing such
FceRI and/or FeqRI receptors inclwding but not limited to macrophages, mast, basophil,

neutrophil and/or eosinophil cells.
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The methods also permit the regulation of, and in parﬁélﬂal the inhibition of,
downstream processes that result as a corasequence of activating such Fc receptor signaling
cascade(s). Such downstream processes -include, but are not limited to, FceRI-mediated
and/or FcyRI-mediated degranulation, cy—tokine production and/or the production and/or
release of lipid mediators such as leukotrienes and prostaglandins. The method generally
involves contacting a cell expressing an JE¢ receptor, such as one of the cell types discussed
above, with an amount of a 2,4-pyrimidirediamine compound or prodrug of the invention,
or an acceptable salt, hydrate, solvent, N—oxide and/or composition thereof, effective to
regulate or inhibit the Fc receptor signali-ng cascade and/or a downstream process effected
by the activation of this signaling cascadee. 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 owr associated with the Fc receptor signaling cascade,
such as diseases effected by the release owf granule specific chemical mediators upon
degranulation, the release and/or synthes is of cytokines and/or the release and/or synthesis
of lipid mediators such as leukotrienes arad prostaglandins.

In yet another aspect, the present invention provides methods of treating and/or
preventing diseases characterized by, catased by or associated with the release of chemical
mediators as a consequence of activatings Fc receptor signaling cascades, such as FceRI
and/or FcRI- signaling cascades. The nmethods may be practiced in animals in veterinary
contexts or in humans. The methods germerally involve administering to an animal subject
or human an amount of a 2,4-pyrimidine«diamine compound or prodrug of the invention, or
an acceptable salt, hydrate, solvate, N-oxcide and/or composition thereof, effective to treat or
prevent the disease. As discussed previosusly, activation of tﬁe FceRI or FeRI receptor
signaling cascade in certain immune cell=s leads to the release and/or synthesis of a variety
of chemical substances that are pharmacelogical mediators of a wide variety of diseases.
Any of these diseases may be treated or porevented according to the methods of the
invention.

For example, in mast cells and bamsophil cells, activation of the FceRI or FeyRI
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 d-egranulation process. Such atopic or Type I

hypersensitivity reactions include, but ar-€ not limited to, anaphylactic reactions to

10
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environmental and other allergens (e.g., pollen. s, insect and/or animal venoms, foods, drugs,
contrast dyes, etc.), anaphylactoid reactions, haxy fever, allergic conjunctivitis, allergic
rhinitis, allergic asthma, atopic dermatitis, eczezma, urticaria, mucosal disorders, tissue
disorders and certain gastrointestinal disorders . .

The immediate release of the preforme «d 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), prostagzlandins and leukotrienes (e.g., LTC4) and the
de novo synthesis and release of cytokines such as TNFq, 1.4, IL-5, IL-6, IL-13, etc. The
first of these two processes occurs approximatesly 3-30 min. following receptor activation;
the latter approximately 30 min. — 7 hrs. follovsving receptér 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, amd in addition are chemical mediators of
inflammation and inflammatory diseases (e.g., osteoarthritis, inflammatory bowel disease,
ulcerative colitis, Crohn’s disease, idiopathic isnflammatory bowel disegse, irritable bowel
syndrome, spastic colon, etc.), low grade scérring (e.g., scleroderma, increased fibrosis,
keloids, post-surgical scars, pulmonary fibrosiss, vascular spasms, migraine, reperfusion
injury and post myocardial infarction), and siceca complex or syndrome. All of these
diseases may be treated or prevented according to the methods of the invention.

Additional diseases which can be treatezd or prevented according to thé 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 myccardial infarction, pulmonary diseases such
as pulmonary muscle changes or remodeling and chronic obstructive pulmonary disease
(COPD) and diseases of the gut such as inflam matory bowel syndrome (spastic colon).

The 2,4-pyrimidinediamine compoundss of the invention are also potent inhibitors of
the tyrosine kinase Syk kinase. Thus, in still acnother aspect, the present invention provides
methods of regulating, and in particular inhibit-ing, Syk kinase activity. The method
generally involves contacting a Syk kinase or & 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 composit-ion thereof, effective to regulate or inhibit
Syk kinase activity. In one embodiment, the S-yk kinase is an isolated or recombinant Syk

kinase. In another embodiment, the Syk kinases is an endogenous or recombinant Syk
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kinase expressed by a cell, for example a mast cell or a Toasophil 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, catased by or associated with Syk
kinase activity.

While not intending to be bound by any particular theory of operation, it is believed
that the 2,4-pyrimdinediamine compounds of the invention inhibit cellular degranulation
and/or the release of other chemical mediators primarily~ by inhibiting Syk kinase that gets
activated through the gamma chain homodimer of FceRX (see, e.g., FIG. 2). This gamma
chain homodimer is shared by other Fc receptors, inchudling FeyRI, FcyRII and FcoRI. For
all of these receptors, 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 <onsequence of these common
signaling activities, the 2,4-pyrimidinediamine compourds described herein may be used to
regulate, and in particular inhibit, the signaling cascadess of Fc receptors baving this gamma
chain homodimer, such as FceRI, FcyRI, FeyRIO and FcoR], as well as the cellular
responses elicited through these receptors.

Syk kinase is known to play a critical role in otheer signaling cascades. For example,

" Syk kinase is an effector of B-cell receptor (BCR) signa ling (Turner et al., 2000,

Immunology Today 21:148-154) and is an essential comraponent of integrin beta(1), 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, amy 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 sign_aling cascades. The particular
cellular response regulated or inhibited will depend, in part, on the specific cell type and
receptor signaling cascade, as is well known in the art. INon-limiting examples of cellular
responses that may be regulated or inhibited with the 2,4-pyrimidinediamjne compounds
include a respiratory burst, cellular adhesion, cellular de granulation, cell spreading, cell
migration, phagocytosis (e.g., in macrophages), calcium. ion flux (e.g,, in mast, basophil,
neutrophil, eosinophil and B-cells), platelet aggregation_, and cell maturation (e.g., in B- ,
cells).
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Thus, in another aspect, the present invention provides nethods of regulating, and in
particumlar inhibiting, signal transduction cascades in which Syk gplays a role. The method
genera-lly involves contacting a Syk-dependent receptor or a cell expressing a Syk-
depenclent receptor with an amount of a 2,4-pyrimidinediamine ecompound or prodrug of the
invent®on, or an acceptable salt, hydrate, solvate, N-oxide and/om composition thereof,
effecti-ve to regulate or inhibit the signal transduction cascade. Whe methods may also be
used tO regulate, and in particular inhibit, downstream processess or cellular responses
elicitecl by activation of the particular Syk-dependent signal tramsduction cascade. The
methoels may be practiced to regulate any signal transduction ca_scade where Syk is not
knowm or later discovered to play a role. The methods may be peracticed in in vitro contexts
or in irz vivo contexts as a therapeutic approach towards the treatzment or ﬁwvention of
diseasezs characterized by, caused by or associated with activatiosn of the Syk-dependent
signal “transduction cascade. Non-limited examples of such dise-ases include those
previowsly discussed. .

Cellular and animal data also confirm that the 2,4-pyrim#dinediamine compounds of
the invention may also be used to treat or prevent autoimmune dliseases and/or symptoms of
such d-iseases. The methods generally involve administering to & subject suffering from an
autoimmmune disease or at risk of developing an autoimmune disesase an amount of a 2,4~
pyrimi dinediamine method or prodrug of the invention, or an aceceptable salt, N-oxide,
hydratee, solvate or composition thereof, effective to treat or prevzent the autoimmune disease
and/or its associated symptoms. Autoimmune diseases that can “be treated or prevented with
the 2,4--pyrimidinediamine compounds include those diseases thaat are commonly associated
with nonanaphylactic hypersensitivity reactions (Type II, Type Il and/or Type IV
hypers=ensitivity reactions) and/or those diseases that are mediatexd, at least in part, by
activat-ion of the FcyR signaling cascade in monocyte cells. Such autoimmune disease
includes, but are not limited to, those autoimmune diseases that a-xre frequently designated as
single «organ or single cell-type autoimmune disorders and those autoimmune disease that
are freaquently designated as involving systemic autoimmune dis<order. Non-limiting
examp les of diseases frequently designated as single organ or sirgle cell-type autoimmune
disorders include: Hashimoto's thyroiditis, autoimmune hemolyt-ic anemia, autoimmune
atrophiic gastritis of pernicious anemia, autoimmune encephalommyelitis, autoimmune
orchitiss, Goodpasture's disease, autoimmune thrombocytopenia, sympathetic ophthalmia,
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myasthemia gravis, Graves' disease, primary biliary cirthosis, chronic aggressive hepatitis,
ulcerativre colitis and membranous glomerulopathy. Non-limiting examples of diseases
often dessignated as involving systemic autoimmune disorder include: systemic lupus
erythematosis, rheumatoid arthritis, Sjogren's syndrome, Reiter's syndrome, polymyositis-
dermatommyositis, systemic sclerosis, polyarteritis nodosa, multiple sclerosis and bullous

pemphiggoid.

5. BRIEF DESCRIPTION OF THE FIGURES

F1G. 1 provides a cartoon illustrating allergen-induced production of IgE and
consequent release of preformed and other chemical mediators from xmast cells;

F<IG. 2 provides a cartoon illustrating the FceR1 signal transduction cascade leading
to degramulation of mast and/or basophil cells; and

FIG. 3 provides a cartoon illustrating the putative points of action of compounds that
selectivesly inhibit upstream FceRI-mediated degranulation and comp ounds that inhibit both

FceRI-mmediated and ionomycin-induced degranulation.

6. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

6.1 Definitions

A\s used herein, the following terms are intended to have the following meanings:

““Alkyl” by itself or as part of another substituent refers to a saturated or unsaturated
branched, straight-chain or cyclic monovalent hydrocarbon radical having the stated number
of carbom atoms (i.e., C1-C6 means ope to six carbon atoms) that is derived by the removal
of one hzydrogen atom from a single carbon atom of a parent alkane, alkene or alkyne.
Typical alkyl groups include, but are not limited to, methyl; ethyls such as ethanyl, ethenyl,
ethynyl; propyls such as propan-1-yl, propan-2-yl, cyclopropan-1-yl, prop-1-en-1-yl,
prop-1-en-2-yl, prop-2-en- 1.-yl, cycloprop-1-en-1-yl; cycloprop-2-en~1-yl, prop-1-yn-1-y1,
prop-2-y-n-1-y, etc.; butyls such as butan-1-yl, butan-2-yl, 2-methyl-propan-1-yl,
2-methy1-propan-2-yl, cyclobutan-1-yl, but-1-en-1-yl, but-1-en-2-yl,
2-methyA-prop-1-en-1-yl, but-2-en-1-yl , but-2-en-2-yl, buta-1,3-dien-1-yl,
buta-1,3-dien-2-yl, cyclobut-1-en-1-yl, cyclobut-1-en-3-yl, cyclobuta-1,3-dien-1-yl,
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but-1-yn-1-yl, but-1-yn-3-%/1, but-3-yn-1-yl, etc.; and the like. Where specific levelss of
saturation are intended, thes nomenclature “alkanyl,” “alkenyl” and/or “alkynyl” is u=sed, as
defined below. In preferre=d embodiments, the alkyl groups are (C1-C6) alkyl.

“Alkany]” by itself” or as part of another substituent refers to a saturated bran ched,
straight-chain or cyclic alk-yl derived by the removal of one hydrogen atom from a s-ingle
carbon atom of a parent alkkane. T‘ypic?l alkanyl groups include, but are not limited +to,
methanyl; ethanyl; propanzy1s such as propan-1-yl, propan-2-yl (isopropyl),
cyclopropan-1-yl, etc.; butanyls such as butan-1-yl, butan-2-y1 (sec-butyl),
2-methyl-propan-1-yl (isoboutyl), 2-methyl-propan-2-yl (¢-butyl), cyclobutan-1-yl, et-c.; and
the like. In preferred embodiments, the alkanyl groups are (C1-C6) alkanyl.

“Alkenyl” by itself™ or as part of another substituent refers to an unsaturated
branched, straight-chain or= cyclic alkyl having at least one carbon-carbon double bomd
derived by the removal of «one hydrogen atom from a single carbon atom of a parent- alkene.
The group may be in eithem the cis or frans conformation about the double bond(s). Typical
alkenyl groups include, bu-t are not limited to, ethenyl; propenyls such as prop-1-en~ 1-yl,
prop-1-en-2-yl, prop-2-en— 1-yl, prop-2-en-2-yl, cycloprop-1-en-1-yl; cycloprop-2-eri-1-yl;
butenyls such as but-1-en- 1 -yl, but-1-en-2-yl, 2-methyl-prop-1-en-1-yl, but-2-en-1-y1,
but-2-en-2-yl, buta-1,3-diesn-1-yl, buta-1,3-dien-2-yl, cyclobut-1-en-1-yl,
cyclobut-1-en-3-yl, cyclobuta-1,3-dien-1-yl, etc.; and the like. In prefemred embodirments,
the alkenyl group is (C2-C 6) alkenyl.

“Alkynyl” by itself" or as part of another substituent refers to an unsaturated
branched, straight-chain or= cyclic alkyl having at least one carbon-carbon triple boncl
derived by the removal of «one hydrogen atom from a single carbon atom of a parent alkyne.
Typical alkynyl groups inc=lude, but are not limited to, ethynyl; propynyls such as
prop-1-yn-1-yl, prop-2-yn_-1-yl, etc.; butynyls such as but-1-yn-1-yl, but-1-yn-3-yl,
but-3-yn-1-yl, etc.; and thes like. In preferred embodiments, the alkynyl group is (C22-C6)
alkynyl.

“Alkyldiyl” by itsef or as part of another substituent refers to a saturated or
unsaturated, branched, stra ight-chain or cyclic divalent hydrocarbon group having thae stated
number of carbon atoms (i e., C1-C6 means from one to six carbon atoms) derived t»y the
removal of one hydrogen a tom from each of two different carbon atoms of a parent &lkane,

alkene or alkyne, or by the removal of two hydrogen atoms from a single carbon atom of a
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parent alkane, alkene or alkyne. Thae two monovalent radical centers or each valency of time
divalent radical center can form bomds with the same or different atoms. Typical alkyldiyk
groups include, but are not limited #o, methandiy]; ethyldiyls such as ethan-1,1-diyl,
ethan-1,2-diyl, ethen-1,1-diyl, ethemn-1,2-diyl; propyldiyls such as propan-1,1-diyl,
propan-1,2-diyl, propan-2,2-diyl, psopan-1,3-diyl, cyclopropan-1,1-diyl,
cyclopropan-1,2-diyl, prop-1-en-1, 1 -diyl, prop-1-en-1,2-diyl, prop-2-en-1,2-diyl,
prop-1-en-1,3-diyl, cycloprop-1-en—1,2-diyl, cycloprop-2-en-1,2-diyl,
cycloprop-2-en-1,1-diyl, prop-1-yn~1,3-diyl, etc.; butyldiyls such as, butan-1,1-diyl,
butan-1,2-diyl, butan-1,3-diyl, butamn-1,4-diyl, butan-2,2-diyl, 2-methyl-propan-1,1-diyl,
2-methyl-propan-1,2-diyl, cyclobutan-1,1-diyl; cyclobﬁtan—l,Z-diyl, cyclobutan-1,3-diy],
but-1-en-1,1-diyl, but-1-en-1,2-diyR, but-1-en-1,3-diyl, but-1-en-1,4-diyl,
2-methyl-prop-1-en-1,1-diyl, 2-methanylidene-propan-1,1-diyl, buta-1,3-dien-1,1-diy],
buta-1,3-dien-1,2-diyl, buta-1,3-dien-1,3-diyl, buta-1,3-dien-1,4-diyl,
cyclobut-1-en-1,2-diyl, cyclobut-1- en-1,3-diyl, cyclobut-2-en-1,2-diyl,
cyclobuta-1,3-dien-1,2-diyl, cyclobuta-1,3-dien-1,3-diyl, but-1-yn-1,3-diyl,
but-1-yn-1,4-diyl, buta-1,3-diyn-1,44-diyl, efc.; and the like. Where specific levels of
saturation are intended, the nomenclature alkanyldiyl, alkenyldiyl and/or alkynyldiyl is
used. Where it is specifically inten«ded that the two valencies are on the same carbon atom,
the nomenclature “alkylidene” is ussed. In preferred embodiments, the alkyldiyl group is
(C1-C6) alkyldiyl. Also preferred are saturated acyclic alkanyldiyl groups in which the
radical centers are at the terminal carbons, e.g., methandiyl (methano); etha'n-l ,2-diyl
(etbano); propan-1,3-diyl (propano®; butan-1,4-diyl (butano); and the like (also referred to
as alkylenos, defined infi-a).

“Alkyleno” by itself or as part of another substituent refers to a straight-chain
saturated or unsaturated alkyldiyl g=oup having two terminal monovalent radical centers
derived by the removal of one hydreogen atom from each of the two terminal carbon atoms
of straight-chain parent alkane, alkene or alkyne. The locant of a double bond or triple
bond, if present, in a particular alky-leno is indicated in square brackets. Typical alkyleno
groups include, but are not limited o, methano; ethylenos such as ethano, etheno, ethyno;
propylenos such as propano, prop[ 1 Jeno, propa[1,2]dieno, prop[1]yno, etc.; butylenos suchh
as butano, but{1]eno, but{2]eno, buwall,3]dicno, but[1]yno, but[2]yno, buta[1,3]diyno, etc. :

3

and the like. Where specific levels of saturation are intended, the nomenclature alkano,
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alkeno and/or alkyno is used. In preferred embodiments, the alkyleno group is (C1-C6) or
(C1-C3) alkyleno. Also preferred are straigsht-chain saturated alkano groups, e.g., methano,
ethano, propano, butano, and the like.

“Heteroalkyl,” Heteroalkanyl,” Heteroalkenyl,” Heteroalkynyl,” Heteroalkyldiyl”
and “Heteroalkyleno” by themselves or as -part of another substituent refer to alkyl, alkanyl,
alkenyl, alkynyl, alkyldiyl and alkyleno groups, respectively, in which one or more of the
carbon atoms are each independently replaeced with the same or different heteratoms or
heteroatomic groups. Typical heteroatoms and/or heteroatomic groups which can replace
the carbon atoms include, but are not limited to, -O-, -S-, -S-O-, -NR’-, -PH-, -S(0)-,

'S(O)z-, -S(0) NR’-, -S(O);NR’-, and the 1-ke, including combinations thereof, where each

R’ is independently hydrogen or (C1-C6) a_lkyl.
“Cycloalkyl” and “Heterocycloalky=]” by themselves or as part of another substituent
refer to cyclic versions of “alkyl” and “hetesroalkyl” groups, respectively. For heteroalkyl

groups, a heteroatom can occupy the positi-on that is attached to the remainder of the
molecule. Typical cycloalky! groups inclu«de, but are not limited to, cyclopropyl;
cyclobutyls such as cyclobutanyl and cyclosbutenyl; cyclopentyls such as cyclopentanyl and
cyclopentenyl; cyclohexyls such as cyclohexanyl and cyclohexenyl; and the like. Typical
heterocycloalkyl groups include, but are not limited to, tetrahydrofuranyl (e.g.,
tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, etc.), piperidiny! (e.g., piperidin-1-yl, piperidin-
2-yl, etc.), morpholinyl (e.g., morpholin-3-7yl, morpholin-4-y], etc.), piperazinyl (e.g.,
piperazin-1-yl, piperazin-2-yl, etc.), and the= like,

“Acyclic Heteroatomic Bridge” refers to a divalent bridge in which the backbone
atoms are exclusively heteroatoms and/or Iaeteroatomic groups. Typical acyclic
heteroatomic bridges include, but are not li-mited to, -O-, -S-, -S-O-, -NR’-, -PH-, -S(0)-,
-S(0)z-, -8(0) NR’-, -S(O):NR’-, and the 1-ke, including combinations thereof, where each
R’ is independently hydrogen or (C1-C6) a_lkyl.

“Parent Aromatic Ring System” refSers to an unsaturated cyclic or polycyclic ring
system having a conjugated n electron system. Specifically included within the definition
of “parent aromatic ring system” are fused ring systems in which one or more of the rings
are aromatic and one or more of the rings a.re saturated or unsaturated, such as, for example,
fluorene, indane, indene, phenalene, fetrahydronaphmalene, etc. Typical parent aromatic
ring systems include, but are not limited to, aceanthrylene, acenaphthylene,
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acephenanthrylene, anthracene, azulene, benzene, <hrysene, coronene, fluoranthene,
fluorene, hexacene, hexaphene, hexalene, indacene, s-indacene, indane, indene,
naphthalene, octacene, octaphene, octalene, ovalere, penta-2,4-diene, pentacene, pentalene,
pentaphene, perylene, phenalene, phenanthrene, pi cene, pleiadene, pyrene, pyranthrene,
rubicene, tetrahydronaphthalene, triphenylene, trimaphthalene, and the like, as well as the
various hydro isomers thereof.

“Aryl” by itself or as part of another substi-tuent refers to a monovalent aromatic
hydrocarbon group having the stated number of caxbon atoms (i.e., C5-C15 means from 5to
15 carbon atoms) derived by the removal of one hy/drogen atom from a single carbon atom
of a parent aromatic ring system. Typical aryl growps include, but are not limited to, groups
derived from aceanthrylene, acenaphthylene, acephenanthrylene, anthracene, azulene,
benzene, chrysene, coronene, fluoranthene, fluorere, hexacene, hexaphene, hexalene,
as-indacene, s-indacene, indane, indene, naphthalesne, octacene, octaphene, octalene,
ovalene, penta-2,4-dicne, pentacene, pentalene, pemtaphene, perylene, phenalene,
phenanthrene, picene, pleiadene, pyrene, pyranthrene, rubicene, triphenylene,
trinaphthalene, and the like, as well as the various Thydro isomers thereof. In preferred
embodiments, the aryl group is (C5-C15) aryl, with (C5-C10) being even more preferred.
Particularly preferred aryls are cyclopentadienyl, pphenyl and naphthyl.

“Arylaryl” by itself or as part of another su bstituent refers to a monovalent
hydrocarbon group derived by the removal of one Jhydrogen atom from a single carbon atom
of a ring system in which two or more identical or non-identical parent aromatic ring
systems are joined directly together by a single bomd, where the number of such direct ring
junctions is one less than the number of parent arommatic ring systems involved. Typical
arylaryl groups include, but are not limited to, biplienyl, triphenyl, phenyl-naphthyl,
binaphthyl, biphenyl-naphthyl, and the like. Wher-e the number of carbon atoms in an
arylaryl group are specified, the numbers refer to the carbon atoms comprising each parent
aromatic ring. For example, (C5-C15) arylaryl is an arylaryl group in which each aromatic
ring comprises from 5 to 15 carbons, e. g., bipheny1, triphenyl, binaphthyl, phenylnaphthyl,
etc. Preferably, each parent aromatic ring system of an arylaryl group is independently a
(C5-C15) aromatic, more preferably a (C5-C10) aromatic. Also preferred are arylaryl
groups in which all of the parent aromatic ring systems are identical, e.g., biphenyl,
triphenyl, binaphthyl, trinaphthyl, etc.
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“Biaryl” by itself or as part of another substituent refers to an arylaryl group having
t=wo identical parent aromatic systems joined directly togesther by a single bond. Typical
bwiaryl groups include, but are not limited to, biphenyl, biraaphthyl, bianthracyl, and the like.
Preferably, the aromatic ring systems are (C5-C15) aromaatic rings, more preferably
(=C5-C10) aromatic rings. A particularly preferred biaryl group is biphenyl. '

“Arylalkyl” by itself or as part of another substitu-ent refers to an acyclic alkyl group
im which one of the hydrogen atoms bonded to a carbon a_tom, typically a terminal or sp°
c=arbon atom, is replaced with an aryl group. Typical aryLalkyl groups include, but are not
13mited to, benzyl, 2-phenylethan-1-yl, 2-phenylethen-1-3~1, naphthylmethyl,

2 -naphthylethan-1-yl, 2-naphthylethen-1-yl, naphthobenz=yl, 2-naphthophenylethan-1-yl and
thhe .like. 'Where specific alkyl moieties are intended, the snomenclature arylalkanyl,
aarylakenyl and/or arylalkynyl is used. In preferred embosdiments, the arylalkyl group is
(=C6-C21) arylalkyl, e.g., the alkanyl, alkenyl or alkynyl mmnoiety of the arylalkyl group is

( C1-C6) ahd the aryl moiety is (C5-C15). In particularly preferred embodiments the
arylalkyl gronp is (C6-C13), e.g., the alkanyl, alkenyl or aalkynyl moiety of the arylalkyl
g=roup is (C1-C3) and the aryl moiety is (C5-C10).

“Parent Heteroaromatic Ring System” refers to a gparent aromatic ring system in
w=hich one or more carbon atoms are each independently —replaced with the same or different
Imeteroatoms or heteroatomic groups. Typical heteroatorms or heteroatomic groups to
r-eplace the carbon atoms include, but are not limited to, ™, NH, P, O, S, S(O), S(0),, Si, etc.
Specifically included within the definition of “parent heteroaromatic ring systems” are fused
r-ing systems in which one or more of the rings are aroma-tic and one or more of the rings are
s-aturated or unsaturated, such as, for example, benzodioxcan, benzofuran, chromane,
chromene, indole, indoline, xanthene, etc. Also included in the definition of “parent
Imeteroaromatic ring system” are those recognized rings thhat include common substituents,
s=uch as, for example, benzopyrone and 1-methyl-1,2,3,4-tetrazole. Specifically excluded
f=rom the definition of “parent heteroaromatic ring systerm_” are benzene rings fused to cyclic
Polyalkylene glycols such as cyclic polyethylene glycols. Typical parent heteroaromatic
r-ing systems include, but are not limited to, acridine, ben=zimidazole, benzisoxazole,
>enzodioxan, benzodioxole, benzofuran, benzopyrone, beenzothiadiazole, benzothiazole,
benzotriazole, benzoxaxine, benzoxazole, benzoxazoline,, carbazole, B-carboline, chromane,

cshromene, cinnoline, furan, imidazole, indazole, indole, indoline, indolizine, isobenzofuran,
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isochrom ene, isoindole, isoindoline, isoquinoline, isothiazole, isoxaazole, naphthyridine,
oxadiazoRe, oxazole, perimidine, phenanthridine, phenanthroline, pkenazine, phthalazine,
pteridine,. purine, pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrimidine, pyrrole,
pyrrolizirae, quinazoline, quinoline, quinolizine, quinoxaline, tetrazole, thiadiazole, thiazole,
thiophene, triazole, xanthene, and the like,

“Eleteroaryl” by itself or as part of another substituent refers to 3 monovalent
heteroaro matic group having the stated number of ring atoms (e.g., “5-14 membered” means
from 5 to 14 ring atoms) derived by the removal of one hydrogen atom from a single atom
of a parent beteroaromatic ring system. Typical heteroaryl groups include, but are not
limited to», groups derived from acridine, benzimidazole, benzisoxa=zole, benzodioxan,
benzodia=xole, benzofuran, benzopyrone, benzothiadiazole, benzoth:iazole, benzotriazole,
benzoxaz-ine, benzoxazole, benzoxazoline, carbazole, B-carboline, chromane, chromene,
cinnoline , furan, imidazole, indazole, indole, indoline, indolizine, isobenzofuran,
isochromeene, isoindole, isoindoline, isoquinoline, isothiazole, isoxazole, naphthyridine,
oxadiazolle, oxazole, perimidine, phenanthridine, phenanthroline, phenazine, phthalazine,
pteridine, purine, pyran, pyrazine, pyrazole, pyridazine, pyridine, px/rimidine, pyrrole,
pyrrolizimae, quinazq}ine, quinoline, quinolizine, quinoxaline, tetrazole, thiadiazole, thiazole,
thiophene=, triazole, xanthene, and the like, as well as the Ivarious hy dro isomers thereof. In
preferred embodiments, the heteroaryl group is a 5-14 mémbered heteroaryl, with 5-10
membere«d heteroary! being particularly preferred.

“Heteroaryl-Heteroaryl” by itself or as part of another substituent refers to a

monovalesnt heteroaromatic group derived by the removal of one hy-drogen atom from a
single atom of a ring system in which two or more identical or non-identical parent
heteroaroamatic ring systems are joined directly together by a single bond, where the number
of such direct ring junctions is one less than the number of parent heteroaromatic ring
systems imvolved. Typical heteroaryl-heteroaryl groups include, bu-t are not limited to,
bipyridyl, tripyridyl, pyridylpurinyl, bipurinyl, etc. Where the nummber of atoms are
specified, the numbers refer to the number of atoms comprising each parent heteroaromatic
ring systexms. For example, 5-15 membered heteroaryl-heteroaryl is a heteroaryl-heteroéryl
group in which each parent heteroaromatic ring system comprises firom 5 to 15 atoms, e.g.,
bipyridyl, tripuridyl, etc. Preferably, each parent heteroaromatic rimmg system is

independently a 5-15 membered heteroaromatic, more preferably a 5-10 membered
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heteroaromatic. Also prreferred are heteroaryl-heteroaryl groups in which all of ~the parent
heteroaromatic ring sys-tems are identical.

“Biheteroaryl” by itself or as part of another substituent refers to a
heteroaryl-heteroaryl gxcoup having two identical parent heteroaromatic ring sys€ems joined
directly together by a siingle bond. Typical biheteroaryl groups include, but are mot limited
to, bipyridyl, bfpurinyl, biquinolinyl, and the like. Preferably, the heteroaromatic ring
systems are 5-15 memb>ered heteroaromatic rings, more preferably 5-10 membemred
heteroaromatic rings.

“Heteroarylalky=1” by itself or as part of another substituent refers to an acyclic alkyl
group in which one of tthe hydrogen atoms bonded to a carbon atom, typically a terminal or
sp° carbon atom, is repl -aced with a heteroaryl group. Where specific alkyl moie=ties are
intended, the nomencla-ture heteroarylalkanyl, heteroarylakenyl and/or heteroary=lalkynyl is
used. In preferred emb-odiments, the heteroarylalkyl group is a 6-21 membered
heteroarylalkyl, e.g., thee alkanyl, alkenyl or alkynyl moiety of the heteroarylalkcy1is
(C1-C6) alkyl and the Iaeteroaryl moiety is a 5-15-membered heteroaryl. In part=icularly
preferred embodiments _, the heteroarylalkyl is a 6-13 membered heteroarylalkyl, e.g.,the
alkanyl, alkenyl or alky~nyl moiety is (C1-C3) alkyl and the heteroaryl moiety is a 5-10

membered heteroaryl.

‘Halogen” or “Ealo” by themselves or as part of another substituent, unl ess
otherwise stated, refer t=o fluoro, chloro, bromo and iodo.

“Haloalkyl” by Sitself or as part of another substituent refers to an alkyl gmroup in
which one or more of tlhe hydrogen atoms is replaced with a halogen. Thus, the term
“haloalky]” is meant to include monohaloalkyls, dihaloalkyls, trihaloalkyls, etc. up to
perhaloalkyls. For exarmple, the expression “(C1-C2) haloalkyl” includes fluoro-methyl,
difluoromethyl, trifluoreomethyl, 1-fluoroethyl, 1,1-difluorcethyl, 1,2-difluorcethhyl,
1,1,1-trifluoroethyl, per-fluoroethyl, etc.

The above-defirmed groups may include prefixes and/or suffixes that are ccommonly
used in the art to create additional well-recognized substituent groups. As exam-ples,
“alkyloxy” or “alkoxy” refers to a group of the formula -OR”, “alkylamine” refesrs to a
group of the formula -NHR” and “dialkylamine” refers to a group of the formula -NR”R”,
where each R” is independently an alkyl. As another example, “haloalkoxy” or
“haloalkyloxy” refers to a group of the formula -OR’”’, where R**’ is a haloalky-1.
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“Protecting group” refers to a group of atoms that, when attached to a reactive
ﬁinctional group in a molecule, rmask, reduce or prevent the reactivity of the functional
group. Typically, a protecting gzroup may be selectively removed as desired during the
course of a synthesis. Examples of protecting groups can be found in Greene and Wuts,,
Protective Groups in Organic CPemistry, 3™ Ed., 1999, John Wiley & Sons, NY and
Harrison et al., Compendium of Synthetic Organic Methods, Vols. 1-8, 1971-1996, Johrz
Wiley & Sons, NY. Representatiive amino protecting groups include, but are not limitecl to,
formyl, acetyl, trifluoroacetyl, benzyl, benzyloxycarbonyl (“CBZ”), tert-butoxycarbony 1
(“Boc”), trimethylsilyl (“TMS”),, 2-trimethylsilyl-ethanesulfonyl (“TES™), trityl and
substituted trityl groups, allyloxy/carbonyl, 9-fluorenylmethyloxycarbonyl (“FMOC”), muitro-
veratryloxycarbonyl (“NVOC?”) and the like. Representative hydroxyl protecting group s
include, but are not limited to, thoose where the hydroxyl group is either acylated or
alkylated such as’benzyl and trits/] ethers, as well as alkyl ethers, tetrahydropyranyl ethexs,
trialkylsilyl ethers (e.g., TMS or TIPPS groups) and allyl ethers.

“Prodrug” refers to a derivative of an active 2,4-pyrimidinediamine compound
(drug) that requires a transformaion under the conditions of use, such as within the body, to
release the active 2,4-pyrimidine diamine drug. Prodrugs are frequently, but not necessarily,
pharmacologically inactive until converted into the active drug. Prodrugs are typically
obtained by masking a functional group in the 2,4-pyrimidinediamine drug believed to bein
part required for activity with a progroup (defined below) to form a promoiety which
undergoes a transformation, sucha as cleavage, under the specified conditions of use to
release the functional group, and hence the active 2,4-pyrimidinediamine drug. The
cleavage of the promoiety may pxoceed spontaneously, such as by way of a hydrolysis
reaction, or it may be catalyzed or induced by another agent, such as by an enzyme, by 11ight,
by acid or base, or by a change o f or exposure to a physical or environmental parameter,,
such as a change of temperature. The agent may be endogenous to the conditions of uses,
such as an enzyme present in the cells to which the prodrug is administered or the acidic
conditions of the stomach, or it rriay be supplied exogenously.

A wide variety of progroups, as well as the resultant promoieties, suitable for
masking functional groups in the active 2,4-pyrimidinediamines compounds to yield
prodrugs are well-known in the aurt. For example, a hydroxyl functional group may be
masked as a sulfonate, ester or carbonate promoiety, which may be hydrolyzed in vivo to
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provide the hydroxyl group. An amino £unctional group may be masked as an amide,
carbamate, imine, urea, phosphenyl, pho sphoryl or sulfenyl promoiety, which may be
hydrolyzed in vivo to provide the amino group. A carboxyl group may be masked as an
ester (including silyl esters and thioesterss), amide or hydrazide promoiety, which may be
hydrolyzed in vivo to provide the carbox:-yl group. Nitrogen protecting groups and nitrogen
pro-drugs of the invention may include leower alkyl groups as well as amides, carbamates,
etc. Other specific examples of suitable progroups and their respective promoieties will be
apparent to those of skill in the art.

“Progroup” refers to a type of prOtecting group that, when used to mask a functional
group within an active 2 4-pyrimidinedisamine 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 specified conditions of use. Thus, a progroup is that portion
ofa promoiety that cleaves to release thes functional group under the specified conditions of
use. As a specific example, an amide preomoiety of the formula -NH-C(O)CH; comprises
the progroup —C(O)CHj.

“Fc Receptor” refers to a membes of the family of cell surface molecules that binds
the Fc portion (containing the specific constant region) of an immunoglobulin. Each Fc
receptor binds immunoglobulins of a specific type. For example the Fcareceptor (“FcoR”)
binds IgA, the FceR binds IgE and the FeR binds IgG.

The FcoR family includes the po dymeric Ig receptor involved in epithelial transport
of IgA/IgM, the mycloid specific receptor RcaRlI (also called CD89), the Fco/uR and at
least two alternative IgA receptors (for a- recent review see Monteiro & van de Winkel,
2003, Annu. Rev. Immunol, advanced e—publication. The FcoRI is expressed on
neutrophils, eosinophils, moncytes/macr-ophages, dendritic cells and kupfer cells. The
FcoRlI inclues one alpha chain and the FecR gamma homodimer that bears an activation
motif (ITAM) in the cytoplasmic domairi and phosphorylates Syk kinase.

The FceR family includes two typpes, designated FceRI and FceRIT (also known as
CD23). FceRl is a high affinity receptor- (binds IgE with an affinity of about 10'°M™) found
on mast, basophil and eosinophil cells theat anchors monomeric IgE to the cell surface. The
FceRI possesses one alpha chain, one be-ta chain and the gamma chain homodimer

discussed above. The FceRII is a low afZfinity receptor expressed on mononuclear
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phagocytes, B lymphocytes, eosinophilss and platelets. The FceRIX comprises a single
polypeptide chain and does not include ~the gamma chain homodimer.

The FeyR family includes three —types, designated FcyRI (also known as CD64),
FeyRII (also known as CD32) and FeyR (also known as CD16). FeqRI is a high affinity
receptor (binds IgG1 with an affinity of~ 108M™) found on mast, basophil, mononuclear,
neutrophil, eosinophil, deudritic and phaagocyte cells that anchors nomomeric IgG to the cell
surface. The FcqRI includes one alpha «chain and the gamma chain dimer shared by FcoRI
and FceRI.

The FcnyI is a low affinity recezptor expressed on neutrophils, monocytes,
eosinophils, platelets and B lymphocyte=s. The FeyRII includes one alpha chain, and does
not include the gamma chain homodimesr discussed above.

The FeyR1I1 is a low affinity (bi-ndes IgG1 with an affinity of 5x10°M™") expressed
on NK, eosinophil, macrophage, neutro-phil and mast cells. It comprises one alpha chain
and the gamma homodimer shared by F coRI, FceRI and FcyRI.

Skilled artisans will recognize tlnat the subunit structure and binding properties of
these various Fc receptors, cell types ex—pressing them, are not completelyA characterized.
The above discussion merely reflects th-e current state-of-the-art regarding these receptors
(see, e.g., Immunobiology: The Immume System in Health & Disease, 5 Edition, Janeway
et al., Eds, 2001, ISBN 0-8153-3642-x, Figure 9.30 at pp. 371), and is not intended to be
limiting with respect to the myriad recegptor signaling cascades that can be regulated with
the compounds described herein. A

“Fc Receptor-Mediated Degranialation” or “Fc Receptor-Induced Degranulation™

refers to degranulation that proceeds vica an Fe receptor signal transduction cascade initiated
by crosslinking of an Fc receptor.

“IgE-Induced Degranulation” or- “FceRI-Mediated Degranulation” refers to
degranulation that proceeds via the IgE -receptor signal transduction cascade initiated by
crosslinking of FceR1-bound IgE. The crosslinking may be induced by an IgE-specific
allergen or other multivalent binding ag-ent, such as an anti-IgE antibody. Referring to
FIG. 2, in mast and/or basophil cells, thee FceRI signaling cascade leading to degranulation
may be broken into two stages: upstreaam and downstream. The upstream stage includes all
of the processes that occur prior to calcium jon mobilization (illustrated as “Ca*" in FIG. 2;

see also FIG. 3). The downstream stage= includes calcium ion mobilization and all processes
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downstream thereof. Compounds that inhibwit FceRI-mediated degranulation may act at any
point along the FceRI-mediated signal trans duction cascade. Compounds that selectively
inhibit upstream FceRI-mediated degranulagtion act to inhibit that portion of the FceRI
signaling cascade upstream of the point at which calcium ion mobilization is induced. In
cell-based assays, compounds that selective_ly inhibit upstreani FceRI-mediated
degranulation inhibit degranulation of cells such as mast or basophil cells that are activated
or stimulated with an IgE-specific allergen ©r binding agent (such as an anti-IgE antibody)
but do not appreciably inhibit degranulatione of cells that are activated or stimulated with
degranulating agents that bypass the FceRI ssignaling pathway, such as, for example the
calcium ionophores ionomycin and A23187 .

“IgG-Induced Degranulation” or “FcyRI-Mediated Degranulation” refers to
degranulation that proceeds via the FcyRI signal transduction cascade initiated by
crosslinking of FcyRI-bound IgG. The cros slinking may be induced by an IgG-specific
allergen or another multivalent binding agerat, such as an anti-IgG or fragment antibody.
Like the FceRI signaling cascade, in mast amnd basophil cells the FcyRI signaling cascade
also leads to degranulation which may be bi-oken into the same two stages: upstream and
downstream. Similar to FceRI-mediated de_granulation, compounds that selectively inhibit

upstream FcyRI-mediated degranulation act- upstream of the point at which calcium ion
mobilization is induced. In cell-based assay~s, compounds that selectiv,ely inhibit upstream
FcyRI-mediated degranulation inhibit degra-nulation of cells such as mast or basophil cells
that are activated or stimulated with an IgG—specific allergen or binding agent (such as an
anti-IgG antibody or fragment) but do not agppreciably inhibit degranulation of celis that are
activated or stimulated with degranulating a_gents that bypass the FcyRI signaling pathway,

such as, for example the calcium ionophoress ionomycin and A23187.

“Ionophore-Induced Degranulation” or “Ionophore-Mediated Degranulation™ refers
to degranulation of a cell, such as a mast or basophil cell, that occurs upon exposulé toa
calcium ionophore such as, for example, ioraomycin or A23187. '

“Syk Kinsase” refers to the well-kncswn 72kDa non-receptor (cytoplasmic) spleen
protein tyrosine kinase expressed in B-cells and other hematopoetic cells. Syk kinase
includes two consensus Src-homology 2 (SE12) domains in tandem that bind to
phosphorylated immunoreceptor tyrosine-beased activation motifs (“ITAMs"), a “linker” )
domain and a catalytic domain (for a reviews of the structure and function of Syk kinase see
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Sada er al., 2001, J. Biochem. (Tokyo) 130:177-186); see also Turner et al., 2000,
Immunology Today 21:1 48-154). Syk kinase has been extensively studied as an effector of
B-cell receptor (BCR) signaling (Turner et al., 2000, supra). Syk hqase is also critical for
tyrosine phosphorylation. of multiple proteins which regulate important pathways leading
from immunoreceptors, such as Ca>* mobilization and mitogen-activated protein kinase
(MAPK) cascades (see, e.g., FIG. 2) and degranulation. Syk kinase also plays a critical role
in integrin signaling in neutrophils (see, e.g., Mocsai et al. 2002, Immunity 16:547-558).

As used herein, Syk kinase includes kinases from any species of animal, including
but not limited to, homosapiens, simian, bovine, porcine, rodent, etc., recognized as
belonging to the Syk family. Specifically included are isoforms, splice variants, allelic
variants, mutants, both naturally occuring and man-made. The amino acid sequences of
such Syk kinases are well known and available from GENBANK. Specific examples of
mRNAs encoding different isoforms of human Syk kinase can be found at GENBANK
accession no. gi|21361552|reﬂNM___003177.2|,
£i]496899)emb|Z29630.1 |[HSSYKPTK[496899] and .
£i|15030258|gb[BC011399.1|BC011399[15030258], which are incorporated herein by
reference.

Skilled artisans wrill appreciate that tyrosine kinases belonging to other families may
have active sites or binding pockets that are similar in three-dimensional structure to that of
Syk. As a consequence Of this structural similarity, such kinases, referred to herein as “Syk
mimics,” are expected to catalyze phosphorylation of substrates phosphorylated by Syk.

Thus, it will be appreciated that such Syk mimics, signal transduction cascades in which
such Syk mimics play a xole and biological responses effected by such Syk mimics and Syk
mimic-dependent signaling cascades may be regulated, and in particular inhibited, with the
2,4-pyrimidinediamine c ompounds described herein.

“Syk-Dependent Siggaliﬁg Cascade” refers to a signal transduction cascade in which
Syk kinase plays a role. Non-limiting examples of such Syk-dependent signaling cascades
include the FcaRI, FceRX, FcRI, FcyRIII, BCR and integrin signaling cascades.

“Autoimmune D1 sease” refers to those diseases which are commonly associated
with the nonanaphylactic hypersensitivity reactions (Type II, Type II and/or Type IV
hypersensitivity reaction s) that generally result as a consequence of the subject’s own

humoral and/or cell-mediated immune response to one or more immunogenic substances of
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" diseases associated with the anaphylactic (Type 1 or IgE-mediated ) hypersensitivity

reactions.

6.2  The 24-Pyrimidined#amine Compounds

The compounds of the invention are generally 2,4-pyrimidinediamine compounds
according to structural formula (I):

rR®
5
R 2N
KN N LD
H H

including salts, hydrates, solvates and N-oxides thereof, wherein:

RY R?

L' and L? are each, independe=ntly of one another, selected from the group consisting
of a direct bond and a linker;

R? and R* are as described in the following embodiments and examples;

R’ is selected from the group <onsisting of RS, (C1-C6) alkyl optionally substituted
with one or more of the same or different R® groups, (C1-C4) alkanyl optionally substituted
with one or more of the same or diffexent R® groups, (C2-C4) alkenyl optionally substituted
with one or more of the same or different R® groups and (C2-C4) alkynyl optionally
substituted with one or more of the smme or different R® groups;

each R® independently is selected from the group consisting of hydrogen, an
electronegative group, —ORY, -SRY, (C1-C3) haloalkyloxy, (C1-C3) perbaloalkyloxy,
-NR°R’, halogen, (C1-C3) haloalkyl,(C1-C3) perhaloalkyl, -CF3, -CH;CFs, -CF,CF3, -CN,
-NC, -OCN, -SCN, -NO, -NO;, -N3, —S(O)R?, -S(O):R?, -S(0),0R?, -S(O)NR°R®,
-S(0)XNRR’, -OS(O)RY, -OS(0):RY, -0S(0);0R?, -OS(O)NRR’, -OS(0),NR°R®, -C(O)R?,
-C(O)ORY, -C(O)NRR®, -CONH)NR® R, -OC(O)R’, -SC(O)R’, -OC(O)OR?, -SC(O)OR?,
-OC(O)NRR’, -SC(O)NR°R®, -OCNTH)NR‘R®, -SC(NH)NRR’, -[NHC(0)].R%,
-[NHC(0)],OR?, -[NHC(0)l,NR°R® zand -[NHC(NH)],NR°R®, (C5-C10) aryl optionally
substituted with one or more of the same or different R® groups, phenyl optionally
substituted with one or more of the same or different R® groups, (C6-C16) arylalkyl
optionally substituted with one or moe of the same or different R® groups, 5-10 membered
heteroaryl optionally substituted with. one or more of the same or different R® groups and 6-
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16 membered heteroarylalkyl optionally subs tituted with one or more of the same or
different R® groups; _

R? is selected from the group consistimg of R®, RY, R"'subsﬁtnted with one or more of
the same or different R® or R®, -OR® substituted with one or more of the same or different R*
or R®, -B(OR®),, -B(NRR%),, (CH,)-R?, -(CHR®),,-R®, -O-(CH3),-R®, -S~(CHy),-R®,
-O-CHR®R?, -O-CR}RY),, -O-(CHRY),,-R®, -O- (CHy),,~-CH[(CH,),,R°IR®, -S-(CHR"),,-R",
-C(O)NH-(CH,),,-R®, -C(O)NH-(CHR?),,-R®, -O-(CHy),~C(O)NH-(CH)-R®,
-8-(CH2)»-C(O)NH~(CH,),,-R?, -O-(CHR®),,—C(O)NH-(CHR"),,-R",
-S-(CHR®),,-C(O)NH-(CHR?),,-R®, -NH-(CH=),,-R?, -NH-(CHR®),,-R?, -NH[(CH,).R"],
N[(CH2)mR"]2, -NH-C(0)-NH-(CHz)-R®, -INH-C(O)~(CHz)»-CHR'R" and
“NH-(CH3)n-C(O)-NH-(CH,)n-R®;

each R* is independently selected frorm the group consisting of hydrogen, (C1-C6)

‘alkyl, (C3-C8) cycloalkyl, cyclohexyl, (C4-C 11) cycloalkylalkyl, (C5-C10) aryl, phenyl,

(C6-C16) arylalkyl, benzyl, 2-6 membered heteroalkyl, 3-8 membered cycloheteroalkyl,
morpholinyl, piperazinyl, homopiperazinyl, p»iperidinyl, 4-11 membered
cycloheteroalkylalkyl, 5-10 membered heteroaryl and 6-16 membered heteroarylalkyl;

each RP is a suitable group independemtly selected from the group consisting of =0,
-ORY, (C1-C3) haloalkyloxy, -OCF3, =S, -SR_%, =NRY, =NORY, -NR°R’, halogen, -CF3, -CN,
-NC, -OCN, -SCN, -NO, -NO3, =Nj, -N3, -S(‘O)R?, -S(O)2RY, -S(0);0R¢, -S(O)NR°R®,
-S(O),NR°R®, -OS(O)RY, -OS(0)2RY, -OS(0)=0RY, -OS(0);NR°RE, -C(O)RY, -C(O)ORS,
‘C(O)NR°R®, -CNH)NR°R®, -C(NR})NRR®, -CANOH)R?, -C(NOH)NRR’, -OC(O)R?,
-OC(O)ORY, -OC(O)NR°R®, -OC(NH)NR°R®, -OC(NR*)NR°R®, -[NHC(0)].R%,
-[NR'C(0)1.R", -[NHC(0)],0R®, -[NR*C(0)J,OR"’, -[NHC(O)].NRR’, -[NR*C(O)],.NR°R’,
-[INHC(NH)],NR'R’ and -[NR*C(NR")],NR'R";

each R° is independently R, or, altermatively, each R® 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 and which is optionally substitut-ed with one or more of the same or different
R® or suitable R® groups;

each R is independently R®;

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

each n is independently an integer froam 0 to 3.

28



WO 2005/016893 PCT/US2004/024716

100

15

20

25

In the compounds of structural formula (), L ! and L? represent, independently of
one another, a direct bond or a linker. Thus, as will Ebe appreciated by skilled artisans, the
substituents R? and/or R* may be bonded either direc=tly to their respective nitrogen atoms
or, alternatively, spaced away from their respective mitrogen atoms by way of a linker. The
identity of the linker is not critical and typical suitablle linkers include, but are not limited to,
(C1-C6) alkyldiyls, (C1-C6) alkanos and (C1-C6) heteroalkyldiyls, each of which may be
optionally substituted with one or more of the same Or different R® groups, where R® is as
previously defined for structural formula (). In a specific embodiment, L' and L? are each,
independently of one another, selected from the grou-p consisting of a direct bond, (C1-C3)
alkyldiyl optionally substituted with one or more of tThe same or different R?, suitable R® or
R’ groups and 1-3 membered heteroalkyldiyl optiona_lly substituted with one or more of the
same or different R?, suitable R® or R’ groups, where-in R’ is selected from the group
consisting of (C1-C3) alkyl, -OR®, -C(O)OR®, (C5-C 10) aryl optionally substituted with one
or more of the same or different halogens, phenyl optionally substituted with one or more of
the same or different halogens, 5-10 membered hetereary] optionally substituted with one or
more of the same or different halogens and 6 membewed heteroaryl optionally substituted
with one or more of the same or different halogens; amd R®and R are as previously defined
for structural formula (I). Specific R® groups that ma-y be used to substitute L' and L2
include -OR?, -C(O)OR?®, phenyl, halophenyl and 4-h=aalophenyl, wherein R? is as previously
defined for structural formula (I).

In another specific embodiment, L' and L? ares each, independently of one another,
selected from the group consisting of methano, ethano and propano, each of which may be
optionally monosubstituted with an R’ group, where 1R’ is as previously defined above.

In all of the above embodiments, specific R* geroups that may be included in R®
groups are selected from the group consisting of hydreogen, (C1-C6) alkyl, phenyl and
benzyl.

In still another specific embodiment, L' and L= are each a direct bond such that the
2,4-pyrimidinediamine compounds of the invention ame compounds according to structural
formula (Ia):
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including salts, hydrates, solvates and N-oxides thereof, wherein Rz, R“, R’ and R®
are as previously defined for structural formula (I). Additiona.1 specific embodiments of the
2,4-pyrimidinediamine compounds of the invention are descritbed below.

In a first embodiment of the compounds of structural feormula (I) and (Ia), L', L%, R,

i

R’!

RS RS, R?, R® RS, R®, m and » are as previously defined, R*is - ", wherein each

g Ll

R*, independently of the others, is methyl or (C1-C6) alkyl armd R* is R* 2
X is selected from the group consisting of N and CH, Y is selescted from the group
consisting of O, S, SO, SO,, SONR*, NH, NR* and NR*? ,Z &s selected from the group
consisting of O, §, SO, SO,, SONR*, NH, NR* and NR*’. Eaach R* is, independently of
the others, selected from the group consisting of hydrogen and_ R®, or, alternatively, two R¥
bonded to the same carbon atom are taken together to form an oxo (=0), NH or NR* group
and the other two R*® are each, independently of one another, selected from the group
consisting of hydrogen and R®. Each R*® is independently selected from the group
consisting of hydrogen and (C1-C6) alkyl. Each R*’ is indepemdently selected from the
group consisting of hydrogen and a progroup. R*® is selected £rom the group consisting of
(C1-C6) alkyl and (C5-C14) aryl.

In particular, Y is O, Z is NH and X is N. R’ can be ha logen and R® is a hydrogen.

In a second embodiment of the compounds of structura 1 formula (I) and (Ia), L', L?,

R, RS R3, R%, R®, RS, RY, m, m, R¥, R, RY, R®, X, Y and Z aare as previously defined, R?
OR“

is " wherein each R¥', independently of the othexrs, is methyl or (C1-C6) alkyl
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and R*is O i *. Inparticular, Y is O, Z is NH and X is N. R® cam be halogen
and RS is a hydrogen. In one particular aspect, Y is O, Z is NH, X is N and esach R*'is
methsyl

In a third embodiment of the compounds of structural formula (I) andl (la), L, L%
R5, RS, R% R%, RY, RS, RY, m, n, R*, R, R%, R¥, R®, X, Y and Z are as previously defined,

[ . f‘ﬁQ ”
s S Npe

%)w
iIl p8g

andR41s R 2 X ’{andyylsl6 In particular, Y is
O, Z isNH and X is N. R’ can be halogen and R% is a hydrogen.
In a fourth embodiment of the compounds of structural formula (T) amd (Ia), L', L2,

R’ RS, R% R% R% RS, RY, m, n, R, R*, RY, R*®, X, Y and Z are as previously defined, R

\ [o] ' = o ‘
is YO_QN} or ;/O@ and R*is Rgzj\/j

Be!
Y
o7~z ST . Substitution about the R? phenyl ring can be at the 2, 3,4, 5Sor 6
positions. In particular, Y is O, Z is NH and X is N. R’ can be halogen and R°is a
hydro gen.
In a fifth embodiment of the compounds of structural formula (I) and (la), L', L2, R®,
RS, R®, R? R®, RS, RY, m, n, R®, R¥, R¥, R*, X, Y and Z are as previously defined, R?is a
X
|

pheny-1 group disubstituted with two R® groups and R*is 0© ~27 "X S . Substitution
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about the R? phenyl ring can be at the 2,3, 2,4,2, 5, 2,6, 3,4, 3,5,3,6,4,5,4,6 or 5.6

positions, with the proviso that the following compounds are not included:

N4-(2,2-Drimethyl-3-ox0-4H-5-pyrid[ 1,4]Joxazin-6-y1)-N2-(3-chloro-4-
methoxyphenyl)-5S-fluoro-2,4-pyrimidinediamine;
N4-(2,2-Dimethyl-3-oxo-4H-5-pyrid[1 4Joxazin-6-y1)-N2-(3,5-dimethoxyphenyl)-5-
fluoro-2,4-pyrimidinediamine;
N2-(3,4-Drichlorophenyl)-N4-(2,2-dimethyl-3-oxo-4H-5-pyrid[1,4]oxazin-6-y1)-5-
fluoro-2,4-pyrimidinediamine;
N4-(2,2-dimethyl-3-0x0-4H-5-pyrid[1,4]oxazin-6-y1)-N2~(3-flucro-4-
methoxyphenyl)-5-fluoro-2,4-pyrimidinediamine;
N2-(3,5-Dichlorophenyl)-N4-(2,2-dimethyl-3-oxo-4H-5-pyrid[1,4Joxazin-6-y1)-5-
fluoro-2,4-pyrimi dinediamine; and
N2-(3-Chloro-4-trifluoromethoxyphenyl)-N4-(2,2-dimethyl-3-oxo-4H-5-
pyrid[1,4]oxazin—6-yl)-5-fluoro-2 4-pyrimidinediamine.

In particular, Y is O, Z is NH and X is N. R’ can be halogen and RS is a hydrogen.
In certain aspects, each R® independently is selected from (C1-C6) alkoxy, (C1-16) alkyl,
(C1-C6) perhaloalkyls, halogens, carboxylic acid, carboxylic ester, carboxamides,
sulfonamides and imidazoles. : '

In a sixth embodiment of the compounds of structural formula (I) and (Ia), L', 12
RS, RS, R8, R®, R, R%, RY, m, n, R, R*, R¥, R%, X, Y and Z are as previously defined, R?

N~
X,

is a phenyl group trisubstituted with three R® groups and R*is 07 "2~ "X S .
Substitution abowt the R? phenyl ring can be at the 2,3,4, 2,3,5, 2,3,6, 2,4.5, 2,4,6,2,5,6,
3,4,5,3,4,6, 3,5,6, or 4,5,6 positions, with the proviso that the following compounds are not

included:

N2-(3-Chloro-4-methoxy-5-methylphenyl)-N4-(2,2-dimethyl-3-oxo-4H-5-
pyrid[1,4]oxazin~6-yl)-5-fluoro-2,4-pyrimidinediamine;
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N2-(3-Chloro-4-hydrozcy-5-methylphenyl)-Nd-(2,2-dimethyl-3-oxo-4F-5-
pyrid[1,4Joxazin-6-y1)-5-fluore-2 4-pyrimidinediamine; and

N2-(3,5-Dimethyl-4-methoxyphenyl)-N4-(2,2-dimethyl-3-oxo-4H-5-
pyrid[1,4Joxazin-6-y1)-5-fluoro-2 4-pyrimidinediamine.

5
In particular, Yis O, Z 1sNH and X isN. R*can be halogen andR%isa hydrogen
In certain aspects, each Rb indegrendently is selected from (C1-C6) alkoxy, (C1-16) alkyl,
(C1-Ce) perhanaIkyIs halogens, carboxyhc acid, carboxyhc esters, carboxamzdes,
_ sulfonamides
10 In certain embodiments, the compounds disclosed in US. Patent Application Serial

Nos. 10/631,029!, filed on July 29,2003 and 10/355,5432! filed January 31, 2003,
Iespectiifeiy, are not included within the scope of the present application.

In a seventh embodiment€ of the compounds of structural formula (I) and (Ia), R, RS,
! and L are as previously defimed, R? is selected from the group consisting of (C1-C6)

15 alkyl optionally substituted with one or more of the same or different R® groups, (C8 -C8)
cycloalkyl optionally substituted with one or more of the same or different R® groups,
cyclohexyl optionally substituted with one or more of the same or different R® groups, 3-8 ’
membered cycloheteroalkyl optionally substituted with one or more of the same or different

-—R& groups, (C5 -C15) aryl optionaXly substituted with one or more of the same or different R®

20  groups, phenyl optionally subshtu:ted with one or more of the same or different R® groups

and 5-15 membered heteroaryl optionally substituted with one or more of the same or

R Ru\\

different R® groups, R*is Qf\ R® i5 (C5-C10) aryl optionally substituted with
one or more of the same or different R® groups or phenyl optionally substituted with one or

more of the same or different R® groups and R® is as previously defined.
In an eigth embodiment of tFie compounds of structural formulae (I) and (I2), R°,

25
R, R®, L' and 1.? are as previously dlefined, R? is selected from the group consisting of
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, ; and ie' wherein each R* is independently a

halogen atom or an alkyl optionally substituted with one or more of the same or different
halo groups, R%Z and R? are each, independently of one another, a hydrogen atom, methyl
or ethyl group optionally substituted with One or more of the same or different halo groups
and R* is a (C3-C8) cycloalkyl optionally substituted with one or more of the same or
different R® groups.

In a nineth embodiment of the com-pounds of structural formulae () and (Ia), R’ RS
R®, L! and L? are as previously defined, RZ is selected from the group consisting of (C1-C6)
alkyl optionally substituted with one or more of the same or different R® groups, (C3-C8)
cycloalkyl optionally substituted with one or more of the same or different R® groups,
cyclohexyl optionally substituted with one or more of the same or different R® groups, 3-8
membered cycloheteroalkyl optionally subsstituted with one or more of the same or different
R® groups, (C5-C15) aryl optionally substi tuted with one or more of the same or different R®
groups, phenyl optionally substituted with one or more of the same or different R® groups
and 5-15 membered heteroaryl optionally substituted with one or more of the same or

/Cllf )2

different Rs_ groups, R*is R® ,R , Of R®

a\ﬁ
2\

R* is a hydrogen or R% and

R¥ isa (C3-C8) cycloalkyl optiorsally substituted with one or more of the same or
different R® groups..
In a tenth embodiment compounds: of structural formulae

F. N
R | )\ a
N N ::/

R¥0
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R? selected from the group consisting of (C1-C6) alkyl osptionally substituted with one or
more of the same or different R® groups, (C3-C8) cycloa-lkyl optionally substituted with one
or more of the same or different R® groups, cyclohexyl osptionally substituted with one or
more of the same or different R® groups, 3-8 membered <cycloheteroalkyl optionally
substituted with one or more of the same or different R® groups, (C5-C15) aryl optionally
substituted with one or more of the same or different R® groups, phenyl optionally
substituted with one or more of the same or different R® groups and 5-15 membered
heteroaryl optionally substituted with one or more of the> same or different R® groups, R*is
selected from the group consisting of hydrogen, (C1-C6_) alkyl optionally substituted with
one or more of the same or different R® groups, (C3-C8® cycloalkyl optionally substituted
with one or m;ire of the same or different R® groups, cyclohexyl optionally substituted with
one or more of the same or different R® groups, 3-8 mermbered cycloheteroalkyl optionally
substituted with one or more of the same or different R® groups, (C5-C15) aryl optionally
substituted with one or more of the same or different R® groups, phenyl optionally
substituted with one or more of the same or different R® groups and 5-15 membered
heteroaryl optionally substituted with one or more of thes same or different R® groups, and
R is selected from the group comsisting of (C1-C6) alk=yl optionally substituted with one or
more of the same or different R® groups, (C3-C8) cycloalkyl optionally éubsﬁtuted with one
or more of the same or different R® groups, cyclohexyl optionally substituted with one or
more of the same or different R® groups, 3-8 membered cycloheteroalkyl optionally ‘
substituted with one or more of the same or different R® groups, (C5-C15) aryl optionally
substituted with one or more of the same or different R® groups, phenyl optionally
substituted with one or more of the same or different R® groups and 5-15 membered
heteroaryl optionally substituted with one or more of thes same or different R® groups.
In an eleveth embodiment of the compounds of structural formulae (I) and (Ta), R?,
o
\\\\N
RS, R®, L! and 1.2 are as previously defined, R? is and R%is selected
from the group consisting of hydrogen, (C1-C6) alkyl ogptionally substituted with one or
more of the same or different R® groups, (C3-C8) cycloalkyl optionally substituted with one
or more of the same or different R® groups, cyclohexyl optionally substituted with one or
more of the same or different R® groups, 3-8 membered cycloheteroalkyl optionally
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substituted with one or more of the same or different R® groups, (C5-<C15) aryl optionally
substituted with one or more of the same or different R® groups, phemyl optionally
substituted with one or more of the same or different R® groups and 5-15 membered
heteroaryl optionally substituted with one or more-of the same or diffferent R® groups.

In a twelfth embodiment of the compounds of structural form ulae (T) and (Ia), R,

Rll
R"—N/

8:0
SO

RS, R®, L' and 1.2 are as previously defined, R* is or
N\
N
O
/N—R”
R , R*is selected from the group consisting of Thydrogen, (C1-C6)

alkyl optionally substituted with one or more of the same or differen-t R® groups, (C3-C8)
cycloalkyl optionally substituted with one or more of the same or diffferent R® groups,
cyclohexyl optionally substituted with one or more of the same or di_fferent R® groups, 3-8
rmembered cycloheteroalkyl optionally substituted withi one or more of the same or different
R groups, (C5-C15) aryl optionally substituted with one or more of the same or different R?
'groups, phenyl optionally substituted with one or more of the same Or different R® groups
and 5-15 membered heteroaryl optionally substituted with one or more of the same or
different R® groups and each R* individually is a hydrogen or a suitzable RS,

In a thirteenth embodiment of the compounds of structural formulae (I) and (Ta), R’,
RS R®, L! and L2 are as previously defined, R? is selected from the g=roup consisting of
(C1-C6) alkyl optionally substituted with one or more of the same omr different R® groups,
(C3-C8) cycloalkyl optionally substituted with one or more of the same or different R®
groups, cyclohexyl optionally substituted with one or more of the sazme or different R
groups, 3-8 membered cycloheteroalkyl optionally substituted with ©ne or more of the same
or different R® groups, (C5-C15) aryl optionally substituted with ones or more of the same or
different R® groups, phenyl optionally substituted with one or more ef'the same or different
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R® groups: and 5-15 membered heteroaryl optionally substituted with one or maore of the

R®
\

[
same or diifferent R® groups, R*is RN and R is a hydrogen or a suitable R®,

In_ a fourteenth embodiment, the compounds of structural formulae (ID) and (Ia), R’
RS, R®, L and L2 are as previously defined, R* is a substituted phenyl group, substituted

| P~ /
KA("“:’W whe=rein “yy” =110

6. In ones aspect, the R* phenyl group is di or tri substituted with the same ox= different R®
groups, and in particular, halogen atoms. In particular, 'R4 can be substituted at the 3 and 4

with the ssame or different R® groups and R? is

positions relative to attachment to the N4 amine, particularly with halogen atoms and/or
alkoxy gmroups.

I a fifteenth embodiment, the compounds of structural formulae (I) and (Ia), R’, RS,
R®, 1! ammd 1.2 are as previously defined, R* is a substituted pheny! group, subostituted with

LN,
_J
the same or different R® groups and R* is \ . In one aspect,, the R* phenyl

group is «i or tri substituted with the same or different R® groups, and in particular, lialogen
atoms. I particular, R“ can be substituted at the 3 and 4 positions relative to attachment to
the N4 axmine, particularly with halogen atoms and/or alkoxy groups.

Ix1 a sixteenth embodiment, the compounds of structural formulae (Iy and (Ia), R®,
RS, R®, 1" and 12 are as previously defined, R* is a substituted pheny! group , substituted

é_l A N
' A~
with the same or different R® groups and R? is \ . In one asspect, the R*

phenyl group is di or tri substituted with the'same or different R® groups, aned in particular,
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halogen atoms. In particular, R* can be substituted at the 3 and 4 positions relative to
attachment to the N4 amine, particularly with halogen atoms and/or alkoxy groups.

In a seventeenth embodiment, the compounds of structural formulae (1) and (1), R’
RS, R%, 1! and 1.2 are as previously defined, R* is a substituted phenyl group, substituted

| 7 y /

with the same or diifferent R® groups and R? is L“ , wherein R¥ is an

A~
\—/)—. In one aspect, the R phenyl

group is di or tri substituted with the same or different R® groups, and in particular, halogen
atoms. Inparticular, R* can be substituted at the 3 and 4 positions relative to attachment to

alkylalkoxy group. and in particular is

the N4 amine, particularly with halogen atoms and/or alkoxy groups.
In a eighteenth embodiment, the compounds of structural formulae (T) and (Ia), RS,
RS, R®, ! and 1.2 are as previously defined, R is a substituted phenyl group, substituted

with the same or dlifferent R® groups and R is , wherein R® is an alkyl
H LY
A~
group, and in particular is : . In one aspect, the R* phenyl group is di or tri

substituted with the same or different R® groups, and in particular, halogen atoms. In
particular, R* can be substituted at the 3 and 4 positions relative to attachment to the N4
amine, particularly with halogen atoms and/or alkoxy groups.

In a ninteenth embodiment, the compounds of structural formulae (I) and (Ia), R’

RSE
Nicd | R
A . R
RS, R, 1! and 1.2 are as previously defined R* is R*® and R*is

and in particular, is substituted at the 3 or 4 position with the
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isoxazole. Y is selected from the group consisting of O, §, SO, SOz, SONR?, NH and
NR®". Z is selected from the group consisting of O, S, SO, SOz, SONR®, NH and NR*".
Each R is, independently of the others, selected from the group consisting of hydrogen and
RS, or, altematively, two R bondlied to the same carbon atom are taken together to form an
oxo (=0), NH or NR*® group and the other two R*® each, if present, independently of one
another, are selected from the growp consisting of hydrogen and R®. BachR*is
independently selected from the group consisting of hydrogen and (C1-C6) alkyl. BachR¥
is independently selected from thes group consisting of hydrogen and a progroup.. R*®is
selected from the group consisting of (C1-C6) alkyl and (C5-C14) aryl..

In certain aspects, R*? is selected from the group consisting of aryl, arylalkyl,
heteroaryl, R®, R%-CR®*R®-0-C(ODR?, -CR*R®-0-PO(OR?®),, -CH2-O-PO(OR"),,
-CH»-PO(ORY),, -C(0)-CR*R*-N€CHz),, -CR’R®-0-C(0)-CR'R*N(CHz),, -C(O)R®,
-C(O)CF; and -C(O)-NR:.-C(O)R®

In one aspect, Y is oxygern, Z is NH and one or more of R is an alkyl group, and in
particular, a methyl group. In certain, two R**’s form 2 gem dialkyl moiety, in particular, a

gem dimethyl moiety adjacent to the NH depicted as H Me
In a twentieth embodiment, the compounds of structural formulae () and (Ia), R®,

T3
. R“><, PH .
RS, R®, L' and L? are as previouslyy defined, R* is A , wherein each R

are as defined above, and in particular are both halogen atoms, e.g., fluorine, and R’isa
substituted phenyl group, substitmted with the same or different R® groups . In one aspect,
the R? phenyl group is di or tri substituted with the same or different R® groups, and in
particular, halogen atoms. In pargticular, R? can be substituted at the 3 and 5 positions
relative to attachment to the N2 awnine, particularly with halogen atoms and/or alkoxy
groups.

In a twenty first embodim ent, the compounds of structural formulae (I) and (Ia), R,

Z Ys 0

< |
RS, R L' and L? are as previouslyy defined, R*is =X z , wherein Y and Z are
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-é_n/\ M |
"\/ \ N . : :
defined as above and R is and in particular is substituted at the 3 or 4

position with the isoxazole. In one aspect oX the thirty ninth embodiment with regard to RY,

Lo

YisNHandZisO,e.g,® ®
In a twenty second embodiment the <compounds of structural formulae () and (Ia),

. '
Sadoe)

wherein R % and R°® are as defined above and R? is a phenyl

RS, R®, R®, L! and L2 are as previously defired, R* is
~ N
S (O
NHR® or | or®

group substituted at the 3 or 4 position witta E‘Q . In one aspect—OR®, R¥is a
hydrogen atom.

In a twenty third embodiment, the ¢ ompounds of structural formulae (I) and (la), RS,
e

R, R3,L! and 1.2 are as previously defined., R'is o B -and R? is a substituted
phenyl group, substituted with at least two <of the same or different R? groups as defined
above. Suitable examples include compoumds 340, 343, 349, 350 and 351.

In a twenty fourth embodiment, the compounds of structural formulae (I) and (Ia),

R’ RS, R®, L! and 12 are as previously defimed, Ris KN and R is
0
"0’ /—-g .
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In a twenty fifth embodiment, the compounds of structural formulae (I) and (Ia), R’
/

RS, R®, L' and 1.2 are as previously defined, R* is o X and R is

Y , wherein Y and R are as defined above. Suitable examples include

compounds 368, 381, 382, 383 and 384.

In a twenty sixth embodiment, the compounds of structural formulae (T) and (Ia), RS,
R®, R®, 1. and 12 are as previously defined, R* is selecte«d from the group consisting of
(C1-C6) alkyl optionally substituted with one or more of the same or different R® groups, |
(C3-C8) cycloalkyl optionally substituted with one or meore of the same or different R®

" groups, cyclohexyl optionally substituted with one or more of the same or different R®

groups, 3-8 membered cycloheteroalkyl optionally subst-ituted with one or more of the same
or different R® groups, (C5-C15) aryl optionally substitu-ted with one or more of the same or
different R® groups, phenyl optionally spbstituted with one or more of the same or different

R® groups and 5-15 membered heteroaryl optionally subsstituted with one or more of the
Rﬁ

O
l a

wherein R¥ is as defined above.
Suitable examples include compounds 205 and 206.

In a twenty seventh embodiment the compounds of structural formulae (I) and (Ta),

same or different R® groups and R? is

R, RS, R®, L' and L2 are as previously defined, R* is ~ and R?is a phenyl
group substituted with one or more of the same R® groupss. Svitable examples include
compounds 328, 329, 330, 341, 553, 554, 555, 556, 559 and 560.

In a twenty eighth embodiment, the compounds of structural formulae (I) and (Ta),
R’, R%, R®, L! and 12 are as previously defined, R* is selescted from the group consisting of
(C1-C6) alkyl optionally substituted with one or more off the same or different R® groups,
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(C3-C8) cycloalkyl optionally substituted with one or more of the sane or different R®
groups, cyclohexyl optionally substituted with one or more of the samae or different R®
groups, 3-8 membered cycloheteroalkyl optionally substituted with oxe or more of the same
o different R® groups, (C5-C15) aryl optionally substituted with one -or more of the same or
different R® groups, phenyl optionally substituted with one or more o-f the same or different
R groups and 5-15 membered heteroaryl optionally substituted with -one or more of the

E,D\N/ﬁ

same or different R® groups and R? is \\/Y, wherein Y is as defined above or

- js NR* and R® is as defined above. Suitable examples include compounds 1070, 1071,

1073, 1074, 1075, 1076, 1078, 1080, 1085, 1091 and 1092.

_In a twenty nineth embodiment, the compounds of structural #ormulae (T) and (la),

Hzn\</NTlL'7

RS, RS RS, L' and 1? are as previously defined, R* is HN—N , wherein R? is a
substituted phenyl group or an indazole, substituted with one or more of the same or
different R® groups as defined above. Suitable examples include conmpounds 1251, 1252,
1253, 1254 and 1255.

In a thirtieth embodiment, the compoundé of structural formu lae () and (la), R, RS,

R”
AN
»O 8
o} N
R? 1!and L% are as previously defined, R'is l" , Wrherein each R*

independently is as described above and R’is Suitable examples
include compounds 217, 218, 219, 220, 221, 222, 223, 224, 225, 226-, 227, 228, 229, 230,
231, 232, 233, 234, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245 , 246, 247, 1281, 1283,

1283, 1284, 1285, 1287, 1288, 1289, 1290 and 1291.
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In a thirty first embodiment, the compounds of structural formulae () amd (la), RS,

[o}

R%0 N
RY R l _g_
Ré, R®, L' aapd 12 are as previously defined, R* is R A , wherein R* is
a hydrogen. or lower alky! group, R* and R” are each independently lower alkyl groups, or
taken togetther form a cycloalkyl and RP is a halogen atom or a lower alkyl grouap and R?is
5 agdefined mbove. Suitable examples include compounds 402, 403, 407, 408, 4-09 and 410.

In a thirty second embodiment, the compounds of structural formulae (X) and (Ia),

—
. é_E I N——R
|
S /
RS, RS, R®, L!and 1? are as previously defined, R? is N and R*is

R . R!' and R'? are each, independently of one another, sele-cted from the
group cons isting of alkyl, alkoxy, halogen, haioalkoxy, aminoalkyl and hydrox_yalkyl;

10 In a thirty third embodiment, the compounds of structural formulae (I) znd (Ia), R’,
R®, R®, L! aand 1.2 are as previously defined, R? is selected from (C1-C6) alkyl optionally
substituted with one or more of the same or different R® groups, (C3-C8) cyclo-alkyl
optionally substituted with one or more of the same or different R® groups, cyc dchexyl
optionally substituted with one or more of the same or different R® groups, 3-8 membered

15 cycloheteroalkyl optionally substituted with one or more of the same or differemt R® groups,
(C5-C15) awl optionally substituted with one or more of the same or different R groups,
phenyl optionally substituted with one or more of the same or different R® gromps and 5-15
membered heteroaryl optionally substituted with one or more of the same or di-fferent RS

groups, s s w2, o |

NN N/\/\ﬂJ\R,
OO NAEN o
20 | ,
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R’,R% R, RY, R®, R, R, m and 1 are as described above;

each R?!, R™ and R” are each, independently bf one another, as described above and

in particular, an alkyl group;
each R?® imdividually is a halogen or alkoxy;

R¥ is a (C1-C6) alkyl or (C3-C9) cycloalkyl;

R is an alkyl group or a halogen;

X is selected from the group consisting of N and CH;
Y, Z,R%, R R*" and R are as described above;
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each R*, R and R*® indespendently is selected from the group consisting of a
hydrogen, alkyl, alkoxy, hydroxy, halogen, isoxazole, piperazino, N-alkyl piperazine,
morpholino and CH;NHC(O)CH=0-, with the proviso that R*, R*’ and R* are all not
hydrogen and when one of R%, R-*’ or R*® is isoxazole, piperazino, N-alkyl piperazine,
morpholino or CH;NHC(O)CH,(O-, then the remaining R*, R*" or R*® are hydrogen;

R is an alkyl group or —(CH3z),OH;
q is an integer from 1 to 6;
R is an alkyl group or a substituted alkyl group

pisl,2or3;and

x=1-8

In a thirty fourth embodirment of the compounds of structural formulae (I) and (Ta),
R% R% R® L' and L? are as previously described for their respective structures (I) and (Ia),,
with the proviso that R? is not 3,4,5-trimethoxyphenyl, 3,4,5-tri (C1-C6) alkoxyphenyl or

R

ORZS

where R”, R? and R® are as defined for Rl, R?and R® , Tespectively of U.S. Patent
No. 6,235,746, the disclosure of which is incorporated by reference. In a specific
embodiment of this first embodinnent, R? is hydrogen, halo, straight-chain or branched (C1-
C6) alkyl optionally substituted veith one or more of the same or different R groups,
hydroxyl, (C1-C6) alkoxy optionally substituted with one or more of the same or different
phenyl or RZ groups, thiol (-SH)., (C1-C6) alkylthio optionally substituted with one or more
of the same or different phenyl or- R?> groups, amino (-NHy), -NHR?® or -NR?R?%; R and
R are each, independently of on.e another, a (C1-C6) straight-chain or branched alkyl
optionally substituted with one or- more of the same or different R*® groups; R* is selected
from the group consisting of halo , hydroxyl, (C1-C6) alkoxy, thiol, (C1-C6) alkylthio, (C1-
C6) alkylamino and (C1-C6) diallcylamino; and each R* is independently a (C1-C6) alkyl
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optionally substituted “with one or more of the same or different phenyl or R* groups ora
-C(O)R”, where R” is a (C1-C6) alkyl optionally substituted with one or more of the same
or different phenyl or R* groups.

In another spec:ific embodiment, R?! is methoxy optionally substituted with one or
more of the same or d-ifferent halo groups and/or R? and R” are each, indepemdently of one
another, a methyl or e thyl optionally substituted with one or more of the same= or different
halo groups.

In a thirty fiftikh embodiment, the compounds of structural formulae (I) and (la), R’,
RS, RE, L' and L? are as previously defined,:

O/"

Ris 37/(:(‘ ,RYis 3—4 Jx, RS, RS, R®, R¥ and x are as defined
above. In certain emtbodiments, x is 2 through 4. In other cmbodiments, R* isamethyl
group. In still additional embodiments, R* is chlorine, methyl or trifluoromesthyl. In still
other embodiments, R’ is fluorine and R® is hydrogen.

In a thirty sixth embodiment the 2, 4-pyrimidinediamine includes those compounds
according to structuress I and I(a) wherein R?is selected from the group consi sting of
(C1-C6) alkyl 6pti0nally substituted with one or more of the same or differernt R® groups,
(C3-C8) cycloalkyl oeptionally substituted with one or more of the same or di fferent R®
groups, cyclohexyl optionally substituted with one or more of the same or diffferent R®
groups, 3-8 membered cycloheteroalkyl optionally substituted with one or more of the same
or different R® group s, (C5-C15) ary! optionally substituted with one or more of the same or
different R® groups, gpoheny! optionally substituted with one or more of the sawme or different
R® groups and 5-15 rmembered heteroaryl optionally substituted with one or xmore of the

[+) o

N

same or different R® groups. R*is & & J{, R®, R® and R® are described as above.
In certain embodime=nts, R’ is a fluorine atom and R® is a hydrogen atom.. Im certain

embodiments, R? is & di or tri-substituted phenyl group.
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In a thirty seventh embodiment, the invention pertains to 2, 4-pyrimidine=diamine

* or=
compounds accordimg to structures I and I(a) wherein R?%is : ; ;”,

. R
N
% DO P!
W Or o2, RYis & B S and R%, R%, R?? and R*™, R* RY

and R are as defimed above, each R?, independently of one another, is an alky’1 group.. In
certain embodiments, R’ is a fluorine atom and R® is a hydrogen atom..

In a thirty eflighth embodiment, the present invention relates to 2, 4-
pyrimidinediamine compounds according to structures I and I(a) wherein R? is

e ey
o
3 /
R*is, R“DJ{’ R"D\:{’ d HD?\, d H:Qﬁ’
S M o , :” 8 AN
0 00, 0,

R’ RS, R, R?, R%, R% R¥, R RY, R®, Y, Z, R, R%, R, R, mand n are as
described above, ammd X is selected from the group consisting of N and CH. In a_ particular
embodiment, R*® is amethoxy. In another embodiment, RZ is methyl. In particular
embodiments, R*! is a methyl group. In other embodiments, each R? is chlorinee. In still
additional embodinnents, R? is a methyl group and at least one R? is a chlorine_ In another
embodiment, R® is amethoxy.
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In a thirty nineth embodiment, the present invention providess pyrimidinediamine

compouncis according to structures I and I(a) wherein RYis
[}

N/\/\u/u\ku
N

3,50, 00, X

qus, R2 J{’R“ Jé:’o H \,O H f{”
R«
O 00, =
e R® z & ‘f{

° H N :{, © N fi , 0T R RS, R6,' R® R?, each

R R”, R" R® R®. R%, mand n, X, Y, Z, each R® ,each R*, each R and R® are as
described_ above.

In_ certain embodiments, R? is a t-butyl group. In other embodiments, R*' is a
methyl group. In certain embodiments, each R is a chlorine. In s-till another embodiment,
R* is a methyl group and at least one of R?® is a chlorine.

In_ afortieth emt?odiment, the invention pertains to 2, 4-pyri midinediamine

compounads according to structures I and I(a) wherein R? is
o

N/\/\N
SO
% )
N Y.
R¥0 R \
R =~
Rq is ”® —;i, R3® }Si’ R® z X j{ ,RS’ R6, RS’ RZI, each

R% R®, =%, R°.RY, m, n, p, X, Y, Z, each R® ,each R* each R*” amd R*® are as described
above. Imm particular embodiments, R?' is a methyl group. In other embodiments, each R
is a chlorfine. In still other embodiments, R?! is a methyl group andl at least one of R® is a
chlorine. In still another aspect, p is 1 or 2.
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In a forty firsst embodiment, the invention relates to 2, 4-pyrimidined®&amine

4 ‘
ﬁ‘%/(ji’/}—‘ﬂ Ris

compounds according to structures I and I(a) wherein R?is

R Y.
R0, R N
@ - 1,
RS NS
s .s’i’ 2 f’i, or L © x ;’ RS, RS, R%, R?' , cach R%, R,

R% RS RY, m, n, ¢, X, Y, Z,R%, R¥, R¥ R*® R, and R% are as described above.

In certain asypects, R* is —~CH;CH,-OH or methyl. In another aspect R*?is
trifluoromethyl. In -still another aspect, at least one R*®is a chlorine. In yet another aspect,
R* is a methyl and =at least one R? is a chlorine.

In a forty seccond embodiment, applicable to the first through forty first
embodiments, R’ of the pyrimidine ring is a halogen atom, such as fluorine, and R® of the
pyrimidine ring is a hydrogen atom.

In a forty thiird embodiment, L' and L? are covalent bonds for the absove-identified
embodiments.

Also specificcally described are combinations of the above first throu gh forty third
embodiments.

Those of ski_11in the art will appreciate that the 2,4-pyrimidinediamirie compounds
described herein mamy include functional groups that can be masked with prosgroups to create
prodrugs. Such pro«drugs are usually, but need not be, pharmacologically inaactive until
converted into their active drug form. Indeed, many of the active 2,4-pyrim3dinediamine
compounds describezd in TABLE 1, include promoieties that are hydrolyzabMe or otherwise
cleavable under conuditions of use. For example, ester groups commonly unclergo acid-
catalyzéd hydrolysiss to yield the parent carboxylic acid when exposed to thes acidic
conditions of the stomach, or base-catalyzed hydrolysis when exposed to the basic
conditions of the in®estine or blood. Thus, when administered to a subject o=xally, 2,4-
pyrimidinediaminess that include ester moieties may be considered prodrugs of their
corresponding carboxylic acid, regardless of whether the ester form is pharnciacologically
active. Referring to- TABLE 1, numerous ester-containing 2 4-pyrimidinediaamines of the

invention are active in their ester, “prodrug” form.
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In the prodrugs of the invention, any available fumnctional moiety may be masked
with a progroup to yield a prodrug. Functional groups vevithin the 2,4-pyrimidinediamine
compounds that may be masked with progroups for inclwusion in a promoiety include, but are
not limited to, amines (primary and secondary), hydroxy~1s, sulfanyls (thiols), carboxyls,
etc. Myriad progroups suitable for masking such functiconal groups to yield promoieties that
are cleavable under the desired conditions of use are knoOwn in the art. All of these
progroups, alone or in combinations, may be included ir the prodrugs of the invention.

In one illustrative embodiment, the prodrugs of t-he invention are compounds
according to structural formula (I) in which R® and R® mmay be, in addition to their
previously-defined alternatives, a progroup.

Those of skill in the art will appreciate that manye’ of the compounds and prodrugs of
the invention, as well as the various compound species sspecifically described and/or
illustrated herein, may exhibit the phenomena of tautom erism, conformational isomerism,
geometric isomerism and/or optical isomerism. For exa—rnple, 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., geometric
isomers), enantiomers and diasterom;.rs and mixtures theereof, such as racemic mixtures. As
another example, the compounds and prodrugs of the inwention may exist in several
tautomeric forms, including the enol form, the keto fornm and mixtures therecof. As the
various commpound names, formulae and compbund drawings within the specification and
claims can represent only one of the possible tautomeric , conformational isomeric, optical
isomeric or geometric isomeric forms, it should be undemrstood that the invention
encompasses any tautomeric, conformational isomeric, coptical isomeric and/or geometric
isomeric forms of the compounds or prodrugs having on-e or more of the utilities described
herein, as well as mixtures of these various different isormeric forms. In cases of limited
rotation around the 2,4-pyrimidinediamine core structures, atropisomers are also possible and
are also specifically included in the compounds of the in—vention.

Moreover, skilled artisans will appreciate that wlaen lists of alternative substituents
include members which, owing to valency requirements or other reasons, cannot be used to
substitute a particular group, the list is intended to be rea_d in context to include those
members of the list that are suitable for substituting the pvarticular group. For example,
skilled artisans will appreciate that while all of the listed altemnatives for R® can be used to
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substitute an alkyl group, certain of™ the alternatives, such as =0, cannot be used to substitute
a phenyl group. It is to be understo=od that only possible combinations of substituent-group
pairs are intended.

The compounds and/or prodlrugs of the invention may be identified by either their
chemical structure or their chemica ] name. When the chemical structure and the chemical
name conflict, the chemical structume is determinative of the identity of the specific
compound.

Depending upon the nature -of the various substituents, the 2, 4-pyrimidinediamirae
compounds and prodrugs of the inv-ention may be in the form of salts. Such salts includle
salts suitable for pharmaceutical usees (“pharmaceutically-acceptable salts™), salts suitable
for veterinary uses, etc. Such salts ~may be derived from acids or bases, as is well-knowm in
the art.

In one embodiment, the salt= is a pharmaceutically acceptable salt. Generally,
pharmaceutically acceptable salts a-re those salts that retain substantially one or more of the
desired pharmacological activities ©f the parent compound and which are suitable for
administration to humans. Pharmaceutically acceptable salts include acid addition salts
formed with inorganic acids or orgeanic acids. Inorganic acids suitable for forrlning
pharmaceutically acceptable acid acldition salts include, by way of example and not
limitation, hydrohalide acids (e.g., Faydrochloric acid, hydrobromic acid, hydriodic, etc.) ,
sulfuric acid, nitric acid, phosphoric acid, and the like. Organic acids suitable for formimg
pharmaceutically acceptable acid ac3dition salts include, by way of example and not
limitation, acetic acid, trifluoroacetiic acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycolf ¢ acid, oxalic acid, pyruvic acid, lactic acid, malonic
acid, succinic acid, malic acid, malesic acid, fumaric acid, tartaric acid, citric acid, palmigic
acid, benzoic acid, 3-(4-hydroxyberazoyl) benzoic acid, cinnamic acid, mandelic acid,
alkylsulfonic acids (e.g., methanesw lfonic acid, ethanesulfonic acid, 1,2-ethane-disulfonic
acid, 2-hydroxyethanesulfonic acid,. eic.), arylsulfonic acids (e.g., benzenesulfonic acid,
4-chlorobenzenesulfonic acid, 2-nayohthalenesulfonic acid, 4-toluenesulfonic acid,
cycloalkylsulfonic acids (e.g., campwhorsulfonic acid), 4-methylbicyclo[2.2.2]-oct-2-ene—~1-
carboxylic acid, glucoheptonic acid., 3-phenylpropionic acid, trimethylacetic acid, tertiaxy
butylacetic acid, lauryl sulfuric acid_, gluconic acid, glutamic acid, hydroxynaphthoic acid,

salicylic acid, stearic acid, muconic acid, and the like,
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Pharmaceutically accéptable salts also include salts formed when an acidic profon
present in the parent compound is either replaced by a metal ion (e.g., an élkali metak ion, an
alkaline earth metal ion or an aluminum ion), an ammonium ion or coordinates with an
organic base (e.g., ethanolamine, diethanolamine, triethanolamine, N-methylglicamise,
morpholine, piperidine, dimethylamine, diethylamine, etc.). | A

The 2,4-pyrimidinediamnine compounds and of the invention, as well as the sallts
thereof, may also be in the forxn of hydrates, solvates and N-oxides, as are well-knowm in

the ar’:.

6.3  Methods of Symthesis

The compounds and prodrugs of the invention may be synthesizéd via a varietss of
different synthetic routes using: commercially available starting materials and/or startirag
materials prepared by conventional synthetic methods. Suitable exemplary methods theat
may be routinely adapted to syrathesize the 2,4-pyrimidinediamine compounds and pro«dugs
of the invention are found in U. S. Patent No. 5,95 8,935, U.S. Patent Application -
10/355,543, filed January 31, 2003 (US Publication US20040029902-A1), WO 03/063794,
published August 1,2003, U.S. Patent Application 10/631,029', filed July 29, 2003 amd WO
2004/014382, published Februaxy 19, 2004, the disclosures of which are incorporated h erein
by reference. All of the compownds of structural formulae (D, (Ia) and (I} may be prepared

by routine adaptation of these methods.
A variety of exemplary synthetic routes that can be used to synthesize the 2,4-

pyrimidinediamine compounds of the invention are described in Schemes @M-XD), belowv.
In Schemes (I)-(X), like-number-ed compounds have similar structures. These methods
may be routinely adapte?l to synthesize the prodrugs according to structural formula (II).

In one exemplary embodiiment, the compounds can be synthesized from substituted
or unsubstituted uracils or thiouraccils as illustrated in Scheme (I), below:
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Scheme (I)
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' In Scheme- (1), R%L R* R®, R® L'and L? are as previouasly defined for structural
5 formula (I), X is a_ halogen (e.g., F, Cl, BrorI) and Y and Y’ - are each, independently of one
another, selected f5rom the group consisting of O and S. Refemrring to Scheme (1), uracil or
thiouracil 2 is dihealogenated at the 2- and 4-positions using st-andard halogenating agent
POX; (or other stamndard halogenating agent) under standard c=onditions to yield 2,4-bishalo
pyrimidine 4. Depending upon the R® substituent, in pyrimidiiine 4, the halide at the C4
10  position is more resactive towards nucleophiles than the halide= at the C2 position. This
differential reactiv=ity can be exploited to synthesize 2,4-pyrin—aidinediamines according
structural formula (I) by first reacting 2,4-bishalopyrimidine 48 with one equivalent of amine
10, yielding 4N-sumbstituted-2-halo-4-pyrimidineamine 8, follcowed by amine 6 to yield a
2,4-pyrimidinediammine according structural formula (I). 2N,48-N-bis(substituted)-2,4-
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pyrimidinedianines 12 and 14 can be obtained by reacting 2 ,4-bishalopyrimidine 4 with
excess 6 or 10, respectively.

Inmost situations, the C4 halide is more reactive tow~ards nucleophiles, as illustrated
in the Scheme. However, as will be recognized by skilled ar-tisans, the identity of the R’
substituent mayé alter this reactivity. For example, when R i_s trifluoromethyl, a 50:50
mixture of 4N-zsubstituted-4-pyrimidineamine 8 and the corre=sponding 2N-substituted-2-
pyrimidineamime is obtained. Regardless of the identity of thne R’ substituent, the
regioselectivity= of the reaction can be controlled by adjusting the solvent and other synthetic
conditions (suc=h as temperature), as is well-known in the art—

The rea-ctions depicted in Scheme (I) may proceed meore quickly when the reaction
mixtt'ncs are he=ated via microwave. When heating in this fasshion, the following conditions
may be used: Ieat to 175°C in ethanol for 5-20 min. in a Somith Reactor (Personal
Chemistry) in aa sealed tube (at 20 bar pressure).

The ura_cil or thiouracil 2 starting materials may be prarchased from commercial
sources or prepeared using standard techniques of organic che=mistry. Commercially
available uracills and thiouracils that can be used as starting rmaterials in Scheme (I) include,
by way of exammaple and not limitation, uracil (Aldrich #13,078-8; CAS Registry 66-22-8); 2-
thio-uracil (Alcrich #11,558-4; CAS Registry 141-90-2); 2,4—dithiouracil (Aldrich #15,846-
1; CAS Registr—y 2001-93-6); 5-acetouracil (Chem. Sources I'nt’1 2000; CAS Registry 6214-
65-9); 5-azidowmracil; S-aminouracil (Aldrich #85,528-6; CASS Registry 932-52-5);
5-bromouracil & Aldrich #85,247-3; CAS Registry 51-20-7); S-(trans-2-bromovinyl)-uracil
(Aldrich #45,7434-2; CAS Registry 69304-49-0); 5-(trans-2-c hlorovinyl)-uracil (CAS
Registry 81751 -48-2); 5-(trans-2-carboxyvinyl)-uracil; uracill-5-carboxylic acid
(2,4~dihydroxygpyrimidine-5-carboxylic acid hydrate; Aldricka #27,770-3; CAS Registry
23945-44-0); 5—chlorouracil (Aldrich #22,458-8; CAS Regist-ry 1820-81-1); 5-cyanouracil
(Chem. Sourcess Int’1 2000; CAS Registry 4425-56-3); S-ethywluracil (Aldrich #23,044-8;
CAS Registry 4212-49-1); 5-ethenyluracil (CAS Registry 37 107-81-6); 5-fluorouracil
(Aldrich #85,84317-1; CAS Registry 51-21-8); 5-iodouracil (A Adrich #85,785-8; CAS
Registry 696-0"7-1); 5-methyluracil (thymine; Aldrich #13,199-7; CAS Registry 65-71-4);
5-nitrouracil (A<ldrich #85,276-7; CAS Registry 611-08-5); u-racil-5-sulfamic acid (Chem.
Sources Int’l 2(000; CAS Registry 5435-16-5); 5-(trifluorome=thyl)-uracil (Aldrich #22,327-
1; CAS Registry 54-20-6); 5-(2,2,2-trifluoroethyl)-uracil (CAn.S Registry 155143-31-6);
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5-(pentafluoroethyl)-uracil (CAS Registry 60007-38-3); 6-aminouracil (Aldrich #/A.5060-6;
CAS Registry 873-83-6) uracil-6-carboxylic acid (orotic acid; Aldrich #0-840-2; C=AS
Registry 50887-69-9); 6-methylur-acil (Aldrich #D11,520-7; CAS Registry 626-48—2);
uracil-5-amino-6-carboxylic acid (5-aminoorotic acid; Aldrich #19,121-3; CAS Re=gistry
#7164-43-4); 6-amino-5-nitrosour-acil (6-amino-2,4-dihydroxy-5-nitrosopyrimidinec; Aldrich_

 #27,689-8; CAS Registry 5442-241-0); uracil-S-fluoro-6-carboxylic acid (5-fluoroo=rotic

acid; Aldrich #42,513-3; CAS Re gistry 00000-00-0); and uracil-5-nitro-6-carboxyBic acid
(5-nitroorotic acid; Aldrich #18,5228-0; CAS Registry 600779-49-9). Additional 5—, 6- and
5,6-substituted uracils and/or thiowracils are available from General Intermediates of
Canada, Inc., Edmonton, Alberta, CA (www.generalintermediates.com) and/or Inte=rchim,
France (www.interchim.com), or anay be prepared using standard techniques. Myr—iad

textbook references teaching suitable synthetic methods are provided infra.

Amines 6 and 10 may be purchased from commercial sources or, alternativ—ely, may
be synthesized utilizing standard techniques. For example, suitable amines may be=
synthesized from nitro precursors using standard chemistry. Specific exemplary re=actions
are provided in the Examples sectdon. See also Vogel, 1989, Practical Organic CFaemistry,
Addison Wesley Longman, Ltd. a nd John Wiley & Sons, Inc.

Skilled artisans will recogmize that in some instances, amines 6 and 10 and/"or
substituents R® and/or R® on uraci or thiouracil 2 may include functional groups thmat require
protection during synthesis. The exact identity of any protecting group(s) used wil 1 depend
upon the identity of the functional group being protected, and will be apparent to tlaese of
skill in the art. Guidance for selecting appropriate protecting groups, as well as syenthetic
strategies for their attachment and. removal, may be found, for example, in Greene & Wuts,
Protective Groups in Organic Syrethesis, 3d Edition, John Wiley & Sons, Inc., New York
(1999) and the references cited therein (hereinafter “Greene & Wuts™).

A specific embodiment of Scheme (I) utilizing S-fluorouracil (Aldrich #32,2937-1) as
a starting material is illustrated in Scheme (Ia), below:
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Scheme (Xa)
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In Scheme (Ta), R%, R* L' and L2 are as presviously defined for Scheme (I).
5 According to Scheme (Ia), 5-flucrouracil 3 is haloggenated with POCI; to yield 2,4-dichloro-
5-fluoropyrimidine 5, which is then reacted with excess amine 6 or 10 to yield N2,N4-bis

.substituted 5-fluoro-2,4-pyrimidinediamine 11 or I3, respectively. Alternatively, non-bis
2N,4N-disubstituted-5-fluoro-2,4-pyrimidinediami ne 9 may be obtained by reacting 2,4-

dichloro-5-fluoropyrimidine 5 with one equivalent of amine 10 (to yield 2-chloro-N4-

10 substituted-S—ﬂuoro-4—pyrimidinéamine 7) followed by one or more equivalents of amine 6.

In another exemplary embodiment, the 2,4—pyrimidinediamine compounds of the

invention may be synthesized from substituted or wansubstituted cytosines as illustrated in
Schemes (IIa) and (IIb), below:
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Scheme (IIa)
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Ira Schemes (Ila) and (Ib), R%, R*, R%, R%, L, L? arad X are as previously defined for
Scheme &) and PG represents a protecting group. Referrinig to Scheme (Ila), the C4
exocycliec amine of cytosine 20 is first protected with a suitable protecting group PG to yield
N4-prote=cted cytosine 22. For specific guidance regarding protecting groups useful in this
context, ~see Vorbriiggen and Ruh-Pohlenz, 2001, Handbook of Nucleoside Synthesis, John
Wiley & - Sons, NY, pp. 1-631 (“Vorbriiggen”). Protected cytosine 22 is halogenated at the
C2 position using a standard halogenation reagent under standard conditions to yield
2-chloro—4N-protected-4-pyrimidineamine 24. Reaction with amine 6 followed by
deprotec-tion of the C4 exocyclic amine and reaction with amine 10 yields a
2,4-pyrirmidinediamine according to structural formula (I)-

M\ Jternatively, referring to Scheme (IIb), cytosine 20 may be reacted with amine 10
or protected amine 21 to yield N4-substituted cytosine 23 or 27, respectively. These
substitut=ed cytosines may then be halogenated as previous1ly described, deprotected (in the
case of MI4-substituted cytosine 27) and reacted with amine 6 to yield a
2,4-pyrirnidinediamine according to structural formula (T) -

Commercially-available cytosines that may be used as starting materials in Schemes
(IIa) and- (IIb) include, but are not limited to, cytosine (Aldrich #14,201-8; CAS Registry
71-30-7)=; N4-acetylcytosine (Aldrich #37,791-0; CAS Regzistry 14631-20-0);
5-fluorocsytosine (Aldrich #27,159-4; CAS Registry 2022~ 85-7); and 5-(triflucromethyl)-
cytosine— Other suitable cytosines useful as starting materials in Schemes (Ila) are available
from Gemneral Intermediates of Canada, Inc., Edmonton, A Tberta, CA
(www.gesneralintermediates.com) and/or Interchim, France (www.interchim.com), or may
be prepa-red using standard techniques. Myriad textbook references teaching suitable
syntheticc methods are provided infra.

Imn still another exemplary embodiment, the 2,4-pyrimidinediamine compounds of
the inverntion may be synthesized from substituted or unsubstituted 2-amino-4-pyrimidinols
as illustraated in Scheme (IHI), below:
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In Scheme (IN), R%, RY, R®, RS, 1., 1.2 and X are as previously defined for Scheme
(@) and Z is a leaving group as discussed_ in more detail in connection with Scheme IV, infra.
Referring to Scheme (1IT), 2-amino-4-py-timidinol 30 is reacted with amine 6 (or optionally
protected amine 21) to yield N2-substitue ted-4-pyrimidinol 32, which is then halogenated as
previously described to yield N2-substitmited-4-halo-2-pyrimidineamine 34. Optional
deprotection (for example if protected armine 21 was used in the first step) followed by
reaction with amine 10 affords a 2,4-pyr-imidinediamine according to structural formula (J).
Alternatively, pyrimidinol 30 can be reascted with acylating ageﬁt 31.

Suitable commercially-available 2-amino-4-pyrimidinols 30 that can be used as
starting materials in Scheme (III) includes, but are not limited to,
2-amino-6-chloro-4-pyrimidinol hydrate= (Aldrich #A4702-8; CAS Registry 00000-00-0)
and 2-amino-6-hydroxy-4-pyrimidinol (Aldrich #A5040-1; CAS Registry 56-09-7). Other
2-amino-4-pyrimidinols 30 useful as stax-ting materials in Scheme (III) are available from
General Intermediates of Canada, Inc., FRdmonton, Alberta, CA
(www.generalintermediates.com) and/or- Interchim, France (www.interchim.com), or may
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be prepared using standard techniquess. Myriad textbook references teaching suitable
synthetic methods are provided infra.
Alternatively, the 2,4-pyrimiclinediamine compounds of the invention may be
prepared from substituted or unsubstituted 4-amino-2-pyrimidinols as illustrated in Scheme
S5 (IV), below:

Scheme (IV)

RS

f\J\ e GJ\U —_—’Lz BJ\L'

HaN™ ¢ N2 or 10 R ”‘N

In Scheme (IV), R? R*, R®, %, L! and L2 are as previously defined for Scheme ()
10 ‘and Z represents a leaving group. Referring to Scheme (IV), the C2-hydroxyl of
4-amino-2-pyrimidinol 40 is more reactive towards nucleophiles than the C4-amino such
that reaction with amine 6 yields N2—substituted-2,4-pyrimidinediamine 42. Subsequent
reaction with compound 44, which iracludes a good leaving group Z, or amine 10 yields a
2,4-pyrimidinediamine according to structural formula (I). Compound 44 may include

15  virtually any leaving group that can toe displaced by the C4-amino of
N2-substituted-2,4-pyrimidinediamirie 42. Suitable leaving groups Z include, but are not
limited to, halogens, methanesulfony-loxy (mesyloxy; “OMs"), trifluoromethanesulfonyloxy
(“OTf”) and p-toluenesulfonyloxy (tosyloxy; “OTs"), benzene sulfonyloxy (“besylate™) and
metanitro benzene sulfonyloxy (“nosylate”). Other suitable leaving groups will be apparent

20  to those of skill in the art.

Substituted 4-amino-2-pyrimadinol starting materials may be obtained commercially
or synthesized using standard technicques. Myriad textbook references teaching suitable
synthetic methods are provided infra.

In still another exemplary embodiment, the 2,4-pyrimidinediamine compounds of
25 the invention can be prepared from 2-chloro-4-aminopyrimidines or
2-amino-4-chloropyrimidines as illustrated in Scheme V), below:
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Scheme (V)
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In Scheme (V), R% R R® RS, L}, L? and X are as defined for Scheme (I) and Z is as
defined for Scheme (IV). Referring to Scheme (V), 2-amino-4-chloropyrimidine 50 is
reacted with amino 10 to yield 4N-substituted-2-pyrimidineamine 52 which, following
reaction with compound 31 or amine 6, yields a 2,4-pyrimidinediamine according to
structural formula (I). Alternatively, 2-chloro-4-amino-pyrimidine 54 may be reacted with
compound 44 followed by amine 6 to yield a compound according to structural formula (I).

A variety of pyrimidines 50 and 54 suitable for use as starting materials in Scheme
(V) are commercially available, including by way of example and not limitation,
2-amino-4,6-dichloropyrimidine (Aldrich #A4860-1; CAS Registry 56-05-3);
2-amino-4-chloro-6-methoxy-pyrimi dine (Aldrich #51,864-6; CAS Registry 5734-64-5);

'2-amino-4-chloro-6-methy1pyrimidine (Aldrich #12,288-2; CAS Registry 5600-21-5); and

2-amino-4-chloro-6-methylthiopyrimidine (Aldrich #A4600-5; CAS Registry 1005-38-5).
Additional pyrimidine starting materials are available from General Intermediates of
Canada, Inc., Edmonton, Alberta, CA (www.generalintermediates.com) and/or Interchim,
France (www.interchim com), or mayy be prepared using standard techniques. Myriad
textbook references teaching suitable synthetic methods are provided infra.

Alternatively, 4-chloro-2-pyrimidineamines 50 may be prepared as illustrated in
Scheme (Va):
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Schemme (Va)
o R .
s 9]
RS + —_— |
H NHy~ “NH, . \N/z‘\NHZ
o s
53 5
ArCOzH
R® R°
Rs 8 R5 (]
NN POCly '
[ JN\ - 6 /lk
3
o SN2 v,  DMF N NH,
530 )
58

In Scheme (Va), R® and R® are as presviously defined for structural formula (I). In
Scheme (Va), dicarbonyl 53 is reacted with gguanidine to yield 2-pyrimidincamine 51.

5  Reaction with peracids like m-chloroperben=oic acid, trifluoroperacetic acid or urea
hydrogen peroxide complex yields ﬁ-oxide 45, which is then halogenated to give 4-chloro-
2-pyrimidineamine 50. The corresponding <}-halo-2-pyrimidineamines may be obtained by
using suitable halogenation reagents.

In yet another exemplary embodimemt, the 2,4-pyrimidinediamine compounds of the
10  invention can be prepared from substituted Or unsubstituted uridines as illustrated in
Scheme (VI), below:
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In Scheme (VI), R, RY RS RS, 1!, 1? and_ X are as previously defined for Scheme
(1) and the superscript PG represents a protecting group, as discussed in connection with
S  Scheme (IIb). According to Scheme (VI), uridine 60 has a C4 reactive center such that
reaction with amine 10 or protected amine 21 yiedds N4-substituted cytidine 62 or 64,
respectively. Acid-catalyzed deprotection of N4-substituted 62 or 64 (when “PG”

represents an acid-labile protecting group) yields N4-substituted cytosine 28, which may be

subsequently halogenated at the C2-position and reacted with amine 6 to yield a

10  24-pyrimidinediamine according to structural formula (I).

Cytidines may also be used as starting ma terials in an analogous manner, as

illustrated in Scheme (VII), below:
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Scheme (VII)
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In Scheme (VII), R2, R*, R® RS L' 1? and X are as previously defined in Scheme
(D) and the superscript PG represents -a protecting group as discussed above. Referring to
5  Scheme (VIL), like uridine 60, cytidirae 70 has a C4 reactive center such that reaction with
amine 10 or protected amine 21 yield s N4-substituted cytidine 62 or 64, respectively. These
cytidines 62 and 64 are then treated a_s previously described for Scheme (VI) to yield a
2,4-pyrimidinediamine according to structural formula (I).
Although Schemes (VI) and ("VII) are exemplified with ribosylnucleosides, skilled
10  artisans will appreciate that the corressponding 2°-deoxyribo and 2°,3’-dideoxyribo

R“ H'N

nucleosides, as well as nucleosides irmcluding sugars or sugar analogs other than ribose,
would also work.
Numerous uridines and cytidines useful as starting materials in Schemes (VI) and
(VII) are known in the art, and include, by way of example and not limitation,
15  5-trifluoromethyl-2’-deoxycytidine (€ hem. Sources #ABCR F07669; CAS Registry 66,384-
66-5); S-bromouridine (Chem. Sources Int’1 2000; CAS Registry 957-75-5);
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5-iodo-=2'-deoxyuridine (Aldrich #1-775-6; CAS Registry 54-42-2); 5-flu_orouridine
(Aldricth #32,937-1; CAS Registry 316-46-1); 5-jodouridine (Aldrich #85,259-7; CAS
Registry 1024-99-3); 5-(trifluoromethyljuridine (Chem. Sources Int’1 2000; CAS Registry
70-00-8); 5-trifluoromethyl-2’-deoxyuridine (Chem. Sources Int’12000; CAS Registry 70-

5  00-8). Additional uridines and cytidines that can be used as starting mate=rials in Schemes
(VT) arad (VII) are available from General Intermediates of Canada, Inc., Edmonton,
Alberta, CA (www.generalintermediates.com) and/or Interchim, France
(www. interchim.com), or may be prepared using standard techniques. MAyriad textbook
refereraces teaching suitable synthetic methods are provided infra.

10 The 2,4-pyrimidinediamine compounds of the invention can also- be synthesized
from substituted pyrimidines, such as chloro-substituted pyrimidines, as illustrated in
Schemmes (VIII) and (IX), below:

Scheme (VIII)
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In Schemes (VII) and (IX), R% R%, L', 1*and R® are as previously defined for
s¥tructural formula (I) and “Ar” represents an aryl group. Referritag to Scheme (Vi)
resaction of 2,4,6-trichloropyrimidine 80 (Aldrich #T5,620-0; CA S#3764-01-0) with amine 6
y-ields a mixture of three compounds: substituted pyrimidine momo-, di- and triamines 81,
&2 and 83, which can be separated and isolated using HPLC or other conventional
teschniques. Mono- and diamines 81 and 82 may be further reacte>d with amines 6 and/or 10
toyield N2,N4,N6-trisubstitutzd-2,4,6-pyrimidinetriamines 84 ard 85, respectively.

N2,N4-bis-substituted-2,4-pyrimidinediamines can be prepared in a manner
a nalogous to Scheme (VIII) by employing 2,4-dichloro-5-methyLpyrimidine or 2,4-dichloro-
peyrimidine as starting materials. In this instance, the mono-substtituted pyrimidineamine
corresponding to compound 81 is not obtained. Instead, the reaction proceeds to yield the
II2,N4-bis-substituted-2,4-pyrimidinediamine directly.

Referring to Scheme (IX), 2,4,5,6-tetrachloropyrimidine %90 (Aldrich #24,671-9;
CCAS#1780-40-1) is reacted with excess amine 6 to yield a mixture of three compounds: 91,
92, and 93, which can be separated and isolated using HPLC or cother conventional
teechniques. As illustrated, N2,N4-bis-substituted-3,6,-dichloro-2,4-pyrimidinediamine 92
rmay be further reacted at the C6 halide with, for example a nuclesophilic agent 94 to yield
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compound 95. Alternatively, compound 92 can bes converted into N2,N4-bis-subsituted-5-
chloro-6-aryl-2,4-pyrimidinediamine 97 via a Suzuki reaction. 2,4-Pyrimidinediamine 95
may be converted to 2,4-pyrimidinediamine 99 by~ reaction with BnySnH.

As will be recognized by skilled artisans, 2,4-pyrimidinediamines according to the
invention, synthesized via the exemplary methodss described above or by other well-known
means, may also be utilized as starting materials zand/or intermediates to synthesize
additional 2,4-pyrimidinediamine compounds of tthe invention. A specific example is
illustrated in Scheme (X), below:

Scheme CX)

f L, se J@Ug!
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S 8 /
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In Scheme (X), R*, R%, RS, L? and R? are s previously defined for structural formula
(1). Bach R? is independently an R*, and may be the same or different from the illustrated
R®. Referring to Scheme (X), carboxylic acid or ester 100 may be converted to amide 104
by reaction with amine 102. In amine 102, R* m_ay be the same or different than R® of acid
or ester 100. Similarly, carbonate ester 106 may be converted to carbamate 108.
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A second specific example is illustrated in Scheme (XT), below:

Scheme (XI)
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In Scheme (3XI), R, R’, R®, L? and R® are as previously defined for structural
formula (). Referring to Scheme (XI), amide 110 or 116 may be converted to amine 114 or
118, respectively, by borane reduction with borane methylsulfide complex 112. Other
suitable reactions for synthesizing 2,4-pyrimidinediamine compounds from
2,4-pyrimidinediamuine starting materials will be apparent to those of skill in the art.

Although many of the synthetic schemes discussed above do not illustrate the use of
protecting groups, skilled artisans will recognize that in some instances substituents R?, R*,
R® R®, L! and/or L2 may include functional groups requiring protection. The exact identity
of the protecting group used will depend upon, among other things, the identity of the
functional group being protected and the reaction conditions used in the particular synthetic
scheme, and will be apparent to those of skill in the art. Guidance for selecting protecting
groups and chemistries for their attachment and removal suitable for a particular application:
can be found, for example, in Greene & Wuts, supra.

Prodrugs ac cording to structural formula (I) may be prepared by routine
modification of the above-described methods. Alternatively, such prodrugs may be
prepared by reactin g a suitably protected 2,4-pyrimidinediamine of structural formula @
with a suitable progroup. Conditions for carrying out such reactions and for deprotecting
the product to yield a prodrug of formula (II) are well-known.
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Myriad references tesaching methods useful for synthesizing pyrmudmcs generally,
as well as starting materials described in Schemes (I)-(IX), are known in the art. For
specific guidance, the reader is referred to Brown, D. J., "The Pyrimidines", in The
Chemistry of Heterocyclic Compounds, Volume 16 (Weissberger, A., Ed.), 1962,
Interscience Publishers, (A Division of John Wiley & Sons), New York (“Brown I’);
Brown, D. 1., "The Pyrimid ines", in The Chemistry of Heterocyclic Compounds, Volume 16,
Supplement I (Weissberger., A. and Taylor, E. C., Ed), 1970, Wiley-Interscience, (A
Division of John Wiley & Sons), New York (Brown II”);. Brown, D. J., "The Pyrimidines",
in The Chemistry of Heterocyclic Compounds, Volume 16, Supplement IT (Weissberger, A.
and Taylor, E. C., Ed.), 1985, An Interscience Publication (John Wiley & Sons), New York
(“Brown II”); Brown, D. J., "The Pyrimidines" in The Chemistry of Heterocyclic
Compounds, Volume 52 (Weissberger, A. and Taylor, E. C., Ed.), 1994, John Wiley &
Sons, Inc., New York, pp. 1-1509 (Brown IV”"); Kenner, G. W. and Todd, A, in
Heterocyclié Compounds, Volume 6, (Elderfield, R. C., Ed.), 1957, John Wiley, New York,
Chapter 7 (pyrimidines); Paquette, L. A., Principles of Modern Heterocyclic Chemistry,
1968, W. A. Benjamin, Inc:., New York, pp. 1 — 401 (uracil synthesis pp. 313, 315;
pyrimidine synthesis pp. 3 13-316; amino pyrimidine synthesis pp. 315); Joule, J. A., Mills,
K. and Smith, G. F., Heterocyclic Chemistry, 3" Edition, 1995, Chapman and Hall, London,
UK, pp. 1 - 516; Vorbriiggzen, H. and Ruh-Pohlenz, C., Handbook of Nucleoside Synthesis,
John Wiley & Sons, New Work, 2001, pp. 1-631 (protection of pyrimidines by acylation pp.
90-91; silylation of pyrimidines pp. 91-93); Joule, J. A., Mills, K. and Smith, G. F,,
Heterocyclic Chemistry, A" Edition, 2000, Blackwell Science, Ltd, Oxford, UK, pp. 1 -
589; and Comprehensive Organic Synthesis, Volumes 1-9 (Trost, B. M. and Fleming, L,
Ed.), 1991, Pergamon Press, Oxford, UK. |

It should be understood by the skilled artisan that in Schemes I through X1, the N4
nitrogen can be substituted by R* as described throughout the specification and in the
examples provided herein.

6.4 Inhibition ©of Fc Receptor Signal Cascades

Active 2,4-pyrimidlinediamine compounds of the invention inhibit Fc receptor
signalling cascades that lead to, among other things, degranulation of cells. As a specific
example, the compounds imhibit the FeeRI and/or FcyRI signal cascades that lead to
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degranulation of immune cells such as neutroph:il, eosinophil, mast and/or basophil cells.

Both mast and basophil cells play a central role in allergen-induced disorders, including, for

example, allergic rhinitis and asthma. Referring to FIG. 1, upon exposure allergens, which
may be, among other things, pollen or parasites , allergen-specific IgE antibodies are
synthesized by B-cells activated by IL.4 (or IL—13) and other messengers to switch to IgE
class specific antibody synthesis. These allergen-specific IgEs bind to the high affinity
FceRI. Upon binding of antigen, the FceR1-bo-und IgEs are cross-linked and the 1gE
receptor signal transduction pathway is activatezd, which leads to degranulation of the cells
and consequent release and/or synthesis of a host of chemical mediators, including
histamine, proteases (e.g., tryptase and chymasse), lipid mediators such as leukotrienes (e.g-
LTC4), platelet-activating factor (PAF) and prostaglandins (e.g., PGD2) and a series of
cytokines, including TNF-o, IL-4, IL-13, IL-5_ IL-6, TL-8, GMCSF, VEGF and TGF-B.

The release and/or synthesis of these mediatorss from mast and/or basophil cells accounts for
the early and late stage responses induced by allergens, and is directly linked to downstream
events that lead to a sustained inflammatory st-ate.

The molecular events in the FceRI sigraal transduction pathway that lead to telease
of preformed mediators via degranulation and release and/or synthesis of other chemical
mediators are well-known and are illustrated im FIG. 2. Referring to FIG. 2, the FceRlisa
heterotetrameric receptor composed of an IgB -binding alpha-subunit, a beta subunit, and
two gamma subunits (gamma homodimer). Cross-linking of FceRI-bound IgE by
multivalent binding agents (including, for exa-mple IgE-specific allergens or anti-IgE
antibodies or fragments) induces the rapid association and activation of the Src-related
kinase Lyn. Lyn phosphorylates immunoreceptor tyrosine-based activation motifs
(ITAMS) on the intracellular beta and gammae subunits, which leads to the recruitment of
additional Lyn to the beta subunit and Syk kirase to the gamma homodimer. These
receptor-associated kinases, which are activated by intra- and intermolecular
phosphorylation, phosphorylate other compoments of the pathway, such as the Btk kinase,
LAT, and phospholipase C-gamma PLC-gamuma). Activated PLC-gamma initiates
pathways that lead to protein kinase C activation and Ca® mobilization, both of which are
required for degranulation. FceR1 cross-linki-ng also activates the three major classes of
mitogen activated protein (MAP) kinases, i.e. ERKI /2, INK1/2, and p38. Activation of
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these pathways is important in the transcriptional regulatiorm of proinflammatory mediators,
such as TNF-c and IL-6, as well as the lipid mediator leukostriene CA (LTC4).

Although not illustrated, the FoyRI signaling cascad-e is believed to share some
common elements with the FceRI signaling cascade. Impomrtantly, like FceR], the FcyRI
includes a gamma homodimer that is phosphorylated and re=cruits Syk, and like FceRI,
activation of the FcyRI signaling cascade leads to, among osther things, degranulation.

Other Fc receptors that share the gamma homodimer, and vwhich can be regulated by the
active 2,4-pyrimidinediamine compounds include, but are rot limited to, FcoRI and
FeyRIIL

The ability of the 2,4-pyrimidinediamine compoundcds of the invention to inhibit Fc
receptor signaling cascades may be simply determined or c-onfirmed in in vitro assays.
Suitable assays for confirming inhition of FceRI-mediated -degranulation are provided in the
Examples section. In one typical assay, cells capable of ummdergoing FceRI-mediated
degranulation, such as mast or basophil cells, are first growwn in the presence of IL-4, Stem
Cell Factor (SCF), IL-6 and IgE to increase expression of tthe FceRI, exposed to a 24-
pyrimidinediamine test compound of the invention and stirmulated with anti-IgE antibodies
(or, alternatively, an IgE-specific allergen). Following incwibation, the amount of a chemical
mediator or other chemical agent released and/or synthesiz-ed as a consequence of activating
the FceRI signaling cascade may be quantified using standaard techniques and compared to
the amount of the mediator or agent released from control acells (i.e., cells that are stimulated
but that are not exposed to test compound). The concentra-tion of test compound that yields
a 50% reduction in the quantity of the mediator or agent m_easured as compared to control
cells is the ICs of the test compound. The origin of the maast or basophil cells used in the
assay will depend, in part, on the desired use for the compounds and will be apparent to
those of skill in the art. For example, if the compounds wi‘ll be used to treat or prevent a
particular disease in humans, a convenient source of mast ©r basophil cells is a buman or
other animal which constitates an accepted or known cliniccal model for the particular
disease. Thus, depending upon the particular application, the mast or basophil cells may be
derived from a wide variety of animal sources, ranging fro-m, for example, lower mammals
such as mice and rats, to dogs, sheep and other mammals ccommonly employed in clinical
testing, to higher mammals such as monkeys, chimpanzeess and apes, to huans. Specific

examples of cells suitable for carrying out the in vitro assaZys include, but are not limited to,
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rodent or human basophil cells, rat basophil leukemia cell lines, p-ximary mouse mast cells
(such as bone marrow-derived mouse mast cells “BMMC”) and p-rimary buman mast cells
isolated from cord blood (“CHMC”) or other tissues such as lung - Methods for isolating
and culturing these cell types are well-known or are provided in tThe Examples section (see,
e.g., Demo et al., 1999, Cytometry 36(4):340-348 and copending application Serial No.
10/053,355, filed November 8, 2001, the disclosures of which arez incorporated herein by
reference). Of course, other types of immune cells that degranulaate upon activation of the
FceR1 signaling cascade may also be used, including, for examplee, eosinophils.

As will be recognized by skilled artisans, the mediator or agent quantified is not
critical. The only requirement is that it be a mediator or agent redeased and/or synthesized
as a consequence of initiating or activating the Fc receptor signaking cascade. For example,
referring to FIG. 1, activation of the FceRI signaling cascade in rmast and/or basophil cells
leads to numerous downstream events. For example, activation ©f the FceRI signal cascade
leads to the immediate release (i.e., within 1-3 min. following reczeptor activation) of a
variety of preformed chemical mediators and agents via degranudation. Thus, in one
embodiment, the mediator or agent quantified may be specific to~ granules (i.e., present in
granules but not in the cell cytoplasm generally). Examples of g-ranule-specific mediators
or agents that can be quantified to determine and/or confirm the aActivity of a 2,4-
pyrimidinediamine compound of the invention include, but are n=ot limited to, granule-
specific enzymes such as hexosaminidase and tryptase and grancale-specific components
such as histamine and serotonin. Assays for quantifying such fasctors are well-known, and
in many instances are commercially available. For example, trygptase and/or
hexosaminidase release may be quantified by incubating the cell s with cleavable substrates
that fluoresce upon cleavage and quantifying the amount of fluomrescence produced using
conventional techniques. Such cleavable fluorogenic substrates are commercially available.
For example, the fluorogenic substrates Z-Gly-Pro-Arg-AMC (ZZ=benzyloxycarbonyl;
AMC=7-amino-4-methylcoumarin; BIOMOL Research Laboratsories, Inc., Plymouth
Meeting, PA 19462, Catalog No. P-142) and Z-Ala-Lys-Arg-ANC (Enzyme Systems
Products, a division of ICN Biomedicals, Inc., Livermore, CA 94550, Catalog No. AMC-
246) can be used to quantify the amount of tryptase released. Tlae fluorogenic substrate 4-
methylumbelliferyl-N-acetyl-B-D-glucosaminide (Sigma, St. Louis, MO, Catalog #69585)
can be used to quantify the amount of hexosaminidase released. Histamine release may be
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quantified using a commercially available enzyme-linked immunosorbentt assay (ELISA)
such as Immunotech histamine ELISA assay #IM2015 (Beckman-Coultex, Inc.). Specific
methods of quantifying the release of tryptase, hexosaminidase and histarine are provided
in the Examples section. Any of these assays may be used to determine or confirm the
activity of the 2,4-pyrimidinediamine compounds of the invention.

Referring again to FIG. 1, degranulation is only one of seve;al ressponses initiated by
the FceRI signaling cascade. In addition, activation of this signaling patlaway leads to the
de novo synthesis and release of cytokines and chemokines such as IL-4 . IL-5, IL-6, TNF-o,
IL-13 and MIP1-0.), and release of lipid mediators such as leukotrienes Ce.g., LTC4),
platelet activating factor (PAF) and prostaglandins. Accordingly, the 2,<4-
pyrimidinediamine compounds of the invention may also be assessed fomr activity by
quantifying the amount of one or more of these mediators released and/or synthesized by
activated cells.

Unlike the granule-specific components discussed above, these “~late stage”
mediators are not released immediately following activation of the FceRR1 signaling cascade.
Accordingly, when quantifying these late stage mediators, care should tae taken to insure
that the activated cell culture is incubated for a time sufficient to result &n the synthesis (if
necessary) and release of the mediator being quantified. Generally, PAXF and lipid
mediators such as leukotriene C4 are released 3-30 min. following FceRRI activation. The
cytokines and other late stage mediators are released approx. 4-8 hrs. fo=llowing FceRI
activation. Incubation times suitable for a specific mediator will be apparent to those of
skill in the art. Specific guidance and assays are provided in the Examples section.

The amount of a particular late stage mediator released may be cjuantified using any
standard technique. In one embodiment, the amount(s) may be quantified using ELISA
assays. BLISA assay kits suitable for quantifying the amount of TNFo._, IL-4, IL-5, IL-6
and/or IL-13 released are available from, for example, Biosource Interraational, Inc.,
Camarillo, CA 93012 (s, e.g., Catalog Nos. KHC3011, KHC0042, KTHC0052, KHC0061
and KHC0132). ELISA assay kits suitable for quantifying the amount of leukotriene C4
(LTC4) released from cells are available from Cayman Chemical Co., #Ann Arbor, MI
48108 (see, e.g., Catalog No. 520211).

Typically, active 2,4-pyrimidinediamine compounds of the inveention will exhibit
Icsos“ with respect to FceRI-mediated degranulation and/or mediator reJease or synthesis of
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about 20 LM or lower, as measured in an in vitro assay, such as one of the in vit#o assays
described mbove or in the Examples section. Of course, skilled artisans will app-xeciate that
compoundls which exhibit lower ICsps, for example on the order of 10 uM, 1 v, 100 nM,
10 nM, 1 1M, or even lower, are particularly useful. ‘

Sk-illed artisans will also appreciate that the various medlators discussed. above may
induce different adverse effects or exhibit different potencies with respect to thes same
adverse effect. For example, the lipid mediator LTCA4 is a potent vasoconstrictor — it is
approximately 1000-fold more potent at inducing vasoconstriction than histamie. As
another e><ample, in addition to mediating atopic or Type 1 hypersensitivity reactions,
cytokines can also cause tissue remodeling and cell proliferation. Thus, althougzh
compounds that inhibit release and/or synthesis of any one of the previously disscussed
chemical mediators are useful, skilled artisans will apprecmte that compounds wwhich inhibit
the releas.e and/or synthesis of a plurality, or even all, of the previously descrit>ed mediators
find parti<cular use, as such compounds are useful for ame‘liorating or avoiding altogether a
plurality, or even all, of the adverse effects induced by the particular mediators . For

" example, compounds which inhibit the release of all three types of mediators—granule-

specific, 1ipid and cytokine—are useful for treating or preventing immediate T-ype I
hypersen sitivity reactions as well as the chronic symptoms associated therewitlh.

C ompounds of the invention capable of inhibiting the release of more than one type
of mediator (e.g., granule-specific or late stage) may be identified by determinsing the ICso
with respeect to a mediator representative of each class using the various in vitr«0 88says
describecd above (or other equivalent in vitro assays). Compounds of the invermtion which
are capable of inhibiting the release of more than one mediator type will typically exhibit an
ICs for each mediator type tested of less than about 20 uM. For example, a compound
which exchibits an ICso of 1 tM with respect to histamine release (ICso"**"") &and an ICso of
1 sM witth respect to leukotriene LTC4 synthesis and/or release (ICsy"™*) inh& bits both
immedia_te (granule-specific) and late stage mediator release. As another spec-ific example,
2 compo-und that exhibits an ICsg™™* of 10 M, an ICsq""** of 1 pM and an LCso* of
1 uM inhaibits immediate (granule-specific), lipid and cytokine mediator releasse. Although
the abov-e specific examples utilize the ICsps of one representative mediator of each class,
skilled acrtisans will appreciate that the ICsos of a plurality, or even all, mediators comprising
one or maore of the classes may be obtained. The quantity(ies) and identity(iess) of mediators
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for which ICsp data sshould be ascertained for a particular compound and application will be
apparent to those of skill in the art.

Similar assays may be utilized to confirm inhibition of signal transduction cascades
initiated by other Fc receptors, such as FcoR1, FoyRI and/or FcyRIII signaling, with routine
modification. For example, the ability of the compounds to inhibit FcyRI signal
transduction may be confirmed in assays similar to those described above, with the
exception that the F'c/RI signaling cascade is activated, for example by incubating the cells
with IgG and an IgG-specific allergen or antibody, instead of IgE and an IgE-specific
allergen or antibodyy. Suitable cell types, activating agents and agents to quantlfy to confirm
inhibition of other ¢ receptors, such as Fc receptors that comprise a gamma homodimer,
will be apparent to those of skill in the art.

" One particu larly useful class of compounds includes those 2,4-pyrimidinediamine
compounds that inhibit the release of immediate granule-specific mediators and late stage
mediators with approximately equivalent ICses. By approximately equivalent is meant that
the ICsgs for each mediator type dre within about a 10-fold range of one another. Another
particularly useful class of compounds includes those 2,4-pyrimidinediamine compounds
that inhibit the rele ase of immediate granule-specific mediators, lipid mediators and
cytokine mediators with approximately equivalent ICsos. In a specific embodiment, such
compounds inhibit the release of the following mediators with approximately equivalent
ICsos: histamine, tryptase, hexosaminidase, IL-4, IL-5, IL-6, IL-13, TNFa and LTC4. Such
compounds are particularly useful for, among other things, ameliorating or avoiding
altogether both the early and late stage responses associated with atopic or immediate Type
1 hypersensitivity reactions.

Ideally, thes ability to inhibit the release of all desired types of mediators will reside
in a single compovand. However, mixtures of compounds can also be identified that achieve
the same result. For example, a first compound which inhibits the release of granule
specific mediators may be used in combination with a second compound which inhibits the
release and/or synthesis of cytokine mediators.

In addition to the FceRI or FcyRI degranulation pathways discussed above,
degranulation of mast and/or basophil cells can be induced by other agents. For example,
jonomycin, a calci um ionophore that bypasses the early FceRI or FeyRI signal transduction
machinery of the cell, directly induces a calcium flux that triggers degranulation. Referring
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again to FIG. 2, activated PLCy &nitiates pathways that lead to, among other things, calcium
jon mobilization and subsequent degranulation. As illustrated, this CaZ* mobilization is
triggered late in the FceRI signall transduction pathway. As mentioned above, and as
illustrated in FIG. 3, ionomycin directly induces Ca?" mobilization and a Ca** flux that leads
to degranulation. Other ionophores that induce degranulation in this manner include
A23187. The ability of granulation-inducing jonophores such as ionomybin to bypass the
early stages of the FceRI and/or FcRI signaling cascades may be used as a counter screen
to identify active compounds of the invention that specifically exert their degranulation-
inhibitory activity by blocking or inhibiting the early FceRI or FcRI signaling cascades, as
discussed above. Compounds wwhich specifically inhibit such early FceRI or FeyRI-
mediated degranulation inhibit not only degranulation and subsequent rapid release of
histamine, tryptase and other granule contents, but also inhibit the pro-inflammatory
activation pathways causing the release of TNFa, IL4, IL-13 and the lipid mediators such
as LTC4. Thus, compounds whaich specifically inhibit such early FceRI and/or FeyRI-
mediated degranulation block o inhibit not only acute atopic or Type I hypersensitivity
reactions, but also late responsess involving multiple inflammatory mediators.

Compounds of the invertion that specifically inhibit early FceRI and/or FeRI-
mediated degranulation are thosse compounds that inhibit FceRI and/or FcyRI-mediated
degranulation (for example, hawe an ICsp of less than about 20 pM with teépect to the
release of a granule-specific mediator or component as measured in an in vifro assay with
cells stimulated with an IgE or IgG binding agent) but that do not appreciably inhibit
jonophore-induced degranulation. In one embodiment, compounds are considered to not
appreciably inhibit ionophore-imduced degranulation if they exhibit an ICso of ionophore-
induced degranulation of greater than about 20 LM, as measured in an in vitro assay. of
course, active compounds that exhibit even higher ICsos of ionophore-induced
degranulation, or that do not inkhibit ionophore-induced degranulation at al, are particularly
useful. In another embodiment:, compounds are considered to not appreciably inhibit
jonophore-induced degranulation if they exhibit a greater than 10-fold difference in their
ICsqs of FceRI and/or FeyRI-mediated degranulation and ionophore-induced degranulation,
as measured in an in vitro assay/. Assays suitable for determining the ICsp of ionophore-
induced degranulation include zany of the previously-described degranulation assays, with
the modification that the cells aare stimulated or activated with a degranulation-inducing
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calcium ionophore such as ionomycin or A231 87 (AG. Scientific, San Diego, CA) instead
of anti-IgR antibodies or an IgE-specific allerg=en. Specific assays for assessing the ability
of a particular 2,4-pyrimidinediamine compoud of the invention to inhibit ionophore-
induced degranulation are provided in the Exammples section.

- As will be recognized by skilled artisaras, compounds which exhibit a high degree of
selectivity of FceRI-mediated degranulation fi-nd particular use, as such compounds
selectively target the FceRI cascade and do no-t interfere with other degranulation
mechanisms. Similarly, compounds which exhibit a high degree of selectivity of FeyRI-
mediated degranulation find particular use, as such compounds selectively target the FoyRI
cascade and do not interfere with other degrarulation mechanisms. Compounds which
exhibit a high degree of selectivity are generally 10-fold or more selective for FceRl- or
FcRI -mediated degranulation over ionophor-e-induced degranulation, such as ionomycin-

-induced degranulation.

Accordingly, the activity of the 2,4-pyerimidinediamine compounds of the invention
may also be confirmed in biochemical or cellmlar assays of Syk kinase activity. Referring
again to FIG. 2, in the FceRI signaling cascaclle in mast and/or basophil cells, Syk kinase
phosphorylates LAT and PLC-gammal, whicch leads to, among other things, degranulation.
Any of these activities may be used to confirrm the activity of the 2,4-pyrimidinediamine
compounds of the invention. In one embodirment, the activity is confirmed by contacting an
isolated Syk kinase, or an active fragment thereof with a 2,4-pyrimidinediamine compound
in the presence of a Syk kinase substrate (e.g=, a synthetic peptide or a protein that is known
to be phophorylated by Syk in a signaling casscade) and assessing whether the Syk kinase
phosphorylated the substrate. Alternatively, ~the assay may be carried out with cells that
express a Syk kinase. The cells may express the Syk kinase endogenously or they may be
engineered to express a recombinant Syk kin ase. The cells may optionally also express the
Syk kinase substrate. Cells suitable for performing such confirmation assays, as well as
methods of engineering suitable cells will be apparent to those of skill in the art. Specific
examples of biochemical and cellular assays suitable for confirming the activity of the 2,4-
pyrimidinediamine compounds are provided in the Examples section.

Generally, compounds that are Syk k inase inhibitors will exhibit an ICso with respect
to a Syk kinase activity, such as the ability o=f Syk kinase to phosphorylate a synthetic or

endogenous substrate, in an in vitro or cellul ar assay in the range of about 20 4M or less.
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Skilled artisans will appreciate that compounds that exbibit lower IC50s, such as in the
range of 10 uM, 1M, 100 nM, 10 oM, 1 nM, or even lower, are particularly useful.

6.5  Uses and Compositions

As previously discussed, the active comp- ounds of the invention inhibit Fc receptor
signaling cascades, especially those Fc receptors. including a gamma homodimer, such as
the FeeRI and/or FeyR1 signaling cascades, that Mead to, among other things, the release
and/or synthesis of chemical mediators from cellls, either via degranulation or other
processes. As also discussed, the active compouands are also potent inhibitors of Syk kinase.
As a consequence of these activities, the active compounds of the invention may be used in
a variety of in vitro, in vivo and ex vivo contexts to regulate or inhibit Syk kinase, signaling
cascades in which Syk kinase plays a role, Fc re-ceptor signaling cascades, and the
biological responses effected by such signaling «ascades. For example, in one embodiment,
the compounds may be used to inhibit Syk kinasse, either in vitro or in vivo, in virtually any
cell type expressing Syk kinase. They may also» be used to regulate signal transduction
cascades in which Syk kinase pldys a role. Suck Syk-dependent signal transduction
cascades include, but are not limited to, the FceRI, FeyRI, FeyRIIL BCR and integrin signal
transduction cascades. The compounds may also be used in vitro or in vivo to regulate, and
in particular inhibit, cellular or biological respomses effected by such Syk-dependent signal
transduction cascades. Such cellular or biological responses include, but are not limited to,
respiratory burst, cellular adhesion, cellular degsranulation, cell spreading, cell migration,
cell aggregation, phagcytosis, cytokine synthesiis and release, cell maturation and Ca®" flux.
Importantly, the compounds may be used to inhaibit Syk kinase in vivo as a therapeutic
approach towards the treatment or prevention o f diseases mediated, either wholly or in part,
by a Syk kinase activity. Non-limiting exampless of Syk kinase mediated diseases that may
be treated or prevented with the compounds are= those discussed in more detail, below.

In another embodiment, the active compounds may be used to regulate or inhibit the
Fc receptor signaling cascades and/or FceRI- amd/or FcyRI-mediated degranulation as a
therapeutic approach towards the treatment or prevention of diseases characterized by,
caused by and/or associated with the release or synthesis of chemical mediators of such Fc
receptor signaling cascades or degranulation. Such treatments may be administered to
animals in veterinary contexts or to humans. IDiseases that are characterized by, caused by
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or associated with such mediator release, synthesis or degranulatieon, and that can therefore
be treated or prevented with the active compounds include, by wany of example and not
limitation, atopy or anaphylactic hypersensitivity or allergic reactzions, allergies (e.g.,
allergic conjunctivitis, allergic rhinitis, atopic asthma, atopic derrmatitis and food allergies),
low grade scarring (e.g., of scleroderma, increased fibrosis, keloiads, post-surgical scars,
pulmonary fibrosis, vascular spasms, migraine, reperfusion injurss and post myocardial
infarction), diseases associated with tissue destruction (e.g., of C®OFD, cardiobronchitis and
post myocardial infarction), diseases associated with tissue inflarmmation (e.g., irritable
bowel syndrome, spastic colon and inflammatory bowel disease)., inflammation and
scarring.

In addition to the myriad diseases discussed above, cellul_ar and animal empirical
data confirm that the 2,4-pyrimidinediamine compounds describeed herein are also useful for
the treatment or prevention of autoimmune diseases, as well as thhe various symptoms
associated with such diseases. The types of autoimmune disease=s that may be treated or
prevented with the 2,4-pyrimidinediamine compounds generally include those disorders
involving tissue injury that occurs as a result of a humoral and/o=x cell-mediated response to
immunogens or antigens of endogenous and/or exogenous origira. Such diseases are
frequently referred to as diseases involving the nonanaphylactic (i.e., Type I, Type III
and/or Type IV) hypersensitivity reactions.

As discussed previously, Type [ hypersensitivity reactiorns generally result from the
release of pharmacologically active substances, such as histamire, from mast and/or
basophil cells following contact with a specific exogenous antig en. As mentioned above,
such Type I reactions play a role in numerous diseases, includin_g allergic asthma, allergic
rhinitis, etc.

Type II hypersensitivity reactions (also referred to as cytotoxic, cytolytic
complement-dependent or cell-stimulating hypersensitivity reac-tions) result when
immunoglobulins react with antigenic components of cells or tisssue, or with an antigen or
hapten that has become intimately coupled to cells or tissue. Di_seases that are commonly
associated with Type II hypersensitivity reactions include, but a_te not limited, to
autoimmune hemolytic anemia, erythroblastosis fetalis and Goowdpasture’s disease.

Type TII hypersensitivity reactions, (also referred to as toxic complex, soluble

complex, or immune complex hypersensitivity reactions) result from the deposition of
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soluble circulating antigen-immunoglobulin complexes in vessels or in_ tissues, with
accompanying acute inflammatory reactions at the site of immune commplex deposition.

N on-limiting examples of prototypical Type III reaction diseases inclu-de the Arthus
reaction, theumatoid arthritis, serum sickness, systemic lupus erythemaatosis, certain types
o f glomerulonephritis, multiple sclerosis and bullous pemphingoid.

Type IV hypersensitivity reactions (frequently called cellular, cell-mediated,
dlelayed, or tuberculin-type hypersensitivity reactions) are caused by sesnsitized T-
Iymphocytes which result from contact with a specific antigen. Non-liamiting examples of
Qiseases cited as involving Type IV reactions are contact dermatitis armd allograft rejection
imncluding, but not limited to, heart transplant.

Autoimmune diseases associated with any of the above nonanaphylactic
Iypersensitivity reactions may be treated or prevented with the 2 A-py-rimidinediamine
compounds of the invention. In particular, the methods may be used €0 treat or prevent

#hose autoimmune diseases frequently characterized as single organ ox smgle cell-type

autoimmune disorders including, but not limited to: Hashimoto's thyroiditis, autoimmune

Themolytic anemia, autoimmune atrophic gastritis of pernicious anemi=a, autoimmune
encephalomyelitis, autoimmune orchitis, Goodpasture's disease, autoi mmune
thrombocytopenis, sympathetic ophthalmia, myasthenia gravis, Gravess' disease, primary
"biliary cirrhosis, chronic aggressive hepatitis, ulcerative colitis and m embranous
glomerulopathy, as well as those autoimmune diseases frequently chamracterized as involving
systemic autoimmune disorder, which include but are not limited to: sSystemic lupus

erythematosis, rheumatoid arthritis, Sjogren's syndrome, Reiter's syncrome, polymyositis-

dermatomyositis, systemic sclerosis, polyarteritis nodosa, multiple sc Terosis and bullous

pemphigoid.

1t will be appreciated by skilled artisans that many of the abowe-listed autoimmune
diseases are associated with severe symptoms, the amelioration of whaich provides
significant therapeutic benefit even in instances where the underlyings autoimmune disease
may not be ameliorated. Many of these symptoms, as well as their umnderlying disease
states, result as a consequence of activating the FeyR signaling cascaade in monocyte cells.
As the 2,4-pyrimidinediamine compounds described herein are potent inhibitors of such
FcyR signaling in monocytes and other cells, the methods find use in  the treatment and/or
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prevention of myriad adverse symptoms associated with the above-listed autoimmune
dmseases.

As a specific example, rheumatoid arthritis (RA) typicalWy results in swelling, pain,
1oss of motion and tenderness of target joints throughout the bocly. RA is characterized by
chhronically inflamed synovium that is densely crowded with lyrmphocytes. The synovial
pembrane, which is typically one cell layer thick, becomes inte-msely cellular and assumes a
feorm similar to lymphoid tissue, including dentritic cells, T-, B— and NK cells, macrophages
a=nd clusters of plasma cells. This process, as well as a plethora_ of immunopathological
rmechanisms including the formation of antigen-immunoglobul&n complexes, eventually
result in destruction of the integrity of the joint, resulting in deformity, permanent loss of
Eunction and/or bone erosion at or near the joint. The methods may be used to treat or
ameliorate any one, several or all of these symptoms of RA. Thhus, in the context of RA, the
amethods are considered to provide therapeutic benefit (discussed more generally, infra)
wxhen a reduction or amelioration of any of the symptoms comrmonly associated with RA is
aachieved, regardless of whether the treatment results in a concOmitant treatment of the
—underlying RA and/or a reduction in the amount of circulating rheumatoid factor (“RF”).

As another specific example, systemic lupus erythemat-osis (“SLE”) is typically
associated with symptoms such as fever, joint pain (arthralgiass), arthritis, and serositis
(pleurisy or pericarditis). In the context of SLE, the methods aare considered to provide
therapeutic benefit when a reduction or amelioration of any of ~ the symptoms commonly
associated with SLE are achieved, regardless of whether the treatment results ina
concomitant treatment of the underlying SLE.

As another specific example, multiple sclerosis (“MS™) cripples the patient by
disturbing visual acuity; stimulating double vision; disturbing motor functions affecting
walking and use of the hands; producing bowel and bladder imcontinence; spasticity; and
sensory deficits (touch, pain and temperature sensitivity). In €he context of MS, the
methods are considered to provide therapeutic benefit when amn improvement or a reduction
in the progression of any one or more of the crippling effects acommonly associated with MS
is achieved, regardless of whether the treatment results in a cooncomitant treatment of the
underlying MS.

When used to treat or prevent such diseases, the actives compounds may be

administered singly, as mixtures of one or more active compaowunds or in mixture or
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combination with other i;g'ents uséful_ for treating such diseases and/or the symptoms
associated with such diseases. "The active compounds may alsoe be administered in mixture
or in combination with agents useful to treat other disorders or —maladies, such as steroids,
membrane stablizers, SLO inhibitors, leukotriene synthesis andk eceptor inhibitors,
inhibitors of IgE isotype switching or IgE synthesis, IgG isotype switching or IgG synthesis,
B-agonists, tryptase inhibitors, aspirin, COX inhibitors, methot-rexate, anti-TNF drugs,
retuxin, PD4 inhibitors, p38 inhibitors, PDE4 inhibitors, and amtihistamines, to name a few.
The active compounds may be administered per se in the form_ of prodrugs or as
pharmaceutical compositions, comprising an active compoundt or prodrug.

Pharmaceutical compositions comprising the active coampounds of the invention (or
prodrugs thereof) may be manufactured by means of conventieonal mixing, dissolving,
granulating, dragee-making levigating, emulsifying, encapsulating, entrapping or
lyophilization processes. The compositions may be formulate=d in conventional manner
using one or more physiologically acceptable carriers, diluentss, excipients or auxiliaries
which facilitate processing of the active compounds into preparations which can be used
pharmaceutically. !

The active compound or prodrug may be formulated imn the pharmaceutical
compositions per se, or in the form of a hydrate, solvate, N-o=ide or phafmaceutically
acceptable'salt, as previously described. Typically, such salts are more soluble in aqueous
solutions than the corresponding free acids and bases, but salts having lower solubility than
the corresponding free acids and bases may also be formed.

Pharmaceutical compositions of the invention may takce a form suitable for virtually
any mode of administration, including, for example, topical, eocular, oral, buccal, systemic,
nasal, injection, transdermal, rectal, vaginal, etc., or a form swiitable for administration by
inhalation or insufflation.

For topical administration, the active compound(s) or- prodrug(s) may be formulated
as solutions, gels, ointments, creams, suspensions, etc. as are- well-known in the art.

Systemic formulations include those designed for administration by injection, e.g.,
subcutaneous, intravenous, intramuscular, intrathecal or intraaperitoneal injection, as well as
those designed for transdermal, transmucosal oral or pulmoncary administration.

Useful injecﬁble preparations include sterile suspenssions, solutions or emulsions of

the active compound(s) in aqueous or oily vehicles. The conpositions may also contain
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formulating agents, such as suspending, stabilizing and/or dispersing agent. ~The

formulations fomr injection may be presented in unit dosage form, e.g., in ampoules or in

multidose conta_iners, and may contain added preservatives.

Alternatsively, the injectable formulation may be provided in powder form for
reconstitution werith a suitable vehicle, including but not limited to sterile pyr-ogen free water,
buffer, dextrose solution, etc., before use. To this end, the active compound(s) may be dried
by any art-knowvn technique, such as lyophilization, and reconstituted prior to use.

For tramsmucosal administration, penetrants appropriate to the barrier to be
permeated are wysed in the formulation. Such penetrants are known in the art.

For ora administration, the pharmaceutical compositions may take #the form of, for

example, lozemges, tablets or capsules prepared by conventional means witha

' pharmaceutica’lly acceptable excipients such as binding agents (e.g., pregelatinised maize

starch, polyvimylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.z=., lactose,
microcrystallirae cellulose or calcium hydrogen phosphate); lubricants ( e.g. - magnesium
stearate, talc o silica); disintegrants (e.g., potato starch or sodium starch gl-ycolate); or
wetting agents- (¢.g., sodium lauryl sulfate). The tablets may be coated by maethods well
known in the sart with, for example, sugars, films or enteric coatings.

Liquid preparations for oral administration may take the form of, for example,
elixirs, solutio s, syrups or suspensions, or they may be presented as a dry product for
constitution with water or other suitable vehicle before use. Such liquid preparations may be
prepared by conventional means with pharmaceutically acceptable additives such as
suspending agsents (e.g., sorbitol syrup, cellulose derivatives or hydrogenat-ed edible fats);
emulsifying agzents (e.g., lecithin or acacia); non-aqueous vehicles (e.g., almmond oil, oily
esters, ethyl allcohol, cremophoreTM or fractionated vegetable oils); and presservatives (e.g.,
methyl or progpyl-p-hydroxybenzoates or sorbic acid). The preparations many also contain
buffer salts, pxeservatives, flavoring, coloring and sweetening agents as ap=propriate.

Prepar-ations for oral administration may be suitably formulated to give controlled
release of the active compound or prodrug, as is well known.

For busccal administration, the compositions may take the form of &ablets or lozenges
formulated in_ conventional manner.
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For rectal and vaginal routes of administration, the active compound(s) may be
formulated as solutions (for retention enemas) supposittories or ointments containing
conventional suppository bases such as cocoa butter or~ other glycerides.

For nagal administration or administration by jhalation or insufflation, the active
compound(s) or prodrug(s) can be conveniently delive-red in the form of an aerosol spray
from pressurized packs or a nebulizer with the use of aa suitable propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, fluorocarbons,
carbon dioxide or other suitable gas. In the case of a poressurized aerosol, the dosage unit
may be determined by providing a valve to deliver a meaetered amount. Capsules and
cartridges for use in an inhaler or insufflator (for exanmple capsules and cartridges comprised
of gelatin) may be formulated containing a powder m7ix of the compound and a suitable
powder base such as lactose or starch.

A specific example of an aqueous suspension formulation suitable for nasal
administration using commercially-available nasal sp-xay devices includes the following
ingredients: active compound or prodrug (0.5-20 mg./ml); benzalkonium chloride (0.1-0.2
mg/mL); polysorbate 80 (TWEEN® 80; 0.5-5 mg/mL); carboxymethylcellulose sodium or |
microcrystalline cellulose (1-15 mg/ml); phenyletharmol (1-4 mg/ml); and dextrose (20-50
mg/ml). The pH of the final suspension can be adjus—ted to range from about pHS to pH7,
with a pH of about pH 5.5 being typical. '

Another specific example of an aqueous susp ension suitable for administration of
the compounds via inhalation, and in particular for stach administration of a compound of
the invention, contains 1-20 mg/mL of the compounci or prodrug, 0. 1-1% (v/v) Polysorbate
80 (TWEEN®80), 50 mM citrate and/or 0.9% sodiumm chioride.

For ocular administration, the active compou-nd(s) or prodrug(s) may be formulated
as a solution, emulsion, suspension, etc. suitable for administration to the eye. A variety of
vehicles suitable for administering compounds to thes eye are known in the art. Specific
non-limiting examples are described in U.S. Patent I™No. 6,261,547, U.S. Patent No.
6,197,934; U.S. Patent No. 6,056,950; U.S. Patent NJo. 5,800,807; U.S. Patent No.
5,776,445; U.S. Patent No. 5,698,219; U.S. Patent Ndo. 5,521,222, U.S. Patent No.
5,403,841; U.S. Patent No. 5,077,033; U.S. Patent NJo. 4,882,150; and U.S. Patent No.
4,738,851.
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For prolonged delivery, the active compound(s) or pTodrug(s) can be formulated as a
depot preparation for administration by implantation or intrexmuscular injection. The active
ingredient may be formulated with suitable polymeric or hy drophobic materials (e.g., as an
emxulsion in an acceptable oil) or jon exchange resins, or as sparingly soluble derivatives,
e.g., as a sparingly soluble salt. Alternatively, transdermal delivery systems manufactured
as an adhesive disc or patch which slowly releases the active compound(s) for pexcutaneous
absorption may be used. To this end, permeation enhancerss may be used to facilitate
transdermal penetration of the active compound(s). SuitabJe transdermal patches are
described in for example, U.S. Patent No. 5,407,713 ; U.S. Patent No. 5,352,456; U.S.
Patent No. 5,332,213; U.S. Patent No. 5,336,168; U.S. Patent No. 5,290,561; U.S. Patent
NYo. 5,254,346; U.S. Patent No. 5,164,189; U.S. Patent No. 5,163,899; U.S. Patent No.

' 5,088,977; U.S. Patent No. 5,087,240; U.S. Patent No. 5,008,110; and U.S. Patent No.

4 ,921475.

Alternatively, other i)harmaoeuﬁcal delivery systerms may be employed. Liposomes
a-nd emulsions are well-known examples of delivery vehic les that may be used to deliver
active compound(s) or prodrug(s). Certain organic solvencts such as dimethylsulfoxide
(DMSO0) may also be employed, although usually at the cost of greater toxicity.

The pharmaceutical compositions may, if desired, be presented in a pack or
Aispenser device which may contain one or more unit dosage forms containing the active
compound(s). The pack may, for example, comprise metal or plastic foil, such as a blister

pack. The pack or dispenser device may be accompanied by instructions for administration.

6.6  Effective Dosages

The active compound(s) or prodrug(s) of the inveration, or compositions thereof, will
generally be used in an amount effective to achieve the in tended result, for example in an
zaamount effective to treat or prevent the particular disease being treated. The compound(s)
amay be administered therapeutically to achieve therapeutiic ‘benefit or prophylactically to
achieve prophylactic benefit. By therapeutic benefit is meant eradication or amelioration of
-the underlying disorder being treated and/or eradication cer amelioration of one or more of
-the symptoms associated with the underlying disorder such that the patient reports an
jmprovement in feeling or condition, notwithstanding tha t the patient may still be afflicted
-with the underlying disorder. For example, administratioon of a compound to a patient

85



WO 2005/016893 PCT/US2004/024716

10

15

20

25

30

suffering from an allergy provides therapeutic be=nefit not only when the underlying allergic
response is eradicated or ameliorated, but also when the patient reports a decrease in the
severity or duration of the symptoms associated ~with the allergy following exposure to the
allergen. As another example, therapeutic benef7it in the context of asthma includes an
improvement in respiration following the onset ©fan asthmatic attack, or a reduction in the
frequency or severity of asthmatic episodes. Theerapeutic benefit also includes halting or
slowing the progression of the disease, regardlesss of whether improvement is realized.

For prophylactic administration, the commpound may be administered to a patient at
risk of developing one of the previously describeed diseases. For example, if it is unknown
whether a patient is allergic to a particular drug, the compound may be administered prior to
administration of the drug to avoid or amelioratee an allergic response to the drug.
Alternatively, prophylactic administration may Wbe applied to avoid the onset of symptoms in
a patient diagnosed with the underlying disorde=x. For example, a compound may be
administered to an allergy sufferer prior to expe=cted exposure to the allergen. Compounds
may also be administered prophylactically to he=althy individuals who are repeatedly
exposed to agents known to one of the above-dezscribed maladies to prevent the onset of the
disorder. For example, a compound may be admministered to a healthy individual who is
repeatedly exposed to an allergen known to ind—uce allergies, such as latex, in an effort to
prevent the individual from developing an aller-gy. Alternatively, a compound may be
administered to a patient suffering from asthmaa prior to partaking in activities which trigger
asthma attacks to lessen the severity of, or avoi d altogether, an asthmatic episode.

The amount of compound administered will depend upon a variety of factors,
including, for example, the particular indicatior being treated, the mode of administration,
whether the desired benefit is prophylactic or tRherapeutic, the severity of the indication
being treated and the age and weight of the patJent, the bioavailability of the particular
active compound, etc. Determination of an effeective dosage is well within the capabilities
of those skilled in the art.

Effective dosages may be estimated iniwtially from in vitro assays. For example, an
initial dosage for use in animals may be formuMated to achieve a circulating blood or serum
concentration of active compound that is at or aabove an ICs of the particular compound as
measured in as i vitro assay, such as the in vit=ro CHMC or BMMC and other in vitro

assays described in the Examples section. Caleculating dosages to achieve such circulating
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blood or serum concentrations taking into account the bioavailability of the particular

compound is well within the capabilities of skilled artisans. For guidance, the reader is

referred to Fingl & Woodbury., “General Principles,” In: Goodman and Gilman's The
Pharmaceutical Basis of Thercapeutics, Chapter 1, pp. 1-46, latest edition, Pagamonon
Press, and the references cited therein. 1

Initial dosages can alsO be estimated from in vivo dats, such as animal models.

" Animal models useful for testing the efficacy of compounds to treat or prevent the various

diseases described above are wvell-known in the art. Suitable animal models of
bypersensitivity or allergic reactions are described in Foster, 1995, Allergy 50(21Suppl):6-
9, discussion 34-38 and Tumas et al., 2001, J. Allergy Clin. Immunol. 107(6):1025-1033.
Suitable animal models of allergic rhinitis are described in Szelenyi et al., 2000,
Arzneimittelforschung 50(11»:1037-42; Kawaguchi ez al., 1994, Clin. Exp. Allergy
24(3):238-244 and Sugimoto et al., 2000, Immunopharmacology 48(1):1-7. Suitable animal
models of allergic conjunctivitis are described in Carreras et al., 1993, Br. J. Ophthalmol.
77(8):509-514; Saiga et al., 1 992, Ophthalmic Res. 24(1):45-50; and Kunert et al., 2001,
Invest. Ophthalmol. Vis. Sci. 42(11):2483-2489. Suitable animal models of systemic
mastocytosis are described im O’Keefe et al., 1987, J. Vet. Intern. Med. 1(2):75-80 and
Bean-Knudsen et al., 1989, WVet. Pathol. 26(1):90-92. Suitable animal models of hyper IgE=
syndrome are described in CLaman et al., 1990, Clin. Immunol. Immunopathol. 56(1):46-5 3.
Suitable animal models of B—cell lymphoma are described in Hough ef al., 1998, Proc. Natl
Acad. Sci. USA 95:13853-13858 and Hakim ef al., 1996, J. Immunol. 157(12):5503-5511 -
Suitable animal models of ateopic disorders such as atopic dermatitis, atopic eczema and
atopic asthma are described #in Chan et al., 2001, J. Invest. Dermatol. 117(4):977-983 and
Suto ef al., 1999, Int. Arch. Allergy Immunol. 120(Suppl 1):70-75. Ordinarily skilled
artisans can routinely adapt such information to determine dosages suitable for human
administration. Additional s-uitable animal models are described in the Examples section.
Dosage amounts wilL typically be in the range of from about 0.0001 or 0.001 or 0.01
mg/kg/day to about 100 mg/Xkg/day, but may be higher or lower, depending upon, among
other factors, the activity of the compound, its bioavailability, the mode of administration
and various factors discussec] above. Dosage amount and interval may be adjusted
individually to provide plastma levels of the compound(s) which are sufficient to maintain

therapeutic or prophylactic effect. For example, the compounds may be administered once
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per week, several times per week (e.g., every other day), once per day or multiple timess per
day, depending upon, among other things, the mode of administration, the specific
indication being treated and tthe judgment of the prescribing physician. In cases of local
‘administration or selective upotake, such as local topical administration, the effective lo«cal
concentration of active compeound(s) may not be related to plasma concentration. Skilded
artisans will be able to optimmize effective local dosages without undue experimentatior.
Preferably, the comp«ound(s) will provide therapeutic or prophylactic benefit writhout
causing substantial toxicity. Toxicity of the compound(s) may be determined using
standard pharmaceutical pro cedures. The dose ratio between toxic and therapeutic (o
prophylactic) effect is the th erapeutic index. Compounds(s) that exhibit high therapetatic
indices are preferred.
The invention havings been described, the following examples are offered by wsay of

illustration and not limitatio-n.

7. EXAMPLES

7.1 2,4-Pyrimid inediamine Compounds

A variety of N4-substituted-N2-monosubstituted-4-pyrimidinediamines were
prepared based on procedur-es described herein. Such compounds are depicted in Table 1.

7.2  The 2,4-Pyr-imidinediamine Compounds of the Invention Inhibit ¥ ceRI
Receptor-Vilediated Degranulation

The ability of the 2. 4-pyrimidinediamine compounds of the invention to inhitoit IgE-
induced degranulation was demonstrated in a variety of cellular assays with cultured hurnan
mast cells (CHMC) and/or mouse bone marrow detived cells (BMMC). Inhibition of
degranulation was measure=d at both low and high cell density by quantifying the relesase of
the granule specific factorss tryptase, histamine and hexosaminidase. Inhibition of xredease
and/or synthesis of lipid meediators was assessed by measuring the release of leukotrkene
LTC4 and inhibition of releease and/or synthesis of cytokines was monitored by quan.tifying
TNF-a, IL-6 and IL-13. T ryptase and hexosaminidase were quantified using fluorogzenic
substrates as described in their respective examples. Histamine, TNFa, IL-6, IL~13 and
LTC4 were quantified usirag the following commercial ELISA kits: histamine (Immmunotech
#2015, Beckman Coulter), TNFo (Biosource #KHC3011), IL-6 (Biosource #KMCO 061),
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IL-13 (Bioseutce #KHCO0132) and LTC4 (Cayman Chemical #520211 ). The protocols of

the various a_ssays are provided below.

721 Culturing of Human Mast and Basophil Clells

Humaan mast and basophil cells were cultured from CD34-nega tive progenitor-cells

as described elow (see also the methods described in copending U.S. application Serial No.

10/053,355°, filed November 8, 2001, the dlsclosure of which is incorrporated herein by

reference)

7.2.1.1 Preparation of STEMPRO-34 Comple#e Medium

To prepare STEMPRO-34 complete medium (“CM™), 250 mL
,STEMPRO-34TM serum free medium (“SFM”; GibcoBRL, Catalog No. 10640) was added
to a filter flaskc. To this was added 13 mL STEMPRO-34 Nutrient Supplement (“NS”;
GibcoBRL, Catalog No. 10641) (prepared as described in more detail, below). The NS
container was rinsed with approximately 10 mI, SFM and the rinse addexd to the filter flask.
Following addFition of 5 mL L-glutamine (200 mM; Mediatech, Catalog No. MT 25-005-CI
and 5 mL 100X peﬁicillin/streptomych (“pen-strep”; HyClone, Catalog No. SV30010), the
volume was brought to 500 mL with SFM and the solution was filtered.

The most variable aspect of preparing the CM is the method by which the NS is
thawed and mi=ed prior to addition to the SFM. The NS should be thawed in a 37° C water
bath and swirle=d, not vortexed or shaken, until it is completely in solutiom. While swirling,
take note whether there are any lipids that are not yet in solution. If lipid s are present and
the NS is not uniform in appearance, returm it to the water bath and repeat the swirling
process until it ds uniform in appearance. Sometimes this component goe s into solution
immediately, sosmetimes after a couple of swirling cycles, and sometimes not at all. If, after
a couple of houwrs, the NS is still not in solution, discard it and thaw a fresh unit. NS that
appears non-uni form after thaw should not be used.

7.2.1.2 Expansion of CD34+ Cells

A starting population of CD34-positive (CD34+) cexlls of relatively

small number (1~5x10° cells) was expanded to a relatively large number o f CD34-negative
progenitor cells Cabout 2-4 x 107 cells) using the culture media and methodss described
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below. ~The CD34+ cells (from a single donor) were obtained fromn Allcells (Berkeley, CA).
Becauses there is a degree of variation in the quality and number of CD34+ cells that Allcells
typicall=y provides, the newly delivered cells were transferred to a 15 mL conical tube and
brought= up to 10 mL in CM prior to use.

«On day 0, a cell count was performed on the viable (phase ~bright) cells and the cells
were spsun at 1200 rpm to pellet. The cells were resuspended to a_density of 275,000
cells/m-T with CM containing 200 ng/mL recombinant human Ste-m Cell Factor (“SCF”;
Peprote=ch, Catalog No. 300-07) and 20 ng/mL human fit-3 ligandl (Peprotech, Catalog No.
300-19°) (“CM/SCF/flt-3 medium”). On about day 4 or 5, the derwsity of the culture was
checke«d by performing a cell count and the culture was diluted tow a density of 275,000
cells/mmL with fresh CM/SCF/flt-3 medium. On about day 7, the culture was transferred to a
sterile —tube and a cell count was performed. The cells were spun. at 1200 1pm and
resuspesnded to a density of 275,000 cells/mL with fresh CM/SCE/flt-3 medium.

This cycle was repeated, starting from day 0, a total of 3- 5 times over the expansion
period .

When the culture is large and being maintained in multiple flasks and is to be
resusp ended, the contents of all of the flasks are combined into a. single container prior to
perforaming a cell count. This ensures that an accurate cell count: is achieved and provides
for a dlegree of uniformity of treatment for the entire population. Each flask is checked
separaetely for contamination under the microscope prior to combining to prevent
contarmination of the entire population.

Between days 17-24, the culture can begin to go into decline (i.e., approximately 5-
10% oof the total number of cells die) and fail to expand as rapidRy as before. The cells are
then mnonitored on a daily basis during this time, as complete fai lure of the culture can take
place inas little as 24 hours. Once the decline has begun, the ceslls are counted, spun down
at 850 pm for 15 minutes, and resuspended at a density of 350,000 cells/mL in
CM/S=CF/flt-3 medium to induce one or two more divisions out of the culture. The cells are
monit-ored daily to avoid failure of the culture.

When greater than 15% cell death is evident in the progenitor cell culture and some

debriss is present in the culture, the CD34-negative progenitor ceslls are ready to be
differ-entiated.
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7.2.1.3 Differentiation of CD34-Negativ-e Progenitor Cells into
Mucosal Mast Cells '

A second phase is performed to convert the expanded CD34-negative
progenitor cells into differentiated mucosal mast cells. These mucosal cultured human mast
cells (“CHMC”) are derived from CD34+ cells isolated from urmbilical cord blood and
treated to form a proliferated population of CD34-negative progzenitor cells, as described
above. To produce the CD43-negative progenitor cells, the resmuspension cycle for the
culture was the same as that described above, except that the cialture was seeded at a density
of 425,000 cells/mL and 15% additional media was added on a~bout day four or five without
performing a cell count. Also, the cytokine composition of the= medium was modified such
that it contained SCF (200 ng/mL) and recombinant human IL—6 {200 ng/mL; Peprotech,
Catalog No. 200-06 reconstituted to 100 ug/mL in sterile 10 m M acetic acid)
(“CM/SCF/IL-6 medium”). .

Phases I and I together span approximately 5 weeks. SSome death and debris in the

culture is evident during weeks 1-3 and there is a period duringg weeks 2-5 during which a

small percentage of the culture is no longer in suspension, but is instead attached to the
surface of the culture vessel.

As during Phase I, when the culture is to be resuspende=d on day seven of each cycle,
the contents of all flasks are combined into a single container _prior to performing a cell
count to ensure uniformity of the entire population. Each flas’k is checked separately for
contamination under the microscope prior to combining to presvent contamination of the
entire population.

When the flasks are combined, approximately 75% of ™~ the volume is transferred to
the communal container, leaving behind about 10 mL or so im the flask. The flask
containing the remaining volume was rapped sharply and late=rally to dislodge the attached
cells. The rapping was repeated at a right angle to the first rap to completely dislodge the
cells.

The flask was leaned at a 45 degree angle for a couple> of minutes before the
remaining volume was transferred to the counting vessel. Thes cells were spun at 950 rpm

for 15 min prior to seeding at 35-50 mL per flask (at a densit>y of 425,000 cells/mL).

91



WO 2005/016893 PCT/US2004/024716

10

15

20

25

30

7.2.1.4 Differentiatioxn of CD34-Negative Progenitor Cells into
Connective Tissue-Type Mast Cells

A proliferated population of CD34-negative progenitor cells is
prepared as above and freated to form a trypt-ase/chymase positive (connective tissue)
phenotype. The methods are performed as deescribed above for mucosal mast cells, but with
the substitution of IL-4 for IL-6 in the cultures medium. The cells obtained are typical of

connective tissne mast cells.

7.2.1.5 Differentiatiodn of CD34-Negative Progenitor Cells into
Basophil Cells

A proliferated population of CD34-negative progenitor cells is
prepared as described in Section 7.2.1.3, abowve, and used to form a proliferated population
of basophil cells. The CD34-negative cells &are treated as described for mucosal mast cells,
but with the substitution of IL-3 (at 20-50 ngg/mL) for IL-6 in the culture medium.

722 CHMC Low CelL Density IgE Activation: Tryptase and
LTC4 Assays

To duplicate 96-well U-bottom plates (Costar 3799) add 65 ul of compode
dilutions or control samples that have been porepared in MT [137 mM NaCl, 2.7 mM KCl,
1.8 mM CaCl, 1.0 mM MgCl,, 5.6 mM Glu<cose, 20 mM Hepes (pH 7.4), 0.1% Bovine
Serum Albumin, (Sigma A4503)] containingg 2% MeOH and 1% DMSO. Pellet CHMC
cells (980 rpm, 10 min) and resuspend in pre-warmed MT. Add 65 ul of cells to each 96-
well plate. Depending on the degranulation activity for each particular CHMC donor, load
1000-1500 cells/well. Mix four times follovwed by a 1 hr incubation at 37°C. During the 1
br incubation, prepare 6X anti-IgE solution [ rabbit anti-human IgE (1 mg/ml, Bethyl
Laboratories A80-109A) diluted 1:167 in M"T buffer]. Stimulate cells by adding 25 ul of 6X
anti-IgE solution to the appropriate plates. /A\dd 25 ul MT to un-stimulated control wells.
Mix twice following addition of the anti-IgF=. Incubate at 37°C for 30 minutes. During the
30 minute incubation, dilute the 20 mM tryp-tase substrate stock solution [(Z-Ala-Lys-Arg-
AMC2TFA; Enzyme Systems Products, #A MC-246)] 1:2000 in tryptase assay buffer [0.1
M Hepes (pH 7.5), 10 % w/v Glycerol, 10 ulM Heparin (Sigma H-4898) 0.01% NaN;]. Spin
plates at 1000 rpm for 10 min to pellet cells. Transfer 25 ul of supernatant to a 96-well black
bottom plate and add 100 ul of freshly dilute=d tryptase substrate solution to éach well,
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Incuba-te plates at room temperature for 30 min. Read the optical denssity of the plates at
355nmm/460nm on a spectrophotometric plate reader.

Leukotriene C4 (LTC4) is also quantified using an ELISA kit ©n appropriately
diluted supernatant samples (determined empirically for each donor cell population so that
the sarmple measurement falls within the standard curve) following thes supplier’s
instrucstions. '

723 CHMC High Cell Density IgE Activation : Degranulation
(Tryptase, Histamine), Leukotriene (LTC"4), and Cytokine
(TNFalpha, IL-13) Assays
Cultured human mast cells (CHMC) are sensitized for 5 days with IL4 (20
ng/mip, SCF (200 ng/ml), IL-6 (200 ng/ml), and Human IgE (CP 103 5K from Cortx
Biochem, 100-500ng/m! depending on generation) in CM mediuin.' Asfter sensitizing, cells
are comnted, pelleted (1000 rpm, 5-10 minutes), and resuspended at 1—2 x10° cells/ml in MT
buffer. Add 100 ul of cell suspension to each well and 100 ul of comgoound dilutions. The
final v-ehicle concentration is 0.5% DMSO. Incubate at 37°C (5% CO,) for 1 hour. After
lhour of compound treatment, stimulate cells with 6X anti-IgE. Mix -wells with the cells

and aldow plates to incubate at 37°C (5% CO,) for one hour. After 1 Thour incubation, pellet

cells (10 minutes, 1000 RPM) and collect 200 ul per well of the supermatant, being careful
not to disturb pellet. Place the supernatant plate on ice. During the 7—hour step (see next)
perforam tryptase assay on supernatant that had been diluted 1:500. Ressuspend cell pellet in
240 ul of CM media containing 0.5% DMSO and corresponding conceentration of
compound. Incubate CHMC cells for 7 hours at 37°C (5% CO,). Afterincubation, pellet
cells (1000 RPM, 10 minutes) and collect 225 ul per well and place i -80°C until ready to
perforam ELISAS. ELISAS are performed on appropriately diluted sammples (determined
empiri.cally for each donor cell population so that the sample measurexment falls within the

standa-d curve) following the supplier’s instructions.

724 Results

The results of low density CHMC assays are provided -in Table 1. In Table
1, all reported values are ICsos (in pM). Most compounds tested had ECsps of less than
10uM,, with many exhibiting ICses in the sub-micromolar range. In Table 1, all reported
values are ICsqs (in pM). A value of “-” indicates an IC5> 10pM, thh no measurable
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activity at a 10pM concentration. Most compounds tested had ICsps of less than 10puM,
with many exhibiting ICss in the sub-micromolar range=. A value of “+”” indicates an 1Cs¢<
10uM. Of the compounds tested, BMMC values are coamparable to those noted for the
CHMC results. ’

73  The 2,4-Pyrimidinediamine Compoun ds of the Invention Selectively
Inhibit the Upstream IgE Receptor Caascade

To confirm that many of the 2,4-pyrimidinedianmine compounds of the invention
exert their inhibitory activity by blocking or inhibiting €he early IgE receptor signal
transduction cascade, several of the compounds were tessted in cellular assays for

jonomycin-induced degranulation, as described below.

731 CHMC Low Cell Density Ionommycin Activation: Tryptase Assay

Assays for ionomycin-induced mast celE degranulation were carried out as
described for the CHMC Low Density IgE Activation assays (Section 7.2.2, supra), with
the exception that during the 1 hour incubation, 6X ion omycin solution [SmM ionomycin
(Sigma 1-0634) in MeOH (stock) diluted 1:416.7 in M buffer (2 uM final)] was prepared
and cells were stimulated by adding 25 pl of the 6X ioromycin solution to the appropriate
plates.

7.3.2 Results

The results of the ionomycin-induced degranulation assays, reported as ICso
values (in pLM).are provided in Table 1. Of the active compounds tested (i.e., those that
inhibit IgB-induced degranulation), the vast majority d«o not inhibit ionomycin-induced
degranulation, confirming that these active compoundss selectively inhibit the early (or
upstream) IgE receptor signal transduction cascade. Irm Table 1, all reported values are ICsos
(in pM). A value of “-” indicates an ICs¢> 10puM, witha no measurable activity at a 10pM
concentration. A value of “+” indicates an IC5e< 10pNAL

74  24-Pyrimidinediamine Compounds I nhibit Syk Kinase in Biochemical
Assays .

Many of the 2,4-pyrimidinediamine commpounds were tested for the ability to
inhibit Syk kinase catalyzed phosphorylation of a peptide substrate in a biochemical
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fluorescenced polarization assay with isolated Syk kinase. In this experiment, Compounds
were diluted to 1% DMSO in kinase buffer (20 mM HEPES, pH 7.4, 5 mM MgCl;, 2 mM
MnCl,, 1 mM DTT, 0.1 mg/mL acetylated Bowine Gamma Globulin). Compound in 1%
DMSO (0.2% DMSO final) was mixed with A TP/substrate solution at room temperature.
Syk kinase (Upstate, Lake Placid NY) was added to a final reaction volume of 20 uL, and

the reaction was incubated for 30 minutes at room temperature. Final enzyme reaction

conditions were 20 mM HEPES, pH 7.4, 5 mM MgCl, 2 mM MnCl, 1 mM DTT, 0.1

mg/mL acetylated Bovine Gamma Globulin, 0.125 ng Syk, 4 uM ATP, 2.5 uM peptide
substrate (biotin-EQEDEPEGDYEEVLE-COINH2, SynPep Corporation). EDTA (10 mM
final)/anti-phosphotyrosine antibody (1X final)/fluorescént phosphopeptide tracer (0.5X
final) was added in FP Djlution Buffer to stop the reaction for a total volume of 40 ulL
according to manufacturer’s instructions (Pan'Vera Corporation) The plate was incubated for
30 minutes in the dark at room temperature. Plates were read on a Polarion fluorescence
polarization plate reader (Tecan). Data were converted to amount of phosphopeptide
present using a calibration curve generated by competition with the phosphopeptide

- competitor provided in the Tyrosine Kinase A.ssay Kit, Green (PanVera Corporation).

These data, shown in Table 1, demonstrate that most all of the compounds tested,
inhibit Syk kinase phosphorylation with IC;os in the submicromolar range. A vast majority
of the compounds tested inhibit Syk kinase phosphorylation with ICsos in the micromolar
range. In Tabe 1, all reported values are ICsos (in pM). A value of “” indicates an ICs5p>
10uM, with no measurable activity ata 10uM concentration. A value of “+” indicates an
ICso< 10pM.
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7.5.2 The Compounds are effective in Mou se Collagen Antibody
Induced Arthritis Model

The in vivo efficacy of compoundstowards autoimmune diiseases can be demonstrated
in = mouse model of collagen antibody-induced arthritis (CAIA).

7.52.1 Model

Collagen-induced arthritis (CIA) in rodents is frequently mmsed as one of the
ex-perimental models for IC-mediated tissue injury. Administration of type II collagen into
mice or rats results in an immune reaction that characteristically imvolves inflammatory
de struction of cartilage and bone of the distal joints with concomi_tant swelling of surrounding
tis sues. CIA is commonly used to evaluate compounds that migh-t be of potential use as drugs
fom treatment of rheumatoid arthritis and other chronic inflammatcry conditions.

In recent years, a new technique emerged in CIA modelingg, in which the anti-type II
co-llagen antibodies are applied to induce an antibody-mediated CIA. The advantages of the
meethod are: Short time for induction of disease (developing withi 1 24-48 hrs after an
inwtravenous (IV) injection of antibodies); arthritis is inducible in Both CIA-susceptible and
CN A-resistant mouse strains; and the procedure is ideal for rapid screening of anti-inflammatory
theerapeutic agents.

Arthrogen-CIA® Arthritis-inducing Monoclonal Antibod—y Cocktail (Chemicon
In-ternational Inc.) is administered intravenously to Balb/c mice (2mg/mouse) on Day 0. Forty-
eigzht hours later, 100 pul of LPS (25ug) is injected intraperitoneal 1y. On Day 4, toes may
apspear swollen, By Day 5, one or two paws (particular the hind I egs) begin to appear red and
swollen. On Day 6, and thereafter, red and swollen paws will rermain for at least 1-2 weeks.
Daring the study, the clinical signs of inflammation are scored to evaluate the intensity of
edlema in the paws. The severity of arthritis is recorded as the summ score of both hind paws for
eaach animal (possible maximum score of 8). The degree of inflasxmmation with involved paws
is evaluated by measurement of diameter of the paws. Body weigght changes are monitored.

Animals can be treated at the time of induction of arthritiss, beginning on Day 0. Test
compounds and control compounds can be administered once a d_ay (q.d.) or twice a day
(t».i.d.), via per os (PO), depending on previously established PK. profiles.
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At the end of the study (1-2 weeks after induction of arthritis),. mice are euthanized and
the paws are transected at the distal tibia using a guillotine and weigheed. The mean + standard
error of the mean (SEM) for each group is determined each day from -individual animal clinical
scoress, and hind paw weights for each experimental group are calcula-ted and recorded at study
termination. Histopathological evaluation of paws are obtained.

7.5.2.2 Results

Reduced inflammation and swelling should be evident in aninnals treated with
compounds of the invention, and the arthritis would progress more slowly. Treatment with
compounds should (b.i.d.) significantly reduce clinical arthritis compeared with animals treated
with vehicle only.

753 The Compounds Can Be Effective In Rast Collagen-Induced
Arthritis
The in vivo efficacy of compounds of the invention towards sautoimmune diseases can
be demonstrated in a rat model of collagen-induced arthritis (CIA).

7.5.3.1 Model Description

Rheumatoid arthritis (RA) is characterized by chronic joint in—flammation eventually
leadiing to irreversible cartilage destruction. IgG-containing IC are at>undant in the synovial
tissue of patients with RA. While it is still debated what role these complexes play in the
etiology and pathology of the disease, IC communicate with the hematopoetic cells via the
FeyR.

CIA is a widely accepted animal model of RA that results in (:hrbnic inflammatory
synosvitis characterized by pannus formation and joint degradation. Ir this model, intradermal
imm unization with native type II collagen, emulsified with incomplet-e Freund’s adjuvant,
resullts in an inflammatory polyarthritis within 10 or 11 days and subssequent joint destruction in
3 to 4 weeks.
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7.5.3.2 Stmady Protocol

Syngeneic LOU rats were immunized on Day 0 with native chicken CII/IFA (performed
at UCLA; E. Brahn, Principal In-vestigator). Beginning on the day of arthritis onset (Day 10), a
total of 59 rats can be treated with either a vehicle control or 2 compound of the invention at
one of four dose levels (1, 3, 10, and 30 mg/kg, q.d. by p.o. gavage).

7.5.3.3 Results

Hind limbs would be scowred daily for clinical arthritis severity using a standardized
method based on the degree of joint inflammation. High resolution digital radiographs of hind
limbs can be obtained at the con clusion of the study (Day 28). These limbs can also be
analyzed for histopathologic chaanges. IgG antibodies to native CII can be measured in
quadruplicate by ELISA.

Although the foregoing £nvention has been described in some detail to facilitate
understanding, it will be apparent that certain changes and modifications may be practiced
within the scope of the appended claims. Accordingly, the described embodiments are to be
considered as illustrative and nost restrictive, and the invention is not to be limited to the details
given herein, but may be modifi ed within the scope and equivalents of the appended claims.

Al literature and patent xeferences cited throughout the application are incorporated by
reference into the application fox all purposes.
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What is claimed is:

1. A 2,4 pyrimidinediamine compound according to structure:

RG
R5
I/k\N
L2 X /k L
R“/ \H N m/ \R2

or a salt, hydrate, solvate or N-oxide thereo £, wherein:

R%is

NR37

L' is a direct bond or a linker;

L? is a direct bond or a linker;

5 o~
‘z“’ N\R31 E/OZ/N

3 b

S

% N

vy
R35 . ]
R%A/ n j :Yn
RBS \
R is ';:57\2 ” f{ or © z \x ‘f

X is selected from the group consist ing of N and CH;
Y is selected from the group consisting of O, S, SO, SO,, SONR’®, NH, NR*® and
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Z is selected from the group consisting of O, S, SO, SO, SONR?®, NH, NR* and
NRY:

R’ is selected from the group consisting of RS, (C1-C6) alkyl optionally
substituted with one or more of the same or different R® groups, (C1-C4) alkanyl optionally
substituted with one or more of the same or different R® groups, (C2-C4) alkenyl optionally
substituted with one or more of the same or different R® groups and (C2-C4) alkynyl optionally
substituted with one or more of the same or different R® groups;

each R® independently is selected from t-he group consisting of hydrogen, an
clectronegative group, -ORY, ~SRY, (C1-C3) haloalkyloxy, (C1-C3) perhaloalkyloxy, -NRR®,
halogen, (C1-C3) haloalkyl, (C1-C3) perhaloalkyl, -CF 3, -CH,CF;, -CF,CF3, -CN, -NC, -OCN,
~SCN, -NO, -NO,, -N3, -S(O)R?, =S(O);R¢, -=S(0),0R?, —=S(O)NR°R®; -S(0),;NR°R,
-OS(O)RY, —OS(0),R¢, -OS(0),0RY, ~OS(O)NRR®, —€S(0),NR°R, -C(O)R*, -C(O)ORY,
-C(O)NR°R®, —C(NH)NR'R®, ~OC(O)R?, ~SC(O)R", —OC(0O)OR?, ~SC(0)ORY, ~OC(O)NR°R’,
~SC(O)NRR®, ~OC(NH)NR°R¢, ~SC(NH)NR°R®, -[NHC(0)].R", -[NHC(0)],OR",
-[NHC(0)].NR°R®and -|[NHC(NH)],NRR", (C5-C10)® ary! optionally substituted with one or
more of the same or different R® groups, phenyl optionally substituted with one or more of the
same or different R® groups, (C6-C16) arylalkyl optionally substituted with one or more of the
same or different R® groups, 5-10 membered heteroaryL optionally substituted with one or more
of the same or different R® groups and 6-16 membered heteroarylalkyl optionally substituted with
one or more of the same or different R® groups;

R® is selected from the group consisting of R?, R, R substituted with one or more
of the same or different R* or Rb, —QOR® substituted with one or more of the same or different R®
or R%, ~B(OR?), ~-B(NRR), (CH2)m—R®, ~(CHR*);—R", -O-(CH3)n—R", ~S~(CH3)n—R", O~
CHR®R’, -O-CR’ (R");, ~O—(CHR"),-R’, -O-(CH,),-«CH[(CH;).R"IR’, ~S—(CHR"),,-R",
~C(O)NH—~(CH3)m—R", C(O)NH-(CHR);,-R", -O-(CH=)n—C(O)NH—~(CH,)n-R",
-S-(CH3)m-C(O)NH-(CH;)m~R®, -O-(CHR?),,-C(O)NH—(CHR?),,—R?, -S-(CHR?),~C(O)NH-
(CHR®),—R®, ~NH—~(CH3)n~R", -NH-(CHR*)~R®, -NHH[(CH)»R"], ~N[(CH2)mR"]2, ~NH-
C(0)-NH~(CH2)m—R®, -NH-C(0)-(CH;)n-CHR"R® ancd -NH—(CH,)n—C(O)-NH—(CH,).—R";
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cach R*', indepezndently of the others, is methyl or (C1-C6) al kyl;

each R**® is, indezpendently of the others, selected from the gro up consisting of
hydrogen and RS, or, alternativeely, two R*° bonded to the same carbon atom =zare taken together to
form an oxo (=0), NH or NR*® group and the other two R*® are each, indepemdently of one
another, selected from the groump consisting of hydrogen and R%;

cach R* is inde-pendently selected from the group consisting ©f hydrogen and
(C1-C6) alkyl;

each R*? is inde-pendently selected from the group consisting of hydrogen and a
progroup;

R’ is selected from the group consisting of (C1-C6) alkyl anA (CS-C14) aryl;

each R* is indepeendently sclected from the group consisting o—f hydrogen, (C1-C6)
alkyl, (C3-C8) cycloalkyl, cycleohexyl, (C4-C11) cycloalkylalkyl, (C5-C10) a ryl, phenyl, (C6-
C10) arylalkyl, benzyl, 2-6 mermbered heteroalkyl, 3-8 membered cyclohetereonalkyl, morpholinyl,
piperazinyl, homopiperazinyl, gpiperidinyl, 4-11 membered cycloheteroalkyla lkyl, 5-10 membered
heteroaryl and 6-16 membered heteroarylalkyl;

each R” is a suit-able group independently selected from the gr-oup consisting of
=0, -OR¢, (C1-C3) haloalkyloxy, ~OCF3, =S, —SR?, =NR?, =NOR?, -NR‘R°_, halogen, -CF;,
~CN, -NC, ~OCN, -SCN, -NO, -NO,, =Ny, -N3, —S(O)R?, =S(0);R", -S(OW,0R, ~S(O)NR°R",
~S(0),NR°R’, ~OS(O)R?, ~OS (0)2R?, ~0S(0),0R?, -OS(0):NRR®, -C(O)RR*, ~C(0)OR",
~C(O)NRRE, -C(NH)NR°R®, —C(NR*NR°R, -C(NOH) R?, -C(NOH)NR°R=, —~OC(O)R’,
~OC(0)OR®, -OC(O)NR°R®, —@OC(NH)NRR®, ~-OC(NR*)NR°R®, -[NHC(0)].R",
-[NR*C(0)]sR?, -[NHC(0)},O R’, -[NR*C(0)].OR¢, -[NHC(0)],.NR°R’, -[NJR*C(O)].NR°R’,
~[NHC(NH)]J,NRR® and -[NR2*C(NR*)],NR°R";

each R is indepwendently a protecting group or R, or, alternatm vely, each R is
taken together with the nitrogemn atom to which it is bonded to form a 5 to 8-rmembered
cycloheteroalkyl or heteroaryl awhich may optionally include one or more of t-he same or different
additional heteroatoms and wh=ich may optionally be substituted with one or -more of the same or

different R* or suitable R® grou_ps;
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each R® is independently a protecting group or R%;
each m is independently an integer from 1 to 3;
each n is independently an integer from 0 to 3; and

yy is 1 through 6.
2. The compound of claim 1 in which R? is fluoro.
3. The compound of claim 2 in which R® is hydroge n.

4. The compound of claim I in which Y and Z are e ach, independently of one another,

selected from the group consisting of O and NH.
5. The compound of claim 4 in which X is CH.
6. The compound of claim § in which Y and Z are e ach O.
7. The compound of claim 6 in which each R*’ is hy~drogen.
8. The compound of claim 5 in which Y is O and Z 1is NH.

9. A 2,4 pyrimidinediamine compound according to structure:

RG
RS
f\r\j
L2 N )\ L
re” \H N H/ g2

or a salt, hydrate, solvate or N-oxide thereof, whereir:
L' is a direct bond or a linker;
L? is a direct bond or a linker;
R? is a disubstituted phenyl group wit htwo R® groups or R*is a

trisubstituted phenyl group with three R® groups;
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R35

0, 0L
R357\Z \x 4 , \x ;

R*'is R®
X is nitrogen;

Y is selected from the group consisting of O, S_ SO, SO,, SONR’®, NH, NR* and

NR:

Z is selected from the group consisting of O, S, SO, SO,, SONR*, NH, NR*, and
NRY:

R’ is selected from the group consisting of R®, {C1-C6) alkyl optionally
s ubstituted with one or more of the same or different R® group s, (C1-C4) alkany! optionally
s ubstituted with one or more of the same or different R® group s, (C2-C4) alkeny! optionally
s ubstituted with one or more of the same or different R® group s and (C2-C4) alkynyl optionally
s ubstituted with one or more of the same or different R® group s;

each R® is independently selected from the group consisting of hydrogen, an
electronegative group, —~ORY, —SRY, (C1-C3) haloalkyloxy, (C 1-C3) perhaloalkyloxy, -NR°R¢,
halogen, (C1-C3) haloalkyl, (C1-C3) perhaloalkyl, -CF3;, -CH=CF3, —CF,CF3, -CN, -NC, ~OCN,
—SCN, =NO, -NO,, -N3, -S(O)RY, -S(0),RY, -S(0),0R?, -S( O)NR‘R’, ~S(O),NR°R’,
—OS(0)RY, —OS(0),RY, -O0S(0),0R?, —~OS(O)NR°R?, ~OS(0)=NRRE, ~C(O)R¢, -C(O)ORY,
—C(O)NR°R®, ~C(NH)NRR®, ~OC(O)R?, ~SC(O)RY, ~OC(0)ORY, ~SC(O)OR?, ~OC(O)NR'R’,
—SC(O)NRR®, ~OC(NH)NR°R®, ~SC(NH)NRR®, -[NHC(0O)].RY, -[NHC(0)],OR",
—[NHC(0)]nNRR® and -[NHC(NH)],NR‘R®, (C5-C10) aryl o ptionally substituted with one or
more of the same or different R® groups, phenyl optionally subsstituted with one or more of the
s ame or different R? groups, (C6-C16) arylalkyl optionally subsstituted with one or more of the
s ame or different R® groups, 5-10 membered heteroaryl option_ally substituted with one or more
o fthe same or different R® groups and 6-16 membered heteroarylalkyl optionally substituted with

o»ne or more of the same or different R® groups;
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R?® is selected from the group consisting of R?, R?, R® substituted with one or more
of the same or different R? or R®, -B(OR®),, -B(NR°R<);, «(CH3)m—R®, (CHR?)R,
-O-(CH3)n-R®, =S—(CH,)m-R?, ~O-CHR®*R®, ~O-CR?* (R?);, ~O«(CHR®);—R®, -O~(CHa)m—
CH[(CH)mR"IR®, =S-(CHR")1~R®, ~C(O)NH~(CHy)~-R", C(O)NH-(CHR")-R®, ~O—~CH2)rm
C(O)NH—(CH2)n—R®, -S-(CH2)m-C(O)NH-(CH3)m~R® o -O~(CHR®),—C(O)NH~(CHR?),-R®,
-S-(CHR?),,—C(O)NH—(CHR*),;—R®, -NH—(CH,)m-R® , -NH~(CHR®),,—R®, -NH[(CH,),R"],
~N[(CH3)mR"]2, -NH-C(O)-NH—(CH;)n-R", -NH-C&(0)~(CH,)mwCHR"R® and ~NH—(CH;)n—
C(O)-NH-(CH;)m R

each R s, independently of the others , selected from the group consisting of
hydrogen and RS, or, alternatively, two R’ bonded to &he same carbon atom are taken together to
form an oxo (=0), NH or NR*® group and the other tw o R*® are cach, independently of one
another, selected from the group consisting of hydroge=n and RY;

each R* is independently selected from the group consisting of hydrogen and
(C1-C6) alkyl;

each R’ is independently selected from the group consisting of hydrogen and a
progroup;

R*8 is selected from the group consistin_g of (C1-C6) alkyl and (C5-C14) aryl;

each R? is independently selected from the group consisting of hydrogen, (C1-C6)
alkyl, (C3-C8) cycloalkyl, cyclohexyl, (C4-C11) cyclo alkylalkyl, (C5-C10) aryl, phenyl, (C6-
C16) arylalkyl, benzyl, 2-6 membered heteroalkyl, 3-8 membered cycloheteroalkyl, morpholinyl,
piperazinyl, homopiperazinyl, piperidinyl, 4-11 memb-ered cycloheteroalkylalkyl, 5-10 membered
heteroaryl and 6-16 membered heteroarylalkyl;

cach R" is a suitable group independent:ly selected from the group consisting of
=0, -ORY, (C1-C3) haloalkyloxy, —OCF3, =S, —SR¢, =NRY, =NOR!, -NRR¢, halogen, —CF3,
~CN, -NC, ~OCN, ~SCN, -NO, -NO2, =N, -Ns, ~S(0)R", -S(0),R", -S(0),;0R’, ~S(O)NR‘R",
—S(0),NR°R®, —~OS(0)R¢, ~0S(0),R?, ~OS(0),0R¢, - OS(0),NR°R¢, ~C(O)R?, -C(O)OR,
—C(O)NR°R®, -C(NH)NR‘R®, -C(NR*)NR‘R®, -C(NOMH)R?, -C(NOH)NR°R®, -OC(O)R",
~OC(0O)OR¢, -OC(O)NRR®, ~OC(NH)NR R, ~-OC(NIR*)NRR®, -[NHC(O)1.R",
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-[NR*C(O)1aR?, —[NHC(0)].OR", -[NR*C(0)],OR?, -[NHC(0)].NR°R®, —[NR*C(0)].NR‘R",
~[NHC(NH)]},NRR‘R® and ~[NR*C(NR*)),NR°R";

each R° is independently a protecting group or R, or, altermatively, cach R is
taken together wikth 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 and which may optionally be substituted with one ©r more of the same or
different R* or switable R® groups;

each RY is independently a protecting group or R%;

ea.ch m is independently an integer from 1 to 3; and

ea ch n is independently an integer from O to 3; with the pro viso that

N<4-(2,2-Dimethyl-3-0x0-4H-5-pyrid[1,4]oxazin-6-yl)-N2-( 3-chloro-4-
methoxyphenyl)- S-fluoro-2,4-pyrimidinediamine;

N<4-(2,2-Dimethyl-3-0x0-4H-5-pyrid[1,4]oxazin-6-yl)-N2-(3 ,5-
dimethoxyphenyl)-5-fluoro-2,4-pyrimidinediamine;

N22-(3,4-Dichlorophenyl)-N4-(2,2-dimethyl-3-ox0-4H-5-py-rid[ 1,4]oxazin-6-yl)-5-
fluoro-2,4-pyrimadinediamine;

N<4-(2,2-dimethyl-3-ox0-4H-5-pyrid[ 1,4]oxazin-6-yl)-N2-(3-fluoro-4-
methoxyphenyl)- 5-fluoro-2,4-pyrimidinediamine;

N2-(3,5-Dichlorophenyl)-N4-(2,2-dimethyl-3-ox0-4H-5-py-Tid[ 1,4]oxazin-6-yl)-5-
fluoro-2,4-pyrimidinediamine;

NZ22-(3-Chloro-4-trifluoromethoxyphenyl)-N4-(2,2-dimcthyl-3-0x0-4H-5-
pyrid[1,4]oxazin—6-yl)-5-tluoro-2,4-pyrimidinediamine;

NZ2-(3-Chloro-4-methoxy-5-methylphenyl)-N4-(2,2-dimethy1-3-0x0-4H-5-
pyrid[1,4]Joxazin—6-yl)-5-fluoro-2,4-pyrimidincdiamine;

NZ2-(3-Chloro-4-hydroxy-5-methylphenyl)-N4-(2,2-dimethy-1-3-0x0-4H-5-
pyrid[1,4]Joxazin—6-yl)-5-fluoro-2,4-pyrimidinediamine; and

N22-(3,5-Dimethyl-4-methoxyphenyl)-N4-(2,2-dimethyl-3-ox0-4H-5-
pyrid[1,4]Joxazin—6-yl)-5-fluoro-2,4-pyrimidinediamine are not included.
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10. A compound according to the structural formula:

R5%0

o

or a salt, hydrate, solvate or N-oxide thereof, wherein:

R? is selected from the group consisting of (C1-C6) alkyl optioenally substituted with one
or mor-e of the same or different R® groups, (C3-C8) cycloalkyl optionaally substituted with one or
more of the same or different R® groups, cyclohexyl optionally substituated with one or more of
the sarme or different R® groups, 3-8 membered cycloheteroalkyl optiomally substituted with one
or mor-c of the same or different R® groups, (C5-C15) aryl optionally s-ubstituted with one or
more of the same or different R® groups, phenyl optionally substituted with one or more of the
same or different R® groups and 5-15 membered heteroaryl optionally substituted with one or
more of the same or different R? groups;

R* is selected from the group consisting of hydrogen, (C1-C6) alkyl optionally substituted
with ome or more of the same or different R® groups, (C3-C8) cycloalkzyl optionally substituted
with omne or more of the same or different R® groups, cyclohexyl optiormally substituted with one
or mor-e of the same or different R® groups, 3-8 membered cycloheteroalkyl optionally substituted
with ome or more of the same or different R® groups, (C5-C15) aryl op-tionally substituted with
one or more of the same or different R® groups, phenyl optionally subsstituted with one or more of
the sarme or different R® groups and 5-15 membered heteroaryl optionally substituted with one or
more of the same or different R® groups; and

R® is selected from the group consisting of R, R®, R* substitutezd with one or more of the
same or different R? or R®, ~OR? substituted with one or more of the s ame or different R* or R?,

~B(OR?),, -B(NRR®);, -(CH2)n—R®, (CHR*)mR", -O-(CH3)-R®, ~S—(CH,)m-R®, ~O—CHR'R?,
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~0-CR* (R");, “O~(CHR?),,~R", -O~(CHy),,~CH[(CH,)nR"]R", ~S—(CHR?),,~R", ~C(€)NH-
(CHa)m—R®, C(O)NH-(CHR*)+R®, ~O~(CH2)m~C(O)NH~(CHp)mR",
-S-(CH3)m-C(O)NH-(CH,)m—R®, - O~(CHR?),—~C(O)NH-(CHR?*)n-R", -S-(CHR?),,~CCO)NH-
(CHR*m-R®, ~NH—(CH3)m~R®, -N H—(CHR®),—R®, -NH[(CH2)mR"], -N[(CH3)mR"]2, —NH-
C(0)-NH—(CH3)n-R®, -NH-C(0)-CCHa)m— CHR’R® and ~NH—~(CHs)m—C(O)~NH~C Hy)R%

each R* is independently sellected from the group consisting of hydrogen, (C1-C6) alkyl,
(C3-C8) cycloalkyl, cyclohexyl, (C<4-C11) cycloalkylalkyl, (C5-C10) aryl, phenyl, (C6—C16)
arylalkyl, benzyl, 2-6 membered he teroalkyl, 3-8 membered cycloheteroalkyl, morphoL inyl,
piperazinyl, homopiperazinyl, pipemridinyl, 4-11 membered cycloheteroalkylalkyl, 5-10 membered
heteroaryl and 6-16 membered hete=roarylalkyl,

each R® is a suitable group i.ndependently selccted from the group consisting of~ =0, -OR",
(C1-C3) haloalkyloxy, ~OCF3, =S, —SR¢, =NRY, =NORY, -NR°R’, halogen, —CF3, -CNJ, -NC,
~OCN, -SCN, -NO, —-NO,, =N, —-INj;, —S(O)R, =S(0),R", -S(0),0R", ~S(O)NR°R¢,
~S(0);NR‘R¢, ~OS(O)RY, —0S(0), R?, ~0S(0),0RY, -OS(0),NRR¢, —-C(O)RY, ~-C(O)OR",
~C(O)NRR®, ~-C(NH)NRCR’, -C(N R*)NR°R®, -C(NOH)R?, -C(NOH)NR°R¢, -OC(O)R",
~OC(0)ORY, -OC(O)NR‘R¢, -OC(INH)NRR®, ~OC(NR*)NRR®, -[NHC(O)].R",
-INR*C(0)].R?, ~[NHC(0)],0R?, —[NR*C(0)],OR?, -[NHC(O)],NR‘R’, -[NR*C(0)], NR°R",
—[NHC(NH)],NR‘R and —-[NR*C(I™NR?)],NR°R®;

each R is independently R or, alternatively, each R is taken together with thes nitrogen
atom to which it is bonded to form a5 to 8-membered cyclohetcroalkyl or heteroaryl w~hich may
optionally include one or more of tlhe same or different additional heteroatoms and whi ch is
optionally substituted with one or more of the same or different R* or suitable R® groupss;

each R% is independently R® ;

each m is independently an dnteger from 1 to 3;

each n is independently an imteger from 0 to 3; and

R*® is selected from the grovip consisting of (C1-C6) alkyl optionally substitutecd with one
or more of the same or different R® groups, (C3-C8) cycloalkyl optionally substituted vwith one or

more of the same or different R® groups, cyclohexyl optionally substituted with one or 1more of
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the same or differ-ent R® groups, 3-8 membered cycloheteroalkyl optionally~ substituted with one
or more of the samme or different R® groups, (C5-C15) aryl optionally substi_ tuted with one or
more of the same or different R® groups, phenyl optionally substituted witlw one or more of the
same or different R® groups and 5-15 membered heteroaryl optionally subs-tituted with one or

more of the same or different R® groups.

11. A cormpound according to the structural formula:

Iz

or a salt, hydrate, solvate or N-oxide thereof, wherein:

N5

R’ is R35/ ;

R’ is selected from the group consisting of hydrogen, (C1-C6) alky 1 optionally substituted
with one or more of the same or different R® groups, (C3-C8) cycloalkyl opotionally substituted
with one or more of the same or different R® groups, cyclohexyl optionally substituted with one
or more of the samme or different R® groups, 3-8 membered cycloheteroalky 1 optionally substituted
with one or more of the same or different R® groups, (C5-C15) aryl optionzally substituted with
one or more of th e same or different R® groups, phenyl optionally substitut ed with one or more of

the same or diffemrent R® groups and 5-15 membered heteroaryl optionally substituted with one or

more of the sames= or different R® groups; and
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R® is selected from the group conssisting of R?, R®, R substituted with one or more of t he
same or different R® or R®, ~OR® substitu ted with one or more of the same or different R* or R_",
-B(OR?),, -B(NR°R®);, (CH2)m—R", (CHR*)~R®, ~O~(CH3)m-R®, =S~(CH,)n,~R®, —O—
CHRR®, ~O-CR*(R");, -O«(CHR*)m—R™, ~O—(CH3)m—CH[(CH2)mR?]R", =S—(CHR*),i—R?,
~C(O)NH—~(CHy)m-R®, C(O)NH—(CHR?) 1y-R®, ~O—(CHz)m~C(O)NH—(CH3)p—R®, ~S—(CH2)m—
C(O)NH~(CHa)m—R®, -O~(CHR*);~C(OINH~(CHR?)p,-R®, ~-S—(CHR®)n~C(O)NH-(CHR*)si—
R®, “NH—(CH,)m—R®, -NH—(CHR®);,—R® ., ~NH[(CH;)mR"], ~N[(CH2)mR"]2, ~NH-C(O)-NH—
(CH)m—R®, -NH-C(0)~(CH;)m— CHRPR® and -NH—(CH,),»—C(O)-NH~(CH,)—R";

each R* is independently selected from the group consisting of hydrogen, (C1-C6) alky/1,
(C3-C8) cycloalkyl, cyclohexyl, (C4-C11 ) cycloalkylalkyl, (C5-C10) aryl, phenyl, (C6-C16)
arylalkyl, benzyl, 2-6 membered heteroal kyl, 3-8 membered cycloheteroalkyl, morpholinyl,
piperazinyl, homopiperazinyl, piperidinyl, 4-11 membered cycloheteroalkylalkyl, 5-10 membered
heteroaryl and 6-16 membered heteroaryl alkyl;

each R" is a suitable group indepesndently selected from the group consisting of =0,
—ORY, (C1-C3) haloalkyloxy, ~OCF3, =S , ~SRY, =NRY, =NOR?, -NR°R’, halogen, -CF3, -CN,
~NC, ~OCN, ~SCN, -NO, —-NO,, =N, —-INj, —S(O)RY, —S(0),R%, —S(0),0R", ~S(O)NRR°,
~S(0)NR‘R?, ~OS(O)R¢, ~OS(O).R?, ~OS(0),0R’, ~OS(0),NR‘R?, ~C(O)R’, -C(O)OR",
~C(O)NR'R’, -C(NH)NRR®, -C(NR*)N'RR", -C(NOH)R?, -C(NOH)NR‘R®, -OC(O)R’,
~OC(0)ORY, “OC(O)NR°R®, ~OC(NH)NIR°R®, -OC(NR*)NRR®, -[NHC(0)].R¢,
~[NR’C(0)],R, -[NHC(0)],ORY, -[NR*C(0)],OR’, -[NHC(0)].NR°R*, -[NR*C(0)].NR‘R,
—[NHC(NH)],NR‘R® and —[NR*C(NR*)],.NRR®; each R® is independently R? or, alternatively,

each R 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 sarme
or different additional heteroatoms and w-hich is optionally substituted with one or more of the
same or different R? or suitable R groups; each R? is independently R*; each m is independen. tly
an integer from 1 to 3; each n is indepencently an integer from 0 to 3; and each R** individual ly

is a hydrogen or R,
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12. A 2,4-pyrimidinediamine compound selected from the group consisting of

N4-[(2,3-Dihydro-1,4-benzodioxan-2 —~yl)methyl]-N2-(3,5-dimethylphenyl)-5-fluoro-2,<4-
pyrimidinediamine (1256),

N4-[(2,3-Dihydro-1,4-benzodioxan-2—yl)methyl]-5-fluoro-N2-[3-(N-
methylamino)carbonylmethyleneosxyphenyl]-2,4-pyrimidinediamine (1257),

N4-[(2,3-Dihydro-1,4-benzodioxan-2 —yl)methyl]-N2-(3,5-dimethoxyphenyl)-5-fluoro-22 4-
pyrimidinediamine (1258),

N2-(3-Chloro-4-methoxyphenyl)-N4- [(2,3-dihydro-1,4-benzodioxan-2-yl)methyl]-5-fl uoro-
2,4-pyrimidinediamine (1259) and

N4-[(2,3-Dihydro-1,4-benzodioxan-2 —yl)methyl]-5-fluoro-N2-(indazol-6-yl)-2,4-
pyrimidinediamine (1260).

13. A 2,4-pyrimidinediamine compound according to structure:

RG
R5
/ N
R4 N J\ R?
~ N N/
H H

or a salt, hydrate, solvate or N-oxude thereof, wherein

/ —
g— N——R?S
R? is N or pheny! substituted with two or more RS
groups;
11
R o \
R12 | g
0 =4
R*is H :
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R’ is a fluor-ine atom;

Risa hydreogen atom;

R'' and R'? are each, independently of one another, selectesd from the group consisting of
hydrogen, alkyl, alkzoxy, halogen, haloalkoxy, aminoalkyl and hydroxyalkyl;

R’ is hydro=gen or R®; and

R® is selectexd from the group consisting of R?, R®, R® subs tituted with one or more of the
same or different R_® or R, ~OR?® substituted with one or more of ®he same or different R* or R,
~B(OR®),, ~-B(NR°ER");, —(CH2)m—R®, |(CHR*);—R®, -O-(CH)m—R®, —=S—(CH3)m—R", -O—
CHR®R®, ~O-CR*(IR"),, -O—~(CHR*)—R®, -O~CH>)m—CH[(CH3):mR®]R®, -S—(CHR®),—R?,
~C(O)NH—~(CH;)m—R®, C(O)NH-(CHR®),;~R®, ~O—~(CH,)»—C(O)INH~(CH,):R”,
-S~(CH3)m-C(O)NHL-(CH;)m-R®, “O—(CHR®);—C(O)NH—(CHR?)o-R", -S-(CHR"),~C(O)NH-
(CHR®),,—R®, -NH—(CH,)m-R®, -NH-(CHR?),,—R®, -NH[(CH;)mR"], ~N[(CH;)mR"]2, -NH-
C(0)-NH-(CH3)m—R", -NH-C(0)-(CH3)n—- CHRPR® and ~-NH—(CCH;)n—C(O)~-NH—~(CH,)o—R";

cach R? is iradependently selected from the group consistimg of hydrogen, (C1-C6) alkyl,
(C3-C8) cycloalkyl , cyclohexyl, (C4-C11) cycloalkylalkyl, (C5-C 10) aryl, phenyl, (C6-C16)
arylalkyl, benzyl, 2—6 membered heteroalkyl, 3-8 membered cyclcsheteroalkyl, morpholinyl,
piperazinyl, homopwiperazinyl, piperidinyl, 4-11 membered cyclohseteroalkylalkyl, 5-10 membered
heteroaryl and 6-1Gs membered heteroarylalkyl;

each R® is a_ suitable group independently selccted from th_e group consisting of =0, -ORY,
(C1-C3) haloalkylosxy, =S, —SR?, =NR¢, =NOR", -NR°R®, halogem, —CF;, —-CN, -NC, —~OCN,
~SCN, -NO, —NO> , =Nj, —N3, ~S(O)RY, —S(0),R*, =S(0),0R?, -S(O)NR‘R, —~S(0);NR‘R’,
—0OS(0)RY, —0S(0D1RY, —0S(0),0RY, -OS(0);NRR¢, -C(O)R?, —C(O)OR?, -C(O)NRR°,
~C(NH)NR°R®, -CCNR*)NRR®, -C(NOH)R?, ~C(NOH)NRR®, —«OC(O)R¢, ~OC(O)ORY,
-OC(O)NR°R®, ~OCC(NH)NRR®, ~OC(NR*)NRR®, -[NHC(0)], R, -[NR*C(0)].R?,
~[NHC(0)],0R¢, —[NR*C(0)],OR?, -[NHC(0)],NR°R", -[NR*CC0)],NR°R",
~[NHC(NH)],NR°ER‘ and ~[NR*C(NR?*)],NR°R";

each R° is imdependently a protecting group or R?, or, altemrnatively, each R is taken

together with the n3trogen atom to which it is bonded to forma 5 to 8-membered
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cycloheteroalkyl or heteroaryl which may optionally in-clude one or more of the same or different
additional heteroatoms and which may optionally be siabstituted with one or more of the same  or
different R* or suitable R” groups;

cach RY is independently an R%;

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

each n is independently an integer from 0 to 3.
14, The compound of claim 13 in which R’® is not a methyl group.

15. The compound of claim 13 in which the 2,<4-pyrimidinediamine compound is
N4-(3,4-Dihydro-2,2-dimethyl-4H-benz[1,4]oxazirm-6-yl)-5-fluoro-N2-[3-(N-
methylamino)carbonylmethyleneoxyphenyl]-2,<4-pyrimidinediamine (1000),
N2-(3-Chloro-4-methoxy-5-methylphenyl)-N4-(3,8-dihydro-2,2-dimethyl-4H-
benz[1,4]oxazin-6-yl)-5-fluoro-2,4-pyrimidinecdiamine (1001) or
N4-(3,4-Dihydro-2,2-dimethyl-4H-benz[ 1,4]oxazir-6-yl)-N2-(3,5-dimethoxyphenyl)-5-
fluoro-2,4-pyrimidinediamine (1002).

16. A 2,4-pyrimidinediamine compound accorading to structure:
RG

RS

Y

R N /H\ R?
Sy N N

H H

or a salt, hydrate, solvate or N-oxide thereof, w-herein
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R35

g ©iY\LR35
N ] /TRSS
R%is

R35

>

R’ is a fluorine atom; R%is a hydrogen atom;

Y is selected from the group consisting of O, S, SO, SO,, SONR_*, NH and NR*;

Z is selected from the group consisting of O, S, SO, SO,, SONR-¢ NH and NR*’;

each R* is, indep-endently of the others, selected from the group consisting of hydrogen
and R®, or, alternatively, two R* bonded to the same carbon atom are ta ken together to form an
oxo (=0), NH or NR* group and the other two R** each, independently of one another, are
sclected from the group consisting of hydrogen and R®;

R® is selected frorm the group consisting of R*, R®, R* substituted_ with one or more of the
same or different R* or R_®, —OR® substituted with one or more of the sarme or different R® or R®,
—B(OR®), ~B(NR‘R®);, —(CHz)m—R®, {(CHR*)R®, -O-(CH3)n-R®, ~S—(#CH,),~R®, -O-CHR’R®,
~O-CR*(R"),, -O~(CHR®),—R®, -O-(CH3)m—CH[(CH3)mR"JR®, ~S—(CH_R?"),,—R®, ~C(O)NH-
(CH;)m—R®, C(O)NH-(CFIR*),—R", “O—~(CH,);~C(O)NH—~(CH3),—R”,
-S-(CH3)m-C(O)NH-(CH 2)n—R®, —O—(CHR?),—~C(O)NH—-(CHR"),—R", —S-(CHR?),,—~C(O)NH-
(CHR*),,—R®, -NH(CH3 );,-R®, -NH-(CHR®),~R®, -NH[(CH;):R"], ~N[(CH2)mR"]2, -NH-
C(O)-NH—~(CH;)n—R®, -INH-C(0)-(CH2)-CHRR® and ~NH~(CH;)m—C(0)-NH—~(CHz)n-R”;

each R? is indepemdently selected from the group consisting of h—ydrogen, (C1-C6) alkyl,
(C3-C8) cycloalkyl, cyclohexyl, (C4-C11) cycloalkylalkyl, (C5-C10) arsyl, phenyl, (C6-C16)
arylalkyl, benzyi, 2-6 meambered heteroalkyl, 3-8 membered cycloheterosalkyl, morpholinyl,
piperazinyl, homopiperazinyl, piperidinyl, 4-11 membered cycloheteroa Tkylalkyl, 5-10 membered
heteroaryl and 6-16 mem_bered heteroarylalkyl;

each R® is a suitable group independently selected from the grou-p consisting of =O, -OR*,
(C1-C3) haloalkyloxy, =SS, ~SR¢, =NR?, =NORY, -NR°R°, halogen, -CF "3, —CN, -NC, ~OCN,
~SCN, -NO, -NO;, =N,, -Nj, ~S(0)R¢, ~S(0),R?, =S(0),0R", -S(O)NR'R®, ~S(O),NR°R",
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~0OS(0)R? , ~0S(0),R¢, —0S(0),0R", -OS(0),NR°R®, ~C(O)IR¢, -C(0)OR?, -C(O)NRR®,
~C(NH)NR'R’, -C(NR*)NRR®, -C(NOH)R?, -C(NOH)NR‘R_¢, ~OC(O)R", ~OC(O)OR?,
-OC(O)NRR®, ~OC(NH)NR°R®, ~OC(NR*)NRR®, -[NHC(O)].R, -[NR*C(0)].R?,
~[NHC(O®],0R?, -[NR*C(0)],0R?, -[NHC(0)],NR°R®, -[NFR*’C(0)],NR°R",
~[NHC(NEH)],NR°R® and -[NR*C(NR")],NRR¢;

eacch R® is independently a protecting group or R, or, alternatively, each R® is taken
together with the nitrogen atom to which it is bonded to form a5 to 8-membered
cyclohetereoalkyl or heteroaryl which may optionally include ©ne or more of the same or different
additional heteroatoms and which may optionally be substitut ed with one or more of the same or
different R2? or suitable R groups;

each RYis independently an R?;

each mis independently an integer from 1 to 3;

eacch n is independently an integer from O to 3;

R*“ is hydrogen or alkyl; and

R’ is selected from the group consisting of hydrogen and a progroup.

17— The compound of claim 16 in which Y is oxygen,. Z is NH and one or more R* is an

alkyl groupp.
= °
\ \ Me
N
18_ The compound of claim 16 in which R* is H Me
Y. O
Nl
19_ The compound of claim 16 in which R* is Z

20. The compound of claim 16 in which Y is oxygen_ Z is NH.
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21 . The compound of claim 16 in which the 2,4-pyrimidineediamince compound is

N4-(3 ,4-Dihydro-2H,4H-benz[1,4]oxazin-6-yl)-5-fluoro-N2-[3—(oxazol-2-yl)phenyl]-2,4-
pyrimidinediamine (217),

N4-(3,4-Dihydro-3,3-dimethyl-2H,4H-benz[ 1,4]oxazin-6-yl)-5—fluoro-N2-[3-(oxazol-2-
yl )phenyl]-2,4-pyrimidinediamine (218),

5-Fluoro-N2-[3-(oxazol-2-yl)phenyl]-N4-(3-0x0-2H,4H-benz[ L ,4]oxazin-6-yl)-2,4-
pyrimidinediamine (219),

5-Fluoro-N2-[3-(oxazol-2-yl)phenyl]-N4-(3-0x0-2H,4H-benz{ 1 ,4]oxazin-7-yl)-2,4-
pyrimidinediamine (220),

5-Fluoro-N4-[2-(2-hydroxyethyl)-3-ox0-2H,4H-benz[1,4]Joxazi n-6-yl]-N2-[3-(oxazol-2-
yl )phenyl]-2,4-pyrimidinediamine (221),

N4-(3,4-Dihydro-2H,4H-Benz[ 1,4]oxazin-6-yl)-5-fluoro-N2-[4--(oxazol-5-yl)phenyl]-2,4-
pyrimidinediamine (222),

N4-(3,4-Dihydro-3,3-dimethyl-2H,4H-benz[ 1,4]oxazin-6-yl)-5—fluoro-N2-[4-(oxazol-5-
yL)phenyl]-2,4-pyrimidinediamine (223),

5-Flu©oro-N2-[4-(oxazol-5-yl)phenyl]-N4-(3-0x0-2H,4H-benz[ 1 ,4]oxazin-6-yl)-2,4-
pyrimidinediamine (224),

(S)-5~Fluoro-N4-(2-methyl-3-ox0-2H,4H-benz[ 1,4]oxazin-6-ylL )-N2-[4-(oxazol-5-yl-phenyl]-
2, 4-pyrimidinediamine (225),

5-Flu oro-N2-[4-(oxazol-5-yl)phenyl]-N4-(3-0x0-2H,4H-benz[ 1 ,4]oxazin-7-yl)-2,4-
pyrimidinediamine (226),

5-Flu oro-N4-[2-(2-hydroxyethyl)-3-oxo0-2H,4H-benz([ 1,4 Joxazan-6-yl]-N2-[4-(oxazol-5-
yD)phenyl]-2,4-pyrimidinediamine (227),

N4-(3,4-Dihydro-4-methyl-2H-benz[1,4]oxazin-6-yl)-5-fluoro~N2-[4-(oxazol-5-yl)phenyl]-
2 _4-pyrimidinediamine (228),

N4-(3 4-Dihydro-4-methyl-2H-benz[1,4]oxazin-7-yl)-5-fluoro~N2-[4-(oxazol-5-yl)phenyl]-
2 _4-pyrimidinediamine (229),
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5-Fluoro-N4-(4-rmethyl-3-0x0-2H-benz[ 1,4]oxazin-7-y1)-N2-[4-(oxa-zol-5-yl)phenyl]-2,4-
pyrimidinediamine (230),

5-Fluoro-N4-(4-rmethyl-3-oxo-2H-benz[ 1,4]oxazin-6-yl)-N2-[4-(oxa.zol-5-yl)phenyl]-2,4-
pyrimidinedizmine (231),

N4-(3,4-Dihydro -2H,4H-benz[1,4]Joxazin-6-yl)-5-fluoro-N2-[3-(oxa zol-S-yl)phenyl]-2,4-
pyrimidinedizamine (232),

N4-(3,4-Dihydro -3,3-dimethyl-2H,4H-benz[ 1,4]oxazin-6-yl)-5-fluor-o-N2-[3-(oxazol-5-
yl)phenyl]-2,-4-pyrimidinediamine (233),

5-Fluoro-N2-[3-( oxazol-5-yl)phenyl]-N4-(3-ox0-2H,4H-benz[ 1,4]Joxazin-7-yl)-2,4-
pyrimidinediaamine (234),

N4-(3,4-Dihydro -4-methyl-2H-benz[1,4]Joxazin-6-yl)-5-fluoro-N2-[ 3-(oxazol-5-yl)phenyl]-
2,4-pyrimidirediamine (236),

N4-(3,4-Dihydro -4-methyl-2H-benz{1,4]oxazin-7-yl)-5-fluoro-N2-[ 3-(oxazol-5-yl)phenyl]-
2,4-pyrimidirediamine (237),

N4-(3,4-Dihydro -3,3-dimethyl-2H,4H-benz[ 1,4]oxazin-6-yl)-5-fluor-o-N2-[4-(oxazol-2-
yDphenyl]-2,-4-pyrimidinediamine (238),

5-Fluoro-N2-[4-C oxazol-2-yl)phenyl]-N4-(3-ox0-2H,4H-benz[ 1,4]o==azin-6-yl)-2,4-
pyrimidinedizamine (239),

(S)-5-Fluoro-N4—(2-methyl-3-ox0-2H,4H-benz[ 1,4]oxazin-6-yl)-N2 —[4-(oxazol-2-yl)phenyl]-
2,4-pyrimidirediamine (240),

5-Fluoro-N2-[4-C oxazol-2-yl)phenyl]-N4-(3-ox0-2H,4H-benz[ 1,4]o=xazin-7-yl)-2,4-
pyrimidinedi.amine (241),

5-Fluoro-N4-[2-C2-hydroxyethyl)-3-ox0-2H,4H-benz[ 1,4]oxazin-6-»1]-N2-[4-(oxazol-2-
yl)phenyl]-2, 4-pyrimidinediamine (242),

N4-(2,3-Dihydrom-4-methyl-2H-benz[ 1 ,4]oxazin-6-yl)-5-fluoro-N2-[ <4-(oxazol-2-yl)phenyl]-
2,4-pyrimidirediamine (243),

5-Fluoro-N4-(4-mmethyl-3-ox0-2H-benz[ | ,4]Joxazin-7-yl)-N2-[4-(ox&zol-2-yl)phenyl]-2,4-
pyrimidinedi amine (244),
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5-Fluoro-N4-(4-methyl-3-oxo0-2H-benz[ 1,4]oxazin-6-yl)-N2-[4-(oxazol-2-yl)phenyl]-2,4-
pyrimidinediamine (245),

S-Fluoro-N2-[ 3-(oxazol-5-yl)phenyl]-N4-[3-ox0-2H,4H-benz[ 1,4]ox aazin-6-yl]-2,4-
pyrimidinediamine (246),

(S)-5-Fluoro-N4-(2-methyl-3-ox0-2H,4H-benz[ 1 ,4]oxazin-6-yl)-N2-[_3-(oxazol-5-yl)phenyl]-
2,4-pyrimidinediamine (247),

N4-(2,2-Dimethyl-3-ox0-4H-benz[ 1,4]oxazin-6-yl)-5-fluoro-N2-[3-(oxazol-2-yl)phenyl]-2,4-
pyrimidinediamine (1281),

(S)-5-Fluoro-N4-(2-methyl-3-ox0-2H,4H-benz[ 1,4]oxazin-6-yl1)-N2-[_3-(oxazol-2-yl)phenyl]-
2,4-pyrimidinediamine (1282),

(R)-5-Fluoro-MN4-(2-methyl-3-ox0-2H,4H-benz[ 1,4]oxazin-6-y1)-N2- [ 3-(oxazol-2-yl)phenyl]-
2,4-pyrimidinediamine (1283),

N4-(2,2-Difluoro-3-oxo-4H-benz[ 1,4]oxazin-6-yl)-5-fluoro-N2-[3-(o xazol-2-yl)phenyl]-2,4-
pyrimidinediamine (1284),

N4-(4-Amino- 3,4-dihydro-2H-1-benzopyran-6-yl)-5-fluoro-N2-[3-(o=azol-2-yl)phenyl]-2,4-
pyrimidinediamine (1285),

N4-(4-N-tert-Butoxycarbonylamino-3,4-dihydro-2H-1-benzopyran-6—yl)-5-fluoro-N2-[3-
(oxazol-5-wyl)phenyl]-2,4-pyrimidinediamine (1287),

N4-(4-N-tert-Butoxycarbonylamino-3,4-dihydro-2H-1-benzopyran-6—yl)-5-fluoro-N2-[4-
(oxazol-5-yl)phenyl]-2,4-pyrimidincdiamine (1288),

N4-(4-N-tert-Butoxycarbonylamino-3,4-dihydro-2H- 1-benzopyran-6—yl)-5-fluoro-N2-[4-
(oxazol-2-yl)phenyl]-2,4-pyrimidinediamine (1289),

5-Fluoro-N4-(<-hydroxy-3,4-dihydro-2H-1-benzopyran-6-yl)-N2-[4-Coxazol-5-yl)phenyl]-
2,4-pyrimidinediamine (1290) or

5-Fluoro-N4-(<4-hydroxy-3,4-dihydro-2H- 1 -benzopyran-6-yl1)-N2-[4-Coxazol-2-yl)phenyl]-
2,4-pyrimidinediamine (1291).
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22. A 2, 4-pyrimidinediamine compound according to structure:

RB

AN J\N/R2

or a salt, hydrate, solvate or N-oxide ~thereof, whercin

R? is selected from the group consisting of (C1-C6) alkyl optionally substituted with one
or more of the same or different R® groups, («C3-C8) cycloalkyl optionally substituted witth one or
more of the same or different R® groups, cycBohexyl optionally substituted with one or m_ore of
the same or different R® groups, 3-8 member ed cycloheteroalkyl optionally substituted w~ith one
or more of the same or different R®groups, ((C5-C15) aryl optionally substituted with one or more
of the same or different R® groups, phenyl opotionally substituted with one or more of the same or
different R® groups and 5-15 membered hetemoaryl optionally substituted with one or mo re of the

same or different R® groups;

R35
Y-
R%l/ D\
R35
_7\ z fc
R'is R¥® ;

R’ is a fluorine atom;

R’ is a hydrogen atom;

Y is selected from the group consistirg of S, and SO;;

Z is selected from the group consistinmg of NH and NR*®, wherein R* is (C1-C6) alkyl;

each R*® is, independently of the othesrs, selected from the group consisting of hydrogen
and (C1-C6) alkyl, or, alternatively, two R’ bonded to the same carbon atom are taken togethef
to form an oxo (=0) and the other two R* ar-e each, independently of one another, select ed from

the group consisting of hydrogen and alkyl;
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R? is selected from the group consisting of R?, R®, R? substituted with one or more of the
same or different R* or R®, -OR® substituted w-ith one or more of the same or different R® or R’
—B(OR®),, ~-B(NR°R),, —(CH3)m-R", «(CHR*)¢1-R®, -O-(CH,)ii-R®, ~S—(CH;)m—R", ~O-
CHR®R®, ~O-CR*(R"), -O~CHR*),—R", -O~CCH,)m~CH[(CH2)xR"]R®, ~S—(CHR*),;~R",
—~C(O)NH—~(CH,)mR", -C(O)NH~(CHR?),,-R”, ~O~(CH2)n—C(O)NH—~(CH;)—R",
-S-(CH3)pm-C(O)NH-(CH2)n~R®, “O~(CHR?);r—C(O)NH—(CHR?),~R, -S-(CHR?),,—C(O)NH~
(CHR*),,-R®, -NH—~(CH,)n-R®, ~NH~(CHR*);~R", -NH[(CH;)R"], ~N[(CH2)mR"]5, -NH-
C(O)-NH~(CH2)m—R", -NH-C(0)-(CH;)m—CH R°R® and -NH~(CH3),,~C(O)-NH~(CH;)wR";

each R* is independently selected from the group consisting of hydrogen, (C1-C6) alkyl,
(C3-C8) cycloalkyl, cyclohexyl, (C4-C11) cycl oalkylalkyl, (C5-C10) aryl, phenyl, (C6-C16)
arylalkyl, benzyl, 2-6 membered heteroalkyl, 3—8 membered cycloheteroalkyl, morpholinyl,
piperazinyl, homopiperazinyl, piperidinyl, 4-11 membered cycloheteroalkylalkyl, 5-10 membered
heteroaryl and 6-16 membered heteroarylalkyl;

each R" is a suitable group independently selected from the group consisting of =0, -ORY,
(C1-C3) haloalkyloxy, -OCF3, =S, —SRY, =NR <, =NOR", -NR°R®, halogen, —CF;, -CN, -NC,
~OCN, ~SCN, —-NO, -NO;, =N,, —N3, —S(O)R, —S(0);R, -S(0),0R", —S(O)NRR’,
~S(0),NR°R¢, ~OS(0)RY, —0S(0),RY, —OS(O) ,0R, -OS(0),NRR®, -C(O)R?, -C(O)OR",
~C(O)NRRS, -C(NH)NRR®, -C(NR*)NR°R®, —C(NOH)R?, -C(NOH)NR‘R*, ~OC(O)R",
~OC(0)ORY, -OC(O)NRR®, -OC(NH)NRR®, ~OC(NR*)NRR¢, -[NHC(O)].R",
-[NR*C(0)]nR¢, ~[NHC(O)],OR?, -[NR*C(0)] nOR", -[NHC(0)]sNR°R’, -[NR*C(O)],NR°R",
~[NHC(NH)].NR°R and -[NR*C(NR*)],NR°R";

each R is independently a protecting group or R? or, alternatively, each R® is taken
together with the nitrogen atom to which it is b onded to form a 5 to 8-membered
cycloheteroalkyl or heteroaryl which may optioenally include onc or more of the same or different
additional heteroatoms and which may optionally be substituted with one or more of the same or
different R? or suitable R groups;

each R is independently a protecting group or R?;

each m is independently an integer fron 1 to 3; and
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each n is independently an integer from 0 to 3

R45

23. The compound of claim 22 in which R? is R and each R*,
R*” and R® independently is selected from the group econsisting of a hydrogen, alkyl, alkoxy,
hydroxyl, halogen, isoxazole, piperazino, N-alkyl piperazine, morpholino and
CH3;NHC(O)CH,0-, with the proviso that R*®, R*” ammd R* are all not hydrogen and when one of
R*, R*” or R** is isoxazole, piperazino, N-alkyl piperaazine, morpholino or CH;NHC(O)CH,O-,

then the remaining R*’, R*” or R* are hydrogen.

24. The compound of claim 22 in which

ORZZ
R’ is selected from the group consisting of OR?3
R21 OR21
g % OR22
R??. and OR® ; and

each R?', R* and R are each, independently -of one another, an alkyl group.
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25. The compound of clairm 24 in which R?? and R® or R*' and R* or RZI, 2% and R®

are each methyl groups.

26. A 2, 4-pyrimidinediam 1ne compound according to structure:

RG

Irz
I

/ / >
R’is ‘g‘. or "‘\, :
R2'0
N 3 2 .
R” is selected from the grouap consisting of ,

R35

R s\ AN

R35 /
28 v _7\2 X ¥

R35

y ’
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o /7y ‘N/ ;

R’ is a fluorine atom;

Iz

R® is a hydrogen atom;

R® is selected from the group consistimg of R?, R®, R* substituted with one or more of th ¢
same or different R? or R®, “OR? substituted —with one or more of the same or different R® or R°_,
—B(OR?),, -B(NR‘R);, ~(CH3)m—R®, (CHR #)~R®, -O-(CH,)m-R", ~S—(CH;)m-R", ~O—
CHR'R®, -O-CR*R"), -O«(CHR?),,~R", -O»—~(CH,)»—CH[(CH,):R"JR®, ~S—(CHR*),—R",
~C(O)NH—(CH,)—R", C(O)NH-(CHR?),,—R®, -O—~(CH,),—C(O)NH—(CH;),—R",
-S-(CH3)m-C(O)NH-(CH,)—R®, <O~(CHR?) 4-C(O)NH—~(CHR?),—R", -S-(CHR?),,~C(O)NH-
(CHR*)m-R®, -NH—(CH;),—R®, ~NH-(CHR™*),—R®, -NH[(CH3),»R"], -N[(CH,)mR"]2, ~NH~-
C(O)-NH—(CH3)n—R®, -NH-C(O)-(CH3)m—C HR®R® and -NH~(CH,);,—C(O)-NH—(CH,)m-R";

R*' is an alkyl group;

R* is an alkyl group;

cach R? individually is a halogen or alkoxy;

R* is a (C1-C6) alkyl or (C3-C9) cyc loalkyl;

X is selected from the group consistirag of N and CH;

Y is selected from the group consistirag of O, S, SO, SO,, SONR?*®, NH and NRY:

Z is selected from the group consistin.g of O, S, SO, SO,, SONR?*®, NH and NR*’;

each R” is, independently of the othe 1s, selected from the group consisting of hydrogen

and RS, or, alternatively, two R*’ bonded to thes same carbon atom are taken together to form an
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oxo (=0), NH or NR*® group and the other two R* cach, independently of one another, are
selected from the group consisting of hydrogen and R®;

each R* is independently selected from the group consisting of hydrogen and (C1-C6)
alkyl;

each R’ is independently selected froma the group consisting of hydrogen and a progroups;

R is selected from the group consisting of (C1-C6) alkyl and (C5-C14) aryl;

each R® is independently selected from the group consisting of hydrogen, (C1-C6) alkyl,
(C3-C8) cycloalkyl, cyclohexyl, (C4-C11) cycl oalkylalkyl, (C5-C10) aryl, phenyl, (C6-C16)
arylalkyl, benzyl, 2-6 membered heteroalkyl, 3~8 membered cycloheteroalkyl, morpholinyl,
piperazinyl, homopiperazinyl, piperidinyl, 4-1 L membered cycloheteroalkylalkyl, 5-10 membere d
heteroaryl and 6-16 membered heteroarylalkyl;

each R" is a suitable group independently selected from the group consisting of =0, -OR,
(C1-C3) haloalkyloxy, —~OCF3, =S, -SR?, =NR <, =NORY, ~NRR®, halogen, -CF3, -CN, -NC,
—OCN, -SCN, -NO, -NO;, =N,, N3, ~S(O)R=, ~S(0),;RY, -S(0),0R?, ~S(O)NRR®,
~S(0);NR°RE, ~OS(O)R?, —0S(0);R?, ~OS(O»,0RY, -OS(0);NR°R- , ~C(O)R¢, ~C(O)OR®,
~C(O)NR°R®, ~C(NH)NR°R’, -C(NR*)NRR®, —C(NOH)R?, -C(NOH)NR‘R®, ~OC(O)R*,
~OC(0O)ORY, -OC(O)NRR®, ~-OC(NH)NRR®, ~OC(NR*)NR°R®, -[NHC(0)],R",
-[NR*C(0)],R?, -[NHC(0)],OR¢, ~-[NR*C(0)] ,OR®, {NHC(O)],.NR‘R’, -[NR*C(0)],NR°R",
—[NHC(NH)],.NR°R® and -[NR*C(NR*)],NR°R:;

each R is independently a protecting gmwoup or R or, alternatively, each R is taken
together with the nitrogen atom to which it is teonded to form a 5 to 8-membered
cycloheteroalkyl or heteroaryl which may optionally include one or more of the same or differen t
additional heteroatoms and which may optiona.lly be substituted with onc or more of the same or-
different R* or suitable R groups;

cach RY is independently a protecting group or R¥;

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

each n is independently an integer froma 0 to 3.
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27. The compound of claim 26 in which R?® is aa methoxy.

28. The compound of claim 26 in which R?' is am methyl group.

29. The compound of claim 26 in which each R=?* is a chlorine.

30. The compound of claim 26 in which R*' is aa methyl group and R?® is a chlorine.

31. A 2, 4-pyrimidinediamine compound accordlling to structure:

R6
RS
/ N
R4 e /'k R?
\N N N/
H H

or a salt, hydrate, solvate or N-oxide thereof, wh erein

\/\/\)# ) [

R?'0

Rzis"l"‘

B . R2-8 ¥
R is selected from the group consisting of
R35

AV P
\

R
NN N
‘f,and

R28 R35

R’ is a fluorine atom;
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R® is a hydrogen atom;

R® is selected from the group consisting of R*, R®, R* substituted with one or more of the
samme or different R® or R?, ~OR® substituted with one or mmore of the same or different R? or R,
—B( OR%),, -B(NRR®);, ~(CH2)»m~R®, (CHRYR", -O-(CH3)m-R®, ~S—(CH3)m-R", ~O-CHR’R",
~O—CR*R");, <O~(CHR?),,—R®, -O-(CH;)m~CH[(CH;)nRPJR®, ~S—(CHR?),,—R", -C(O)NH-
(CH)m—R®, C(O)NH-(CHR)~R®, ~<O—(CH3)m=C(O)NH—(CH,)m—R",
-S-C CH3)m-C(O)NH-(CH,)m-R®, ~O~(CHR*)—C(O)NH—(«CHR?),,—R", -S-(CHR?®),,—C(O)NH-
(CHIR*),—R®, ~NH—(CH3)m—R®, -NH—-(CHR?),,~R®, -NH[( CH2)mR"], -N[(CH;):R"]2, -NH-
C(O)-NH~(CH;)m-R®, -NH-C(O)-(CH;)m-CHRPR® and ~INH—(CH)—C(O)-NH-(CH,),—R";

R?! is an alkyl group;

each R individually is a halogen or alkoxy;

X is selected from the group consisting of N and C_H;

Y is selected from the group consisting of O, S, SO, SO,, SONR®®, NH and NR*’;

Z is selected from the group consisting of O, S, SO, SO,, SONR“, NH and NR”;

each R*® is, independently of the others, selected fr-om the group consisting of hydrogen
and RS, or, alternatively, two R* bonded to the same carbon atom are taken together to form an
oxo (=0), NH or NR*® group and the other two R* each, imdependently of one another, are
sele cted from the group consisting of hydrogen and R®;

each R*® is independently selected from the group consisting of hydrogen and (C1-C6)
alky1;

each R’ is independently selected from the group consisting of hydrogen and a progroup;

R* is selected from the group consisting of (C1-CG) alkyl and (C5-C14) aryl;

each R’ is independently selected from the group consisting of hydrogen, (C1-C6) alkyl,
(C3 -C8) cycloalkyl, cyclohexyl, (C4-C11) cycloalkylalkyl, (C5-C10) aryl, phenyl, (C6-C16)
aryl alkyl, benzyl, 2-6 membered heteroalkyl, 3-8 memberce=d cycloheteroalkyl, morpholinyl,
piperazinyl, homopiperazinyl, piperidinyl, 4-11 membered. cycloheteroalkylalkyl, 5-10 membered
hetesroaryl and 6-16 membered heteroarylalkyl;
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each R" is a suitable group independently selected from the group consisting of =0, -ORY,
(C1-C3) haloalkyloxy, —~OCF;, =S, -SRY, =NR¢, =NOR‘, -NR°R¢, hal ogen, —CF3, —-CN, -NC,
~OCN, -SCN, -NO, -NO,, =N, -N3, -S(0)R?, -S(0),RY, -S(0),0R=, ~S(O)NR°R,
—S(0);NR°R®, —OS&(0)R?, ~OS(0),R?, ~0S(0),0RY, -OS(0),NR°R®- , ~C(O)R?, -C(0)OR®,
~C(O)NR°R®, -C(NTH)NR°R®, -C(NR*)NR°R®, -C(NOH)R?, -C(NOHDNR‘R®, ~OC(O)R¢,
~OC(0O)ORY, -OC(O)NR R, ~OC(NH)NRR®, -OC(NR*NR°R®, - [NZHC(0)].R",
-[NR*C(0)]R", ~[MHC(0)],OR%, ~[NR*C(0)],0R?, -[NHC(0)],NRER’, -[NR*C(0O)],NR°R’,
—[NHC(NH)],.NR*RR and —-[NR*C(NR*],NR‘R;

each R is iradependently a protecting group or R, or, alternati=vely, each R® is taken
together with the ni trogen atom to which it is bonded to form a 5 to 8—membered
cycloheteroalkyl or heteroaryl which may optionally include one or meore of the same or different
additional heteroatoms and which may optionally be substituted with eone or more of the same or
different R® or suita_ble R” groups;

each RY is imdependently a protecting group or R?;

ecach mis in dependently an integer from 1 to 3;

each n is incdependently an integer from 0 to 3;

pisl,2or 3;

R’ is an alkzyl group or -(CH,),OH;

q is an integzer from 1 to 6; and

R*? is an alkzyl group or a substituted alky! group.

32. The cormpound of claim 31 in which R?' is a methyl group>.

33. The cormpound of claim 31 in which each R*® is a chlorine.

34. The cormpound of claim 31 in which R*' is a methyl group> and R*® is a chlorine.
35. The cormpound of claim 31 in which R* is -CH,CH,OH.

36. The cormpound of claim 31 in which R* is trifluoromethy’1,
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37. The compound of claim 31 in which R* is a methyl group.
38. The compound of claim 31 in which each R** is a chlorine:
39. The compound of claim 31 in which R* is a methyl group and R*® is a chlorine.

40. A 2, 4-psyrimidinediamine compound according to structure:

R6

Iz
I

R%is '19” R

R’ is a cyclo alkyl;

R’isa ﬂuoriné atom,;

R® is a hydrogen atom;
R?' is an alk -yl group; and

R*® is an alk yl group or a halogen.
41. The compound of claim 40 in which R?' is a methyl group.

42. A pharmmaceutical composition comprising a compound of any one of claims 1-41

and a pharmaceutically acceptable carrier, diluent or excipient.
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43. Use of a 2,4-pyrimidinediamine compound according o any one of claims 1-41 in
the manufacture of a medicament for treating or preventing an aut©immune disease and/or one or

more symptoms associated therewith.

44. The compound of claim 22, wherein Y is SO, two R>= bonded to the same carbon
atom are taken together to form an oxo (=0) and the other two R*> are cach, indcpendently of one

another, selected from the group consisting of hydrogen and alkyl.
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