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PROTEIN KINASE INHIBITORS

Technical field

The present invention relates to therapeutically active compounds and pharma-

ceutically acceptable salts thereof which are useful e.g. in the treatment of cancer.

Background of the invention,

Protein kinases are a class of proteins (enzymes) that regulate a variety of
cellular'functions. This is accomplished by phosphorylation of specific amino acids on
protein substrates resulting in conformational alteration of the substrate protein. The
conformational chanige modulates the activity of the ‘substrate or its ability to interact
with other binding pattniers. Tytosine kinases ar¢ a subset of protein Kinases that’
catalyze the transfer of the terminal phosphate of adenosine triphosphate (ATP) to
tyrosiné_residﬁes%Qlj'fproteiﬁ'? stibstr:ates: The human genome contains around 90 tyrosine
kinases and 43 tyrosine kinase like genes, the products of which regulate cellular

proliferation, survival; differentiation; function and motility.

© " -Tyrosine kinasés are' of two Varietiés, i.e. receptor and rion-receptor tyrosine’

kinases. Receptor tyrosine'kiriases'(e.g., FGFR) are trans-membiane proteins with a

'ligéhdiﬁlhdihg extracellular’ doinain and a catalytic intracellular kinase domain, while

non-receptor tyrosine kinases (e.g., c-ABL) lack trans-membrane domains and are found
in the cytosol, nucleus and inner surface of cell membrane. Kinase domains of all
'tyro‘Sine kinases have bilobar architecture, with an N-terminal lobe that binds ATP and

magnesmm a C termmal lobe contalmng an activation loop, and a ¢left between the

lobes to Wthh polypeptlde substrates bind.’

Receptor tyrosme kmases becorne activated when lxgand binds to the

extracellular domain, resultmg in receptor ohgomerlzatlon and autophosphorylatlon of a

regulatory tyrosine within the activation loop of the kinase domain. These phenomena
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reorient important amino acid residues, thereby enhancing catalytic activity of the

enzyme.

Fibroblast gfowth factor (FGF) has been recognized as an important mediator of
many phjsiological processes, such as cell migration, proliferation, survival and _
differentiation during development and angiogenesis. There are currently over 25 known
members of the FGF family. The fibroblast growth factor receptor (FGFR) family
consists of four members with each composed of an extra cellular ligand binding
domain, a single trans-membrane ‘domain and an intracellular cytoplasmic protein
tyrosine kinase domain. Upon stimulation with FGF, FGFRs undergo dimerisation and
transphosphorylation. Upon dimerization, FGFRs activate range of downstream
signélin‘g pathways, stich as MAPK and PKB/Akt pathways (Zhou, W. ¢t. al. Cheniistry
& 'B'iology, 2010, 17, 285)."Abnormal FGFR sign'éling:has been reported in many tumor
types including multiple myeloma, gastric, endometrial, prostate and breast (Squires M.
et al. Mol. Cancer Ther:; September 2011, 10:1542-1552). FGFs also have role in
tumor angiogenésis and mediate resistance to vascular endothelial growth factor
receptor 2 (VEGFR2) inhibitors (Casanovas, O. et. al., Cancer Cell, 2005, 8, 299).
C50nsequehtly,- FGF and FGFRs have the potential to initiate and/or promote
tamorigenesis. Due to this, the FGF signaling system happens to be an attractive
therapeutic target, mainly b‘éééﬁée"théfaipieé targeting FGFRs and/or FGF signaun;g' midy
affect both the turor cells and also tumor angiogenesis (Foote, K. M. et. al.; WO
2009/019518 Al) Consequently, FGF and FGFRs have the potentlal to initiate and/or |

promote tumorlgenesxs

" Summary of the invention -

It has been found that compounds of formula (I) inhibit or modulate the acuVlty
of certain protein kmases more spec1ﬁcally protem tyrosme kinases. Tn partlcular it has
been found that the compounds of formula (I) are potent and select1ve 1nh1b1tors of ‘
FGFR kinases. The compounds of the invention have antlprollferatlve activity and dre

partlcularly useful in the treatment of cancer.
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The compounds of the present invention have a structure represented by

formula (I)

wherein-

Zis N and 22 is CH oI

Z,isCH and Z; is N or

Z1and Z, is N;

Zis CH or N; S

Y- isa phenyl rmg or a 5 -12 membered heterocychc ring;

R;i is H, Ci alkyl C3 7 cycloalkyl, Cs.7 cycloalkyl Cy; alkyl, C;.7 alkoxy, C;7
alkyl carbonyl, amino, hydroxy, hydroxy C;_ alkyl, halo Cy.; alkyl, C;.;7 alkylamino C;.;
alkyl, -R1-C(O)-Ry; or 'E'.Rﬁ’

R, is H, ‘halo‘gen, or Cy alkyl;

Bisa5-12 mer'iiberédtcarbocyclic or heterocyclic ring;

Rj is H, halogen; Ciy alkyl,4C1_7 alkoxy, halo C;7alkyl or halo C,; alkoxy;

R, is H; halogen, C;.; alkyl or 0x0;

Rsis H, C(O)R7, -SO,R3 or an. optlonally substituted 5-6 membered
heterocyclic: rmg, v L - s

Re is an optlonally substituted 5-6 membered heterocyclic ring; - .

R;is.Ci7 alkyl C,7 alkenyl, C;.7alkoxy, C;.7 alkoxy Cj.7 alkyl, carboxy Cy.7° e
alkyl, Cy7 alkoxy carbonyl Ci7alkyl, C;7 alkylamino C;.7 alkyl, -NH-R;¢ or -NH-X;-
Ri; A
Rgis Cy7 a’lkyl,’Cj-i alkenyl, Cs; cycloalkyl; hydroxy C;.; alkyl, -NR3R 14, -NH-
X2-Ris, phenyl or an optionally substituted 5-6 membered heterocyclic ring; -

Rjo is Ci.7alkyl or C35 cycloalkyl;.

Ry is phenyl or an optionally substituted 5-6 membered heterocyclic ring;
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RyzisHor C1 a alkyl _

Rjzand Ry4 are, 1ndependently, H, C;.7alkyl or C34 cycloalkyl _
Risis phenyl or an optionally substituted 5-6 membered heterocyclic ring;
Ri¢is a bond or a Cy; alkyl;

Ri7 is Cy7 alkyl, Cy.7 alkoxy, C;7 alkylammo amino or hydroxy,

E is a bond or a Cy7 alkyl;

X1 and X, are,‘inldependently, a bond or Cy7 alkyl;‘

and pharmaceutically acceptable salts thereof.

In one class of compounds are compounds of formula (I), wherein Zis CH. In
another class of compounds are compounds of formula (I); wherein Z; is N and Z, is
CH. In another class of compounds are compounds of formuta (I), wherein Zi is CH and
22 is N In another c¢lass of - compounds are compounds of formula (I), wherein Z; and Z,

In:a subclass class of any of the above classes are compounds of formula (1),
wherein ring A'is anyone of the following’ groups or tautomers thereof:

N==\. /N__N
(1) R n@y @ (5') RN OE
/N o N =)
H @mg O Q/L; I ); ( B
iy @y ey ey ar ooae)
/—)\f <N_,N\Sss /]\sss ()\sé \/ k :\ g
(13') Ce (4 Lasy v aey - o-an (18') S
4 Y (Xé { Cw\g
casy @ o (21') s

and R, and Rz, as deflned above are attached to the above A rmgs
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In a subclass class of any of the above classes are compounds of formula (I),

Whereln ring B is any one of the following groups or tautomers thereof:

Honeaeresed

(1" " (3" (4" (5"
HOr LT §

© - (7") (8" ") (07

.5 andR; ._and_:R_4, as defined above, are-attached to the above B-rings.
- Another subclass of the above classes are compounds wherein
“'A is a ring of formula (1°), (2°), (3’), (4"), (5),(7), (14°), (16) or (20°);
R; is H, Cy.7alkyl, Cy_7 alkoxy, hydroxyxC1_7_’alky1,y Ci7 alkylam_ino C,.7alkyl or

10 -ERg
: Rz isH;"
. - Zis CH;' Co : ‘ : g
" Bis aring of formula (1”) (2”) (3”),“(4”) or (6°); o
Eis abond orC17alkyl ’ S ’

15 : R6 is any of the followmg groups.

(@ (b -

R3 is H, halogen Cy. 7alkyl C 7alkoxy, .
"RyisHor halogen,-
20 Rsis —-C(O)'R7 or -SO,R; or any one of the following groups
N\, o
O 14 04 Oy U C
(a") “ (bu) ‘ (C") (dn . ",. _‘ ) (en) (f')

R7 is C1 7 alkyl C;_ 7 alkenyl or -NH Rlo, ,
"Rgis C1 7 alkyl, Cz s7.alkenyl, Cs.7 cycloalkyl, hydroxy C1 7 alkyl or —NR13R14, and
Ryo is C,.7 alkyl or Cs.5cycloalkyl..



10

15

20

25

30

WO 2014/162039 PCT/F12014/000003

In one class of compounds are compounds of formula (1), wherein R5 is —C(O)R7

or -SO2Rg or any one of the following groups

N

s 10 O 1, Oy YJ f

(au) (bn (C") (dn (en) (f")
In one class of compounds are compounds of formula (I), wherein Rs is -SO,Rg.

In one class of compounds are compounds of formula D, wherem R6 is any of |

the followmg groups

(@) ~(b) - © e (9 O

The present invention also provides a pharmaceutical composition comprising a
compound of formula (I) ora pharmaceutlcally acceptable salt thereof together with a -

pharmaceutically acceptable CALICL. o - 0 Tl e e i

The present invention provides further a use of a compound of formula (I) or a
pharmaceutically acceptable salt thereof in the manufacture of a medicameh_t for the
treatment of a condition, where FGFR kinase inhibition is desired.

The present invention provides further a use of a compound of formula (I) or a
pharmaceutxcally acceptdble salt thereof in the manufacture of a medlcament for the "

treatment of cancer.’

- The present invention provides a compound of formula (I) or a pharmaceutically
acceptable salt thereof for use. in the treatment of a condition, where FGFR kinase

inhibition is desired.

The present invention provides a compound of formula (I) or a pharmaceutically

acceptablesalt thereof for‘use:in the treatment of cancer.
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The present invention provides further a method for the treatment of a condition,
where FGFR kinase inhibition is desired comprising administering to a subject in need

thereof a therapeutically effective amount of a compound of formula (I).

The present invention provides further a method for the treatment of cancer
comprlslng administering toa subject in need thereof a therapeutically effectlve amount

of a compound of formula (I).

Detailed description of the invention

The oompoundg of the invention can be prepared by a V'ériely of synthetic routes
analogously to the methods known in thc lltcrature usmg suxtable startmg matenals The
compounds accordmg to formula @ can be prepared e.g. analogously or, accordmg to
the follo.wmg_ reaction Schemes. Some compounds included in the formula (I) can be
obtained by converting the functional groups of the other compounds of formula (I)
obtained in accordance with the following Schemes, by well known reaction steps such
as oxidvét’ion',"re'ducti'on,'lhydfolySi-s;'aCylation, alkylation, amidation, a'min"ation,‘»
sulfonation‘and othe‘rs.' It should be noted that any appropriate leaving grou:ps; e.g. N- ‘
proteoting groups, stuich as a‘t'-butoxycarbonyl (t-BOC) group or a phenylsulfonyl group,
can be u’sed'in‘ well known manner during the syntheses in ord_ér to improve the

selectivity of the reaction steps ‘.-

Compounds of formula (l),'wherein Rs is -C(O)CHj3 can be prepared, for
'eﬁ('ampl'e‘ accordin‘g'to‘ Scheme 1, wherein R;, R5, R3, Ry, -ringA ring B and Z, Zl' and Z,
are as defmed above, and Ri 1s hydrogen or alkyl. In the method of Scheme 1, the N- (3—
bromo 5- mtrophenyl)acetarmde [1]1is coupled in a suitable solvent such as 1,2-
dimethoxyethane with a boronic acid derivative [2] or a suitable ester thereof in the .-
presence of Pd(dppf)Cl, and aqueous sodium carbonate at elevated temperature. The
nitro ‘gfoup of the obtziinedcorhpdund [3] is reduced, e.g. with hydrogen and Pd/C
Catélyét, iron powder and aqueous calcium chloride or zinc and aqueous ammonium
chloride, and the resulting amirié [4] is redcted with compound’ [5] in a suitable solvent

such as DMF in the presence of potassium fluoride at elevated temperature to obtain -
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compound [6]. In case Z is CH in the compound [5], X’ is suitably fluoro, and when Z
is N, X’ is suitably chloro. The nitro group in compound [6] is reduced, e.g. by using
iinc and aqueous ammonium chloride or iron powder and aqueous calcium chloride,
and the resulting amine [7] is heated with formic acid to produce compound [8] in a ring
closure reaction. Finally, compound [10] is obtained by the Suzuki coupling between .-
compound [8] and a boronic acid derivative [9] or a suitable ester thereof in a suitable .
solvent such as 1,2-dimethoxyethane in the presence of Pd(dppf)Cl, and aqueous

sodium carbonate at elevated temperature.
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SCHEME 1
B‘OR’Z
OzN Br O,N
X 2
Y Rs P Re
Lzt Ra 1 o2, Rs
g 2] Y .
NH -
Suzuki coupling NH Pd/C, H,
o) Pd(dppf)Cl, / Na,CO3 o) -

—_—

Zn / NH,4CI

Suzuki coupling
Pd(dppf)Cl, / Na,CO3

Alternatrvely, the compound of formula [3] can be prepared according to Scheme
2, wherem R3, R4 21 and Zz, rlng B and R are as defined above, usmg the boronic acid
5 denvatrve [1 1] ora surtable ester thereof in the presence of Pd(dppf)Clz and aqueous
sodium carbonate Compound [11] can be prepared, e.g. by treating N-(3-bromo-5-

mtrophenyl)acetannde wrth bls(plnacolato)dlboron in the presence of Pd(dppf)Cl; and

potass1um acetate
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.~ SCHEME2. -
O,N BOR), .
_ S ACE
A2 R Y R
LY 2] Z, 2, Rs
NH _ s
Suzuki coupling NH
0 Pd(dppf)Cl, / Na,CO;4 \n/
[11] ' © (3]

In case th_é B-ring in the compound [3] is a heterocycle linked to phenyl via a
5  nitrogen heteroatom, the compound [3] can be also prepared using a copper-catalyzed
Buchwald amination in the pres"en::e'bf a base such cesium carBQnéfe or potassium

carbonate.acfcor_,di‘hg to Scheme ?;'l,'w_,hgréin Z1, 7o, R3 and Ry aie as defined above.

SCHEME 3.

X R
T \(Y [ ‘.;3-.'[13].‘ SR - N . Ry - .

.. 21?22 P . .i _ Z1 o Zz R3
_NH © " Buchwald amination "
o . Cuy0/€s,CO4 o
o - 0
' 14].
(1] [14]

10 SR
In case the B-ring in the compound [3] is pyrrole ring linked to phenyl via a
nitrogen atom, the compound [3]- can be also prepared from 3,5-dinitroaniline [15] and
2,5-dimethoxytetrahydrofurap» acéording to Sghcme 4, wherein_sZi and Z are as defined
above. The pyrrolé derivative [16] formed is red'ucéd using émmbnium sulphide to
15  obtain compound {17, - which is subsequently reacted w1th acetic anhydrlde to afford

compound [18]
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SCHEME 4.

o o
N T2 AOH 0N A N O AN / 2 2

Zy 27y . - ! —— !
2,5-dlmethoxy- Z1\I¢ZZ (NH,) s Z1\|¢Zz — NH
NO. tetrahydrofuran 4)2
2 " NO, NH, Ac0
[1 5] [16] [17] [18]

In case where ring A in thé compound [10] is an oxazol-5-yl ring, the compound
[IQ.] cariljvbe also prepared according to Scheme 5, wherein ring B, R3, R4, Z; and Z; are
5  as defined above. In this mc—_:thod the compound [4] is treated with 4-fluoro-3-nitro-.
benz‘ald-ehyde and the res}ul;,ing compo_und [20] is vt.hereafte:r reacted w1th toluene- "
sulfdhylrﬁethyl:‘isp;cya'nide to prqdqée fhe.}oxazol—S—ylicor’npound [21]in .é rmg closure
reaction. The nitro group of corﬁpound [21]"c.én be fur{her reduced, e.g. by
hydroigéhation, to produce the Cdfresponding amine, which can be then treated with

10 formic acid according to Scheme 1 to afford the end product in the ring closure reaction.
' SCHEME 5.

. Toluenésulf_onyl-

L ECERR R FUUEE S O A O/ __LNOy
SRy ) ' P -

s [19] E _F methyl isocyanide -
) - . ) R .
- 0  KCOs

KF / DMF

[21] .

In case where ring A in the compound [10] isa heterocycle linked to the carbon

15  atom of the bicyclic ring via a nitrogen heteroatom, the compound [10] can be also
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prepared using Buchwald coupling according to Scheme 6, wherein X’, ring B,.Rl, Ry,

R3, R4, Z; and Z, are as defined above.

gogront

" [22)

SCHEME 6.

D
' o Buchwald amination
CUzo , C,52CO3

In case where ring A in the compound [10] is an 1H-1,2,3-triazol-4-yl ring and
R2 is hydrogen, the compound [10] can be also prepared accordmg to Scheme 7,
wherem X Z Ri,R3, Ry, Zl, 22 and ring B, are as defined above The starting
compound [8] is silylated by reactmg with ethynyltrlmethylsﬂane in the presence of
tetrakxs(tr1phenylphosphme)pal]adlum(O) (Pd(PPhs3)s) and Cu(I)lodlde to produce
compound [32] Treatment with TBAF affords the ethynyl compound [33] which can be
reacted w1th a21do compound R;-Nj3 in a suitable solvent, such as DMSO THEF:water

(1: 1: 1)or DMSO.DCM.Water (1:1:1) to afford compound [34].
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SCHEME 7.
X N ‘*SI
LA %(I
7
Z N
Ethynylmmethylsﬂane
TBAF [THF
Pd(PPh3)4 / Cu(l) iodide
IH R, 132
R1“"‘N3
—_——
Sodium ascorbate
t.CUuS0,-5H,0-

In case where ring A in the compound [10] is a 1-methyl-1H-pyrazol-3-yl ring,
the compound [10] can be also prepared according to Scheme 8, wherein R3, R4, 71, 7
5 and ring B are as defined above. In this method the compound [4] is treated with 1-(4-
fluoro-3- mtrophenyl)ethanone and the resulting compound [36] is thereafter reacted
with: DMF dlmethylacetal to produce the oxazol- S-yl compound [37]. Subsequent
treatment with methyl hydrazine produces compound [38]ina rlng closure reaction. The
nitro group of compound [38] can be further reduced, e.g. by aqueous ammonium and
10 zinc, to fprodu:c'e the corresponding amine, which can be then treated with formic acid

accordihg to Scheme 1 to afford the end product in'the ring closure reaction.
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SCHEME 8. l
NO,
Xz, N,N-dimethylformamide

Z1 /Z2 Rs (35} | /)\ /R dimethylacetal
‘ Ostal—

DMF/ethanol

\”/NH KF / DMF

o [4] Ry

In case where ring A in the compound [10] is a 1H-imidazol-2-yl ring, the

compound [1‘0] can be -also prepared according to Shcheme 9 wherein Rz, R4, Z, Z, and

5 ring B are as defmed above In thlS method the compound [20] of Scheme 5 is treated
with ethylene dlamme and N bromosuccmlmlde affordmg compound [39]in aring
closure reactlon The mtro group of compound [39] can be further reduced e.g. by
aqueous ammomum and zinc, ‘to produce the correspondmg amme Wthh can be then
treated with formic acid accordmg to Scheme 1 to afford the end product in the ring

10 closure reaction. |

"

CSCHEMES o e e

. Ethylene diamine / . -
N-bromosuccinimide

0 DCM
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Various compounds of formula (I), wherein Rs is other than -C(O)CH3, can be
prepared, for example, according to Scheme 10, wherein R, Ry, R3, Ry, R.,Rs, Z, 7y, Zs,
ring A aﬁd ring B are as defined above. The acetamide compound [10] can be converted
to its corresponding amine [24], for example, by heéting in ethanol in the presence of a
base, such as aqueous sodium hydroxide or potassium hydroxide, or an acid such as
aqueous HCI. The obtained amine [24] can be used as a starting material for subsequent
reaction steps. The compounds of formula (I), wherein Rs is -SO,Rg can be prepared, for
example, by treating the amine [24] with CI-SO,R; in suitable solvent such as DCM in
the presence of pyridine. Compounds of formula (I); wherein Rs is -C(O)R; and Ry is
Cy7 alkyl or Cy7alkylamino €, alkyl,'can be prepared, for example, by reacting the
amine [24] with HOOC-R7 in suitable solvent such as DMF in the' presence of 2- -(1H- 7:
azabenzotriazol-1- =yl)- 1 1,3;3- tetramethyl uronium hexaﬂuorophosphate L

meéthanaminium (HATU) and DIPEA. -

~SCHEME 10.

Cl-SO>-Rg
Pyridine / CH,Cl,

‘NaOH / H,O-EtOH

'HOOCR,

HATU / DIPEA
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Compounds of formula (I), wherein Ry is -NH-R;o or -NH- X-Ry1, can be
prepnred for example according to Scheme 11 by reacting the amine [24] in a suitable
solvent such n-butanol with isocyanato derivatives O=C=N-R ;o or O=C=N-X-R;, in the
presence of suitablebese such as triethylamine (TEA). Alternatively, compounds

5  wherein R; is -NH-X-R; can be prepared by treating amine [24] in suitable solvent such

as DCM with phosgene and then with H;N-X-R;, see Scheme 11.

SCHEME 11.

| 1)yPhosgene
.| 2 HN-XRyqq

10 o Compounds wherem Rsis C(O)R7, SOzRg or an optlonally substituted 5-6 -
membered heterocychc ring can also be prepared accordmg to Scheme 12 starting from
compound [40] wherein X i isa halogen such as Br or CI and Ry, Ry, R3, R4, Z, 71, Zo
and ring B are as defmed above, using palladlum (e g sz(dba)g) catalyzed C-N
couplmg in the presence of a metal chelating hgand such as Xantphos

15
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SCHEME 12.
R1
Ry
o HN-Rg
Pd2(dba)3
Xantphos

Compounds of formula (I) can be also prepared according to Scheme 13 by
reactingkcomplound, [42] with compound [43] to produce édmbqund [44] wherein X is a
5 halogen such as Cl-or Br, and Ry, Ry, Rs,Ra. Z, Z1, Zo and ring B are as defined above,
followed by the bicyclic ring closure as in Scheme 1 and addition of the -NHRs group

according to Scheme 12.

SCHEME 13,

N
PA(OAQ)2 | . X
BINAP :
[44]
10 Compounds of fbrmul.é (I) can be also prepared according to Scheme 14 by

reacting compbund [45] with compound [46] wherein X is a halogen such as Cl or Br,
and Ry, Ry, R3, R4, Rs, Z, 71, Z; and rings A and B are as defined above. -
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SCHEME 14.
N
>
g Z Z N
H I N2,
NaH / DMF a Zz/)\NHR5
R4 [47]

R
Compounds of formula (I) can be also prepared according to Scheme 15 by
reacting comf)ound [48] with compound [49] wherein X is a halogen such as Cl or Br,
and Ry, Ry, Rs, Z, Zy, Z, and rings A and B are as defined above. Thc formed compound
[50] can be subjected to bicyclic rmg closure and addition of B- rmg by Suzuki coupling

as descnbed in Scheme 1 to obtamg compounds of formula (I).

SCHEME 15.

'N&HCO3 /EtOH

" [48]

| Phanhaceutically acceptable salts are well known in the field of pharmaceuticals.
Non-limiting examples of suitable s'alts include metal salts, ammonium salt, salts with
organic base, salts with inorganic acid, salts with organic acid, and salts with basic or
ucidicvamino acid. Non—limiting examples of metal salts include alkali metal salts such
as sodlum salt and potassmm salt; alkahne earth metal salts such as calcmm salt, and
magnesmm salt Non- hrmtmg examples of salts with inorganic or orgamc acxds include
chlorides, bromides, sulfates, nitrates, phosphates, sulfonates, formates, tartrates,
ma_.lcates, citrates, benzoates, salicylates and ascorbates. Pharmaceuticélly acceptable
esters, when applicable, may be prepared by known methods using phafma'ceutically :

acceptable acids that are conventional in the field of pharmaceuticals and that retain the
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pharmacological properties of the free form. Non-limiting examples of these esters
include esters of aliphatic or aromatic alcohols, e.g. methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl esters. Phosphate esters and carbonate esters, are

also within the scope of the invention.
The terms employed herein have the following meanings:

The term “halo” or “halogen”, as employed herein as such or as part of another

group, refers to'chlorine, bromine, fluorine oriodine. - -

‘" The term “Cy 7 alkyl”, as.employed herein as such or as part of ‘another group,
refers to & straight or branched chain saturated hydrocarbon group having 1, 2, 3,4, 5, 6
or 7 carbon atom(s). Representative examples of C;.7 alkyl include, but are not limited
to, metliy1~'e'tliyl n2propyl, iso-propyl; n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl,
iso-pentyl and n-hexyl. The term “Cj_3 alkyl” refers to an preferred embodiment of “C;_;

alky havrng 1,20r3 carbon atoms.

' The term “Cs.7 cycloalkyl”, as employed herein as such or as part of another
éroup,g refers to a saturated cychc hydmcarbon group cOntaining“ 3,4, 5, 6or 7 carbon
atoms. Representatlve examples of cycloalkyl include, but are riot limiteéd to, cyclo- *
propyl cyclobutyI cyclopentyl and cyclohexyl R '

. "The term 5»“C'3 7 cyeloalk")il Ci alkyl”, as employed herein refers to a Cs; cycloﬁ -
alkyl group, as deﬁned hereln appended to the parent molecular morety through a C1 7

alkyl group, as defrned herem '

The tetm “Cz 7 alkenyl” as employed herem as such-or as part of another g group,

refers to an alrphatlc hydrocarbon group having 2 to 7 carbon atoms and contammg one

or several double bonds. Representatrve examples include, but are not hrmted to,

ethenyl propenyl and cyclohexenyl

PR
Sy
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The term “hydroxy”, as employed herein as such or as part of another.group, :
refers to an —OH group. The term “cyano”, as employed herein as such or as part of
another group, refers to a —CN group. The term “carboxy”, as employed herein-as such
or as part of another group, refers to -COOH group. The term “carbonyl”, as employed
herein as such or as part of another group, refers to a carbon atom double-bonded to an
oxygen atom (C=0). The term “ox0”, as employed herein as such or as part of another

group; refers to oxygen atom linked to another atom by a double bond (=0).

The term “C;.7 alkoxy”, as employed‘ herein as such or as part of another group,
tefers to Cy.7 alkyl, as’ defiried hérein; appended to the parent molecular moiety through
an oxygen atom. Representative examples of C;.; alkoxy include, but are not limited to

methoxy, ethoxy; propoxy, biitoxy, isobutoxy, sec-butoxy and zert-butoxy. = .

- The term “hydroxyl C,_; alkyl”, as employed herein, refers to at least one
hydroxy group, as defined herein, appended to the parent molecular moiety through a
Ci.7alkyl group, as defined herein. Representative examples of hydroxyl C;_;alkyl
include; but are not limited to, hydroxymethyl, 2,2-dihydroxyethyl, I- hydroxyethyl 3-
hydroxypropyl 1- hydroxypropyl 1- methyl 1-hydroxyethyl and 1- methyl 1- hydroxy- 2
pr0py1 | -

The term “halo C;_; alkyl”, as employed herein, refers to at least one h’alo’gen, as
defined herein, appended to the parent molecular moiety through a Cy 7 alkyl group, as
defined herein. Representative examples of halo Cy_; alkyl include, but are not limited

to, fluoromethyl, difluoromethyl, triflioromethyl, 2-chloroethyl and 3-bromopropyl.

" The term “Eyano C1_7_»aIky1’-’, as erhpzloyed herein, refers to a Cyano gr'oup,vﬁ.é o
defined herein, appe'naed to the‘p‘arent molecular moiety through a C,.; alkyl group, a"s"
defined herein. Representative examples of cyano C;.; alkyl include, but are not limited

fo, cyanomethyl, I-cyanoethyl, I-cyanopropyl and 2-cyanopropyl.
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The term “carboxy C;.; alkyl”, as employed herein as such or as part of another
group, refers to a carboxy group, as defined herein, appended to the parent molecular -

moiety through a C,_7 alkyl group, as defined herein.

The term “halo C,.7 alkoxy”, as employed herein, refers to at least one halogen,
as defined herein, appended to the parent molecular moiety through a C;.7 alkoxy group,

as defined herein.

~ The term “phenyl C,.; alkoxy”, as employed herein, refers to at least one phenyl
group-appended to the parent molecular moiety through a Cy_7 alkoxy group, as defined

herein. ©

The term “Cy; alkylcarbonyl”, as employed herein as such oras part of another
group; refers to a C;.7 alkyl group, as defined herein, appended to the parent molecular’

moiety through a carbonyl group, as defined herein.

The term “Ci1 aikoxyc'airbbny ”, as employed herein as such or as part of another
group, refers to a Cy.; alkoxy group, as defined herein, appended to the parent molecular

moiety through a carbonyl group, as defined herein.

The term “Cj.; alkoxycarbonyl Cy 7 alkyl”, as employed herein as such or as part
of another group, refers to a C1_§ alkoxycarbonyl group, as defined herein, appended to

the parent molecular moiety through a Ci_; alkyl group, as defined herein.

The term “émindcarbony ”, as employed herein as such or as pdn of another -
group, refers to an amino grbup appended to the parent molecular moiety through a

carbonyl group, as defined herein.

The term "‘amino'Cl‘_q':'aI'-kyl”,. as employed herein, refers to at least one amino
group appended to the parent molecular moiety through a Cy.7 alkyl group, as defined

herein. Represertative examples of amino C;.; alkyl include, but are not limited to,
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aminomethyl, 2-aminoethyl, 1-aminoethyl, 2,2-diaminoethyl, 3-aminopropyl, 2-

aminopropyl, 4-aminobutyl and 1-methyl-1-aminoethyl.

_, The term “C1;7v alkyiarfﬁno”, as employed herein as such or as part of another
g‘roup,vrefers to at least one C;_7 alkyl group, as defined herein, appended to the parent
molecular moiety through an amino group. Representative examples of C.7 alkylamino
include, but are not limited to methylamino, ethylamino, propylamino, butylamino,

dimethylamino, diethylamino and N-ethyl-N-methylamino.

The term “C; 4 alkylaminé C;7alkyl”, as employed herein as such or as part of
another group, refers to at least one C,.7 alkylamino group, as defined herein, appended

to the parent molecular moiety through an Cy_7 alkyl group, as defined herein.

~The term “carboxy Cj.7-alkylamino”, as employed herein as such or as part of -
another group, refers to at’ least one carboxy group, as defined herein, appended to the

parent:moleeular moieiy through an C; 7 alkylamino greup, as defined herein

* The term “Cj.; alkoxy C;_7 alkyl”; as employed herein, refers to at least one'Cy_7
alkoxy group, as defined herein, appended to the parent molecular moiety through an

Ci.7alkyl group, as defined herein.

The term “Cj.; alkoxycatbonyl C,_ alkyl”, as employed herein, refers to at least
one C;7 alkoxy'carboriyl group, as defined herein, appended to the parent molecular

moiety through an C;; alkyl group, as defined herein.

The ferm‘ "substituted” as used herein in connection with various residues refers
to halogen substituents, such as ﬂuo’rihe, chlorine, bromine, iodine; or Cy.7alkyl, C3.7 '
cycloalkyl, halo Cy 7 alkyl, hydtoxy, amino, Cis alkoxy, C;.7 acyl Cy_; alkylamino, amino
C,-7 alkyl, nitro, cyario; thiol or methylsulfonyl substituents. Preferred are halogen, C;7
élkyl, halo Cj-7 'alkyl, hydroxy, ‘amino, Cig alkoXy and methylsulfonyl substituents.
Partic'ularly" preferred are 1 to 3 of Cy3alkyl substituents.
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The "substituted" groups may contain 1 to 3, preferably 1 or 2, of the above

mentioned substituents.

The term “5‘ - 6 membered heterocyclic ring” as employed herein, refers to a
saturated, partially saturated or aromatic ring with 5 or 6 ring atoms, of which 1-4 atoms
are heteroatoms selected from a group consisting of N, O and S. Representative
examples of 5-6-membered heterocyclic ring include, but are not limited to, pyrazolyl,
1,2,4-triazol-1-yl, 1,2,3-triazol-1-yl, pyrimidinyl, pyridinyl, tetrazolyl, piperazinyl,
furanyl, morpholinyl, piperidinyl, pyrrolidinyl, thiazolyl, isoxazolyl, pyrazinyl
tetrahydropyranyl; 1,2;4-oxadiazolyl, oxazolyl, imidazolyl, indolyl and 4,5-
dihydroimidazolyl rings.

' The term ““S — 12 membered heterocyclic ring” as employed herein, refers to a’
monocyclic or bicyclic saturated, partially saturated or aromatic ring with 5'to 12 ring
atoms, of which 1-5 atoms are heteroatoms selected from a group consisting of N, O and
S. Representative examples of 5 - 12 membered heterocyclic ring include the examples
given above and additionally, but not limited to, indazolyl, pyrazo‘l‘o[vl;S-a]pyfimidinyl,
bénzo[d]imidazolyl, ‘imidazo[4;5-b]pyridinyl, 4,5,6,7-tetrahydrobenzo[d]imidazoly! and

benzofuranyl rings. "

Thc term “S — 12 membered carbocyclic ring” as employed herein, referstoa’
saturated, partially saturated or aromatic ring with 5 to 12 ring atoms consisting of
carbon atoms only. Representatlve examples of 5 - 12 membered carbocyclic ring

mclude but are not limited to, phenyl naphtyl and cyclohexyl rmgs

" 'The definition of forrriula'(I)}above is inclusive of all. the possible isotopes-and "
1somers ‘such as stereoxsomers of the compounds, including geometric isomers, for
example Z and E isomers (czs and trans isomers), and optlcal isomers, such as
diastereomers and enantiomers, and prodrug esters, e.g. phosphate esters and carbohate

esters.’
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It will be appreciated by those skilled in the art that the present compounds may
contain at least one chiral center. Accordingly, the compounds may exist in optically
active or racemic forms. It is to be understood that the formula (I) includes any racemic
or optically active form, or mixtures thereof. In one embodiment, the compounds are the
pure (R)-isomers. In another embodiment, the compounds are the pure (S)-isomers. In
another embodiment, the compounds are a mixture of the (R) and the (S) isomers. In
another embodiment, the compounds are a racemic mixture comprising an equal amount
of the (R) and the (S) isomers. The compounds may contain two chiral centers. In such
case, according to-orié embodiment, the compounds of the invention are pure’
diasteromers: According to cthér embodiment, the compounds aré a mixture of several
diasteromers. The individual isomers may be obtained using'the corresponding isomeri¢
forms of the staiting material or they may be separated after the preparation of the end -
compound according to conveéntional separation methods. For the separation of optical
isomers, €.g. enantiomeérs or diastereomers, from the mixture thereof the conventional
resolution methods, e.g. fractional crystallisation, may be used.”

* The preséit compounds may also exist as tautomers orequilibrium mixtures
thereof wherein a proton of a compound shifts from one atomto another. Examplé's of
tautomers ificlude, but are not limited to, amido-imido, keto-enol, phenol-keto, oxime-
nitroso, nitro-aci, imine-énaminé and the like. Tautomeric forms of compounds of - -+~
formula () are intended to be encompassed by compounds formula (1) even though only

one tautomeric form may be depicted. For example, compounds of formula (Ib’)
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wherein R, Rz, R3, R4, Rs, Z, Z; and rings A and B are as defined above, are imido
tautomers of amido compounds of formula (Ib) and are, therefore, within the scope of

formula (I) as defined herein.

Examples of preferred compounds of formula (I) include
4-(2, 4-Difluorophenyl)-N-(1-methyl- 1H-pyrazol-3-yl)-6-(5-(1-methyl-1H-
pyrazol-4-yl)-1 H-benzo [dlimidazol-1-yl) pyridin-2-amine;
| N-(4-(2,4-difluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)- 1H-benzo[d]-
imidazol-1-y)pyridin-2-yl)cyclopropanesulfonamide; o o
* “Sodiumi salt of imido form of N-(4-(2,4-difluorophenyl)-6-(5-(1:methyl-1H-" -
pyrazol-4:yl)- 1H-benzo[d)immidazol-1-yl)pyridin-2-yl)cyclopropanesulfonamide;
N-(4-(2,4-difluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)- 1H-benzo[d]-
imidazol-1-yl)pyridin-2-yl)methanesulfonamide; = "'
;N-‘(4-(2;4¥diflu‘6rophenyl)-6i(5’-( 1-methyl-1H-pyrazol-4-y1y-1H-behzo[d]- -
imidazol-1-y1)pyridin-2-yl)éthaniesulfonamide;
Sodium salt of imido form of N-(4-(2,4-difluorophenyl)-6-(5-(1-methyl-1H-
pyrazol -4- yl) 1H-benzo[d]imidazol-1-yl)pyridin-2- yl)ethanesulfonarmde
N-(4 (2,4- dlﬂuorophenyl) -6-(5+(1-methyl- 1H-pyrazol 4-yl) 1H- benzo[d]-
imidazol-1- yl)pyr1d1n 2- yl)prOpane -2-sulfonamide; ‘
Imido form 6f N-(4-(2,4-difluorophenyl)-6-(5- (l—methyl lH—pyrazol 4-y1)-1H-
benzo[d]mudazol 15y1)pyridin-2-yl)propane- 2 sulfonamide;
N-(4-(2- ﬂuorophenyl) -6-(5- (l -methyl- lH pyrazol-4 yl) 1H- benzo[d]lrmdazol 1-
yl)pyrldm 2- yl)cyclopropanesulfonanude,
Sodiuin salt of imido form of N- (4- (2-ﬂuoropheny1) -6-(5-(1- methyl lH -pyrazol-
4- yI) 1H- benzo[d]mudazol 1- yl)pyr1d1n 2- yl)cyclopropanesulfonarmde
' N-(4 (2 ﬂuorophenyl) 6- -(5-(1- methyl lH-pyrazol -4- yl) 1H- benzo[d]lmldazol 1-
yl)pyrldm 2 yl)methanesulfonannde
N-(4 -(2- ﬂuorophenyl) -6-(5-(1- methyl 1H—pyrazol -4- yl) 1H- benzo[d]nmdazol 1-
yl)pyr1d1n-2 yl)ethanesulfonannde »
Sodium salt of imido form of N#(4-(2-ﬂu0rophenyl)-6—(5-(1-methyl-lH-pyrazol-
4-yl)-1 H-benzo [d]imidazol-1-yl)pyridin-2-yl)ethanesulfonamide;
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N-(4-(2-fluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-
yDpyridin-2-yl)propane-2-sulfonamide; '

So’dium salt of imido form of N-(4-(2-fluorophenyl)-6-(5-(1-methyl-1H-pyrazol-
4-yl)- IH—benzo[d]imidazol.- [-yl)pyridin-2-yl)propane-2-sulfonamide; | -

N-(4-(4-fluorophenyl)-6-(5-(1-methyl- 1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-
yD)pyridin-2-yl)cyclopropanesulfonamide;

N -(4-(4-fluorophenyl)-6-(5-(1-methyl- 1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-

yDpyridin-2-yl)methanesulfonamide;

N-(4-(4-fluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)- 1H-benzo[d]imidazol-1-
yDpyridin-2-yl)propane-2-sulfonamide;

Sodiuim salt of imido form of N-(4-(4-fluor0phenyl)-6-(5-(1-methyl-lH-'pyraz'o’l'—
4-y1)-1H-benzo[d]imidazol- i—yl)p'yridin—2—yl)propane—2-sulf6naﬁlide;

N-(3-fluoro-6'-(5-(1-methyl-1H-pyrazol-4-yl)- 1H-benzo[d]imidazol-1-yl)-[2,4'-
bipyridin]-2'—yl)cyclopropanesulfonamide'

N-(3-fluoro-6'-(5-+(1- mcthyl 1H- -pyrazol-4-yl)-1H-benzo[d}imidazol-1-yl)-[2,4'¢"
b1pyr1d1n] 2'-yl)acetamide;

- N-(4-(2,4-difluorophenyl)-6-(5-(1 -(2—(dimethylamino)"ethyl):— lH-pyrazol-4—yl)— '
1H- benzo[d]mndazol 1-yl)pyridin-2-yl)cyclopropanesulfonamide;

N -(4-(2- fluorophenyl) -6- -(5-(1-methyl-1H-pyrazol-4- yl) 1H- benzo[d]mndazol 1-
yl)pyrlmxdm -2- yl)cyclopropanesulfonarmde S

N—(6-(5'—(lH-pyrazol-‘1-yl)’-lH-benzo[d]imidazol-1-yl)—4-(2,4-diﬂuorophenyl)-'
pyridin—2-yl)cycloﬁropanesulfonanﬁde;

N-(3,5-difluoro-6'-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[dlimidazol-1-yl)-
[2,4“—bipyridin]—2'-yl)cyclopropanesulfonamide;

N-(3,5-difluoro-6'<(5-(1-methyl- 1H-pyrazol-4-yl)-1 H‘—benzotd]imidazol- 1-yl)- |
[2;4"-bipyridin]-2'-yl)acetamide;

N-(4-(2-chiorophenyl)-6-(5-(1-methyl- 1H-pyrazol-4-yl)- 1H-benzofdimidazol-1-
yl)Jp')".ridin-2¥yl)cyélopfopanesulfonamide; '

N-(3-chloro-6'-(5-(1-methyl-1H-pyrazol-4-yl)- 1H-benzo[d]imidazol-1-y1)-[2,4"-
bipyridin]-2'-yl)cyclopropanesulfonamide; |

N-(5-fluoro-6'-(5-(1-methyl- 1H-pyrazol-4-yl)-1H-benzo[dJimidazol- 1-yl)-[2,4'-
bipyridin]'-2'-yl)éyclOpropanesulfonamide;
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N-(6-(5-(1H-imidazol-1-y1)-1H-benzo[d]imidazol-1-yl)-4-(2,4-difluorophenyl)-
pyridin-2-yl)cyclopropanesulfonamide;

N-(4-(2,4-difluorophenyl)-6-(5-(1-(2-morpholinoethyl)-1H-pyrazol-4-yl)-1H-
benzo[d]imidazol-1-yl)pyridin-2-yl)cyclopropanesulfonamide;

N-(4-(2,4-difluorophenyl)-6-(5-(1-(pyrrolidin-3-yl)-1H-pyrazol-4-yl)-1H-
benzo[d]imidazol-1-yl)pyridin-2-yl)cyclopropanesulfonamide;

N-(4-(2,4-difluorophenyl)-6-(5-(1-ethyl-1H-1,2,3-triazol-4-yl)- 1H-benzo[d]-
imidazol-1-yl)pyridin-2-yl)cyclopropanesulfonamide;

N-(4-(2 ,4-‘dif1u0rophényl)-6-( 5-(1-methyl-1H-1,2,3-triazol-4-yl)-1H-benzo[d]}-
imidazol-1-y1)pyridin-2-yl)cyclopropanesulfonamide;

N-(4-(2,4-difluorophenyl)-6-(5-(1-methyl-1H-imidazol-4-yl)-1H-benzo[d]-
imidazol-1:yl )pyridin-2-yl)cyclopropanesulfonamide; '

N-(4-(2, 4-difluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-bénzo[d]-
imidazol-1-yl) pyrimidin-2-yl) acetamide;

Ethyl 1-(1-(6-(cyclopropanesulfonamido)-4-(2,4-difliorophenyl)pyridin-2-yl)-
1H-benzo[d)imidazol-5-yl)-1H-1,2,3-triazole-4-carboxylate;

N'-(4-(2-'(diﬂubrométhdxy)24-ﬂuor0phen'y1)-'6-(5 -(1-methyl-1H-pyrazol-4-yl)-
1 H-beri‘zbfd] imidazol-1 -yl)pyridin-2-yl)cyClopropanesulfonamide;

N-(4—(2,4-dif1uoropheny1)—6-(5 -(1-methyl-1 H-pyrazol;4-y1)— 1H-benzo[d]-
imidazol-1 -yDpyrimidin-2-yl)cyclopropanesulfonamide;

N-(6-(2, 4-diﬂuoropheriyl)¥4—(5-( 1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]-
imidazol-1 -yl) pyridin-2-yl) cyclopropanesulfonamide;

or a pharmaceutically a‘c'ceptable salt or tautomer thereof.

Co‘mpOUndS of the invention may be administered to a patient in thérépeutically
effective ambunts which range usually from about 0.1 to about 5000 mg, preferably
from about 1 to about 2000 mg, per day depending on the age, weight, ethnic group,
cohdition of the patient, condition to be treated, administration route and the active ‘
ingredient used. The compounds of the invention can be formulated into dosage forms
using the principles known in the art. The compound can be given to a patient as such or
n combinatioh with suitable pharmaceutical excipients in the form of tablets, granules,

capsules, suppositories, emulsions, suspensions or solutions. Choosing suitable
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ingredients for the composition is a routine for those of ordinary skill in the art. Suitable
carriers, solvents, gel forming ingredients, dispersion forming ingredients, antioxidants,
colours, sweeteners, wetting compounds and other ingredients normally used in this
field of technology may be also used. The compositions containing the active compound
can be given enterally or parenterally, the oral route being the preferred way. The
contents of the active compound in the composition is from about 0.5 to 100 %,

preferably from about 0.5 to about 20 %, per weight of the total composition.

" The compounds of the invention can be given to the subject as the sole active
ingredient or in combination with one of more other active ingredients for treatiment of a

particular disease, for example cancer.
- The present invention will be explained in more detail by the following

experiments and examples. The experiments and examples are meant only for

illistrating purposes and do not limit the scope of the invention defined in claims.

. EXPERIMENTS

" 1. Inhibition of FGFR1 kiniase

. FGFRI assay

Compounds were screened in the TR-FRET assay with FGFRI kinase. 5 ng of
FGFRl [Upstate, USA] kinase was used for assay. The compound was incubated w1th
the klnase for 30 minutes at room temperature. After the incubation, substrate m1x 40
nM Ultra Ilght poly GT (Perkm Elmer, USA) and 13 uM ATP (Slgma)] was added The
above reaction was stopped’ by the addmon of 40mM EDTA after the 30 min kmase
reaction. The Eu-labelled antiphospho- tyrosme antibody [Perkln Elmer, USA] was
added at'0.5 oM and the ﬂuorescence emission at 615 nm/665 nm [excitation at 340 nm]
was measured The compounds were initially screened at 100 nM and 1 pM

concentrations. The compounds with >50 % inhibition at 100 nM of FGFR1 were taken
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for the full dose response studies. The final DMSO concentration in the assay was 1 %.
For ICso determination, 1/3" serial dilution was made from the 20 mM DMSO stock
solution. 2 pl of these were transferred to the test wells containing 20 ul of the reaction
mixture [total reaction volume 20 ul]. The fluorescence was measured in Perkin Elmer -

Wallac 1420 Multilabel Counter Victor 3. The ICsp was determined by fitting the dose

response data to sigmoidal curve fitting equation using GraphPad Prism software V5.

Results
" Enzymatic activity éﬁd'sfélectii/ity of selected cc"impo'u"ndsbf the invention on
different kinases is presented in Table 1. The compounds of the invention were' found to

be potent and selective FGFR kinasé inhibitors.

TABLE 1. Inhibition of FGFR1 kinase

Compound | FGRRiaciono | [CaofFGFRI
. L nM S :
Example 1 o v 97 , 16.5
Example2 | 9 39
Example 2Gmido) |- 97 - | - 33
‘Example4 - for 980 e | 43 -
Example5 . . : 99 1.1
' Example 5 (imido) 98 4.4
"Example 6 99 1.7
Example 6 (imido) e 298 1.7
Example 8 o9 sa
Example 8 (imido) | 97 33
“Example 10 97 58
Bramplell | 98 28
“Example 11 Gmido) | - 98 | 32
“Example 12 I 15
Example 12 (imido) 99 52
Example 14 T 144
Example 16 97 34
Example 17 %6 46
Example 17 (imido) T 52
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Example 18 97 5
Example 19 96 28.5
Example 21 99 3.7
| Example 22 97 9.2
Example 23 97 10
Example 25 97 31
Example 26 94 21.9
Example 28 97 7.2
| Example 29 97 9.7
Example 30 96 24
Example32 | 99 217
Example 33 » 99 2
Example 34 99 16
Example 35 - : 99 2
“Example 36 99 a7
Example 37 99 13
Example 38 87 2
Example 39 - 81 294.2
Examplé 40 76 » 293‘..5
“Example 41 BT 327
Example 43 Y | 43.4

~ The preparation of the compounds of the invention is illustrated by the following

Examples.
5
- EXAMPLES. _
N _LCMS data has been réchded in +ve mode unless otherwise mentioned.
. Intermediate Example 1.
10 4-(1-Methyl-1H-pyrazol-4-y})-2-nitroaniline

v A solution of 4-bromo-2-nitroaniline (6 g, 27.6 mmol) in 1, 2-dimethoxyethane
(15 ml) was degassed by N, bubbling for 5 min. 1-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-Z—yI)-lH-pyrazolg (6.90 g, 33.1 mmol, 1.2 eq) was added and the

15 mixture was degassed for another 5 min. Pd(dppf)Cl, (2.25 g, 27.6 mmol, 0.1 eq) and
aqueous sodium carbonate (8.79 g, 82.9 mmol, 3.0 eq) were added sequentially and the
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mixture was further degassed for 5 min and then heated at 90 °C for 2 h. The reaction
mixture was quenched with water and extracted with ethyl acetate (3 x 50 ml). The
combined organic layer was washed with water, brine and dried over sodium sulphate.
The solvent was distilled off under reduced pressure to afford the crude residue which
was purified by column chromatography (60-120 silica gel, 40 % ethyl acetate in
hexane) to afford the title product in 75 % yield (4.5 g). LC-MS (ESI): Calculated mass:
218.21; Observed mass: 218.9 [M+H] ™" (rt: 0.390 min).

* Intermediate Example 2.
“tert-Butyl 3-(4- (lH-benzo[d]lmldazol 5-yl)-1H- pyrazol 1- yl)pyrrohdme 1-

carboxylate
ca) tert—Butyl 3-(methylsulfonyl) pyrrolidine-1-carboxylate -

‘Toa solutlon of tert- butyl 3-hydroxypyrrolidine-1-carboxylate (0.5 8 2.67 mmol,
1 .0 eq) in DCM (10 ml) was added TEA (0.8 ml, 5.35 mmol, 2.0 eq). The mixture was
stirred at RT for 15 min. Then methanesulfonyl chloride (0.23 ml, 2.94 mmol 1.1 eq)
was added and the mixture was stirred for 3 h. The mixture was then quenched with
water and extracted with CH,Cl, (3 x 50 ml). The solvent was distilled off to afford the
title product in 86 % yield (0.6 g).

b) tert-butyl 3-(4-(4, 4, 5, 5-tetramethyl-1, 3, 2-dioxaborolan-2-yl)-1H-pyrazol-1-
yl) pyrrolidine-1-carboxylate '

- To a solution of 4 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole
(0.6 g,2.26 mmol‘) in DMF.-wcre added sodium hydride at 0 °C (0,1Q8 g, 4.53 mmol, 2
eq) and the compound of Intermediate Example 2(a) (0.44 g, 2.26.mfn01, 1.0 eq.). The -
mixture was stirred at RT for:1 h and heated at 90 °C for 4 h-and quenched with ice and
extracted as in Intermediate’ Example 1. The solvent was distilled off to afford the crude

residue in 50 % yield (0.4 g).

. ¢) tert-Butyl 3-(4-(1H-benzo[d]imidazol-5-yl)-1H-pyrazol-1-yl)pyrrolidine-1-

carboxylate
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To a degassed (N, bubbhng) solution of 5-bromo-1H-benzo[d]imidazole (0. 050
g,0. 15 mmol) inl 4 dxoxane (10 ml) were added the compound of Intermediate '

'Example 2(b) (0.052 g, 0. 15 mmol, 1 eq), PdA(PPh3)4 (16 mg, 0.015 mmol, 0. 1 eq) and

cesium carbonate (0.118 g, 0.36 mmol, 2.5 eq) using the procedure of Intermediate
Example 1. The mixture was heated at 90 °C for 16 h. The reaction mixture was
quenched and extracted as in Intermediate Example 1. The solvent was distilled off to

afford the product in 40 % yield (20 mg). LC-MS (ESI): Calculated mass: 353.2;

Observed mass: 354.4 [M+H]" (rt: 0.11 min).

' Intermediate Example 3. -+
,'5'34'-(1:(Qi(DimethYIdIﬁiI’lé)'ethﬂ)-1H.'p'y’fazél_,{;_y])_2;nitl;(‘)§r'li‘fli-n'e AR

. - a) 2-(4-iodo-1H-pyrazol-1-yl)-N,N-dimethylethanamine: -

- To a solution of 4-iodo-1H-pyrazole (2.8 g, 10 mmol) in-acetonitrile (50 ml)
were added cesium carbonate. (5:04 g, 15 mmol, 1.5 eq) and 2-chloro-N,N-dimethyl-
ethanamine hydrochloride (2.96 g, 20 mmol, 2 eq) and the mixture was stirted at RT for

8 h. The mixture was quenched with water and extracted with EtOAc (3 x 150 ml). The

combined organic layer was washed with water, brine and dried over sodium sulphate.

The solvent was distilled off to afford the crude product in 38 % yield (1 g).
b) 4-(1-(2-(dimethylamino)ethyl)- 1H-pyrazol-4-yl)-2-nitroaniline

.- A solution of the compound of Example 3(a) (0.5 g, 1.9 mmol).iri 1, 2-di- .
methoxyethane (15 ml) was degassed by N, bubbling for 5 min. 2-Nitro-4-(4,4,5,5-
tet‘ram‘ethyl—-],3,2=‘dioxaborolan-Z-yl)aniline (0.74 g, 2.8 mmol, 1.5°eq) was added and -
the mixture was degassed for another 5 min. Pd(dppf)Cl, (0.16 g, 0.2 mmol, 0.1:eq) and
aqueous sodium carbonate (0.5 g, 4.7 mmol, 2.5 eq) were added sequentially using the
procedure of Intermediate Example 1 and the mixture was heated at 90 °C for 16 h. The
reaction mixture was quenched and extracted as in Intermediate Example 1. The solvent
was distilled off to afford the crude residue which was purified by column

chromatogreiphy (60-120 silica gel, 70 % ethyl acetate in hexane) to afford the title
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product in 65 % yield (0.3 g). LC- MS (ESI): Calculated mass: 275.14; Observed mass:
276 15 [M+H] (rt: 0.18 mm)

" Intermediate Example 4.
5 -(lH-Pyrazol- 1-yl)-1H-benzo[d]imidazole

a) 2-nitro—4—(lH-pyrazol-l—yl)a'niline

... To asolution of 4-bromo-2- n1troan11me (3 g, 13.8 mmol) in DMF (12 ml), were
added pyrazole (1.12 g, 16.4 mmol, 1.2 eq.), copper(D) oxide (0.1 g, 0.69 mmol, 0.05
eq.) and cesium carbonate (8 g, 24.6 mmol, 1.8 eq.) and the mixture was heated at 100
°C overnight:, The mixture was quenched and extracted as in Intermediate Ekample 1.
The solvent was distilled off and the crude residue was purified by column
chromatography (60-120 silica gel, 20 % ethyl acetate in hexane) to afford the title
product in'53.5 %'yield (1.5 g). ' |

b) 5-(1H-pyrazol-1-y1)-1H-benzo[d]imidazole

oo A mixtdre of the compound of Example 4(a) (0.5 g, 2.5 mmol) and iron: powder
(1.39 g, 25 mmol, 10 eq) were refluxed in formic acid (20 ml) overnight. The formic
acid was distilled off and the crude product was dissolved in ethyl acetate and filtered.
The ethyl acetate layer was ‘washed with water, brine and dried over sodium sulphate.
The solvent was distilled off to afford the title product in 87 % yield (0.4 g). LC-MS
(ESI): Calculated mass: 184.07; Observed mass: 185.3 [M+H]" (rt: 0.097 min).

Tntermediate Example 5.
*'N-(6-chloro-4-(2,4-difluorophenyl)pyridin-2-yl)cyclopropanesulfonamide’

" a) 2,6-dichloro-4-(2 4-difluorophenyl)pyridine

. A solution of 2,6-dichloro-4-iodopyridine (1.5 g, 5.49 mmol) in 1,2-dimethoxy-
ethane (15 ml) was degassed by N; bubbling for 5 min. 2,4-Difluorophenylboronic acid

(0.86 g; 5.49 mmol, 1 eq) was added and the mixture was degassed for another 5 min. -
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Pd(dppf)Cl; (0.358 g, 0.43 mmol, 0.08 eq) and aqueous sodium carbonate (1.45 g, 13.7

mmol, 2.5 eq) were added sequentially using the procedure of Intermediate Example 1

and the mixture was heated at 90 °C for 16 h. The reaction mixture was quenched and

extracted as in Intermediate Example 1. The solvent was distilled off to afford the crude
residue which was purified by column chromatography (60-120 silica gel, 3 % ethyl
acetate in hexane) to yield the title product in 98.5 % yield (1.4 g).

b) N-(6-chloro-4-(2,4-difluorophenyl)pyridin-2-yl)cyclopropanesulfonamide

¢ .+ A solution of the compound of Intermediate Example 5(a) (0.9 g, 3.46 mmol) in
dioxane (20 ml) was degassed by N, bubbling for 5 min. Cyclopropane sulfonamide -
(0.36 g, 2.94 mmol, 1 eq) was added and.the mixture was degassed for another 5 min..:
Palladium acetate (39 mg, 0.173 mmol, 0.05 eq) and xantphos (200 mg, 0.35 mmol; 0.1
eq) and Cs,CO; (3.37-g, 10.4 mmol, 3.0 eq) were added and the mixture was further
degassed for 5 min and then heated at 100 °C for 16 h. The mixture was filtered through
celite and extracted with ethyl:acetate (3 x 50 ml). The combined organic layer was
washed with water, brine and dried over sodium sulphate. The solvent was distilled off
to afford the crude residue which was purified by column chromatography (60-120 silica
gel, 30 % ethyl acetate in hexane) to afford the title product in 50 % yield (0.6 g). 'H
NMR (300 MHz, DMSO-dp): § 11.05 (s, 1H), 7.76-7.68 (m, 1H), 7.51-7.43 (m, 1H),
7:35 (s, 1H),7.30-7.24 (m, 1H), 7:16 (s, 1H), 3.09-3.01 (m, 1H), 1.22-1.09 (m, 2H), *
1.08-1.03 (m, 2H). . B | IR SR

! Intermediate Example 6.

- 5-(1-Methyl-1H-pyrazol-4-yl)-1H-benzo[d}imidazole

+ - A mixture of the compound of Intermediate Example 1 (3 g, 13.7 mmol) and iron
powder (7.68 g, 137 mmol, 10 eq) were refluxed in formic acid (50 ml) overnight. The
formic acid was distilled off and the crude product was dissolved in ethyl acetate and -
filtered. The ethyl acetate layer was washed with water, brine and dried over sodium
sulphate. The solvent was distilled off to afford the title product in 55.5 % yield (1.5 g).
LC-MS (ESI): Calculated mass: 198.09; Observed mass: 199.2 [M+H]* (rt: 0.097 min).

Intermediate Example 7.
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5-(1-Methyl-1 H—pyrazol—4-yl)-3-nitr0pyridin—2—amine

A solution of 5-bromo-3-nitropyridin-2-amine (5 g, 23 mmol) in 1, 2-dimethoxy-
ethane (50 ml) was degasséd by N, bubbling for 5 min. 1-Methyl-4-(4,4,5 ,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazole (7.2 g, 37 mmol, 1.5 eq) was added and the
mixture was degassed for another 5 min. Pd(dppf)Cl, (1.88 g, 2.3 mmol, 0.1 eq) and
aqueous sodium carbonate (6.1 g, 52 mmol, 2.5 eq) were added sequentially using the
procedure of Intermediate Example 1 and the mixture was heated at 90 °C for 16 h. The
reaction mixture was quenched and extracted as in Intermediate Example 1. The solvent
was distilled off to afford the crude residue which was purified by column
chromatogrziphy’ (60-120 silica gel, 70 % ethyl acetate in hexare) to‘afford the title
product in 50 % yleld (2.5 g). LC-MS (ESI) Calculated mass: 219.08; Observed mass:
220.1 [M+H]* (rt: 0.22 mm)

Intermediate Example 8.

“4-(1-(2-Motpholinoethyl)-1 H-pyrazol-4-yl)-2-nitroaniline
a) 4-(2-(4-bromo-1 H-pyrazol- 1-yhethyl)morpholine.

_ To a solutlon of 4-(2- chloroethyl)morpholme (2.55g,13.6 mmol) and 4-bromo-
IH-pyrazole (2 g, 13.6 mmol, 1 eq) in DMF (50 ml) was added K,CO; (0.16 g, 6.72
mmol, 1.5 eq) and the mixture was stirred at RT for 24 h. The mixture was then
quenched with water and extracted with ethyl acetate (3 x 100 ml). The combined
organic layer was washed with water, brine and dried over sodium sulphate. The solvent

was distilled off to afford the crude product in 57 % yield (2 g). -

b) 4-(2-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl)ethyl)-

morpholine

" A solution of the compound of Intermediate Example 8(a) (1 g, 3.8 mmol) in
DME (15 ml) was degassed by N, bubbling for 5 min. Bispinacolato diborane (1.46 g,
5.7 mmol, 1.5 eq) was added and the mixture was degassed for another 5 min.

Pd(dppf)Cl; (0.313 g, 0.38 mmol, 0.1 eq) and potassium acetate (1.32 g, 13.4 mmol; 3.5



10

15

20

25

30

WO 2014/162039 PCT/F12014/000003

36

eq) were added sequentially using the procedure of Intermediate Example 1 and the
mixture was then heated at 100 °C for 4 h. The reaction mixture was then quenched and
extracted as in Intermediate Example 1. The solvent was distilled off to afford the crude
residue which was purified by column chromatography (60-120 silica gel, 50 % ethyl
acetate in hexane) to afford the title product in 87 % yield (1 g). LC-MS (ESI):
Calculated mass: 307.2; Observed mass: 308.5 [M+H]" (rt: 0.10 min).

¢) 4-(1-(2-morpholinoethyl)-1H-pyrazol-4-yl)-2-nitroaniline

A solution of the compound of Intermediate Example 8(b) (1 g, 4.6, mmol) in .-
1,2-dimethoxyethane (15 ml) was degassed by N, bubbling for 5 min. 4-Bromo-2- - -
nitroaniline (1.41 g, 4.6 mmol, 1 eq) was added and the mixture was degassed for '
another 5 min. Pd(dppf)Cl, (0.38 g, 0.46 mmol, 0.1 eq) and aqueous sodium carbonate
(1:41 g, 13.8:mmol, 3 eq) were added sequentially using the procedure of Intermediate
Example 1 and the mixture was then heated at 100 °C for 4 h. The reaction mixture was
then quenched and extracted as in Intermediate Example 1. The solvent was distilled off
to afford the crude residue which was purified by column chromatography (60-120 silica
gel, 50 % ethyl-acetate in hexane) o afford the titlé product in 42 % yield (0.6 g). LC-
MS (ESI): Calculated mass: 317.15; Observed mass: 318.05 [M+H]" (1t 0.20 min).

‘Intermediate Example 9. -
4-(1H-Imidazol-1-yl)-2-nitroaniline

-’To a solution of 4-bromo-2-nitroaniline (3 g, 13.8 'mmol) in DMF (12 ml) were
added imidazole (2.71 g, 27.6 mmol, 2 eq), copper(I) oxide (0.1.g, 0.69 mmol, 0.05 eq. -
and cesium carbonate (13.4 g, 41.4 mmol, 3 eq) and the mixture was heated at 100 °C
overnight. The mixture was quenched and extracted as in Intermediate Example 1. The
solvent was distilled off and the crude residue was purified by column chromatography
(60-120 silica gel, 50 % ethyl acetate in hexane) to afford the title product in 40 % yield
(1.1 g). "HNMR (300 MHz, DMSO-ds): & 8.17 (br s, 1H), 8.12 (d, 1H), 7.73-7.68 (m,
2H), 7.59 (s, 2H), 7.15 (d, 1H), 7.08 (s, 1H). : ' ' '

Intermediate Example 10. -
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5-(1-Ethyl-1H-1,2,3-triazol-4-yl)- 1H-benzo[d]imidazole
a) 2-Nitro-4-((trimethylsilyl)ethynyl)aniline

A.soluti.on of the compound of 4-iodo-2-nitroaniline (1 g, 3.8 mmol) in DMF—
Et3N (1:1; 20 ml) was degaésed by N, bubbling for 15 min. Pd(PPhs)4 (0.22 g, 0.19
rhmol, 0.05 eq.), copper(l) iodide (0.073g, 0.386 mmol, 0.1 eq.) and ethynyltrimethyl-
silane (0.;15 ml, 4.63 mmol,' 1.2 eq) were added sequentially and the mixture was stirred

for 12 h at RT. The mixture was quenched and extracted as in Intermediate Example 1.

‘The solvent waé distilled off and the érude residue was purified by column

chromatography (60-120 silica gel, 10 % ethyl acetate in hexane) to afford the title
product in 67 % yield (0.6 g).

'b) 4-Ethynyl-2-nitroaniline -
. 121 To a solution of the compound of Intermediate Example 10(a) (0.5 g, 2.15 mmol)
in THF (10ml) at 0°C was added TBAF (0.5 g, 2:17 mmOl,}-I.Z eq.) and the mixture -
was stirred for 0.5 h. The mixture was filtered over a pad of silica and distilled to afford

the title product in 86 % yield (0.3 g)..
c) 4-(1-Ethyl-1H-1,2,3-triazol-4-yl)-2-nitroaniline =

© A mixture of the compound of Intermediate Example 10(b) (0.3 g, 1.85 mmol),
sodium-azide (0.24.g; 3.7 mmol, 1.0 eq.), methyl iodide (0.23 g, 1.85.mmol, 1.0 eq.), =
Sodium ascorbate (0.36.g, 1.85 mmol, 1.0 eq.) and copper sulfate pentahydrate (0.23 g,
0.92 mmol, 0.5 eq.) in DMSO, THF and water (1:1:0.5, 5 ml) was stirred for 12 h at RT.
The mixture was quenched with water and the precipitate formed was filtered and dried.
The crude product was purified by by column chromatography (60-120 silica gel, 30 %
ethyl acetate in hexane) to afford the title product in 25 % yield (100 mg).:

d) 5-(1-Ethyl-1H:1;2,3-triazol-4-yl)-1H-benzo[d])imidazole
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A solution of the compound of Intermediate Example 10(c) (0.1 g, 0.42 mmol) in
formic acid (2 ml), iron (0.23 g 4.2 mmol) was added and heated at 100 °C for 16 h.
Thé formic acid Was distilled ot;f under reduced pfessure and the crude product was
dissolved in ethyl vacetate., The ethyl acetate layer was washed with water, brine and
dried ‘OFVCI' sodium sulphate. The solvent was distilled off to afford the title product in 33
% yield (30 mg). LC-MS (ESI): Calculated mass: 213.1; Observed mass: 214.1 [M+H] *
(rt: 0.14 min).

Intermediate Example 11. .
" 5-(1-Méthyl-TH-imidazol-4-yl)- 1H-benzo[d]imidazole

oo ay 4+(1-Methyl-1H-imidazol-4-yl)-2-nitroaniline

. . . A solution of 27njtr0-4—(4,4,5,5_,-tetramethy1-1,3,2-dioxab6rolan\-Z-yl)anilim:v, .
'(_1.45 g, 5.55 mmol, 1.1 eq) in 1,2-dimethoxyethane (15 ml) was degassed by N;
bubbling for 5 min. 4-Bromo-1-methyl-1H-imidazole (0.81 g, 5 mmol, 1 eq) was added
and the mixture was degassed for another 5 min. Pd(dppf)Cl, (0.4 g, 0.5 mmol, 0:1 eq)
and aqueous sodium.carbonate (1.59 g, 15 mmol, 3 eq) were added sequentially using
the procedure of Intermediate Example 1 and then heated at 100 °C for 4 h. The reaction
mixture.was then quenched and extracted as in Intermediate Example 1. The solvent
was distilled off to af-ford the crude residue which was purified by column
chromatography (60-120 silica gel, 50 % ethyl acetate in hexane) to afford the title -
product in 60 % yield (0.6 g). LC-MS (ESI): Calculated mass: 218.08; Observed mass:
219.2 [M+H]" (rt: 0.09 min). '

'b) 5-(1-methyl- 1H—imida201—4-y1)— 1H-benzo[d}imidazole

To a solution of the compound of Intermediate Example 11(a) (0.3 g, 1.376
mmol) in formic acid (5 ml), iron (0.77 g, 13.76 mmol) was added and the mixture was:
heated at 90 °C for 12 h. The formic acid was distilled off and the crude product was' . |
dissolved in ethyl acetate. The ethyl acetate layer was washed with water, brine and

dried over sodium sulphate. The solvent was distilled off to afford the title product in 26
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% yield (0.07 g). LC-MS (ESI): Calculated mass: 198.09; Observed mass: 199.2
[M+H]" (rt: 0.10 min).

Intermediate Example 12.
5-((Trimethylsilyl)ethynyl)-1H-benzo[d]imidazole

a) 5-Todo-1H-benzo[d]imidazole

., To a solution 4-iodo-2-nitroaniline (1 g, 3.7 mmol) in formic acid (10 ml), iron
(2 1 g 37 mmol) was added and heated at 90 °C for 12 h. The formic acid was distilled
off and the crude was dissolved in ethyl acetate. The ethyl acetate layer was washed with
water, brine and _dri.ed_i over sqdipm sulphate. The solvent was distilled off to afford the
title product in 68 % yield (085 g).LC-MS (ESI): Calculated mass: 243.95; Observed
mass: 244.8 [M+H] " (rt: 0.173 min).

b) 5-((Trimethylsilyl)ethynyl)-1H-benzo[d]imidazole

.+ Asolution of of the compound of Intermediate Example 12(a) (0.7 g, 2.56 mmol)
in:-DMF-Et;N (1:1; 10 ml) was.degassed by N, bubbling for 15 min. Pd(dppf)Cl, (0.11 -
g, 0.14:mmol, 0.05 eq), copper(I) iodide (0.054g, 0.25 mmol, 0.1 eq) and ethynyltri-
methylsilane.(0.3 g, 3.15 mmol; 1.1 eq) were added sequentially and the mixture was:
stirred for 12 h at RT. The mixture was quenched and extracted as in Intermediate
Example 1. The solvent was distilled off and the crude residue was recrystallized from
hexane to afford the title product in 57 % yield (0.35 g). LC-MS (ESI): Calculated mass:
214.09; Observed mass: 215.5 [M+H] " (1t: 0.22 rmn) ' o

* Intermediate Example 13.
" 4-(1-Methyl- 1H-pyrazol 4-yl) benzene-1, 2-diamine

To a solution of the compound Intermediate Example 1 (1 g, 4.58 mmol) in THF
(10 ml) were added a solution of ammonium chloride (1.486 g, 27.5 mmol, 6 eq) in .
water (5 ml) and zinc (1.78 g, 27.5 mmol, 6 eq). The reaction mixture was stirred at RT

for 6 h and filtered. The filtrate was diluted with water and extracted with ethyl acetate
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(3 x 100 ml).: The cdmbined:orgénic layer was washed with water, brine and dried over
sodium sulphate. The solvent waé distilled off to afford the crude residue which was
purified by column chromatography (60-120 silica gel, 3 % methanol in DCM) to afford
the title product in 58 % yield (0.5 g). LC-MS (ESI): Calculated mass: 188.11; Observed
mass: 189.0 [M+H]" (rt: 0.113 min).

Intermediate Example 14. »
Ethyl 1-(1H-benzo[d]imidazol-5-yl)-1H-1,2,3-triazole-4-carboxylate

" a) 1H-benzo[d]imidazol-5-amine

" To a solution of 5¢nitro-lH—benzo[d]imidazole (5 g,44.2 mmol) in methanol
(100 ml) was added Pd/C and the reaction mixture was stirred at RT for 16 h and
filtered. The filtrate was diluted with water and extracted with ethyl acetate (3 x 100
ml). The combined-organic layer was washed with water, brine and dried over sodium
sulphate. The solvent was distilled off to afford the crude residue which was purified by
washing with diethyl ether to afford the title product in 85 % yield (2.5 g). LC-MS
(ESI): Calculated mass: 133.06; Observed mass: 134.2 [M+H]* (t: 0.175 min).

b) 5-Azido-1H-benzo[d]imidazole

To a solution of the compound of Intermediate Example 14(a) (2 g, 15 mmol) in
concentrated HCI (8 nﬂ) at 0 °C 'was added aqueous solution of NaNO; (1.3 g, 18.7
mmol, 1.25 eq) dropw1se and the mlxture was stirred at 0 °C for 30 min. Then NaNj
(1. 13 g, 18.7 mmol 1.25eq) was added at 0 °C and the mixture was stirred for 15 min.
The nu;(ture was quenched and extracted as in Intermediate Example 1(a). The solvent
was distilled 6ff to affbrd the produbt in 75 % yield (1.8 g). LC-MS (ESI): Calculated
mass: 159.05; OB‘served mass: 160.0 [M+H]" (rt: 0.136 min).

c) Ethyl 1-(1 H_—ben‘zo[d]:imidazol-S -yl)-1H-1,2,3-triazole-4-carboxylate
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A mixture of the compound of Intermediate Example 14(b) (1.75 g, 10.99
mmol), ethyl propiolate (1.08 g, 10.99 mmol, 1.0 eq), sodium ascorbate (0.22 g, 1.09
mmol, 0.1 eq) and copper sulfate pentahydrate (30 mg, 0.1 mmol, 0.01 eq) in #-butanol
and water (1:0.5, 20 ml) was stirred for 48 h at RT. The volatiles were evaporated and
the reaction mixture was extracted with 10 % methanol in CH,Cl, (3 x 100 ml). The
combined organic layer was washed with water, brine and dried over sodium sulphate
and concentrated. The light brown solid obtained (1.6 g, 56.6 % yield) was directly
taken for the next step without further purification. LC-MS (ESI) Calculated mass:
257.09; Observed mass: 258.05 [M+H] (rt 0.193 min). A

" Intermediate Example 15.
- N=(6-¢hloro-4-(2- (d1ﬂuor0methoxy)-4 fluorophenyl)pyr1dm 2-yl)cyclopropa‘ne-

sulfonamide
-~ a) 1“Bromo-2-(difluoromethoxy)-4-fluofobenzene

* T6 a solution of 'Z—bfomo?-Siﬂuorophenol (3'g, 15.7 mmol) in DMF 5 ml) was
added cesium carbonate (7.7 g,23.56 mmol 1.5 eq) and sodium chlorodifluoroacetate
6 g, 39 26 mrol; 2.5 éq) and the reaction mixture was heated at 100 °C for 15 h. The
reaction mixture was then extracted with water and ethyl acetate (3 x 50 ml). The "
combmed organic layer was washed Wlth water, brine and dried over sodium sulphate
The solvent was dlStllled off to afford the crude residue which was purified by column

chromatography (60-120 silica gel, 10'% ethyl acetate in hexane) in 58 % yield (2.2 g).
b) 2,6-‘Dichloro-4-‘(2i(diﬂuoromethoxy)-4—fluorophenyl)pyridine

A solutlon of the compound of Intermediate Example 15(a) (2 2 g, 913 mmol)
in 1,2- dlmethoxyethane 50 ml) was degassed by N, bubbhng for 5 min. 2,6-Dichloro-4-
(4,4‘,5',5’-tetramethyl‘-1;3,2='d10xaborolan-2-yl-)pyr1d1ne (2.75 g, 10:04 mmol, 1.1°eq) was
added and the mixture was dégassed for another 5 min. PA@dppH)Cls (0:74 g, 0.9 mrhol,
0.1 eq) dnd aqueous sodium carbonate (2.9 g, 27.3 mmol; 2.5 €q) were added -
'svequelrltially uslng the procedure of Intermediate Example 1 and then heated at 110 °C
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for 4 h. The reaction mixture was then quenched and extracted as in Intermediate
Example 1. The solvent was distilled off to afford the crude residue which was purified
by colﬁmn'chromato'gvraphy‘-(60-120 silica gel, 10 % ethyl acetate in hexane) to afford-
the title product in 43% yield (1.2 g). LC-MS (ESI): Calculated mass: 306.98; Observed
‘méss: 307.85 [M+H]" (rt: 2.0 min). ) |

¢) N-(6-chloro-4-(2-(difluoromethoxy)-4-fluorophenyl)pyridin-2-yl)cyclo-
propanesulfonamide
“ U A solution of the compound of Intermediate Example 15(b) (0.5 g, 1.62 mmioly in
dioxane (10 ml) was degassed by N, bubbling for 5 min. Cyclopropane sulfonamide
0198, 1.62° mmol, 1 eq) was added and the mixture was degassed for another 5 min.-
'Péill‘adi'um aCefate (18 mg, O.’OS"‘- mmol, 0.05 eq) and xantphos (46 mg, 0.08 mmol, 0.05
eq) and cesium carbonate (1.56 g, 4.8 mmol, 3.0 eq) were added sequentially and the
reaction mixtuire was further:degassed for 5 min aiid then heated at 100 °C for 5 h. The
teaction mixture was filtered through celite pad and extracted with ethyl acetate (3 x 50
ml). The combined organic layer was washed with water, brine and dried over sodium
sulphate: The solvent was distilled off to afford the crude residiie which was purified by’
¢dlurmn chromatography (60-120 Silicé gel, 30 % ethyl acetate in hexane) in 47 % yield
(0.3 2). LC:MS (ESI): Calculated miass: 392.02; Observed mass: 392.85 [M+H]* (rt:
1.82 min). . A | | |
' Intermediate Example 16. -
" N-(6-chloro-4-(2,4-difluorophenyl)pyridin-2-yl)acetamide

- A solution of the compound of Intermediate Example 5(a) (0.5 g, 1.92 mmol) in "’
dioxane (20 ml) was 'degassed by N, bubbling for 5 min. Acetamide (0.11 g, 1.92 mmol,
1 eq) was added and the mixture was degassed for another 5 min. Palladium acetate (43 °
r?rig,' 0.19 mmol, 0.1 eq) and xantphos (222 mg, 0.38 mmol, 0.2 eq) and Cs,COs (1.88 g,
5.76 mmol, 3.0 eq) were added and the reaction mixture was further degassed for 5 min
and then heated at 100 °C for 16 h. The reaction mixture was filtered through celite and
extracted with ethyl acetate (3 x 50 ml). The combined organic layer was washed with’

water, bri‘ne and dried over sodium sulphate. The solvent waé distilled off to afford the
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crude residue which was purified by column chromatography (60-120 silica gel, 30 %
ethyl acetate in hexane) to afford the title product in 64.5 % yield (0.35 g). LC-MS
(ESI): Calculated mass: 282.04; Observed mass: 283.0 [M+H]" (rt: 1.60 min).

Example 1.
4-(2, 4-Difluorophenyl)-N-(1-methyl- 1 H-pyrazol-3-y1)-6-(5-(1-methyl-1H-
pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl) pyridin-2-amine

- 2)'6-Chloro-4- (2, 4- dlfluorophenyl)-N (4 (1- methyl ‘TH- pyrazol 4-yl) 2Lnitro:
phenyl)pyr1d1n2amme e T T T

A solution of the compound of Intermediate Example 5(a) (0.8 g, 3.07 mmol) in
toluene';(S ‘ml) ‘wat' degassed by N, bubbling for 5 min. The compound of Intermediate
Example 1 (0.8 g, 3.69 ‘mrhol, 1.2'eq) was added and the mixtire was dégassed for
another 5 thin. Palladium acetate (0.027 g, 0:123 mmol, 0.04 eq) and BINAP (0.076 g,
0.123 mmol, 0. 04 eq) and potassrum tert-butoxide (0.69 g, 6. 15 mmol 2.0 eq) were
added sequentrally and the rmxture ‘Wwas further degassed for5 rmn and then heated at
100 °C for 5 k' The Imxture was frltcred through celrte pad and extracted w1th ethyl
acetate (3 X 50 ml) ‘The combmed organrc layer was washed with water brine and dried
over sodlum sulphate The solvent was distilled: off to-afford the erude residue which
was’ purrfled by coliimn chromatography (60 120 siliéa gel, 30 % ethyl acétate in
hexane) in 29. 5 % yleld (0 4 g) LC-MS (ESI) Calculated mass: 441. 2; Observed mass:
4420[M+H] (rt184nun) Co o S

~‘>_-m.-t.“,- N

b) 1: (6 Chloro—4 (2 4 drﬂuorophenyl) pyrrdm 2 yl) 5- (1 methyl lH-pyrazol -4-
yl) lH-benzo[d]nmdazole o ‘

- To a solution of the compound of Example 1(a) (0.4 g, 0.907 mmol)'in formic -
acid (5 ml)‘{iroﬁ (0.5 2,9.07 mmol) was added and the mixture was heated at 100 °C for
16 h. The formic acid was distilled off and the crude product was dissolved in ethyl

acetate. The ethyl acetate layer was washed with water, brine and dried over sodium
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sulphate. The solvent was distilled off to afford the title product in 47 % yield (0.18 g).
LC-MS (ESI): Calculated mass: 421.2; Observed mass: 422.5 [M+H] * (rt: 1.83 min).

c) 4-(2, 4—Diﬂu0rophénjlj—N-(l-methyl- 1H-pyrazol-3-yl)-6-(5-(1-methyl-1H-
pyrazol-4-yl)-1H-benzo[d]imidazol-1 -yl) pyridin-2-amine

A solution of the compound of Example 1(b) (0.07 g, 0.166 mmol) in toluene (5
Ihl) was degassed by N bubbling for 5 min. 1-Methyl-1H-pyrazol-3-amine (0.024 g,
0.199.: mmol; 1.2.eq) was added and the mixture was degassed for another 5. min.:~ ..
Pd,(dba); (0.007.g, 0.0083 .mmol,’0.05 €q) and xantphos (0.005g,-0:0083 mmiol; 0 05
eq) and Cs,COs (0.162 g, 0.4988 mmol, 3. 0 eq) were added sequentially using the
procedure! of Example 1(a):and the mixture was heated at-100-°C for 16:h: The mixture
was filtered and extracted using the procedure of Example 1(a). The solvent was
distilled off to afford the crude residue which was purified by preparative HPLC to
afford the title product in 15 % ¥ield (12 'mg). "H NMR (400 MHz, CD30D): § 8.83 (s, °
1H),8.24-8.22 (d, 1H), 8.03'(s, 1H), 7.90-7.89 (d, 2H), 7.77-7.71 (m, 1H), 7:62-7.60 (m,
1H),7.51(d, 1H), 7:30:7.25 (d, 2H), 7.20-7.13 (m, 2H), 6.43-6.42 (d, 1H), 3.97 (s, 3H),
3.86(s, 3H): LC-MS' (ESI) ‘Calculated mass: 482.18; Observed mas§: 483.55 [M+H]
(rt157mm) B L S o

' Example2 cen T e e
CN=(44(2,4- dxfluorophenyl) -6-(5-(1-methyl- 1H-pyrazol- 4 yl) 1H- benzo[d]-
imidazol-1- yl)pyndm 2- yl)cyclopropanesulfonannde '

+ - A solution of the compound of Example 1(b) (42 mg, 0.1 mmol) in dioxane (1 -
ml) was degassed by N bubbling for 5 min. Cyclopropane sulfonamide (0.11 g, 0.1

mmol, 1 eq) was added and the mixture was degassed for another 5 min. Palladium

~ ‘acetate (2 mg, A0.008 mmol, 0.08-eq) and xantphos (5 mg, 0.008 mmol, 0.08 eq) and -
'Cs,COs (100 mg, 0:3 mmol, 3.0 eq) were added and the mixture was further degassed

for 5 min and then heated at 100.°C for 16 h. The mixture was filtered through celite and
extracted with ethyl acetate (3 x 50 ml). The combined organic layer was washed with '
water, brine and dried over sodium sulphate. The solvent was distilled off to afford the

¢rude residue which was purified by preparative HPLC to yield the title product in 20 %
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yield (10 mg). '"H NMR (300 MHz, CDQOD): 3 9.33 (s, 1H), 8.68 (d, 1H), 8.08 (s, 1H),
7.94-7.92 (m, 2H), 7.81-7.73 (m, 2H), 7.70 (s, 1H), 7.24-7.16 (m, 3H), 3.96 (s, 3H),
3.16-3.09 (m, 1H), 1.28-1.24 (m, 2H), 1.05-1.01 (m, 2H); LC-MS (ESI): Calculated
mass: 506.1; Observed mass: 507.1 [M+H]" (rt: 1.52 min).

Example 2 (imido).

Sodium salt of imido form of N-(4-(2,4-difluorophenyl)-6-(5-(1-methyl-1H-
pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)pyridin-2-yl)cyclopropanesulfonamide

The compound (34.mg) was prepared using the procedure described in Example 17., .
l(:imi_dp)_‘;s‘tar,tinnggom the title compound of Example 2. The desired:compound was
crystallized from ethanol, "H NMR. (300 MHz, DMSO-de);  8.83 (5, 1H), 8.81:8.78 (d,
1H), 8.19.(s, 1H), 7,93 (s, 1H), 7:88 (d, 1H), 7.76-7.68 (m, 1H), 7.53-7.5 (d, 1H), 7.45-
7.37 (dt, 1H), 7.27-7.20.(dt, 1H), 6.93 (s, 1H), 6.5 (s, 1H), 3.87 (s, 3H), 2.9 (m, 1H),
0.81-0.8 (m, 2H), 0.6—0.58 (m, 2H); LC-MS (ESI): Calculated mass: 506.1; Observed
mass: 506.8 [M+H]" (rt: 1.54min).

«E"X‘amplé K AL SN R
- N- (4-(2 4—d1ﬂuorophenyl) 6-(5-(1- methyl 1H-pyrazol-4 yl)-1H-benzo[d]- "
imidazol-1= yl)pyrldm 2~ yl)acetamlde e '

) ..-,Thefcomp;i_)ungl'-was‘ pre‘pared from the compound of Example 1(b) using the.
procedure of Example 2. 'H NMR (400 MHz, DMSO-dﬁ): 6 10.81 (s, 1H), 9.07 (s, 1H),
8.58 (d, 1H), 8.32-8.22 (m, 2H), 7.96-7.95 (m, 2H), 7.85-7.81 (m, 2H), 7.59 (d, 1H),
7.61-7.49 (m, 1H), 7.36-7.31 (m, 1H), 3.89 (s, 3H), 2.21 (s, 3H); LC-MS (ESI):
Calculated mass: 444:15; Observed mass: 445.3 [M+H]" (rt: 1.43 min).

~  Exampled.. = .

~N- 4-24- dlﬂuorophenyl) -6-(5-(1-methyl-1H- pyrazol 4-yl) 1H-benzo[d]-

imidazol:1- yl)pyrldm- -yl)methanesulfonarmde

The compound was prepared from the compound of Example 1(b) using the
procedure of Example 2. 'H NMR (400 MHz, DMSO-ds): 8 11.2 (s, 1H), 9.03 (s, 1H),
8.60 (d, 1H), 8.21 (s, 1H), 7.95 (s, 2H), 7.89-7.82 (m, 1H), 7.74 (s, 1H), 7.59-7.48 (m,
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2H), 7.34-7.31 (m, 1H), 7.05 (s, 1H), 3.87 (s, 3H), 3.38 (s, 3H); LC-MS (ESI):
Calculated mass: 480.12; Observed mass: 481.05 [M+H]" (rt: 1.39 min).
Example 5." '
N-(4-(2,4- dlﬂuorophenyl) 6-(5-(1-methyl-1H-pyrazol-4-yl)-1H- benzo[d]-
imidazol-1-yl)pyridin-2-yl)ethanesulfonamide

The compound was prepared from the compound of Example 1(b) using the
procedure of Example 2. 'H NMR (400 MHz, DMSO-dg): 6 11.1 (s, 1H), 9.02 (s, 1H),
8:61 (d, 1H), 8.22 (s, 1H),7:95-7.94 (m, 2H), 7.89-7.83 (m, 1H); 7.74 (s; 1H), 7.60-7.56
(m; 1H), 7.54-7.48 (m; 1H); 7.36-7.31 (m, 1H), 7.06.(s,-1H), 3.87:(s, 3H), 3.54 (quartet,
2H), 1.26:(t,:3H); LC-MS (ESI): Calculated mass: 494.13; Observed mass: 494.8
[M+H]fa,(rt< LSmin): v o0 e e i

. Example:5 (1m1d0) CATIEE : '

Sodium salt of imido form of N-(4-(2,4-difluorophenyl)-6-(5-(1- methyl 1H-
pyrazol -4: yl) 1H: benzo[d]umdazol 1-yl)pyr1dm-2 yl)ethanesulfonarmde S
Thé compound (30 mg) was prepared using the procedure described in Example 17
(imido) startitig fron the'title compourid of Example 5. The desired compound was ' -
washed with diethylether and dried: "H NMR (300 MHz, DMSO-dq): & 8.83'(s, 1H),
8.8-8.7 (d, 1H), 8.19 (s, 1H); 7.93 (s, 1H), 7.88 (s, 1H), 7.73-7.69 (m; 1H), 7.52-7.49

(dd, 1H), 7.27-7:21 (t, 1H), 6.94 (s, TH), 6.48 (s, 1H), 3.87 (s, 3H), 3.11-3.04 (q, 2H),
1.14-1.07 (t 3H); LC-MS (ESI) Calculated mass: 494.13; Observed mass: 495. 1
[M+H] (rt 142mln) s SR ’

Example 6.
N- (424 dlﬂuorophenyl) -6- (5 “(1:methyl-1H- pyrazol 4-y1)- 1H benzo[d]- -
1mldazol 1-yI)pyr1d1n-2 yl)propane 2-silfonamide S '

*‘The compound was prepared from the compound of Example 1(b) using the
procedire of Example 2. "H NMR (400 MHz, DMSO-dq): 8'11:1-(s, 1H), 9.04(s, 1H),
8:67 (d, 1H), 8.22 (s, 1H), 7.96-7.94 (m, 2H), 7.87-7.85 (m, 1H), 7.73 (s, 1H), 7.61-7.52
(m, 2H), 7.34 (m, 1H), 7.06 (s, 1H), 3.95 (m, 1H), 3.87 (s, 3H), 1.33 (d, 6H); LC-MS
(ESD): Calculated mass: 508.15; Observed mass; 509.05 [M+H]" (rt: 1.65 min).
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Example 6 (imido).
Imido form of N-(4-(2,4-difluoropheny!)-6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-
henzo[d]im_idazol—1-yl)pyridiu-2¢y1)propane~2fsul_fonamide

A slurry of the crude res1due of the compound of Example 6(12g) was stirred at 65 °C
W1th THF (166 ml) and flltered in hot condition. The solid material was dried under
vacuum to afford 3.5 g of the title compound. 'H NMR(400MHz, DMSO-ds) & 8.83-
8.81 (m, 2H), 8.18 (s, 1H), 7.92 (s, 1H), 7.87 (s, 1H), 7.73-7.69 (m, 1H), 7.5-7.48 (d,
lH) 7.43-7.37 (dt, 1H), 7.25-7.21(dt, 1H), 6.93 (s, 1H), 6.49 (s, 1H), 3.87 (s, 3H), 3.75-
3.65 (sep, 1H), 1.16-1.14 (d, 6H); LC-MS (ESI): Calculated riass: 508.15 (free base);
Obsérved mass: 508.8'[M+H]" (free base) (rt: 1.51 min).

o Example 7 : .
| - N-(4-(2, 4 dlﬂuorophenyl) 6 (5 (1 methyl- lH—pyrazol -4- yl) 1H- benzo[d]-
imidazol 1-yDpyridin-2-yl)pyridazin-3-amine

The compound was prepared from the compound of Example l(b) usmg the
procedure of Example 2 lH NMR (400 MHz DMSO-dG) 8 10.29 (s, 1H), 8. 93 (s, ll-I)
890887(m 1H), 8.43- 842(m lH) 8.24-8. 18(m 2H), 8.15-8.10 (m, 2H), 7.99 (s,
lH) 7. 96 (s, 1H), 7. 65-7 62 (m 2H) 7 5-7.44 (m, lH) 1.36-7.28 (m, 2H) 3.87 (s, 3H);
LC- MS (ESI) Calculated mass 480 16 Observed mass: 481.1 [M+HT" (rt l 39 min).

Example8. '

N-(4 (2-ﬂuorophenyl) 6 (5- (l—methyl 1H- pyrazol—4 yl)-1H- benzo[d]lmldazol 1-
yl)pyrxdm -2- yl)cyclopropanesulfonarmde

: a)f 2,6-Dichloro-4-(Z#ﬂUOrophenYI)pyridihe‘

A SOIUthIl of 2 6- d1chloro-4 10dopyr1dme (1 09¢g,4 mmol) in 1,2- dtmethoxy-
ethane (15 ml) was degassed by Nz bubbling for 5 min. 2- Fluorophenylboromc acid
(0 67 g, 4.8 mmol, 1.2 eq) was added and the mixture was degassed for another 5 min.
Pd(dppf)Clz (0. 33 g, 0.4 mmol, 0.1 eq) and aqueous sodium carbonate (1. 27 g, 12

mmol, 3 eq) were added sequentially using the procedure of Intermediate Example 1 and
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the mixture was then heated at 90 °C for 2 h. The reaction mixture was then quenched
and extracted as in Intermediate Example 1. The solvent was distilled off to afford the
crude residue which was purified by column chromatography (60-120 silica gel, 1 %

ethyl acetate in hexélne) to yield the title product in 100 % yield (0.97 g).

b) 6-Chloro-4-(2-fluorophenyl)-N-(4-(1-methyl- 1H-pyrazol-4-yl)-2-nitrophenyl)

pyridin-2-amine

A solution of the ¢ompouind of Example 8(a) (0.97 g, 4 minol) in toluene (5 ml)
was degassed by N, 'blibl:')‘l‘in;g for 5 min. The compound of Intermediate Example 1"
(0.96 g, 44 rnrn'ol; 1.1eq) was added and the mixture was degassed for another 5 min.
Palladiurn acetate (36 mg, 0.16 mmol, 0,04 eq) and BINAP: (99 mg, 0.16 mmol, 0.04
eq) and potassium tert-butoxide (0.67 g, 6 mmol, 1.5 eq) were added sequentially
following the procedure of Example 1(a). The crude residue of the product was purified
by coltimn chromatography (60-120 silica gel, 50 % ethyl acetate in hexane) in 36 %
yield (0.6 g). LC-MS (ESI) Calculated mass: 423.09; Observed mass: 424.05 [M+H]
(rt 204mm) R ‘ AR e

) 1 (6 chloro 4: (2 ﬂuorophenyl) pyndm -2- yl) -5- ( 1 methyl lH—pyrazol 4 yl)- :

1H: benzo[d]lmldazole

_ Toa solution the compound of Example 8(b) (0.59 g, 1.4 mmol) in formic acid -
(5 ml), iron (0.78 g; 14. mmol) was added and heated at 100 °C for 16 h. The formic
acid was distilled off and the crude product was dissolved in.ethyl acetate. The ethyl
acetate layer was washed with water, brine and dried over sodium sulphate. The solvent
was distilled off to afford thé title product in 53 % yield (0.3 g). LC-MS (ES):
Calculated mass: 403.1; Observed mass: 404.1 [M+H] * (rt: 1.66 min). -

- d) N-(4-(2-fluorophenyl)-6-(5-(1- methyl 1H- pyrazol-4 yl) 1H- benzo[d]lrmdazol-
1- yl)pyrldm -2- yl)cycIopropanesulfonannde b

=+ . A solution-of the‘c_ompound of Example 8(c) (0.1 g, 0.25 mmol) in dioxane (1
ml) was degassed by N bubbling for 5 min. Cyclopropane sulfonamide (30 mg, 0.25



10

15

20

25

30

WO 2014/162039 PCT/F12014/000003

49

mmol, 1 eq) was added and the mixture was degassed for another 5 min. Palladium
acetate (5 mg, 0.02 mmol, 0.08 eq) and xantphos (12 mg, 0.02 mmol, 0.08 eq) and
Cs,CO; (0.24 g, 0.75 mmol, 3.0 eq) were added and the mixture was further degassed
for 5 min and then heated at 100 °C for 16 h. The mixture was filtered through celite and

extracted as in Example 1. The solvent was distilled off to afford the crude residue

‘which was purified by pfeparative' HPLC to afford the 'title‘prodiuct in 8 % yield (‘10 mg).

'H NMR (400 MHz, CD;0D): & 8.91 (s, 1H), 8.62 (d, 1H), 8.05 (s, 1H), 7.91 (m; 2H),
7.73-7.67 (m, 3H) 7.58-7.52 (m, 1H), 7.41-7.33 (m, 2H), 7.21 (s, 1H), 3.97 (s, 3H),
3.17-3.15 (th, 1H), 1:30-1.26 (m, 2H); 1.06-1.04 (m 2H); LC-MS (ESI) Calculated
imass: 488.14; Observed mass: 489.2 [M+H] (rt 1.46 rmn) b e
" ‘Examiple 8 (1m1do) ' ' .
* Sodium salt'of imido form'of N-(4-(2- ﬂuorophenyl) -6-(5-(1 methyl 1H: pyrazol-f
ﬁyl)— 1 H-benzo[d] 1rn1,\dazol- 1 —yI)pynd1n-2-yl)cyclopropaneSulfonanude '

The compound (45 'mg) was prepared using the procedure described in Example 17"
(imido) starting from the title compound of Example 8. '"H NMR (300 MHz, DMSO-
de) 5882(5, lH) 879 876(d 1H), 8.18 (s, 1H), 7.91 (s, IH) 7.87 (d, lH) 7.67-7.62
(m '1H),7.52-7.42 (m 2H) 7.37-7. 31 (m, 2H), 6.93 (s, 1H), 6.53 (s IH) 3.86 (s, 3H)
2 89 (m, lH) 0.82-0.79 (m 2H) 0.61-0.57 (m, 2H); LC-MS (ESI) Calculated mass:
488.14; ObServed mass: 4894 [M+H]Jr (rt: 1.49 mm) R

Example 9,
N-(4 (2-ﬂuorophenyl) -6- (5 (l-methyl 1H-pyrazol-4-y1) 1H- benzo[d]lmldazo] 1-
yl)Py“dm 2-y1)acetamlde O

" The compound was prépared from the compound of Example 8(c) using the
i)rocédu’ré‘of Example 8. "H NMR (300 MHz, CD;0D): § 8.88 (s, 1H), 8.37-8.35 (m,
2H), 8.01 (s, TH), 7.87 (m, 2H), 7.69-7.61 (m, 3H), 7.59-7.49 (m, 1H), 7.36-7.34 (m,
2H), 3.95 (s, 3H), 2.26 (m, 3H); LC-MS (ESI): Calculated mass: 426.16; Observed
mass: 427.25 [(M+H]" (rt: 1.4 min). '

Example 10. - S . : :

-N- (4 (2-fluorophenyl)-6-(5- ( 1-methyl- 1H- -pyrazol- 4-y1) lH—benzo[d]nmdazol 1-
yDpyridin-2-yl)methanesulfonamide '
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- The compound was prepared from the compound of Example 8(c) using the
procedure of Example 8. '"H NMR (300 MHz, DMSO-dg): 6 11.2 (s, 1H), 9.02 (s, 1H),
8.60 (d, 1H), 8.20 (s, 1H), 7.94 (s, 2H), 7.74 (m, 2H), 7.56 (m, 2H), 7.41 (m, 2H), 7.07
(s, 1H), 3.86 (s, 3H), 3.38 (s, 3H); LC-MS (ESI): Calculated mass: 462.13; Observed
mass: 463.1 [M+H]" (tt: 1.31 min). |

Example 11.
N-(4-(2-fluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)- 1H-benzo[d]imidazol-1-
yD)pyridin-2-yl)ethanesulfonamide

+ . The compound was prepared from the compound of Example:8(c) using the: -
procedure of Example 8(d). "H NMR (400 MHz, DMSO-dg): 8 11.1 (s, 1H), 9.03 (s,
1H), 8.61 (d, 1H), 8.22 (s, 1H), 7.95-7.94 (m, 2H), 7.79-7.76 (m, 2H), 7.60-7.57 (m,
2H), 7.46-7.40 (m, 2H), 7.09 (s, 1H), 3.87 (s, 3H), 3.55 (quartet, 2H), 1.26 (t, 3H); LC-
MS (ESD: Calculated mass: 476.14; Observed mass: 477.0 [M+H]" (rt: 1.41 min).

Example 11 (imido). ‘
‘ . Sodium salt of imido. form of N-(4-(2-fluorophenyl)-6-(5-(1-methyl- IH pyrazol-
4- yl) IH-benzo[d]nmdazol l-yl)pyrldm -2~ yl)ethanesulfonamlde '

The (;ompound (34 mg) was pgepa:ed using the procedure described in Example 17 .
(imido) starting from the title cdmpound of Example 11. The desired compound was
washed with diethyl ether and dried. _IH NMR (400 MHz, DMSO-d): 6 8.83 (s, 1H),
8.8-8.78 (d, 1H), 8.2 (s, 1H), 7.93 (s, 1H), 7.89-7.88 (d, 1H), 7.68-7.65 (dt, 1H), 7.52-
7.46 (m, 1H), 7.38-7.33 (m, 2H), 6.96 (s, 1H), 6.51 (s, 1H), 3.22 (s, 3H), 3.11-3.06 (q,
2H), 1.14-1.08 (t, 3H); LC-MS (ESI): Calculated mass: 476.14; Observed mass: 477.0 .
[M-IfH]* (rt: 1.41 min). Observed mass: 476.8 [M+H]" (rt: 1.37 min).

. Example 12.
- N-(4-(2-fluorophenyl)-6-(5-(1-methyl-1H- pyrazol-4 yl) 1H-benzo[d}imidazol-1-
yl)pyndm -2- yl)propane—Z -sulfonamide

The compound was prepared from the compound of Example 8(c) using the
procedure of Example 8. 'H NMR (300 MHz, DMSO-ds): 6 11.03 (s, 1H), 9.03 (s, 1H),



10

15

20

25

30

WO 2014/162039 PCT/F12014/000003

51

8.67 (d, 1H), 8.22 (s, 1H), 7.96-7.94 (m, 2H), 7.79-7.73 (m, 2H), 7.61-7.55 (m, 2H),
7.42-7.39 (m, 2H), 7.08 (s, 1H), 3.96-3.93 (m, 1H), 3.87 (s, 3H), 1.33 (d, 6H); LC-MS
(ESD): Calculated mass: 490.16; Observed mass: 491.1 [M+H]" (rt: 1.48 min).
Exaxﬁple 12 (imido).
Sodium salt of imido form of N-(4-(2-fluorophenyl)-6-(5-(1-methyl-1H-pyrazol-
4-yl)-1H-benzo[d]imidazol-1-yl)pyridin-2-yl)propane-2-sulfonamide

The title compound (24 mg) was prepared using the procedure described in Example 17
(imido) starting from the title compound of Example 12. '"H NMR (400 MHz, DMSO-
de): 3'8.:83-8.81 (m, 2H), 8.19'(s, TH), 7.92 (s, 1H), 7.87 (d, 1H), 7.67-7.63 (dt, 1H), '
7.51-7:46 (m, 2H), 7.37-7.32 (m, 2H), 6.94 (s, 1H), 6.51 (s, 1H); 3.87 (s, 3H), 3.75-3.65
(m, 1H);1.16-1.14 (4, 6H); LC-MS (ESID): Calculated mass: 490.16; Observed mass:
491.4 [M+HY" (tt: 1.5 miin). =~ | - R

Example 13.
* N-(4-(2- ﬂuorophenyl) -6-(5+(1- methyl ‘1H- pyrazol -4- yl) 1H- benzo[d]mndazol 1-
yl)pyrldm 2—y1)pyr1da21n 3 “amine B o B

" The compound was prepared from the compound of Example 8(c) using the
procedure of Example 8. "HNMR (400 MHz, DMSO-de): 6 10.49 (s, 1H), 9.01 (s, 1H),
8.85-8.83 (m, 1H), 8.32-8.29 (m, 1H), 8.20 (s, 1H), 8.05 (s, 1H), 7.99-7.94 (m, 3H), -
7.79-7.78 (m, 1H), 7.63-7.58 (m, 4H), 7.47-7.41 (m, 2H), 3.87 (s, 3H); LC-MS (ESI):
Calculated mass: 462.17; Observed mass: 463.2 [M+H]" (rt: 0.95 min).

Example 14. _ _ -
N-(4- (4 ﬂuorophenyl) :6-(5-(1-methyl- 1H—pyrazol-4 yl)-1H- benzo[d]lrmdazol 1-
yl)pyrldm -2- yl)cyclopropanesulfonarmde

©a) 2,6'-Dichloro-.4-(4-ﬂuo‘rophenyl)pyridine

- A solution of 2,6-dichloro-4-iodopyridine (2.18 g, 8 mmol) in 1,2-dimethoxy-
ethane (15 ml) was degassed by N, bubbling for 5 min. 4-Fluorophenylboronic acid
(1.34 g, 9.6 mmol, 1.2 eq) was added and the mixture was degassed for another 5 min.

Pd(dppf)Cl; (1.3.g, 1.6 mmol, 0.2 eq) and aqueous sodium carbonate (2.54 g, 24 mmol,
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3 eq) were added sequentially using the procedure of Intermediate Example 1 and the
mixture was then heated at 90 °C for 2 h. The reaction mixture was quenched and
extracted as in Intermediate Example 1. The solvent was distilled off to afford the crude
residue which was purified by column chromatography (60-120 silica gel, 1 % ethyl
acetate in hexane) to yield the title produet in 77 % yield (1.5 g). LC-MS (ESI):
Calculated mass: 240.99; Observed mass: 242.0 [M+H]" (rt: 1.95 min).

b) 6-Chloro-4-(4- ﬂuorophenyl) -N-(4-(1-methyl-1H-pyrazol-4-yl)-2- mtrophenyl)
pyridin-2-amine - ' ' ‘

‘Al solution of the compound 'ofﬁExample 14(a) (0.97 g, 4 mmol) in toluene (5'ml)
was degassed by N; bubbling for S miin. The compound of Intermediate Example 1
(0.96 g',‘4.'4 mmol, 1.1 eq) was added and the mixture was degassed for another 5 min.
Paliladiu;m’ acetate (36 mg, 0.16 mmol, 0.04 eq) and BINAP (99 mg, 0.16 mmol, 0.04
eq) and potassium fert-butoxide (0.67 g, 6 mmol, 1.5 eq) were added sequentially
following‘the procedure of Example 1(a). The crude residue of the product was pﬁrified
by column chromatography (60 120 silica gel, 50 % ethyl acetate in hexane) in 15 %
yleld 0.25 g)

<) N 1-(6- chloro-4 -(4- ﬂuorophenyl)pyrldln -2- yl)—4 (1-methyl- 1H-pyrazol-4- yl)-

benzene 1 2-diamine -

- To a solution of the compound of Example 14(b) (0.25 g, 0.6 mmol) in THF (10
ml) were added a solution of ammonium chloride (0.26 g, 4.8 mmol, 8 eq) in water (2
ml) and zinc (0.31 g 4.8 mmol, 8 eq). The mixture was stirred at RT for 6 h and filtered.
The filtrate was diluted with water and extracted as in Intermediate Example 1. The
solvent was distilled off to afford the title product in 100 % yield (0.24 g). LC-MS
(ESI): Calculated mass: 393.12; Observed mass: 394.5 [M+H]* (rf: 1.59 min).

- d) 1-(6-chloro-4-(4- ﬂuorophenyl) pyr1d1n -2- yl) -5-(1- methyl 1H-pyrazol-4- y])
1H- benzo[d]mndazole ' B : :
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A solution of the compound of Example 14(c) (0.24 g, 0.6 mmol) and formic
acid (5 ml) was heated at 100 °C for 16 h. The formic acid was distilled off and the
crude product was extracted as in Example 8(c). The solvent was distilled off to afford
the title product in 38 % yield (90 mg). LC-MS (ESI): Calculated mass: 403.1;
Observed mass: 404.2 [M+H] * (rt: 1.68 min).

e) N-(4-(4-fluorophenyl)-6-(5-(1-methyl- 1H-pyrazol-4-yl)-1H-benzo{d]imidazol-
1-yl)pyridin-2-yl)cyclopropanesulfonamide

- A solution the compound of Example 14(d) (40 mg, 01 mmol) in dioxane (1 ml)

was degassed by N, bubbling for 5 min. Cyclopropane sulfonamide (12 mg, 0:1 mmol, 1
€q) was added and the'mixture was degassed for another 5 min. Palladium acetate (2 mg,
0.008 mmol, 0.08 eq) and xantphos (5 mg, 0.008 mmol, 0.08 eq) and Cs,COj3 (0.1 g, 0.3
mmol, 3.0 eq) were added and the mixture was further degassed for 5 min and then
heated at 100 °C for 16 h. The mixture was filtered through celite and extracted as in
Example 1. The solvent was distilled off to afford the crude residue which was purified
by preparative HPLC to afford the title product in 20 % yield (10 mg). "H NMR (400
MHz, CD;OD): & 8.97 (s, 1H), 8.68 (d, 1H), 8.06 (s, 1H), 7.92-7.89 (m, 4H), 7.73 (m,
1H), 7.69-7.67 (m, 1H), 7.34-7.29 (m, 2H), 7.21 (m, 1H), 3.97 (s, 3H), 3.16-3.09 (m,
1H), 1.30-1.26 (m, 2H), 1.05-1.03 (m, 2H); LC-MS (ESI): Calculated mass: 488.14;
Observed mass: 489.1 [M+H]" (rt: 1.5 min). o ‘

Example 15. | B

N-(4-(4-fluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-
yDpyridin-2-yl)acetamide -~ - ' '

The compound was prepared from the compound of Example 14(d) using the
procedure of Example 14. '"H NMR (400 MHz, DMSO-dg): 6 10.75 (s, 1H), 9.13 (s,
1H), 8.59 (d, 1H), 8:29 (d, 1H), 7.93-7.89 (m, SH), 7.56 (d, 2H), 7.43-7.4 (m, 2H), 3.86
(s, 3H), 2.19 (m, 3H); LC-MS (ESI): Calculated mass: 426.16; Observed mass: 427.5°
[M+H]" (rt: 1.47 min).

Example 16.

- N-(4-(4-fluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-
yl)pyridin-2-yl)methanesulfonamide
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The compound was prepared from the compound of Example 14(d) using the
procedure of Example 14. 'H NMR (400 MHz, DMSO-dg): 6 11.2 (s, 1H), 9.12 (s, 1H),
8.63 (d, 1H), 8.22 (s, 1H), 7.96-7.92 (m, 4H), 7.86 (s, 1H), 7.59-7.57 (m, 1H), 7.46-7.42
(m, 2H), 7.11 (s, 1H), 3.88 (s, 3H), 3.38 (s, 3H); LC-MS (ESI): Calculated mass:
462.13; Observed mass: 462.8 [M+H]" (rt: 1.43 min).

Example 17.

N-(4-(4-fluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-
yDpyridin-2-yl)propane-2-sulfonamide

- The.compound was prepared from the compound of Example 14(d) using the -
procedure of Example ‘l'4(e‘).:-1:H NMR (300 MHz, DMSO-dg): 6 11.0 (s, 1H), 9.13 (s, -
1H),-8:68 (d, 1H), 8.22 (s, 1H), 7.96-7.87 (m, 5H), 7.62-7.58 (m, 1H), 7.47-7.41 (m,
2H),7.12 (s, 1H), 3.99-3.93 (m, 1H); 3.87 (s, 3H), 1.34 (d, 6H); LC-MS (ESI):
Calculated mass: 490.16; Observed mass: 491.05 [M+H]" (rt: 1.58 min).

Example 17 (imido).:
.- Sodium salt of imide form: of N-(4- (4 ﬂuorophenyl) -6-(5-(1-methyl-1H-pyrazol-
4-y1) 1H—benzo[d]mndazol 1- yl)pyndm 2-yl)propane 2-sulfonamide © K

T the compound of Example 17 (37 mg) isopropyl alcohol (1 ml) and sodium zert-
butoxide (7'mg) were added and after refluxing overnight the mixturé was evaporated to
yield 32 mg of the title compound. "H NMR (300 MHz, DMSO-ds): § 8.9 (s, 1H), 8.87-
8.84 (d, TH), 7.9 (s, 1H), 7.85-7.8 (m, 3H), 7.49-7.46 (d, 1H), 7.35-7.29 (t, 2H), 7.08 (s
1H), 6.6'(s; 1H), 3.86'(5, 3H), 3.73-3.69 (m, 1H), 1.15-1.31 (d 6H) ‘Calculated miass:
490.16; Observed tnass: 49145 [M+H] (rt: 1 52m1n) L S

EXatﬁble 8.
" N- (3 flioro-6'- (5- (I-methyl 1H- pyrazol-4-yl) 1H- benzo[d]lrmdazol 1- yl) [2,4'-
b1pyr1dm]—2 yl)cyclopropanesulfonanude ‘ ' : , :

a) '2,6-'Dichlor‘o-‘4—.(4,4",5;S-tetramethyl- 1,3,2-dioxaborolan-2-yl)pyridine ‘-
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A seiﬁtion of 2,6—dichlorq—4-iodopyridine (15 g, 54.9 mmol) in DMF (150 ml)
was degassed by N, bebbling for 5 min. Bispinacolato diborane (17.63 g, 82.4 nunol;
1.5 eq) was added and the nﬁxture was degassed for another 5 min. Pd(dppf)Cl, (2.24 g,
2.7 mmol, 0.05 eq) and petaésium acetate (8.07 g, 82.4 mmol, 1.5 eq) were added
sequentially using the procedure of Intermediate Example 1> and the mixture was then
heated‘ at 90 °C for 3 h. The reaction mixture was then quenched and extracted as in
Intermediate Example 1. The solvent was distilled off to afford the crude residue which
was purified by column chromatography (60—120 silica gel, 50 % ethyl acetate in
hexane) to afford the title product in 67 % yleld (10 g). 'H NMR (300 MHz, CDC13) 'S
7.59 (s 2H) 1.35 (s, 6H) 1.26 (s 6H). ’

" "by 2,6-Dichloro-3-fluoro-2,4"bipyridine-

A solution of 2-bromo-3-fluoropyridine (3 g, 17 mmol) in 1,2-dimethoxyethane
(30 mL) was degassed by N5 bubbling for 5 min. The compound of Example 18(a) (9.3
g, 34 mmol, 2 eq) was added and the mixture was degassed for another 5 min.
Pd(dppf)Cl, (1.39 g, 1.7 mmol 0.1 eq) and aqueous sodium carbonate (4 5 g, 42 mmol
2.5eq) were added sequentlally usmg the procedure of Intermediate Example 1 and the
mixture was then heated at 110 °C for 4 h. The reaction mixture was then quenched and
extracted as in Intérmediate Example 1. The solvent was distilled off to afford the crude
residue which was burified by column chromatography (60-120 silica gel, 10 % ethyl
acetate in hexane) to afford the title product in 30 % yield (1.2 g). 'H NMR (300 MHz,
CDC13) §7.61-7.55 (m, 2H) 7 42 7.31 (m, 3H). ‘

c) 6'-chloro 3- ﬂuoro N-(4 (1-methyl-1H-pyrazol-4- yl) 2 mtrophenyl) [2,4'-bi-
pyrldm] -2'-amine

A ‘svol‘uti'en of the; compoundof Exémple 1 S(b) (1.2"’g,‘5 mmol) in dioxeee (12
ml) was degassed by N, bubbling for 5 min. The compound of Intermediate Example 1
(1.29'g, 6 mmol, 1.2 eq) was:a'dfded and the mixture Was degassed for another 5 min.
Palladium acetate (110 mg, 0.5 mmol, 0.1 eq) and BINAP (610 mg, 1 mmol, 0.2 eq)
and cesium carbonate (4.07 g, 12.4 mmol, 2.5 eq) were added sequentially following the
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procedure of Example 1(a). The crude residue of the product was purified by column
chromatography (60-120 silica gel, 70 % ethyl acetate in hexane) to yield the title
product in 38 % yield (0.8 g).

d) N1-(6'-chloro-3- ﬂuoro [2,4'-bipyridin]-2'-y1)-4-(1-methyl-1H-pyrazol-4-yl)-

benzene—l 2-diamine

To a solution of the compound of Example 18(c) (0.8 g, 1.9 mmol) in THF (15
ml) were added a solution of ammonium chloride (0.8 g, 15.1 mmol, 8 eq) in water (5
ml) and zinc,(0.97 g, 15.1 mmol, 8 eq). The mixture was stirred at RT for 6 h and
filtered. The filtrate was diluted with water and extracted as in Intermediate Example 1.
The solvent was distilled off to afford the title product in 100 % yield (0.8 g). LC-MS
(ESI): Calculated mass: 394.11; Observed mass: 395.0 [M+H] * (rt: 1.34 min). |

e) 1-(6'-chloro-3-fluoro-[2,4'- b1pyr1d1n] -2'-yl)-5-(1- methyl lH—pyrazol 4- yl) 1H-

benzo[d]imidazole

.+ A solution of the compound. of Example 18(d) (0.4 g, 1 mmol) and formic acid
(5'ml) was heated at 110°C for 12 h. The formic acid was distilled off and the crude was
extracted as in Example 8(c). The solvent was distilled off to afford the title product in
100 % yield (0.4 g). "H NMR (300 MHz, CD;0D): & 8.95 (s, 1H), 8.64 (m, 1H), 8.38 (s,
1H), 8.29-8.27 (m, 2H), 8.03-8.02 (m, 2H), 7.92-7.81 (m, 2H), 7.69-7.64 (m, 2H), 3.95
(s, 3H). ‘

f) N-(3-fluoro-6'-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo{d]imidazol-1-yl)-
[2.,4- b1pyr1d1n] 2'-yl)cyclopropanesulfonanude B

A solution of the compound of Example 18(e) (40 mg, 0.1 mmol) in dioxane (1
ml) was degassed by N, bubbling for 5 min. Cyclopropane sulfonamide (12 mg, 0.1
mmol, 1 eq) was added and the mixture was degassed for another 5 min. Pd,(dba); (9
mg, 0.01 mmol, 0.1 eq) and xantphos (6 mg, 0.01 mmol, 0.1 eq) and Cs,CO3 (80 mg,
0.25 mmol, 2.5 eq) were added and the mixture was further degasse‘d for 5 min and then

heated at110 °C for 16 h: The mixture was filtered through celite and extracted as in
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Example 1. The soIveﬁt was distilled off to afford the crude residue which was purified
by column chromatography (60-120 silica gel, 10 % methanol in CHCl;) to afford the
title product in 50 %_ yield (15 mg). 'H NMR (300 MHz, DMSO-dg): 8 11.22 (s, 1H),
9.0 (s, 1H), 8.69-8.63 (m, 2H), 8.24 (s, 1H), 8.04-7.98 (m, 4H), 7.71-7.6 (m, 2H), 7.49
(s, lH) 3.88 (s, 3H), 3.17-3.15 (m, 1H), 1.13-1.12 (m, 2H), 1.05-1.02 (m, '2H); LC-MS
(ESD: Calculated mass: 489.14; Observed mass: 490.01 [M+H]" (rt: 0.57 min).
~ Example 19.

N-(3- fluoro-6'- -(5-(1- methyl IH—pyrazol -4-yl)- lH—benzo[d]lmldazol 1-y1)-[2.4'-
blpyndm] 2'-yl)acetamlde ' I ‘

- The compound was prepared from the compound of Example 18(e) using the
proécduré of Example: 1.8. 'H NMR (300 MHz, DMSO-dg): 6 11.1 (s, 1H), 9.34 (s, 1H),
8.84 (s, 1H), 8.62.(d, 1H), 8.45 (d, 1H), 8.12 (s, 1H), 8.07 (s, 1H), 7.94-7.92 (i, 2H),
7.86-7.74 (m, 2H), 7.63-7.57 (m, 1H), 3.89 (s, 3H), 2.22 (m, 3H); LC-MS (ESD):
Calculated mass: 427.16; Observed mass: 428.3 [M+H]" (¢t: 0.7 min).

Example 20. - - .
N-(3-flaoro-6'-(6-(1-methyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-3-yl)-
[2,4‘-bip’yridin]-2'-yl)cyclopropanesulfonamide '

a) 6'-Chloro-3-fluoro-N- -(5-(1-methyl-1H-pyrazol-4-yl)- 3—n1tropyr1d1n -2-yD)-[2,4'-
bipyridin]-2'-amine

A solution of 2',6'-dichloro-3-fluoro-2,4"-bipyridine (0.5-g, 2.1 mmol) in dioxane
(12 ml):was degassed by N, bubbling for 5 min. The compound of Intermediate
Example 7 (0.55 g; 2.5 mmol, 1.2 eq) was added and the mixture was degassed for
another 5 min. Pd,(dba);(0.19 g, 0.21 mmol, 0.1 eq) and xantphos (0.24 g, 0.42 mmol,
0.2 eq) and cesium carbonate (1.68 g, 5.2 mmol, 2.5 eq) were added sequentially
f'oll‘oW’ing;the procedure of ‘E)"(a"mple 1(a). The crude residue of the product was purified
by column chromatography (60-120 silica gel, 70 % ethyl acetate in hexane) to yield the
title product in 32 % yield (0.28 g). LC-MS (ESI): Calculated mass: 425.08; Observed
mass: 426 3 [M+H] (rt: 1.72 mm) ‘
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b) N2-(6'-chloro-3-fluoro-{2,4'-bipyridin]-2'-yl)-5-(1-methyl- 1H-pyrazol-4-
y)pyridine-2,3-diamine

To a solution of the compound of Example 20(a) (0.28 g, 0.7 mmol) in THF (10
ml) were added a solution of ammonium chloride (0.28 g, 5.6 mmol, 8 eq) in water (5
ml) and zinc (0.33 g, 5.6 mmol, 8 eq). The mixture was stirred at RT for 2 h and filtered.
The filtrate was diluted with water and extracted as in Intermediate Example 1. The

solvent was distilled off to afford the title product in 72 % yield (0.2 g).

¢) 3-(6'-Chloro-3-fluoro-[2,4'"-bipyridin]-2'-yl)-6-(1-methyl- IH—pyrazol-4—y1)-3H-
imidazo[4,5-b]pyridine

A solution the compound of Example 20(b) (0.2 g, 0.5 mmol) and formic acid (5
ml) was heated at 100°C for 16 h. The formic acid was distilled off and the crude was
extracted as in Example 8(c). The solvent was distilled off to afford the title product in

75 % yield (0.15 g).

. d) N-(3-fluoro-6'-(6-(1-methyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-b]pyridin-3-yl)-
[2,4'-bipyridin]-2'-yl)cyclopropanesulfonamide

A solution of the compound of Example 20(c) (40 mg, 0.1 mmol) in dioxane (1
ml) was degassed by N, bubbling for 5 min. Cyclopropane sulfonamide (14 mg, 0.12
mmol, 1.2 eq) was added and the mixture was degassed for another 5 min. Pd,(dba); (9
mg, 0.01 mmol, 0.1 eq) and xantphos (6 mg, 0.01 mmol, 0.1 eq) and Cs,CO3 (80 mg,
0.25 mmol, 2.5 eq) were added and the mixture was further degassed for 5 min and then
heated at 110 °C for 16 h. The mixture was filtered through celite and extracted as in .

Example 1. The solvent was distilled off to afford the crude residue which was purified

- by column chromatography (60-120 silica gel, 10 % methanol in CHCl5) to afford the

title product in 8 % yield (5 mg). '"H NMR (300 MHz, CDCls): & 9.24 (s, 1H), 9.16 (s,
1H), 8.69 (s, 1H), 8.64 (m, 1H), 8.3 (s, 1H), 7.98 (s, 1H), 7.85 (s, 1H), 7.73 (s, 1H),
7.61-7.58 (m, 2H), 7.48-7.44 (m, 1H), 4.0 (s, 3H), 2.88 (m, 1H), 1.40-1.31 (m, 2H),
1.08-1.1 (m, 2H); LC-MS (ESI): Calculated mass: 490.13; Observed mass: 491.0
[M+H]" (rt: 1.16 min).
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Example 21.
N-(4-(2,4-difluorophenyl)-6-(5-(1-(2-(dimethylamino)ethyl)- 1H-pyrazol-4-yl)-
1H-benzo[d]imidazol-1-yl)pyridin-2-yl)cyclopropanesulfonamide

a) 6-Chloro-4-(2,4-difluorophenyl)-N-(4-(1-(2-(dimethylamino)ethyl)-1H-
pyrazol-4-yl)-2-nitrophenyl)pyridin-2-amine

A solution of the compdund of Intermediate Example 5(a) (0.2 g, 0.8 mmol) in
dioxane (15 ml) was degassed by N, bubbling for 5 min. The compound Intermediate
Example 3 (0.23 g, 0.9 ‘mmol, 1.1 eq) was added and the mixture was degassed for
another 5 min. Palladium acetate (0.017 g, 0.08 mmol, 0.1 eq)-and BINAP (0.1 g, 0.16
mmol, 0.2 eq) and cesium carbonate (0.65 g, 2 mmol, 2.0 eq) were added sequentially
and the mixture was further degassed for 5 min and then heated at 110 °C for 12 h. The
mixture was filtered through celite and extracted as in Example 1. The solvent was
distilled off to afford the crude residue which was purified by column chromatography
(60-120 silica gel, 10'% methanol in CH,Cl,) to afford the title product in'55 % yield
(0.1 g). LC-MS (ESI): Calculated mass: 498.14; Observed miass: 499.7 [M+H]" (rt: 1.41

min)

" b)NI- (6 ch10ro-4 ~(2,4- dlﬂuorophenyl)pyrldm -2-yl)-4-(1- (2 (dlmethylammo)
ethyl) IH—pyrazol -4- yl)benzene 1, 2 diamine ' ‘

- To a solution of the compound of Example 21(a) (0.1 g, 0.2 mmol) in THF (10
ml) were added a solution of ammonium chloride (85 mg, 1.6 mmol, 8 eq) in water (2
ml) and zinc (0.1 g, 1.6 mmol, 8 eq). The mixture was stirred at RT for 12 h and filtered.
The filtrate was diluted with water and extracted as in Intermediate Example 1. The

solvent was distilled off to afford the title product in 100 % yield (93 mg).

o) 2-(4—-( 1 -(6-chl’ofo-4-(2,4-diﬂuorophenyl)pyridin-2—y1)— 1H-benzo[d]imidazol-5-
yl)-1H-pyrazol-1-yl)-N,N-dimethylethanamine

A solution the compound of Example 21(b) (93 mg, 0.2 mmol) and formic acid
(5 ml) was heated at 100 °C for 12 h. The formic acid was distilled off and the crude was
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extracted as in Example 8(c). The solvent was distilled off to afford desired title product
in 83 % yield (80 mg). LC-MS (ESI): Calculated mass: 478.15; Observed mass: 479.45
[M+H]" (tt: 1.36 min).

d) N-(4-(2,4-difluorophenyl)-6-(5-(1-(2-(dimethylamino)ethyl)- 1H-pyrazol-4-yl)-
1H-benzo[d]imidazol-1-yl)pyridin-2-yl)cyclopropanesulfonamide

A solution of the compound of Example 21(c) (80 mg, 0.2 mmol) in dioxane (5
ml) was degassed by. N, bubbling for 5 min. Cyclopropane sulfonamide (29 mg, 0.24
mmol; 1.2 eq)'was added and the mixture was degassed for another 5 min. Pd(OA¢), (5
mg; 0.02:mmol, 0.1 eq) and xantphos (23 mg, 0.04 mmol, 0.2 eq) and Cs,CO5 (162 mg,
0.5 mmol, 2.5 eq) were added and the mixture was further degassed for 5 min and then
heated at110.°C for 12 h. The mixture was filtered through celite and extracted as in
Example 1. The s‘oivent was distilled off to afford the crude residue which was purified
by column chromatography (60-120 silica gel, 10 % methanol in CH,Cl,) to afford the
desired title product in 35 % yield (20 mg). "H NMR (400 MHz, CDCls): 8 8.7 (s, TH),
8.04 (m, 2H), 7.82 (d, 2H), 7.56 (m, 2H), 7.41 (m, 2H), 7.07:7.02 (m, 2H), 4.29 (m, *
2H); 2.89-2.84 (m, 3H); 2.33 (s,'6H), 1.39 (m, 2H); 1.08 (m, 2H); LC-MS (ESI)E S
Calculated mass: 563.19; Observed mass: 564.25 [M+H]" (rt: 0.59 mm)

Example 22. S
- N- (4 (2 ﬂuorophenyl) -6-(5-(1- methyl 1H-pyrazol-4- yl) 1H- benzo[d]mndazol 1-

a)r.4Achloro-‘6-i(2'-ﬂu‘orophenyl)'pyrimidin—2-amine-

_ A solutlon of 4, 6 dlchloropynrmdln -2-amine (5 g, 30.6 .mmol) in 1,2-di-
methoxyethane (50 ml) was.degassed by N, bubbling for 5 min. 2-Fluorophenylboronic
acid (4.27 g, 3-0,6 mmol,.1.2 eq) was added and the mixture was.degassed for another 5
min. Pd(dppf)Cl; (1.25 g, 1.53 mmol, 0.05 eq) and aqueous sodium carbonate (8.12. g, .
76.6 mmol, 2.5 eq) were added sequentially using the procedure of Intermediate
Example_l and then heated at 90 °C for 3 h. The reaction mixture was then quenched -
and extracted as in Intermediate Example 1. The solvent was distilled off to afford the:

ctude residue which was purified by column chromatography (60-120 silica gel, 30 %
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ethyl acetate in hexane) to afford the title product in 15 % yield (1 g). LC-MS (ESI):
Calculated mass: 223.03; Observed mass: 224.0 [M+H]" (rt: 1.53 min).

| b) N-(4-chloro-6-‘(2-ﬂuoropher_1y1)pyrimidin—2—yl)cyclopropanesulfonamjde

To ah icecold solution of the compound of Example 22(a) (1 g, 4.48 mmol) in |
DMF (50 ml) was added NaH (0.16 g, 6.72 mmol, 1.5 eq). The mikture was stirred for
10 min and cyclopropylsulfonyl chloride (0.76 g, 5.38 mmol, 1.2 eq) was added and the
mixture was stirred at RT for 24 h. The mixture was then quenched with water and
exfraC»tgd with ethyl acetate (3 x 100 ml). The combined organic layer was washed with
water, brine and dfied over sodium sulphate. The solvent was distilled off to afford the
crude pfoduct- which was;purified by column chromatography (60-120 silica gel, 5 %
ethyl acetate in hexane) to afford the title product in 34 % yield (0.5 g). LC-MS (ESI):
Calculated masé: 327.02; Observed mass: 327.8 [M+H]+ (rt: 1.61 min).

"C) N (4-(2- ﬂuorophenyl) -6-(5-(1-methyl- 1H—pyrazol 4—y1) 1H- benzo[d]lmldazol-
1- yl)pyrnmdm 2= yl)cyclopropanesulfonarmde ' '

. “To an icecold solution of the compound of Example 22(b) (0.‘2 g, 0.61 mmol) in
DMF (50 ml) in a sealed tube was added NaH (22 mg, 0.9 mmol, 1.5 eq). The mixture
was stirred for 10 min and the compound of Intermediate Example 6 (0.12 g, 0.61
mmol,: 1 eq) was added. The mixture was stirred at RT for 24 h and then quenched and
extracted with ethyl acetate (3 x 100 ml). The combined organic layer was washed with
water, brine and dried over sodium sulphate. The solvent was distilled off to afford a -
crude product mixture from which the title compound was isolated by preparative TLC
in 0.01% yield (3 mg). 'H NMR (400 MHz, CDCl5): 8 8.75 (s, 1H), 8.36 (d, 1H), 8.24-
8.21 (m, 2H), 7.99 (s, 1H), 7.85-7.81 (m, 2H), 7.69 (s, 1H), 7.63-7.55 (m, 3H), 7.39-
7.37 (m, 1H), 3.99 (s, 3H), 3.3 (m, 1H), 1.12-1.10 (m, 2H), 0.88-0.84 (m, 2H); LC-MS
(ESI): Calculated mass: 489.14; Observed mass: 490.4 [M+H]" (rt: 1.43 min).

Example 23. = -
" N-(6-(5- (1H-pyrazol- - yl) 1H- benzo[d]umdazol 1-yl)-4- (2 4- dlﬂuorophenyl)
pyridin-2-yl)cyclopropanesulfonamide S
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A solution of the title compdund of Intermediate Example 5 (50 mg, 0.144
mmol) in dioxane (5 ml) was degassed by N, bubbling for 5 min. The compound of
Intermediate Example 4 (26 mg, 0.144 mmol, 1 eq) was added and the mixture was
degassed for another 5 min. Cul (1.3 mg, 0.0072 mmol, 0.05 eq), N,N-dimethyl glycine
(1.4 mg, 0.0144 mmol, 0.1 eq) and Cs,CO; (141 mg, 0.434 mmol, 3.0 eq) were added
and the reaction mixture was further degassed for 5 min and then heated at 100 °C for
24 h. The reaction mixture was filtered throu gh celite and washed with ethyl acetate.
The solvent was distilled off to afford a crude product mixture from which the title
compound was isolated by preparative HPLC to afford the title compound in 14 % yield
(10 mg). "H NMR (400 MHz, DMSO-dg): § 11.2 (s, 1H), 9.18 (d, 1H), 8.86 (d, 1H),
8.66 (d, 1H), 8.23 (d, 1H),7.96-7.86 (m, 2H), 7.83-7.78 (m, 2H), 7.59-7.51 (m,1H),
7.39-7.34 (m, 1H), 7.16 (s, 1H), 6.59 (s, 1H), 3.19-3.14 (m, 1H), 1.24-1.12 (m, 2H),
1.06-1.03 (m, 2H); LC-MS (ESI) Calculated mass: 492.12; Observed mass: 493.4
[M+H] (rt: 1.71 min). ’

- Example 24.

‘N- (4-(2,4-difluorophenyl)-6-(6-(1-methyl- 1H-pyrazol -4- yl) -3H-imidazo[4,5-

b]pyrldm 3-y1)pyr1dm -2- yl)cyclopropanesulfonarmde ' '

a) 6-Chloro-4-(2 /A-difluorophenyl)-N-(5-(1-methyl-1H-pyrazol-4-yl)-3-
nitropyridin-2-yl)pyridin-2-amine - ' :

A solution of the compound of Intermediate Example 5(a) (0.5 g, 1.92 mmol) in dioxane
(5 ml) was degassed by N5 bubbling for 5 min. The compound of Intermediate Example
7(0.42 g, 1.92 mmol, 1 eq) was added and the mixture was degassed for another 5 min.
sz'(dba)vg (0.087 g, 0.69 mmol, 0.05 eq) and xantphos (0.11 g, 0.192 mmol, 0.1 eq) and
cesium carbonate (l‘.'56 g,'4.8 mmol, 2.5 eq) were added sequentiai’ly following the
procedure of Example 1(a) and the mixture was then heated at 110 °C for 16 h. The
mixture was filtered ihtoﬁgh’ celite and extracted as in Example 1. The solvent was
distilled off to afford the crude tesidue which was purified by column chromatography

(60-120 silica gel, 20 % ethyl acetate in hexane) to afford the title product in 46 % yield
(04 g). '
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b) N2-(6-chloro-4-(2,4-difluorophenyl)pyridin-2-yl)-5-(1-methyl- 1H-pyrazol-4-
yl)pyridine-2,3-diamine

To a solution of the compound of Example 24(a) (0.39 g, 0.88 mmol) in THF
(10 ml) were added a solution of ammonium chloride (0.37 g, 7 mmol, 8 eq) in water (2
ml) and zinc (0.46 g, 7 mmol, 8 eq). The mixture was stirred at RT for 6 h and filtered.
The filtrate was diluted with water and extracted as in Intermediate Example 1. The

solvent was distilled off to afford the title product in 88 % yield (0.32 g).

.¢) 3-(6-Chloro-4-(2,4-difluorophenyl)pyridin-2-yl)-6-(1-methyl-1H-pyrazol-4-
y)-3H-imidazo[4,5-b]pyridine

- A solution the compound of Example 24(b) (0.32 g, 0.77 mmol) and formic acid
(10 ml) was heated at 100 °C for 16 h. The formic acid was distilled off and the crude
was extracted as in Example 8(c). The solvent was distilled off to afford the title product
in 70 %yield (0.23 g). LC-MS (ESI): Calculated mass: 422.09; Observed mass: 423.2
[M+H] * (rt: 1.74 min). |

-+ - d) N-(4-(2,4-difluorophenyl)-6-(6-(1-methyl-1H-pyrazol-4-yl)-3H-imidazo[4,5-
blpyridin-3-yl)pyridin-2-yl)cyclopropanesulfonamide ‘ ‘

A solution of the compound of Example 24(c) (150 mg, 0.35 mmol) in dioxane
(5 ml) was degassed by N, bubbling for 5 min. Cyclopropane sulfonamide (55 mg, 0.46
mmol, 1.3 eq) was added and the mixture was degassed for another 5 min. Pd(OAc), (4
mg, 0.017 mmol, 0.05 eq) and xantphos (20 mg, 0.03 mmol, 0.1 eq) and Cs,CO3 (288
mg, 0.88 mmol, 2.5 eq) were added and the mixture was further degassed for 5 min and
then heated at110 °C for 12 h. The mixture was filtered through celite and extracted as
in Example 1. The solvent was distilled off to afford the crude residue which was
purified by column chromatography (60-120 silica gel, 3 % methanol in CH,Cl,) to
afford the title product in 27 % yield (48 mg). "H NMR (300 MHz, DMSO-dq): & 11.07
(s, 1H), 9.09 (s, 1H), 8.80 (d, 1H), 8.49-8.45 (m, 2H), 8.30 (s, 1H), 8.05 (d, 1H), 7.81-
7.73 (m, 1H), 7.57-7.49 (m, 1H),7.38-7.32 (m, 1H), 7.11(s, 1H), 3.89 (s, 3H), 3.41-3.37
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(m, 1H), 1.13-1.10 (m, 4H); LC-MS (ESI): Calculated mass: 507.13; Observed mass:
508.1 [M+H]" (rt: 1.54 min).
Example 25.
N-(3,5-difluoro-6'-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)-
[2,4"-bipyridin]-2'-yl)cyclopropanesulfonamide

a) 2',6'-Dichloro-3,5-difluoro-2,4'-bipyridine

' A solution of 2-brome-3,5-difluoropyridine (1.6 g, 5.84 - mmol) in 1,2-di-
methoxyethane (30'ml) was-degassed by N; bubbling for 5 min. The compound of
Example 18(a) (1:36 g, 7 mmol, 2 eq) was added and the mixture was degassed for
another 5 min. Pd(dppf)Cl, (0.47 g;:0.58 mmol, 0.1 eq) and aqueous sodium carbonate
(1.85'g; 17.5 mimol, 3 eq) were added sequentially using the procedure of Intermediate
Example 1 and the mixture was then heated at 90 °C for 2 h. The reaction mixture was
quenched and extracted as in Intermediate Example 1. The solvent was distilled off to
afford the crude residue which was purified by column chromatography (60-120 silica
gel, 5 % ethyl acetate in hexane) to afford the title product in 72 % vield (1.1 g).

b) 6'-Chloro-3,5-difluoro-N-(4-(1-methyl- 1H—pyrazol-4-yl)—2Lnitropheny1)-[2,4'-
bipyridin]-2'-amine -

A solution of the compound of Example 25(a) (0.4 g, 1.5 mmol) in dioxane (12
ml) was degaSsed by Nz Bubbling for 5 min. The compound of Intermediate Example 1
0.4 g 1.84 mmol 1. 2 eq) was added and the mixture was degassed for another 5 min.
Palladlum acetate (17 mg, 0. 08 mmol, 0. 05 eq) and BINAP (47 mg, 0.08 mmol, 0.05
eq) and potassium tert-butoxide (0.26 g, 2.29 mmol, 1.5 eq) were added sequentially
following‘the procedure of Example 1(a) and the mixture was then heated at 110 °C for
72 K. The crude residue of the product was purified by column chromatography (60-120
silica gel, 50 % ethyl acetate in heiane) to afford the title product in 18 % yield (0;12 2).
LC-MS (ESI): Calculated mass: 442.08; Observed mass: 443.05 [M+H]" (tt: 1.98 min).
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c¢) N1-(6'-chloro-3,5-difluoro-[2,4"-bipyridin]-2'-yl)-4-(1-methyl- 1H-pyrazol-4-

yl)benzene-1,2-diamine

-To a solution of the compound of Exainple 25(b) (0.12 g, 0.27 mmol) in THF

(15 ml) were added a solution of ammonium chloride (0.15 g, 2.7 mmol, 8 eq) in water

(2 ml) and zinc (0.18 g, 2.7 mmol, 8 eq). The mixture was stirred at RT for 6 h and

filtered. The filtrate was diluted with water and extracted as in Intermediate Example 1.

The solvent was distilled off to afford the title product in 90 % yield (0.1 g).

d) 1-(6'-Chloro-3,5-difluoro-[2,4'-bipyridin]-2'-yl)-5-(1-methyl- 1H-pyrazol-4-yl)-

1H-benzo[d]imidazole

LI

A solution the compound of Example 25(c) (0.1 g, 0.242 mmol) and formic acid
(10 ml). was heated at 100 °C for 16 h. The formic acid was distilled off and the crude
product was extracted as in Example 8(c). The solvent was distilled off to afford the title
product in 78 % yield (80 mg). LC-MS (ESI): Calculated mass: 422.09; Observed mass:
422.8 [M+H] " (rt: 1.69 min).

~e) N-(3,5- d1ﬂu0r0 6'-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)-
[2,4'-bipyridin]-2'-yl)cyclopropanesulfonamide ‘ ' ‘

" A solution of the compound of Example 25(d) (80 mg, 0.19 mmol) in dioxane
(5 ml) was degassed by N, bubbling for 5 min. Cyclopropane sulfonamide (28 mg, 0.23
mmol, 1.2 eq) was added and the mixture was degassed for another 5 min. Pd(OAc), -
(4.2 mg; 0.019 mmol, 0.1 eq) and xantphos (22 mg, 0.04 mmol, 0.2 eq) and Cs,CO;
(185 mg, 0.57 mmol, 3 eq) were added and the mixture was further degassed for 5 min
and then heated at 110 °C for 12 h. The mixture was filtered through celite and extracted
as in Example 1. The solvent was distilled off to afford the crude residue which was
purified by preparative TLC to afford the title product in 5 % yield (5 mg). "H NMR
(300 MHz, DMSO-dg): 6 8.98 (s, 1H), 8.76 (d, 1H), 8.61 (d, 1H), 8.25-8.18 (m, 2H),
7.96 (m, 3H), 7.62-7.59 (m, 1H), 7.47 (s, 1H), 3.88 (s, 3H), 3.12 (m, 1H), 1.14-1.12 (m,
2H), 1.04-1.02 (m, 2H); LC-MS (ESI): Calculated mass: 507.13; Observed mass: 508.1
[M+H]" (rt: 1.27 min). '
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- Example 26.
N-(3,5-difluoro-6'-(5-(1-methyl-1H-pyrazol-4-yl)- 1H-benzo[d]imidazol-1-yl)-
[2,4'-bipyridin]-2'-yl)acetamide

The compound was prépare_d from the compound of E)iample 25(d) using the
procedure of Example 28. 'H NMR (400 MHz, DMSO-dq): & 10.85 (s, 1H), 9.0 (s, 1H),
8.76 (d, 1H), 8.58 (s,.lH), 8.50 (d, 1H), 8.23-8.21 (m, 2H), 8.0 (s, 1H), 7.95 (m, 2H),
7.62-7.59 (m, 1H), 3.88 (s, 3H), 2.21 (s, 3H); LC-MS (ESI): Calculated mass: 445.15;
Observed mass: 446.1 [M+H]" (rt: 1.08 min).

Example 27. k o :

" N-(6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)-4-(1H-pyrrol-1-
yDpyridin-2-yl)acetamide

- a) 2,6-Dichloro-4-(1H-pyrrol-1-yl)pyridine

- A solution 2,6-dichloropyridin-4-amine (2 g, 12.3 mmol) and 2,5-dimethoxy-
furan (1.94 g, 14.7 mm_pl, 1.2 eq) in acetic acid (10 ml) was heated at 90 °C for 2 h. The
mixture was quenched With_water and_extractéd with EtOAc (3 X 50 ml). '_I"_he combi_ned
organic layer ‘was washed with water, brine and dried over sodium sulphate. The solvent

was distilled off to afford the title product in 80 % yield (2.1 g).

b) 6-Chloro-N-(4-(1-methyl-1H-pyrazol-4-yl)-2-nitrophenyl)-4-(1H-pyrrol-1-yl)-

pyridin-2-amine

-+ .» To an icecold solution of t_hé compound of Example 27(a) (1 g, 4.58 mmol) in .
DMSOV_(2O ml) was added NaH (0.13 g,-5.5 mmol, 1.2 eq). The mixture was stirred for
10 min and the compound of Intermediate Example 1 (1.1 g, 5.5 mmol, 1.2 eq) was
added. The mixture was stirred at RT for 16 h and then quenched with water and
éxtracted with ethyl acetate (3-x 50 ml). The combined organic layer was washed with
water, brine and dried over sodium sulphate. The solvent was distilled off to afford the -
crude product which was purified by column chromatography (60-120 silica gel, 50 %
ethyl acetate in hexane) to afford the title product in 25 % yield (0.45 g). LC-MS (ESI):
Calculated mass: 394.09; Observed mass: 394.8 [M+H]" (it: 1.87 min). |
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¢)NI -(6—chloro—4-( 1H-pyrrol-1-yl)pyridin-2-yl)-4-(1-methyl-1H-pyrazol-4-

yl)benzene-1,2-diamine

To a solution of the compound of Example 27(b) (0.43 g, 1.1 mmol) in THF (30
ml) were added a solution of ammonium chloride (0.58 g, 10.9 rrhnol, 10 eq) in water (5
ml) and zinc (0.71 g, 10.9 mmol, 10 eq). The mixture was stirred at RT for 6 h ahd
filtered. The filtrate was diluted with water and extracted as in Intermediate Example 1.
The solvent was distilled off to afford the product in 90 % yield (0.36 g). LC-MS (ESI):
Calculated mass: 364.12; Observed mass: 365.0 [M+H]" (rt: 1.47 min).

d) 1-(6-Chloro-4-(1H-pyrrol-1 —yl)pyridin-Z-yI)-S Q( 1 -méthyl— 1H-pyrazol-4-yl)-

1H-benzo[d]imidazole

. A solution of the compound of Example 27(c) ‘(0.35 £,0.96 Ihmol) and formic
acid (10 ml) was heated at 100 °C for 16 h. The formic acid was distilled off-and the
crude was extracted as in Example 8(c). The solvent was distilled off to-afford the title
product in 97 % yield (350 mg). LC-MS (ESI): Calculated mass: 374.10; Observed
mass: 375.1 [M+H] " (rt: 1.59 min).

e) N-(6-(5-(1-methyl-1H-pyrazol-4-y1)-1H-benzo[d]imidazol-1-y1)-4-(1H-pyrrol-
1-yl)pyridin-2-yl)acetamide

... ..Asolution of the compound of Example 27(d) (100 mg, 0.27 mmol) in dioxane
(5 ml) was degassed by N bubbling for 5 min. Acetamide (19 mg, 0.32 mmol, 1.2 eq)
was added and the mixture was degassed for another 5 min. Pd(OAc), (3 mg, 0.013
mmol, 0.05 eq) and xantphos (15 mg, 0.026 mmol, 0.1 eq) and Cs,CO; (261 mg, 0.8
»fnmol, 3 eq) were added and the mixture was further degassed for 5 min and then heated
at 110 °C for 12 h. The mixture was filtered through celite and extracted as in Example
1. The solvent was distilled off to afford the crude residue which was purified by
preparative HPLC to afford the title product in 75 % yield (80 mg). 'H NMR (400 MHz,
DMSO-ds):-6 10.79 (s, 1H), 9.13 (s, 1H), 8.63 (d, 1H), 8.21 (s, 2H), 7.95-7.93 (m, 2H),
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7.84 (d, 1H), 7.60-7.57 (m, 3H), 6.41-6.40 (m, 2H), 3.88 (s, 3H), 2.21 (s, 3H); LC-MS

(ESI): Calculated mass: 397.17; Observed mass: 398.1 [M+H]" (rt: 1.24 min).

Example 28.
N-(4-(2-chlorophenyl)-6-(5-(1-methyl-1H-pyrazol-4- yl) 1H-benzo([d]imidazol-1-

yDpyridin-2- yl)cyclopropanesulfonanude
a) 2,6-Dichloro-4-(2-chlorophenyl)pyridine

.. A solution of 2,6-dichloro-4-iodopyridine (1 g, 3.65 mmol) in 1,2-dimethoxy-
ethane (15 ml) was degassed by N; bubbling for 5 min. 2-Chlorophenylboronic acid
(0.68 g, 4.38 mmol, 1.2 eq) was added and the mixture was degassed for another 5 min.
Pd(dppf)Cl, (0.3 g, 0.37 mmol, 0.1 eq) and aqueous sodium carbonate (1.16 g, 109
mmol, 3 eq) were added sequentlally using the procedure of Intermedlate Example 1 and
the mixture was heated at 90 °C for 2 h. The reaction mixture was then quenched and
extracted as in Intermediate Example 1. The solvent was distilled off to afford the crude
residue which was purified by column chromatography (60-120 silica gel, 5 % ethyl
acetate in hexane) to afford the title product in 74 % yield (0.7 g). "H NMR (300 MHz,
CDCls): 6 7.53-7.49 (m, 1H), 7.41-7.35 (m, 3H), 7.32-7.29 (m, 1H), 7.26 (m, 1H).

-+ b) 6-Chloro-4- (2 chlorophenyl)-N (4-(1-methyl- 1H-pyrazol -4-yl)-2-nitrophenyl)-

pyndln -2-amine’

A solution of the compound of Example 28(a) (0.7 g, 2.7 mmol) in toluene (10
ml) was degassed by N bubbling for 5 min. The compound of Intermediate Example 1
(0.6 g,2.7 mmol; 1 eq)"wz.is added and the mixture was degaSsed for another 5 min.
Palladium acetate (24 mg, 0.11 mmol, 0.04 eq) and BINAP (67 mg, 0.11 mmol, 0.04
cd) and potassium fert-butoxide 0.3 g, 2.7 mmol, 1 eq) were added sequentially
follo'wing the procedure of Example 1(a) and the mixture was heated at 100 °C

overnight. The crude residue of the product was purified by column chromatography

(60-120 silica gel, 30 % ethyl acetate in hexane) to afford the title product in 71 % yield

0.5 g) LC-MS (ESI): Calculated mass: 439.06; Observed mass: 439.95 [M+H]* (rt
2.02 min).
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¢) 1-(6-Chloro-4-(2-chlorophenyl)pyridin-2-yl)-5-(1-methyl- 1H-pyrazol-4-yl)-

1H-benzo[d]imidazole

A solution of the compound of Example 28(b) (0.5 g, 1.13 mmol) in formic acid
(10 ml), iron (0.63 g, 11.4 mmol) was added and heated at 100 °C for 16 h. The formic
acid was distilled off and the crude was dissolved in ethyl acetate. The ethyl acetate
layer was washed with water, brine and dried over sodium sulphate. The solvent was
distilled off to afford the title product in 63 % yield (0.3 g). LC-MS (ESI): Calculated
mass: 419.07; Observed mass: 421.8 [M+H]* (rt: 1.84 min). -

d) N-(4-(2-chlorophenyl)-6-(5-(1-methyl-1H- pyrazol 4-yl) 1H- benzo[d]_
1m1dazol 1-yl)pyr1d1n 2- yl)cyclopropmesulfonamde o DEEE o

A:solution of the compound of Example 28(c) (200 mg, 0.47 mmol) in dioxane
(5 ml) was degassed by N, bubbling for 5 min. Cyclopropanesulfonamide (63 mg, 0.52
mmol, 1.1 eq) was-added and the mixture was degassed for another 5 min. Pd(OAc), (5
mg, 0.023 mmol, 0.05 eq) and xantphos (15 mg, 0.023 mmol, 0.05 eq) and Cs,CO; (450
mg, 1.41 mmol; 3 eq) were added and the mixture was further degassed for 5 min and
then heated at 110-°C for 12 h. The:mixture was filtered through celite and extracted as
in Example 1. The solvent was distilled off to afford the crude residue which was
purified by column chromatography (2 % methanol in CHCl) to afford the title product
in 15 % yield (30-mg). 'H NMR (400 MHz, DMSO-ds): & 11.17 (s, 1H), 9.0 (s, 1H),
8.71 (d, 1H), 8.23 (s, 1H), 7.96-7.94 (m, 2H), 7.67-7.65 (m, 2H), 7.62-7.59 (m, 2H), "
7.54-7.52 (m, 2H), 6.98 (s, 1H); 3.87 (s, 3H), 3.16 (m, 1H), 1.12-1.11 (m, 2H), 1.04-
1.02 (m, 2H); LC-MS (ESD: Calculated mass: 504.11; Observed mass: 504.7 [M+H]*
(rt: 1.59 min). : '

 ‘Example 29.

N-(3-chloro-6'-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)-[2,4'-

bipyridin]-2'-yl)cyclopropanesulfonamide

"+ a)2',3,6-Trichloro-2,4"-bipyridine



10

15

20

25

30

WO 2014/162039 PCT/F12014/000003

70

A solution of (2,6-dichloropyridin-4-yl)boronic acid (0.76 g, 4 mmol) in 1,2-
dimethoxyethane (15 ml) was degassed by N, bubbling for 5 min. 2-Bromo-3-chloro-
pyridine (0.7 g, 3.63 mmol, 1.2 eq) was added and the mixture was degassed for another
5 min. Pd(dppf)Cl, (0.3 g, 0.36 mmol, 0.1 eq) and aqueous sodium carbonate (1.15 g,
10.9 mmol, 3 eq) were added sequentially using the procedure of Intermediate Example.
1 and then heated at 90 °C for 2 h. The reaction mixture was then quenched and
extracted as in Intermediate Example 1. The solvent was distilled off to afford the crude
residue which was purified by column chromatography (60-120 silica gel, 10 % ethyl
acetate in hexane) to afford the title product in 74 % yield (0.7 g). '"H NMR (300 MHz,
CDCl): & 8.63 (dd; 1H), 7.86 (m, 1H), 7.68 (s, 2H), 7.37 (dd, lH). \

b)3 6'—D1chloro-N -(4- (l-methyl 1H-pyrazol-4-yl)-2-nitrophenyl)-[2,4'-bi-
pyndm] -2'-amine

A solution of the compound of Example 29(a) (0.69 g, 3.17 mmol) in toluene (10
ml) was degassed by N, bubbhng for 5 min. The compound of Intermediate Example 1
(0.69 g,3.17 mmol, 1.1 eq) was added and the mixture was degassed for another 5 min.
Palladmm acetate (25 mg, 0. 115 ‘mmol, 0.04 eq) and BINAP (71 mg, 0.115 mmol, 0.04
eq) and potassium tert—butox1de (0.38 g, 3.46 mmol, 1.2 eq) were added sequentially
following the proccdure of Example 1(a) and the mixture was heated at 100 °C
overnight. Thé crude residue of the product was purified by column chromatography
(60- 1:20 silica gel, 30 % ethyl acetate in hexane) to afford the title product in 43 % yield
(0.3 g). "H NMR (300 MHz ‘CDC13)' 5 10.25 (s, 1H), 8.77 (d, 1H), 8.65-8.63 (m, 1H),
8.30 (d, 1H) 7.88- 785(m 1H), 7.79-7.73 (m, 2H) 7.67 (s, 1H), 7.37- 733(m 2H),
722(m IH) 397(s 3H) ' ‘ ‘

c) 1-(3,6'-Dichloro-[2,4"-bipyridin]-2'-yl)-5-(1-methyl-1H-pyrazol-4-yl)-1H-

benzo[d]imidazole

A solution of the compound of Example 29(b) (0.3 g, 0.68 mmol) in formic acid
(10 ml), iron (0.38 g, 6.8 mmol) was added and heated at 100 °C for 16 h. The formic

acid was distilled off and the crude was dissolved in ethyl acetate. The ethyl acetate
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layer was washed with water, brine and dried over sodium sulphate. The solvent was
distilled off to afford the title product in 64 % yield (0.18 g). LC-MS (ESI): Calculated
mass: 420.07; Observed mass: 421.2 [M+H] * (tt: 1.56 min).

d) N-(3-chloro-6'-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)-
[2,4'-bipyridin]-2'-yl)cyclopropanesulfonamide

A solution of the compound of Example 29(c) (100 mg, 0.24 mmol) in dioxane
(5 ml) was degassed by N, bubbling for 5 min. Cyclopropanesulfonamide (34 mg, 0.28
mmol, 1.2 eq) was added and the mixture was degassed for another 5 min. Pd(OAc), (3
mg, 0.011 mmol, 0.05 eq) and xantphos (6 mg, 0.011 mmol, 0.05 eq) and Cs,CO3 (230
mg, 0.71 mmol, 3 eq) were added and the mixture was further degassed for 5 min and
then heated at 110 °C.for 12:h. The mixture was filtered throﬁgh celite and extracted as
in Example 1. The solvent was distilled off to afford the crude residue which was
purified by column chromatography (2 % methanol in CHCl3) to afford the title product
in 15 % yield (17 mg). 'H NMR (300 MHz, DMSO-dg): & 11.22 (s, 1H), 8.98 (s, 1H),
8.74-8.67 (m, 2H), 8.23 (s, 1H), 8.19-8.16 (m, 1H), 7.97-7.95 (m, 2H), 7.85 (m, 1H), -
7.62-7.58 (m, 2H), 7.19 (s, 1H), 3.87 (s, 3H), 3.16 (m, 1H), 1.13-1.12 (m, 2H), 1.06-
1.02 (m, 2H); LC-MS (ESI): Calculated mass: 505.11; Observed mass: 506.00 [M+H]"
(rt: 1.52 min). ‘ '

Example 30.

N-(5-fluoro-6'-(5-( 1-methyl-lH-pyrazoI-4—y1)—lH-benzo[d]imidazol-l-yl)—[2,4'—
bipyridin]-2'-yl)cyclopropanesulfonamide ' '

- a) 2',6"-Dichloro-5-fluoro-2,4'-bipyridine

~ A solution of 2-bromb'—‘5-fluoropyridine (2 g, 11 mmol) in 1,2-dimethoxyethane
(30 ml) was degassed by N, bubbling for 5 min. The compound of Example 18(a) (3.11
g, 11 mmol, 1 eq) was added and the mixture was degassed for another S min. Pd(PPh3),
(1.31 g,0.011 mmol}, 0.1 eq) and aqueous sodium carbonate (9.28 g; 28.5 mmol, 2.5 eq)
were added sequentially using the procedure of Intermediate Example 1 and then heated
at 90 °C for 2 h. The reaction mixture was then quenched and extracted as in

Intermediate Example 1. The solvent was distilled off to afford the crude residue which
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was purified by column chromatography (60-120 silica gel, 5 % ethyl acetate in hexane)
to afford the title product in 39 % yield (1 g).

b) 6'-Chloro-5-fluoro-N-(4-(1 methyl 1H-pyrazol-4-yl)-2-nitrophenyl)-[2,4'-
bipyridin]-2'-amine

A solution of the compound of Example 30(a) (0.2 g, 0.82 mmol) in toluene (12
ml) was degassed by N, bubbling for 5 min. The compound of Intermediate Example 1
(0.2 g, 0.9 mmol, 1.1 eq) was added and the mixture was degassed for another 5 min. *
Palladium acetate'(14.7 mg, .065 mmol, 0.08 eq) and BINAP (40 mg, 0.065 mmol, 0.08
eq) and potassium tert—butoxid.e‘(O.23 g, 2.06 mmol, 2.5 eq) were added sequentially
following the procedure of Exainiple 1(a) and theri heated at 110 °C for 16 h. The crude
residue of the product was purified by column chromatography (60-120 silica gel, 50 %
ethyl acetate in hexane) to afford the title product in 29 % yield (0.1 g).

" ¢) N1:(6'-chloro-5- fluoro-[2 4'-b1pyr1d1n] -2'-yl1)-4- (l-methyl 1H-pyrazol—4-

yl)benzene 1,2- dlarmne

| .To a solution of the compound of Example 30(b) (0.28 g, 0.66 mmol) in THF

(10 ml) were added a solution of ammonium chloride (0.29 g, 5.28 mmol, 8 eq) in watef

| 2 ml)-andz’inc (0.34 g, 5.28 mmol, 8 eq). The mixture was stirred at RT for 1 h and

filtered. The filtrate was diluted with water and extracted as in Intermediate Example 1.
The solvent was distilled off to afford the title product in 96 % yield (0.25 g). LC-MS -
(ESI): Calculated mass: 394.11; Observed mass: 395.1 [M+H]" (rt: 1.42 min).

- d) 1-(6'-Chloro-5-fluoro-[2,4'-bipyridin]-2'-yl)-5-(1 -methyl- 1H-pyrazol-4-yl)-1H-

benzo[d]imidazole

* _A solution of the compound of Example 30(c) (0.25 g, 0.63 mmol) and formic
acid (10 ml) was heated at 100 °C for 4 h. The formic acid was distilled off and the
crude was extracted as in Example 8(c). The solvent was distilled off to afford the title
product in 55 % yield (150 mg). LC-MS (ESI): Calculated mass: 404.1; Observed mass:
404.8 [M+H] " (rt: 1.7 min). '
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e) N—(5 -fluoro-6'-(5-(1-methyl-1H-pyrazol-4-yl)- lH-benzo[d]mudazol 1-yl)-
[2,4' blpyrldm] -2'-yl)cyclopropanesulfonamide

A solution of the compound of Example 30(d) (50 mg, 0.123 mmol) in dioxane
(5 ml) was degassed by N bubbling for 5 min. Cyclopropanesulfonamide (15 mg, 0.123
mmol, 1 eq) was added and the mixture was degassed for another 5 min. Pd(OAc), (2
mg, 0.009 mmol, 0.08 eq) and xantphos (5.7 mg, 0.008 mmol, 0.08 eq) and Cs,CO;
(120 mg, 0.37 mmol, 3 eq) were added and the mixture was further degassed for 5 min
and then heated at 100 °C for 24 h: The mixture was filtered through celite and extracted
as in Example 1. The solvent was distilled off to afford the crude residue which was
purified by preparative TLC to afford the title product in 25 % yield (15 mg). '"H NMR
(400 MHz, DMSO-dg): § 11.16 (s, 1H), 9.14 (s, 1H), 8.81 (d, 1H), 8.73 (d, 1H), 8.40-
8.37 (m, 1H), 8:23 (s; 1H), 8.15 (s, 1H), 8.05-8.0 (m, 1H), 7.97-7.95 (m, 2H), 7.66 (s, °
1H), 7.62-7.59 (m, ZIH) 3.89 (s, 3H), 3.16-3.12 (m, 1H), 1.13-1.10 (m, 2H), 1.03-1.0°
(m, 2H); LC-MS (ESI) Calculated mass: 489.14; Observed mass: 490.4 [M+H] (rt:
1.23 min). - '

" -Example 31.

'N-(5-fluoro-6'-(5- ~(1- methyl 1H-pyrazol-4- yl) 1H-benzo[d]nmdazol 1-yl)- [2 4'-

b1pyr1d1n] 2-yI)acetamlde ' ‘ ‘ ‘ e

* The compound was prepared from the compound of Example 30(d). 'H NMR -

(400 MHz, DMSO-ds): § 10.78 (s, 1H), 9.16 (s, 1H), 8.82-8.78 (m, 2H), 8.62 (d, 1H),
8.39-8.37 (m, 1H), 8.22-8.20 (m, 2H), 8.04-7.99 (m, 1H), 7.96 (s, 2H), 7.62-7.59 (m,
1H), 3.89. (s, 3H), 2.23 (m, 3H); LC-MS (ESI): Calculated mass: 427.16; Observed
mass: 428.3 [M+H]" (it: 1.91 min).

" Example 32.

~ N=(6-(5-(1H-imidazol-1-yl)-1H- benzo[d]lrmdazol 1-y1)-4 (2 4- dlﬂuorophcnyl)-
pyridin-2- yl)cyclopropanesulfonanude

. a) N-(4-(1H-imidazol-1- yl) 2-nitrophenyl)-6-chloro-4-(2,4- dlﬂuorophenyl)

pyridin-2-amine
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A solution of the compound of Intermediate Example 5(a) (0.6 g, 2.94 mmol) in
toluene (5 ml) was degassed by N, bubbling for 5 min. The compound of Intermediate
Example 9 (0.76 g, 2.94 mmol, 1 eq) was added and the mixture was degassed for
another 5 min. Palladium acetate (32 mg, 0.147 mmol, 0.05 eq) and BINAP (182 mg,
0.294 mmol, 0.1 eq) and potassium fert-butoxide (0.9 g, 7.35 mmol, 2.5 eq) were added
sequentially and the mixture was further degassed for 5 min and then heated at 100 °C
for 12 h. The mixture was filtered through celite and extracted as in Example 1. The
solvent was distilled off to afford the crude residue which was purified by column
chromatography (60-120 silica gel, 50 % ethyl acetate in hexane) to afford the title ' -
product in 12 % vyield (150 mg). ' | :

*'b) N1-(6-chlors-4- (2 4- dlﬂuorophenyl)pyrldm- —yl)—4 (1H—1mldazol 1-yl)-~

benzene-1 ,2-diamine

To a solunon of the compound of Example 32(a) ©. 15 g, 0. 35 mmol) in THF (10
ml) Were added a solutlon of ammomurn chloride (0. 15 g,2.81 mmol 8 eq) in water 2
ml) ; and zinc (O 18 g, 2. 81 mrnol 8 eq). The mixture was stirred at RT for 1 hand .
filtered. The flltratg was diluted with water and extracted as in Intermediate Example 1.

The solvent was distilled off to afford the title product in 72 % yield (0.1 g).

c) 1- (6 Chloro—4 (2 4—d1ﬂuorophenyl)pyr1d1n 2—yl)-5 ( lH mudazol 1- yl) lH—

benzo[d]lrmdazole

A solutio_n of the compound of Example 32(b) (0.1 g, 0.25 mmol) an_d formic
acid (2 ml) was heated at 90 °C for 4 h. The formic acid was distilled off and the crude
was extracted as in Example 8(c). The solvent was distilled off to afford the title product

in 50 % yield (50 mg).

d) N-(6-(5-(1H-imidazel-1-yl)-1H-benzo[d]imidazol-1-yl)-4-(2,4-difluoro-.
phenyl)pyridin-2-yl)cyclopropanesulfonamide

A solution of ﬁhe compound of Example 32(c) (50 mg, 0.122 mmol) in dioxane
(5 ml) was degassed by N; bubbling for 5 min. Cyclopropanesulfonamide (15 mg, 0.122
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mmol, 1 eq) was added and the mixture was degassed for another 5 min. Pd(OAc), (2
mg, 0.009 mmol, 0.08 eq) and xantphos (5.7 mg, 0.008 mmol, 0.08 eq) and Cs,CO3
(120 mg, 0.37 mmol, 3 eq) were added and the mixture was further degassed for 5 min
and then heated at 100 °C for 12 h. The mixture was filtered through celite and extracted
as in Example 1. The solvent was distilled off to afford the crude residue which was
purified by preparative TLC to afford the title product in 33 % yield (20 mg). "H NMR
(400 MHz, DMSO-dg): 6 11.22 (s, 1H), 9.12 (s, 1H), 8.67 (d, 1H), 8.38 (s, 1H), 8.08 (d,
1H), 7.91-7.85 (m, 2H), 7.79 (s, 1H), 7.71-7.69 (m, 1H), 7.56-7.51 (m, 1H), 7.38-7.33
(m, 1H), 7.13 (s, 2H), 3.16-3.11 (m, 1H), 1.12-1.08 (m, 2H), 1.03-1.01 (m, 2H); LC-MS
(ESI): Calculated mass: 492.12; Observed mass: 493.1 [M+H]" (rt: 0.30 min).
- Example 33. - h o

- N-(4-(2 4-diflitorophényl)-6-(5-(1-(2-morpholinoethyl): | H-pyrazol-4-yl)-1H- *

benzo[d]imidazol-1-yl)pyridin-2-yl)cyclopropanesulfonamide

a) 6-Chloro-4-(2,4-difluorophenyl)-N-(4-(1-(2-morpholinoethyl)-1H-pyrazol-4-
yl)-2-nitrophenyl)pyridin-2-amine: -

- A solution of the COmpo'und of Intermediate Example 5(a) (0.49 g, 1.89 mmol) in
dioxane (5 ml) was degassed by N, bubbling for 5 min. The compound of Intermediate
Example 8 (0.6 g, 1.89 mmiol, 1 eq) was added and the mixture was degassed for -
another 5 min. Palladium acetate (34 mg, 0.15 mmol, 0.08 eq) and BINAP (94 mg, 0.15
mmol, 0.08 eq) and potassium tert-butoxide (0.53 g, 4.73 mmol, 2.5 eq) were added
sequentially and the mixture was further degassed for 5 min and then heated at 100 °C
for 12 h. The mixture was filtered through celite and extracted as in Example 1. The
solvent was distilled off to afford the crude residue which was purified by column |
chromatography (60-120 silica gel, 50 % ethyl acetate in hexane) to afford the title
product in 20 % yield (200 mg). ~

b) N1-( 6—éhloro-4—(2,4-diﬂu orophenyl)pyridin-2-yl)-4-(1-(2-morpholinoethyl)- ‘
IH-pyrazol-4-yl)benzene-1,2-diamine

To a solution of the compound of Example 33(a) (0.2 g, 0.37 mmol) in THF (10

ml) were added a solution of ammonium chloride (0.16 g, 2.96 mmol, 8 eq) in water (2
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ml) and zinc (0.19 g, 2.96 mmol, 8 eq). The mixture was stirred at RT for 1 h and
filtered. The filtrate was diluted with water and extracted as in Intermediate Example 1.
The solvent was distilled off to afford the title product in 79 % yield (0.15 g). LC-MS
(ESI): Calculated mass: 510.17; Observed mass: 511.1 [M+H]" (rt: 0.66 min).

¢) 4-(2-(4-(1-(6-Chloro-4-(2,4-difluorophenyl)pyridin-2-yl)- 1H-benzo[d]-
imidazol-5-yl)-1H-pyrazol-1-yl)ethyl)morpholine

A solution the compound of Example 33(b) (0.15 g, 0.29 mmol) and formic acid
(2 ml) was heated at 90 °C for 12 h: The formic acid was distilled off and the crude was |
extracted as in Example 8(c). The solvent was distilled off to afford the title productin
50 % yield (75 mg). LC-MS (ESI): Calculated mass: 520.16; Observed mass: 521.2
[M+H] " (rt: 1.03 min).

- d) N-(4-(2;4-difluorophenyl)-6-(5-(1-(2-morpholinoethyl)- 1H-pyrazol-4-y1)-1H-
benzo[d]imidazol-1-yl)pyridin-2-yl)cyclopropanesulfonamide

-+ A solution of the compound of Example 33(c) (75 mg, 0.144 mmol) in dioxane

(5 ml) was degassed by N, bubbling for 5 min. Cyclopropanesulfonamide (17 mg, 0.144
mmol, 1 eq) was‘added and‘the mixture was degassed for another 5 min. Pd(OAc), (2.5
mg, 0.011 mmol, 0.08 eq) and xantphos (8.3 mg, 0.0144 mmol, 0.1 eq) and Cs,CO;
(1 17 mg, 0.36 mmol, 2.5 eq) were added and the mixture was further degassed for 5 min
and then heated at 100 °C for 12 h. The mixture was filtered through celite and extracted
as in Example 1. The solvent was distilled off to afford the crude residue which was
purified by preparative TLC to afford the title product in 29 % yield (25 mg). "H NMR
(400 MHz, DMSO-ds): § 11.16 (s, 1H); 9.05 (s, 1H), 8.69 (d, 1H), 8.29 (s, 1H), 7.98-
7.96 (m, 2H), 7.88-7.85 (m, 1H), 7.75 (s, 1H), 7.62-7.59 (m, 1H), 7.56-7.49 (m, 1H),
7.37-7.32 (m, 1H), 7.09 (s, 1H), 4.27-4.24 (m, 2H), 3.58-3.55 (m, 4H), 3.18-3.13 (m,
1H), 2.78-2.74 (m, 2H), 2.53-2.49 (m, 4H), 1.15-1.07 (m, 2H), 1.05-1.01 (m, 2H)' LC-
MS (ESI) Calculdted mass: 605:2; Observed mass: 605.8 [M+H] (rt:-0.44 min).

Example 34. ' | ‘ |

N-(4-(2,4-difluorophenyl)-6-(5-(1-(pyrrolidin-3-yl)- 1 H-pyrazol-4- yl) 1H-
benzo[d]nmdazol 1—y1)pyr1d1n -2- yl)cyclopropanesulfonarmde
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a) tert-Butyl 3-(4-(1-(6-(cyclopropanesulfonamido)-4-(2,4-difluorophenyl)-
pyridin-2-yl)-1H-benzo[d]imidazol-5-yl)-1H-pyrazol-1-yl)pyrrolidine-1-carboxylate

A solution of the compound of Intermediate Example 5 (113mg, 0.347 mmol) in
dioxane (5 ml) was degassed by N bubbling for 5 min. The compound of Intermediate
Example 2 (120 mg, 0.347 mmol, 1 eq) was added and the mixture was degassed for
another 5 min. Cul (3.3 mg, 0.0174 mmol, 0.05 eq), N,N-dimethyl glycine (1.7 mg,
0.0174 mmol, 0.05 eq) and Cs,CO; (282 mg, 0.87 mmol, 2.5 eq) were added and the
mixture was further degassed for 5 min and then heated at 100 °C for 24 h. The mixture
was filtered through celite and washed with ethyl acetate. The solvent was distilled off
to afford the crude product mixture which was purified by preparative TLC to afford the
title product'in 10 % yield (20 mg). LC:MS (ESI): Calculated mass: 661.23; Obsérved *
mass: 662.6 [M+H]* (rt: 1.71 min).

' - b) N-(4-(2,4- dlﬂuorophenyl) -6-(5-(1-(pyrrolidin- -3- yl) 1H- pyrazol 4-y1) 1H-
benZo[d]lmldazol 1-yl)pynd1n~2—yl)cyclopropanesulfonarmde o '

To a solution.of the. compound of Example 34(a) (15 mg, 0.028 mmol) in 1,4- .
dioxane (5 ml) at 0 °C was.added HCl in dioxane and stirred at RT for 1 h. The solvent
was distilled off and the residue was washed several times with diethyl ether to give the:
title product in78 % yield (10 mg). 'H NMR (400 MHz, DMSO-ds): 6 11.23 (s, 1H),
9.38 (s, 1H), 9.28 (s, 1H), 9.22 (s, 1H), 8.76 (d, 1H), 8.49 (s, 1H), 8.16 (s, 1H), 8.03 (s,
1H), 7.91-7.85 (m, 1H), 7.79 (s, 1H), 7.71-7.69 (m, 1H), 7.57-7.52 (m, 1H), 7.37-7.34
(m, 1H);7.14 (s, 1H), 5.20-5.18 (m, 1H), 3.62-3.37 (m, 3H), 3.19:3.15 (m, 2H), 2.43-
2.33 (m, 2H), 1.19-1.12 (m, 2H), 1.05-1.02 (m, 2H); LC-MS (ESI): Calculated mass:
561.18; Observed mass: 562.6 [M+H]" (RT: 0.40 min).

" Example35.
N -(4-(2,4-diﬂuorophenyl)—6—(5—(l-ethyl-lH-1,2,3-triazol—4—yl)-lH-benzo[d]-

imidazol- i-yl)py'ridin—2-y1)cyclt)propanesulfonamide

* A solution of the compound of Intermediate Example 5 (48 mg, 0.14 mmol) in

dioxane (5 ml) was degassed by N, bubbling for 5 min. The compound of Intermediate
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Example 10 (30 mg, 0.14 mmol, 1 eq) was added and the mixture was degassed for
another 5 min. Cul (2 mg, 0.014 mmol, 0.1 eq), N,N-dimethy! glycine (1 mg, 0.014
mmol, 0.1 eq) and Cs,CO3 (130 mg, 0.42 mmol, 3.0 eq) were added and the mixture
was further degassed for 5 min and then heated at 100 °C for 24 h. The mixture was
filtered through celite and washed with ethyl acetate. The solvent was distilled off to
afford the crude product mixture which was purified by preparative TLC to afford the
title product in 33 % yield (24 mg). "H NMR (400 MHz, DMSO-dq): & 11.18 (s, 1H),
9.11 (s, 1H), 8.79 (d, 1H), 8.71 (s, 1H), 8.22 (s, 1H), 7.92-7.85 (m, 2H), 7.79 (s, 1H),
7.56-7.50 (m, 1H), 7.38-7.33 (m, 1H), 7.13 (s, 1H), 4.44 (quartet, 2H), 3.18-3.13 (m,
1H), 1.51 (t, 3H), 1.14-1.09 (m, 2H), 1:07-1.02 (m, 2H); LC-MS (ESI): Calculated
inass: 521.14; Observed mass: 522.1 [M+H]" (rt: 1.52 min).
' ‘Example 36. . S
N—(4-(2,4—diﬂuorophenyl)-6J(5 -(1-methyl-1H-1,2,3-triazol-4-yl)-1H-benzo([d]-
imidazdl-l-yl)pyridin-2—y1)cyc10propanesulfonarnide |

a) N-(4-(2,4-difluorophenyl)-6-(5-ethynyl- 1 H-benzo[d]imidazol-1-yl)pyridin-2-

yl)cyclopropanesulfonamide

A solution of the compound of Intermediate Example 5 (0.17 g, 0.51 mmol, 1.1
eq) in dioxane (5 ml) was degassed by N, bubbling for 5 min. The compound of
Intermediate Ekample 12 (100 mg, 0.46 mmol) was added and the mixture was
degassed for another 5 min. Cul (8 mg, 0.04 mmol, 0.1 eq), N,N-dimethyl glycine (4
mg, 0.04 mmol, 0.1 eq) and Cs,CO3 (450 mg, 1.4 mmol, 3.0 eq) were added and the
mixture was further degassed for 5 min and then heated at 100 °C for 24 h. The mixture
was filtered through celite and washed with 3 % methanol/chloroform to afford crude
product mixture which was recrystallized from diethyl ether to-afford the product
mixture in 40 % yield (80 mg) which was directly taken for the next step. LC-MS (ESI):
Calculated mass: 450.1; Observed mass: 451.3 [M+H]" (rt: 1.65 min).

" b) N-(4-(2,4-difluorophenyl)-6-(5-(1-methyl-1H-1 ,2,3-tria201-4-yl)- 1H-benzo[d]-
imidazol-1-yl)pyridin-2-yl)cyclopropanesulfonamide
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A mixture of Example 36(a) (0.1 g, 0.22 mmol), sodium azide (28 mg, 0.44
mmol, 2.0 eq), methyl iodide (31 mg, 0.22 mmol, 1.0 eq), sodium ascorbate (43 mg,
0.022 mmol, 0.1 eq) and copper sulfate pentahydrate (5 mg, 0.022 mmol, 0.1 eq) in
DMSO and water (1:0.5, 3 ml) was stirred for 12 h at RT. The mixture was quenched
with water and the precipitate formed was filtered and dried. The crude product mixture
was purified by by column chromatography (60-120 silica gel, 2 % methanol in CHCl5)
to give the title product in 6.3 % yield (7 mg). 'H NMR (400 MHz, DMSO-ds):  11.18
(s, 1H), 9.11 (s, 1H), 8.79 (d, 1H), 8.62 (s, 1H), 8.21 (d, 1H), 7.90-7.85 (m, 2H), 7.79 (s,
1H), 7.56-7.50 (m, 1H), 7.38-7.33 (m, 1H), 7.13 (s, 1H), 4.12 (s, 3H), 3.34-3.13 (m,
1H); 1.16-1. 12 (i, 2H), 1.06-0:94 (i, 2H); LC-MS (ESI) Calculated mass: 507.13;
Observed mass: 508.1 [M+H] (@t 1.52 mm) ' o S S

Example 37. ; :

°N- (4 (2 4- dxﬂuorophenyl) 6-(5-(1-methyl-1H-imidazol-4-y1)-1H-~ benzo[d]
imidazol-1- yl)pyr1d1n-2 yl)cyclopropanesulfonarmde ' ‘

111 A solution of the compound of Intermediate. Example 5 (34 mg, 0:1 mmol) in ;.
DMF (5 ml)‘'was degassed by N, bubbling for 5 min. The compound of Intermediate
Example'11 (20 mg; 0.1 mmol;:1 eq) was added and the mixture was degassed:for -
another 5 min. Cul (2 mg, 0.01 mmol, 0.1 eq), N,N-dimethyl glycine (0.52 mg, 0.005
mmol, 0.05:eq) and Cs,CO; (82 mg, 0.25 mmol, 2.5 eq) were added and the mixture
was further degassed for 5 min and then heated at 100 °C for 24 h. The mixture was' =
filtered through celite and washed with ethyl acetate. The solvent was distilled off to
afford the crude product mixture which was purified by preparative TLC to yield the
title compound in 10 % yield (5 mg). "H NMR (400 MHz, DMSO-d): & 11.11 (s, 1H), -
9:02 (s, 1H), 8.66 (d, 1H), 8:09 (d, 1H), 7.89-7.84 (m, 1H), 7.81-7.75 (m, 2H), 7.68-7.64
(m, 2H), 7.54-7.48 (m, 1H), 7.37-7.32 (m, 1H), 7.13 (s, 1H), 3.71 (s, 3H), 3.18-3.14 (m,
IH) 1:15-1.12 (m, 2H); 1.06-1.02 (m; 2H); LC-MS (ESI): Calculated mass: 506.13;
Obseived mass: 507.35 [M+H]" (it: 018 mm) -

Example 38.
- N=(4-(2; 4- dxﬂuorophenyl) -6-(5-(1 methyl 1H-pyrazol 4- yl) 1H- benzo[d]-
imidazol-1- yl) pyrlrmdm L2~ yl) acetamlde ' '

L 'a) N-(4, 6-dichloropyr=irr1idin—2-yl) acetamide
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~ To a solution of 4, 6-dichloropyrimidin-2-amine (5 g, 30.48 mmol) in toluene
(50 ml) was added acetic anhydride (15 ml, 152.43 mmol) and the mixture was heated at
120 °C for 16 h. The solvent was evaporated and the crude product was taken in hexane
(50 ml) and dichloromethane (6 ml) and filtered to afford the title product in 80 % yield
(5 g). LC-MS (ESI): Calculated mass: 206.0; Observed mass: 208.0 [M+H] * (rt: 0.245

min).

b) N-(4-((2-amino-4-(1- methyl 1H-pyrazol-4- yl) phenyl) amino)-6-chloro-
pyr1m1d1n -2-yl) acetamide -

» A sqlution of thc; compound of Intermediate Example 13 (1.4 g, 7.44 mmol), the
compound of Example 38(a) (1.53-g, 7.44 mmol,) and sodium bicarbonate (1.56 g, 18.6
mmol, 2.5 eq) in éthanol was heated at 80 °C for 16 h. The mixture was quenched with
water and extracted with ethyl acetate (3 x 100 ml). The combined organic layer was
washed with water, brine and dried over sodium sulphate. The solvent was distilled off
to afford the crude residue which was purified by column chromatography (60-120 silica
gel, 3 % methanol in DCM) to afford the the title product in 19.2 % yield (0.5 g). LC-
MS (ESI): Calculdted mass: 357.11; Observed mass: 358.1 [M+H]* (rt: 0.123 min).

¢) N-(4-chloro-6-(5-(1-methyl-1H- pyrazol 4-yl)-1H-benzo[d]imidazol-1-yl)

yrlrmdm -2-yl) acetamide .

A mixture of the compound of Example 38(b) (0.15 g, 0.42 mmol) and formic
acid (2 ml) was heated at 80 °C for 2 h. The formic acid was distilled off and the crude

was dissolved in ethy] acetate. The ethyl acetate layer was washed with water, brine and

dried over sodium sulphate The solvent was distilled off to afford the title product in 97

% yield (0.15 g). LC-MS (ESI): Calculated mass: 367.07; Observed mass: 368.1 [M+H]
*(rt: 0318 min). ‘

d) N-(4-(2, 4-difluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo{d]-

imidazol-1-yl) pyrimidin-2-yl) acetamide
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A solution of the compound of Example 38(c) (0.08 g, 0.217 mmol) in dioxane
(5 ml) was degassed by N, bubbling for 5 min. 2,4-Difluorophenylboronic acid (0.04 g,
0.261 mmol, 1.2 eq) was added and the mixture was degassed for another 5 min.
Pd(PPhs),4 (0.025 g, 0.021mmol, 0.1 eq) and aqueous cesium carbonate (0.106 g,
0.326mmol, 1.5 eq) were added sequentially and the mixture was further degassed for 5
min and then heated at 100 °C for 2 h. The reaction mixture was quenched with water
and extracted with ethyl acetate (3 x 30 ml). The combined organic layer was washed
with water, brine and dried over sodium sulphate. The solvent was distilled off to afford
the crude residue which was purified by preparative HPLC to afford the title product in
10.4 % yield (10 mg). "H NMR (400 MHz, DMSO- dg): & 11.1 (s, 1H), 9.25 (s, 1H),
9.12 (d, 1H), 8.23 (s, 1H), 8.11-8.07 (m, 1H), 8.03 (s, 1H), 7.96 (d, 2H), 7.63 (d, 1H),
7.54 (t, IH), 7.36 (t, 1H),'3.88 (s, 3H), 2.27 (s, 3H); LC-MS (ESI): Calculated mass:
445.15; Observed mass: 445.9 [M+H]" (rt: 1.33 min).

“Example 39.
Ethyl 1-(1-(6- (cyclopropanesulfonanudo) -4-(2,4- dlﬂuorophenyl)pyrldm 2-yh)-
1H- benzo[d]mudazol S—yl) 1H 1,2 3 -triazole-4- carboxylate o

A solution _of the com-’po_und of Intermediate Example 5 (200 mg, 0.58 mmol) in
DMEF (5 ml) was degassed by N> bubbling for 5 min. The compound of Intermediate
Example 14 (149 mg, 0.58 mmol, 1 eq) was added and the mixture was degassed for
another 5 min. Cul (11 mg, 0.05 mmol, 0.1 eq), N,N-dimethyl glycine (8 mg, 0.05
mmol, 0.1 eq) and Cs,CO; (570 mg, 1.74 mmol, 3 eq) were added and the mixture was
further degassed for 5 min and then heated at 100 °C for 24 h. The mixture was filtered
through celite and washed with ethyl acetate. The solvent was distilled off to afford the
crude product mixture which was purified by preparative HPLC to afford the title
product in 5 % yield (18 mg). "H NMR (400 MHz, DMSO-dg): 8 11.11 (s, 1H), 9.59 (d,
1H), 9.26 (s, 1H), 8.95 (d, 1H), 8.38 (s, 1H), 8.02-8.00 (m, 1H), 7.92-7.83 (m, 2H),
7.56-7.51 (m, 1H), 7.51-7.34 (m, 1H), 7.17 (s, 1H), 4.38 (quartet, 2H), 3.17-3.13 (m,
1H), 1.36 (t, 3H), 1.13-1.12 (m, 2H), 1.04-1.02 (m, 2H); LC-MS (ESI): Calculated
mass: 565.13; Observed mass: 566.2 [M+H]" (rt: 1.63 min).

Example 40. |
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- N-(4-(2-(difluoromethoxy)-4-fluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)- |
1H-benzo[d]imidazol-1 -yl)pyridin-2—yl)oyclopropanesulfonamide

A solution of the compound of Intermediate Example 15 (300 mg, 0.75 mmol) in

DMF (10 ml) was degassed by N, bubbling for 5 min. The compound of Intermediate
Example 6 (149 mg, 0.75 mmol, 1 eq) was added and the mixture was degassed for
another 5 min. Cul (14 mg, 0.075 mmol, 0.1 eq), N,N-dimethyl glycine (8 mg, 0.075
mmol, 0.1 eq) and Cs,CO;3 (730 mg, 2.25 mmol, 3 eq) were added and the reaction
mixture was furthef degassed for 5 min and then heated at 100 °C for 2 days. The
reaction mixture was filtered th}f‘ough celite and washed with ethyl acetate. The solvent
was distilled off to afford the crude product mixture which was purified by column
chromatography (60-120 silica gel,"2 ‘% methanol in chloroform) to afford the title
product in'2 % yield (8 mg). '"H NMR (400 MHz, CD;0D): § 8.83 (s, 1H), 8.56 (d, 1H),
8.02 (s, 1H), 7.89-7.87 (m, 2H), 7.69-7.63 (m, 2H), 7.57 (s, 1H), 7.22-7.15 (m, 2H),
7.15 (s, 1H), 6.97 (s, 0.5 H), 6.79 (s, 0.5 H), 3.94 (s, 3H), 3.15-3.05 (m, 1H), 1.28-1.15
(m, 2H), 1.00-0.87 (m, 2H); LC-MS (ESI): Calculated mass: 554.13; Observed miass:
555.5 [M+H]" (rt: 1.66 mm) - ’ '
- - ‘Example 41.

- N-(4-(2,4-difluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]-

imidazol-1-yl)pyrimidin-2-ylcyclopropanesulfonamide
* a) 4-Chloro-6-(2,4-difluorophenyl)pyrimidin-2-amine

A solution of 4,6-dichloropyrimidin-2-amine (5 g, 30 mmol) in 1,2-dimethoxy-
ethane (50 ml) was degassed by N, bubbling for 5 min. 2,4-Difluorophenylboronic acid
(4.38 g, 27 mmol, 0.9 eq) was added and the mixture was degassed for another 5 min.
Pd(dppf)Cl; (1.38 g, 1.5 mmol, 0.05 eq) and aqueous sodium carbonate (4.9 g, 46
ﬁnnol;- 1.5¢eq) were added sequentially using the procedure of Intermediate Example 1
and heated at 90 °C for 6 h. The reaction mixture was quenched and extracted as in
Intermediate Example 1. The solvent was distilled off to afford the crude residue which
was purified by column chromatography (60-120 silica gel, 70 % ethyl acetate in
hexane) to afford the title product in 70 % yield (4 g). LC-MS (ESI): Calculated mass:
241.02; Observed mass: 242.05 [M+H]* (rt 1.58 min).
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b) 6-(2,4-Difluorophenyl)-N4-(4-(1-methyl-1H-pyrazol-4-yl)-2-nitrophenyl)-

pyrimidine-2,4-diamine

A solution of the compound of Example 41(a) (0.5 g, 2.1 mmol) i in dioxane (5
ml) was degassed by N, bubbling for 5 min. The compound of Intermedlate Example 1
(0.5 g, 2.3 mmol, 1.1 eq) was added and the mixture was degassed for another 5 min.
Pd,dba; (0.19 g, 0.2 mmol, 0.1 eq) and xantphos (0.24 g, 0.4 mmol, 0.2 eq) and cesium
carbonate (1.68 g, 5.2 mmol, 2.5 eq) were added sequentially and the mixture was
further degassed for 5 min and then heated at 110 °C for 16 h. The mixture was filtered
through celite pad and extracted with ethyl acetate (3 x 50 ml). The combined organic
layer was washed with water, brine and dried over sodium sulphate. The solvent was
distilled off to afford the crude residue which was purified by column chromatography
(60-120 silica gel, 70 % ethyl acetate in hexane) in 22.5 %-yield (0.2 g). LC-MS (ESI):
Calciilated mass: 423.13; Observed mass: 423.9 [M+H]" (rt: 0.26 min)." -

~c) N4- (2 amino-4- (1—methy1 1H- pyrazol -4- yl)phenyl) -6- (2 4- dlﬂuorophenyl)-

pyrnmdlne 2 4-diamine

To a solutlon of the compound of Example 41(b) (0.12 g, 0.3 mmol) in THF (15
ml) were added a solutlon of ammomum chloride (0.12 g, 2.3 mmol, 8 eq) in water (5
ml) and zinc (0.145 g,23 mmol,_ 8 eq). The mixture was stirred at RT for 2 h and
_filtcred_. The filtrate §vas diluted with wétcr_ and extracted with ethyl acetafe (3 x 100
ml).- ‘The combined drganic- layer was washed with water, brine and dried over sodium
sulphate. The solvent was distilled off to afford the crude product in 83 % yield (0.1 g).
LC-MS (ESD: Calculafed mass;_393.15; Observed mass: 394.3 [M+H] * (rt: 0.14 min).

d) 4-(2,4-difluorophenyl)-6-(5-(1-methyl- 1H-pyrazol-4-yl)1H-benzo[d]-

imidazol-1-yl)pyrimidin-2-amine

- A'solution of the compound of Example 41(c) (0.1 g, 0.2 mmol) in formic acid

(5 ml) was heated at 100 °C for 16 h. The formic acid was distilled off and the crude

product was dissolved in ethyl acetate. The ethyl acetate layer was washed with water,
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brine and dried over sodium sulphate. The solvent was distilled off to afford the title

product in 24 % yield (20 mg).

e) N-(4-(2,4-difluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]-

imidazol-1-yl)pyrimidin-2-yl)cyclopropanesulfonamide

To an icecold solution of the compound of Example 41(d) (50 mg, 0.1 mmol) in
DMF (50 ml) was added NaH (4 mg, 0.2 mmol, 2 eq). The mixture was stirred for 10
min and cyclopropylsulfonyl chloride (26 mg, 0.2 mmol, 2 eq) was added and the"
mixturé was stirred at RT for 12 h. The mixture was then quenched with water and
extracted with ethyl acetate (3 x 100 ml). The combined organic layer was washed with
water, brine and dried over sodium sulphate. The solvent was distilled off to afford the
crude product which was purified by preparative HPLC to afford the title product in 6 %
yield (3 mg). '"H NMR (400 MHz, CDCl3): 6 8.73 (s, 1H), 8.39 (d, 1H), 8.36-8.27 (m,
1H), 8.09 (s, 1H), 7.99 (s, 1H), 7.93 (d, 1H), 7.87 (d, 1H), 7.74 (d, 1H), 7.67-7.64 (m, '
1H); 7.20-7.01 (m, 2H), 3.83 (s, 3H), 3.30-3.26 (m, 1H), 1.51-1.42 (m, 2H), 1.16-1.12
(m, 2H); LC- MS (ESI) ‘Calculated mass: 507.13; Observed mass: 508.2 [M+H] (rt
148m1n) vt . ' co

- Example 42.

Ethyl 1-(1-(6- acetanndo 4- (2 4- -difluorophenyl)pyridin-2-yl)- 1H- benzo[d]

1n11dazol 5-y1):1H-1,2,3- triazole-4- carboxylate ‘ L ‘

A solution of the compdﬁﬁd of Intermediate Example 16 (150 mg, 0.53 mmol) in
DMF (5 ml) was degassed by N, bubbling for 5 min. The compound of Intermediate
Example 6 (137 mg, 0. 53 mmol, 1 eq) was added and the mixture was degassed for
another 5 min. Cul (10 mg, 0.05 mmol 0.1 eq), N,N-dimethyl glycme (7 mg, 0.05
mmol, 0.1 eq) and Cs,CO; ( O 52 g, 1.59 mmol 3 eq) were added and the nnxture was
further degassed for 5 min and then heated at 110 °C for 16 h. The mixture was filtered
throﬁgh celite and washed with ethyl acetate. The solvent was distilled off to afford the
crude product mixture which was purified by preparative HPLC to yield the title product
in4.5 % yield (16 mg). 'H NMR (400 MHz, DMSO-dy): 8 10.95 (s, 1H), 9.58 (d, 1H),
9.22 (s; 1H), 8.98 (d, 1H), 8.39 (s, 1H), 8.03-7.96 (m, 2H), 7.89-7.83 (m, 2H), 7.55-7‘.49
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(m, 1H), 7.47-7.33 (m, 1H), 4.39 (quartet, 2H), 2.22 (s, 1H), 1.36 (t, 3H); LC-MS (ESI):
Calculated mass: 503.15; Observed mass: 504.1 [M+H]" (rt: 1.63 min).

Example 43.

N-(6-(2, 4-diﬂu0rophehyl)—4-(5-(1-methyl—lH-pyrazol—4-yl)-lH—benzo[d]-
imidazol-1-yl) pyridin-2-yl) cyclopropanesulfonamide

a) 4-(1-methyl-1H-pyrazol-4-yl)-2-nitroaniline

A solution of 4.-bromo—2-:ni_troaniline (6 g, 27.6 mmol) in 1, 2-dimethoxyethane '
(15 ml) was degassed by Nz bubbling for 5 min. 1-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazole (6.90 g, 33.1 mmol, 1.2 eq.) was added and the
mixture was dégas§¢d for another 5 min. Pd(dppf)Cl, (2.25 g, 27.6 mmol, 0.1 eq) and
aqueous:sodium parbonatei‘(8.79 g, 82.9 mmol, 30 eq).were added sequentially and the
mixture waé fuﬁher degassed for 5 min and then heated at 90 °C for 2 h. The mixture
was quenched with water and extracted with ethyl acetate (3 x 50 ml). The combined
organic layer was washed with water, brine and dried over sodium sulphate. The solvent
was distilled off undet rediiced pressure to afford the crude residue which was purified
by column chromatography (60-120 silica gel, 40 % ethyl acetate in hexarie) to yield the
title product in 75 % yield (4.5 g). LC-MS (ESI): Calculated mass: 218.21; Observed
mass: 218.9 [M+H] * (tt: 0.390 min). 'H NMR (400 MHz, DMSO- dg): & 8.10-8.08 (m,
2H), 7.81 (s, 1H), 7.66-7.63 (m, 1H), 7.44(s, 2H), 7.05-7.03(d, 1H), 3.84 (s, 3H).

b) 2, 6-dichloro-N-(4-( 1-methyl-1H-pyrazol-4-yl)-2-nitrophenyl) pyridin-4- -

amine

A solution of 2,6-dich’loro‘-'4—i0d0pyridine (1 g, 3.66 mmol) in toluene (15 ml) -
was degassed by N; bubbling for 5 min. The compound of Example 43(a) (0.958 g, 4.39
mmol, 1.2 eq.) was added and the mixture was degassed for another 5 min. Palladium
acetate (0.032 g, 0.146 mmol, 0.04 eq) and BINAP (0.091 g, 0.146 mmol, 0.04 eq.) and
potassium tert-butoxide (0.616 g, 5.49 mmol, 1.5 eq) were added sequentially and the
mixture was further degassed for 5 min-and then heated at 100 °C for 5 h. The mixture
was filtered through celite and extracted with ethyl acetate (3 x 100 ml). The combined

organic layer was washed with water, brine and dried over sodium sulphate. The solvent
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was distilled off under reduced pressure to afford the crude residue which was purified
by column chromatography (60-120 silica gel, 25 % ethyl acetate in hexane) in 42.3 %
yield (550 mg) LC MS (ESD): Calculated mass: 363.04; Observed mass: 364 0 [M+H]
(rt 1. 578 min).

c)l- (2 6- drchloropyrldm 4 -y1)-5-(1-methyl- lH-pyrazol—4 yl) 1H-benzo[d]-

mudazole

.A solution.of the compound of Example -43(b) (0.55 g, 1.51 mimol) in formic .
acid:(10.ml):and iron (0.843:g; 15.1 mmol) was heated at 100°C for 16 h. The formic
acid was distilled off under reduced pressure and the crude product was dissolved in - .-
cthylacctate; The ethyl acetate layer was washed with water, brine and dried over
sodium sulphate. The solvent was distilled off under reduced pressure to afford the title
compound in 77 % yield (0.4 g). LC- MS (ESD: Calculated mass: 343.04; Observed
mass: 344.05 [M+H]* (rt: 1.169 min).

d) "N-(6-chloro-4-(5-(1-methyl-1H- pyrazol -4-y1)-1H- benzo[d]mudazol 1 yl)
pyridin- 2—yl) cyclopropanesulfonarmde ‘ ‘

A solution of the compound of Example 43(c) (0.54 g, 1‘;56 mmol) in dioxane
(15 ml) was degassed by N bubbling for 5'min. Cyclopropane sulfonamide (0.189g, -
1.56 mmol, 1-eq) was added and the mixture was degassed for another 5 min. Palladium
acetate (0.028 g, 0.125 mmol, 0.08 eq) and xantphos (0.072 g, 0.125 mmol, 0.08 eq)
and Cs,COs (1.53 g, 4.7 mmol, 3.0 eq) were added and the mixture was further degassed
for 5 min and then heated at100 °C for 16 h. The mixture was filtered through celite and
extracted with ethyl acetate (3 x 50 ml). The combined organic layer was washed with
water, brine and dried over sodium sulphate. The solvent was distilled off under reduced
pressure to afford the crude residue which was purified by column chromatography (60-
120 silica gel, 3 % methanol in fhéXan'e)‘to yield the title product in 37 % yield (250
mg). LC- MS (ESD): Calculated mass: 428 08; Observed mass: 429.2 [M+H] " (rt: 0.854

min).
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e) N-(6-(2, 4-difluorophenyl)-4-(5-(1-methyl- 1H-pyrazol-4-yl)-1H-benzo[d]-
‘imidazol-1-yl) pyridin-2-yl) cyclopropanesulfonamide

" A solution of the compound of Example 43(d) (0.15 g, 0.350 mmol) in DME (4
ml) was degassed by N, bubbling for 5 min. 2,4-Difluorophenylboronic acid (0.06 g,
0.385 mmol, 1.1 eq) was added and the mixture was degassed for another 5 min.
Pd(PPhs)s (0.039 g, 0.035mmol, 0.1 eq) and aqueous cesium carbonate (0.341 g, 1.051
mmol, 3 eq) were added sequentially and the mixture was further degassed for 5 min
and then heated at 100 °C for 16 h. The‘r,eaction mixture was quenched with water and
extracted with ethyl acetate (3.x.30 ml). The combined organic layer was washed with
water, brine and dried over sodium sulphate. The solvent was distilled off under reduced
pressure to-afford the crude résidue which was purified by preparative TLC to yield the
title product in'11.2 % yield (20 mg). "H NMR (400 MHz, DMSO- dg): § 11.0 (s, 1H),
8.78 (s; 1H), 8.21 (s, 1H), 8.08-8.04 (m, 1H), 8.00 (s, 1H), 7.95 (s, 1H), 7.78-7.76 (d,
2H), 7.65-7.63 (d, 1H), 7.49-7.43 (m, 1H), 7.35-7.29 (m, 2H), 3.87 (s, 3H), 3.23 (m,1H),
1.13-1.06 (m;4H). LC-MS (ESD: Calculated mass: 506.13; Observed mass: 507.5 *
[M+H]" (st: 1.583 min).

- Abbreviations:
RT - Room t'c£n‘perat'ur’e} ‘
It - Retention time™
BINAP - 2,2"-bis(diphenylphosphino)-1,1"-binaphthyl
" DMF - N,N-dimethylformamide
THF - Tetrahyd'rofﬁran
"TEA - Triethyl amine
TLC - Thin layer chromatography
" DCM - Dichlofomethane
DME - Dimethoxyethane
DMSO - Di‘methylsulfoxide ;
" EDC- 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride
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HATU - 2-(1H-7-azabenzotriazol-1-yl)-1,1 ,3,3-tetramethylv uronium hexafluoro-
phosphate methanaminium

HOBt - Hydroxybenzotriazole

DIPEA - N,N-diisopropylethylamine

TBAF - tetra-n-butylammonium fluoride

Pd(dppf)Cl; - 1,1'-Bis(diphenylphosphino)ferrocene-palladium(II)dichloride
Pd(PPh3), - Tetrakis(triphenylphosphine)palladium(0)

Pd;,(dba); - Tris(dibenzylideneacetone)dipalladium(0)
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Claims

1. A compound of formula (I)

Ry
Rz
: O
whereln ST

71 is Nand Zz is CH or

Z,is CH and 7, is N or

Zyand Z,is N;

Zis CHor N

Aisa phenyl rmg or a 5 12 :membered heterocyclic ring;

R; is H C1 7 alkyl C3 s cycloalkyl, Cs.7 cycloalkyl C;7 alkyl, C;7 alkoxy, C,7
alkyl carbonyl, amino, hydroxy, hydroxy C;.7 alkyl, halo C;; alkyl, C;.7 alkylamino C,.;
alkyl, -R;6-C(O)-Ry; or -E-Rg; |

R, is H; halogen or Cy.7 alkyl;

Bisa 5-12 r'neri.lb'e'féd Carboc"yclic or heterocyclic ring;

Rj3 is H, halogen, C;_; alkyl, Cy_7 alkoxy, halo C;.; alkyl or halo C;_ alkoxy;

R4 is H, halogen, C;.; alkyl Or 0XO0;

Rsis H, C(O)R7, -SOzRg or an optlonally substituted 5-6 membered
heterocyclic ring; ‘ . : ‘

R is an optlonally substltuted 5-6 membered heterocychc ring;

- Ry is Cy7alkyl, Cy.7 alkenyl, Cy; alkoxy, Cy.; alkoxy Cy.7 alkyl, carboxy Cy.
alkyl Ci7 alkoxy carbonyl Ci7 alkyl C,.7 alkylamino C;.; alkyl, -NH-R¢ or -NH-X-
Ri; Co
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Rg is Cy.7 alkyl, C,7 alkenyl, Cs_; cycloalkyl, hydroxy C;; alkyl, -NR33R 4, -NH-
X2-Ris, phenyl or an optionally substituted 5-6 membered heterocyclic ring;
Ry is Cy.7 alkyl or Cs.; cycloalkyl;
Ri1 is phenyl or an optionally substituted 5-6 membered heterocyclic ring;
5 Rizis H or C;;alkyl;
. Ri3 and ng are, independently, H, C,.7 alkyl or C3; cycloalkyl;
Risis phenyl or an optionally substituted 5-6 membered heterocyclic ring;
Risis a bond or a Cy; alkyl;
R;7 is Cy7 alkyl, Cy.7 alkoxy, Ci4 alkylammo amino or hydroxy,
10 E is a bond or a Cy.; alkyl;
© - * Xj and X; are, independently, a bond or C,_; alkyl;
and pharmaceutically acceptable salts thereof.

.' 2.:A compound according to claim 1, wherein Z is CH.
15 ! :

3. A compound according to claim 1 or 2, wherein Z; is N'and Z, is CH...
4. A compound according to to claim 1 or 2, wherein Z; is CH and Z, is N.
20 '5..A compound according to to claim 1 or 2, wherein Z; and Z, is N.

6. A compound according to any of claims 1 to 5, wherein ring A is any one of

the following groups or tautomers thereof
N= /N—N .
l} \)\ \)
i s N $ ) N/ \sss N\é
- o (3') ' (59 "

Th 1D O Oy Oy C By

(7) ' (8') : ' (10" (ary - a2)
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—N N |
o/\_N_)\ 5 <\N:|\l ¢ N/ < ()\5 \/ Qlé
(13) (14 (157 (16" a17) (18)
N—N N— '
(s L3 O O
(19 (209 @) 22)

7. A compound accordmg to any of claims 1 to 6 wherein rmg B is any one of

the followmg groups or tautomers thereof

(1") ' (2" Y (4") | (5"

A,

» e o (10

8 A compound accordmg to any of clalms 1 to 7 whereln
Alsarmg offormula (1), (2), (3’ ) @), (5%), (7)), (14", (16’) or (20°);

10 - RyisH, C1_7 alkyl, C,_7 alkoxy, hydroxy Ci7alkyl, Cy7alkylamino C; alkyl or
-E-R¢; ‘ -
" RpisH;
Zis CH; : : . .
“Bisa rlng of formula (1”) (2”) (3), (4) or (67°);
15 "~ Eisabond or C;_alkyl;

R6 is any of the followmg groups

(@ (b (e)
R3 is H, halogen, C,.7 alkyl, C;4 alkoxy;
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RyisH or'halogenj
Rs5is “C(O)R7or -SO;Rg or any one of the following groups
N\
oy 1o 05 010 S
(a”) O (c") (" ") (f")

R7 is Cy7alkyl, C,.4 alkenyl or -NH-Rg;
Rs is C;7alkyl, C,.7 alkenyl, Cs.7 cycloalkyl, hydroxy C;.7 alkyl or -NR3R4; and
Rio is Cy.7 alkyl or C35 cycloalkyl.

9. A compound.according to any of claims 1 to 8, wherein B is a ring of formula
(1,’)', (3’9)01. (6’ 7).

10 A compound accordmg to any of claims 1 to 9, Whereln Aisa rmg of
formula (1 ), (2), @), (5 )or (20”)

11.:A éompound according to ahy of claims 1 to 10, wherein Rs is -SO,R5.-

12. A compound according to any of claims 1 to 11, wherein Zis CH, Z; is N
and Z, is CH, Ais a ring of formula (1), .B is‘a ring of formula (1), Ry is Cy.7 alkyl, R;
isH, RQ is halogen, R4 is H or halogen, Rs is -SO,Rs and Rg is Cy.7 alkyl or
C;.7 cycloalkyl. -

13.°A compound according to any of claims 1 to 12, which is

4-(2, 4-Difluorophenyl)-N-(1-methyl-1H-pyrazol-3-yl)-6-(5-(1-methyl-1H-
pyrazol-4-yl)-1H-benzo[d}imidazol-1-yl) pyridin-2-amine;

N-(4-(2,4- d1ﬂuorophenyl) -6- (5 -(1-methyl- 1H pyrazol -4-yl)-1H- benzo[d]
1nndazol 1- yl)pyrldm 2- yl)cyclopropanesulfonarmde } L
L Sodlum salt of 1n11do form of N-(4 (2,4- dlﬂuorophenyl) -6- (5 ( 1- methyl 1H-
pyrazol-4- yl) 1H- benzo[d]lrmdazol l—yl)pyrldm -2-yl)cyclopropanesulfonamide;

N-(4-(2,4—d1ﬂuorophenyl)-6-(5—(l-methyl-1H—pyrazol-4-yl)-1H-benzo[d]—
imidazol-1-yl)pyridin-2-yl)methanesulfonamide;

N (4-(2;4-difluorophenyl)-6-(5-(1-methyl-1H- pyrazol-4 yl) 1H-benzo[d]-
imidazol- l—yl)pyndm -2- yl)ethanesulfonamlde '
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Sodium salt of imido form of N-(4-(2,4-difluorophenyl)-6-(5-(1-methyl-1H-
pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)pyridin-2-yl)ethanesulfonamide;

N —(4—(2,4-diﬂu0rophényl)—6—(5-(1-methyl-lH-pyrazol-4-yl)-1H—benzo[d]~
imidazol-1-yl)pyridin-2-yl)propane-2-sulfonamide;

* Imido form of N-(4-(2,4-difluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-

benzo[d]imidazol-1-yl)pyridin-2-yl)propane-2-sulfonamide;

N-(4-(2-fluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)- 1H-benzo[d]imidazol-1-
yl)pyridin-2-yl)cyclopropanesulfonamide; '

Sodium salt of imido form of N-(4-(2-ﬂuorophenyl)—6¥(5-(1-méthyl—lH-pyrazol-
4-y)-1 H-benzb[d]imidaz’ol— 1-yD)pyridin-2-yl)cyclopropanesulfonamide;

N-(4-(2- fluorophenyl)-6-(5-(1-methyl-1H- pyrazol 4-yl)-1H-benzo[d]imidazol-1-
y1)pyr1dm-2 yl)methanesulfonamlde

N-(4-(2-fluorophenyl)-6-(5-(1-methyl- 1H- pyrazol -4- yl) 1H-benzo[d]imidazol-1-
yl)pyndm—2 -yl)ethanesulfonamide;

Sodium salt of imido form of N-(4-(2-fluorophenyl)-6-(5-(1-methyl- 1H-pyrazol-

4-y1)-1H-benzo[d]imidazol-1- yl)pyrldm 2-y1)ethanesulfonarmde

N-(4-(2- fluorophenyl) -6-(5-(1-methyl-1H-pyrazol-4- yl) .1H-benzo[d]Jimidazol-1-
yDpyridin-2-yl)propane-2- sulfonamide; '

Sodium salt of imido form of N-(4-(2-ﬂuorophenyl)—6—(5l(l-rnethylﬁlH-pyrazol-
44y1)'—I‘H-benzo[ld]iﬁlida'zol‘-‘l‘-yl)pyridin-2—yl)propane—2-sulfonamide;

N-(4-(4-fluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-
yl)pyridin—Z yl)cyclopropanesulfonamide“

N-(4-(4- fluorophenyl) -6-(5-(1-methyl-1H-pyrazol-4-yl)- 1H-benzo[d]imidazol- 1-
yDpyridin-2- yl)methanesulfonamlde '

N-(4-(4- ﬂuorophenyl) -6- (5 (1-methyl-1H- pyrazol-4 yD)- 1H- -benzo[d]imidazol-1-
yl)pyr1d1n-2—yl)propane-2—su1fonam1de_, ‘

Sodium salt of imido form of N-(4-(4-fluorophenyl)-6-(5-(1-methyl-1H-pyrazol-
4-yl)-lH-beh20[d]imidazol~1-yl)pyfidin-2-yl)pfopane-2-sulfon’amide;

N-(3 -ﬂuofo-6'-(5 -(1 ;methyi- 1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)-[2,4'-
bipyfi'din]-2'-'yl)cyclopropainesulfdnamide;

N-(3-fluoro-6'-(5-(1 -methyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)-[2,4'-
bipyridin]-2'-yl)acetamide;’
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N-(4-(2,4-difluorophenyl)-6-(5-(1-(2-(dimethylamino)ethyl)- 1H-pyrazol-4-yl)-
1H-benzo[dlimidazol-1-yl)pyridin-2-yl)cyclopropanesulfonamide;

N-(4-(2-fluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-
yl)pyrimidin-2-yl)cyclopropanesulfonamide;

N-(6-(5-(1H-pyrazol-1-yl)-1H-benzo[d]imidazol-1-yl)-4-(2,4-difluorophenyl)- |
pyridin-2-yl)cyclopropanesulfonamide;

N-(3,5-difluoro-6'-(5-(1-methyl- 1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-yl)-
[2,4'-bipyridin]-2'-yl)cyclopropanesulfonamide;

N-(3,5- difluoro-6'- -(5-(1 methyl 1H-pyrazol-4- yl) 1H- benzo[d]lrmdazol 1-yD)-
(2.4 bipyridin]-2'-yl)acetamide; ‘ T

N-(4-(2-chlorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazol-1-
y)pyridin:2:yl)cyclopropanesulfonamide;

N-(3-chloro-6'-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[dJimidazol-1-y1)-[2,4'-
bipyridin]-2™-yl)cyclopropanesulfonamide;

N-(5-fluoro-6'-(5-(1-methyl-1H-pyrazol-4-yl)- 1H-benzo[d]imidazol-1-yl)-[2,4'-
bipyridin]-2'-yl)cyclopropanesulfonamide;

N- (6-(5- (lH imidazol- 1-yl) 1H-benzo[d]imidazol-1- yl)-4 (2 4- dlﬂuorophenyl)-
pyndm -2 yl)cyclopropanesulfonarmde

N-(4-(2,4-d1ﬂu0rophenyl)—6'-(5-(1-(2-m0r‘pholinoethy1)¥lH-pyrazol-4-yl)-1H-
behio[d]‘imidazc’)l'-1-'yl)pyridi‘n-2-y1)cyclopropanesulfonamide;

N-(4-(2,4-difluorophenyl)-6-(5-(1-(pyrrolidin-3-yl)-1 H-pyraiol#4-yl)¥ 1H- -
benzo[d]imidazol- 14yl)pyridin-2—’yi)cyclopropanesulfonamide;

N-(4-(2,4-difluorophenyl)-6-(5-(1-ethyl-1H-1,2,3-triazol-4-y1)-1H-benzo[d]- -
1nndazol 1- yl)pyrldm 2- yl)cyclopropanesulfonannde

N-(4 (2,4- dlﬂuorophenyl) -6-(5-(1- methyl 1H-1,2,3-triazol-4- yl) 1H-benzo[d]-
nmdazol 1- yl)pyndm -2- yl)cyclopropanesulfonannde

N-(4 2, 4- dlﬂuorophenyl) 6-(5-(1-methyl-1H- 1rmdazol-4 -yl)-1H-benzo[d]-
imidazol-1- yl)pyndm -2- yl)cyclopropanesulfonam1de o

N-(4-(2, 4- dlﬂuorophenyl) 6-(5-(1-methyl- 1H—pyrazol—4—y1) -1H-benzo[d]-
mudaizol I- yl) pyrlmldm -2-yly acetanude

Ethyl 1-(1-(6-(cyclopropanesulfonamido)-4-(2,4-difluorophenyl)pyridin-2-yl)-
1H-benzo[d]imidazol-5-yl)-1H-1,2,3-triazole-4-carboxylate;
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N-(4-(2-(difluoromethoxy)-4-fluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)-
1H-benzo[d]imidazol-1-yl)pyridin-2-yl)cyclopropanesulfonamide;
N-(4-(2,4-difluorophenyl)-6-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]-
imidazol-1 —yl)pyrimidin—2—y1)cyclopropanesulfonamide;
5 N-(6-(2, 4-difluorophenyl)-4-(5-(1-methyl-1H-pyrazol-4-yl)-1H-benzo[d]-
imidazol-1-yl) pyridin-2—yl) cyclopropanesulfonamide;

or a pharmaceutically acceptable salt or tautomer thereof.

14. A phafmaceutic‘a‘l composition comprising a compound of formula (Dora
10 pharmaceutically acceptable salt thereof together with a pharmaceutically acceptable

carrier. -
15. Use of a compound of formula (I) or a pharmaceutically acceptable salt
thereof in the manufacture of a inedicament for the treatment of a condition, where

15  FGFR kinase‘ inhibition is desired.

16. Use of a compound of formula (I) or a pharmaceutically acceptable salt

thereof ‘in the manufacture of a medicament for the treatment of cancer.

20



