KINASE INHIBITORS

REILATED APPLICATION

This application claims the benefit of U.S. Provisional Application No.
61/261,100 filed on November 13, 2009. The entire teachings of the above

application are incorporated herein by reference.

BACKGROUND OF THE INVENTION

Protein kinases include a large set of structurally related phosphoryl
transferases which catalyze the transfer of the terminal phosphate from ATP to the
hydroxyl group of tyrosine, serine and/or threonine residues of proteins. Protcin
Kinases are categorized into families by the substrates they phosphorylate, for
example, protein tyrosine kinases (PTK) and protein serine/threonine kinases.

Phosphorylation via protein kinase(s) results in-a functional change of the
target protein (substrate) by changing enzyme activity, cellular location or
association with other proteins. Protein kinases play vital role, not only in
controlling cell growth and differentiation, but also in regulating a wide varicty of
cellular signal transduction pathways in which protein kinases cffectively regulate
production of growth factors and various cytokines such as tumor necrosis factor
(TNF)-a.. Examples of protein-tyrosine kinases include SYK, PYK2, FAK, ALK,
AXL, CSFIR, FL'13, JAK2 (JH1domain-catalytic), JAK3 (JH1domain-catalytic),
KIT, KIT (D816V), KIT (V559D, T6701), PDGFRB, RET, TYK2 and ZAP70.
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Examples of protein-serine/threonine kinascs include PIM1, AURKA, AURKB,
BMPR2, INK1, INK2, JNK3, LKB1, LRRK2, LRRK2(G20198), MLK1, PAK4,
PLK4, RSK2 (Kin.Dom.1-N-terminal), SNARK, SRPK3 and TAK1.
Mis-regulation of these protein kinases has been implicated in numerous
diseases and disorders such as central nervous system disorders (e.g., Alzheimer’s
disease), inflammatory and autoimmune disorders (e.g., asthma, rtheumatoid
arthritis, Crohn’s disease, and inflammatory bowel syndrome, and psoriasis), bone
diseases (e.g., vsteoporosis), metabolic disorders (e.g., diabetes), blood vessel
proliferative disorders, ocular diseases, cardiovascular disease, cancer, restenosis,
pain sensation, transplant rejection and infectious diseases. Although biological and
clinical importance of protein kinases has been recognized in the field, a continuing
need exists for compounds which inhibit protein kinases to provide an effective and
safe clinical therapy for the diseases associated with or mediated by pfotein kinases.
A need also exists for methods of administering such compounds, pharmaceutical

formulations and medicaments to patients or subjects in need thereof.

SUMMARY OF THE INVENTION

The present invention provides a compound of Formula T, or individual

stereoisomers, mixture of isomers, or pharmaceutically acceptable salt thereof,
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wherein:

Xis CHorN;

R'is seiectcd from H, halo, CN, C;-Cyo alkyl or halo(C;-Ca)atkyl, wherein C;-Cio
alkyl, or halo(C;-Ca)alkyl is optionally substituted;



R? s aryl, cycloalkyl, arylalkyl, or heterocyclyl, wherein the ary], cycloalkyl,
arylalkyl, or heterocyclyl is optionally and independently substituted at one or more
carbon atoms with 1-4 R® or R* groups; and whercin aryl and heterocyclyl having
one or more nitrogen atoms is optionally and independently substituted at one or

more nitrogen atoms with 1-4 RS or R® groups;
Rlis independently halo, CN, or R7; and

R* s selected from (CH2),OH, (CH),NR''R", C(O)NHR', C(O)NR''RY, C(O)OR’,
C(O)R’, C(O)NR'R”, C(OINR'R?, (CHL)sNRR’, (CH,)NR'R®, (CH2),CN,
(CH2)aSR, (CHS(O)R’, or (CH2),S(0):NR'R’, wherein each n is independently
1or2; V

wherein:

Each R® is independently selected from halo, CFs, SR?, OR?, OC(O)R’,
O(CH)NR'R7, O(CHz),NR''R", O(CH),R", O(CH2),C(O)NR 'R,
O(CH).C(ONR'R, NR'R’, NR'RS, NHC(O)NH,, C(O)OR", NO, CN,
C(O)R’, 0SO,CH3, S(O)R”, S(O):NR'R’, NR'C(O)NR'R”, NR'C(O)R’,
NR’C(0)OR”, NR7S(O),R’, or NR''R", wherein each n is independently 1

or2;

Each R* is independently selected from amino, halo, hydroxy, Ci-Cio alkyl,
C»-Cialkenyl, C3-Cio atkynyl, C3-Chaeyeloalkyl, Cs-Cigeyeloalkenyl, alkoxy,
haloalkyl, aryl, heteroaryl, or heterocyelyl, wherein the C1-Cyo alkvl, Co-

C ealkenyl, C3-Cio alkynyl, C3-Ciaeycloalkyl, Cs-Ciocycloalkenyl, alkoxy,
haloalkyl, aryl, heteroaryl, or heterocyelyl is optionally and independently
substituted with 1 to 3 groups selected from halo, hydroxy, alkyl, R® or R



-4-

Each R is independently R’, C(O)CH,CN, C(O)R, C(O)OR’, COx(C)-
Ceulkyl), C(OINR'R’, SO;NR'R or SO;R”;

Each R® is independently hydroxy, Ci-Cjo alkyl, C2-Cio alkenyl, C3-Cyo
alkynyl, Cs-C)3 cycloalkyl, Cs-Cig cycloalkenyl, haloalkyl, wherein each RS
group is optionally and independently substituted with 1-3 groups selected
from hydroxy, aryl, alkyl, halo, R’ or R

Bach R’ is independently H, C-Choalkyl, Co-Cigalkenyl, C3-Cyoalkynyt, Cs-
Cy; cycloalkyl, C;-Cyacycloalkenyl, aryl, aryl(C-Ca)alkyl, haloalkyl.
heteroaryl, or heterocyclyl, wherein the Ci-Cygalkyl, C>-Cialkenyl, Cs-
Cypalkynyl, C5-Cya cycloalkyl, Cs-Cizeycloalkenyl, aryl, aryl(Ci-Ca)alkyl,
haloafkyl, heteroaryl, or heterocyclyl is optionally and independently
substituted with 1-4 groups selected from aryl, cycloalkyl, heteroaryl,

heterocyclyl, alkyl, halo, amino, hydroxy, R9, or R'%;

Each R? is independently C(O)R7, C(O)OR, C(ONR'R’, or S(OWR’,

wherein nis 1 or 2;

Each R is independently CF, SR7, OR”, NR'R’, NR'R'Z, C(ONR'R,
C(O)NR'R'?, S(O).NR'R’, or $(0),R’, wherein each 1 is independently 1

or2;
Each R'? is C{O)O(C;-Cglalkyl, or halo(C)-Cyatkyl; and

R and R, taken together with the nitrogen atom to which they are bonded

form:

i) a 3-8 membered saturated or partially saturated ring having no heteroatom
other than the nitrogen atom to which R and R"? are bonded, wherein

said 3-8 membered saturated or partially saturated ring is optionally
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and independently substituted with 1-4 groups selected from R’ orR®
at one or more substitutable carbon atoms;

ii) a 5-8 membered saturated or partially saturated ring having 1-3
heteroatoms, in addition to the nitrogen atom to which R and R are
bonded, wherein said 1-3 heteroatoms arc independently selected from
nitrogen, oxygen, sulfur, sulfone or sulfoxide, and wherein said 5-8
membered saturated or partially saturated ring having 1-3 heteroatoms
is optionally and independently substituted with 1-4 groups selected
from R® or R* at one or more substitutable carbon atoms and at one or
more substitutable nitrogen atoms with RéorR%,

iif) a 9-10 membered saturated or partially saturated bicyclic ring having no
heteroatom other than the nitrogen atom to which R" and R are )
bonded, wherein said 9-10 membered saturated or partially salurated
bicyclic ring having no heteroatom is optionally substituted with 1-4
groups independently selected from R’ or R* at one or more
substitutable carbon atoms;

iv) 2 9-10 membered saturated or partially saturated bicyclic ring having 1-5
heteroatoms, in addition to the nitrogen atom to which R and R*? are
bonded, wherein said heteroatoms are independently selected from
nitrogen, oxygen, sulfur, sulfoxide, sulfone, carboxamide or
sulfoxamide; or

v) a 6-14 membered saturated or partially saturated bridged ring having 1-3
heteroatoms in addition to the nitrogen atom to which R'* and R" are
honded, wherein said 1-3 heteroatoms are independently selected from
nitrogen, oxygen, sulfur, sulfone, or sulfoxide, and wherein said 6-14
membered saturated or partially saturated bridged ring having 1-3
heteroatoms is optionally and independently substituted with 1-4
groups selected from R® or R* at one or more substitutable carbon

atoms and at one or more subslitutable nitrogen atoms with Réor R®,

or a pharmaceutically acceptable salt thercof.



In certain aspects, R} is selected from H, F, Cl, Br, CF3, or CHs. R'is
optionally substituted.

In certain aspects, R? is aryl, cycloalkyl, arytalkyl, or heterocyclyl. The aryl,
cycloalkyl, arylalkyl, or heterocyclyl is optionally and independently substituted at
one or more carbon atoms with 1-4 R or R*® groups. In one embodiment, R? can be
an aryl and the aryl optionally substituted at one or more carbon atoms with 1-4 R’
or R* groups. The aryl of R? can be heteroaryl containing one or more heteroatoms
independently selected from nitrogen, oxygen, sulfur, sulfoxide, or sulfone. The
heteroaryl and heterocyelyl of R2 can have onc or more nitrogen atoms optionally
and independently substituted with 1-4 RS or R® groups. The ary! group of R?can
be, for example, a 5-6 membered monocyelic aryl -group having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; an 8-10 membered bicyclic
aryl group having 0-5 heteroatoms independently selected from nitrogen, oxygen,
sulfur, sulfoxide, or sulfone; an 8-10 membered partially unsaturated bicyclic aryl
group having 0-5 heteroatoms independently selected from nitrogen, oxygen, sulfur,
sulfoxide, or sulfone; or an 8-10 membered partially unsaturated bicyclic aryl group
having a carboxamide or sulfoxamide.

In one embodiment, the aryl of R? is a 5-6 membered monocyclic aryl group
such as phenyl, pyrimidinyl, or pyridyl optionally and independently substituted
with 1, 2, or 3 groups selected from methyl, ethyl, phenyl, 2-hydroxyethoxy,
isopropyl, methoxy OCgls, OCHoCélls, OCH,CH,NR''R"2, OCH,CH,NR'R’,
OCH,;C(O)NR''R'2, OCH,C(O)NR'R, CF;, 0SO;CH3, SO2CH;, SONHCH, or
NRUR!

In another embodiment, R? is an 8-10 membered bicyclic aryl group having
0-5 heteroatoms independently selected. from nitrogen, oxygen, sulfur, or sulfoxide.
‘The bicyclic aryl of R2 is selected from indolyl, indazolyl, naphthyl, or quinolinyl
optionally and independently substituted with 1, 2 or 3 groups selected from alkyl,
alkoxy, halo, aryl, heteroaryl, cycloalkyl, CF3, OCF;, C(O)alkyl, C(O)aryl,
S(O)aalkyl at the substitutable carbon atoms or nitrogen atom, wherein alkyl, aryl, or

heteroary! is optionally substituted with hydroxy, amino or sulfone.
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In another embodiment, R? is an 8-10 membered partially saturated bicyclic
aryl group having 0-5 heteroatoms independently sclected from nitrogen, oxygen,
sulfur, sulfoxide, or sulfone. For example, the 8-10 membered partially saturated
bicyclic group is diliydrobenzodioxinyl, tetrahydronaphthyl, or dihydroindenyl
optionally and independently substituted with‘ 1,2, or 3 groups selected from alkyl,
aryl, heteroaryl, alkoxy, hale, CF3, OCT;, or SO;CHj at substitutable carbon atoms.

In certain aspects, R? is H, methyl, cyclopropyl, isopropyl, furanyl, CF3 or
phenyl.

In one embodiment, R* i§ C(0)0R7 and R is independently H, Ci-Cyo alkyl,
C,-Cyg alkenyl, Cs-Cyo alkynyl, C5-Cr2 cycloalkyl, Cs-Clz cycloalkenyl, aryl,
haloalkyl, heteroaryl, or heterocyclyl. Ci-Cic alkyl, C2-Cio alkenyl, C3-Cyo alkynyl,
C;-C1, cycloalkyl, Cs-Cy2 cycloalkenyl, aryl, haloalkyl, heteroaryl, or heterocyclyl is
optionally and independently substimted with 1-4 groups selected from hydroxy,
halo, amino, aryl, cycloalkyl, heterocyelyl, alkyl, R® or R'®, For example, R’ is
independently H or C1-Cyo alkyl. Further, the C,-Cjo alkyl of R can be optionally
and independently substituted with 1-4 groups selected from halo, hydroxy, amino,
C-Cs alkyl, C-Cgalkoxy, Ci-Cs alkylamino, or diC;-Cs alkylamino.

In one embodiment, R? is C(O)R” and R” of C(O)R” is independently Ci-Cio
alkyl, Co-Cyp atkenyl, Ca-Co alkynyl, C3-Cyz cycloalkyl, Cs-Cz cycloalkenyl, aryl,
haloalkyl, or heterocyclyl opticnally and iridependently substituted with 1-4 groups
selccted from halo, aryl, cycloalkyl, heterocyclyl, alkyl, R® or R'%. For example, R’
can be independently selected from H or C;-Cp alkyl. The C;-Cio alkyl of R’ can be
optionally and independently substituted with 1-4 groups from halo, hydroxyl,
amino, C;-Cg alkyl, Ci-Cs alkoxy, C1-Ce alkylamino or diC,-Ce alkylamino.

In one embodiment, R*is C(O)NHR7 and R" is independently H, Ci-Cio
alkyl, Co-Cyq alkenyl, C>-Cio alkynyl, C3-Cjz cycloalkyl, C4-Ci7 cycloalkenyl, aryl,
arylalkyl, haloalkyl, or heterocyelyl. Ci-Cio alkyl, C,-Cyg alkenyl, Co-Co alkynyl,
C3-Cy; cycloalkyl, C4-Ci2 cycloatkenyl, aryl, arylalkyl, haloalkyl, or heterocyclyl is
optionally and independently substituted with 1-4 groups selected from halo, ary},
cycloatkyl, heterocyelyl, alkyl, 1% or R'®. Tn one embodiment, R’ can be selected

from C,-Cyo alkyl or aryl. The aryl can be phenyl optionally and independently
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substituted with 1, 2, or 3 groups selected from methyl, methoxy, hydroxy, OC(O)R’,
CH,OH, CH,CH,OH, NH,, NR'R, NIIC(O)NHR', NHSO,R’, C(O)OR’,
C(O)NHR7, CF;, or SO,CHs. Preferred substituents arc methyl, methoxy, CF, and
SO,CHs. The C-Cyo alkyl of R7is optionally and independently substituted with 1-
4 groups selected rom amino, halo, hydroxyl, phenyl, phenylalkyl, Ci-Csalkyl, Ci-
Csalkoxy, Ci-Cg alkylamino or diCy-Cg alkylamino.

In one embodiment, R* is C(O)NR''R'2 and R'! and R'?, taken together with
the nitrogen atom Lo which they are bonded form: (i) a 3-8 membered saturated or
partially saturated ring having no heteroatom other than the nitrogen atom to which
R* and R'? are bonded, in which the 3-8 membered saturated or partially saturated
ring is optionally and independently substituted with 1-4 groups selected from R’ or
R at one or more substitutable carbon atoms; (ii)  5-8 membered saturated or
partially saturated ring having 1-3 heteroatoms, in addition to the nitrogen atom to
which R'! and R'? are bonded, in which the 1-3 heteroatoms are independently
selected from nitrogen, oxygen, sulfur, sutfone or sulfoxide, and in which said 5-8
membered saturated or partially saturated ring having 1-3 heteroatoms is optionally
and independently substituted with 1-4 groups selected from RY or R** at one or
more substitutable carbon atoms and at one or more substitutable nitrogen atoms
with R® or R®: (iii) a 9-10 membered saturated or partially saturated bicyclic ring
having no heteroatom other than the nitrogen atom to which R" and R* are bonded,
in which the 9-10 membered saturated or partially saturated bicyclic ring having no
heteroatom other than the bound nitrogen atom is optionally substituted with 1-4
groups independently selected from R’ or R* at one or more substitutable carbon
atoms; or (iv)-a 9-10 membered saturated or partially saturated bicyclic ring having
1-5 heteroatoms, in addition to the nitrogen atom fo which R'" and R*? are boﬁdcd,
wherein said heteroatoms are independently selected from nitrogen, oxygen, sulfur,
sulfoxide, sulfone, carboxamide or sulfoxamide. For example, the 3-8 membered
saturated or partially salurated ring having no heteroatom other than the bound
nitrogen atom can be optionally and independently substituted with 1-4 hydroxy or

amino groups.
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" In one embodiment, R* is (CIL).NR'R. R” of (CH,),NR'R’ is
independently H, C1-Cio alkyl, C2-Cio alkenyl, C3-C)p alkynyl, C3-Cy, cycloalkyl,
C5-Cyy cycloalkenyl, aryl, haloalkyl or heterocyclyl. R’ of (CHy).NR'R is
aptionally and independently substituted with 1-4.groups selected from halo, aryl,
eycloalkyl, heterocyclyl, alkyl, R? or RY. For example, R? can be independently H,
C1-Cjo alkyl, C3-Cya cycloalkyl, aryl, or heterocyclyl and R’ is optionally and
independently substituted with 1-4 groups selected from hydroxyl, amino, aryl; alkyl
or halo. In one embodiment, R’is independently H or C;-Cyp alkyl. The Ci-Cio
alkyl is optionally substituted with phenyl. The phenyl can be optionally and
independently substituted with one or more alkyl, halo, amino, or hydroxyl.

In some aspects, R'is (CHz)nNR”R12 and R" and R*, taken together with
- the nitrogen atom to which they are bonded form: (i) a 3-8 membered saturated or
partially saturated ring having no heteroatom other than the nitrogen atom to which
RY and R'2 are bonded, wherein said 3-8 membered saturated or partially saturated
ring is optionally and independéntly substituted with 1-4 groups selected from Rlor
R at one or more substitutable carbon atoms; (ii) a 5-8 membered saturated or
partially saturated ring having 1-3 heteroatoms, in addition to the nitrogen atom to
which R and R'?are bonded, wherein said 1-3 heteroatoms are independently
selected from nitrogen, oxygen, sulfur, sulfone or sulfoxide, and wherein said 5-8
membered saturated or partially saturated ring having 1-3 heteroatoms is optionally
and independently substituted with 1-4 groups selected from R® or R* at one or
more substitutable carbon atoms and at one or more substitutable nitrogen atoms
with R® or R%; (iii) a 9-10 membered saturated or partially saturated bicyclic ring
having no heteroatom other than the nitrogen atom 1o which R'" and R" are bonded,
wherein said 9-10 membered saturated or partially saturated bicyclic ring having no
heteroatom is optionally substituted with 1-4 groups independently selected from R’
or R® at one or more substitutable carbon atoms; (iv) a 9-10 membered saturated or
partially saturated bicyclic ring having 1-5 heteroatoms, in addition to the nitrogen
atom to which R'" and R'? are bonded, wherein said heteroatoms are independently
selected from nitrogen, oxygen, sulfur, sulfoxide, sulfone, carboxamide or

sulfoxamide; or (v) a 6-14 membered saturated or partially saturated bridged ring
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having 1-3 heteroatoms in addition to the nitrogen atom to which RY and R™ are
bonded, wherein said 1-3 heteroatoms are independently selected from nitrogen,
oxygen, sullur, sulfone, or sulfoxide, and wherein said 6-14 membered saturated or
partially saturated bridged ring having 1-3 heteroatoms is optionally and
independently substituted with 1-4 groups selected from R’ or R™ at one or more
substitutable carbon atoms and at one or more substitutable nitrogen atoms with R®
orR%,

In one embodiment, R* is (CHz)nNR‘ 'R'2 and R!! and R'?, taken together
with the nitrogen atom to which they are bonded form a 3-8 membered saturated or
partially saturated ring having no heteroatom other than the niﬁégen atom to which
R and R? are bonded. The 3-8 membered saturated or partially saturated ring
having no heteroatom other than the bound nitrogen atom is optionally and
independently substituted with 1-4 groups selected from R* or R™ at one or more
substitutable carbon atoms.. The 3-8 membered saturated or partially saturated ring
having no heteroatom other than the bound pitrogen can be a4, 5 or 6 membered
saturated ring optionally and independently substituted with one or more hydroxy,
OC(O)R, CH,OH, CH.CH;OH, NHa, NR'R”, NHC(O)NHR’, NHSO,R’, C(O)OR”
or C(OYNHR? at one or more substitutable carbon atoms. Preferably, the 3-8
membered ring is selected from azetidinyl, pyrrolidinyl, or piperidinyl optionally
and independently substituted with hydroxy, halo, OC(O)R7, CH,0H, CH2CH20H,
NH,, NR'R’, NHC(O)NHR", NHSO;R’, C(O)OR’, or C(O)NHR” at one or more
substitutable carbon atoms.

In one embodiment, R* is (CI—lg)n.\H{“R'2 and R'! and R", taken together
with the nitrogen atom to which they are bonded form a 5-8 membered saturated or
partially saturated ring having 1-3 heteroatoms, in addition 1o the nitrogen atom to
which R" and R'?are bonded. The 1-3 heteroatoms are independently selected from
nitrogen, oxygen, sulfur, sulfone or sulfoxide, and the 5-8 membered saturated or
partially saturated ring having 1-3 heteroatoms is optionally and independenily
substituted with 1-4 groups selected from R’ or R* at one or more substitutable
carbon atoms and at one or more substitutable nitrogen atoms with REor R®. For

example, the 5-8 membered saturated or partiaily saturated ring having 1-3
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heteroatoms is a 6 or 7 membered saturated ring having 1 heteroatom. The
heteroatom can be nitrogen optionally substituted with C;-Cyo alkyl, hydroxyl Cz-
Cyoulkyl, or C(OXNHR'. Altematively, the heteroatom can be oxygen. In one
embodiment, the oxygen, together with R'', R'2 and with the nitrogen atom to which
they are bonded, can form morpholino. The 5-8 membered saturated or partially
saturated ring having 1-3 heteroatoms can be morpholine, thiomorpholino,
piperazinyl, or homopiperazinyl. The piperazinyl or homopiperaziny! is optionally
and independently substituted with hydroxy, C,-Cg alkyl, CH,CH,0H, C(O)R7,
C(O)NHR, SO,R’, SO,NHR or C(O)OR” at the nitrogen atom.

In one embodiment, R? is (CTI),NR''R'2 and R"! and R, taken together
with the nitrogen atom to which they are bonded can form a 9-10 membered
saturated or partially saturated bicyclic ring having no heteroatom other than the
nitrogen atom to which R and R* are bonded. The 9-10 membered suturated or
partially saturated bicyclic ring having no heteroatom other than the bound nifrogen
atom is optionally substituted with 1-4 groups independently selected from R® or R*®
at one or more substitutable carbon atoms. For example, the bicyclic ring can form
tetrabydroisoquinoline. ‘I'he bicyclic ring can also contain an aryl group within the
ring. »

In one embodiment, R'is (CH;),,NR“R”‘ and R" and R'?, taken together
with the nitrogen atom to which they are bonded can form a 9-10 membered
saturated or partially saturated bicyclic ring having 1-$ heteroatoms, in addition to
the nitrogen atom to which R'' and R'? are bonded. The 1-5 hetervatoms are
independently selected from nitrogen, oxygen, sulfur, sulfoxide, sulfone,
carboxamide, or sulfoxamide. The 9-10 membered saturated or partially saturated
bicyclic ring having 1-5 heteroatoms can be optiionally and independently
substituted with 1-4 groups selected from R or R* at one or more substitutable
carbon atoms and at one or more substitutable nitrogen atoms with R®or R, The
bicyclic ting can also contain an aryl group within the ring.

In one embodiment, R? is (CI~Iz),,1\IR“R]2 and R'! and R'%, taken together
with the nitrogen atom to which they are bonded can form a 6-14 membered

saturated or partially saturated bridged ring having 1-3 heteroatoms in addition to
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the nitrogen atom to which R and R'? are bonded, whercin said 1-3 heteroatoms are
independently selected [rom nitrogen, oxygen, sulfur, sulfone, or sulfoxide, and
wherein said 6-14 membered saturated or partially saturated bridged ring having 1-3
heteroatoms is optionally and independently substituted with 1-4 groups selected
from R® or R* at one or more substitutable carbon atoms and at one or more
substitutable nitrogen atoms with R® or R®,

The present invention also relates to compositions comprising these
compounds, methods of making these compounds, methods of inhibiting enzyme
activity, particularty SYK, PYK2, FAK, ZAP?O, PIM1, RET, FLT3, JAK2 and
LRRK?2 kinase activity, through use of these compounds, and method of treating
disease or disease symptoms in a mammal, particularly where inhibition of the
kinase activity, can affect discase outcome. v

The compounds of Formula (T) are useful for inhibiting one or more protein
kinases and for treating diseases and disorders that arc mediated by the protein
kinases, such as cancer, autoimmune diseases, infection, cardiovascular disease, and
neurodegenerative diseases.

In one aspect, the present invention provides pharmaceutical compositions
comprising a compound of Formula (D) and a pharmaceutically acceptable carrier.
In certain embodiments, such pharmaceutical compositions are formulated for
intravenous administration, subcutaneous administration, inhalation, oral
administration, rectal administration, parenteral, intravitreal administration,
intramuscular administration, intranasal administration, dermal administration,
topical administration, otic admjnistration, ophthalmic administration, buccal
administration, tracheal administration, bronchial administration, or sublingual
administration. In other embodiments, such pharmaceutical composition are
formulated as tablets, a pills, capsules, a liquid, an inhalant, a nasal spray solution, a
suppository, a solution, a gel, an emulsion, an ointment, eye drops or ear drops.

In one aspect, the present invention pro\lides methods of inhibiting SYK,
PYK2, FAK, ZAP70, PIM1, FLT3, RET, JAK2, JAK3, 1.RRK2, LRRK2(G2019S),
ABLI1(T3150), AURKB, AXL, FL13, KIT, KIT(D816V), KIT(V559D,T6701),
MIKNK2, MLK 1, PDGFRB, PLK3, RET, SNARK, SRPK3, TAK1, or TYK2
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signaling in vive or in vitro, comprising administering to sajd subject an cffective
amount of the compound of Claim 1,

In one aspecl, the present invention provides methods for weating a cell-
proliferative disease or condition, such as cancer, comprising administering to a
subject in need of such treatment a therapeutically cffeétive amount of the
compound of Formula (1) or pharmaceutically acceptable salts, pharmaceutical
compositions or medicaments thereof, wherein the cell proliferative disease or
condition include, for example, lymphoma, osteosarcoma, melanoma, breast cancer,
renal cancer, prostate cancer, colorectal cancer, thyroid cancer, ovarian cancer,
pancreatic cancer, neuronal cancer, lung cancer, uterine cancer or gastrointestinal
cancer. In one aspect, the present invention provides methods of inhibiting growth
of cancer cells with the compound of Claim 1 or a pharmaceutically acceptable salt
thereof.

In another aspect, the present invention provides a medicament for treating a
SYK, PYK2, FAK, ZAP70, PIM1, FLT3, RET, JAKZ, JAK3, LRRK2,
LRRK2(G20198), ABL1(T3151), AURKB, AXL, FLT3, KIT, KIT(D816V),
KIT(V559D,T6701), MKNK2, MLK1, PDGFRB, PLK3, RET, SNARK, SRPK3,
TAK1, or TYK2 -mediated disease, disorder or condition in a patient comprising a
therapeutically effective amount of the compound of Formula (I). -

In another aspect, the present invention provides the use of the compound of
Formula (I) in. the manufacture of a medicament for treating a SYK, PYK2, FAK,
ZAP70, PIM1, FLT3, RET, JAKZ, JAK3, LRRK2, LRRK2(G2019S),
ABLI1(T3151), AURKB, AXL, FLT3, KIT, KIT(D816V), KIT(V559D,T670I),
MKNK2, MLK1, PDGFRB, PLK3, RET, SNARK, SRPK3, TAK]1, or TYK2 -
mediated disease, disorder or condition.

In another aspect, the present invention provides methods for inhibiting a
protein kinase, comprising administering to a subject in need thereof, 2
therapeutically effective amount of the compound of Formula (I) or a
pharmaceutically acceptable salt or pharmaceutical composition thereof. The
protein kinase includes, but is not limited to, SYK, PYK2, FAK, 7ZAP70, PIMI,
FLT3, RET, JAK2, JAK3, LRRK2, LRRK2(G20195), ABLI(T315]), AURKB,
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AXL, FLT3, KIT, KIT(D816V), KIT(V559D,T6701), MKNK2, MLK1, PDGFRB,
PLK3, RET, SNARK, SRPK3, TAK1, or TYK2 kinase.

In another aspect, the present invention provides methods for inhibiting a
protein kinase, comprising contacting to a cell with the compound of Formula (3). In
certain embodiment, the compound of Formula (1) effectively inhibits activity of one
or more kinases selected from SYK, PYK2, FAK, ZAP70, PIM1, FLT3, RET, JAK2,
JAK3, LRRK2, LRRK2(G20198), ABL1(T315D), AURKB, AXL, FLT3, KIT, '
KIT(D816V), KIT(V559D,1670D), MEKNK2, MLK1, PDGFRB, PLK3, RET,
SNARK, SRPK3, TAK], or TYKZ,

In another aspect, (he present invention provides methods for treating a
protein kinase-mediated disease or condition comprising administering to a subject
in need of such treatment a therapeutically effective amount of the compound of
Formula (I) or a pharmaceutically acceptable salt, a pharmaceutical composition or 2
medicament thereof. The protein kinase' includes, but is not limited to, SYK, PYK2,
FAK, ZAP70, PIM1, FLT3, RET, JAKZ, JAK3, LRRK2, LRRK2(G20198
ABLI1(T315]), AURKB, AXL, FL13, KIT, KIT(D816V), KIT(V559D,T670D),
MKNK2, MLK1, PDGFRB, PLK3, RET, SNARK, SRPK3, TAK1, or TYK2.

In certain embodiments, protein kinase-mediated diseases or conditions are
inflammatory diseases or conditions, respiratory diseases or autoimmune diseases or
conditions, such as asthma, chronic obstructive pulmonary disease (COPD), adult
respiratory distress syndrome (ARDS), vleerative colitis, Crohn’s disease,
bronchitis, dermatitis, allergic thinitis, psoriasis, scleroderma, urticaria, rheumatoid
arthritis, multiplc sclerosis, cancer, breast cancer, HIV associated diseases or lupus.

In another aspect, the present invention provides methods for treating a
neurological/ncurodegenerative disease or condition by administering to a subject a
therapeutically cffective amount of the compound of Formula () or a
pharmaceutically acceptable salt. In certain embodiment, such
neurological/neurodegenerative discase or condition includes, for example,
Alzheimer’s discase, cerebral edema, cerebral ischemia, multiple sclerosis,

neuropathies, Parkinson’s disease, blunt or surgical trauma (including post-surgical
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cognitive dysfunction and spinal cord or brain stem injury), as well as the
neurological aspects of disorders such as degencrative disc disease and sciatica.

In another aspect, the present invention provides methods for treating a
cardiovascular disease by administering to a subject a therapeutically effective
amount of the compound of Formula (I) or a pharmaceutically acceptable salt. Such
a cardiovascular disease affects the heart or blood vessels and includes, for example,
atherosclerosis, arthythmia, angina, myocardial ischemia, myocardial infarction,
cardiac or vascular aneurysm, vasculitis, stroke, peripheral obstructive arteriopathy
of a limb, an organ, or a tissue, reperfusion injury following ischemia of an organ or
a tissue, endoloxic, surgical, or traumatic shock, hypertension, valvular heart
disease, heart failure, abnormal blood pressure, vasoconstriction, vascular
abnon'nality, or inflammation.

In another aspect, the present invention provides methods of treating a
kinase-mediated disease or condition by administering to a subject a therapeutically
offective amount of the compound of Formula (I) or a pharmaceutically acceptable
sall in combination with a second therapeutic agent.

In the above methods for using the compound of the iﬁvention, the
compound of Formula () or a pharmaceutically acceptable salt is administered to a
system comprising cells or tissues. In certain embodiments, the compound of
Formula (1), a pharmaceutically acceptable salt, a pharmaceutical composition or a

medicament thereof is administered to a human or animal subject.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a group of pyrollopyrimidine derivatives and
pharmaceutically acceptable salts thereof that are useful for inhibiting one or more
protein kinases and for treating diseases and disorders that are mediated by the
protein kinase, for example, cell proliferative disease and disorder such as cancer,
autoimmune diseases, infection, cardiovascular disease, and neurodegenerative
disease and diso'rder such as Alzheimer’s disease. The present invention also

provides methods for synthesizing and administering the pyrollopyrimidine
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derivatives. The present invention also provides pharmaceutical formulations
comprising at least one of the compounds of the present invention together with a
pharmaceutically acceplable carrier, diluent or excipient therefor. The invention
also provides useful intermediates generated during synthescs of the
pyroliopyrimidine derjvative compounds.

The presenl invention provides a compound of Formula [, or individual

stereoisomer, mixture of isomers, or pharmaceutically acceptable salt thereof,

A 1
N/\/[R
|
RZ N -
'I\j)\ N N X\ -R3
H =
R4

Formula L.

Xis CHorN.

R!is selected from H, halo, CN, C;-Cypalkyl, or halo(C-Cyalkyl. For
example, R! can be H, F, Cl, Br, CF; or CHs. C;-Cioalkyl, or halo(Ci-Ca)alkyl of R!
can be optionally substituted with one or morc suilable substituents, for example,
halo, amino, hydroxy, alkoxy, or haloalkyl.

R% s aryl, cycloalkyl, arylalkyl, or heterocyelyl. The aryl, cycloalkyl,
arylalkyl, or heterocyclyl group of R? is optionally and independently substituted at
one or more carbon atoms with 1-4 R* or R* groups; and at one or more nitrogen
atoms with 1-4 R® or R®® -groups. R? can be an aryl; arylalkyl, or heterocyclyl group
having one or more heleroatoms selected from nitrogen, oxygen, sulfur, sulfoxide,
sulfone, carboxamide, or sulfoxamide. Such hetcroaryl, heteroarylalkyl, or
heterocycly! of R?has one or more nitrogen heteroatoms optionally and
independently substituted with 1-4 R® or R* groups.

The aryl groups of R, and in general, include, but are not limiled to: (1) a 5-
6 membered monocyclic aryl group having 0-3 heteroaloms independently selected
from nitrogen, oxygen, or sulfur; (2) an 8-10 membered bicyclic aryl group having

0-5 heteroatoms independently selected from nitrogen, oxygen, sulfur, sulfoxide, or
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sulfone; (3) an 8-10 membered partially saturated bicyclic aryl group having 0-5
heteroatoms independently selected from nitrogen, oxygen, sulfur, sutfoxide, or
sulfone; or (4) an 8-10 membered partially saturated bicyclic aryl group having a
carboxamide or sulfoxamide. Non-limiting examples of the aryl groups of R?
include phenyl, 3-chlorophenyl, 2,6-dibromophenyl, pyrimidinyl, pyridyl, 3
methylpyridyl, benzothienyl, 2,4,6-tribromophenyl, 4-ethylbenzothienyl, furanyl,
benzofuranyl, indolyl, indazolyl, dihydrobenzodioxinyl, dihydroindenyl, 3,4-
diethylfuranyl, naphthyl, tetrabydronaphtyl, quinolinyl, 4,7-dichloronaphthyl,
pyrrole, pyrazole, imidazole, thiazole and the like. The aryl group of R? caﬁ be
optibnall y substituted.

Specifically, R? can be a 5-6 membered monocyclic aryl group having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur. For example,
the 5-6 membered monocyclic aryl of R? is phenyl optionatly and independently
substituted with 1, 2 or 3 groups selected from methyl, ethyl, isoprophyl, methoxy,
2-hydroxyethoxy, CFs, OCsHs, OCH,Cgle, OCH,CHNR''R'%, OCH,CH,NR'R’,
OCH,C(O)NR"'R'?, OCH,C(O)NR'R’, 0S0;CHs, SO,CHs, SO;NHCH, or
NR''R™2. Hydroxyethoxy is OCH,CH,0H. Briefly, R"R'? of OCH,CH,NR"R™,
OCH,C(OINR''R'2, or NR''R'?, taken logether with the nitrogen atom to which
they are bonded can form: (i) a 3-8 membered saturated or partially saturated ring
having no heteroatom other than the nitrogen atom to which R" and R'? are bonded,
for example, pyrrolidiny] or piperidinyl; or (ii) a 5-8 membered saturated or partially
saturated ring having 1-3 heteroatoms, in addition to the nitrogen atom to which R
and R are bonded, for example, morpholino, piperazinyl, or homopiperazinyl. .
Descriptions of R'"R" are turther discussed in detail below.

RZ can be an 8-10 membered bicyclic aryl group having 0-5 heteroatoms
independently selected from nitrogen, oxygen, sulfur, sulfoxide, or sulfone. For
example, the 8-10 membered bicyclic aryl group can be selected from indolyl,
indazolyl, benzothiophenyl, benzothiazolyl, benzofuranyl, naphthyl, or quinolinyl
optionally and independently substituted with 1,2 or 3 groups selected from alkyl,

aryl, heteroaryl, alkoxy, halo, haloalkyl, cycloalkyl, or sulfone, such as CFa, OCF3,
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C(0)CgHs, or S(O),CHj at the substitutable carbon atoms or nitrogen atom, wherein
alkyl, aryl or heteroaryl is optionally substituted with hydroxyl, amino, or sulfone.

R? can be an 8-10 membered partially saturated bicyclic group having a
phenyl ring fused o a non-aromatice carbocyclic or heterocyclic ring having 0-5
heteroatoms independently selected from nitrogen, oxygen, sulfur, sulfoxide, or
sulfone. For example, the 8-10 membered partially saturated bicyclic group is
dihydroindenyl, tetrahydronaphthyl, or dihydrobenzodioxiny! optionally and
independently substituted with 1,2, or 3 grbups sclected from alkyl, aryl, heteroaryl,
alkoxy, halo, CF3, OCF3, or S0O,CHs at the substitutable carbon atoms.

R? can be H, halo, CN or R’. For example, R3 is selected from H, C1-Cs
alkyl, cycloalkyl, or aryl. Preferably, R is selected from H, cyclopropyl, isopropyl,
furanyl, methyl, ethyl, CF3, or phenyl. The methyl, ethyl, or phenyl can be
optionally and independently substituted with one or more groups selected from halo,
aryl, cycloalkyl, heterocyclyl, alkyl, R’ or R .

Each R® is independently selected from halo, CFs, SR?, OR’, OC(OIR’,
O(CI1).NR'R’, O(CH2),NRR™, O(CHz).R, O(CH,),C(ONR'R ™,
O(CHY),C(OINR'R, NR'R’, NR'R®, NHC(O)NHz, C(O)OR’, NO,, CN, C(O)R’,
0S0,CHs, S(O)R, S(O}NR'R’, NRIC(ONR'R’, NR'C(O)R’, NR'C(O)OR’,
NR'S(O)R’, or NR''R'2. Each n is independently 1 or 2.

Each R™ is independently selected amino, halo, hydroxy, C1-Cio alkyl, Co-
Cjoalkenyl, C3-Cqo alkynyl, C3-Cipoycloalkyl, Cs-Crecycloalkenyl, alkoxy, haloalkyl,
aryl, heteroaryl, or heterocyelyl. The Ci-Cyo alkyl, C,-Cioalkenyl, C5-Cyo alkynyl,
Ca-Cracycloalkyl, Cs-Cyocyctoalkenyl, alkoxy, haloalkyl, aryl, heteroaryl, or
heterocyclyl of R is optionally and independently substituted with 1 to 3 groups
selected from halo, hydroxy, alkyl, &%, or R,

Each R® is independently R, C(O)CH,CN, COR?, C(OYOR', COACy-
Cealkyl), C(OYNR'R’, SO,NR'R,or SO;R.

Fach R%* is independently hydroxy, Ci-Cio alkyl, C,-Cyo alkenyl, C3-Cyo
alkynyl, C3-Cyz cycloalkyl, Cs-Cio cycloalkenyl, haloalkyl. Each RS group is
optionalty and independently substituted with 1-3 groups selected from hydroxy,
aryl, alkyl, halo, R’ or R,
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Each R7is independently H, C;-Coalkyl, C2-Cypalkenyl, Ca-Cypalkynyl, Cs-
C12 cycloalkyl, Cs-Cpatycloalkenyl, aryl, aryl(C;-Cy)alkyl, haloalkyl, heteroaryl, or
heterocyclyl. The C,-Cioalkyl, C>-Cioalkenyl, Cs3-Cialkynyl, C3-Cy; cycloalkyl, Cs-
Cpacycloatkenyl, aryl, aryl(C1-Ca)alkyl, haloalkyl, heteroaryl, or heterocyclyl is
optionally and independently substituted with 1-4 groups selected from aryl,
cycloalkyl, heteroaryl, heterocyclyl, alkyl, halo, amino, hydroxy, R’, or RY.

Each R® is independently C(O)R”, C(O)OR”, C(O)NR'R” or S(O),R’. nis 1
or2.

Fach R’ is independently CFs, SR’, OR”, NR'R, NR"'R"?, C(O)NR'R’,
C(O)NR''R", S(O)nNR7R7, or S(O)R’, wherein each n is independently 1 or 2.
Each n is independently 1 or 2.

Each R'% is C(OYO(C)-Cealkyl or halo(Cy-Ca)alkyl.

R and R'2, taken together with the nitrogen atom to which they are bonded
form: (i) a 3-8 membered saturated or partially saturated ring having no heteroatom
other than the nitrogen atom to which R!! and R'? are bonded, wherein said 3-8
membered saturated or partially saturated ring includes, but is not limited to,
azetidinyl, pyrrolidynyl, or piperidynyl, optionally and independently substituted
with 1-4 groups sclected from R® or R*® ai one or more substitutable carbon atoms;
(i) a 5-8 membered saturated or partially saturated ring having 1-3 heteroatoms, in
addition to the nitrogen atom to which R" and R'? are bonded, wherein said 1-3
heteroatoms are independently selected from nitrogen, oxygen, sul fur, sulfone or
sulfoxide, and wherein said 5-8 membered saturated or partially saturated ring
having 1-3 heteroatoms includes, but is not limited 1o, morpholino, thiomorpholino,
piperaziny! or homopiperazinyl optionally and independently substituted with 1-4
groups scleeted from RS or R* at one or more substitutable carbon atoms and at one
or more substitutable nitrogen atoms with R®or R%; (iii) a 9-10 membered saturated
or partially saturated bicyclic ring having no heteroatom other than the nitrogen
atom to which R'" and R'? are bonded, wherein said 9-10 membered saturated or
partially saturated bicyclic ring having no heteroatom is optionally substituted with
1-4 groups independently selected tfrom R* or R* at one or more substitutable

carbon atoms; (iv) a 9-10 membered saturated or partially saturated bicyclic ring
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having 1-5 heteroatoms, in addition to the nitrogen atom to which RM and R*? are
bonded, wherein said heteroatoms are independently selected from nitrogen, oxygen,
sulfur, sulfoxide, sulfone, carboxamide or sulfoxamide; or (v) a 6-14 membered
saturated or partially saturated bridged ring having 1-3 heteroatoms in addition to
the nitrogen atom to which RY and R*? are bonded, wherein said 1-3 heteroators are
independently selected from nitrogen, oxygen, sulfur, sulfone, or sulfoxide, and
wherein said 6-14 membered saturated or partially saturated bridged ring having 1-3
heteroatoms is optionally and independently substituted with 1-4 groups selected
from R® or R™ at one or more substitutable carbon atoms and at onc or more
substitutable nitrogen atoms with Réor R

R is selected from (CHz)aOH, (CHy),NR''R'2, C(O)NHR’, C(ONR'R?,
C(O)OR’, CO)R", C(ONR'R”, C(O)NR'R’, (CH)NR'R’, (CH,).NR'R?,
(CH2)CN, (CH2)aSR, (CH2)sS(O)R’, or (CH2),S(O)NR'R'. Each n is
independently 1 or 2. )

When R* is C(O)OR’, R” of C(Q)OR” is H, Ci-Coalkyl, Co-Cio alkenyl, Cs-
Cjealkynyl, Cs-Cpcycloalkyl, Cs-Cpacycloalkenyl, aryl, haloalkyl or heterocyclyl.
The C;-Croalkyl, C2-Cio alkenyl, C3-Cioalkynyl, C3-Cpacycloalkyl, Cs-
Ciocycloalkenyl, aryl, haloalkyl, or heterocycly! is optionally and independently
substituted with 1-4 groups selected from halo, aryl, cycloalkyl, heterocyelyl, alkyl,
R or R'®. When R* is C(O)OR7, R’ is preferably methyl, ethyl or propyl optionally
and independently substituted with one or more groups selected from halo, hydroxy,
amino, C;-Cg alkyl, C1-Cs alkoxy, Ci-Cs alkylamino, or diC;-Cg alkylamino.

When R? is C(O)R”, R of C(O)R” is independently H, Cy-Cyo alkyl, C2-Cro
alkenyl, C5-Cy alkynyl, C3-Cjz cycloalkyl, Cs-Ci2 cycloalkenyl, aryl, hatoalkyl or
heterocyclyl. The group represented by R7 is optionally and independently
substituted with 1-3 groups selected from halo, arvl, cycloalkyl, heterocyclyl. alkyl,
R? or R*®. Tor example, R” can be selected from H or Cy-Cio alkyl and the R’ group
can be optionally and independently substituted with 1-4 groups selected from halo,
hydroxy, amino, Ci-Cs alkyl, C,-Cgalkoxy, C1-Csg alkylamino ot diCl-C(;alkylamino,

When R" is C(O)NHR’, R7 of C(O)NHR s selected from H, Ci-Cioalkyl,
Cy-Cipatkenyl, Ca-Cioalkynyl, Cs-Crocycloalkyl, Cs-Cracycloalkenyl, aryl, haloalkyl,
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heteroaryl, or heterocyclyl. The C,-Cyo alkyl, C,-Cyp alkenyl, C;-Cyg alkynyl, C3-Cy2
eycloalkyl, Cs-Ciz cycloalkenyl, aryl, haloalkyl, heteroaryl or heterocyclyl is
optionally and independently substituted with 1-4 groups sclected from halo, aryl,
cycloalkyl, heterocyelyl, alkyl, R? or R'®. In one embodiment, R is phenyl and the
phenyl can be optionally and independently substituted with 1, 2, or 3 groups
selected from methyl, ethyl, methoxy, CT3, OC(O)R7, CH,OH, CH,CH,OH, NH,,
NRR”, NHC(O)NHR’, NHSO;R?, C(O)OR”, C(O)NHR’, or SO>CHj. R’ can be Cy-
Cyo alky! and the C;-Chg alkyl group is optionally and independently substituted with
1-3 groups selected from amino, halo, hydroxy, phenyl, C,-Cgalkyl, C)-Cs alkoxy,
Ci-Cs alkylamino, or diC;-Cgalkylamino.

When R* is C(O)NRl IR12, R'! and R™?, taken together with the nitrogen atom
to which they are bonded form: (i) a 3-8 membered saturated or partially saturated
ring having no heteroatom other than the nitrogen atom to which R and R are
bonded, wherein said 3-8 membered saturated or partially saturated ring is
optionally and independently substituted with 1-4 groups selected from R’ or R* at
one or more substitutable carbon atoms; (if) a 5-8 membered saturated or partially
saturated ring having 1-3 heteroatoms, in addition to the nitrogen atomn to which R"
and R'? are bonded, wherein said 1-3 heteroatoms are independently selected {rom
nitrogen, oxygen, sulfur, sulfone or sulfoxide, and wherein said 5-8 membered
saturated or partially saturated ring having 1-3 heteroatoms is optionaily and
independently substituted with 1-4 groups selécted from R® or R* at one or more
substitutable carbon atoms and at one or more substitutable nitrogen atoms with R®
or R®, (iii) a 9-10 membered saturated or partially saturated bicyclic ring having no
heteroatom other than the nitrogen atom to which R'! and R'? are bonded, wherein
said 9-10 membered ring saturated or partially saturated bicyclic ring having no
heteroatom is optionally substituted with 1-4 groups independently selected from R?
or R% at onc or more substitutable carbon atoms; or (iv) a 9-10 membered saturated
or partially saturated bicyclic ring having 1-5 heteroatoms, in addition to the
nitrogen atom to which R and R" are bonded, wherein said heteroatoms are
independently selected from nitrogen, oxygen, sulfur, sulfoxide, sulfone,

carboxamide or sulfoxamide.
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When R? is C(O)NR“R”, R and R, taken together with the nitrogen atom
to which they are bonded form a 3-8 membered saturated or partially saturated ring
having no heteroatom other than the nitrogen atom to which R' and R*? are bonded.
The 3-8 membered saturated or partially saturated ring having no heteroatom other
than the bound nitrogen alom is optionally and independently substituted with 1-4
groups selected from R’ or R* at one or more substitutable carbon atoms. For
example, the 3-8 membered saturated or partially saturated ring with no heteroatom
other than the bound nitrogen atom can be azetidinyl, pyrrolidynyl, or piperidynyl
optionally and independently substituted with 1-4 groups selected from hydroxy,
CH,OH, CH;CH,OH, NH,, NHR", NHCOR”, NHC(O)NIIR’, o NR'Rat
substitutable carbon atoms. )

When R* is C(O)NR”R'Z, R and R'?, taken together with the nitrogen atom
to which they are bonded can form a 5-8 membered saturated or partially saturated
ring having 1-3 heteroatoms, in addilion o the nitrogen atom to which R'* and R
are bonded. The 1-3 heteroatoms of the 5-8 membered saturated or partially
saturated ring are independently selected from nitrogen, oxygen, sulfur, sutfone, or
sulfoxide. The 5-8 membered saturated or partially saturated ring having 1-3
heteroatoms can be optionally and independently substituted with 1-4 groups
selected from R® or R™ at one or more substitutable carbon atoms. The heteroatoms
can be one or more nitrogen atoms and the one or more nitrbgen atoms can be
optionally and independently substiluted with 1-4 groups of R®or R%,

When R? is C{O)NR' IR'2, R" and R", taken together with the nitrogen atom
to which they are bonded can form a 9-10 membered saturated or partially saturated
bicyclic ring having no heteroatom other than.-the nitrogen atom to which R'! and
R'2 are bonded. The 9-10 membered saturated or partially saturated bicyelic ring
having no heteroatom other than the bound nitrogen atom is optionally substituted
with 1-4 groups independently selected from R or R at one or more substitutable
carbon atoms. The 9-10 membered saturated or partially saturated bicyclic ring
having no heteroatom other than the bound nitrogen atom can have an aryl group

within the bicyclic ring.
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When R* is C(ONR'R", R'* and R', taken together with the nitrogen atom
to which they are bonded can form a 9-10 membered saturated or partially saturated
bieyelic ring having 1-5 heteroatoms, in addition fo the nitrogen atom to which RM
and R'? are bonded. The 1-5 heteroatoms are independently sclected from nitrogen,
oxygen, sulfur, sulfoxide, sulfone, carboxamide or sulfoxamide. The 9-10
membered saturated or partially saturated bicyclic ring having 1-5 heteroatoms can
be optionally and independently substituted with 1-4 groups selected from R® or R™
at one or more substitutable carbon atoms. The 1-5 hetcroatoms can be one or more
nitrogen atoms and the one or mote nitrogen atoms can be optioﬁally and
independently substituted with 1-4 groups of Réor R, The 9-10 membered
saturated or partially saturated bicyclic ring having 1-5 heteroatoms can contain an
aryl group within the bicyclic group.

When R* is (CH2),NR'R?, R” of (CH2).NR'R” is independently selected
from H, C;-Cjoalkyl, C2-Cioalkenyl, C5-Cypalkynyl, C3-Ceycloalkyl, Cs-Cia
cycloélkenyl, aryl, haloalkyl, heteroaryl, or heterocyclyl. C;-Crpalkyl, Co-Coalkenyl,
C5-Croallcynyl, C3-Cracycloalkyl, C5-C1 cycloalkenyl, aryl, haloalkyl, heteroaryl, or
heterocyclyl is optionally and independently substituted with 1-4 groups selected
from halo, aryl, cyeloalkyl, heterocyclyl, alkyl, R®, or R'®, For example, R’ can be
independently H or Cy-Cioalkyl and R is optionally and independently substituted
with 1-4 groups selected from hydroxy, amino, aryl, alky! or halo. Inone
embodiment, the C;-Ci alkyl is optionally substituted with phenyl. The phenyl can
be optionally and independently substituted with one or more alkyl, halo, amino,
hydroxy, alkoxy, or CF3.

When R* is (CHg)nNR“RlZ, RY and R, taken together with the nilrogen
atom to which they are bonded form: (i) a 3-8 membered saturated or partially
saturated ring having no heteroatom other than the nitrogen atom 10 which R' and
R'? are bonded, wherein said 3-8 membered saturated or partially saturated ring is
optionally and independently substituted with 1-4 groups selecled from R or R* at
onc or more substitutable carbon atoms; (ii) a 5-8 membered saturated or partially
saturated ring having 1-3 heteroatoms, in addition to the nitrogen atom to which R"

and R'? are bonded, wherein said 1-3 heteroatoms are independently selected from
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nitrogen, oxygen, sulfur, sulfone or sulfoxide, and wherein said 5-8 membered
saturated or partially saturated ring having 1-3 heteroatoms is optionally and
independently substituted with 1-4 groups selected from R* or R* at one or more
substitutable carbon atoms and at one or more substitutable nitrogen atoms with R®
or R (iii) 2 9-10 membered saturated or partially saturated bicyclic ring having no
heteroatom other than the nitrogen atom to which R'" and R'? are bonded, wherein
said 9-10 membered saturated or partially saturated bicyclic ring having no
heteroatom is optionally substituted with 1-4 groups independently selected from R’
or R*® at one or more substitutable carbon atoms; (iv) a 9-10 membered saturated or
partially saturated bicyclic ring having 1-5 heteroatoms, in addition to the nitrogen
atom to which RY and R'? are bonded, wherein said heteroatoms are independently
selected from nitrogen, oxygen, sulfur, sulfoxide, sulfone, carboxamide or
sulfoxamide; or (v) a 6-14 membered saturated or partially saturated bridged ring
having 1-3 heteroatoms in addition to the nitrogen atom to which R'! and R are
bonded, wherein said 1-3 heteroatoms are independently selected from nitrogen,
oxygen, sulfur, sulfone, or sulfoxide, and wherein said 6-14 membered saturated or
partially saturated bridged ring having 1-3 heteroatoms is optionally and
independently substituted with 1-4 groups selected from R or R® at one or more
substitutable carbon atoms and at one or more substitutable nitrogen atoms with R®
orR%,

In one embodiment, Rtis (CHZ)HNR”R12 and R'! and R'2, taken together
with the nitrogen atom to which they are bonded form a 3-8 membered saturated or
partially saturated ring having no heteroatom other than the nitrogen atom to which
R!! and RY are bonded. The 3-8 membered saturated or partially saturated ring
having no heteroatom other than the bound nitrogen atom is optionally and
independently substituted with 1-4 groups selected from R® or R* al one or more
substitutable carbon atoms. The 3-8 membered saturated or partially saturated ring
having no heteroatom other than the bound nitrogen can be a 4, 5 or 6 membered
salurated ring optionally substituted at one or more substitutable carbon atoms.
Preferably, the 3-8 membered ring is azetidinyl, pyrrolidinyl, or piperidinyl

optionally and independently substituted with 1-2 groups selected from hydroxy,
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halo, OC(O)R’, CH,OH, CH,CH,OH, NH, NR'R’, NHC(O)NI IR?, NHSO:R’,
C(O)OR7, or C(O)NHTR7 at one or more substitutable carbon atoms.

In one embodiment, R* is (CHz)nNRl 'R'? and R'! and R*, taken together
with the nitrogen atom to which they are bonded form a 5-8 membercd saturated or
partially saturated ring having 1-3 heteroatoms, in addition to the nitrogen atom to
which R'! and R'2are bonded. The I-3 heteroatoms are independcntly selected {from
nitrogen, oxygen, sulfur, sulfone, or sulfoxide, and the 5-8 membered saturated or
partially saturated ring having 1-3 heteroatoms is optionally and independently
substituted with 1-4 groups selected from R® or R* at one or morc substitutable
carbon atoms and at one or more substitutable nitrogen atoms with Réor R®. For
example, the 5-8 membered saturated or partially saturated ring having 1-3
heteroatoms is a 6 or 7 membered saturated ring having 1 heteroatom. The .
heteroatom can be nitrogen optionally substituted with C,-Cjyalkyl, hydroxylCo-
Coalkyl, or C(O)NHR7. Alternatively, the heteroatom can be oxygen. In one
embodiment, the oxygen. together with R'", R? and with the nitrogen atom to which
they are bonded, can form morpholino. Accordingly, the 5-8 membered saturated or
partially saturated ring having 1-3 heteroatoms can be morpholino, thiomorpholino,
piperazinyl, or homopiperaziny!. The piperazinyl or homopiperaziny! is optionally
and independently substituied with one or more groups selected from hydroxy, G-
Cyp alkyl, CH,CHROIL, C(O)R’, C(O)NHR’, SO.R, SO,NHR’, or C(O)OR at a
nitrogen atom.

In one embodiment, R* is (CHa),NR''R'"* and RY and R'?, taken together
with the nitrogen atom to which they are bonded can form a 9-10 membered
saturated or partially saturated bicyclic ying having no heteroatom other han the
nitrogen atom to which R and R" are bonded. The 9-10 membered saturated or
partially saturated bicyclic ring having no heteroatom other than the bound nitrogen
atom is tetrahydroisoguinoline optionally substituted with 1-4 groups independently
selected from R® or R* at onc or more substitutable carbon atoms. The bicyclic ring
can also contain an aryl group within the ring.

In one embodiment, R? is (CH2):NR''R'? and R"' and R'2, taken together

with the nitrogen atom to which they are bonded can torm a 9-10 membered
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saturated or partially saturated bicyclic ring having 1-3 heteroatoms, in addition to
the nitrogen atom to which R and R'? are bonded. The 1-5 heteroatoms are
independently selected from nitrogen, oxygen, sulfur, sulfoxide, sulfone,
carboxamide, or sulfoxamide. The 9-10 membered saturated or partially saturated
bicyclic ring having 1-5 heteroatoms can be optionally and independently
substituted with 1-4 groups selected from R® or R* at one or more substitutable
carbon atoms and at one or more substitutable nitrogen atoms with R®or R®, The
bicyclic ring can also contain an aryl group within the ring.

In one embodiment, Riis (CHz),,NR”R‘2 and R and R'?, taken togeiher
with the nitrogen atom to which they are bonded can form a 6-14 membered
saturated or partially saturated bridged ring having 1-3 heteroatoms in addition to
the nitrogen atom to which R and R™ are bonded, wherein said 1-3 heteroatoms arc
independently selected from nitrogen, OXygen, sulfur, sulfone, or sulfoxide, and
wherein said 6-14 membered saturated or partially saturated bridged ring having 1-3
heteroatoms is optionally and independently substituted with 1-4 groups selected
from R® or R*" at one or more substitutable carbon atoms and at one or moxe
substitutable nitrogen atoms with RSor R, .

The term “alkyl,” used alone or as part of a larger moiety such as “arylatkyl”
or “cycloalky)” refers to a straight or branched hydrocarbon radical having from 1 to
15 carbon atoms (unless stated otherwise) and inc](udes, for example, methyl, cthyl,
n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, iso-pentyl, n-
hexyl and the like. An alkyl can be unsubstituted or substituted with one or morc
suitable substitucnts.

The term “cycloalkyl” refers to a monocyelic or polycyelic hydrocarbon ring
group and includes, for example, cyclopropyl, cycloheptyl, cyclooctyl, cyclodecyl,
cyclobutyl, adamantyl, norpinanyl, decalinyl, norbornyl, cyclohexyl, cyclopentyl,
and the like. A cycloalkyl group can be unsubstituted or substituted with one or
more suitable substituents.

The term “hetero” refers to the rc};laccment of at least one carbon atom

member in a ring system with at least one heteroatom such as N, S, and O.
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The term “heterocycloalkyl” means a non-aromatic monocyclic or polycyclic
ring comprising carbon and hydrogen atoms and at least one heteroatom, preferably,
1 to 4 heteroatoms selected from N, O, S, sulfone, or sulfoxide. A heterocycloalkyl
group can have one or more carbon-carbon double bonds or carbon-heteroatom
double bonds in the ring group as long as the ring group is ot rendered aromatic by
their presence. Examples of heterocycloalkyl groups ‘include azetidinyl, aziridinyl,
pyrrolidinyl, piperidinyl, piperazinyl, homopiperazinyl, morpholino,
thiomorpholina, tetrahydrofuranyl, tetrahydrotlﬁofuranyl, tetrahydropyranyl,
pyranyl, and the like. A heterocycloalkyl group can be unsubstituted or substituted
with one or more suitable substituents.

As used herein, the term “halo” includes fluoro, chloro, bromo, and iodo.

As used herein, the term “alkenyl” refers to straight and branched
hydrocarbon radicals having from 2 lo & carbon atoms and one doublc bond and
includes ethenyl, 3-buten-1-yl, 2-ethenylbutyl, 3-hexen-1-yl, and the like. An
alkenyl can be unsubstituted or substituted with one or more suitable substituents,

As uscd herein, the term “alkynyl” refers to straight and branched
hydrocarbon radicals having from 2 to 6 carbon atoms and one triple bond and
includes ethynyl, 3-butyn-1-yl, propynyl, 2-butyn-1-yl, 3-pentyn-1-yl, and the like.
An alkynyl can be unsubstituted or substituted with one or more suitable
substituents.

As used herein, the term “alkoxy” refers to the alkyl groups above bound
through oxygen, examples of which include methoxy, ethoxy, isopropoxy, tert-
butoxy, and the like. In addition, alkoxy also refers to polyethers such as -O-
(CHy);-0-CHj, and the like. An alkoxy can be unsubstituted or substituted with one
or more suitable substituents.

As used herein, the term “ary!” refers to unsubstituted or substituted aromatic
monocyelic or polycyclic groups and includes, for example, phenyl and naphthyl.
The term “aryl” also includes a phe_nyi ring fused to a non-aromatic carbocyclic or
heterocyclic ring. The term “aryl” may be interchangeably used with “aryl ring,”
aromatic group,” and “aromatic ring.” Heteroaryl groups have 4 to 14 atoms, 1 lo 9

of which are independently selected from the group consisting of O, S and N\.
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Heteroaryl groups have 1-3 heteroatoms in a 5-8 membered aromatic grou.p. An aryl
or heteroaryl can be a mono- or bicyclic aromatic group. Typical ary! and heteroaryl
groups include, for example, phenyl, quinolinyl, indazoyl, indolyl,
dihydrobenzodioxynyl, 3-chlorophenyl, 2.6~ dibromophenyt, pyridyl, pyrimidinyl, 3-
methylpyridyl, benzothieny}, 2,4,6-tribromophenyl, 4-ethylbenzothienyl, furanyl,

3 4-diethylfuranyl, naphthyl, 4,7-dichloronaphthyl, pyrrole, pyrazole, imidazole,
thiazole, and the like. An aryl or heteroaryl can be unsubstituted or substituted with
one or more suitable substituents.

As used herein, the term “haloalkyl” refers to any alkyl radical having one or
more hydrogen atoms replaced by a halogen atom. Examples of haloalkyl include -
CF3, -CFH,, -CF,H, and the like.

As used herein, the term “arylalky!” refers to any alkyl radical having one or
more hydrogen atoms replaced by an aryl group. Examples of arylalkyl include
benzyl (CgHsCHy-) and the like.

As used herein, the term “hydroxyl” or “hydroxy” refers to ~OH.

As used herein, the term “amino” refers to -NHa.

As used herein, the term “hydroxyatkyl” refers to any hydroxy! derivative of
alkyl radical. The term “hydroxyalkyl” includes any alkyl radical having one or
more hydrogen atoms replaced by a -OH group.

As used herein, the term “kinase panel” refers to a list of kinases, including
but not limited to, ABL](¥:255K)-phosphorylated, ABL1 (T315[)—pho§phorylated,
ABL1-phosphorylated, ACVR1B, ADCK3, AKT1, AKT2, ALK, AURKA,
AURKB, AXL, BMPR2, BRAF, BRAF(V600E), BTK, CDK11, CDK2, CDK3,
CDK7, CDK9, CHEK1, CSFIR, CSNK1D, CSNK1G2, DCAMKLI, DYRKIB,
EGFR, EGFR(L858R), EPHA2, ERBB2, ERBB4, ERK], FAK, FGFR2, FGFR3,
FLT1, FLT3, FLT4, GSK3B, IGF IR, IKK-q, IKK-B, INSR, JAK2(JH 1domain-
catalytic), JAK3(JH1domain-catalytic), INK1, INK2, JNK3, KIT, KIT(D816V),
KIT(V559D,T6701), LKB1, LRRK2, LRRK2(G20198). MAP3K4, MAPKAPKQ,
MARK3, MEK 1, MEK2, MET, MKNK1, MKNK2, MLK1, MTOR, p3 8-alpha,
p38-beta, PAK 1, PAK2, PAK4, PCTKI, PDGFRA, PDGFRB, PDPK ], PIK3C2B,
PIK3CA, PIK3CG, PIM1, PIM2, PIM3, PKAC-alpha, PLK1, PLK3, PLK4,
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PRKCE, PYK2, RAFI, RET, RIOK2, ROCK2, RSK2, SNARK, SRC, SRPK3,
SYK, TAK1, TGFBR1, TIE2, TRKA, TSSK1B, TYK2(JH]domain-catalytic),
ULK2, VEGFR2, YANK3 and ZAP70. Kinase assay panels containing the kinases
described herein are commercially available for biochemically profiling kinase
inhibitors for their selectivity.

As used herein, the lerm “dermatological disorder” refers to a skin disorder.
Such dermatological disorders include, but are not limited to, proliferative or
inflammatory disorders of the skin such as, atopic dermatitis, bullous disorders,
collagenoses, contact dermatitis eczema, Kawasaki Disease, rosacea, Sjogren-Larsso
Syndrome, and urticaria.

As used herein, the term “neurogenerative disease” or “nervous system
disorder” refers to conditions that alter the structure or function of the brain, spinal
cord or peripheral nervous system, including but not limited to Alzheimer’s diseasc,
cerebral edema, cerebral ischemia, multiple sclerosis, neuropathies, Parkinson’s
disease, those found after blunt or surgical trauma (including post-surgical cognitive
dysfunction and spinal cord or brain stem injury), as well as the neurological aspects
of disorders such as degenerative disk disease and sciatica, The acronym “CNS”
refers to the central nervous system (brain and spinal cord).

As used herein, the term “respiratory disease” refers to discases affecting the
organs that are involved in breathing, such as the nose, throat, larynx, trachea,
bronchi, and lungs. Respiratory diseases include, but are not limited to, asthma, adult
respiratory distress syndrome and allergic (extrinsic) asthma, non-allergic (intrinsic)
asthma, acutc scvere asthma, (;hronic asthma, clinical asthma, nocturnal asthma,
allergen-induced asthma, aspirin-sensitive asthma, exercise-induced asthma,
isocapnic hyperventilation,
child-onsct asthma, adult-onset asthma, cough-variant asthma, occupational asthma,
steroid-resistant asthma, seasonal asthma, seasonal allergic rhinitis, perennial
allergic rhinitis, chronic obstructive pulmonary disease, including chronic bronchitis
or emphyscma, pulmonary hypertension, interstitial lung fibrosis and/or airway

inflammation and cystic fibrosis, and hypoxia.
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As used herein, the term “cancer” refers to an abnormal growth of cells
which tend to proliferate in an uncontrolled way and, in some cases, to melaslasize.
The types of cancer include, but is not limited to, solid tumors, such as those of the
bladder, bowel, brain, breast, endometrium, heart, kidney, lung, lymphalic tissue
(lymphoma), ovary, pancreas or other endocrine organ (thyroid), prostate, skin
(melanoma) or hematological tumors (such as the leukemias).

As used herein, the term “inflammatory disorders” refers to those diseases or
conditions that are characterized by one or more of the signs of pain (dolor, from the
generation of noxious substances and the stimulation of nerves), heat (calor, from
vasodilatation), redness (rubor, from vasodilatation and increased blood flow),
swelling (tumor, from excessive inflow or restricted outflow of fluid), and loss of
function, which may be partial or complete, temporary or permanent. Inflammation
takes
many forms and includes, but is not limited to, inflammation that is one or more of
the following, acute, adhesive, atrophic, catarrhal, chronic, cirthotic, diffuse,
disseminated, exudative, fibrinous, fibrosing, focal, granulomatous, hyperplastic,
hypertrophic, interstitial, metastatic, necrotic, obliterative, parenchymatous, plastic,
productive, proliferous, pseudomembranous, puralent, sclerosing, seroplastic,
serous, simple, specific, subacute, suppurative, toxic, traumatic, and/or ulcerative.
Inflarminatory disorders further include, without being limited to those affecting the
blood vessels (polyarteritis, temporarl arteritis); joints (arthritis: crystalline, osteo-,
psoriatic, reactive, rheumatoid, Reiter’s); gastrointestinal tract; skin (dermatitis); or
multiple organs and tissues (systemic lupus erythematosus).

As used herein, the term “cardiovascular disease™ refers to diseases affecting
the heart of blood vessels or both, including but not limited to atherosclerosis,
arrhythmia, angina, myocardial ischemia, myocardial infarction, cardiac or vascular
aneurysm, vasculitis, stroke, peripheral obstructive arteriopathy of a limb, an organ,
or a lissue, reperfusion injury following ischemia of an organ or a tissue, endotoxic,
surgical, or traumatic shock, hypertension, valvular heart disease, heart failure,

abnormal blood pressure, vasoconstriction, vascular abnormality, or inflammation.
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As used herein, the term “bone disease” means a disease or condition of the
bone, including, but not limited to, inappropriate bone remodeling, loss or gain,
osteopenia, osteomalacia, osteofibrosis, osteoporosis and Paget’s disease.

As used herein, the term “inhibitor” refers to a compound which inhibits one
or more kinases described herein. For example, the term “SYK inhibitor” refers to a
compound which inhibits the SYK receptor or reduces its signaling effect.

As used herein, the term “pharmaceutically acceptable” refers a material,
such as a carrier or diluent, which does not abrogate the biological activity or
properties of the compounds described herein, Such materials are administered to an
individual without causing undesirable biological effects or interacting ina
deleterious manner with any of the components of the composition in which it is
contained.

As used herein, the term “pharmaceutically acceptable salt” refers to a
formulation of a compound that does not cause significant irritation to an organism
to which it is administered and does not abrogate the biological activity and
properties of the compounds described herein.

As used berein, the term “pharmaceutical composition” refers to a mixture of
a compound described herein with other chemical components, such as carriers,
stabilizers, diluents, dispersing agents, suspending agents, thickening agents, and/or
excipients.

As used herein, the term “prodrug™ refers to an agent that is converted into
the parent drug in vivo.

As used herein, the term “protein kinase-mediated disease” or a “disorder or
disease or condition mediated by inappropriate protein kinase activity” refers to any
disease state mediated or modulated by protein kinases described herein. Such
disease states include, but are not limited to, asthma, chronic obstructive pulmonary
disease (COPD), adult respiratory distress syndrome (ARDS), ulcerative colitis,
Crohn’s disease, bronchitis, dermatitis, allergic rhinitis, psoriasis, scleroderma,
urticaria, bullous disorders, collagenoses, contact dermatitis eczema, Kawasaki
Disease, rosacea, Sjogren-Larsso Syndrome, rheumatoid arthritis, multiple sclerosis,

inflammatory bowel syndrome, HIV, lupus, lymphoma, osteosarcoma, melanoma,
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breast cancer, renal cancer, prostate cancer, colorectal cancer, thyroid cancer,
ovarian cancer, pancreatic cancer, neuronal cancer, lung cancer, uterine cancer,
gastrointestinal cancer, Alzheimer’s diseasé, Parkinson’s disease, osteoporosis,
osteopenia, osteomalacia, osteofibrosis, Paget’s discase, diabetes, blood vessel
proliferative disorders, ocular diseases, cardiovascular disease, restcnosis, fibrosis,
atherosclerosis, arrhythmia, angina, myocardial ischemia, myocardial infarction,
cardiac or vascular aneurysm, vasculitis, stroke, peripheral obstructive arteriopathy,
reperfusion injury following ischemia of an organ or a tissue, cndotoxic, surgical or
traumatic shock, hypertension, valvular heart disease, heart failure, abnormal blood
pressure, vasoconstriction, vascular abnormality, transplant rejection and infectious
diseases including viral and fungal infections.

As used herein, the term “kinase-mediated disease” or “kinase-mediated
disease” or a “disorder or disease or condition mediated by inappropriate kinase
activity” refers to any discase state mediated or modulated by a kinase mechanism.
For example “SYK-mediated disease” refers 1o any diase state mediated or
modulated by SYK mechanisms. Such SYK-mediated disease states include, but are
not limited to, inflammatory, respiratory'diseases and autoimmune diseases, such as,
by way of example oﬁly, asthma, chronic obstructive pulmonary disease (COPDy,
adult respiratory distress syndrome (ARDs), ulcerative colitis, Crohn’s disease,
bronchitis, dermatitis, allergic thinitis, psorasis, scleroderma, urticaria, theumatoid
arthrilis, multiple sclerosis, cancer, HIVassociated disease and lupus.

As used herein, the term “pyK2-mediated disease” or a “disorder or disease
or condition mediated by inappropriate PYK2 activity” refers to any disease state
mediated or modulated by PYK2 kinase mechanisms. Such disease states include,
but are not limited to, ostcoporesis, artiritis, myeloid leukemia, hypo-osmolality,
sarcoma, blast crisis, glioma, erythroleukemia and cancer.

As used herein, the tcrm «7 AP70-mediated disease” or a “disorder or disease
or condition mediated by inappropriate ZAP70 activity” refers to any disease state
mediated or modulated by ZAP70 kinase mechanisms. Such disease states include,
but are not limited to, immunodeficiency diseases characterized by a selective

absence of CD8-positive T-cells,
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As used herein, the term “FAK-mediated disease” or a “disorder or discase
or condition mediated by inappropriate FAK activity” refers to any discasc state
mediated or modulated by FAK kinase mechanisms. Such disease states include,
but are not limited to, cancer, macular degeneration or a condition associated with
aberrantly increased levels of angiogenesis.

As used herein, the term “PIM1-mediated discase™ or a “disorder or disease
or condition mediated by inappropriate PIM1 activity” refers to any discase state
mediated or modulated by PIM1 kinase mechanisms. Such disease states include,
but are not limited 1o, cancer, myeloproliferative diseases, autoimmunec diseases,
allergic reactions and in organ transplantation rejection syndromes.

As used herein, the term “FLT3-mediated disease” or a “disorder or disease
or condition mediated by inappropriate FL'13 activity” refers to any disease state
mediated or modulated by F1.T3 kinase mechanisms. Such diseasc states include,
but are not limited to, leukemia including acute myelogenous leukemia or a
condition associated with aberrantly increased levels of FLT3 kinase.

As used hercin, the term “RET-mediated disease™ or a “disorder or discuse
or condition mediated by inappropriate RET activity” refers to any disease state
mediated or modulated by RET kinase mechanisms. Such disease states include, but
are not limited to, thyroid cancer, a condition associated with aberrantly increased
levels of RET kinase.

As used herein, the term «JAK2-mediated disease” or a “disorder or disease
or condition mediated by inappropriate JAK2 activity” refers to any disease state
mediaied or modulated by JAK2 kinase mechanisms. Such discase states include,
but are not limited to, polycythemia vera, essential thrombocythemia, other
myeloproliferative disorders cancer, or a condition associated with aberrantly
increased levels of JAK2 kinase.

As used herein, the term «1 RRK?2-mediated disease” or a “disorder or
disease or condition mediated by inappropriate LRRK2 activity” refers to any
disease state mediated or modulated by LRRK2 kinase mechanisms. Such disease
slates include, but are not limited to, Parkinson’s disease, other neurodegenerative

disease or a condition associated with aberrantly increased levels of angiogenesis.
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As used herein, the term “therapeutically effective amount” refers to any
amount of a compound which, as compared to a corresponding subject who has not
received such amount, results in improved treatment, healing, prevention, or
amelioration of a disease, disorder, or side effect, or a decrease in the rate of
advancement of a disease or disorder. The term also includes within is scope
amounts effective to enhance normal physiological function.

As used herein, the term “treat,” “treating” or “treatment” refers to methods
of alleviating, abating or ameliorating a disease or condition symptoms, preventing
additional symptoms, ameliorating or preventing the underlying metabolic causes of
symptoms, inhibiting the disease or condition, arresting the development of the
disease or condition, relieving the disease or condition, causing regression of the
disease or condition, relieving a condition caused by the disease or condition, or
slopping the symptoms of the disease or condition either prophylactically and/or
therapeutically.

As used herein, the term “solvate” refers to a complex of variable
stoichiometry formed by a solute (in this invention, a compound of Formula (I) or a
pharmaceutically acceptable salt thereot) and a sotvent. Such solvents for the
purpose of the invention may not interfere with the biological activity of the solute.
Non-limiting examples of suitable solvents include water, acetone, methanol,
ethanol and acetic acid. Preferably the solvent used is a pharmaceutically acceptable
solvent. Non-limiting cxamples of suitable pharmaceutically acceptable solvents
include water, ethanol and acetic acid.

As used herein, the term “subject” or “patient” encompasses mammals and
pon-mammals, Examples of mammals include, but are not limited to, humans,
chimpanzees, apes monkeys, cattle, horses, sheep, goats, swine; rabbits, dogs, cats,
rats, mice, guinea pigs, and the like. Examples of non-mammals include, but are not
limited to, birds, fish and the like.

As used herein, the term “administration” or “administering” of the subject
compound refers to providing a compound of the invention to a subject in need of

treatment.
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As used herein, the term “carrier” refers to chemical compounds or agents
that faciljtate the incorporation of a compound described herein into cells or tissues.
As used herein, the term “acceptable” with respect to a formulation,
composition or ingrediem, as used herein, means having no persistent detrimental

effect on the general health of the subject being treated.

As used herein, the term “diluent” refess to chemical compounds that are
used to dilute a compound deseribed herein prior to delivery. Diluents can also be
used to stabilize compounds described herein.

As used herein, the term “effective amount” or “therapeutically effective
amount” refer to a sufficient amount of a compound described hercin being
administered which will relieve to some extent one or more of the symptoms of the

disease or condition being treated.

1. Human Protein Kinases

Pfotein kinases play a central role in the regulation of a wide variety of
cellular processes and maintaining conirol over cellular function. Protein kinases
catalyze and regulate the process of phosphorylation, whereby the kinases covalently
attach phosphate groups 1o proteins or lipid targets in response to a variety of
extracellular signals. Examples of such stimuli include hormones,
neurotransmitters, growth and differentiation factors, cell cycle events,
environmental stresses and nutritional stresses. An extracellular stimulus may affect
one ot more cellular responses related to cell growth, migration, differentiation,
secretion of hormones, activation of transcription factors, muscle contraction,
glucose metabolism, control of protein synthesis, and regulation of the cell cycle.

The compounds of the present invention were screened against the kinase
panel and inhibited the activity of at least one kinase on the panel. Examples of
Kkinases include, but are not limited to SYK, PYK2, FAK, ZAP70, PIM1, FLT3,
RET, JAK2, JAK3, LRRK2, LRRK2(G2019S), ABL1(T3151), AURKB, AXL,
FLT3. KIT, KIT(D816V), KIT(V559D,T6701), MEKNK2, MLK1, PDGFRB, PLK3,
RET, SNARK, SRPK3, TAK1, or TYK?2 kinases and mutant forms thereof. As

such, the compounds and compositions of the invention are uscful for treating
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diseases or disorders in which such kinases contribute fo the pathology and/or
symptomology of a disease or disorder associated with such kinases. Such diseases
or disorders include, but are not limited to, pancreatic cancer, papillary thyroid
carcinoma, ovarian carcinoma, human adenoid cystic carcinoma, non small cell lung
cancer, secretory breast carcinoma, congenital fibrosarcoma, congenital mesoblastic
nephroma, acute myelogenous leukemia, psoriasis, metastasis, cancer-related pain
and neuroblastoma, autoimmune diseases, inflammatory discases, bone diseases,
metabolic diseases, neurological and neurodegenerative discases, cancer,
cardiovascular diseases, respiratory discases, allergies and asthma, Alzheimer’s
disease, and hormone related diseases, benign and malignant proliferative disorders,
diseases resulting from inappropriate activation of the imnune system and diseases
resulting from inappropriate activation of the nervous systems, allograft rejection,
grafl vs. host disease, diabetic retinopathy, choreidal neovascularization due to age-
related macular degeneration, psoriasis, arthritis, osteoarthritis, rheumatoid arthritis,
synovial pannus invasion in arthritis, multiple sclerosis, myasthenia gravis, diabetes
mellitus, diabetic angiopathy, retinopathy of prematurity, infantile hemangiomas,
non-small cell lung, bladder and head and neck cancers, prostate cancer, breast
cancer, ovarian cancet, gastric and pancreatic cancer, psoriasis, fibrosis,
atherosclerosis, restenosis, autoimmune disease, allergy, respiratory diseases,
asthma, transplantation rejection, inflammation, thrombosis, retinal vessel
proliferation, inflammatory bowel disease, Crobn’s disease, ulcerative colitis, bone
diseases, transplant or bone marrow transplant rejection, lupus, chronic pancreatitis,
cachexia, septic shock, fibroproliferative and differentiative skin diseases or
disorders, central nervous system diseases, neurodegenerative diseases, Alzheimer’s
disease, Parkinson’s disease, disorders or conditions related to nerve damage and
axon degeneration subsequent to a brain or spinal cord injury, acute or chronic
cancer, ocular diseases, viral infections, heart discase, lung or pulmonary diseases or
kidney or renal diseases and bronchitis.

The compounds described herein are inhibitors of kinase activity and have
therapeutic benefit in the treatment of disorders associated with inappropriate kinase

activity, in particular in the treatment and prevention of discase states mediated by
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kinase. Therefore, the present invention provides methods of regulating, and in
particular inhibiting, signal transduction cascades in which a kinase plays a role.
The method generally involves administering to a subject or contacting a ccll
expressing the kinase with an effective amount of a compound described herein,
prodrug, or an acceptable salt, hydrate, solvate, N-oxide and/or composition thereof,
to regulate or inhibit the signal transduction cascade. The methods are also used to
regulate, and in particular inhibit, downstream processes or cellular responses
elicited by activation of the particulur kinase signal transduction cascade. The
methods are also practiced in in vitro contexts of in in vivo contexis as a therapeutic
approach towards the treatment or prevention of diseases characterized by, caused

by or associated with activation of the kinase-dependent signal transduction cascade.

2. Pharmaceutical Composition

For the therapeutic uses of compounds provided herein, including
compounds of Formula (I), or pharmaceutically acceptable salts, solvates, N-oxides,
prodrugs and isomers thereof, such compounds are administered in therapeutically
effective amounts either alone or as part of a pharmaceutical composition.
Accordingly, provided herein are pharmaceurical compositions, which comprise at
Jeast one compound provided herein, including at least one compound of Formula
(1), pharmaceutically acceptable salts andfor solvates thercof, and one or more
pharmaceutically acceptable carriers, diluents, adjuvant or excipients. In addition,
such compounds and compositions are administered singly or in combination with
one or more additional therapeutic agents. The methods of administration of such
compounds and compositions include, but are not limited to, intravenous
administration, inhalation, oral administration, rectal administration, parenteral,
intravitreal administration, subcutaneous administration, intramuscular
administration, intranasa} administration, dermal administration, topical
administration, ophthalmic administration, buccal administration, tracheal
administration, bronchial administration, sublingual administration or otic
administration. Compounds provided herein are administered by way of known

pharmaceutical formulations, including tablets, capsules or elixirs for oral
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administration, suppositories for rectal administration, sterile solutions or
suspensions for parenteral or intramuscular administration, lotions, gels, ointments
or creams for topical administration, and the like.

The therapeutically effective amount will vary depending on, among others,
the disease indicatea, the severity of the disease, the age and relative health of the
subject, the potency of the compound administered, the mode of administration and
the treatment desired. The required dosage will also vary depending on the mode of
administration, the particular condition to be treated and the effect desired.

Pharmaceutically acceplable salt forms include pharmacentically acceptable
acidic/anionic or basic/cationic salts, Pharmaceutically acceptable acidic/anionic
salts include, acetate, benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide,
calcium edetate, camsylate, carbonate, chloride, citrate, dihydrochléride, edetate,
edisylate, estolate, esylate, fumarale, glyceptate, gluconate, glutamate,
glycollylarsanilate, hexylresorcinate, hydrobromide, hydrochleride,
hydroxynaphthoate, iodide, isethionate, 1actatc,' lactobionate, malate, maleate,
malonatc, mandelate, mesylate, methylsulfate, mucate, napsylate, nitrate, pamoale,
pantothenate, phosphate/diphospate, polygalacturonate, salicylate, stearate,
subacetate, succinate, sulfate, hydrogensulfate, tannate, tartrate, teoclate, tosylate,
and triethiodide salts. Pharmaceutically acceptable basic/cationic salts include, the
sodium, potassium, calcium, magnesium, diethanolamine, N-methyl-D-glucamine,
L-lysine, L-arginine, ammonium, ethanolamine, piperazine and triethanolamine
salts. »

A pharmaceutically acceptable acid addition salt is formed by reaction of the
free base form a compound of Formula (1) witha suitable inorganic or organic acid
including, but not limitd to, hydrobromic, hydrochloric, sulfuric, nitric, phosphoric,
succinic, maleic, formic, acetic, propionic, fumaric, citrie, tartaric, lactic, benzoic,
salicylic, glutamic, aspartic, p-toluenesulfonic, benzenesulfonic, methanesulfonic,
ethanesulfonic, naphthalenesulfonic such as 2-naphthalenesulfonic, or hexanoic
acid. A pharmaceutically acceptable acid addition salt of a compound of formula (1)
can comprisc or be, for example, a hydrobromide, hydrochloride, sulfate, nitrate,

phosphate, succinate, maleate, formarate, acetate, propionate, fumarate, citrate,
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tartrate, lactate, benzoate, salicylate, glutamatc, aspartate, p-toluenesulfonate,
benzenesulfonate, methanesulfonate, cthancsulfonate, naphthalenesulfonate (e.g. 2-
naphthalenesulfonate) or hexanoate salt.

The fiee acid or free base forms of the compounds of the invention may be
prepared from the corresponding base addition salt or acid addition salt from,
respectively. For example a compound of the invention in an acid addition sait form
may be converted to the corresponding free base by treating with a suitable base
(¢.g., ammonium hydroxide solution, sodium hydroxide, and the like). A compound
of the
invention in a base addition salt form may be converted to the corresponding free
acid by treating with a suitable acid (e.g., hydrochloric acid, etc.).

Prodrug of the compounds of the invention can be prepared by methods
known to one of ordinary skill in the art (e.g., sce Saulnier ef al., (1994), Bicorganic
and Medicinal Chemistry Letters, Vol. 4, p. 1985; the entire teachings of which are
incorporated herein by reference).

Protected derivatives of the compounds of the invention can be made by
siveans knowa to one of ordinary skill in the art. (e.g.. see T. W. Greene, “Protecting
Groups in Organic Chemistry,” 3" edition, John Wiley and Sons, Inc., 1999, the
entire teachings of which are incorporated berein by reference).

Compounds of the invention can be prepared as their individual
stereoisomers by reacting a racemic mixture of the compound with an optically
active resolving agent to form a pair of diastereoisomeric compounds, separating the
diastereomers and recovering the optically pure en antiomers. (see, Jean Jacques,
Andre Collet, Samuel H. Wilen, “Enantiomers, Racemates and Resolutions,” John
Wiley And Sons, Inc., 1981, the entire teachings of which are incorporated herein by
reference)

Compounds of Formula (1) are made by processes described herein and in
the Examples. In certain embodiments, compounds of Formula (1) are made by:

(a) optionally converting a compound of the invention into a pharmaceutically
acceptable salt; (¢) optionally converting a salt form of a conspound of the invention

1o a non-salt form; (d) optionally converting an unoxidized form of a compound of
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the invention into a pharmaceutically acceptable N-oxide; (e) optionally resolving an
individual isomer of a compound of the invention from a mixture of isomers; ()
optionally converting a non-derivatized compound of the invention into a
pharmaceutically acceptable prodrug derivative; and (g) optionally converting a
prodrug derivative of a compound of the invention to its non-derivatized form.

The teachings of all patents, publishcd apﬁlications and references cited

herein are incorporated by reference in their entirety.

EXAMPLES

The present invention is further exemplified by the following examples that
illustrate the preparation of compounds of Formula (T) according 10 the invention.
The examples are for illustrative purpose only and are not intended, nor should they
be construed as limiting the invention in any manner. Those skilled in the art will
appreciate that variations and modifications can be made without changing the scope

of the invention.

General Scheme 1 (Method 1)
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General Scheme 2 {Method I}
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General Scheme 3 (Amide synthesis)
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General Scheme 4 (tntermediate 5 and 9)
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1t is to be understood that these examples are for illustrative purpose only

and are not to be construed as limiting this invention in any manner.
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Nuclear magnetic resonance (NMR) and mass spectrometry {MS) spectra
obtained for compounds deseribed in the examples below and those described herein

were consistent with that of the compounds of formulae herein.
Liquid chromatography-mass spectrometry (LC-MS) Method:

1. Samples are run on Agilent Technologies 6120 MSD system with a
Zorbax Eclipse XDB-C18 (3.5 p) reverse phase column (4.6 x 50 mm) run at
room temperature with flow rate of 1.5 ml./minute.

2. The mobile phase use solvent A (water/0.1 % formic acid) and solvent
B (acetonitrile/0.1 % formic acid).

3. The mass spectra (n/z) were recorded using electrospray ionization

(ESD).

Proton NMR Spectra:

Unless otherwise indicated, all I NMR spectra are run on a Varian series
Mercury 300MHz. All observed protons are reported as parts-per-million (ppm)
downficld from tetramethylsilane using conventional abbreviations for designation
of major peaks: e.g. 8 (singlet), d (doublet), t (triplet), q (quartet), m (multiplet) and
br (broad).

Preparation of ethyl 1-( 2-chloro-5-ﬂuoropvrimidin-4-yl)-3—methyl-1 H-pyrazole-4-

carboxylate: Intermediate 1

F
NS ~ K,COy NS
)I\ P + HN_ — /ll\ _ P
Cl N N\j

Cl N Ci CO,Et MeCN

1 2 Intermediate 1 CO2Et

To a solution of cthyl 3-methyl-7 H-pyrazole-4-carboxylate 2 (3.15 g, 20.5
mmol) in anhydrous acctonitrile were added potassium carbonawe (5.7 g, 41 mmol)

and 2,4-dichloro-5-flucropyrimidine 1 at room temperature. The resulting

suspension was heated at 80 °C for 3 hours with monitoring a reaction with LC-MS
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or thin layer chromatography (TLC). It was diluted with ethyl acetate and washed
with brine. The collected organic layer was dried over anhydrous sodium sulfatc
and then partially concentrated in vacou. To this, n-hexanes were added to form
pale yellow precipitates. The resulting solids were collected by filtration and rinsed
with n-hexanes and then dried with high vacuum to give 4.9 g (85 %) of the target
intermediate 1; MS (ESI) m/z 285 [M+H]",

Preparation of ( 1—(2-chI0ro—5—ﬂuoronyrimidin—4-vl)-3-methvl—]]—]—pyrazol—4-

Dmethanol: Intermediate No, 2

N/TF . N ~F
iz Reduction L -
m) N NQ/ - Cl)\N N7

—

Intermediate 1 COEt Intermediate 2 OH

To a solution of ethyl 1-(2-chloro—S—ﬂuoropyﬁmidin-4—y1)-3—methyl—] H-pyrazole-4-
carboxylate 1 (4.9 g, 17.2 mmol) in 60 mL of anhydrous tetrahydrofuran (THF), was
slowly added 38 mL (38 mmol) of 1M solution of di-isobutylaluminum hydride
(DIBAL) in toluenc with ice bath cooling. After being stitred for 2 hours at the
same temperature, the reaction was quenched by slow addition of IN-NaOH
solution. It was diluted with ethyl acetate and washed with brine. The collected
organic layer was dried over anhydrous sodium sulfate and then partially
concentrated in vacou. To this, n-hexanes were added to form pale yellow
precipitates. The resulting solids were collected by filtration and rinsed with n-
hexanes and then dried with high vacuum to give 3.7g (90 %) of Intermediate No. 2;
'H NMR (300MHz, CDCl3) 8 8.57 (1H, d, J=13.3Hz), 8.52 (1H, 5), 7.94 (1H, 5),
4.72 (2H, s5); MS (ESI) m/z 243 [M+H),

Preparation of methy] 1-(5-methyl-2-(3 4.5-trimethoxyphenylamino)pyrimidin-4-

y1)-1 H-pyrrole-3-carboxylate: Compound 1
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9y
,ﬂ/j\/ NH, Pd(dppf)Cl;, A AL
P

. BYNAP —
CI” NTONTN K,COa
= MeO OMe Dioxane COMe
COMe OMe MeO OMe
OMe
Intermediate 1 Compound 1

A two dram vial was charged with methy! 1-(2-chloro-5-methylpyrimidin-4-
y1)-1H-pyrrole-3-carboxylate (Intermediate No. 1) (300 mg, 1.20 mmol), 3,4.5-
trimethoxylaniline (240 mg, 1.32 mmol), 540 mg (3.9 mmol) of potassium carbonate,
Pd(dppf)Cla (50 mg), ()-2,2"-bis(diphenylphosphino)-1 ,1*-binaphthy] (BYNAP)

(70 mg) and 4 mL of anhydrous dioxane. After being degassed by nitrogen bubbling,

the reaction mixture was heated at 100 °C for 4 hours. The resulting insolubles were
_removed by filtration. The filtrate was concentrated in vacuo and then purified by

silica gel chromatography to afford Cohqpound No. 1 as a white solid (291 mg,

61 %); MS (BSI) m/z 399 [M+H]",

Preparation of ethyl 1-(2-(3.5-dimethylphenyl amino)pyrimidin-4-v1)-3-methyl-/H-

pyrazole-4-carboxylate: Compound 2

it
J:j ,i‘li K2CO4 S‘)l\ NN mCPBA
> + HN VoY
e . \Qz/

s | MeCN |
; CO,Et 1
11 2 CO2Et

H

N\Z/ AcOH, BuOH
~
Et
13 GOy /@\ St

‘ Compound 2

J\/j 3,6-Dimethylanili D

- 2N 5-Dimethylaniline /]]\ P

R Ry NN NN
o

To a solution of ethyl 3-methyl-7 H-pyrazole-4-carboxylate 2 (5.0 g, 324
mmol) in anhydrous acetonitrile (60 mL) were added potassivm carbonate (8.96 g,
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64.9 mmol) and 4-chloro-2-(methylthio)pyrimidine 11 (5.47g, 34.1 mmol) at room
tempetature (rt). The resulting suspension was heated at 80 °C for 8 hours with
rionitoring a reaction with LC-MS or thin layer chromatography (TLC). It was
diluted with ethyl acetate and washed with brine. The collected organic layer was
dried over anhydrous sodium sulfate and then concentrated in vacou. The resulting
residue was recrystallized with methanol to give 7.88 g (83 %) of ethyl 3-mcthyl-1-
(2-(methylthio)pyrimidin-4-yl)-1 H-pyrazole-4-carboxylate 12; MS (ESI) m/z 279
[M-+H]", The resulting pyrazole-4-carboxylate 12 (7.44g, 26.7 mmol) was dissolved
in 30 mL of DCM and then cooled to 0 °C. To this was added 3-chloroperbenzoic
acid (mCPBA, 13.2g, 58.8 mmol) at the same temperature. The reaction was
warmed to room temperature, stirred for 2 hours and then quenched by addition of
saturated NaHCO; solution. The collected organic layer was dried over anhydrous
sodium sulfate and then concentrated in vacou. The resulting residue was
recrystallized with iso-propylether to give 7.88 g (83 %) of ethyl 3-mcthyl-1-(2-
(methylsulfonyl)pyrimidin—4-yl)—] H-pyrazole-4-carboxylate 13 as a coloress solid
(6.92g, 83%); m/z 311 [M+H]". The obtained sulfoxide 13 (3.0 g, 9.7 mmol) was
mixed with acetic acid (0.42 mL, 9.7 mmol) and 3,5-dimethylaniline (1.4 mL, 9.7
mmol) in 10 mL of n-butanol. After being heated at reflux for 2 hours, the mixture
was concentrated in vacou. The resulting residue was extracted with DCM, washed
with a saturated NaHCO3 solution. The collected organic layer was dried over
anhydrous sodium sulfate, concentrated in vacou and then recrystallized with ethyl

acetate to afford 0.86 g (26 %) of Compound No. 2 as a pale yellow solid; m/z 352
[M+H],

1-(2-(3,5-dimethylphenylamino)pyrimidin- 1)-3-methyl-] H-pyrazole-4-carboxylic

acid: Compound 3
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N
/l/j\ N NaOH N)\ -
HN N N e |
\Qg/ THF
CO,Et

Compound 2 Compound 3

To a solution of Compound No. 2 (0.77 g, 2.2 mmol) in ethanol (10 mL),
was added 4 mL of 2N-NaOH solution at room temperature. The reaction mixture
was heated at reflux for 2 hours. When no starting material was observed, ethanol
was removec_i in vacuo. The tesidue was washed with DCM and then the aquecus
layer was acidified with IN-HCI aqueous solution to form pale yellow precepitates.
The resulting solids were collected by filtration and then vacuum dried to give
Compound No. 3 as a pale yellow solid (0.41 g, 58%); MS (ESI) m/z 324 [M+H],

Preparation of 1-(2-( 3.5-dimethv]phenvlamino)-S-ﬂuoropvrimidin-4-yl)-3-methyi-

1 H-pyrazole-4-carbaldehyde: Intermediate No. 3

SN ~pF
)NI\/:[F,N MNO, ij -N

HN™ N7 NS ke S HN® N N
\§<\j DCE PN S,
OH : o

~ H

Compound 4 Intermediate 3

To a solution of Compound No. 4 (0.56 g, 1.7 mmol) in 30 mL of
dichloroethane (DCE), was added MnO; (1.5 g, 10.2 mmol). After being stirred for
4 hours at 60-70 °C, the reaction mixture was passed through a pad of Celite and
rinsed with dichloromethane. ‘The filtrate was concentrated in vacuo to give desired

Intermediate No. 3 as a pale yellow solid (0.44 g, 80 %); MS (ESI) m/z 326 [MH+HT
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Preparation of Amine

NO,
S AN
| 1 BrCH,CO,Et | HNO, S
_ il et kNG _HNOs
cO MeO OMe Silica Gel P
MeO oMe KCOs MeO OMe

OH DMF OJ\ DCM o
0~ Ot ;\

0”7 “oEt

, NO, NH,

__DIBAL Pd/C, H2

THE  Meo oMe MeOH  meo OMe

o\L oj
OH e

Preparation of 2-( 4- Amino-2,6-dimethoxyphenoxy)ethanol

To a solution of 2,6-dimethoxyphenol (1.54 g, 10 mmol) and ethyl
bromoacetate (2.00g, 12 mmol) in 15 mL of anliydrous DMF, was added 2.76g (20
mmol) of K,COs. The reaclion mix_ture was stirred at 30 °C for 20 hours. The
mixture was concentrated i vacuo to remove volatiles. The resulting residue was
extracted with EtOAc, washed with brine, dried over anhydrous sodium sulfate and
then concentrated in vacou to give 2.2 g (91.6%) of ethyl 2-(2,6-
dimethoxyphenoxy)acetate. The obtained ester (1.2g, 5 mmol) was dissolved in a
suspension of Silica Gel (2.0 g) in 20 mL of DCM. To this was dropwise added of a
solution of concentrated HNO; (20 mL) in 20 mL of DCM at 1t. After being stirred
at room tempceraturet for 1 hour, it was transferred into a separatory funnel and then
brown bottom layer was discarded into 100g of ice. The remaining top organic layer
was washed with brine, dried over anhydrous sodium sulfate, and then concentrated
in vacou to give 1.4 g (98 %) of ethyl 2-(2,6-dimethoxy-4-nitrophenoxy)acetate as a
brown solid. The obtained nitrophenoxy ester (1.34g, 4.7 mmol) was dissolved in
anhydrous THF (20 mL). To this, was slowly added of 1M DIBAL solution (10.3
ml., 10,3 mmol) in toluene with ice bath cooling. After 1 hou at t, the reaction was

quenched by addition of IN-NaOH solution, and then extracted with EtOAc. The
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obtained organic layer was dried over anhydrous sodium sullate, and passed through
Silica Gel pad. The resulting filtrate was concentrated i vacuo to afford 2-(2,6-
dimethoxy-4-nitrophenoxy)ethanol (1.01 g, 88%) as a pale yellow solid; MS (EST)
m/z 326 [M+H]". '

Preparation of (1 -(2—(’3.S—dimethylnhenvlamino)—s-ﬂuorom'rimidin-4-vl)—3-methyl-

] H-pyrazol-4-ylmethanol: Compound No. 4

o4 iy X
)\ AN + A Pdy(dba); HN/KN/ nN
o NNy L BYNAP, K,CO;3 ),
= Dioxane
OH S OH
b

Intermediate 2

Compound 4

A 40 mL vial was charged with (1 -(2-chloro-5-fluoropyrimidin-4-yl)-3-
methyl-1H-pyrazol-4-yl)methanol (Intermediate No. 2) (0.50 g, 2.1 mmol), 3,5-
dimethylaniline (300 mg, 2.4 mmol), 850 mg (6.2 mmol) of potassium carbonate,
Pdy(dba); (86 mg), ()-2,2’ -bis(diphenylphosphino)-1,1 *-binaphthyl (BYNAP) (125
mg) and 25 mL of anhydrous dioxane. After being degassed by nitrogen bubbling,
the reaction mixture was heated at 100 °C for 6 hours. The resulting insolubles were
removed by filiration, The filtrate was concentrated in vacuo and then purified by
silica gel chromatography to afford Compound No. 4 as a white solid (0.56 g, 84 %);
MS (ESI) m/z 328 [M+HT',

Preparation of Compound Nos. 5 t0 28

The following compounds of the gencral structure shown Table 1 were
prepared by a method similar to that described for preparation of Compound No. 4
using the appropriate 2-chloropyrimidine and appropriate amine. Examples of
palladium catalysts that may be employed in this reaction include Pd(OAc),,
Pdy(dba)s, Pd(dppf)Cl,, or Pd(PPhs)s and PdClg(PPh3)2.' These catalysts are
typically employed with suitable ligand, such as BINAP, Xantphos, S-Phos or a
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related phosphine-based Pd ligand. The reactions were monitored by TLC and LC-

MS analysis and were run at 80 °C to 110 °C for 3 to 16 hours.

Table 1
Compounds of Formula I

Compound Structure Name Yield | MS
No. %) | (ESIH)
m/z
5 Néj\ (1-(2-3,5-dimethyl 74 310
HN )\\N | NN phenylamino)pyrimidin-4-
Q\ \‘{ y1)-3-methyl-1 H-pyrazol-
OH 4-yl)methanol
6 N/jiF (1-(2-(3,5-dimethyl 80 314
HN*‘ N/ N N\ phenylamino)-5-fluoro
\\{ pyrimidin-4-y})-1H-
OH pyrazol-4-yl)methanol
7 N7 F (1-(2-(3,5-dimethoxy 76 346
HN ‘ NN N\ phenylamino)-5-fluoro
[5S pyrimidin-4-yl)-1H-
MeO /©\0Me OH| pyrazol-4-ylmethanol
8 N/j F (1-(2-(3,5-dimethoxy 70 360
HN)I\ N7 SN N\ phenylamino)-5-flucro
&( pyrimidin-4-yl)-3-methyl-
MeO OMe OH| ; H-pyrazol-4-yl)methanol
9 N/i (1-(2-(3,5-dimethyl 88 295
HN P NT N phenylamino)pyrimidin-4-
\%- yl)-1H-pyrrol-3-y1)
OH methanol




10 i/\\l (1-(2-(2,3-dihydro-11I- 78 307
HNT N Q‘ inden-5-ylamino)
oM pytimidin-4-y1)-7II-pyrrol-
] : 3-ymethanol
11 /l\d\/j (1-(2-(3,5-dimethyl-4-(2- 80 421
N NT N (pyrrolidin-1-yl)ethoxy)
/@\ OH phenylamino)pyrimidin-4-
O\/\ID yl)-4-methyl-IH-pyrrol-3-
ylmethanol
12 a (1-(2-(3,5-dimethyl-4- 68 401
A
HNT TN NN phenoxyphenylamino)pyri
7 on midin-4-yl)-4-methyl-1H-
[
pyrrol-3-yl)methanol
Opi
13 N F (1-(2-(3,5-dimethyl 90 313
HN/lN/ Q phenylamino)-5-fluoro
z = pyrimidin-4-yl)-1H-pyrrol-
I \—-oH
\ 3-yDmethanol
14 "N/\IF (1-(2-(3,5-dimethy 86 327
| i -
HN )\N/ N Iphenylamino)-5-fluoro
== pyrimidin-4-yl)-4-mcthyl-
OH 1H-pyrrol-3-yl)methanol
15 NA\/EF 2-(4-(5-fluoro-4-(3- 65 386
HN)\N/ S (hydroxymethyl)-4-methyl-
= ] IL-pyrrol-1-yl)pyrimidin-
OH 2-ylamino)-2,6-
O0H dimethylphenoxy) cthanol
16 (1-(2-(3,5-dimethoxy 81 359

phenylamino)-5-fluoro
pyrimidin-4-yl)-4-methyl-
1H-pyrrol-3-yl)methanol




17 N&/EF 17(1-2~(3,5-bis(trifluoro 84 435
HN)[\N/ NN methyl)phenylamino)-5-
= (luoropyrimidin-4-yl)-4-
\-0H
1-7H- 3uy]
FiG oF, methyl-7 H-pyrrol-3-yl)
methanol
18 A (1-(5-fuoro-2- 77 | 349
XX .
HNTN NL;?j (naphthalene-2-ylamino)
/@ OH pyrimidin-4-yl)-4-methyl-
L/ 1H-pyrrol-3-yDmethanol
19 O (1-(5-chloro-2-(3,4.5- 80 404
HNJL/N:[N/y trimethoxyphenylamino)py
\_on rimidin-4-yl)-4-methyl-/ H-
Meo OMe ot pyrrol-3-yhmethanol
20 N/\/( (4-cyclopropyl-1-(5- 76 | 411
|
HN N N\ methyl-2-(3,4,5-
= o trimethoxyphenylamino)py
MeOQ' OMe rimidin-4-y1)- 1 H-pyrrol-3-
OMe
vl)methanol
21 i B (4-methyl-1-(5-methyl-2- 80 385
NN TN 3,4 5-trimethoxyphenyl
W \;}/ ¢ ypheny
fi \-oH amino)pyrimidin-4-yl)-1H-
MeO N OMes
Ome pyrrol-3-yl)methanol
22 2-(4-(4-(3-(hydroxyl 63 415

methyl)-4-methyl-1H-
pyrrol-1-y1)-5-methyl
pyrimidin-2-ylamino)-2,6-

dimcthoxyphenoxy)ethanol
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23 WY 2-(4-(4-(4-(3~(hydroxyl 71 437
P
H/N N Ql methyl)-4-methyl-/H-
[ \_oH pyrrol-1-yl)-5-methyl
\N pyrimidin-2-ylamino)-2-
[ ] methylphenyl)piperazin-1-
HO \)N - yhethanol
24 J\/\/ (S)-1-(4-(4-(3-(hydroxyl 69 394
HN N//\l\{:?‘/ methyl)-4-methyl-1H-
/© oH pyrrol-1-y!)-5-methyl
pyrimidin-2-ylamino)-2-
CZ methylphenyl)pyrrolidin-3-
OH ol A
25 s (1-(5-fluoro-2-(4-(methy] 63 377
HN)I\NjiN A sulfonyl)phenylamino)pyri
: \%\/OH midin-4-y!)-4-methyl-1H-
pyrrol-3-yhmcthanol
SO Me :
26 N/j:CFa (1-(2-(3,5-dimethylphenyl 90 377
HN)LN/ N amino)-5-(trifluoro
% methylpyrimidin-4-yl)-4-
OH methyl-7H-pyrrol-3-
yl)methanol
27 (1-(2-(3,5-dimethylphenyl 84 389

amino)-5-fluoropyrimidin-
4-y1)-4-phenyl-1 H-pyrrol-
3-ylmethanol
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28 hi/\/EF (1-(5-fluoro-2-(3,4,5- 77
H N/k NN \“ 3 trimethoxyphenylamino)py
~ i o rimidin-4-y{)-4-(furan-3-
MeO” N “OMe yl)-1H-pyrrol-3-
OMe yhmethanol

1-(2-(3,5-dimethylphenvlamino)pyrimidin-4-y1)-N-( 2-hydroxyethyl)-N,3-dimethyl-

1 H-pyrazole-4-carboxamide: Compound No. 29

NS N7
O D

\\2/ HBTU, TEA HN® N° NTR
— T .
DMF /
CO,H N OH
fe] ./
Compound 3 Compound 29

To a solution of an acid Compound No. 3 (65 my, 0.2 mmol) in 2 mL of
anhydrous DMF and DIPEA (100 pL, 0.6 mmol), was added HBTU (83 mg, 0.22
mmol). The mixture was stirred for 15 minute at room temperature. To this was
added, 2-(methylamino)ethanol (24 mL, 0.3 mmol) at room temperature. The
reaction mixture was stitred at room temperature for 3 hours with monitoring a
reaction with TLC. When no starting material was observed, the reaction mixture
was diluted with ethyl acetate and washed with IN-NaOH followed by brine. The
collected organic layer was dried over anhydrous sodium sulfate and then
concentrated in vacou and then purified by silica gel chromatography to give 53 mg
(70 %) of target Compound No. 29 as a white solid; "H NMR (400MHz, DMSO-de)
59.66 (s, 1H), 8.61 (s, 1H), 8.54 (d, /= 5.2Hz, 1H), 7.19 (d, J = 5.2Hz, 1H), 6.65
(s, 1H), 4.82 (br s, 1H), 3.56-3.48 (m, 2H), 3.14-2.95 (m, 2H), 2.31 (s, 3H), 2.26 (s,
6H): MS (EST) m/z 381 [M+H]".
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Preparation of Compound Nos. 30 to 38

The following compounds of the general structure shown Table 2 were

prepared by a method similar to that described for preparation Compound No. 29

using coupling agent such as EDCI, HBTU, HATU, PyBop, or PyBrop. The
reactions were monitored by TLC and LC-MS analysis and were run at room

temperature 3 to 16 hours.

Table 2
Compounds of Formula I

Compo Structure NMR (300 Mz, DMSO-dg) or Name

und

MS
(ESEHH)

m/z

30 1-(2-(3,5-

dimethylphenylamine)pyrimidin-4-yb)-
N, N-bis(2-hydroxyethyl)-3-methyl-J H-
pyrazole-4-carboxamide;

9.64'(s, 1H), 8.60 (s, 1H), 8.53 (d, J=
5.2Hz, 1H), 7.37 (s, 2H),7.19(d, /=
5.6Hz, 1H), 6.64 (s, TH), 4.80 (s, 2H),
3.51 (br s, $H), 2.28 (s, 3H), 2.26 (s,
6H)

411

31

(8)-(1-(2-(3,5-
dimethylphenylamino)pyrimidin-4-y})-
3-methyl-7 H-pyrazol-4-yD)(3-
hydroxypyrrolidin-1-yl)methanone;
9.71 (s, 1H), 8.70 (s, 1H), 8.55 (4, /=
5.611z, 1H), 7.38 (s, 2H), 7.20 (d, J=

4.32 (s, 1H), 3.76-3.65 (m, 2H),
3.57-3.48 (m, 2H), 2.41 (s, 3H), 2.26
(s, 6H), 2.0-1.95 (m, 1H), 1.87-1.84

| 5.611z, 1H), 6.6 (5, 1H), 5.01 (m, 1H),

393




-55-

. (m, 1H)
32 i R)-(1-(2-(3,5- 393
S, @0
N)\\, NN dimethylphenylamino)pyrimidin-4-yl)-
\\;N/j"@“ 3-methyl-1 H-pyrazol-4-y1)(3-
& "\
hydroxypyrrolidin-1-yl)methanone;
9.71 (s, 1H), 8.72 (d, 1H), 8.55 (d, J=
!'5.2Hz, 1H),7.38(s,2H), 7.20 (4, J=
‘ 5.2Hz, 1H), 6.66 (s, 1H), 5.01 (m, 1H),
4.33 (s, 1}, 3.80-3.75 (m, 2H),
3.57-3.54 (m, 2H), 2.41 (s, 3H), 2.26
(s, 6H), 2.0-1.80 (m, 2H)
: i ST SWCWZWT 3
33 A 41 N-(2-aminoethyl)-1-(2-(3,5-dimcthyl 0
' 4A\N)%N NN ors phenylamino)pyrimidin-4-y1)-3-
\T);NH (trifluoromethyl)-1 Fl-pyrazolc-4-
\\\NHZ carboxamide
34 “l/TF ) \ 1-2-(3,5-dimcthoxyphenylamino)-5- | 463
N ‘N’\'L”; 0™ | fluoropyrimidin-d-yD-N-(3,5-dimethy!
e oma O NH phcnyl)-1H-pyruzole—4—carboxamidc
35 N (1—(2—(3,5-dimethoxyphenylamino)-s- 427
N ’{:i fluoropyrimidin-4-y1)-1 H-pyrazol-4-
=
| s NI
e Poe & N\\) yl)(piperidin-1-yl)methanone
36 N;\/‘[J‘ (S)-1-(2-(3,5-dimethoxyphenylamino)- 431
HN)Q‘N NN S-ﬂuoropyrimidin-4—yl)-N—(]—hydroxy
/@\ NH propan-2-y1)-3-methyl-1 H-pyrazole-4-
MeO” ™7 “oMe O .
carboxamide
OH
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37 JNA,'(F [ N-benzyl-1-(2-(3,5-dimethoxyphenyl | 449
ey oy N,
HN\ N . amino)-5-fluoropyrimidin-4-y1)-11I-
1
veo~Pome &\ ) pvrazole-4-carboxamide
38 )NjIF (R)-(1-(2-(3,5-dimethylphenylamino)- 411
BN SN NN S-fluoropyrimidin-4-yl)-3-methy!-/ H-
1: \\ogj,\o-“"“ pyrazol-4-yl)(3-hydroxypyrrolidin-1-
yhmethanone

2-((1-(2-(3,5-dimethylphenyl amino)-5-fluoropyrimidin-4-y1)-3-methyl-/ H-pyrazol-

4-yD)methylamino)ethanol: Compound No. 39

Method 1

N/\ F
/k H.N  OH A~ N
2 / HN N N7
NaBH OA) Z =
| >: (OAc)s | NH  OH

intermediate 3 compound 39

A solution of Intermediate No. 3 (65 mg, 0.2 mmol) and ethanolamine (18
pL, 0.3 mmol) in 2 mL of dichloromethane was sticred for 20 minutes at room
temperature. o this, was added NaBH(OA); (64 mg, 0.3 mmol) at room
temperature. The reaction was stirred for 15 hour ai room temperature and then
quenched with IN-NaOH. It was extractéd with ethy) acetate and washed twice
with brine. The collected organic layer was dried over anhydrous sodium sulfate and
then partially concentrated in vacou. The resulling residue was purified by silica gel
chromatography to afford desired Compound No. 39 as a white solid (59 mg, 74 %);
1 NMR (300MHz, CDCls) 8, 8.38-8.40 (2H, m), 7.26 (14, 5), 6.67 (1H, 5), 3.78
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(2H, 5), 3.70 (1, J = 5.1Hz, 2H), 2.81 (1,J = 5.1Hz, 2H), 2.36 (3H. 5), 2.29 (611, 5);
MS (BSI) m/z 371 [M+H]".

Method 11

2-(4-((4-methyl-1-

5-methvl-2-(3,4,5-trimethoxyphenylamino)pyrimidin-4-
v1)-J H-pyrrol-3-yl)methyl)piperazin-1-ylethanol: Compound 40

7\ OH
NN Mno )\ HN N_/—

—

)\ )\ DCE N /\,,

N NaBH(OACc)3
\—0H CHO
ilntermediate 2 ilntermediate 4
\

OMe Dioxane

ci J\%\%, Pd(dppf)(‘)IZ Q \%’
( /@\ K,CO3 OMe (— ——)

/-‘/ HO

HO
ilntermediate 5 Compound 40

To a solution of Intermediate No. 2 (0.70 g, 2.92 mmol) in 30 mL of
dichloroethane (DCE), was added MnO; (2.67 g, 17.5 mmol). After being stirred
for 4 hours at 70 °C, the reaction mixture was passed through a pad of Celite and
rinsed with dichloromethane. The filtrate was concentrated in vacuo to give a
desired Intermediate No. 4 as a pale yellow solid (0.6 g, 87 %). A solution of
Intermediate No. 4 (311 mg, 1.32 mmol) and 2-(piperazin-1-yl)ethanol (0.23 g, 1.77
mmol) in 10 mL of dichloromethane (DCM) was stirred for 20 minutes at room
temperature. To this, was added NaBH(OAc); (0.58 g, 2.6 mmol) at room
temperature. The reaction was stirred for 3 hours at room temperature and then

quenched with IN-NaOH. It was extracted with ethyl acetate and washed twice with



- 58 -

brine. The collected organic layer was dried over anhydrous sodium sulfate and then
concentrated in vacou. The resulling residue was purified by silica gel
chromatography to afford desired intermediate No. S as a white solid (0.42 mg,

91 %). A 2 dram vial was charged with 2-(4-((1-(2-chloro-S-methylpyrimidin-4-y1)-
4—melhyl-]H-pyi'ml-3—y])méthyl)piperazin-l-yl)ethauol (Intermediate No. 5) (70 mg,
0.2 mmol), 3,4.5-trimethoxyaniline (48 mg, 0.26 mmol), 83 mg (0.6 mmol) of
potassium carbonate, Pd(dppf)Cls (8 mg), BYNAP (12 mg) and 3 mL of anhydrous
dioxane. After being degassed by nitrogen bubbling, the reaction mixturc was

heated at 100 °C for 16 hours and cooled to room temperature. The resulting
insolubles were removed by filtration and then the filtrate was concentrated in vacuo.
The resulting dark brown residue was purified by silica gel chromatography (5 to 15%
MeOH/DCM) to afford desired Compound 40 as a pale yellow solid (74 mg, 75 %);
'H NMR (300MHz, CDCl5) 8 9.43 (s, 1H), 8.34 (s, 1H), 7.39 (s, 1H), 7.30 (s, 1H),
7.18 (s, 2H), 3.77 (s, 9H), 3.61 (s, 2H), 3.45 (m, 2H), 3.21 (m, 2H), 2.38-2.32 (m,
8H), 2.19 (5, 3H), 2.03 (s, 3H); MS (ESY) m/z 497 [M-+H]"

Preparation of Compound Nos. 41 to 139

The following compounds of the general structure shown Table 3 were
prepared by a method I similar to that described in the-preparation of Compound No.
39 using the appropriate aldehyde Intermediate No. 3 and appropriate amine
HNRR® or method 11 similar to that described in the preparation of Compound No.
40 using the appropriate 2-chloropyrimidine Intermediate No.5 and appropriate

amine HgNRz.

1-((4-methyl-1-(S-methyl-2-(3 4 5-rimethoxyphenylamino)pyrimidin-4-y1)-/ H-

pvrrol-3-v])melhyﬂaietidin—?ﬁ -yl pivalate: Compound No. 93
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P Xﬁ
HN*N:(NQ» /kﬁ r(\>.,
= Y
.
MeOQ\ N OH Meo/<;|\OMe NO\H
OMe . OMe

Compound 91 Compound 83

To a solution of 1-((4-methyl-1-(5-methyl-2-(3.4,5-
trimethoxyphenylamino)pyrimidin-4-yl)-/ H-pyrrol-3-yl)methyljazetidin-3-ol
(compound No, 91, 150 mg, 0.34 mmol ) in'2 mL of anhydrous DMF, were added 5
mg of N, N-dimethylaminopyridine (DMAP) and trimethylacetic anhydride (128 mg,
0.68 mmol) at 1t. After being stirred for 16 hours at room temperature, the reaction
mixture was concentrated in vacuo. The resulting residue was extracted with EtOAc,
washed with 2N-NaOH, dricd over anhydrous NazSO4, concentrated in vacuo and
then purified by chromatography (5 t015% MeOH/DCM) 1o afford desired »
Compound Ne. 93 as a colorless solid (98 mg, 55 %); "H NMR (300MHz, CDCl3) &,
9.44 (s, 1H), 8.35 (2, 1H), 7.37 (s, 1H), 7.30 (s, 1H), 7.1 9 (s, 211), 4.88-4.94 (m, 1H),
3.78 (s, 6H), 3.76 (m, 1H), 3.61 (s, 3H), 3.57-.60 (m, 310, 2.92 (m, 2H), 2.32 (s,
3H), 2.01 (s, 3H), 1.14 (s, 941); MS (ESI) m/z 524 [M+H]".

4-(3-((1,4-diazepan-1-yl)methyl)-4-methyl-1 H-pyrrol-1-y1)-5-methyl-N-(3.4,5-

trimethoxyphenylpyrimidin-2-amine; Compound No. 96

Iy

) HN NBoc HNT NT NN~
o NaBH(OAc)a = l' = K\NH
2) HCI, MeOH ~
MeO Me  apcy \\)
OMe

Intermediate 3 Compound 96
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A solution of Intcrmediate No. 3 (200 mg, 0.52 mmol) and tert-butyl 1,4~
diazepane-1-carboxylate (181 uL, 78 mmol) in 4 mL of dichloromethane was stirred
for 20 minutes at room temperature. To this, was added NaBH(QAc); (230 mg, 1.0
mmol) at room temperature. The reaction was stirred for 4 hours at room
temperature and then quenched with IN-NaOIL Tt was extracted with ethyl acetate
and washed twice with brine. The collected organic layer was dried over anhydrous
sodium sulfate and then concentrated in vacou. The resulting residue was purified by
silica gel chromatography to afford Boc protected Compound No. 96 as a pale
yellow solid (241 mg, 82 %). The obtained compound was dissolved in 3 mL of
methanol. To this, was added 2.5 mL of 4M-HCI. After being stirred for 6 hours at
room temperature, the reaction mixture was partially concentrated in vacuo and then
added EtOAc to form prgcipitatjon. The resulting yellow solids were collected by
filtration and rinsed with EtOAC to give Compound No. 96 (230 mg, 94%) as a
trishydrochloride salt; VI NMR § 11.13 (br s, 1H), 9.56 (s, 1), 843 (s, 1H), 7.83 (s,
1H), 7.44 (s, 11), 7.19 (s, 2H), 4.20 (m, 2H), 3.78 (s, 6H), 3.61 (s, 3H), 3.40-3.52
(m, 10H), 2.36 (s, 3H), 2.13 (s, 3H); MS (EST) m/z 467 [M+H]"

4-(3-((1,4-diazepan-} -yDmethyl)-4-methyl-/ H-pyrrol-1 -yl)-5-methyl-N-(3.4,5-

trimethoxyphenyl)pyrimidin-2-amine; Compound No. 97

«\(af“*

DIPEA MeCN

MeO

Jil Ryt

Me 3HC

Compound 96 Compound 97

To a solution of Compound No. 96 (42 mg, 0.07 mmot ) in 1 mL of
acctonitrile and diisopropylethylamine (83 pl.), were added catalytic amount of N, N-
dimethylaminopyridine and trimethylacetic anhydride (28 pL, 0.14 mmol) at rt.
After being stirred for 16 hours at room temperaturc, the reaction mixture was

concentrated in vacuo. The resulting residue was cxtracted with E10Ac, washed
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with 2N-NaOH, dried over anhydrous sodium sulfate, concentrated in vacuo and
then purified by chromatography (5 to15% MeOQH/DCM) to afford desired
Compound No. 97 as a colorless solid (29 mg, 72 %); "H NMR (300MHz, CDCl3) 3,
9.44 (s, 1H), 8.35 (s, 1), 7.38 (s, 1H), 7.31 (s, 1H), 7.19 (s, 2H), 3.77 (s, 6H), 3.61
(s, 3H), 3.49-3.52 (m, 6H), 2.73 (m, 2H), 2.33 (s, 3H), 2.04 (s, 3H), 1.76 (m, 2,
1.18 (s, 9H); MS (ESI) m/z 551 [M+H]",

Table 3

Compounds of Formula I

Compound
No.

Structure

Compound Name; NMR (300 MHz,
DMSO0-d6) or

MS
(ESI+)
n/z

41

(R)-1-((1-(2-(3,5-
dimethylphenylamino)pyrimidin-4-
yi)-4-methyl-1 H-pyrrol-3-
ylmethyl)pyrrolidin-3-ol ;

9.48 (s, 1H), 8.38 (d, J= 5.4Hz,
1H), 7.52 (s, 1H), 7.42 (5, 1H), 7.39
(s, 2H), 6.98 (d, J = 5.4Hz, 1H),
6.62 (s, 1H), 4.65 (br s, 111), 4.18
(m, 1H), 3.45 (s, 2H), 2.73 (m, 1H),
2.55 (m, 1H), 2.31 (m, 2H), 2.26 (s,
6H), 2.03 (s, 3H), 1.98 (m, 1H), 1.54
(m, 1H)

378

42

HO

1-((4-cyclopropyl-1-(2-(3,5-
dimethylphenylamino)pyrimidin-4-
yl)-1H-pyrrol-3 -yl)methyl)azetidin-
3-0l;

9.48 (s,.1H), 8.38 (d, J = 5.4 Hz,
1H), 7.51 (s, 1H), 7.45 (s, 2H), 7.28
(s, 1H), 7.00 (d, J= 5.4 Hz, 1H),

390
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6.63 (s, 1H), 5.27 (br s, 1H),
4.21-4.15 (m, 1H), 3.56~3.52 (m,
2H), 3.48 (s, 2H), 2.77-2.73 (m,
2H), 2.27 (s, 6H), 1.70-1.61 (m, 1H),
0.84-0.77 (m, 2H), 0.52-0.47 (m,
2H)

43

4-(4-((benzylamino)methyl)-3-
methyl-1H-pyrazol-1-yl)-N-(3,5-
dirbethylphenyl)pyrimidin-2-amine;
9.58 (s, 11), 8.47 (d, J= 5.6Hz,
1H), 8.35 (s, 1H), 7.39-7.31 (m,
6H), 7.25-7.21 (m, 1H), 7.12.(d, J=
5.6z, 1H), 6.64 (s, 1H), 3.75 (s,
21, 3.58 (s, 2H), 3.31 (br s, 1H),
2.25 (s, 6H), 1.91 (s, 3H)

399

44

4-(4-(3-((3-hydroxyazetidin-1-
yDmethyl)-4-methyl-/H-pyrrol-1-
yl)pyrimidin-2-ylamino)-2,6-

dimethylphenyl methanesulfonate

458

45

(R)-4-(4-(3~((3-hydroxypyrrolidin-1-
yD)methyl)-4-methyl-1H-pyrrol-1-
yl)pyrimidin-2-ylamino)-N,2-

dimethylbenzenesulfonamide;

9.70 (s, 1H), 8.41 (d, /=54 Hz,

1H), 7.77-7.74 (m, 2H), 7.54-7.44
(m, 2H), 7.04 (m, 1H), 6.90 (s, 1H),
4.69 (s, 1H), 4.23 (s, 2H), 4.21-4.18
(m, 1H), 3.32 (s, 3H), 2.72 (s, 31D),
2,61 (m, 2H), 2.35-2.28 (m, 2H),
2.00 (s, 311), 1.98-1.94 (m, 1H),

457
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1.59-1.52 (m, 1H)

46

(R 1-((1-2-(3,5-dimethyl-4-(2-
(pyrrolidin-1-yl)ethoxy)phenyl
amino)pyrimidin-4-yl)-3-methyl-

] H-pyrazol-4-yl)methyl)pyrrolidin-
3-0l

492

47

(S)-1-((1-(2-(3,5-
dimethylphenylamino)pyrimidin-4-
yh)-4-methyl-ZH-pyrrol-3-
yh)methypyrrolidine-3-carboxylic
acid;

9.48 (s, 1H), 8.39 (d, J = 5.4Hz,
1H), 7.55 (s, 1H), 7.43 (s, 1H), 7.39
(s, 2H), 6.98 (d, J = 5.4Hz, 1H),
6.62 (s, 1H), 3.47 (s, 2H), 2.96 (m,
11), 2.82 (m, 1H), 2.68-2.55 (m,
3H), 2.27 (s, 6H), 2.04 (s, 3H),
2.0-1.83 (m, 2I)

406

48

(R)-1-((1-(2~(3,5-dimethyl-4-
phenoxyphenylamino)pyrimidin-4-
yI)-4-methyl-1H-pyrrol-3-
yhmethyDpyrrolidin-3-ol;

9.60 (s, 1H), 8.43-8.41(d, J= 5.7
Hz, 1H), 7.61 (s, 1H), 7.56 (s, 2H),
7.45 (s, 1H), 7.33-7.27 (m, 2H),
7.02-6.96 (m, 2H), 6.77-6.74 (m,
2H), 4.84 (s, 1H), 4.23 (m, 1H),
3.57-3.52 (m, 1H), 3.40 (s, 2H),
3.34-3.29 (m, 2H), 2.05 (s, 6H),
1.98 (s, 3H), 2.05-1.97 (m, 2H)

470
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49

(R)-1-(1-((1-(2-3,5-
dimethylphenylamino)pyrimidin-4-
yD)-4-methyl-7 H-pyrrol-3-
yDmethyl)pyrrolidin-3-ylurea;

1 9.48 (s, 1H), 5.38 (d, J = 5.4 Hz,

1H), 7.54 (s, 1H), 7.43 (s, 1H), 7.39
(s, 2H), 6.99 (d, J = 5.4 Hz, 1H),
6.24 (s, 111), 6.07 (br s, 2H), 5.37 (br
s, 2H), 3.99 (m, 1H), 3.50 (s, 2H),
3.43-3.22 (m, 4H), 2.49-2.44 (m,

| 211, 2.26 (s, 6H), 2.05 (s, 3H)

420

50

1-((4-methyl-1-(2-(2-
methylbiphenyl-4-
ylamino)pyrimidin-4-y1)-1 H-pyrrol-
3-yDmethylazetidin-3-ol; '
9.71 (s, 1H), 8.45 (d, J= 5.6 Hz,
1H), 7.73-7.72 (m, 1H), 7.67-7.64
(m, 2H), 7.48-7.31 (m, 6H), 7.18 (d,
J= 5.6 Hz, 1H), 7.05-7.03 (d, J=
5.6 Hz, 1H), 5.63 (br, 1H),
4.32-4,26 (m, 1H), 3.75-3.68 (m,
4H), 3.35 (s, 2H), 2.27 (s, 3H), 2.05
(s,3H)

426

1-((1-(2-(2,3-dihydro-1 H-inden-5-
ylamino)pyrimidin-4-y1)-4-methyl-
1 H-pyrrol-3-yl)methyl)azetidin-3-ol;
9.50 (s, 1H), 8.38 (d, /= 5.6 Hz,
1H), 7.68 (s, 111), 7.49 (s, 1H), 7.45
(s, 1H), 7.42 (s, 1H), 7.15 (d, J~ 8.1
Hz), 6.98 (d, J= 5.6 Hz, 1H), 5.32
(br s, 1H), 4.20 (m, 1H), 3.54 (brs,
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2H), 3.41 (br s, 2H), 2.89-2.79 (m,
6H), 2.04 (m, 2H), 2.0 (s, 31D

52 l\;/\/‘\ 1-((4-methyl-1-(2-(1-methyl-1H- 489
NN indol-5-ylamino)pyrimidin-4-yl)-
&S "Oon | 1H-pyrrol-3-yl)methylazetidin-3-ol
N,
N
53 )N[\i (R)-1-((4-methyl-1-(2-(1-methyl- 403
y “;\( ., | 2rindol-5-ylamino)pyrimidin--
® O y1)-1H-pyrrol-3-yDmethyl)
N pyrrolidin-3-ol
54 N/j 4-(3-((4,4-difluoropiperidin-1- 412
HN)\ Vi N/\>’, yl)methyl)-4-methyl-7 H-pyrrol-1-
3 \QB y)-N-(3,5-
N dimethylphenyl)pyrimidin-2-amine;
- 9.47 (s, 1H), 8.39 (d, J = 5.7Hz,
F 1H), 7.55 (s, 111), 7.44 (s, 1H), 7.39
(s, 2H), 6.98 (d, J=5.7Hz, 1H),
6.62 (s, 1H), 3.46 (s, 2H), 2.67-2.32
(m, 4H), 2.25 (s, 6H), 2.05-1.80 (m,
1H), 1.99 (s, 3H)
5 S Ry-2-(4-(4-(4-((3- 522
5 0, ECCRCN(E
\§\<\: hydroxypyrrolidin-1-ylymethyl)-3-
@ ~OH
S N | methyl-1H-pyrazol-1-yl)pyrimidin-
)
J/i 2-ylamine)-2,6-dimethylphenoxy)-
07N
Lo 1-morpholinoethanone;

8.39 (d,J= 5.4 Hz, 1H), 829 (s,
1H), 7.28 (s, 2H), 7.21 (d, /= 5.4
Hz, 1H), 7.04 (s, 1H), 4.52 (s, 21D),
436 (m, 1H), 3.8-3.5 (m, 9H), 3.53
(s, 211, 2.71-2.56 (m, 411), 2.36 (s.
6H), 2.32 (s, 3H), 2.2 (m, 1H), 1.77
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(m, 1H)

2-(4-(4-(4-((3-hydroxyazetidin-1-
ylymethyl)-3-methyl-1 H-pyrazol-1-
yDpyrimidin-2-ylamino)-2,6-
dimethylphenoxy)-1-
morpholinoethanone;

8.39 (d, J= 5.4 Hz, 1H), 8.29 (s,
1H), 7.28 (s, 2H), 7.21 (d, J= 5.4
Hz, 1H), 7.03 (s, 1H), 5.32 (s, 1H),
4.99 (s, 2H), 4.90 (m, 1H), 3.9-3.6
(m, 10H), 3.52 (s, 2H), 3.02-2.97
{(m, 2H), 2.34 (s, 6H), 2.32 (5, 3H)

508

57

| N(3,5-dimethylphenyl)-5-fluoro-4-

(3-methyl-4-(pyrrolidin-1-ylmethyl)-
1 H-pyrazol-1 -yDpyrimidin-2-amine

58

(8)-2-((1-(2-(3,5-dimethylphenyl
amino)-S-fluoropyrimidin-4-y1)-3-
methyl-1JI-pyrazol-4-yl)methyl

amino)propan-1-ol

59

4-(4-((cyclopropylamino)methyl)-3-
methyl-J H-pyrazol-1-y1)-N-(3,5-
dimethylphenyl)-5-fluoropyrimidin-

2-amine

367

60

4-(4~((cyclohexylamino)methyl)-3-

methyl-1 H-pyrazol-1-y1)-N-(3,5-
dimethylphenyl)-5-fluoropyrimidin-

2-amine

408
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61

N-(3,5-dimethylphenyl)-5-fluoro-4-
(3-methyl-4-(piperidin-1-ylmethyl)-
1H-pyrazol-1-yDpyrimidin-2-amine

395

62

N-(3,5-dimethylphenyl)-5-fluoro-4-
(3-methyl-4-(morpholinomethyl)-
1H-pyrazol-1-yl)pyrimidin-2-amine

397

N-(3,5-dimethylphenyl)-5-fluoro-4-

(3-methyl-4-((phenylamino)methyl)-

1H-pyrazol-1-yl)pyrimidin-2-amine

403

64

4-(4-((3,4-dihydroisoquinolin-
2(1 H)-yl)methyl)-3-methyl-111-

pyrazol-1-yl)-N-(3,5-dimethyl

; phenyl)-S-fluoropyrimidin-2-amine

443

4-(4-((benzyl(methyl)amino)
methyl)-3-methyl-/H-pyrazol-1-yl)-
N-(3,5-dimethylphenyl)-5-fluoro

pyﬁmidin-Z—amine

431

66

W ((1-(2-3,5-dimethylphenyl
amino)-5-fluoropyrimidin-4-yl)-3-
methyl-7 H-pyrazol-4-y)methyl)

cthane-1,2-diamine

370

67

N-(3,5-dimethylphenyl)-5-fluoro-4-
(4-((4-fluorophenethylamino)
methyl)-3-methyl-1 H-pyrazol-1-

yl)pyrimidin-2-amine

449

68

N-(3,5-dimethylphenyl)-5-fluoro-4-
(3-methyl-4-((pyridin-4-ylmethyl
amino)methyl)-7H-pyrazol-1-yl)

pyrimidin-2-aminc

418
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69 /rlq[\’j:‘: . (S)-1-((1-(2-(3,5-dimethylpheny] 397
N 'L‘C‘ o amino)-5-fluoropyrimidin-4-y1)-3-
”\/:r methyl- H-pyrazol-4-yl)methyl)
pyrrolidin-3-ol
70 . /'\d\/N\I:N (R)'—l-((l—(2—(3,S-di.r-riétlfylphenyl 397
\QZT amino)-5-fluoropyrimidin-4-y1)-3-
NQJ‘OH methyl-/ H-pyrazol-4-yl)methyl)
' pyrrolidin-3-0l
71 N 1-((1-(2-(3,5-dimethylphenyl a1
”Ni“’/)\“f\ amino)-5-fluoropyrimidin-4-yl1)-3-
puv methyl-7H-pyrazol-4-yl)methyl)
¢ piperidin-4-ol
HO
72 NS T - N-(3,5-dimethylphenyl)-5-fluoro-4- 1 394
AN N "\1%« (3-methyl-4-(piperidin-1-ylmethyl)-
g% N)- | 1H-pyrrol-1-yDpyrimidin-2-amine
~
73 ) J’\j/ 1-((3-methyl-1-(5-methyl-2-(3,4,5- | 44
N \N'N\}ﬂ trimethoxyphenylamino)pyrimidin-
\QS 4.-yl)-1H-pyrazol-4-
Moo e °H"":ﬂ yDmethybazetidin-3-o;
9.50 (s, 1H0), 8.43 (s, 1H), 8.40 (s,
1H), 7.15 (s, 2H), 3.39 (s, 9H). 3.62
(s, 2H), 3.54 (m, 1H), 3.24 (n, 4H),
2.44 (s, 31), 2.24 (s, 3H)
74 Nllj:F N' 2-((1-(2~(3,5-dimcthylphenyl 371
YT N L( amino)-5-fluoropyrimidin-4-yl)-3-
/©\ NH oM | methyl-1H-pyrazol-4-yl)methyl
amino)ethanol
75 WSt 4-(4-((benzylamino)methyl)-3- 417
N N methyl- H-pyrazol-1-y})-N-(3,5-
2 i = e

dimethylphenyl)-5-fluoropyrimidin-
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2-amine
76 )Ni:\/ F ] N(3,5-dimethylphenyl)-5-tluoro-4- | 410
BN R (3-methyl-4-((4-methylpiperazin-1-
/Q\ NCN\ ylhmethyl)-1 H-pyrazol-1-
ylpyrimidin-2-amine
77 N/\/[F 4-(4-((dimethylamino)methyt)-3- 355
HN IN/ nNo_ | methyl-7H-pyrazol-1-yh-N-(3,5-
/@\. \:Z , | dimethylphenyl)-5-fluoropyrimidin-
~ N 2-amine
78 /’ﬁ\ - F N-(3,5-dimethylphenyl)-5-fluoro-4- | 410
N h":z” (3-methyl-4-((piperidin-4-ylamino)
):/I\ wp | methyD)-1 H-pyrazol-1-yDpyrimidin-
3HCI <\ 3 2-amine trihydrochloride
~NH
79 N N-(3,5-dimethylphenyl)-5-fluoro-4- | 416
“NJ:N:ETQ- s |(3-G -sulfonylpyrrolidin-1-ylmethyl)
P f ! - “C.&m -1 H-pytrol-1-yl)pyrimidin-2-amine
80 NN +-(3~((@imethylaminoymethy)-4- | 353
HN/|\N/ NN methyl-1 H-pyrrol-1-y)-N-(3,5-
/@\ L:t\l/ dimethylphenyl)-5-fluoropyrimidin-
\ | 2-amine;
9.58 (s, 1H), 8.55 (d, J = 4.8 Hz,
1H), 7.47 (s, 1H), 7.40 (s, 1H), 738
(s, 2H), 6.63 (s, 1H), 3.24 (s, 2H),
2.25 (s, 6H), 2.16 (s, 6H), 2.05 s,
3H)
81 NI/j:F N-(3,5-dimethyliphenyl)-5-fluoro-4- | 396
TN 'L?:m (3-methyl-4-(morpholinomethyl)-
L L ¥ P | 1H-pyrrol-1-yDpyrimidin-2-amine
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82

(R)-1-((1-(2-(3,5-dimethylphenyl
amino)-5-fluoropyrimidin-4-y1)-4-
methyl-1H-pyrrol-3-yDmethyl)
pyrrolidin-3-ol

396

83

1-((1-(2-(3,4-
dimethylphenylamino)-5-
ﬂuoropyrimidin-4-yl)-4-methyl-‘1H-
pyrrol-3-yl)methylazetidin-3-ol;
9.55 (s, 1H), 8.52 (d, J= 2.1 Hz,
1H), 7.51 (s, 1H), 7.43 (s, 1H),
7.34-7.39 (m, 2H), 7.05 (d, J= 8.1
Hz, 1H), 5.31 (d, /= 6.3 Hz, 1H),
4.20-4.22 (m, 1H), 3.47--3.53 (m,
2H), 3.41 (s, 211), 2.75~2.79 (m,
2H), 2.23 (s, 3H), 2.18 (s, 3H), 2.02
(s, 3H)

382

84

(R)-2-(4-(5-fluoro-4-(3-((3-
hydroxypyrrolidin-1-yl)methyl)-4-

- methyl-1H-pyrrol-1-ylpyrimidin-2-

ylamino)-2,6-dimethylphenoxy)-1-
morpholinoethanone;

9.53 (s, 1H), 8.53 (d, J= 4.5 Hz,
1H), 7.56 (s, 1H), 7.35 (s, 3H), 4.75
(brs, 1H), 4.50 (s, 2H), 4.21( brs,
1H), 3.58-3.61 (m, 8H), 3.49 (m,
41), 2.22 (s, 6H), 2.05 (s, 3H),
2.02-1.96 (m, 2IT)

438
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85

3-(4-((4-methyl-1-(5-methyl-2-
(3,4,5-trimethoxyphenylamino)
pyrimidin-4-y1)-1 H-pyrrol-3-
yDmethyl)piperazin-1-yl})-3-
oxopropanenitrile;

9.55 (s, 1H), 8.44 (s, 1H), 7.76 (s,
1H), 7.44 (s, 1H), 7.20 (s, 2H),
4.17(s, 2H), 4.04 (br d, J - 11.1 Hz,
4H), 3.78 (s, 6H), 3.62 (d, 3H), 3.08
(brd,J=11.1 Hz, 4H), 3.08-3.17
(m, 2, 2.36 (s, 3H), 2.12 (s, 3H)

520

86

(R)-4-(3-((3-aminopyrrolidin-1-
ylmethyl)-4-methyl-1 H-pyrrol-1-
y1)-N-(3,5-dimethylphenyl)-5-
fluoropyrimidin-2-amine;

9.67 (s, 1H), 8.64 (d, /= 4.5 Hz,
1H), 7.85 (s, 1H), 7.46 (s, 1H), 7.33
(s, 2H), 6.64 (s, 1H), 4.09 (s, 2H),
4.01-3.98 (m, 1H), 3.38-3.30 (m,
21), 3.24-3.20 (m, 2H), 2.38-2.30
(m, 2H), 2.27 (s, 6H), 2.18 (s, 3H)

391

87

1-((1-(5-fluoro-2-(naphthalen-2-
ylamino)pyrimidin—4—yl)—4-mcthy]-
1H-pyrrol-3-yl)methyl)azetidin-3-ol;
10.04 (s, 1H), 8.67 (d, J= 4.5 Hz,
1H), 8.40 (s, 1H), 7.79~7.70 (m,
3H), 7.73 (m, 2H), 7.47 (s, 2H), 7.35
(q, J= 6.9 Hz, 1H), 5.88 (br s 1H),
4.39 (s, 11I), 3.93—4.00 (m, 4H),
2.57 - 2.64 (m, 2H), 2.11 (s, 3H)

404
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88

1-((1-(2-(4-(benzyloxy)-3,5-
dimethoxyphenylamino)-5-
methylpyrimidin-4-yl)-1 H-pyrrol-3-
yhmethyl)azetidin-3-ol;

9.46 (s, 1H), 8.35 (s, 1H), 7.50 (s,
1H), 7.45 (s, 117), 7.39-7.30 (m,
6H), 7.21 (s, 2H), 5.27 (d, /=63
Hz, 1H), 4.85 (s, 2H), 4.20-4.14 (n,
1H), 3.79 (s, 6H), 3.51-3.46 (m,

| 281), 337 (s, 2H), 2.70-2.65 (m,

2H), 2.01 (s, 3H)

502

89

(R)-4-(5-fluoro-4-(3-((3-
hydroxypyrrolidin-1-yDmethyl)-4-
methyl-1 H-pyrrol-1-yl)pyrimidin-2-
ylamino)-2,6-dimethylphenyl
methanesulfonate;

9.73 (s, 1), 8.57(d, /= 4.8 Hz,
1H), 7.48 (d,.J=7.2 He, 3H), 7.35
(s, 1H), 4.67 (d, 7= 4.2 Hz, 11}),
4,20-4.17 (m, 1H), 3.50 (s, 3H),
3.42 (d,J = 1.8 Hz, 2H), 2.75-2.70
(m, 1H), 2.60-55 (m, 1H), 2.30 (s,
8H), 2.05 (5, 3H), 2.01-1.95 (m,
1H), 1.58-1.51 (m, 1H)

490

90

(R)-1-((1-(5-fluoro-2-(4-(2-
hydroxyethoxy)-3,5-
dimethylphenylamino)pyrimidin-4-
y1)-4-methyl-11I-pyrrol-3-
ylmethyl)pyrrolidin-3-ol;

9.49 (s, 1H), 8.52 (d, 4.5Hz, 11),

456
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7.47 (s, 1H), 7.34 (s, 3H), 4.86 (1,
11.1Hz, 1H), 4.70 (s, 1H), 4.20 (s,
1H), 3.74-3.68 (m, 6H), 3.28 (s,
2H), 2.73 (s, 2H), 2.23 (5, 6H),
2.05(s, 3H), 2.01-1.98 (m, 1H), 1.57
(s, 1H)

91

1-{(4-methyl-1-(5-methyl-2-(3,4,5-
trimethoxyphenylamino)pyrimidin-
4-y-1H-pyrrol-3-
yhmethyl)azetidin-3-ol; 9.44 (s,
1H), 8.35 (s, 1H), 7.30 (3, 1H), 7.26
(s, 1H), 7.19 (s, 2H), 5.26 (d, 6.3Hz,
1H), 3.79 (s, 6H), 3.62 (s, 3H),
3.50-3.60 (m, 3H), 3.28 (s, 2H),
2.75-2.44 (m, 4H), 2.33 (s, 3H),
2.01 (s, 3H)

440

92

1-((4-methyl-1-(5-methyl-2-(3,4,5-

! trimethoxyphenylamino)pyrimidin-

4-yl)-1H-pyrrol-3-yl)methyl)
azetidin-3-yl acetate;

9.44 (s, 1H), 8.35 (s, 1H), 7.36 (s,
1H), 7.31 (s, 1H), 7.20 (s, 2H), 3.79
(s, 6H), 3.62 (s, 3H), 3.50-3.60 (m,
3H), 3.39 (s, 2H), 2.97-3.00 (m,
2H), 2.33 (s, 3H), 2.32 (s, 3H), 2.06
(s, 3H)

482
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93

1-((-methyl-1-(5-methyl-2-(3,4,5-

trimethoxyphenylamino)pyrimidin-
4-yl)-1H-pyrrol-3-
yl)methyl)azetidin-3-yl pivalate;
9.44 (s, 1H), 8.35 (s, 1H), 7.37 (s,
1H), 7.30 (s, 13, 7.19 (s, 2H),
4.88—4.94 (m, 1H), 3.78 (s, 6H),
3.76 (m, 1H), 3.61 (s, 3H),
3.57-3:60 (m, 2H), 2.94-2.90 (m,
2H), 2.32 (s, 3H), 2.01 (s, 3H), 1.14
(s, 9H)

524

94

1-((4-cyclopropyl-1-(5-methyl-2-
(3,4,5-trimethoxyphenylamino)
pyrimidin-4-yl)-1H-pyrrol-3-
yl)methyl)azetidin-3-ol;

9.43 (s, 1H), 8.34 (s, 111), 7.30 (s,
1H), 7.17 (s, 2H), 7.10 (s, 1H), 5.32
(d,J=631Iz, 1H), 4.14-4.22 (m,
1H), 3.78 (s, 6H1), 3.61 (s, 3H),
3.49-3.52 (m, 4H), 2.89-2.80 (m,
7H), 2.31 (s, 3H), 1.64-1.70 (m,
1H), 0.77-0.80 (m, 2H), 0.47-0.48
(m, 2H)

466

95

1-((4-methyl-1-(5-methyl-2-(3,4,5-

trimethoxyphenylamino)pyrimidin-

| 4-y1)-1H-pyrrol-3-ylymethylurea;

9.46 (s, 1H), 8.35 (s, 1H), 7.39 (s,
1H), 7.32 (s, 1H), 7.20 (s, 2H),
6.02—.08 (m, 1H), 5.43 (s, 21), 4.02
(@, J= 5.4 Hz, 2H), 3.77 (s. GH),

427
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3561 (s, 3H), 2.32 (s, 3H), 2.02 (s,
3H)

96

4-(3-((1,4-diazepan-1-yD)methyl)-4-
methyl-7 H-pyrrol-1-yl)-5-methyl-N-
(3,4,5-trimethoxyphenyl)pyrimidin-

2-amine trihydrochloride

467

97

2,2-dimethyl-1-(4-((4-methyl-1-(5-
methyl-2-(3,4,5-
trimethoxyphenylamino)pyrimidin-
4-yl)-1H-pyrrol-3-yl)methyl)-1,4-
diazepan-1-yl)propan-1-one;

9.44 (s, 1H), 8.35 (s, 1H), 7.38 (s,
1H), 7.31 (s, 1H), 7.19 (s, 2H), 3.77.
(s, 6H), 3.61 (s, 3H), 3.49-3.52 (m,
6H), 2,73 (m, 2H), 2.33 (s, 31), 2.04
(s, 3H), 1.76 (m, 2H), 1.18 (s, 9H)

551

98

(S)-1-((142-(3,5-dimethylphenyl
amino)-5-fluoropyrimidin-4-yl)-4-
methyl-1H-pyrrol-3-ymethyl)
pyrrolidin-3-ol

396

99

1-(1-(2-(3,5-dimethylpheny}
amino)-5-fluoropyrimidin-4-yl)-4-
methyl-1 H-pytrol-3-yDmethy!)
piperidin-4-o}

410

100

OH

(S)2-((1-(2-(3,5-dimethylphenyl
amino)-5-fluoropyrimidin-4-yl)-4-
methyl-7H-pyrrol-3-yl)methyl

amino)propan-1-ol

384

101

HN
¢

MeQ’

=
TR
i
KX
eae
A, -
A5 Mo

el

4-(3-((benzylamino)methyl)-4-
methyl-] H-pyrrol-1-y1)-N-(3,5~
dimethoxyphenyl)-5-fluoro

448
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pyrimidin-Z—amirie

102

N/\/EF
i
HN)\N/ »Qj
= «OH
@L e

Me0” OMe

®-1-(1 ~(2-(3,5-dimelhoxyplienyl
amino)-5-fluoropyrimidin-4-yl)-4-

methyl-1 H-pyrrol-3-yl)methyl)

pyrrolidin-3-ol

428

103

3
) =
ol ~
NN \,C
H \% P
/
N
Moty aMe \

4-(3-((dimethylamino)methyl)-4-
(furan-3-y1)-1 H-pyrrol-1-y1)-3-
fluoro-N-(3,4,5-
trimethoxyphenyl)pyrimidin-2-
amine;

9.68 (s, 1H), 8.62 (d, J=4.5 Hz,
1H), 7.94 (s, 1H). 7.80 (s, 1H), 7.70
(s, 1H), 7.62 (s, 1H), 7.14 (s, 2H),
6.80 (s, 1H), 3.79 (s, 6H), 3.63 (s,
3H), 3.34 (s, 2H), 2.19 (s, 6H)

468

104

=
|\1 =
HN)\/NIN N4 )

.

s

HO

C1-((1-(2-(3,5-

dinlcﬂlylphenylamino)—S—
fluoropyrimidin-4-y1)-4-(furan-3-
yl)-1 H-pyrrol-3-yhmethyl)azetidin-
3-ol;

9.67 (s, 1H), 8.60 (d, /= 4.5 Hz,
1H), 7.94 (s, 1H), 7.77 (s, 11D, 7.72
(s, 1H), 7.58 (s, 1H), 7.37 (s, 2H),
6.79 (s, 1H), 6.65 (s, 1H), 5.35 (d, J
= 6.0 Hz, 1H), 4.19 (q. /= 6.3 Iz,
1H), 3.57~3.58 (m, 4H), 2.85 (s.
2H), 2.28 (s, 611)

434

105

N
X
N
v = Vi
j pue
Ma0” S 0me N/

1-((1-(2-(3,5-dimethoxyphenyl
amino)-5-fluoropyrimidin-4-y1)-4-
methyl- H-pyrrol-3-yDmethyl)
piperidin-4-ol

442
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106

MeQ OMe

N-(3,5-dimethoxyphenyl}-4-(3-
((dimethylamino)methyl)-4-methyl-
1H-pyrrol-1-yl)-5-fluoropyrimidin-

2-amine

386

107

(R)-1-((t-(5-fluoro-2-(3-
(trifluoromethyl)phenylamino)pyrim
idin-4-yl)-4-methyl-1 H-pyrrol-3-
yDmethyl)pyrrolidin-3-ol

436

108

1-((1-(5-tluoro-2-(3-(trifluoro
methylphenylamino)pyrimidin-4-
yl)-4-methyl-J H-pyrrol-3 -y])
methyl)piperidin-4-ol

450

109

2-(4-((1-(5-chloro-2-(3.4,5-
trimethoxyphenylamino)pyrimidin-
4-y1)-4-methyl-1 H-pyrrol-3-
yl)methypiperazin-1-yl)ethanol;
9.80 (s, 11), 8.54 (s, 1H), 7.56 (s.
1H), 7.52 (s, 1H), 7.13 (s, 2H), 3.78
(s, 9HD, 3.62 (s, 2H), 3.56 (m, 2H),
3.45-3.34 (m, 6H), 3.26 (n, 4H),
2.08(s, 3H)

518

110

1-((1-(5-chloro-2-(3,4,5-
trimethoxyphenylamino)pyrimidin-
4-y1)-4-methyl-1 H-pyrrol-3-
yDmethylazetidin-3-ol;

9.85 (s, 1), 8.58 (s, 1H), 7.70 (s,
1H), 7.51 (s, 1H), 7.13(s, 2H), 3.78
(s, 9H), 3.62 (s, 2H), 3.55-3.50(m,
1H), 3.27-3.23 (m, 4H), 2.04 (s, 3H)

460
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11

1-((1-(5-chloro-2-(4-(2-
hydroxyethoxy)-B;S-
dimethylphenylamino)pyrimidin-4-
y)-4-methyl-1 H-pyrrol-3-
yl)methylyazetidin-3-ol;

9.68 (s, 1H), 8.51 (s, 1H), 7.55 (s,
1H), 7.48 (s, 1H), 7.33 (s, 2H), 5.41
(s, 1H), 4.86 (s, 1H), 4.22 (m, 1H),
3.74 (t, J=3.9 Hz, 2H), 3.70 (s,
2H), 3.61 (t, /= 3.9 Hz,, 2H), 3.51
(s, 2H), 2.89 (s, 1H), 2.23 (s, 6H),
2.02 (s, 3H)

358

112

4-(3-((dimethylamino)methyl)-4-
methyl-7 H-pyrrol-1-y1)-N-(3,5-
dimethylphenyl)-5-methylpyrimidin-

2-amine

350

113

4-(3-((dimethylamino)methyl)-4-
methyl-J H-pyrrol-1-yD-N-(3,5-
dimethylphenyl)-5-methylpyrimidin-

2-aminc

392

114

1-((1-(2-(3,5-dimethylphenylamino) !

-5-methylpyrimidin-4-yl)-4-methyl-
IH-pyrrol-3-ylmethyl)piperidin-4-

ol

406

115

| 2-(4-((1-(2-(4-(4-(2-hydroxyethy)

piperazin-1-yl)-3-methylpheny
lamino)-5-methyl pyrimidin-4-yl)-4-
methyl-1H-pyrrol-3-yl)methyl)
piperazin-1-yl)ethanol

548
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116

4-((1-(2-(4-(2-hydroxyethoxy)-3,5-
dimethylphenylamino)-5-methyl
pyrimidin-4-yl)-4-methyl-7 H-pyrrol-
3-yl)methyl)-N-methyl-1.4-

diazepane-1-carboxamide

117

4-((1-(2-(4-(2-hydroxyethoxy)-3,5-
dimethylphenylamino)-3- :
methylpyrimidin-4-yl)-4-methyl-1H-
pyrrol-3-yhymethyl)-1.4-diazepane-
1-carboxamide;

9.30 (s, 1H), 8.31 (s, 1H), 7.38 (s,
3H), 7.28 (s, 1H), 5.73 (d, /= 6.3
Hz, 2H), 4.86 (1. /= 5.7 Hz, 2H),
3.72-3.73 (m, 8H), 2.58-2.50 (m,

| 26D, 2.32 (s, 3H), 2.2 (5, 61, 2.06
i (s, 3H), 1.74-1.65 (m, 2H)

508

118

1-((4-methyl-1-(5 -methyl-2-(3,4,5-
trimethoxyphenylamino)pyrimidin-
4-yl)—JH-pyrrol-3~yl)methy1)
piperidin-4-ol

468

119

(1-((4—melhy1-l-(S-methyl-Z-(SA,S—
trimethoxyphenylamino)pyrimidin-
4-yN)-1H-pyrrol-3-
yl)melhyl)piperidin-4-yl)melhanol;
9.44 (s, 1H). 8.35 (s, 1H), 7.38 (s,
1H), 7.31 (5, 1H), 7.19 (s, 2H), 4.40
(d, J=4. 8Hz, 1H), 3.78 (s, 6H),
3.61 (s, 3H), 3.35-3.31 (m, 4H),
3.25 (1, J= 5.4 Hz, 2H), 2.92-2.83
(m, 2H), 2.33 (s, 3H), 2.04 (s, 3H),

432
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1.65-1.60 (m, 2H), 1.34 (m, 1H).
1.16-1.08 (m, 2H)

120 j‘:jf 1-((1-(2-(3,5-dimethyl-4-(2 491
H/N N (pyrrolidin-1-y!)ethoxy)pheny!
5 MM ) amino)-5-methylpyrimidin-4-yl)-4-
B methyl-7 H-pyrrol-3-yl)methyl)
/\D’l azetidin-3-ol .
121 )N':Y 2-(4-(4-(3-((dimethylamino)methyl)- | 410
: HNT N7 NN 4-methyl-/ H-pyrrol-1-y1)-5-
\%;\/ methylpyrimidin-2-ylamino)-2,6-

dimethylphenoxy)ethanol;

9.74 (s, 1H), 9.40 (s, 1H), 8.39 (s,
1H), 7.67 (s, 1), 7.36 (s, 2H), 4.14
(1, J= 4.8Hz, 2H), 3.73 (s, 21),
2.76-2.74 (d, J = 4.8Hz, 2H),
2.38-2.32 (m, 6H), 2.19 (s, 3H),
2.16 (s, 6H), 2.03 (s, 3H)

122 I N (R)-1-((1-(5-Tluoro-2-(4-(2- 456
" N Nj\\, hydroxyethoxy)-3,5-
i l\ L;ﬁ dimethytphenylamino)pyrimidin-4-
N CJ y1)-4-methyl-1H-pyrrol-3-

HO yhmethyl)pyrrolidin-3-ol;
9.49 (s, 1H), 8.52 (4, J= 4.5Hz7, 11),
7.47 (s, 1H), 7.34 (three s, 3H), 4.86
(brs, 1H), 4.70-4.68 (m, 1H), 4.20
(brs, 1H), 3.74-3.68 (m, 6H), 3.28-
3.25 (m, 21T), 2.73-2.68 (m, 2H),
2.23 (s, 6H), 2.05 (s, 3H), 2.01-1.98
(m, 1H), 1.57 (s, 1H)




-81-

123

4-(3-((dimethylamino)mecthyl)-4-
methyl-1 H-pytrol-1-y1)-5-fluoro-N-
(3-(trifluoromethyl)phenyl)

pyrimidin-2-amine

394

124

2-(4-(5-fluoro-4-(3-((3-
hydroxyazetidin-1-yl)methyl)-4-
methyl-1H-pyrrol-1-yl)pyrimidin-2-
ylamino)-2,6-dimethylphenoxy)-1-
(pyrrolidin-1-yl)ethanone;

9.51 (s, 1H), 8.52 (d, J= 4.5 Hz,
1H), 7.43 (s, 1), 7.35 (s, 3H), 5.32
(br s, 1H), 4.36 (s, 2H), 4.19 (br.s,
1H), 3.51-3.55 (m, 4H), 2.74-2.79
(m, 2H), 2.23 (s, 6H), 2.18-2.19 (m,
2H), 2.02 (s, 3H), 1.73-1.92 (m, 4H)

509

125

(R)-1-((1 -(2-(3,5-dimethylphenyl
amino)-5-(trifluoromethy!l)
pyrimidin-4-y})-4-methyl-I H-pyrrol-
3-yl)methyl)pyrrolidin-3-ol

446

126

1-((1-(5 -fluoro-2-(3,4,5-trimethoxy
phenylamino)pyrimidin-4-yl)-4-
(furan-3-yl)-F H-pyrrol-3-ylymethyl)

azetidin-3-ol

496

128

4-(3-((dimethylamino)methyl)-4-
phenyl-{ H-pyrrol-1-yD)-N-(3,5-
dimethylphenyl)-5-fluoropyrimidin-

2-amine

416

R®-1-((1 -(2-(3,5-dimethylphenyl
amino)-5-fluoropyrimidin-4-yl)-4-
phenyl-1 H-pyrrol-3-ylymethyl)
pyrrolidin-3-ol

458




-82-

129 ) Nl/\IF N-(3,5-bis(trifluoromethyl)phenyl)- | 462
N NQ_’ 4-(3-((dimethylamino)methyl)-4-
N | methyl-l H-pymol-1-y)-5-fluoro
FiC CFs N . .
pyrimidin-2-amine
F WITT G WL T
130 HNJ:!;IN . ®)-1-((1-(2-(3,5-bis(trifluoro 504
\%\/ oM methyl)phenylamino)-5-fluoro
X CFy O pyrimidin-4-yl)-4-methyl-/ H-pyrrol-
3-yDmethyl)pyrrolidin-3-o0l
131 asef 1-((1-(2~(3,5-bis(trifluoromethyl) 518
Eln rt;?: phenylamino)-5-fluoropyrimidin-4-
NQOH .
FsC CFs yl)-4-methyl-1H-pyrrol-3-ylymethyl)
piperidin-4-o}
132 NS 4-(3-((dimethylamino)methyl)-/H- | 340
Y
HNJ\NAQ pyrrol-1-yl)-N-(3,5-dimethylpheny!)
/@\ | -5-fluoropyrimidin-2-amine
\
133 f\f ®1A(-2-G,5-dimetbylphenyl | 382 |
Al NK\Q amino)-5-fluoropyrimidin-4-y1)-1H-
NQ"‘OH pyrro]-3—y])methyl)pyrro]idin-3-ol
134 e 4-(3-(2,5-diazabicyclo[2.2. 1 Jheptan- | 529
J%\N E?:‘ 2-ylmethyl)-4-methyl-1 H-pyrrol-1-
I —
MeO \o OMe 3HC! N\é"‘" )’l)-S—bromo-N-(3,4,5-
Ma
trimethoxyphenyDpyrimidin-2-
amine trihydrochloride
" 135 S (R)-2-(4-(5-fluoro-4-(3-((3-hydro 539
o by lidin-1-yDmethyl)-4-methyl
A :?’ xypyrrolidin-1-yDmethyl)-4-methyl-
N O) 1H-pyrrol-1-yl)pyrimidin-2-yl
/j/ic e amino)-2,6-dimethylphenoxy)-1-
° O morpholinoethanone J
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136 ~ 1 2-(4-(4-(3-(2,5-
HNJ{P/; . .(_4 (4. 3-(2,5 463
p e diazabicyclo[2.2.1]heptan-2-
- sel e | ylmethyl)-4-methyl-7 1, I-pyn'l'ol;l -yl)-
0\/\0H
5-methylpyrimidin-2-ylamino)-2,6-
dimethylphenoxy)ethanol
trihydrochloride
137 J\/\\;[C' 4-(3<((1 4-diazepan-1-yDmethyl)-4- | 455
NN NN methyl-] H-pyrrol-1-yl)-5-chloro-N-
(1 Y | (2,3-dihydrobenzofb][1,4]dioxin-6-
o N .
o4 sHo yDpyrimidin-2-amine
138 SV 1-((1-(5-chloro-2-(2,3- 428
XX . .
HNT N r(% dihydrobenzo[b][1,4]dioxin-6-
': I\0 N\/>\OH ylamino)pyrimidin-4-yl)-4-methyl-
N 1H-pysrol-3-y)methyljazetidin-3-ol
139 NI/\/(F . ®)-1-((1-(2-(4,6- 398
o sz o | dimethylpyrimidin-2-ylamino)-5-
N
)\J\ N(:\ fluoropyrimidin-4-y1)-4-methyl-1H-
pyrrol-3-yhmethyhpyrrolidin-3-ol
BIOLOGICAL ASSAYS

1. Kinase Inhibilion Assay

Compounds of the present invention were tested for their capacity to inhibit a

kinase panel which includes, but are not limited to, spleen tyrosine kinase (SYK),
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zeta-chain-associated protein kinase 70 (ZAP70), PTK2B protein tyrosine kinase 2
(PYK2), focal adhesion kinase (FAK), provirus integration of maloney kinase 1
(PIM1), rearranged during transfection kinase (RET), Fms-like tyrosine kinase 3
(FLT3), Janus kinase 2 (JAK2), and leucine-rich repeat kinase 2 (LRRK2).

FLT3 is a member of the type 111 receptor tyrosine kinase (RTK) family.
The ligand for FLT3 is expressed by the marrow stromal cells and other cells and
synergizes with other growth factors to stimulate proliferation of stem cells,
progenitor cells, dendritic cells, and natural killer cells. FLT3 has been implicated
in hematopoietic disorders which are pre-malignant disorders including
muyeloproliferative disorders, such as thrombocythemia, essential (hrombocytosis
(ET), angiogenic myeloid metaplasia, myelofibrosis (MF), myelofibrosis with
myeloid metaplasia (MMM), chronic idiopathic myelofibrosis (IMF), and
polycythemia vera (PV), the cylopenias, and pre-malignant myelodysplastic
syndromes. Hematological malignancies include leukemias, lymphomas (non-
Hodgkin’s lymphoma), Hodgkin's disease (also called Hodgkin’s lymphoma), and
myeloma-for instance, acute lymphocytic Jeukemia (ALL), acute myeloid leukemia
(AML), acute promyelocytic leukemia (APL), chronic lymphocytic leukemia (CLL),
chronic myeloid leukemia (CML), chronic neutrophilic leukemia (CNL), acute
undifferentiated leukemia (AUL), anaplastic large-cell lymphoma (ALCL),
prolymphocytic leukemia (PML), juvenile myelomonocyctic leukemia (IMML),
adult T-cell ALL, AML with trilineage myelodysplasia (AML/IMDS), mixed
lineage leukemia (MLL), myelodysplastic syndromes (MDSs), myeloproliferative
disorders (MPD), multiple myeloma, (MM) and myeloid sarcoma.

RET is the receptor for members of the glial cell line derived neurotrophic
factor (GDNF) family of extraccllular signalling molecules (GFL’s). RET signal
transduction is central to the development of normal kidneys and the enteric nervous
system. RET loss of function mutations are associated with the development of
Hirschsprung’s disease, while gain of function mutaions are associated with
development of various types of cancer, including medullar thyroid carcinoma and

multiple endocrine neoplasias type Il and 111,
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Spleen tyrosine kinase (SYK) is a member of the SYK family of tyrosine
kinases which are non-receptor cytoplasmic tyrosine kinases sharing a characteristic
dual SH2 domain separated by a linker domain. SYK plays a role in transmitting
signals from a variety of cell surface receptors including CD74, Fc Receptor, and
integrins. Abnormal function of SYX has been implicated in instances of
hematopoeitic malignancies. Several transforming viruses, such as Epstein Barr
vitus, bovine leukemia virus, and mouse mammary tumor virus, ar¢ known to
contain “Immurnoreceptor Tyrosine Activation Motifs” (ITAMs) that Icad 10
activation of SYK.

ZAP70 is an enzyme that belongs to the protein tyrosine kinasc family, and it
plays a role in thymocyte development, T-cell development, and lymphocyte
activation. ZAP70 is phosphorylated on tyrosine residues upon T-cell antigen
receptor (TCR) stimulation and functions in the initial step of TCR-mediated signal
transduction in combination with the Src family kinases, Lek and Fyn. Mutations in
this gene cause selective T-cell defect, a severe combined immunodeficiency disease
characterized by a selective absence of CD8-positive T-cells.

PYK?2 is a cytoplasmic protein tyrosine kinase involved in calcium-induced
regulation of ion channels and activation of the map kinase signaling pathway. The
encoded protein may represent an important signaling intermediate between
neuropeptide-activated receptors or neurotransmitters that increase calcium flux and
the downstream signals that regulate neuronal activity. The encoded protein
undergoes rapid tyrosine phosphorylation and activation in response Lo increases in
the intracellular calcium concentration, nicotinic acetylcholine receptor activation,
membrane depolarization, or protein kinase C activation. Its activation is highly
correlated with the stimulation of c-Jun N-terminal kinase activity., PYK2 is
implicated in diseases such as osteoporesis, artiritis, myeloid leukemia, hypo-
osmolality, sarcoma, blast crisis, glioma, erythroleukemia, and cancer.

FAK (encoded by the gene PTK?2) is a non-receptor tyrosine kinase that
integrates signals from integrins and growth factor receptor. FAK plays a role in the
regulation of ccll survival, growth, spreading, migration and invasion and is

regulated and activated by phosphorylation on multiple tyrosine residues.
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Overexpression of FAK mRNA and/or protein has been implicated in cancers of the
breast, colon, thyroid, and prostate. Phosphorylation ol FAK is increased in
malignant tissues.

JAK1 is a member of the protein-tyrosine kinase (PTK) family and
characterized by the presence of a second phosphotransferase-related domain
immediately N-terminal to the PTK domain. JAK1 is involved in the interferon-
alpha/beta and -gamma signal transduction pathways. The reciprocal
interdependence between JAK1 and TYK2 activities in the interferon-alpha pathway,
and between JAK1 and JAK? in the interferon-gamma pathway may reflect a
requirement for these kinases in the correct assembly ol interferon receptor
complexes.

JAK2 has been implicated in signaling by members of the type If cytokine
receptor family (e.g. interferon receptors), the GM-CSF receptor family (IL-3R, IL.-
5R and GM-CSF-R), the gp130 receptor family (e.g. IL-6R), and the single chain
receptors (e.g. Epo-R, Tpo-R, GH-R, PRL-R). JAK2 gene fusions with the
TEL(ETV6) (TEL-JAK2) and PCM1 genes have been associated with leukemia.
Further, mutations in JAK2 have been implicated in polycythemia vera, essential
thrombocythemia, and other myeloproliferative disorders. This mutation, a change
of valine to phenylalanine at the 617 position, renderd hematopoietic celis more
sensitive to growth factors such as erythropoietin and thrombopoietin.

JAK3 is a tyrosinc kinase of the Janus family. JAK3 is predominantly
expressed in immune cells and transduces a signal in response to activation via
tyrosine phosphorylation by interleukin receptors. Mutations that abrogate JAK 3
function cause an autosomal severe combined immunodeficiency disease (SCID).
Mice that do not express JAK3 have T-cells and B-cells that fail to respond to
various cytokines. Since JAK3 expression is restricted mostly to hematopoietic cells,
its role in cytokine signaling is thought to be more restricted than other JAKs. JAK3
is involved in signal transduction by receptors that employ the common gamma
chain (yC) of the type I cytokinc receptor family (e.g. IL-2R, 1L-4R, IL-7R, IL-9R,
JL-15R, and 1L-21R).
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Provirus Integration of Maloney Kinase (PIM-Kinase) was identified as one
of the frequent proto-oncogenes capable of being transcriptionally activated by
Maloney retrovirus integration event in mice, causing lymphomas in affected mice.
PIM 1, 2 and 3 are scrine/threoning kinases normally function in survival and
proliferation of hematopoietic cells in response to growth factors and cytokines.
Transgenic mice overexpressing PIM1 or PIM2 show increased incidence of T-cell
lymphomas, while overexpression in conjunction with c-myc is associated with
incidence of B-cell. Abecrrent PIM expression has been reported in many human
malignancies including prostate cancer, hepatocellular carcinoma, and pancreatic
cancer. PIM kinascs are involved in the early differentiation process of Helper T-
cells, which coordinate the immunological response in autoimmune diseases,
allergic reaction and tissue transplant rejection. In addition to a potential role in
cancer treatment and myeloproliferative diseases, an inhibitor of PIM can be useful
to control expansion of immune cells in other pathologic condition such as
autoimmune diseases, allergic reactions and in organ transplantation rejection

syndroms.

METHODS
Inhibition of SYK. ZAP70, PYK2, FAK, PIMI1, RET. FLT3, JAK2 and LRRK2

Compounds of the invention were initially diluted to 10mM in 100% DMSO
(CALBIOCHEM™) for storage and made into kinase buffer solution to create a
compound concentration ranging from 1uM and 10uM. Serial dilutions of
compounds of the invention were dispensed into a 96-well plate (GREINER
BIOSCIENCES™) at 6pl, each. Purified full-length human SYK, ZAP70, PIMI,
PYK2 and truncated human FAX, RET, FLT3, JAK2, and LRRK2 (CARNA
BIOSCIENCES™) were diluted in kinase buffer and added to the compound
solutions and pre-incubated for 30 minutes at room temperature (1 hour for PYK2).
Next, ATP (TEKINOVA™) and substrate solution (suggested manufacture substrates
of PerkinElmer™, for example, Ulight™-TK peptide for SYK, Ulight™-PolyGT for
7AP70, FAK, and PYK2, and Ulight™-CREBtide for PIM1 (PERKINELMER™))
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was added (12uL each) to the wells containing the compound solution and enzyme.
The reaction mixture was incubated for 1 hour (2 hours for PYK?2). Following the
incubation, the stop solution made with EDTA, waler, and Lance detection buffer
(PERKINELMERT™) was added (12uL each) to stop phosphorylation. Following
the addition of the stop solution and 5 minutes of shaking, the detection solution
containing the Buropium-labeled antibody (suggested manufacture substrates of
PerkinElmer™, for example, PT66 for SYK, ZAP70, PYK2, and FAK, and Anti-
Creb for PIM1), water, and Lance detection buffer was added (121l each) to the
reaction mixture and incubated again for 50 minutes. Substrate phosphorylation was
a function of the 665nm emission measured following thé addition of the detection
solution and 50 minutes of incubation. The ICS0 value of test compound was

calculated at Gradpad Prism 5 unless specified otherwise.

RESULTS

Compounds of Formula (I) exhibited useful pharmacological properties. As
used herein, zero % inhibition indicates no inhibition on the kinase activity (e.g., as
seen in control treated with no inhibitor), whereas 100% inhibition indicates
complete inhibition of the kinase activity.

Compounds of Formuta (I) exhibited various levels of inhibition of the
protein kinases on the panel. Certain compounds exhibited percentage inhibition of
greater than 80% against one or morc of the kinase al 1M concentration as shown
in Table 2.

TFor example, Compound 21 of Formula (f), namely, (4-methyl-1-(5-methyl-
2-(34,5 -trimethoxyphenylamino)pyrimidin-4-yl)-7 H:pyrrol-3-yl)methanol, was
shown to inhibit the kinase activity of SYK (96.4 %), Zap70 (54.6 %), PYK2
(78.2 %), FAK (70.7 %) and PIM1 (71.2 %), LRRK2 (93%) at a concentration of 1
M and that of FLT3 (IC50, 1.9nM), RET (IC50, 50 nM), KIT (137 nM) and JAK2
(IC50 7.70M; see Table 2). Table 2 illustrates the percentage / molar inhibition of
SYK, ZAP70, PYK2, FAK, PIM1, RET, FL13, JAK2 and LRRK2 by the
representative compounds of Formula (1). ‘I'wo known kinase inhibitors, R406 and

staurosporine, were used as positive controls.
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Table 2

Inhibition of Various Kinases

Compound no. SYK ZAT70 PYK2 FAK PIM1
14 827 % 413 % 30.6% 369 % 21.9%
16 80.7 % 319% 84.9% 341 % nd.
21 96.4 % 54.6 % 782 % 70.7 % 12%
38 418% 193 % 18% 17.7% 37%
41 993 % n.d. 307 % 13.9% n.d.
46 5onM . . . .
52 3.5 nM n.d. n.d. n.d. n.d.

R406 96.8 % 58.5% 743 % 46.5 % nd.
RET FLT3 JAK2 LRRK2
21 50 nM 1.9 0M 7.7 1M 93 %
24 40.4 nM 6.8 nM 1.60M nd.
29 42% 53 %. nd. 314%
32 513 0M nd. 20% 143 %,
40 10.2 1M 0.17 nM 3.7nM 275 nM
91 5.2nM 0.4 nM 36.5 1M 424.1 oM
93 76.1 nM 11.7 nM 2193 nM nd.
9% 10.1nM 0.53 nM 3.9nM n.d.
97 35.8nM 3.6nM 65.10M nd.
121 2.3 nM 1.7nM 2.5 nM nd.
Stauresporine 22 1M 0.2 nM 0.3nM " 7.80M

* n.d., not determined

2. Tumor Neerosis Factor (TNF)-u Release Assay

Compounds of the present invention are tested for their effects on TNF-u

release in human acute monocylic leukimia cell line (THP-1) to illustrate potential

efficacy at the cellular level. 'TNF-a is a cytokine involved in systemic

inflammation and is a member of a group of cytokines that stimulate the acute phase
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reaction. The primary role of TNF-o is in the regulation of immune cells. TNF-a is
known to induce apoptotic cell death and inflammation and to inhibit early
tumorigenesis and viral replication. Dysregulation and, in particular, overproduction
of TNF-a have been implicated in a variety of human diseases, autoimmune disease,
inflammation, arthritis and cancer.

Production or release of TNF-a is controlled by type of stimulus to which
the cell responds. SYK activity is involved in médiating TNF-o production. When
stimulated by 1gG, cells increase ’l'Ni*‘—a production in a SYK dependent manner
(i.c., the SYK dependent pathway). However, when stimulated by -
lipopolysaccharide (LPS), they produce TNF-a in a SYK independent manoer.

METHIODS

Compounds of the invention were tested for their TNF-a release effect on
TIIP-1 cclis. For SYK dependent TNF-o release assay (i.c., via 1gG stimulation),
THP-1 cells derived from human monocytic cells were obtained from the American
Type Culturc Collection (ATCC, Manassas, VA). This cell line was maintained
with an Roswell Park Memorial Institute (RPMI) medium (GIBCO™) containing 10
fetal bovine serum (FBS; GIBCO ™) and 0.05 mM 2-mercaptoethanol. The THP-1
cells were seeded at 1x 10° cells/100 pL/well into human IgG ( 10pg/well,
INVITROGEN™)-coated 96 well culture plate, and serially diluted compound was
then added. After an 18-hour incubation period at 37°C, supernatants were collected
for the determination of the TNF-o, level byv enzyme-linked immunosorbent assay
(ELISA), and the remaining cells were subjected to an MTT (yellow tetrazolium
salt) assay to determine the cytotoxic effects of compound.

For SYK independent TNF-a release assay (i.e., via lipopolysaccharide
(LPS)- stimulation), THP-1 celis derived from human monocytic cells were obtained
from the American Type Culture Collection (ATCC, Manassas, VA). This cell line
was maintained with an RPMI medium (GIBCO™) containing 10 fetal bovine
serum (FBS, GIBCO™) and 0.05 mM 2-mercaptoethanol. The THP-1 cells were
seeded at 1x 10° cells/100 L /well into 96-well culture plates, and treated with

lipopolysaccharide (1 pg/ml), and serially diluted compound was then added. After



.01 -

an 18-hour incubation period at 37°C, supernatants were collected for the
determination of the TNF-a level by ELISA, and the remaining cells were subjected

1o an MTT assay to determine the cytotoxic effects.

RESULTS

Compounds of Formula (1) exhibited useful pharmacological properties, As
used herein, control used without the presence of an inhibitor indicates zero %
inhibition of TNF-a release.

Certain compounds of Formula (I) exhibited a percentage inhibition of
greater than 50 % at 0.3 pM concentration in a SYX dependent manner (e.g., IgG
stimulation). Specifically, at 0.3 pM concentration, Compounds Nos. 82, 132, and
133 of the present invention exhibited a percentage inhibition greater that those
exhibited by R406, a widely known kinase inhibitor, in SYK dependent TNF-a
release assay (L.e., IgG stimulated relcase).

For example, Compound No. 133 of Formula M, (B)-1-((1-2-(3,5-
dimethylphenylamino)-5 -fluoropyrimidin-4-yl)- 1H-pyrrol-3 -yl)methy])pyrro] idin-3-
ol, showed a greater percentage inhibition of TNF-o release at a concentration of 0.3
pM as compared with those exhibited by R406. The percentage inhibition data of
the representative compounds of Formula (1) of the present invention is shown in

Table 3.

Table 3
TNF-a Release Inhibition
T 1gG stimulation LPS stimulation

Compound no. AL0.3 M At1puM AL0.3 uM AtlpuM

77 353 % 69.5% 422 % 36.0%

80 51.5% 91.1% 82% 12.5%

82 492 % 914 % 181% 21.5%

132 85.9% 94.5 % 3.1% 82%

| 133 863 % 99.4 % 13.8% 142% |
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R406 49.9 % 87.4 % n.d. nd.

Dexamethasone n.d. n.d. n.d. 68.4%

3. Cell Viability Assay: RET Inhibition

Compounds of the invention were tested for their effects on cell viability in
various human cancer cel lines such as MTC-TT to illustrate efficacy of the
invention.

The RET prote-oncogene encodes a receptor tyrosine kinase for members of
the glial cell line-derived neurotrophic factor family of extracellular signaling
molecules. RET loss of function mutations are associated with Hirschsprung's
disease, while gain of function mutations are implicated in the development of
various types of human cancer, including medullary thyroid carcinoma, multiple
endocrine neoplasias typé 2A (MEN2A) and 2B (MEN2B), phacochromocytoma
and parathyroid hyperplasia.

METHODS

To address RET dependent cell viability, the medullary thyroid carcinoma
cell line, MTC-TT representing MENZA was utilized to test compounds of the
present invention. MTC-TT were cultured at RPMI containing 15 bovine calf serum
(Hyclon™ of Thermo™) and supplemented with 2mM L-Glutamine. The cells were
grown at a density of 5x10" cells/100pL/well in duplicate in 96-well plates for one
day and treated with different concentrations of test compound. Cell viability for
MTC-TT two days after drug treatment was measured by Cell Titer 96 Aqueous One

Solution Reagent (Promega™) according to the manufacture instructions.
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RESULTS

As used herein, control used without the presence of an inhibitor indicaics 50
inhibition concentration (IC50) of cell viability.

Compounds of Formula (1) exhibited an inhibition range greater than 100 nM
at 1C50 concentration. Specially, Compounds 40 and 121 exhibited an inhibition
leve! greater than those exhibited by Vandetinib and Sunitinib, widcly known kinase
inhibitors, in RET induced cancer cell line.

For example, Compound 121 of Formula (I), 2-(4-(4-(3- -
{(dimethylamino)methy})-4-methyl-1 H-pyrrol- 1-yl)—5-methylpyrhnidin—2-ylamino)-
2,6-dimethylphenoxy)ethanol, (see table 4) exhibited >2 time higher inhibition in
1050 measurement than those appeared by Vandetanib (AstraZehccaTM) and
Sunitinib (Pfizer ™), which are an antagonist of the vascular endothelial growth
factor receptor (VEGFR) and the epidermal growth factor receptor (EGFR). The
IC50 inhibition data of the representative compounds of Formula (I) of the present

invention is shown in Table 4.

Table 4
~ Cell Viability
Compound no. MTC-TT Compound no. MTC-TT
(IC50 nM) (IC50 nM)
40 78.4 Vandetanib 81.6
121 34.6 Sunitinib 116.7

4. Cell Viability Assay: Inhibition of F LT3-ITD-Positive Cells

Compounds of the invention wete tested for their cffeets on inhibition of
FLT3-ITD in human acute leukemia cell line (MV4-11). FLT3 is primarily
expressed in immature hematopoietic progenitor as well as in mature myeloid cells.
Tt belongs to type 111 receptor tyrosine kinase (RTK) family including KIT, FMS,
and PDGFR. It is activated by binding to FL, which leads to increased kinase
activity and activation of downstream signaling pathway including STATS, Ras, and
PI3Kinase.

The FL.T3-1TD (Internal Tandem Duplication) mutations in the

juxtamembrane domain are the most frequently observed molccular defect in acute
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myelogenous leukemia (AML). FLT3-ITD induces ligand-independent dimerization,
autophosphorylation and constitutive activation, and is able to transform
hematopoietic cells. Clinically, FLT3-ITD is known to increased leukocytosis,
increased blast count, increased relapse rale, decreased disease-free survival, and
poor overall survival. Therefore, FLT3-ITD is an attractive molecular target for
AML therapy.

METHODS

Compounds of the invention were tested for cell viability effect on MV4-11
cells. For cell viability assay, MV4-11 cells expressing human FLT3-ITD werc
obtained from the American Type Culture Collection (ATCC, Manassas, VA). This
cell line was maintained with an Roswell Park Memorial Institute (RPMI) medium
(HyClone™) containing 10 bovine calf serum (BCS; Hyclone ™) supplemented
iron. The MV4-11 cells were seeded at 2x 10% cells in 96-well culture plates, and
serially diluted compound was then added. After a 72-hour incubation period at
379C, cell viability was measured using the ATPLite Istcp assay (Perkin-Elmer™)
that is based on the quantification of ATP from viable cells. CellTiter Aqueous
assay (Promega™) was also performed in parallel as an orthogonal assay. 1Cso
values were calculated using nonlinear regression and defined as the concentration
needed for a 50 reduction in luminescence or absorbance Ireated versus untreated

control cells (Prism™ Sollware).

RESULTS

Compounds of Formula (1) exhibited an inhibition of greater than 10 nM at
IC50 concentration. Specially, Compounds 91 and 93 exhibited an inhibition level
greater than those exhibited by V andetinib and Sunitinib in FLT3 17D induced
cancer ccll line.

For example, Compound 93, 1-((4-methyl-1-(5-methyl-2-(3,4,5-
trimcthoxyphenylamino)pyrimidin-4-yl)-/ H-pyrrol-3-yl)methyl)azetidin-3-yl
pivalate, exhibited more than 6 time higher inhibition in IC50 than those of

Sunitinib (Pﬁzel') arid PK.C-412(Novartis), widely known antagonists of the vascular
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endothelial growth factor receptor (VEGFR) and the epidermal growth factor
receptor (BGFR). The IC50 inhibition data of the representative compounds of
Formula (f) (e.g., Compound 91, 93, 96 and 97) are shown in Table 5.

Table S
Viability of FLT3-JTD Induced Cancer Cell Line

Compound no. | MV-4-11 (IC50 Compound no. MV-4-11
nM) (IC50nM)
91 1.5 97 79.2
93 0.6 Sunitinib 3.8
96 12.5 PKC-412 11.7

5. Cell Viability Assay: JAK2 Inhibition .

Compounds of the invention are tested for their effects on JAK2 inhibition in
human erythroleukemic cell line (HEL) to illustrate polential efficacy at the cellular
level. The Janus-associated kinase (JAK) family, comprised of four differcnt protein
tyrosine kinases JAK], JAK?2, JAK3, and TYK2, plays an important rolc in cellular
survival, proliferation, and differentiation. V617F, a unique mutation in the JAK2
gene (a valine-to-phenylalanine substitution) results in constitutive kinasc activity
and promotes deregulated hematopoiesis. JAK2 V617F is frequently detected in
myeloproliferative disorders (MPDs), a group of clonal hematopoietic stem cell
disorders that include polycythemia vera (PV), essential thrombocythemia (ET), and
idiopathic myelofibrosis (IMF), all of which have the potential to transform to acute
myeloid leukemia. JAK2 V6I17F is constitutively phosphorylated and ablc to
activate downstream signaling in the absence of eytokine stimulation.

JAK?2 is also a key mediator of signaling, downstream of a variety of
cytokine and growth factor receptors. In particular, JAK2 phosphorylate the signal
transducers and activators of transeription (STAT) family of proteins. Once
phosphorylated, STAT's dimerize and translocate to the nucleus where they bind
DNA and regulate expression of target genes. JAK2/STAT signaling has been

implicated in driving both cell cycle regulation and anti-apoptotic pathways.
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METHODS

Compounds of the present invention were tested for their effects on viability
of HEL cells. For cell viability assay, HEL cells expressing human JAK2 V617F
were obtained from the American Type Culture Collection (ATCC, Manassas, VA).
This cell line was maintained with Roswell Park Memorial Inslitute (RPMI) medium
(HyClone™) containing 10 bovine calf serum (BCS; Hyclone™) supplemented iron.
The HEL cells were seeded at 2x 10* cells in 96 well culture plates, and serially
diluted compound was then added. After a 72-hour incubation period at 37°C,
viability of cells was measured using the ATPLite 1step assay (Perkin-Elmer"™) that
is based on the quantification of ATP from viable cells. CellTiter Aqueous assay
(Promega™) was also performed in parallel as an orthogonal assay. ICsqvalucs
were calculated using nonlinear regression and defined as the concentration needed
for 2 50 reduction in luminescence or absorbance treated versus untreated control

cells (Prism™ Software).

RESULTS

Compounds of Formula (I) exhibited an inhibition of greater than 10 nM at
IC50 concentration. Specifically, compounds 21 and. 24 exhibited an inhibition level
greater than those exhibited by Sorafenib (Bayer), a known kinase inhibitor of Raf,
VEGFR and PDGFR in cancer cell lines.

For example, Compound 21, (4-methyl-1-(5-methyl-2-(3,4,5-
trimethoxyphenylamino)pyrimidin-4-yl)-7 H-pyrrol-3-ylymethanol, (see table 6,
compound 139) exhibited about 10 time higher inhibition in IC50 measurement than
those by Sorafenib (Bayer). The IC50 inhibition data of the representative

compounds of Formula (1) is shown in Table 6.
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Table 6

Compound no. HEL Compound no. HEL
(1C50 nM) (IC50nM)
21 144 Sorafenib >1000
24 229

6. In Vitro Kinase Inhibition

Up to 518 different kinases have been identified in humans. To determine
the scope of inhibitory effects of a representative compound of Formula (I) on
known kinases, Compound 82 was tested against 104 commercially available
kinases (Ambit Biosciences™). 104 kinases included ABL1(E255K)-
phosphorylated, ABL1(T31 57)-phosphorylated, ABL1 -phosphorylated, ACVRIB,
ADCK3, AKT1, AKT2, ALK, AURKA, AURKB, AXL, BMPR2, BRAF,
BRAF(V600E), BTK, CDK11, CDK2, CDK3, CDK7, CDK9, CHEKI, CSFIR,
CSNK 1D, CSNK1G2, DCAMKLI1, DYRK1B, EGFR, EGFR(L858R), EPHA2,
ERBB2, ERBB4, ERX 1, FAK, FGFR2, FGFR3, FLT1, FLT3, FLT4, GSK3B,
IGF1R, IKK-0, IKK-B, INSR, I AK2(JH1domain-catalytic), JAK3(JH1domain-
catalytic), INK 1, JNK2, INK3, KIT, KIT(D816V), KIT(V559D,T6701), 1.KBI,
LRRK2, LRRK2(G2019S), MAP3K4, MAPKAPK?2, MARK3, MEK1, MEK2,
MET, MKNK 1, MKNK2, MLK1, MTOR, p38-alpha, p38-beta, PAK1, PAK2,
PAK4, PCTK1, PDGFRA, PDGFRB, PDPK1, PIK3C2B, PIK3CA, PIK3CG, PIM1,
PIM2, PIM3, PKAC-alpha, PLK1, PLK3, PLK4, PRKCE, PYK2, RAF1, RET,
RIOK2, ROCK2, RSK2, SNARK, SRC, SRPK3, SYK, TAK1, TGFBRI, TIE2,
TRKA, ‘I'SSK1B, TYK2(JH1domain-catalytic), ULK2, VEGFR2, YANK3 and
ZAP70.
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RESULTS

Inhibition activity of Compound 82 was reported as percent control where
lower numbers indicate stronger activities. Table 7 summarizes 20 different kinascs
whose activity was significantly inhibited by the presence of Compound 82, (R)-1-
((1-(2-(3,5-dimcthylphenyl amino)-5-Ruoropytimidin-4-yl)}-4-methyl-1 H-pyrrol-3-
yDmethy}) pyrrolidin-3-ol. Conventionally, the percent control of less than 35 is
deemed to be significant inhibition of kinase activity as the numeric value 35 is

frequently used as a threshold.

Table 7
Kinase Inhibition Profile of the Percent Control Less than 35 %
Kinase % inhibition Kinase % inhibition

ABL1(T315D) 35 MLK} 22
AURXB 31 PDGFRB 1.8
AXL 31 PLK3 11
FLT3 1.1 RET 32
JAK?2 3 SNARK 42
JAK3 5.4 SRPK3 25

KT 26 SYK 1
KIT(D816V) 0.45 T TAKI 2
KIT(V559D,T6701) 28 TYK2 21
MKNK2 34 ZAP70 34

While this invention has been particularly shown and described to example
embodiments thereof, it will be understoad by those skilled in the art that various
¢changes in form and details may be made therein without departing from the scope

of the invention encompassed by the appended claims.



CLAIMS

What isclamed is;

1 A compound of Formula(l):

1
|
RZ. A
N)\N N~ R3
|
H —
R4
Formulal

wherein:
XisCHor N;
R!is selected from H, halo, C1-Cio alkyl or halo(C1-Ca)akyl,

R2 isaryl or heteroaryl, wherein the aryl or heteroaryl is optionally and independently
substituted at one or more carbon atoms with 1-4 R® or R* groups;and wherein the
aryl or heteroaryl is

a 5-6 membered monocyclic aryl or heteroarylgroup having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;

an 8-10 membered bicyclic aryl or heteroarylgroup having 0-5 heteroatoms
independently selected from nitrogen, oxygen, sulfur, sulfoxide, or sulfone;

an 8-10 membered partially saturated bicyclic aryl or heteroarylgroup having 0-5
heteroatoms independently selected from nitrogen, oxygen, sulfur, sulfoxide, or sulfone;
or

an 8-10 membered partially saturated bicyclic aryl or heteroarylgroup having a
carboxamide or sulfoxamide;

R3 isindependently halo, or R”; and
R*is selected from (CH2)sOH, (CH2)-NRM R, C(O)NHR’, C(O)NRUR, C(O)R’,
C(O)NR'R’, C(O)NR'R8, (CH2)nNR’R’ or (CH2)nNR’R8, wherein each n is independently

lor2;
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wherein:

Each R® isindependently selected from halo, CFs, SR’, OR’, OC(O)R’,
O(CH2)nNR’R’, O(CH2)n-NRMR!?, O(CH2)nR’,0(CH2)nC(O)NR¥R*??,
O(CH2).C(O)NRR’, NR’R7, NRR?, NHC(O)NH_, C(O)OR’, NO,, CN, C(O)R’,
0S0,CHs, S(0)nR?, S(O):NR’R?, NR'C(O)NR’R’, NR’C(O)R’, NR’C(O)OR’,
NR’S(O)nR’, or NR*R2, wherein each n isindependently 1 or 2;

Each R is independently selected from amino, halo, hydroxy, Ci-Cio alkyl, Co-
Cioalkenyl, Cz-Cioalkynyl, C3-Ciocycloakyl, Cs-Ciocycloalkenyl or phenyl, wherein
the C1-Cyo akyl, Co-Croakenyl, Cs-Cioalkynyl, Cs-Ciocycloalkyl, Cs-
Ciocycloakenyl or phenyl is optionally and independently substituted with 1 to 3
groups selected from ha o, hydroxy, R®, or R;

Each R8 isindependently R7, C(O)CH2CN, C(O)R’, C(O)OR?, COx(Cy1-Cealkyl),
C(O)NR'R’, SO:NRR’,or SO:R:

Each R% is independently hydroxy, C1-Cio alkyl, C2-Cio akenyl, Cs-Cioalkynyl,
Cs-Ciocycloalkyl, Cs-Crocycloalkenyl, wherein each R% group is optionally and
independently substituted with 1-3 groups selected from hydroxy, halo, R®, or R;

Each R’ isindependently H, C1-Cyoalkyl, Co-Caoalkenyl, Cs-Cioalkynyl, Cs-
Ciocycloalkyl, Cs-Ciocycloalkenyl, phenyl (C1-Ca)alkyl, 6 memberedmonocyclic
heteroaryl (C1-Cs)akyl having nitrogen as a heteroatom, phenyl, 6 membered
monocyclic heterocycloalkyl having nitrogen as a heteroatom or 5 membered
monocyclic heteroaryl having oxygen as a heteroatom, wherein the C1-Cyoakyl, Co-
Croakenyl, C3-Cioalkynyl, Cs-Ciocycloalkyl, Cs-Ciocycloalkenyl, phenyl(Ci-
Cs)akyl, 6 membered monocyclic heteroaryl (C1-Cs)akyl having nitrogen as a
heteroatom, phenyl, 6 membered monocyclic heterocycloalkyl having nitrogen as a
heteroatom or 5 membered monocyclic heteroaryl having oxygen as a heteroatomis
optionally and independently substituted with 1-4 groups selected from akyl, halo,
amino, hydroxy, or R;
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Each R® isindependently C(O)R’, C(O)OR’, C(O)NR'R’, or S(O)nR’, whereinnis
1lor?2

Each R isindependently CFs, SR’, OR’, NR'R’, NR*R2, C(O)NR'R/,
C(O)NRMR!2 S(0O)nNR’R’, or S(O)nR’, wherein each n isindependently 1 or 2;

Each R is C(0)O(C1-Cg)alkyl, or halo(Ci-Ca)akyl; and

R and R'?, taken together with the nitrogen atom to which they are bonded form:

i) a 3-8 membered saturated or partially saturated ring having no heteroatom other
than the nitrogen atom to which R and R? are bonded, wherein said 3-8
membered saturated or partially saturated ring is optionally and independently
substituted with 1-4 groups selected from R, halo, CFs, SR’, OR’, OC(O)R’,
O(CH2)nNR'R’, O(CH2)nR’, O(CH2)nC(O)NR'R’, NR'R’, NR'R¢,
NHC(O)NHz, C(O)OR’, NO, CN, C(O)R’, OSO,CHs, S(O)nR’, S(O)nNR'R,
NR’C(O)NR’R’, NR’ C(O)R’, NR’C(O)OR’, or NR’S(O)nR’Wherein each nis
independently 1 or 2at one or more substitutable carbon atoms,

ii) a5-8 membered saturated or partially saturated ring having 1-3 heteroatoms, in
addition to the nitrogen atom to which R and R*2 are bonded, wherein said 1-
3 heteroatoms are independently selected from nitrogen, oxygen, sulfur,
sulfone or sulfoxide, and wherein said 5-8 membered saturated or partially
saturated ring having 1-3 heteroatoms is optionally and independently
substituted with 1-4 groups selected from R, halo, CFs, SR’, OR’, OC(O)R/,
O(CH2)nNR'R’, O(CH2)nR’, O(CH2)nC(O)NR'R’, NR'R’, NR'R?,
NHC(O)NH2, C(O)OR’, NO2, CN, C(O)R’, OSO.CH3, S(O)nR’, S(O)nNR'R’,
NR’C(O)NR’R’, NR’ C(O)R’, NR’C(0O)OR’, or NR’S(O)nR’ wherein each n
isindependently 1 or 2 at one or more substitutable carbon atoms and at one or
more substitutable nitrogen atoms with R® or R%;

i) a9-10 membered saturated or partially saturated bicyclic ring having no
heteroatom other than the nitrogen atom to which R and R*? are bonded,
wherein said 9-10 membered saturated or partially saturated bicyclic ring
having no heteroatom is optionally substituted with 1-4 groups independently
selected from R, halo, CFs, SR’, OR’, OC(O)R’, O(CH2):NR'R’,
O(CH2)nR’, O(CH2)nC(O)NR’R’, NR’R’, NR’R8, NHC(O)NH2, C(O)OR’,
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NO2, CN, C(O)R’, OSO.CHs, S(O)nR’, S(O)sNR’R’, NR’C(O)NR'R’, NR’
C(O)R’, NR’C(O)OR’, or NR’S(0)nR’ wherein each n isindependently 1 or 2
at one or more substitutable carbon atoms; or

iv) a 6-14 membered saturated or partially saturated bridgedring having 1-3
heteroatoms in addition to the nitrogen atom to which R and R'? are bonded,
wherein said 1-3 heteroatoms are independently selected from nitrogen,
oxygen, sulfur, sulfone, or sulfoxide, and wherein said 6-14 membered
saturated or partially saturated bridgedring having 1-3 heteroatomsis
optionally and independently substituted with 1-4 groups selected from R,
halo, CFs, SR, OR’, OC(O)R’, O(CH2):NR'R’,
O(CH2)nR’,0(CH2)nC(O)NR'R’, NR'R’, NR’R8, NHC(O)NH_, C(O)OR/,
NOz, CN, C(O)R’, OSO2CHs, S(O)nR’, S(O)nNR’R’, NR'C(O)NR'R’, NR’
C(O)R’, NR’C(O)OR/, or NR'S(0)nR’ wherein each n is independently 1 or 2
at one or more substitutable carbon atoms and at one or more substitutable

nitrogen atoms with R® or R%2:

or a pharmaceutically acceptable salt thereof.

2. The compound of Claim 1, wherein R? is a 5-6 membered monocyclic aryl or
heteroaryl having 0-3 heteroatoms independently selected from nitrogen, oxygen, or
sulfur optionally and independently substituted with 1-4 R® or R> groups.

3. The compound of Claim 2, wherein the 5-6 membered monocyclic aryl or
heteroarylis phenyl or pyrimidinyl optionally and independently substituted with 1,
2, or 3 groups selected from methyl, ethyl, phenyl, isoprophyl, methoxy,
hydroxyethoxy, CFs, OCsHs, OCH2CH2NRR?, OCH>CH2NR’R’,OCH,C¢H,
OCH2C(O)NRMR!2, OCH2C(O)NR'R’, 0SO,CHs, SO,CH3, SO,NHCHS3, or
NRllRlz.

4, The compound of Claim 1, wherein R* is (CH2)n.NRR'?, and R! and R*?, taken
together with the nitrogen atom to which they are bonded form:
1) a3-8 membered saturated or partially saturated ring having no heteroatom
other than the nitrogen atom to which R* and R*? are bonded, wherein
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said 3-8 membered saturated or partially saturated ring is optionally and
independently substituted with 1-4 groups selected from R® or R® at one
or more substitutable carbon atoms;

i) a5-8 membered saturated or partialy saturated ring having 1-3
heteroatoms, in addition to the nitrogen atom to which R and R*? are
bonded, wherein said 1-3 heteroatoms are independently selected from
nitrogen, oxygen, sulfur, sulfone or sulfoxide, and wherein said 5-8
membered saturated or partially saturated ring having 1-3 heteroatomsis
optionally and independently substituted with 1-4 groups selected from
R® or R% at one or more substitutable carbon atoms and at one or more
substitutable nitrogen atoms with R® or R%;

i) a9-10 membered saturated or partially saturated bicyclic ring having no
heteroatom other than the nitrogen atom to which R and R'? are
bonded, wherein said 9-10 membered saturated or partially saturated
bicyclic ring having no heteroatom is optionally substituted with 1-4
groups independently selected from R® or R> at one or more
substitutable carbon atoms;

iv) a9-10 membered saturated or partially saturated bicyclic ring having 1-5
heteroatoms, in addition to the nitrogen atom to which R and R*? are
bonded, wherein said heteroatoms are independently selected from
nitrogen, oxygen, sulfur, sulfoxide, sulfone, carboxamide or
sulfoxamide; or

V) a 6-14 membered saturated or partially saturated bridgedring having 1-3
heteroatoms in addition to the nitrogen atom to which R and R? are
bonded, wherein said 1-3 heteroatoms are independently selected from
nitrogen, oxygen, sulfur, sulfone, or sulfoxide, and wherein said 6-14
membered saturated or partially saturated bridgedring having 1-3
heteroatoms is optionally and independently substituted with 1-4 groups
selected from R® or R* at one or more substitutable carbon atoms and at

one or more substitutable nitrogen atoms with R® or R%.

5. The compound of Claim 4, wherein R and R?, taken together with the nitrogen
atom to which they are bonded form a 3-8 membered saturated or partially saturated
ring having no heteroatom other than the nitrogen atom to which R and R'? are

103 °°



bonded, wherein said 3-8 membered ring is optionally and independently substituted

with 1-4 groups selected from R® or R> at one or more substitutable carbon atoms.

The compound of Claim 5, wherein the 3-8 membered saturated or partialy
saturated ring is a4-6 membered ring selected from azetidinyl, pyrrolidinyl, or
piperidinyl optionally and independently substituted with 1-2 groups selected from
hydroxy, halo, OC(O)R’, CH20H, CH>CH20H, NH2, NR'R’, NHC(O)NHR’,
NHSO,R’, C(O)OR’, or C(O)NHR at one or more substitutable carbon atoms.

A compound selected from:

(2-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-3-methyl-1H-pyrazol -
4-yl)methanol;

(1-(2-(3,5-dimethyl phenylamino) pyrimidin-4-yl)-3-methyl- 1H-pyrazol -4-
yl)methanol;

(1-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-1H-pyrazol-4-
yl)methanol;

(1-(2-(3,5-dimethoxyphenylamino)-5-fluoro pyrimidin-4-yl)-1H-pyrazol -4-
yl)methanol;

(1-(2-(3,5-dimethoxyphenylamino)-5-fluoropyrimidin-4-yl)-3-methyl-1H-pyrazol -
4-yl)methanol;

(2-(2-(3,5-dimethyl phenylamino)pyrimidin-4-yl)-1H-pyrrol-3-yl)methanol;
(1-(2-(2,3-dihydro-1H-inden-5-ylamino)pyrimidin-4-yl)-1H-pyrrol-3-yl)methanol ;

(1-(2-(3,5-dimethyl-4-(2-(pyrrolidin-1-yl)ethoxy) phenylamino) pyrimidin-4-yl)-4-
methyl-1H-pyrrol-3-yl)methanol;

(1-(2-(3,5-dimethyl-4-phenoxyphenylamino) pyrimidin-4-yl)-4-methyl-1H-pyrrol -
3-yl)methanol;
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(1-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-1H-pyrrol-3-
yl)methanol;

(1-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-4-methyl-1H-pyrrol -3-
yl)methanol;

2-(4-(5-fluoro-4-(3-(hydroxymethyl)-4-methyl-1H-pyrrol-1-yl)pyrimidin-2-
ylamino)-2,6-dimethyl phenoxy)ethanol;

(1-(2-(3,5-dimethoxyphenylamino)-5-fluoropyrimidin-4-yl)-4-methyl-1H-pyrrol -
3-yl)methanal;

(1-(2-(3,5-bis(trifluoromethyl) phenyl amino)-5-fluoropyrimidin-4-yl)-4-methyl-
1H-pyrrol-3-yl)methanol;

(1-(5-fluoro-2-(naphthal ene-2-ylamino) pyrimidin-4-yl)-4-methyl-1H-pyrrol -3-
yl)methanol;

(1-(5-chloro-2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-yl)-4-methyl - 1H-
pyrrol-3-yl)methanol;

(4-cyclopropyl-1-(5- methyl-2-(3,4,5-trimethoxyphenylamino)pyrimidin-4-yl)-
1H-pyrrol-3-yl)methanol;

(4-methyl-1-(5-methyl-2-(3,4,5-trimethoxyphenylamino)pyrimidin-4-yl)-1H-
pyrrol-3-yl)methanol;

2-(4-(4-(3-(hydroxyl methyl)-4-methyl-1H-pyrrol-1-yl)-5-methyl pyrimidin-2-
ylamino)-2,6-dimethoxyphenoxy)ethanol;

2-(4-(4-(4-(3-(hydroxylmethyl)-4-methyl-1H-pyrrol-1-yl)-5-methyl pyrimidin-2-
ylamino)-2-methyl phenyl)piperazin-1-yl)ethanol ;

(9-1-(4-(4-(3-(hydroxylmethyl)-4-methyl - 1H-pyrrol -1-yl)-5-methyl pyrimidin-2-
ylamino)-2-methyl phenyl)pyrrolidin-3-ol;
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(1-(5-fluoro-2-(4-(methyl sulfonyl) phenyl amino) pyrimidin-4-yl)-4-methyl-1H-
pyrrol-3-yl)methanol;

(1-(2-(3,5-dimethyl phenylamino)-5-(trifluoromethyl) pyrimidin-4-yl)-4-methyl-

1H-pyrrol-3-yl)methanol;

(1-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-4-phenyl-1H-pyrrol -3-

yl)methanol;

(1-(5-fluoro-2-(3,4,5-trimethoxyphenyl amino) pyrimidin-4-yl)-4-(furan-3-yl)-1H-

pyrrol-3-yl)methanol;

1-(2-(3,5-dimethyl phenylamino)pyrimidin-4-yl)-N-(2-hydroxyethyl)-N,3-
dimethyl-1H-pyrazole-4-carboxamide;

1-(2-(3,5-dimethyl phenylamino)pyrimidin-4-yl)-N,N-bis(2-hydroxyethyl)-3-

methyl-1H-pyrazol e-4-carboxamide;

(9-(2-(2-(3,5-dimethyl phenylamino)pyrimidin-4-yl)-3-methyl-1H-pyrazol-4-
yl)(3-hydroxypyrrolidin-1-yl)methanone;

(R)-(1-(2-(3,5-dimethyl phenyl amino) pyrimidin-4-yl)-3-methyl-1H-pyrazol -4-
yl)(3-hydroxypyrrolidin-1-yl)methanone;

N-(2-aminoethyl)-1-(2-(3,5-dimethyl phenylamino)pyrimidin-4-yl)-3-
(trifluoromethyl)-1H-pyrazol e-4-carboxamide;

1-(2-(3,5-dimethoxyphenylamino)-5-fluoropyrimidin-4-yl)-N-(3,5-dimethyl
phenyl)-1H-pyrazol e-4-carboxamide;

(1-(2-(3,5-dimethoxyphenylamino)-5-fluoropyrimidin-4-yl)-1H-pyrazol-4-
yl)(piperidin-1-yl)methanone;

(9-1-(2-(3,5-dimethoxyphenyl amino)-5-fluoropyrimidin-4-yl)-N-(1-hydroxy
propan-2-yl)-3-methyl-1H-pyrazol e-4-carboxamide;
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N-benzyl-1-(2-(3,5-dimethoxyphenyl amino)-5-fluoropyrimidin-4-yl)-1H-

pyrazol e-4-carboxamide;

(R)-(1-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-3-methyl - 1H-
pyrazol-4-yl)(3-hydroxypyrrolidin-1-yl)methanone;

2-((1-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-3-methyl-1H-
pyrazol-4-yl)methylamino)ethanol;

2-(4-((4-methyl-1-(5-methyl-2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-yl )-
1H-pyrrol-3-yl)methyl)piperazin-1-yl)ethanol;

(R)-1-((21-(2-(3,5-dimethyl phenylamino) pyrimidin-4-yl)-4-methyl-1H-pyrrol-3-
yl)methyl)pyrrolidin-3-ol;

1-((4-cyclopropyl-1-(2-(3,5-dimethyl phenylamino) pyrimidin-4-yl)-1H-pyrrol-3-
yl)methyl)azetidin-3-ol;

4-(4-((benzylamino)methyl)-3-methyl-1H-pyrazol -1-yl)-N-(3,5-
dimethylphenyl)pyrimidin-2-amine;

4-(4-(3-((3-hydroxyazetidin-1-yl)methyl )-4-methyl-1H-pyrrol-1-yl)pyrimidin-2-
ylamino)-2,6-dimethyl phenyl methanesulfonate;

(R)-4-(4-(3-((3-hydroxypyrrolidin-1-yl)methyl )-4-methyl-1H-pyrrol - 1-
yl)pyrimidin-2-ylamino)-N,2-dimethyl benzenesulfonamide;

(R)-1-((2-(2-(3,5-dimethyl-4-(2-(pyrrolidin-1-yl)ethoxy)phenyl amino)pyrimidin-
4-yl)-3-methyl-1H-pyrazol-4-yl)methyl)pyrrolidin-3-ol;

(9-1-((2-(2-(3,5-dimethyl phenylamino) pyrimidin-4-yl)-4-methyl-1H-pyrrol -3-
yl)methyl)pyrrolidine-3-carboxylic acid;

(R)-1-((21-(2-(3,5-dimethyl-4-phenoxyphenylamino) pyrimidin-4-yl)-4-methyl - 1H-
pyrrol-3-yl)methyl)pyrrolidin-3-ol;
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(R)-1-(1-((1-(2-(3,5-dimethyl phenylamino) pyrimidin-4-yl)-4-methyl-1H-pyrrol -3-
yl)methyl)pyrrolidin-3-yl)urea;

1-((4-methyl-1-(2-(2-methyl bi phenyl-4-ylamino) pyrimidin-4-yl)-1H-pyrrol -3-
yl)methyl)azetidin-3-ol;

1-((1-(2-(2,3-dihydro-1H-inden-5-ylamino)pyrimidin-4-yl)-4-methyl-1H-pyrrol-3-
yl)methyl)azetidin-3-ol 1-((4-methyl-1-(2-(1-methyl - 1H-indol -5-
ylamino)pyrimidin-4-yl)-1H-pyrrol-3-yl)methyl)azetidin-3-ol;

(R)-1-((4-methyl-1-(2-(1-methyl-1H-indol -5-ylamino)pyrimidin-4-yl)-1H-pyrrol -
3-yl)methyl) pyrrolidin-3-ol;

4-(3-((4,4-difluoropiperidin-1-yl)methyl )-4-methyl-1H-pyrrol-1-yl)-N-(3,5-
dimethylphenyl)pyrimidin-2-amine;

(R)-2-(4-(4-(4-((3-hydroxypyrrolidin-1-yl)methyl)-3-methyl-1H-pyrazol -1-
yl)pyrimidin-2-ylamino)-2,6-dimethyl phenoxy)-1-morpholinoethanone;

2-(4-(4-(4-((3-hydroxyazetidin-1-yl)methyl)-3-methyl - 1H-pyrazol - 1-yl ) pyrimidin-
2-ylamino)-2,6-dimethyl phenoxy)- 1-morpholinoethanone;

N-(3,5-dimethylphenyl)-5-fluoro-4-(3-methyl-4-(pyrrolidin-1-ylmethyl)-1H-
pyrazol-1-yl)pyrimidin-2-amine;

N-(3,5-dimethylphenyl)-5-fluoro-4-(3-methyl-4-(pyrrolidin-1-ylmethyl)-1H-
pyrazol-1-yl)pyrimidin-2-amine;

(9-2-((1-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-3-methyl-1H-
pyrazol-4-yl)methyl amino)propan-1-ol;

4-(4-((cyclopropylamino)methyl)-3-methyl-1H-pyrazol-1-yl)-N-(3,5-
dimethyl phenyl)-5-fluoropyrimidin-2-amine;

4-(4-((cyclohexylamino)methyl)-3-methyl-1H-pyrazol-1-yl)-N-(3,5-
dimethyl phenyl)-5-fluoropyrimidin-2-amine;
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N-(3,5-dimethyl phenyl)-5-fluoro-4-(3-methyl-4-(piperidin-1-ylmethyl)-1H-
pyrazol-1-yl)pyrimidin-2-amine;

N-(3,5-dimethylphenyl)-5-fluoro-4-(3-methyl-4-(morpholinomethyl)-1H-pyrazol-
1-yhpyrimidin-2-amine;

N-(3,5-dimethylphenyl)-5-fluoro-4-(3-methyl-4-((phenylamino)methyl )-1H-
pyrazol-1-yl)pyrimidin-2-amine;

4-(4-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-3-methyl-1H-pyrazol - 1-yl)-N-
(3,5-dimethyl phenyl)-5-fluoropyrimidin-2-amine;

4-(4-((benzyl (methyl)amino)methyl)-3-methyl-1H-pyrazol-1-yl)-N-(3,5-
dimethylphenyl)-5-fluoro pyrimidin-2-amine;

N-((1-(2-(3,5-dimethyl phenyl amino)-5-fluoropyrimidin-4-yl)-3-methyl -1H-
pyrazol-4-yl)methyl)ethane-1,2-diamine;

N-(3,5-dimethyl phenyl)-5-fluoro-4-(4-((4-fluorophenethyl amino)methyl )-3-
methyl-1H-pyrazol-1-yl)pyrimidin-2-amine;

N-(3,5-dimethylphenyl)-5-fluoro-4-(3-methyl-4-((pyridin-4-
ylmethylamino)methyl)-1H-pyrazol-1-yl)pyrimidin-2-amine;

(9-1-((2-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-3-methyl-1H-
pyrazol-4-yl)methyl)pyrrolidin-3-ol;

(R)-1-((2-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-3-methyl - 1H-
pyrazol-4-yl)methyl)pyrrolidin-3-ol;

1-((1-(2-(3,5-dimethyl phenyl amino)-5-fluoropyri midin-4-yl)-3-methyl-1H-
pyrazol-4-yl)methyl)piperidin-4-ol;

N-(3,5-dimethyl phenyl)-5-fluoro-4-(3-methyl-4-(piperidin-1-ylmethyl)-1H-pyrrol -
1-yhpyrimidin-2-amine;
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1-((3-methyl-1-(5-methyl-2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-yl)-1H-
pyrazol-4-yl)methyl)azetidin-3-ol;

2-((1-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-3-methyl-1H-
pyrazol-4-yl)methyl amino)ethanol;

4-(4-((benzylamino)methyl)-3-methyl - 1H-pyrazol -1-yl)-N-(3,5-dimethyl phenyl)-
5-fluoropyrimidin-2-amine;

N-(3,5-dimethylphenyl)-5-fluoro-4-(3-methyl-4-((4-methyl pi perazin-1-
yl)methyl)-1H-pyrazol-1-yl)pyrimidin-2-amine;

4-(4-((dimethylamino)methyl)-3-methyl-1H-pyrazol-1-yl)-N-(3,5-
dimethyl phenyl)-5-fluoropyrimidin-2-amine;

N-(3,5-dimethylphenyl)-5-fluoro-4-(3-methyl-4-((piperidin-4-ylamino) methyl)-
1H-pyrazol-1-yl)pyrimidin-2-amine trihydrochl oride;

N-(3,5-dimethylphenyl)-5-fluoro-4-(3-(3-sulfonyl pyrrolidin-1-ylmethyl)-1H-
pyrrol-1-yl)pyrimidin-2-amine;

4-(3-((dimethylamino)methyl)-4-methyl-1H-pyrrol-1-yl)-N-(3,5-dimethyl phenyl)-
5-fluoropyrimidin-2-amine;

N-(3,5-dimethylphenyl)-5-fluoro-4-(3-methyl-4-(morpholinomethyl)-1H-pyrrol-1-
yl)pyrimidin-2-amine;

(R)-1-((2-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-4-methyl - 1H-
pyrrol-3-yl)methyl) pyrrolidin-3-ol;

1-((1-(2-(3,4-dimethyl phenyl amino)-5-fluoropyri midin-4-yl)-4-methyl-1H-pyrrol -
3-yl)methyl)azetidin-3-ol;

(R)-2-(4-(5-fluoro-4-(3-((3-hydroxypyrrolidin-1-yl)methyl)-4-methyl-1H-pyrrol -
1-yl)pyrimidin-2-ylamino)-2,6-dimethyl phenoxy)-1-morpholinoethanone;
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3-(4-((4-methyl-1-(5-methyl-2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-yl )-
1H-pyrrol-3-yl)methyl)pi perazin-1-yl)-3-oxopropanenitril€;

(R)-4-(3-((3-aminopyrrolidin-1-yl)methyl)-4-methyl-1H-pyrrol-1-yI)-N-(3,5-
dimethyl phenyl)-5-fluoropyrimidin-2-amine;

1-((1-(5-fluoro-2-(naphthal en-2-ylamino) pyrimidin-4-yl)-4-methyl -1H-pyrrol -3-
yl)methyl)azetidin-3-ol;

1-((1-(2-(4-(benzyl oxy)-3,5-dimethoxyphenylamino)-5-methyl pyrimidin-4-yl)-
1H-pyrrol-3-yl)methyl)azetidin-3-ol;

(R)-4-(5-fluoro-4-(3-((3-hydroxypyrrolidin-1-yl)methyl)-4-methyl-1H-pyrrol - 1-
yl)pyrimidin-2-ylamino)-2,6-dimethyl phenyl methanesulfonate;

(R)-1-((1-(5-fluoro-2-(4-(2-hydroxyethoxy)-3,5-dimethyl phenylamino) pyrimidin-
4-yl)-4-methyl-1H-pyrrol-3-yl)methyl)pyrrolidin-3-ol;

1-((4-methyl-1-(5-methyl-2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-yl)-1H-
pyrrol-3-yl)methyl)azetidin-3-ol;

1-((4-methyl-1-(5-methyl-2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-yl)-1H-
pyrrol-3-yl)methyl)azetidin-3-yl acetate;

1-((4-methyl-1-(5-methyl-2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-yl)-1H-
pyrrol-3-yl)methyl)azetidin-3-yl pivalate;

1-((4-cyclopropyl-1-(5-methyl-2-(3,4,5-trimethoxyphenyl amino) pyrimidin-4-yl)-
1H-pyrrol-3-yl)methyl)azetidin-3-ol;

1-((4-methyl-1-(5-methyl-2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-yl)-1H-
pyrrol-3-yl)methyl)ures;

4-(3-((1,4-diazepan-1-yl)methyl)-4-methyl-1H-pyrrol-1-yl)-5-methyl-N-(3,4,5-
trimethoxyphenyl)pyrimidin-2-amine trihydrochloride;
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(9-1-((2-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-4-methyl-1H-
pyrrol-3-yl)methyl) pyrrolidin-3-ol;

2,2-dimethyl-1-(4-((4-methyl-1-(5-methyl-2-(3,4,5-
trimethoxyphenylamino)pyrimidin-4-yl)-1H-pyrrol-3-yl)methyl)-1,4-diazepan-1-

yl)propan-1-one;

(9-1-((1-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-4-methyl -1H-
pyrrol-3-yl)methyl)pyrrolidin-3-ol;

1-((1-(2-(3,5-dimethyl phenyl amino)-5-fluoropyrimidin-4-yl)-4-methyl-1H-pyrrol -
3-yl)methyl)piperidin-4-ol;

(9-2-((1-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-4-methyl -1H-
pyrrol-3-yl)methylamino)propan-1-ol;

4-(3-((benzylamino)methyl)-4-methyl-1H-pyrrol-1-yl)-N-(3,5-dimethoxyphenyl)-
5-fluoro pyrimidin-2-amine;

(R)-1-((2-(2-(3,5-dimethoxyphenyl amino)-5-fluoropyrimidin-4-yl)-4-methyl-1H-
pyrrol-3-yl)methyl)pyrrolidin-3-ol;

4-(3-((dimethylamino)methyl)-4-(furan-3-yl)-1H-pyrrol-1-yl)-5-fluoro-N-(3,4,5-
trimethoxyphenyl) pyrimidin-2-amine;

1-((1-(2-(3,5-dimethoxyphenyl amino)-5-fluoropyrimidin-4-yl)-4-methyl - 1H-
pyrrol-3-yl)methyl) piperidin-4-ol;

N-(3,5-dimethoxyphenyl)-4-(3-((dimethylamino)methyl)-4-methyl-1H-pyrrol-1-
yl)-5-fluoropyrimidin-2-amine;

(R)-1-((2-(5-fluoro-2-(3-(trifluoromethyl) phenyl amino) pyrimidin-4-yl)-4-methyl -
1H-pyrrol-3-yl)methyl)pyrrolidin-3-ol;

1-((1-(5-fluoro-2-(3-(trifluoromethyl) phenylamino) pyrimidin-4-yl)-4-methyl- 1H-
pyrrol-3-yl) methyl)piperidin-4-ol;
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2-(4-((1-(5-chloro-2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-yl)-4-methyl -1H-
pyrrol-3-yl)methyl)piperazin-1-yl)ethanol;

1-((1-(5-chloro-2-(3,4,5-trimethoxyphenyl amino) pyrimidin-4-yl)-4-methyl - 1H-
pyrrol-3-yl)methyl)azetidin-3-ol;

1-((1-(5-chloro-2-(4-(2-hydroxyethoxy)-3,5-dimethyl phenylamino) pyrimidin-4-
yl)-4-methyl-1H-pyrrol-3-yl)methyl)azetidin-3-ol;

4-(3-((dimethylamino)methyl)-4-methyl-1H-pyrrol-1-yl)-N-(3,5-dimethyl phenyl)-
5-methylpyrimidin-2-amine;

4-(3-((dimethylamino)methyl)-4-methyl-1H-pyrrol-1-yl)-N-(3,5-dimethyl phenyl)-
5-methylpyrimidin-2-amine;

1-((1-(2-(3,5-dimethyl phenyl amino)-5-methyl pyrimidin-4-yl)-4-methyl - 1H-
pyrrol-3-yl)methyl)piperidin-4-ol;

2-(4-((1-(2-(4-(4-(2-hydroxyethyl) pi perazin- 1-yl)-3-methyl phenylamino)-5-
methyl pyrimidin-4-yl)-4-methyl-1H-pyrrol-3-yl)methyl ) pi perazin-1-yl )ethanol;

4-((1-(2-(4-(2-hydroxyethoxy)- 3,5-dimethyl phenylamino)-5-methyl pyrimidin-4-
yl)-4-methyl-1H-pyrrol-3-yl)methyl)-N-methyl-1,4-diazepane-1-carboxamide;

4-((1-(2-(4-(2-hydroxyethoxy)- 3,5-dimethyl phenylamino)-5-methyl pyrimidin-4-
yl)-4-methyl-1H-pyrrol-3-yl)methyl)-1,4-diazepane-1-carboxamide;

1-((4-methyl-1-(5-methyl-2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-yl)-1H-
pyrrol-3-yl)methyl)piperidin-4-ol;

(1-((4-methyl-1-(5-methyl-2-(3,4,5-trimethoxyphenyl amino) pyrimidin-4-yl)-1H-
pyrrol-3-yl)methyl)piperidin-4-yl)methanol ;

1-((1-(2-(3,5-dimethyl-4-(2(pyrrolidin-1-yl)ethoxy) phenylamino)-5-
methyl pyrimidin-4-yl)-4-methyl-1H-pyrrol-3-yl)methyl) azetidin-3-ol;
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2-(4-(4-(3-((dimethyl amino)methyl)-4-methyl-1H-pyrrol-1-yl)-5-
methyl pyrimidin-2-ylamino)-2,6-dimethyl phenoxy)ethanol;

(R)-1-((2-(5-fluoro-2-(4-(2-hydroxyethoxy)-3,5-dimethyl phenyl amino) pyrimidin-
4-yl)-4-methyl-1H-pyrrol-3-yl)methyl)pyrrolidin-3-ol;

4-(3-((dimethylamino)methyl)-4-methyl-1H-pyrrol-1-yl)-5-fluoro-N-(3-
(trifluoromethyl)phenyl) pyrimidin-2-amine;

2-(4-(5-fluoro-4-(3-((3-hydroxyazetidin-1-yl)methyl)-4-methyl-1H-pyrrol - 1-
yl)pyrimidin-2-ylamino)-2,6-dimethyl phenoxy)-1-(pyrrolidin-1-yl)ethanone;

(R)-1-((2-(2-(3,5-dimethylphenyl amino)-5-(trifluoromethyl) pyrimidin-4-yl)-4-
methyl-1H-pyrrol-3-yl)methyl)pyrrolidin-3-ol;

1-((1-(5-fluoro-2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-yl)-4-(furan-3-yl)-
1H-pyrrol-3-yl)methyl)azetidin-3-ol;

4-(3-((dimethylamino)methyl)-4-phenyl-1H-pyrrol-1-yl)-N-(3,5-dimethyl phenyl)-

5-fluoropyrimidin-2-amine;

(R)-1-((2-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-4-phenyl-1H-
pyrrol-3-yl)methyl)pyrrolidin-3-ol;

N-(3,5-bis(trifluoromethyl)phenyl)-4-(3-((dimethylamino)methyl)-4-methyl -1H-
pyrrol-1-yl)-5-fluoropyri midin-2-amine;

(R)-1-((2-(2-(3,5-bis(trifluoromethyl) phenylamino)-5-fluoropyrimidin-4-yl)-4-
methyl-1H-pyrrol-3-yl)methyl)pyrrolidin-3-ol;

1-((1-(2-(3,5-big(trifluoromethyl) phenyl amino)-5-fluoropyrimidin-4-yl)-4-methyl-
1H-pyrrol-3-yl)methyl)piperidin-4-ol;

4-(3-((dimethylamino)methyl)-1H-pyrrol-1-yl)-N-(3,5-dimethyl phenyl)-5-

fluoropyrimidin-2-amine;
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(R)-1-((2-(2-(3,5-dimethyl phenylamino)-5-fluoropyrimidin-4-yl)-1H-pyrrol -3-
yl)methyl)pyrrolidin-3-ol;

4-(3-(2,5-diazabicycl o[ 2.2.1] heptan-2-ylmethyl)-4-methyl-1H-pyrrol -1-yl)-5-
bromo-N-(3,4,5-trimethoxyphenyl) pyrimidin-2-aminetrihydrochl oride;

(R)-2-(4-(5-fluoro-4-(3-((3-hydroxypyrrolidin-1-yl)methyl)-4-methyl-1H-pyrrol -
1-yl)pyrimidin-2-ylamino)-2,6-dimethyl phenoxy)-1-morpholinoethanone;

2-(4-(4-(3-(2,5-diazabicyclo[ 2.2.1] heptan-2-ylmethyl)-4-methyl - 1H-pyrrol -1-yl)-
5-methyl pyrimidin-2-ylamino)-2,6-dimethyl phenoxy)ethanoltrihydrochl oride;

4-(3-((1,4-diazepan-1-yl)methyl)-4-methyl-1H-pyrrol-1-yl)-5-chloro-N-(2,3-
dihydrobenzo[b][1,4] dioxin-6-yl) pyrimidin-2-amine;

1-((1-(5-chloro-2-(2,3-dihydrobenzo[ b] [ 1,4] dioxin-6-ylamino)pyrimidin-4-yl)-4-
methyl-1H-pyrrol-3-yl)methyl)azetidin-3-ol; or

(R)-1-((21-(2-(4,6-dimethyl pyrimidin-2-ylamino)-5-fluoropyrimidin-4-yl)-4-
methyl-1H-pyrrol-3-yl)methyl)pyrrolidin-3-ol.

8. A pharmaceutical formulation comprising a compound of Claim 1 in combination
with a pharmaceutically acceptable carrier, diluent or excipient.

9. The compound of claim 1, wherein X is CH.
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