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Heteroaryl compounds and uses thereof

The present application claims priority to PCT application PCT/CN2018/086144, filed
on May 9, 2018, the contents of which are incorporated herein by reference in their
entireties.

Field of invention

[0001] The present invention relates to a series of novel heteroaryl compounds,
processes for preparing the compounds, intermediates and uses thereof.

Prior arts

[0002] Alzheimer's is a devastating and incurable disease marked by B-Amyloid (Ap)
and tau protein aggregations in the brain. The accumulation of p-Amyloid (Af) and
tau proteins in the brain is hallmark pathology for Alzheimer disease. Recently
developed positron emission tomography (PET) tracers, including [18F]-AV-1451, bind
to tau in neurofibrillary tangles in the brain. Tau PET is a promising imaging method
for Alzheimer’s disease, and the imaging method can be of great significance in the
development of new drugs to combat Alzheimer's disease.

[0003] The aggregation of Tau protein is also linked in many studies to other memory-
related neurodegenerative disorders. Tau PET imaging is considered interesting for
other neurological diseases such as frontal lobe dementia and Parkinson's-like
diagnoses such as PSP (progressive supranuclear palsy) and CBD (corticobasal
degeneration).

[0004] The amount of Tau aggregates present in the brain may correlate with the stage
of Alzheimer’s disease. New Tau PET tracer carries potential to advance the diagnosis
and treatment for Alzheimer's disease and other neurodegenerative disorders.
Therefore, development of new tau PET tracer is greatly needed.

Content of the present invention

[0005] The present disclosure relates to a series of novel heteroaryl compounds having
a structure of formula (I), or a pharmaceutically acceptable salt, a solvate, a hydrate, an
isotopically labeled derivative or a radiolabeled derivative thereof,
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wherein, W is N-R or C-R!;

R is absent or Ci- alkyl, and the Ci- alkyl of which is optionally substituted by the
substituent selected from the group consisting of OH, halogen, Cz-s heterocycloalkyloxy,
toluenesulfonyloxy and phenyl which is further optionally substituted by Ci-3 alkoxy,
OH or Ci.3 alkyl; the heteroatom contained in the C2-¢ heterocycloalkyloxy is selected
from the group consisting of N, O and S; the number of the heteroatom contained in the
C26 heterocycloalkyloxy is 1, 2, 3 and 4;

R! is H, halogen, OH, NHz, C1.6 alkoxycarbonyl, C1. alkyl, C1.6 alkylamino or Ci.6
alkoxy, and OH, NHz, Ci-6 alkoxycarbonyl, Ci-s alkyl, Ci.6 alkylamino or Ci.6 alkoxy
of which is optionally substituted by the substituent selected from the group consisting
of halogen, OH, Cz-¢ heterocycloalkyloxy and toluenesulfonyloxy;

Tis C-R} or N;

R? is H, OH, C1.6 alkoxy or halogen;
Zis N or CH;

UisN-R* S, O or C-R?;

R*is absent, H, C1 alkyl, Ci.6 alkoxycarbonyl, Ci.6 alkylcarbonyl or benzoyl, and the
C16 alkyl, Ci1-6 alkoxycarbonyl, Ci-6 alkylcarbonyl and benzoyl of which is optionally
substituted by the substituents selected from the group consisting of halogen, OH, Ci-3
alkoxy, Cz-6 heterocycloalkyloxy and toluenesulfonyloxy;

R’ is H or C1.6 alkyl, and the C1.6 alkyl is optionally substituted by halogen and/or OH;
Vis CH, N or NH;

QisCHorN;

XisCHorN;

Y is CR® or N;

RS is selected from the group consisting of H, NHz and a C1.6 alkoxy, and NH: and the
Ci-6 alkoxy is optionally substituted by Ci-3 alkyl, halogenated Ci-3 alkyl and/or halogen;

JisCHor N;

K is CHor N;

provided that X and Y are not N simultaneously, and J and Y are not N simultaneously;
R’ is halogen, OH, Ci-s alkyl or Ci-¢ alkoxy;

R’ is halogen, OH, NHz, C1-6 alkoxy, Ci-s alkylamino or Cz2-¢ heterocycloalkyl, and OH,
NHaz, Ci6 alkoxy, Cis alkylamino and Cz¢ heterocycloalkyl of which is optionally
substituted by the substituent selected from the group consisting of oxo, OH, halogen,
Cs.6 cycloalkyl, Ci.4 alkoxy carbonyl, C2-6 heterocycloalkyloxy, toluenesulfonyloxy and
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phenyl which is further optionally substituted by OH and/or C1-3 alkoxy;
R’ is H, OH or halogen;

misO,1,2;

nis 0, 1, 2;

provided that U and V are both containing N atom, R! and R? are not CF3 or Cl.

wherein R’is H or F.

[0007] Preferably, the heteroaryl compounds having a structure of formula (I), or a
pharmaceutically acceptable salt, a solvate, a hydrate, an isotopically labeled derivative
or a radiolabeled derivative thereof has a structure of formula (I1),
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wherein, X is CH or N; Y is CH or N, provided that X and Y are not N simultaneously;
~--U
VTYQZ o)
T
the structural unit ~ R" is selected from the group consisting of
Rb
| b
Y- ot o~ I
[ ) QOSIG o= B
~ ) N
R/\Ra R, ca ~x~""N Rb
Formula I-(a) Formula I-(b) Formula I-(c) Formula I~(d) and
7NN
Ra_
\);k 3
Formula I-(e)

wherein, in Formula I-(c), Uis O or S; Z is CH or N;

R%is selected from the group consisting of H, OH, halogen, C1.3 alkyl, C1.3 alkoxy, NH2,
3
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Ci3 alkylamino and Ci-s alkoxycarbonyl, and OH, Ci3 alkyl, Ci-3 alkoxy, NHa2, C1-3
alkylamino or Ci-¢ alkoxycarbonyl of which is optionally substituted by OH, halogen,
C2-6 heterocycloalkyloxy or toluenesulfonyloxy;

R® is selected from the group consisting of H, Ci-s alkyl, Ci.6 alkoxycarbonyl, Ci-3
alkylcarbonyl, benzyl and benzoyl, and the Cis alkyl, Cis alkoxycarbonyl, Ci.3
alkylcarbonyl or benzoyl of which is optionally substituted by halogen, OH, C1.3 alkoxy,
C2-6 heterocycloalkyloxy or toluenesulfonyloxy.

[0008] Preferably, at least one of K and Q is N. In one embodiment of the present
invention, K is N while Q is CH. In another embodiment of the present invention, K
is CH while Q is N. In another embodiment of the present invention, K is N while Q
isN.
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[0009] Preferably, the structural unit R™ is selected from the group
consisting of
Rb
Y~ o ~r AT
) b L e
~ P N
R/\Ra K/\Ra S N kb
Formula I-(a) Formuia I-(b) Formula I-(c) Formula I-(d) and
7N,
Ro §
\/IQN
Formula I-(e)

>

[0010] wherein, in Formula I-(c), Uis O or S; Z is CH or N;

[0011] R*is selected from the group consisting of H, OH, halogen, Ci-3 alkyl, Ci3
alkoxy, NHz, C13 alkylamino and Ci-6 alkoxycarbonyl, and OH, Ci-3 alkyl, Ci-3 alkoxy,
NHz, C1-3 alkylamino or Ci-6 alkoxycarbonyl of which is optionally substituted by OH,
halogen, Cz-s heterocycloalkyloxy or toluenesulfonyloxy;

[0012] R®is selected from the group consisting of H, Ci-6 alkyl, Ci-s alkoxycarbonyl,
Ci3 alkylcarbonyl, benzyl and benzoyl, and the Ci alkyl, Ci-¢ alkoxycarbonyl, Ci-3
alkylcarbonyl or benzoyl of which is optionally substituted by halogen, OH, C1-3 alkoxy,
C2.6 heterocycloalkyloxy or toluenesulfonyloxy.

[0013] Preferably, R is Ci.3 alkyl which is optionally substituted by the substituent
selected from the group consisting of F, OH, p-toluenesulfonyloxy, Cs.s
heterocycloalkyloxy and phenyl which is optionally substituted by OH or methoxy.

[0014] Preferably, R! is H, F, OH, NHz, Ci.3 alkoxycarbonyl, Ci.3 alkyl, Ci.3
alkylamino or Ci3 alkoxy; and OH, NHz, Ci3 alkoxycarbonyl, Ci3 alkyl, Ci3
alkylamino or Ci-3 alkoxy of which is optionally substituted by the substituent selected
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from the group consisting of F, OH, p-toluenesulfonyloxy and Cs-s heterocycloalkyloxy.
[0015] Preferably, R®is C1.3 alkoxy, F or Cl.

[0016] Preferably, R*is C1.3 alkyl, Ci.4 alkoxycarbonyl, C1.3 alkylcarbonyl or benzoyl,
and Ci3 alkyl, Ci-4 alkoxycarbonyl, Ci-3 alkylcarbonyl or benzoyl of which is optionally
substituted by the substituents selected from the group consisting of F, OH, methoxy,
Cs.s heterocycloalkyloxy and p-toluenesulfonyloxy.

[0017] Preferably, R’ is C1.3 alkyl.

[0018] Preferably, R®is selected from the group consisting of H, NH2 and a C1.3 alkoxy,
and NHz and the Ci-3 alkoxy is optionally substituted by Ci-3 alkyl and/or F.

. . . F
[0019] More preferably, R® is NHz, methoxy, dimethylamino or ;\O/\/ :

[0020] Preferably, R’ is F, C1-3 alkyl or Ci1-3 alkoxy.

[0021] Preferably, R is F, Ci-3 alkoxy, Ci-3 alkylamino or Cs-s heterocycloalkyl, and
OH, NHz, Ci-3 alkoxy, Ci-3 alkylamino or Cs-s heterocycloalkyl of which is optionally
substituted by the substituent selected from the group consisting of oxo, OH, F, Cl, Cs-
5 cycloalkyl, Ci1.3 alkoxy carbonyl, Cs.s heterocycloalkyloxy, p-toluenesulfonyloxy and
phenyl which is further optionally substituted by OH, methoxy or ethoxy.

[0022] Preferably, R is F or CI.
[0023] Preferably, in formula I-(c), Z is CH, U is S or O.

[0024] Preferably, R? is selected from the group consisting of H, OH, F, Cl, methyl,
ethyl, methoxy, ethoxy, mn-propoxy, NHz, N-methylamino, N-ethylamino, N-n-
propylamino, N,N-dimethylamino, methylethylamino, methoxycarbonyl and fert-
butoxy carbonyl, and OH, methyl, ethyl, methoxy, ethoxy, n-propoxy, NHz, N-
methylamino, N-ethylamino, N-n-propylamino, N,N-dimethylamino,
methylethylamino, methoxycarbonyl and fers-butoxy carbonyl of which is optionally
substituted by OH, F, Cl, Cs-s heterocycloalkyloxy or toluenesulfonyloxy.

[0025] Preferably, R®is H, C1.3 alkyl, C1.4 alkoxycarbonyl, C1.3 alkylcarbonyl, benzyl
or benzoyl, and the Ci.3 alkyl, Ci.4 alkoxycarbonyl, Ci-3 alkylcarbonyl or benzoyl of
which is optionally substituted by F, Cl, OH, Ci.3 alkoxy, Cs-s heterocycloalkyloxy or
toluenesulfonyloxy.

OHH

F N
[0026] Preferably, R* is H, F, OH, NHz, methoxy, ethoxy, 5 ,
OH

OH OH QH H OH H
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[0027] Preferably, R® is H, methyl, , , ,
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[0028] Preferably, R is OH  OH | r‘ﬁ, OH  OH
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[0029] Preferably, R! is F, OH, NHa,
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[0030] Preferably, R? is F, OH, methoxy.

FYTS YT Y

[0031] Preferably, R* is H, methyl, OH , OH ~ OH |
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[0032] Preferably, R®is H, methyl or ethyl.

[0033] Preferably, R’is F, OH, methyl or methoxy.

OH

OH
oL F. O
[0034] Preferably, R” is F, Cl, OH, NHz, methyl, F)\/ Fé, A s
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[0035] Preferably, R”’is Hor F.

[0036] Preferably, the heteroaryl compounds having a structure of formula (I), or a
pharmaceutically acceptable salt, a solvate, a hydrate, an isotopically labeled derivative
or a radiolabeled derivative thereof is selected from the group consisting of the
compounds in Table (I).

[0037] Table (T)



WO 2019/214681

PCT/CN2019/086201

N
NZ /
Y OaVaWa
H
N/N —
\|/ \N/NHz




PCT/CN2019/086201

WO 2019/214681

XN
=" IZTN 2N 2 =3
N/ \ z
\ _/ > N /N 7 Y




WO 2019/214681 PCT/CN2019/086201

10



WO 2019/214681 PCT/CN2019/086201

NH,
N
N7 -
—0 NH2
N
N/
B VaUaWal
O
F

11



PCT/CN2019/086201

WO 2019/214681

p
N
p
N
W
HN—
DaUst
p)
\_

L o -
N _HN/ TZ" N =" N
Tz Iz _ _
\ \
\ N\ N\ p-d N\
=z
=z nHU L

<L

Nz

12



WO 2019/214681

PCT/CN2019/086201

F
NN
N — — \
F

13



WO 2019/214681

PCT/CN2019/086201

F
Ho’g
/0O,
™ / \ N ;Q
Ho.--g
N —
N7 | H

14



WO 2019/214681

PCT/CN2019/086201

o
0
/ 0
-0~
\l / N
OH
HO
o




WO 2019/214681 PCT/CN2019/086201

16



PCT/CN2019/086201

WO 2019/214681
OH
NN
IO~
OH
\-/\N/ N
50 )~
OH
_0 0

HO

17



WO 2019/214681

PCT/CN2019/086201

HzN\©:s —
/ ,/—NH
N \N
LK
s
-O-Cn
N =N H




WO 2019/214681 PCT/CN2019/086201

19



WO 2019/214681

PCT/CN2019/086201

20



WO 2019/214681

PCT/CN2019/086201

21



WO 2019/214681

PCT/CN2019/086201

OH
Fv(!?j\/N S 7\ — /
/ \ L/ N\
N =N N
F
OH
F\)VN\G:S _N>_
2 < >_< ,—N
N \ N\
OH H
V/ ,/—NH
N \ N
OH H
F\)\/N\QS = =\ /
' »—NH
N N / \ N
OH H
F\)\/N\@S — — /
Y / ,—NH
N \ N \ N
OH H
F N S — — /
(:E/ \ 7\ N
N N N\
F
HzN\©:s — _N>_
7 / /)N
o) N \ N

22



WO 2019/214681

PCT/CN2019/086201




WO 2019/214681

PCT/CN2019/086201

0.
Z N A\ —
OH

R N N
O —
J/ \CN\\% >—<\ i
E XN N H

5S
0
Z N - /
\\\ \ /NH
N N
{2

2

OH
AN — /
> \ )NA
R N N
@
@]
O
Yy Eo oy _
\ \ /
O SN N
OH
F 0 AN _N
A \
N
NH,
OH
~ /
OH

24



WO 2019/214681

PCT/CN2019/086201
OH
F (0] A N A — N}_/{_
AN \ N/
OH
F NN -
AN \ N/
i
0]
\\S,O\)\/O AN — y
- / NH
o) A=y \_/
()
‘é\fo\)\/o Z NN 3 :
\!
OH
F. O —
=~ N N\ ) N/
N \ N \
OH
F\)\/O NN A\ \ N{{
XN \ N
OH H
F N —
7NN N/ NH
XN N
H
/O N =
/ 4/ —NHz
N \ N
|
/O\@N =
/ /—NH2
N \ N
HO N/ = y
| / /)—NH
N \ N
OH
F\)\/O AN =N — Nﬁ_
N7 \_\/

25



WO 2019/214681

PCT/CN2019/086201

) =
/ /) —NH;
N \N
(0]
R d s N
/ 2
Ny N7 \
/o/ S =
N\l/ \/NH2
N
FS
/7 /,—N
_n N \N AN




WO 2019/214681

PCT/CN2019/086201

O IS — —

\©:N/ 7\
N

N/| p 7 N\__/ N\

X =N =N

H
N% ‘ N —
Y/ \Y
X N
OH
F O
~ "N N\
N \N

27



WO 2019/214681 PCT/CN2019/086201

OH
F O/N\ _/N
XN \N
OH |,
F\)\/N/N\ /N{-{
XN \N
/O/N\ — N/
S VI SV WV
F
/O/N /
> \ 7/ N
NS N N \
F
S = = /
s /—NH
L~ 0=
S = = /
/ / /—NH
GG
OH
F\)\/N\©:S — — /
/4 / ,—N
N \N \N \
F
HZN\@S — —N>_
/4 / »#—N
N \N \N \
F
HN S —N —N
@[N/ W Wany
F

[0038] The present invention also provides a process for preparing the heteroaryl
compounds having a structure of formula (I), or a pharmaceutically acceptable salt, a
solvate, a hydrate, an isotopically labeled derivative or a radiolabeled derivative thereof,
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RP
~~-_-U N~ | Ij g
SO Q\Rif

when the structural unit R is Formulak@)  comprising the steps of

(i) reacting compound 1 with compound 2 to give compound 3 at -78°C in an organic
solvent and in the presence of a base;

(ii) reacting the compound 3 obtained from step (i) with compound 4 in an organic
solvent and in the presence of a base and a Pd catalyst at 80°C;

o Rm
—I:>| _\n
N Eto%d) Fm| i { N R"
RJ\I—/ | N‘Rb 2 RaN / N/ | ) _|_ =
S —_— X
1 3
R N
\N/ﬁ/\)—
~5.U A\
WOTOME K
T- R2
. . . c
when the structural unit R™ is Formulal-(b) and R is R\/d‘t,

comprising reacting compound 5 with compound 11 at 60°C in an organic solvent and
in the presence of a base;

. " RS _Br (R)m (R")n
12
5

wherein R® is H, Ci1-s alkyl, Ci-s alkoxycarbonyl, Ci-2 alkylcarbonyl and phenyl, and the
Ci-s alkyl, Ci-s alkoxycarbonyl, Ci-2 alkylcarbonyl and phenyl of which is optionally
substituted by halogen, OH, Cis alkoxy, Css heterocycloalkyloxy or

toluenesulfonyloxy;
b
ot s

R2 Rd\(\ r‘JJ
when the structural unit R" is Formula l-(b) apnd R ijs  OH |
comprising reacting compound 5 with compound 13 at 50°C in an organic solvent and

in the presence of a base;

[>—re N

H R} R s N i ALY
NN \ WAN h p Y
R | e Q/ \ ){,Y <\ & \ M

14
5
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wherein RYis H or C1.3 alkyl;

QL Sgvs

when the structural unit ~ R" is Formulal-c)  yhere Uis O and Z is N,

comprising reacting compound 15 with compound 16 at 120°C in polyphosphoric acid
(PPA);

Ry (Rn
o Sk M
/ 7
HO \ Q \ X (R)m (R,
A~ OH N,
2N %
=y Ly
NH,
15
17 .
zZ U
Ra_<
. g Sy mRE T 0
when the structural unit R™ is Formulal-c)  where Uis S and Z is C,

comprising reacting compound 18 with compound 19 at90°C in an organic solvent and
in the presence of a base and a Pd catalyst;

o ¢
(Rll
g —— Qr
i S—Br
I/ N

18
~5-U 2~ U
W ~Z aZ
+ O C\)/>_§_ R x | N/>_§
when the structural unit  R™ is  Formulal-(¢)  where Uis NH and Z is N,

comprising the steps of

1) reacting compound 21 with compound 22 to form compound 23 in polyphosphoric
acid at 130°C;

ii) reacting the compound 23 obtained from step i) with compound 19 to form
compound 25 in a mixed solvent of MeCN and H20 and in the presence of a Pd catalyst
and a base at 60°C;

__)n
NP -NH; Hooe Ak | (R)w
© Lf— %@ W CE ;
@iNHz ¥ \ & R \ N

21 22
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N/
~-.U Ra—- | AN
OO IS e
T \V4 hb
when the structural unit ~ R™ is ~ Formulal@) wherein R is H, comprising

the steps of

i) reacting compound 26 with compound 27 to form compound 28 in an organic solvent
and in the presence of a Pd catalyst, Cul and an organic base at room temperature;

ii) reacting the compound 28 obtained from step i) with DBU to form compound 29 in
a mixed solvent of MeOH and H20 at 80°C;

iii) reacting the compound 29 obtained from step ii) with compound 30 to form

compound 31 in an organic solvent and in the presence of a Pd catalyst and a base at
80°C;

B Y R')m R")n
Ty o omom
<

N
30 R34 / e
N \ Q \ X
H
31
Z N A
wz-Y el
1O o) \/L\/r?_§
when the structural unit ~ R" is Formulal-(e)  comprising the steps of

1) reacting compound 32 with compound 33 to form compound 34 in an alcoholic
solvent and in the presence of a base at 80°C;

i1) reacting the compound 34 obtained from step 1) with compound 30 in an organic
solvent and in the presence of a base and a Pd catalyst at 80°C;

Rm o} ==\
BrWBr o Ly
g Y , R (R,

30 AN /T =
o TS NI e IS
Ra_\)\NH \)*N \ g r \)QN \ Q \ X
A
35
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[0039] Preferably, the process for preparing the heteroaryl compounds having a
structure of formula (I), or a pharmaceutically acceptable salt, a solvate, a hydrate, an
isotopically labeled derivative or a radiolabeled derivative thereof,

Rb

~5_-U

\Q_VOZO}E- R/\ )
Y, R®

when the structural unit  R" is Formulaa)

, comprising the steps of

(i) reacting compound 1 with compound 2 to give compound 3 at -78°C in THF and in
the presence of s-butyllithium;

(ii) reacting the compound 3 obtained from step (i) with compound 4 in DMF and in
the presence of Na2COs and Pd(PPhs)4 at 80°C;

Rb\N ~-N
374 SO
VIVOZ O>—§- K,\ = %
T\)\V Ra
when the structural unit R™ is Formula I-(b) and R® is Rc\/ﬁ’l,

comprising reacting compound 5 with compound 11 at 60°C in DMF and in the
presence of Cs2COs; wherein R° is a Ci-3 alkyl or a halogenated Ci-3 alkyl,

RY, N
0

~7-U N
?‘VOZ O)-4 Kf\ = § d
N ® Ny

when the structural unit R is Formulal-(b) apnd RP is  OH
comprising reacting compound 5 with compound 13 at 50°C in DMF and in the

presence of K2COs;

>

Z U
U a_Z
YOfor+ R @:,\%_ §
N
when the structural unit ~ R" is Formulal-c)  where Uis O and Z is N,

comprising reacting compound 15 with compound 16 at 120°C in polyphosphoric acid
(PPA);

woz-U Ra_Z:E:U»_é
COLNE
when the structural unit ~ R™ is  Formulal-c)  where Uis S and Z is C,

comprising reacting compound 18 with compound 19 at 90°C in CH3CN and in the
presence of K2CO3 and Pd(PPhs)4;

W/\Z,U a_‘Z = U
"Ofoyt =L
when the structural unit  R" is  Fermulal-(¢)  where Uis NH and Z is N,
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comprising the steps of

1) reacting compound 21 with compound 22 to form compound 23 in polyphosphoric
acid at 1307C;

i1) reacting the compound 23 obtained from step i) with compound 19 to form
compound 25 in a mixed solvent of MeCN and H20 and in the presence of Pd(dppf)Cl:
and Na2COs3 at 60°C;

N U Ra_N/ | N §
TOIor+ S
T \V4 I‘Qb
when the structural unit ~ R™ is Fomulal@)  ywherein R is H, comprising

the steps of

i) reacting compound 26 with compound 27 to form compound 28 in DMF and in the
presence of Pd(PPh3)2Clz, Cul and triethanolamine at room temperature;

i1) reacting the compound 28 obtained from step i) with DBU to form compound 29 in
a mixed solvent of MeOH and H20 at 80°C;

ii1) reacting the compound 29 obtained from step ii) with compound 30 to form
compound 31 in DMF and in the presence of Pd(PPh3)4 and Na2COs at 80°C;

~,-U NN
YOfor+ K \);,}_ %
Y,
when the structural unit ~ R" is  Formulal-(e)  comprising the steps of

1) reacting compound 32 with compound 33 to form compound 34 in EtOH and in the
presence of NaHCOs at 80°C;

i1) reacting the compound 34 obtained from step i) with compound 30 in DMF and in
the presence of K2CO3 and Pd(PPhs)4 at 80°C.

[0040] The present invention also provides a pharmaceutical composition
comprising a compound of formula (I), or a pharmaceutically acceptable salt, solvate,
hydrate, isotopically labeled derivative or radiolabeled derivative thereof, as described
herein, and optionally a pharmaceutically acceptable excipient.

[0041] The pharmaceutical composition described herein can be prepared by any
method known in the art of pharmacology. In general, such preparatory methods
include the steps of bringing the compound of formula (I) into association with a
carrier and/or one or more other accessory ingredients, and if necessary and/or
desirable, shaping and/or packaging the product into a desired single- or multi-dose
unit.

[0042] Relative amounts of the active ingredient, the pharmaceutically acceptable
excipient, and/or any additional ingredients in a pharmaceutical composition of the
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invention will vary, depending upon the identity, size, and/or condition of the subject
treated and further depending upon the route by which the composition is to be
administered. By way of example, the composition may comprise between 0.1%
and 100% (w/w) active ingredient.

[0043] Pharmaceutically acceptable excipients used in the manufacture of provided
pharmaceutical compositions include inert diluents, dispersing and/or granulating
agents, surface active agents and/or emulsifiers, disintegrating agents, binding agents,
preservatives, buffering agents, lubricating agents, and/or oils. Excipients such as
cocoa butter and suppository waxes, coloring agents, coating agents, sweetening,
flavoring, and perfuming agents may also be present in the composition.

[0044] Exemplary preservatives include antioxidants, chelating agents, antimicrobial
preservatives, antifungal preservatives, alcohol preservatives, acidic preservatives,
and other preservatives. The preservative is preferably an antioxidant or a chelating
agent.

[0045] Exemplary buffering agents include citrate buffer solutions, acetate buffer
solutions, phosphate buffer solutions, ammonium chloride, calcium carbonate,
calcium chloride, calcium citrate, calcium glubionate, calcium gluceptate, calcium
gluconate, D-gluconic acid, calcium glycerophosphate, calcium lactate, propanoic
acid, calcium levulinate, pentanoic acid, dibasic calcium phosphate, phosphoric acid,
tribasic calcium phosphate, calcium hydroxide phosphate, potassium acetate,
potassium chloride, potassium gluconate, potassium mixtures, dibasic potassium
phosphate, monobasic potassium phosphate, potassium phosphate mixtures, sodium
acetate, sodium bicarbonate, sodium chloride, sodium citrate, sodium lactate, dibasic
sodium phosphate, monobasic sodium phosphate, sodium phosphate mixtures,
tromethamine, magnesium hydroxide, aluminum hydroxide, alginic acid, pyrogen-
free water, isotonic saline, Ringer’s solution, ethyl alcohol, and mixtures thereof.

[0046] Liquid dosage forms for oral and parenteral administration include
pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions,
syrups and elixirs. In addition to the active ingredients, the liquid dosage forms may
comprise inert diluents commonly used in the art such as, for example, water or other
solvents, solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl alcohol,
ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-
butylene glycol, dimethylformamide, oils (e.g., cottonseed, groundnut, corn, germ,
olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene
glycols and fatty acid esters of sorbitan, and mixtures thereof. Besides inert diluents,
the oral compositions can include adjuvants such as wetting agents, emulsifying and
suspending agents, sweetening, flavoring, and perfuming agents. In certain
embodiments for parenteral administration, the conjugates of the invention are mixed
with solubilizing agents such as Cremophor™, alcohols, oils, modified oils, glycols,
polysorbates, cyclodextrins, polymers, and mixtures thereof.

[0047] Solid dosage forms for oral administration include capsules, tablets, pills,
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powders, and granules. In such solid dosage forms, the active ingredient is mixed
with at least one inert, pharmaceutically acceptable excipient or carrier such as
sodium citrate or dicalcium phosphate and/or (a) fillers or extenders such as starches,
lactose, sucrose, glucose, mannitol, and silicic acid, (b) binders such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone, sucrose, and
acacia, (c) humectants such as glycerol, (d) disintegrating agents such as agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium
carbonate, (e) solution retarding agents such as paraffin, (f) absorption accelerators
such as quaternary ammonium compounds, (g) wetting agents such as, for example,
cetyl alcohol and glycerol monostearate, (h) absorbents such as kaolin and bentonite
clay, and (i) lubricants such as talc, calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and mixtures thereof. In the case of
capsules, tablets, and pills, the dosage form may include a buffering agent.

[0048] The radiolabeled compound of formula (I), as described herein, may bind to
Tau aggregates and aid in identifying the amount of Tau aggregates present which in
turn may correlate with the stage of AD.

[0049] The present invention also provides a use of the heteroaryl compound having
a structure of formula (I), or a pharmaceutically acceptable salt, solvate, hydrate,
isotopically labeled derivative or a radiolabeled derivative thereof in detecting Tau
aggregates in vitro, ex vivo, and in vivo.

[0050] The present invention also provides a use of the heteroaryl compound having
a structure of formula (I), or a pharmaceutically acceptable salt, solvate, hydrate,
isotopically labeled derivative or a radiolabeled derivative thereof in manufacturing
an imaging agent for Tau aggregates.

[0051] Also within the scope of this disclosure are (a) pharmaceutical compositions
comprising inventive compounds described herein; and (b) uses of the just-described
pharmaceutical compositions in manufacturing imaging agents or medicaments for
neurological disorders like Alzheimer's disease.

[0052] The present disclosure further provides a method of using the inventive
compounds and pharmaceutical compositions for imaging tau proteins that
accumulate in the brain.

[0053] The present disclosure provides methods of using the inventive compounds
and pharmaceutical compositions for detecting neurological disorders associated with
accumulated tau proteins, such as Alzheimer's disease (AD).

[0054] The present invention thus provides a method of detecting tau aggregates.
This imaging can be performed by molecular imaging methods such as positron
emission tomography (PET), fluorescence microscopy measurement, multi-photon
imaging, two-photon imaging, near-infrared fluorescence imaging, autoradiography,
and single-photon emission computed tomography (SPECT). Also, this imaging
includes in vitro, ex vivo, and in vivo imaging.
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[0055] The imaging method comprises the step of administering a radiolabeled
compound of formula (I) to a subject and detecting said radiolabeled compound of the
invention in said subject. The present invention further provides a method of
detecting Tau aggregates in vitro or in vivo using a radiolabeled compound of formula
(D), as described herein. Hence, the present invention provides useful tools for early
detection and diagnosis of Alzheimer’s disease. The present invention also provides
useful tools for monitoring the progression of Alzheimer’s disease and the effect of
treatment.

[0056] A method of Tau imaging, comprising the steps of

(a) administering to a subject an effective amount of (1) the heteroaryl compound
having a structure of formula (I), or a pharmaceutically acceptable salt, a solvate, a
hydrate, an isotopically labeled derivative or a radiolabeled derivative thereof, or (ii)
the pharmaceutical composition of the present invention; and

(b) imaging the brain of the subject.

[0057] The imaging method preferably comprises the steps of (a) administering to a
subject a radiolabeled compound of the invention as defined herein; (b) allowing said
radiolabeled compound of the invention to bind to Tau in said subject; (c) detecting
signals emitted by said radioisotope in said bound radiolabeled compound of the
invention; (d) generating an image representative of the location and/or amount of
said signals; and (e) determining the distribution and extent of said Tau aggregates in
said subject.

[0058] The step of "administering” a radiolabeled compound of the invention is
preferably carried out parenterally, and most preferably intravenously. The
intravenous route represents the most efficient way to deliver the compound
throughout the body of the subject. Intravenous administration neither represents a
substantial physical intervention nor a substantial health risk to the subject. The
radiolabeled compound of the invention is preferably administered as the
radiopharmaceutical composition of the invention, as defined herein. The
administration step is not required for a complete definition of the imaging method of
the invention.  As such, the imaging method of the invention can also be understood
as comprising the above-defined steps (b)-(e) carried out on a subject to whom a
radiolabeled compound of the invention has been pre-administered.

[0059] Following the administering step and preceding the detecting step, the
radiolabeled compound of the invention is allowed to bind to the Tau aggregates.

For example, when the subject is an intact mammal, the radiolabeled compound of the
invention will dynamically move through the mammal’s body, coming into contact
with various tissues therein. Once the radiolabeled compound of the invention
comes into contact with the Tau aggregates it will bind to the Tau aggregates.

[0060] The "detecting" step of the method of the invention involves detection of
signals emitted by the radioisotope comprised in the radiolabeled compound of the
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invention by means of a detector sensitive to said signals, e.g., a PET camera. This
detection step can also be understood as the acquisition of signal data.

[0061] The "generating" step of the method of the invention is carried out by a
computer which applies a reconstruction algorithm to the acquired signal data to yield
a dataset. This dataset is then manipulated to generate images showing the location
and/or amount of signals emitted by the radioisotope. The signals emitted directly
correlate with the amount of enzyme or neoplastic tissue such that the "determining"
step can be made by evaluating the generated image.

[0062] The "subject" of the invention can be any human or animal subject.
Preferably the subject of the invention is a mammal. Most preferably, said subject is
an intact mammalian body in vivo. In an especially preferred embodiment, the
subject of the invention is a human.

[0063] The "disease state associated with the Tau aggregates" can be MCI (mild
cognitive impairment), dementia or Alzheimer’s disease.

[0064] An amount of the isotopically labeled derivative and radiolabeled derivative
of the compound for administration one or more times a day to a 70 kg adult human
may comprises about 0.0001 mg to about 3000 mg, about 0.0001 mg to about 2000
mg, about 0.0001 mg to about 1000 mg, about 0.001 mg to about 1000 mg, about 0.01
mg to about 1000 mg, about 0.1 mg to about 1000 mg, about 1 mg to about 1000 mg,
about 1 mg to about 100 mg, about 10 mg to about 1000 mg, or about 100 mg to
about 1000 mg, of the compound per unit dosage form.

[0065] The compound of formula (I) or the pharmaceutically acceptable salt,
solvate, hydrate, isotopically labeled derivative and radiolabeled derivative thereof
may be at dosage levels sufficient to deliver from about 0.001 mg/kg to about 100
mg/kg, from about 0.01 mg/kg to about 50 mg/kg, preferably from about 0.1 mg/kg to
about 40 mg/kg, preferably from about 0.5 mg/kg to about 30 mg/kg, from about 0.01
mg/kg to about 10 mg/kg, from about 0.1 mg/kg to about 10 mg/kg, and more
preferably from about 1 mg/kg to about 25 mg/kg, of subject body weight per day,
one or more times a day, to obtain the desired therapeutic effect.

[0066] 1t will be appreciated that dose ranges as described herein provide guidance
for the administration of provided pharmaceutical compositions to an adult. The
amount to be administered to, for example, a child or an adolescent can be determined
by a medical practitioner or person skilled in the art and can be lower or the same as
that administered to an adult.

[0067] Also encompassed by the invention are kits (e.g., pharmaceutical packs).

The inventive kits may be useful for detecting Tau aggregates. The kit provided may
comprise an inventive pharmaceutical composition or heteroaryl compound of
formula (I), or a pharmaceutically acceptable salt, solvate, hydrate, isotopically
labeled derivative and radiolabeled derivative thereof, and a container (e.g., a vial,
ampule, bottle, syringe, and/or dispenser package, or other suitable container). In
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some embodiments, provided kits may optionally further include a second container
comprising a pharmaceutical excipient for dilution or suspension of an inventive
pharmaceutical composition or heteroaryl compound of formula (I), or a
pharmaceutically acceptable salt, solvate, hydrate, isotopically labeled derivative or
radiolabeled derivative thereof. In some embodiments, the inventive pharmaceutical
composition or heteroaryl compound of formula (I), or pharmaceutically acceptable
salt, solvate, hydrate, isotopically labeled derivative or radiolabeled derivative thereof
provided in the container and the second container are combined to form one unit
dosage form.

[0068] Thus, in one aspect, provided are kits including a first container comprising
the heteroaryl compound described herein, or a pharmaceutically acceptable salt,
solvate, hydrate, isotopically labeled derivative or radiolabeled derivative, or a
pharmaceutical composition thereof. The kit of the invention preferably includes a
first container comprising the heteroaryl compound described herein, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition thereof.
The kits are useful in preventing and/or treating a proliferative disease in a subject.
Preferably, the kits further include instructions for administering the compound, or the
pharmaceutically acceptable salt, solvate, hydrate thereof, or the pharmaceutical
composition thereof, to a subject to identify the amount of Tau aggregates present
which in turn may correlate with the stage of AD.

Chemical definitions

[0069] Definitions of specific functional groups and chemical terms are described in
more detail below. The chemical elements are identified in accordance with the
Periodic Table of the Elements, CAS version, Handbook of Chemistry and Physics,
75th Ed., inside cover, and specific functional groups are generally defined as
described therein. Additionally, general principles of organic chemistry, as well as
specific functional moieties and reactivity, are described in Thomas Sorrell, Organic
Chemistry, University Science Books, Sausalito, 1999; Smith and March, March’s
Advanced Organic Chemistry, 5th Edition, John Wiley & Sons, Inc., New York, 2001;
Larock, Comprehensive Organic Transformations, VCH Publishers, Inc., New York,
1989; and Carruthers, Some Modern Methods of Organic Synthesis, 3rd Edition,
Cambridge University Press, Cambridge, 1987.

[0070] Compounds described herein can comprise one or more asymmetric centers,
and thus can exist in various isomeric forms, e.g., enantiomers and/or diastereomers.
For example, the compounds described herein can be in the form of an individual
enantiomer, diastereomer or geometric isomer, or can be in the form of a mixture of
stereoisomers, including racemic mixtures and mixtures enriched in one or more
stereoisomer. Isomers can be isolated from mixtures by methods known to those
skilled in the art, including chiral high pressure liquid chromatography (HPLC) and
the formation and crystallization of chiral salts; or preferred isomers can be prepared
by asymmetric syntheses. See, for example, Jacques et al., Enantiomers, Racemates
and Resolutions (Wiley Interscience, New York, 1981); Wilen et al., Tetrahedron
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33:2725 (1977); Eliel, Stereochemistry of Carbon Compounds (McGraw—Hill, NY,
1962); and Wilen, Tables of Resolving Agents and Optical Resolutions p. 268 (E.L.
Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, IN 1972). The invention
additionally encompasses compounds described herein as individual isomers
substantially free of other isomers, and alternatively, as mixtures of various isomers.

[0071] When a range of values is listed, it is intended to encompass each value and
sub—range within the range. For example “Ci-¢” is intended to encompass Ci, Cz, Cs,
Cs4, Cs, Ce, C1-6, C1-5, C14, C13, C12, C26, C2-5, C2-4, C23, C3-6, C3-5, C3-4, C46, Ca-5,
and Cs-s.

[0072] “Alkyl” refers to a radical of a straight—chain or branched saturated
hydrocarbon group having indicated number of carbon atoms. In some
embodiments, an alkyl group has 1 to 6 carbon atoms (“Ci-6 alkyl”). In some
embodiments, an alkyl group has 1 to 5 carbon atoms (“Ci-s alkyl”). In some
embodiments, an alkyl group has 1 to 4 carbon atoms (“Ci1-4 alkyl”). In some
embodiments, an alkyl group has 1 to 3 carbon atoms (“Ci-3 alkyl”). In some
embodiments, an alkyl group has 1 to 2 carbon atoms (“Ci2 alkyl”). In some
embodiments, an alkyl group has 1 carbon atom (“Ci alkyl”). In some embodiments,
an alkyl group has 2 to 6 carbon atoms (“Czc alkyl”). Examples of Ci alkyl groups
include methyl (C1), ethyl (Cz), n-propyl (Cs), iso-propyl (Cs), n-butyl (C4), fert-butyl
(Ca), sec-butyl (Ca), iso-butyl (Cas), n-pentyl (Cs), 3—pentanyl (Cs), amyl (Cs),
neopentyl (Cs), 3—methyl-2-butanyl (Cs), tertiary amyl (Cs), and n-hexyl (Cs).

[0073] “Heterocyclo” refers to a radical of a 3- to 10-membered non-aromatic ring
or aromatic ring system having indicated ring carbon atoms (such as 2 to 6 ring
carbon atoms) and 1 to 4 ring heteroatoms, wherein each heteroatom is independently
selected from nitrogen, oxygen and sulfur (“Cz¢ heterocyclo”). In heterocyclo
groups that contain one or more nitrogen atoms, the point of attachment can be a
carbon or nitrogen atom, as valency permits. A heterocyclo group can either be
monocyclic (“monocyclic heterocyclo”) or a fused, bridged or spiro ring system such
as a bicyclic system (“bicyclic heterocyclo”), and can be saturated or partially
unsaturated. Heterocyclo bicyclic ring systems can include one or more heteroatoms
in one or both rings. “Heterocyclo” also includes ring systems wherein the
heterocyclic ring, as defined above, is fused with one or more carbocyclic groups
wherein the point of attachment is either on the carbocyclic or heterocyclic ring, or
ring systems wherein the heterocyclic ring, as defined above, is fused with one or
more aryl or heteroaryl groups, wherein the point of attachment is on the heterocyclic
ring, and in such instances, the number of ring members continue to designate the
number of ring members in the heterocyclic ring system.

[0074] In some embodiments, a heterocyclo group is a 5-10 membered non-aromatic
ring system or aromatic ring system having indicated ring carbon atoms and 1-4 ring
heteroatoms, wherein each heteroatom is independently selected from nitrogen,
oxygen, and sulfur. In some embodiments, a heterocyclo group is a 5-6 membered
non-aromatic ring system or aromatic ring system having indicated ring carbon atoms
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and 1-4 ring heteroatoms, wherein each heteroatom is independently selected from
nitrogen, oxygen, and sulfur (“5-6 membered heterocyclo”). In some embodiments,
the 5-6 membered heterocyclo has 1-3 ring heteroatoms selected from nitrogen,
oxygen, and sulfur. In some embodiments, the 5-6 membered heterocyclo has 1-2
ring heteroatoms selected from nitrogen, oxygen, and sulfur. In some embodiments,
the 5-6 membered heterocyclo has one ring heteroatom selected from nitrogen,
oxygen, and sulfur.

[0075] Exemplary 3-membered heterocyclo groups containing one heteroatom
include, without limitation, azirdinyl, oxiranyl, and thiorenyl. Exemplary 4-
membered heterocyclo groups containing one heteroatom include, without limitation,
azetidinyl, oxetanyl, and thietanyl. Exemplary 5-membered heterocyclo groups
containing one heteroatom include, without limitation, tetrahydrofuranyl,
dihydrofuranyl, tetrahydrothiophenyl, dihydrothiophenyl, pyrrolidinyl,
dihydropyrrolyl, and pyrrolyl-2,5-dione. Exemplary 5-membered heterocyclo
groups containing two heteroatoms include, without limitation, dioxolanyl,
oxasulfuranyl, disulfuranyl, and oxazolidin-2-one. Exemplary 5-membered
heterocyclo groups containing three heteroatoms include, without limitation,
triazolinyl, oxadiazolinyl, and thiadiazolinyl. Exemplary 6-membered heterocyclo
groups containing one heteroatom include, without limitation, piperidinyl,
tetrahydropyranyl, dihydropyridinyl, and thianyl. Exemplary 6-membered
heterocyclo groups containing two heteroatoms include, without limitation,
piperazinyl, morpholinyl, dithianyl, and dioxanyl. Exemplary 6-membered
heterocyclo groups containing two heteroatoms include, without limitation,
triazinanyl. Exemplary 7-membered heterocyclo groups containing one heteroatom
include, without limitation, azepanyl, oxepanyl, and thiepanyl. Exemplary 8-
membered heterocyclo groups containing one heteroatom include, without limitation,
azocanyl, oxecanyl, and thiocanyl. Exemplary 5-membered heterocyclo groups
fused to a Cs aryl ring (also referred to herein as a 5,6-bicyclic heterocyclic ring)
include, without limitation, indolinyl, isoindolinyl, dihydrobenzofuranyl,
dihydrobenzothienyl, benzoxazolinonyl, and the like. Exemplary 6-membered
heterocyclo groups fused to an aryl ring (also referred to herein as a 6,6-bicyclic
heterocyclic ring) include, without limitation, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and the like.

[0076] “Partially unsaturated” refers to a group that includes at least one double or
triple bond. A “partially unsaturated” ring system is further intended to encompass
rings having multiple sites of unsaturation. Likewise, “saturated” refers to a group
that does not contain a double or triple bond, i.e., it contains all single bonds.

[0077] As used herein, the term “optionally substituted” refers to a substituted or
unsubstituted moiety.

[0078] “Halo” or “halogen” refers to fluorine (fluoro, —F), chlorine (chloro, —Cl),
bromine (bromo, —Br), or iodine (iodo, -I).
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[0079] “Halogenated” refers to a substituent is substituted with a halogen atom.

[0080] Nitrogen atoms can be substituted or unsubstituted as valency permits, and
include primary, secondary, tertiary, and quarternary nitrogen atoms. Exemplary
nitrogen atom substituents include, but are not limited to, hydrogen, -OH, —OR**, —
N(R*)2, -CN, ~C(=0)R®, —-C(=0)N(R**)2, -CO2R™ ~SO,R*, ~C(=NR"*)R*, —
C(=NR*)OR*, -C(=NR*)N(R*®)2, =SO2N(R*)2, —=SO2R*’, —=SO0R**, -SOR*, —
C(=S)N(R*)2, —C(=0)SR*, —C(=S)SR**, —-P(=0)2R**, —-P(=0)(R*)z, —-P(=0)2N(R*°)2,
—P(=0)(NR*)2, C1-10 alkyl, Ci-10 perhaloalkyl, Cz-10 alkenyl, C2-10 alkynyl, C3-10
carbocyclyl, 3—14 membered heterocyclyl, Cs-14 aryl, and 5-14 membered heteroaryl,
or two R groups attached to a nitrogen atom are joined to form a 3—14 membered
heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with O, 1,
2,3, 4, 0r 5 R* groups. Nitrogen protecting groups are well known in the art and
include those described in Protecting Groups in Organic Synthesis, T. W. Greene and
P. G. M. Wuts, 3™ edition, John Wiley & Sons, 1999, incorporated herein by
reference.

[0081] Each instance of R is, independently, selected from Ci-10 alkyl, Ci-10
perhaloalkyl, Ca-10 alkenyl, Cz10 alkynyl, Cs-10 carbocyclyl, 3-14 membered
heterocyclyl, Cs-14 aryl, and 5-14 membered heteroaryl, or two R* groups are joined
to form a 3—-14 membered heterocyclyl or 5-14 membered heteroaryl ring, wherein
each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3, 4, or 5 R% groups;

[0082] each instance of R? is, independently, selected from hydrogen, —OH, —OR®,
—N(R*)z, -CN, —C(=0)R*, -C(=O)N(R**)2, -CO2R™, =SO2R*, —C(=NR**)OR**, —
C(ENRE)N(R)2, —SO2N(R)2, —SO2R*, =SO20R*, —=SOR*, —C(=S)N(R*°)2, —
C(=0)SR*, —C(=S)SR**, —-P(=0)2R*, —P(=0)(R*)2, —P(=0)2N(R*°)2, —P(=0)(NR ")z,
Ci-10 alkyl, Ci-10 perhaloalkyl, Ca-10 alkenyl, C2-10 alkynyl, Cs-10 carbocyclyl, 3—14
membered heterocyclyl, Cs-14 aryl, and 5-14 membered heteroaryl, or two R® groups
are joined to form a 3—14 membered heterocyclyl or 5-14 membered heteroaryl ring,
wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3, 4, or 5 R% groups;

[0083] each instance of R is, independently, selected from hydrogen, Ci-10 alkyl,
Ci-10 perhaloalkyl, Cz-10 alkenyl, C2-10 alkynyl, Cs-10 carbocyclyl, 3—14 membered
heterocyclyl, Cs-14 aryl, and 5—14 membered heteroaryl, or two R groups are joined
to form a 3—14 membered heterocyclyl or 5—-14 membered heteroaryl ring, wherein
each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3, 4, or 5 R% groups;

[0084] each instance of R is, independently, selected from halogen, -CN, -NOz, —
N3, —SO2H, —~SOsH, ~OH, ~OR®, —~ON(R™)2, ~N(R™)2, -N(RT)s"X", ~N(OR®)RT. —
SH, —SR*, —SSR*, -C(=0)R**, —CO:zH, —CO2R**, -OC(=0)R*, -OCO2R**, -
C(=0)N(R)2, ~OC(=0)N(RT),, “NRIC(=0)R®, “NRFCOR, “NRFC(=0)N(R), -
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C(=NRT)OR* ~OC(=NRT)R*¢, -OC(=NRT)OR**, -C(=NRH)N(RT),, —
OC(=NRT)N(RT),, -NRIC(=NRTHN(RT),~NRTSO2R*¢, ~SO:N(RT), ~-SO2R*, —
SO20R*, ~0SO2R*, —S(=0)R*, —Si(R*)3, —Osi(R*)3, —~C(=S)N(R™);, -C(=0)SR*¢, —
C(=S)SR*, —=SC(=S)SR**, —-P(=0)2R*¢, -P(=0)(R*)z, ~OP(=0)(R*)2, —
OP(=0)(OR*)z, C1-6 alkyl, C1-¢ perhaloalkyl, Cz-6 alkenyl, C2-¢ alkynyl, C3-10
carbocyclyl, 3—10 membered heterocyclyl, Cs-10 aryl, 5-10 membered heteroaryl,
wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3, 4, or 5 R& groups, or two R% substituents
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can be joined to form =0 or =S;

[0085] each instance of R* is, independently, selected from Ci-¢ alkyl, Ci-6
perhaloalkyl, Cz6 alkenyl, Cz2-¢ alkynyl, C3-10 carbocyclyl, Ce-10 aryl, 3—10 membered
heterocyclyl, and 3—-10 membered heteroaryl, wherein each alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1,
2,3, 4, or 5 R groups;

[0086] each instance of RT is, independently, selected from hydrogen, Ci-s alkyl, Ci-
¢ perhaloalkyl, C2-6 alkenyl, C2-6 alkynyl, C3-10 carbocyclyl, 3—10 membered
heterocyclyl, Cs-10 aryl and 5-10 membered heteroaryl, or two R™ groups are joined
to form a 3—14 membered heterocyclyl or 5-14 membered heteroaryl ring, wherein
each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3, 4, or 5 R groups; and
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[0087] each instance of R® is, independently, halogen, —-CN, -NO2, —-N3, —SO2H, —
SOsH, —OH, —-OC1-s alkyl, -ON(C1-6 alkyl)2, -N(C1-6 alkyl)2, -N(C1-6 alkyl)s "X, —
NH(C1-6 alkyl)2" X", -NH2(C1-6 alkyl) "X, -NH3"X", -N(OC1-¢ alkyl)(C1-s alkyl), —
N(OH)(Ci-6 alkyl), -NH(OH), —SH, —SCi-5 alkyl, —SS(Ci-s alkyl), -C(=0)(Ci-6
alkyl), =COz2H, —CO2(C1-s alkyl), “OC(=0)(Ci-s alkyl), -OCO2(Ci1-s alkyl), —
C(=0)NHz, -C(=0)N(C1-¢ alkyl)2, “-OC(=O)NH(C1-6 alkyl), -NHC(=0)( C1-¢ alkyl),
—N(C1-6 alkyl)C(=0)( C1-6 alkyl), -NHCO2(C1-6 alkyl), -NHC(=O)N(C1-¢6 alkyl)z, —
NHC(=0)NH(C1-s alkyl), -NHC(=0)NHz, —C(=NH)O(C1-¢ alkyl),~-OC(=NH)(C1-6
alkyl), -OC(=NH)OC:1 s alkyl, -C(=NH)N(C1-¢ alkyl)2, -C(=NH)NH(C1s alkyl), —
C(=NH)NH2, -OC(=NH)N(C1-s alkyl)2, -OC(NH)NH(C1-s alkyl), -OC(NH)NHz, —
NHC(NH)N(C1-6 alkyl)z, -NHC(=NH)NHz, -NHSO2(C1-s alkyl), -SO2N(C1-6 alkyl)z,
—SO2NH(C1-6 alkyl), —=SO2NH2,—S02C1-6 alkyl, —SO20C1- alkyl, -OSO2C1-¢ alkyl, —
SOCi-s alkyl, —Si(C1-s alkyl)s, —Osi(Ci-s alkyl)s —C(=S)N(C1-¢s alkyl)2, C(=S)NH(C1-6
alkyl), C(=S)NHz, —C(=0)S(C1-¢ alkyl), —C(=S)SC1-s alkyl, —-SC(=S)SC1s alkyl, —
P(=0)2(Ci1-6 alkyl), -P(=0)(C1-6 alkyl)2, “OP(=0)(C1-6 alkyl)2, “OP(=0)(OC1-6
alkyl)z, C1-6 alkyl, C1-¢ perhaloalkyl, C2-s alkenyl, Cz2-6 alkynyl, C3-10 carbocyclyl, Ces-
10 aryl, 3—10 membered heterocyclyl, 5-10 membered heteroaryl; or two R#8
substituents can be joined to form =0 or =S; wherein X is a counterion.

[0088] For example, nitrogen protecting groups such as amide groups (e.g., -
C(=0O)R™) include, but are not limited to, formamide, acetamide, chloroacetamide,
trichloroacetamide, trifluoroacetamide, phenylacetamide, 3-phenylpropanamide,
picolinamide, 3-pyridylcarboxamide, N-benzoylphenylalanyl derivative, benzamide,
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p-phenylbenzamide, o-nitophenylacetamide, o-nitrophenoxyacetamide,
acetoacetamide, (N “dithiobenzyloxyacylamino)acetamide, 3-(p-
hydroxyphenyl)propanamide, 3-(o-nitrophenyl)propanamide, 2-methyl-2-(o-
nitrophenoxy)propanamide, 2-methyl-2-(o-phenylazophenoxy)propanamide, 4-
chlorobutanamide, 3-methyl-3-nitrobutanamide, o-nitrocinnamide, N-
acetylmethionine derivative, o-nitrobenzamide, and o-(benzoyloxymethyl)benzamide.

[0089] Nitrogen protecting groups such as carbamate groups (e.g., —C(=0)OR?**)
include, but are not limited to, methyl carbamate, ethyl carbamante, 9—
fluorenylmethyl carbamate (Fmoc), 9—(2—sulfo)fluorenylmethyl carbamate, 9—(2,7-
dibromo)fluoroenylmethyl carbamate, 2,7-di—butyl-[9—(10,10-diox0o-10,10,10,10—
tetrahydrothioxanthyl)methyl carbamate (DBD-Tmoc), 4—methoxyphenacyl
carbamate (Phenoc), 2,2, 2—trichloroethyl carbamate (Troc), 2—trimethylsilylethyl
carbamate (Teoc), 2—phenylethyl carbamate (hZ), 1-(1-Adamantyl)-1-methylethyl
(Adpoc), 1,1-dimethyl-2—haloethyl carbamate, 1,1-dimethyl-2,2—dibromoethyl
carbamate (DB—-BOC), 1,1-dimethyl-2,2,2—trichloroethyl carbamate (TCBOC), 1-
methyl-1—-(4-biphenylyl)ethyl carbamate (Bpoc), 1-(3,5-di—~butylphenyl)-1—
methylethyl carbamate (-~ Bumeoc), 2—(2'— and 4'—pyridyl)ethyl carbamate (Pyoc), 2—
(N,N—dicyclohexylcarboxamido)ethyl carbamate, 7~butyl carbamate (BOC), 1-
adamantyl carbamate (Adoc), vinyl carbamate (Voc), allyl carbamate (Alloc), 1-
isopropylallyl carbamate (Ipaoc), cinnamyl carbamate (Coc), 4—nitrocinnamyl
carbamate (Noc), 8—quinolyl carbamate, N-hydroxypiperidinyl carbamate, alkyldithio
carbamate, benzyl carbamate (Cbz), p—methoxybenzyl carbamate (Moz), p—
nitobenzyl carbamate, p—bromobenzyl carbamate, p—chlorobenzyl carbamate, 2,4—
dichlorobenzyl carbamate, 4—methylsulfinylbenzyl carbamate (Msz), 9—anthrylmethyl
carbamate, diphenylmethyl carbamate, 2—methylthioethyl carbamate, 2—
methylsulfonylethyl carbamate, 2—(p—toluenesulfonyl)ethyl carbamate, [2—(1,3—
dithianyl)methyl carbamate (Dmoc), 4-methylthiophenyl carbamate (Mtpc), 2,4—
dimethylthiophenyl carbamate (Bmpc), 2—phosphonioethyl carbamate (Peoc), 2—
triphenylphosphonioisopropyl carbamate (Ppoc), 1,1-dimethyl-2—cyanoethyl
carbamate, m—chloro—-p—acyloxybenzyl carbamate, p—(dihydroxyboryl)benzyl
carbamate, 5S—benzisoxazolylmethyl carbamate, 2—(trifluoromethyl)-6—
chromonylmethyl carbamate (Tcroc), m—nitrophenyl carbamate, 3,5-dimethoxybenzyl
carbamate, o—nitrobenzyl carbamate, 3,4—dimethoxy—6-nitrobenzyl carbamate,
phenyl(o—nitrophenyl)methyl carbamate, ~—amyl carbamate, S-benzyl thiocarbamate,
p—cyanobenzyl carbamate, cyclobutyl carbamate, cyclohexyl carbamate, cyclopentyl
carbamate, cyclopropylmethyl carbamate, p—decyloxybenzyl carbamate, 2,2—
dimethoxyacylvinyl carbamate, o—(N,N—-dimethylcarboxamido)benzyl carbamate,
1,1-dimethyl-3—(¥, N—dimethylcarboxamido)propyl carbamate, 1,1—
dimethylpropynyl carbamate, di(2—pyridyl)methyl carbamate, 2—furanylmethyl
carbamate, 2—-iodoethyl carbamate, isoborynl carbamate, isobutyl carbamate,
isonicotinyl carbamate, p—(p'—methoxyphenylazo)benzyl carbamate, 1—
methylcyclobutyl carbamate, 1-methylcyclohexyl carbamate, 1-methyl-1—
cyclopropylmethyl carbamate, 1-methyl-1—(3,5—dimethoxyphenyl)ethyl carbamate,
1-methyl-1-(p—phenylazophenyl)ethyl carbamate, 1-methyl—1—phenylethyl
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carbamate, 1-methyl-1—-(4—pyridyl)ethyl carbamate, phenyl carbamate, p—
(phenylazo)benzyl carbamate, 2,4,6—tri—#—butylphenyl carbamate, 4—
(trimethylammonium)benzyl carbamate, and 2,4,6—trimethylbenzyl carbamate.

[0090] Nitrogen protecting groups such as sulfonamide groups (e.g., —S(=0)2R*)
include, but are not limited to, p—toluenesulfonamide (Ts), benzenesulfonamide,
2,3,6,~trimethyl-4—methoxybenzenesulfonamide (Mtr), 2,4,6—
trimethoxybenzenesulfonamide (Mtb), 2,6—dimethyl-4—methoxybenzenesulfonamide
(Pme), 2,3,5,6-tetramethyl-4—methoxybenzenesulfonamide (Mte), 4—
methoxybenzenesulfonamide (Mbs), 2,4,6—trimethylbenzenesulfonamide (Mts), 2,6—
dimethoxy—4-methylbenzenesulfonamide (iMds), 2,2,5,7,8—pentamethylchroman—6—
sulfonamide (Pmc), methanesulfonamide (Ms), f—trimethylsilylethanesulfonamide
(SES), 9—anthracenesulfonamide, 4—(4',8'—
dimethoxynaphthylmethyl)benzenesulfonamide (DNMBS), benzylsulfonamide,
trifluoromethylsulfonamide, and phenacylsulfonamide.

[0091] Other nitrogen protecting groups include, but are not limited to,
phenothiazinyl—(10)-acyl derivative, N'-p—toluenesulfonylaminoacyl derivative, N'—
phenylaminothioacyl derivative, N-benzoylphenylalanyl derivative, N—
acetylmethionine derivative, 4,5—-diphenyl-3—oxazolin—2—one, N—phthalimide, N—
dithiasuccinimide (Dts), N-2,3—diphenylmaleimide, N-2,5—dimethylpyrrole, N—
1,1,4,4-tetramethyldisilylazacyclopentane adduct (STABASE), 5—substituted 1,3—
dimethyl—1,3,5-triazacyclohexan—2—one, 5—substituted 1,3—dibenzyl-1,3,5—
triazacyclohexan—2—one, 1-substituted 3,5—dinitro—4-hydroxyl, N—-methylamine, N—
allylamine, N—[2—(trimethylsilyl)ethoxy ]methylamine (SEM), N—3—
acetoxypropylamine, N—(1-isopropyl—4—nitro—2—oxo—3—pyroolin—3—yl)amine,
quaternary ammonium salts, N-benzylamine, N—di(4—-methoxyphenyl)methylamine,
N-5—dibenzosuberylamine, N—triphenylmethylamine (Tr), N—[(4—
methoxyphenyl)diphenylmethylJamine (MMTr), N—9—phenylfluorenylamine (PhF),
N-2,7-dichloro—9—-fluorenylmethyleneamine, N—ferrocenylmethylamino (Fcm), N—2—
picolylamino N'—oxide, N—1,1-dimethylthiomethyleneamine, N—benzylideneamine,
N-p-methoxybenzylideneamine, N—diphenylmethyleneamine, N—[(2—
pyridyl)mesityl methyleneamine, N—(V',N'-dimethylaminomethylene)amine, N,N'—
isopropylidenediamine, N—p—nitrobenzylideneamine, N—salicylideneamine, N—5—
chlorosalicylideneamine, N—(5—chloro—2—hydroxyphenyl)phenylmethyleneamine, N—
cyclohexylideneamine, N—(5,5—dimethyl-3—oxo—1-cyclohexenyl)amine, N-borane
derivative, N—diphenylborinic acid derivative, N-[phenyl(pentaacylchromium— or
tungsten)acyl]amine, N—copper chelate, N—zinc chelate, N—nitroamine, N—
nitrosoamine, amine N—oxide, diphenylphosphinamide (Dpp),
dimethylthiophosphinamide (Mpt), diphenylthiophosphinamide (Ppt), dialkyl
phosphoramidates, dibenzyl phosphoramidate, diphenyl phosphoramidate,
benzenesulfenamide, o—nitrobenzenesulfenamide (Nps), 2,4—
dinitrobenzenesulfenamide, pentachlorobenzenesulfenamide, 2—nitro—4—
methoxybenzenesulfenamide, triphenylmethylsulfenamide, and 3—
nitropyridinesulfenamide (Npys).

44



WO 2019/214681 PCT/CN2019/086201

[0092] The term “pharmaceutically acceptable salt” means a salt that is not harmful
to mammals, especially humans. Pharmaceutically acceptable salts can be formed
using non-toxic acids or bases, including mineral acids or inorganic bases, or organic
acids or organic bases. Examples of pharmaceutically acceptable salts include metal
salts formed with aluminum, calcium, lithium, magnesium, potassium, sodium, zinc
and so on, and organic salts formed with lysine, N, N'-dibenzylethylenediamine,
chloroprocaine, choline, diethanolamine, ethylenediamine, meglumine (N-
methylglucamine), procaine and so on.  Also, pharmaceutically acceptable salts
contain acid-addition salts and base-addition salts.

[0093] The term “pharmaceutically acceptable carriers” means pharmaceutically
acceptable materials, compositions, or vehicles such as physiological saline solutions,
liquid or solid fillers, diluents, solvents, or encapsulants. Examples of
pharmaceutically acceptable carriers include water, saline water, physiological saline
water or phosphate buffered saline water (PBS), sodium chloride injection solution,
Ringer's injection solution, isotonic dextrose injection solution, sterile water injection
solution, dextrose, and lactated Ringer's injection solution.

[0094] The term “effective dose” refers to the amount of a compound or a
composition which will have a targeted effect. For example, in some embodiments,
the effective dose may refer to the amount of a compound or a composition which
will enable tau imaging.

[0095] The term “solvate” means a solvent-containing compound that is formed by
association of one or a plurality of solvent molecules to the compounds of the present
invention. Solvates include, for example, monosolvates, disolvates, trisolvates, and
tetrasolvates.  Also, solvates include hydrates. The term “hydrate” means a
compound further containing a stoichiometric or a non-stoichiometric amount of
water constrained by non-covalent bonding intermolecular force, or a salt thereof.
Hydrates include monohydrates, dihydrates, trihydrates, and tetrahydrates.

[0096] The term “treatment” means moderating or remitting the progress, severity
and/or period of a disease or condition. The term “prevention” means reducing the
danger of catching or making worse a predetermined disease or condition, or reducing
or suppressing the recurrence, start or progress of a predetermined disease or
condition, or one or a plurality of symptoms.

[0097] The term “tau imaging” means imaging tau proteins that accumulate in the
brain. This imaging may be performed by positron emission tomography (PET),
fluorescence microscopy measurement, multi-photon imaging, two-photon imaging,
near-infrared fluorescence imaging, autoradiography, and single-photon emission
computed tomography (SPECT).

Description of the drawings

[0098] Fig. 1 are the images generated in rTg4510 mice using two photon imaging
for compound J and compound W in comparison with PBB3.

45



WO 2019/214681 PCT/CN2019/086201

[0099] Fig. 2 are the images generated in rTg4510 mice using two photon imaging
for compound J in comparison with PBB3 (top) as well as the quantification of green
fluorescence signaling over time (bottom).

Detailed description of the preferred embodiment

[0100] Embodiments of the present invention will be described below. These
embodiments will be described only to deepen the understanding of the claims of the
present invention, and are by no means intended to limit the claims of the present
invention.

General method

[0101] Most of chemicals were purchased from Sinopharm Chemical Reagent
Co.(SCRC), Sigma-Aldrich, Alfa or other vendors.

[0102] 1HNMR or 19F NMR spectra were recorded on Bruker AVIII 400 or Bruker
AVIII 500.

[0103] LCMS measurement was run on Agilent 1200 HPLC/6100 SQ System using
the follow conditions:

[0104] Method A: Mobile Phase: A: Water (0.01% TFA) B: CAN (0.01% TFA);,
Gradient Phase: 5%B increase to 95%B within 1.4 min, 95%B with 1.6 min (total
runtime: 3 min); Flow Rate: 2.3 mL/min; Column: SunFire C18, 4.6*50 mm, 3.5 um;
Column Temperature: 50 °C.  Detectors: ADC ELSD, DAD (214 nm and 254 nm),
ES-API.

[0105] Method B: Mobile Phase: A: Water (10 mM NH4HCO3) B: Acetonitrile;
Gradient Phase: 5% to 95%B within 1.5 min, 95%B with 1.5 min (total runtime: 3
min); Flow Rate: 2.0 mL/min; Column: XBridge C18, 4.6*50 mm, 3.5 um; Column
Temperature: 40 °C. Detectors: ADC ELSD, DAD (214 nm and 254 nm), MSD (ES-
API).

[0106] Method C: Mobile Phase: A: Water (10mM NH4HCQO3) B: Acetonitrile;
Gradient  Phase: 5% to 95%B within 1.5 min, 95%B with 1.5 min (total runtime: 3
min); Flow Rate: 2.0 mL/min; Column: XBridge C18, 4.6*50mm, 3.5 u m ; Column
Temperature: 40 °C. Detectors: ADC ELSD, DAD (214 nm and 254 nm), MSD (ES-
API).

Formula Ia
General:

(R)m R,

O 1|
- RP —|_\ "
Eto%é) N7 N’ % O i B - R B
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[0107] To a solution of amino-aniline 1 (7.94 mmol) in tetrahydrofuran (15 mL) was
added s-butyllithium (1.40 M in hexane, 17.01 mL, 23.81 mmoL) at -78 °C dropwise.
Then the mixture was warmed to room temperature and stirred for 3 h. The mixture
was cooled to -78°C, then added iodo-aryl ethyl ester 2 (3.18 mmol) within 20 min.
The resulting mixture was stirred at -78°C for 1 h. The reaction mixture was quenched
with methanol (5 mL) at -78°C and stirred for another 1 h at room temperature. Water
was added to the mixture and extracted with ethyl acetate (S0 mLx3). The organic
phase was washed with brine (50 mLx3), dried over anhydrous sodium sulfate and
concentrated in vacuo. The residue was purified by flash column chromatography
(dichloromethane/methanol = 10/1) to give iodo aryl pyrrolopyrdine 3.

[0108] A mixture of iodo-aryl pyrrolopyridine 3 (0.29 mmol), aryl boronate 4 (0.44
mmol), sodium carbonate (a.q.) (0.73 mL, 1.45 mmol, 2M a.q.) and
tetrakis(triphenylphosphine)palladium (35 mg, 0.03 mmol)in N,N-dimethylformamide
(10 mL) was stirred at 80°C for 4 h under nitrogen atmosphere. The mixture was
filtered and the filtrate was concentrated to dryness. The residue was resolved with
ethyl acetate (40 mLx3) and washed with brine (40 mLx3), dried over anhydrous
sodium sulfate and evaporated in vacuo. The residue was then purified by flash
column chromatography (dichloromethane/methanol = 10/1) to give pyrrolopyridine
5.

(F‘?')m
—q Boc (R H R’
RoC Boi-Pr, N7 R? 5 NS (_‘:)% NN aa
R”{j/\)—> Ra@l/)—-B(Oi-Pr)z—’R—‘/ 77N\{ Rt L 7N\ ¢
/6 7 9 10

[0109] To a solution of Boc-pyrrolopyridine 6 (0.20 mmol) and tripropan-2-yl borate
(0.12 mL, 0.50 mmol) in tetrahydrofuran (1 mL) was added lithium diisopropylamide
(0.3 mL, 0.60 mmol) dropwise at 0°C.  The reaction mixture was stirred for 10 min
at 0°C. The mixture was quenched with water (1 mL) and filtered. The filtrate was
concentrated to give boronate 7 which was used to next step without any purification.

[0110] A mixture of boronate 7 (0.20 mmol), aryl boronate 8 (0.14 mmol),
potassium phosphate (88 mg, 0.41 mmol) and [1,1'-bis(diphenylphosphino)ferrocene]
dichloropalladium (II) (9 mg, 0.01 mmol) in water (0.5 mL), tetrahydrofuran (1 mL)
and 1,4-dioxane (5 mL) was stirred at 80°C overnight under nitrogen atmosphere.
After cooling to room temperature, the mixture was filtered and the filtrate was
concentrated. The residue was purified by column chromatography
(dichloromethane/methanol = 97/3) to give aryl pyrrolopyridine 9. To 9 in acetic
acid (3 mL) was added hydrogen bromide (3.0 mL). The resulting mixture was stirred
at 110 °C for 16 h in a sealed tube. The mixture was filtered and the filtrate cake was
washed with sodium bicarbonate (a.q.) to give crude target compound 10.

[0111] Synthesis of Compound A
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[0112] Step 1: tert-Butyl 2-[4-(3-aminophenyl)phenyl]pyrrolo[2,3-c]pyridine-1-
carboxylate

[0113] A mixture of tert-butyl 2-(4-iodophenyl)pyrrolo[2,3-c]pyridine-1-carboxylate
(100 mg, 0.24mmol), 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (156 mg,
0.71 mmol), sodium carbonate (126 mg, 1.19 mmol) and [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium(Il) (18 mg, 0.02 mmol) in 1,4-
dioxane (10 mL) and water (2 mL) was stirred at 80 oC for 3 h under nitrogen
atmosphere. The reaction mixture was concentrated to dryness. The residue was taken
up in ethyl acetate (20 mL), washed with water and brine, dried over sodium sulfate
and concentrated. The residue was purified by flash column chromatography
(dichloromethane/methanol = from 1% to 25%) to give tert-butyl 2-[4-(3-
aminophenyl)phenyl]pyrrolo[2,3-c]pyridine-1-carboxylate (230 mg, 75% yield) as a
brownish solid, which was used the next step without purification. LCMS (ESI)
[M+H]+ = 386.2.

[0114] Step 2: 3-[4-(1H-Pyrrolo[2,3-c¢]pyridin-2-yl)phenyl]aniline

H NH,

N/ N

YV WaW,
A

[0115] To a solution of tert-butyl 2-[4-(3-aminophenyl)phenyl]pyrrolo[2,3-
c]pyridine-1-carboxylate (110 mg, 0.29 mmol) in methanol (6 mL) and water (1.2
mL) was added lithium hydroxide (36 mg, 0.86 mmol). The resulting mixture was
stirred at 50°C for 1 h.  After cooling to room temperature, solid was isolated. The
mixture was filtered and the filtrate cake was dried to give 3-[4-(1H-pyrrolo[2,3-
c]pyridin-2-yl)phenylJaniline (10.7 mg, 13% yield) as an off-white solid. LCMS
(ESI) [M+H]"=286.1; 'H NMR (400 MHz, DMSO-ds) § 12.10 (s, 1H), 8.75 (s, 1H),
8.10-8.09 (d, /=4.8 Hz, 1H), 8.01-7.99 (d, J= 7.6 Hz, 2H), 7.72-7.70 (d, J = 7.6 Hz,
2H), 7.52-7.50 (d, /=4.4 Hz, 1H), 7.15-7.11 (t, /= 7.8 Hz, 1H), 7.01 (s, 1H), 6.92 (s,
1H), 6.88-6.86 (d, /= 6.4 Hz, 1H), 6.60-6.59 (d, /= 7.6 Hz, 1H), 5.20 (s, 2H).

[0116] Synthesis of Compound B

Foik

/
i B@NH
KOAC Pd(dppf)Cl,

dioxane, 80°C, 3 h 886A
89%

OB Yt
\ / H
N
w7 e T ek 5 o
T sBuL THR, TNa:CO, PAPPhY, F

-78°C-1t, 4 h 8868 DMF, 80°C, 4 h
58% 19%

o

N

Compound B

[0117] Step 1: N-Methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-
amine
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[0118] A mixture of S-bromo-N-methylpyridin-2-amine (500 mg, 2.69 mmol)
bis(pinacolato)diboron (887 mg, 3.49 mmoL), potassium acetate (791 mg, 8.07
mmolL) and [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(II) (102 mg,
0.14 mmoL) in 1,4-dioxane (10 mL) was stirred at 100 °C for 3 h under nitrogen
atmosphere. The mixture was treat with water and extracted with ethyl acetate (50
mLx3). The organic phase was washed with (50 mLx3), dried over anhydrous sodium
sulfate and concentrated in vacuo to give N-methyl-5-(4,4,5 5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridin-2-amine (560 mg, 89% yield), which was used to the next
step without further purification. LCMS (ESI) [M+H] = 235; Rt = 1.70 min (Method
B).

[0119] Step 2: 5-Fluoro-2-(4-iodophenyl)-1H-pyrrolo[2,3-c]pyridine

[0120] To a solution of 6-fluoro-4-methylpyridin-3-amine (1.0 g, 7.94 mmol) in
tetrahydrofuran (15 mL) was added s-butyllithium (1.40 M in hexane, 17.01 mL,
23.81 mmoL) at -78 °C dropwise. Then the mixture was warmed to room temperature
and stirred for 3 h. The mixture was cooled to -78 °C, then added ethyl 4-
iodanylbenzoate (877 mg, 3.18 mmol) within 20 min. The resulting mixture was
stirred at -78 °C for 1 h. The reaction mixture was quenched with methanol (5 mL) at
-78 °C and stirred for another 1 h at room temperature. Water was added to the
mixture and extracted with ethyl acetate (50 mLx3). The organic phase was washed
with brine (50 mLx3), dried over anhydrous sodium sulfate and concentrated in
vacuo. The residue was purified by flash column chromatography
(dichloromethane/methanol = 10/1) to give 5-fluoro-2-(4-iodophenyl)-1H-
pyrrolo[2,3-c]pyridine (630 mg, 58% yield) as a yellow solid. LCMS (ESI) [M+H]" =
339; Rt =1.99 min (Method A).

[0121] Step 3: 5-(4-(5-Fluoro-1H-pyrrolo[2,3-c]pyridin-2-yl)phenyl)-/N-

methylpyridin-2-amine
N
N7 —\ ./
| /)—NH
0O

[0122] A mixture of 5-fluoro-2-(4-iodophenyl)-1H-pyrrolo[2,3-¢]pyridine (100 mg,
0.29 mmol), N-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-
amine (104 mg, 0.44 mmol), sodium carbonate (a.q.) (0.73 mL, 1.45 mmol, 2 M a.q.)
and tetrakis(triphenylphosphine)palladium (35 mg, 0.03 mmol)in N,N-
dimethylformamide (10 mL) was stirred at 80 °C for 4 h under nitrogen atmosphere.

The mixture was filtered and the filtrate was concentrated to dryness. The residue
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was resolved with ethyl acetate (40 mLx3) and washed with brine (40 mLx*3), dried
over anhydrous sodium sulfate and evaporated in vacuo. The residue was then
purified by flash column chromatography (dichloromethane/methanol = 10/1) to give
5-(4-(5-Fluoro-1H-pyrrolo[2,3-¢]pyridin-2-yl)phenyl)-N-methylpyridin-2-amine (18.0
mg, 19% yield) as a yellow solid. LCMS (ESI) [M+H]"=319; Rt = 1.68 min
(Method B); "H NMR (400 MHz, DMSO-ds) 4 12.13 (s, 1H), 8.45 (s, 1H), 8.33 (s,
1H), 7.97 (d, J = 8.4 Hz, 2H), 7.82 (d, J = 8.4 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.15
(s, 1H), 7.01 (s, 1H), 6.73 (q, J = 4.8 Hz , 1H), 6.56 (d, J = 8.4 Hz, 1H), 2.83 (d, /=
4.8 Hz , 3H).

[0123] Synthesis of Compound C

HO Pd(PPha)sCly, KoCOs, _ ,

‘B@Nﬁoa . IO& DMF, 80°C, 2 h Br < > <\ /> N
HO =N 31% N  Boc
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0°C, 10 min 990B dioxane/H,0, 80°C, 16 h 990C
53% over two steps
HBr/HOACc, OH H
110°C, 16 h N N _ ,
82% P \_/ NH
Compound C

[0124] Step 1: tert-Butyl 5-(4-bromophenyl)pyridin-2-yl(methyl)carbamate
Br ,—N
\ N

[0125] A mixture of 1-bromanyl-4-iodanyl-benzene (689 mg, 2.43 mmol), [6-
[methyl-[(2-methylpropan-2-yl)oxycarbonyl Jamino]pyridin-3-yl]boronic acid (510
mg, 2.02 mmol), bis(triphenylphosphine)palladium(Il) chloride (59 mg, 0.08 mmol)
and potassium carbonate (465 mg, 3.37 mmol) in N,N-dimethylformamide (10 mL)
was stirred at 80 °C for 2 h. The reaction mixture was treated with water (30 mL) and
extracted with ethyl acetate (30 mLx3). The combined organic layer was washed with
brine (30 mL), dried over anhydrous sodium sulfate and concentrated. The residue
was purified by column chromatography (petroleum ether/ethyl acetate = 100/5) to
give fert-butyl 5-(4-bromophenyl)pyridin-2-yl(methyl)carbamate (240 mg, 31% yield)
as white solid. LCMS (EST) [M+H]"=326.9; RT = 2.501 min (Method A).

[0126] Step 2: fert-Butyl 2-di(propan-2-yloxy)boranyl-7-methoxy-pyrrolo[2,3-
c]pyridine-1-carboxylate
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[0127] To a solution of fert-butyl 7-methoxypyrrolo[2,3-c]pyridine-1-carboxylate
(50 mg, 0.20 mmol) and tripropan-2-yl borate (0.12 mL, 0.50 mmol) in
tetrahydrofuran (1 mL) was added lithium diisopropylamide (0.3 mL, 0.60 mmol)
dropwise at 0 °C. The reaction mixture was stirred for 10 min at 0 °C. The mixture
was quenched with water (1 mL) and filtered. The filtrate was concentrated to give
tert-butyl 2-di(propan-2-yloxy)boranyl-7-methoxy-pyrrolo[2,3-c]pyridine-1-
carboxylate (90 mg, crude), which was used to next step without any purification.
LCMS (ESI) [M-i-Pr+H]" = 292.9; Rr = 1.434 min (Method B).

[0128] Step 3: fert-Butyl 2-(4-(6-(fert-butoxycarbonyl(methyl)amino)pyridin-3-
yl)phenyl)-7-methoxy-1H-pyrrolo[2,3-c¢]pyridine-1-carboxylate

~o Boc

N7 XN — /

| A~ \ r\f N\Boc

[0129] A mixture of fert-butyl 2-di(propan-2-yloxy)boranyl-7-methoxy-pyrrolo[2,3-
c]pyridine-1-carboxylate (90 mg, 0.20 mmol), fert-butyl N-[5-(4-
bromophenyl)pyridin-2-yl]-N-methyl-carbamate (50 mg, 0.14 mmol), potassium
phosphate (88 mg, 0.41 mmol) and [1,1'-bis(diphenylphosphino)ferrocene]
dichloropalladium(II) (9 mg, 0.01 mmol) in water (0.5 mL), tetrahydrofuran (1 mL)
and 1,4-dioxane (5 mL) was stirred at 80 °C overnight under nitrogen atmosphere.
After cooling to room temperature, the mixture was filtered and the filtrate was
concentrated. The residue was purified by column chromatography
(dichloromethane/methanol = 97/3) to give tert-butyl 2-(4-(6-(fert-
butoxycarbonyl(methyl)amino)pyridin-3-yl)phenyl)-7-methoxy-1H-pyrrolo[2,3-
c]pyridine-1-carboxylate (60 mg, 53% yield over two steps) as oil. LCMS (ESI)
[M+H]" = 531.0; Rt = 2.644 min (Method A).

[0130] Step 4: 2-(4-(6-(Methylamino)pyridin-3-yl)phenyl)-1H-pyrrolo[2,3-
c]pyridin-7-ol
OH

\

N ZT

> =
[0131] To a solution of fert-butyl 7-methoxy-2-[4-[6-[methyl-[(2-methylpropan-2-
yl)oxycarbonyl]amino]pyridin-3-yl]phenyl]pyrrolo[2,3-c]pyridine-1-carboxylate (180
mg, 0.34 mmol) in acetic acid (3 mL) was added hydrogen bromide (3.0 mL). The
resulting mixture was stirred at 110 °C for 16 h in a sealed tube. The mixture was
filtered and the filtrate cake was washed with sodium bicarbonate (a.q.) to give crude
target compound, which was slurry with methanol to give 2-(4-(6-
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(methylamino)pyridin-3-yl)phenyl)-14-pyrrolo[2,3-¢]pyridin-7-ol (88 mg, 82% yield)
as a yellow solid. LCMS (ESI) [M+H]" =317.0; Rt = 1.420 min (Method A). 'H
NMR (400 MHz, DMSO-ds) 6 12.28 (s, 1H), 10.90 (s, 1H), 8.40 (d, /=2.4 Hz, 1H),
7.90(d,J=8.4Hz, 2H), 7.79-7.77 (dd, /=88 Hz, J=24Hz 1H),7.64(d, /=84
Hz, 2H), 6.92-6.88 (m, 1H), 6.79 (s, 1H), 6.68-6.67 (m, 1H), 6.54 (d, /= 8.8 Hz, 1H),
6.45 (d,J=6.8 Hz, 1H), 2.82 (d, /= 4.8 Hz, 3H).

[0132] Synthesis of Compound D

Ng;oso, Me;}ﬁ, (Boc),0, NaHMDS, CHjl, NaH, THF,
~t, " 0°C~rt, 16 h /
7 N\ NH, ————— Br a NH; w. Br a2 NHBoc —————» Br 7 N\ NBoc
=N =N =N =N
F F F F
1015A 10158 1015C

Boc
NZS N Jel
\ B Boc TFA, DCM, H
s~ o NN / _ 40°C,16h N
. N7 /
@(/ TNl o 220180 7 e
Pd(PPha)y, K»CO3 N S =N
F

14-dioxane/HyO, 80°C, 4 h 1015D F
Compound D

[0133] Step 1: 5-Bromo-6-fluoropyridin-2-amine

H,N" N"F

[0134] A mixture of 6-fluoranylpyridin-2-amine (2.8 g, 24.98 mmol) and N-
bromosuccinimide (4.67 g, 26.22 mmol) in acetonitrile (S0mL) was stirred at 25

°C for 2 h. and concentrated. The residue was purified by column chromatography
(petroleum ether = 100% to petroleum ether/ethyl acetate = 10/1) to give 5-bromanyl-
6-fluoranyl-pyridin-2-amine (3.91 g, 82% yield) as a red solid. LCMS (ESI) [M+H]"
=193.0; Rt =1.64 min (Method B).

[0135] Step 2: tert-Butyl 5-bromo-6-fluoropyridin-2-ylcarbamate

- |

F” 'N° 'NHBoc

[0136] To a solution of 5-bromanyl-6-fluoranyl-pyridin-2-amine (585 mg, 3.06
mmol) in tetrahydrofuran (15 mL) at 0 °C was added sodium bis(trimethylsilyl)amide
(3.06 mL, 2 M in tetrahydrofuran, 6.13 mmol) and the mixture was stirred at this
temperature for 0.5 h. fert-Butyl (2-methylpropan-2-yl)oxycarbonyl carbonate (1.0
mg, 4.59 mmol) was added. The resulting mixture was stirred at room temperature
until the starting materials were consumed completely and quenched with water,
extracted with ethyl acetate (50 mLx3), dried over with anhydrous sodium sulfate,
filtered and concentrated under reduced pressure. The residue was purified by flash
column chromatography (petroleum ether/ethyl acetate = 3/1) to give tert-butyl N-(5-
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bromanyl-6-fluoranyl-pyridin-2-yl) carbamate (420 mg, 47% yield) as a solid. LCMS
(ESI) [M-55]" = 236.9; Rt = 2.02 min (Method B).

[0137] Step 3: fert-Butyl 5-bromo-6-fluoropyridin-2-yl(methyl)carbamate

Boc

[0138] To a solution of zerz-butyl N-(5-bromanyl-6-fluoranyl-pyridin-2-yl)carbamate
(300 mg, 1.03 mmol) in N,N-dimethylformamide (5 mL) at 0 °C was added sodium
hydride (60% dispersion in mineral oil, 37 mg, 1.55 mmol). The mixture was stirred
at this temperature for 0.5 h. lodomethane (222 mg, 1.55 mmol) was added to the
mixture. The resulting mixture was stirred at room temperature until the starting
materials were consumed completely. The mixture was quenched with water and
extracted with ethyl acetate (50 mLx3). The organic layer was washed with brine and
water, dried over with anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The residue was purified by flash column chromatography
(dichloromethane/methanol = 30/1) to give tert-butyl N-(5-bromanyl-6-fluoranyl-
pyridin-2-yl)-N-methyl-carbamate (260 mg, 83% yield) as a solid. LCMS (ESI) [M-
55]" =248.6; Rt =2.25 min (Method A).

[0139] Step 4: fert-Butyl 2-(4-(6-(tert-butoxycarbonyl(methyl)amino)-2-
fluoropyridin-3-yl)phenyl)-1H-pyrrolo[2,3-c]pyridine-1-carboxylate

goc

N7 /

| Y /N NBoc
X =N

F

[0140] A mixture of zert-butyl N-(5-bromanyl-6-fluoranyl-pyridin-2-yl)-N-methyl-
carbamate (200 mg, 0.66 mmol), fert-butyl 2-[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenylJpyrrolo[2,3-c]pyridine-1-carboxylate (441 mg, 1.05 mmol),
potassium carbonate (226 mg, 1.64 mmol) and tetrakis(triphenylphosphine)palladium
(75 mg, 0.07 mmol) were in 1,4-dioxane (5 mL) and water (1 mL) were stirred at 90
°C for 4 h under nitrogen atmosphere. The mixture was filtered and the filtrate was
concentrated under reduced pressure. The residue was diluted with ethyl acetate (50
mL), washed with brine and water, dried over with anhydrous sodium sulfate, filtered
and concentrated under reduced pressure. The residue was purified by flash column
chromatography (dichloromethane/methanol = 100/15) to give fert-butyl 2-[4-[2-
fluoranyl-6-[methyl-[(2-methylpropan-2-yl)oxycarbonyl Jamino]pyridin-3-
yl]phenyl]pyrrolo[2,3-c]pyridine-1-carboxylate (44 mg, 13% yield) as a yellow solid.
LCMS (ESI) [M+H]" =518.7, Rr=2.22 min (Method A).

[0141] Step 5: 5-(4-(1H-Pyrrolo [2, 3-¢]pyridin-2-yl)phenyl)-6-fluoro-/N-
methylpyridin-2-amine
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[0142] To a solution of tert-butyl 2-[4-[2-fluoranyl-6-[methyl-[(2-methylpropan-2-
yl)oxycarbonyl]amino]pyridin-3-yl]phenyl|pyrrolo[2,3-c]pyridine-1-carboxylate (65
mg, 0.13 mmol) in dichlorometahane (5 mL) was added trifluoroacetic acid (143 mg,
1.25 mmol). The mixture was stirred under reflux until the starting materials were
consumed completely. The solvent was removed under reduced pressure and the
residue was purified by Pre-HPLC to give 6-fluoranyl-N-methyl-5-[4-(1H-
pyrrolo[2,3-c]pyridin-2-yl)phenyl]pyridin-2-amine (24 mg, 60% yield) as a solid.
LCMS (ESI) [M+H]" = 319.0; Rt = 1.48 min (Method C). '"H NMR (400 MHz,
DMSO-ds) 6 12.09 (s, 1H), 8.75 (s, 1H), 8.21 (s, 1H), 8.10 (d, /=5.1 Hz, 1H), 7.98
(d,J=8.2 Hz, 2H), 7.87-7.74 (m, 1H), 7.63 (d, /= 7.9 Hz, 2H), 7.51 (d, J = 5.2 Hz,
1H), 7.11 (d, J = 4.3 Hz, 1H), 7.00 (s, 1H), 6.48 (d, J = 8.0 Hz, 1H), 2.76 (d, J = 4.8
Hz, 3H).

[0143] Synthesis of Compound E

= /
NBS, CHsCN, N J< (HObB@NBcc
0°C~rt, 2h 0" 0 = =\ /
</_\>—NH2 _roemzh o N e ) ———N L & I )—NBoo
V=N 82% —N CH3CN, Cul, =N Pd(PPhg)s, K2CO3, N N
F F 60°C, 2h F 80°C, DMF/H,0, 4 h F
1017A 40% 10178 52% 1o17¢
500
N
msn&h Boc TFA, DCM, N7 R N
Z NN 7 40°C, 16 h ) 7 N N—nH
- . | p Y—NBoc ———— . —N =N
Pd(PPhz);, Cul X =N =N 5% F
dioxane, 100°C, 16 h F
30% 1017D Compound E

[0144] Step 1: 5-Bromo-6-fluoropyridin-2-amine

H,N” N” F

[0145] A mixture of 6-fluoranylpyridin-2-amine (2.8 g, 24.98 mmol ) and N-
bromosuccinimide (4.67 g, 26.22 mmol) in acetonitrile (50 mL) was stirred at 25 °C
for 2h. The mixture was concentrated and the residue was purified by column
chromatography (petroleum ether/methanol = 10/1) to give 5-bromo-6-fluoropyridin-
2-amine (3.91 g, 82% yield) as a red solid. LCMS (ESI) [M+H]" = 193.0, Rt = 1.64
min (Method B).

[0146] Step 2: 3-Bromo-2-fluoro-6-iodopyridine
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[0147] A mixture of 5-bromo-6-fluoropyridin-2-amine (3.3 g, 17.28 mmol), ter?-
butyl nitrite (2.67 g, 25.92 mmol) and cuprous iodide (4.94 g, 25.92 mmol) in
acetonitrile (30 mL) was heated to 60 °C for 2 h. After cooling to room temperature,
the mixture was filtered and the filtrate was concentrated. The residue was purified by
column chromatography (petroleum ether/methanol = 10/1) to give 3-bromo-2-fluoro-
6-iodopyridine (2.1 g, 40% yield) as a white solid. LCMS (ESI) [M+H]" = 302.6, Rt
= 1.89 min (Method A).

[0148] Step 3: tert-Butyl 5-bromo-6-fluoro-2,3'-bipyridin-6'-yl(methyl)carbamate

— — /
Br \ 7 \ 7 NBoc

F

[0149] A mixture of 3-bromo-2-fluoro-6-iodopyridine (1.1 g, 3.64 mmol), [6-
[methyl-[(2-methylpropan-2-yl)oxycarbonyl]amino]pyridin-3-yl]boronic acid (0.87 g,
3.46 mmol), potassium carbonate (1.26 g, 9.11 mmol) and
tetrakis(triphenylphosphine)palladium (0.42 g, 0.36 mmol) in N,N-
dimethylformamide (5 mL) and water (1 mL) was stirred at 80 °C under nitrogen
atmosphere for 4 h. The mixture was filtered and the filtrate was concentrated under
reduced pressure. The residue was diluted with ethyl acetate (100 mL), washed with
brine and water, dried over with anhydrous sodium sulfate, filtered and concentrated
under reduced pressure. The residue was purified by flash column chromatography
(dichloromethane/methanol = 100/15) to give fert-butyl S-bromo-6-fluoro-2,3'-
bipyridin-6'-yl(methyl)carbamate (723 mg, 52% yield) as a yellow solid. LCMS (ESI)
[M+H]" = 383.8, Rt =2.31 min (Method A).

[0150] Step 4: fert-Butyl 2-(6'-(tert-butoxycarbonyl(methyl)amino)-6-fluoro-2,3'-
bipyridin-5-yl)-1H-pyrrolo[2,3-c]pyridine-1-carboxylate

Boc

QAT T™
X =N =N

F

[0151] A mixture of fert-butyl 5-bromo-6-fluoro-2,3'-bipyridin-6'-
yl(methyl)carbamate (400 mg, 1.05 mmol), ferz-butyl 2-tributylstannylpyrrolo[2,3-
c]pyridine-1-carboxylate (584 mg, 1.15 mmol), cuprous iodide (20 mg, 0.1 mmol) and
tetrakis(triphenylphosphine)palladium (121 mg, 0.1 mmol) in 1,4-dioxane (6mL) was
stirred at 100 °C overnight under nitrogen atmosphere. After cooling to room
temperature, the mixture was filtered and the filtrate was concentrated to. The residue
was purified by column chromatography (petroleum ether/methanol = 100/35) to give
tert-butyl 2-(6'-(tert-butoxycarbonyl(methyl)amino)-6-fluoro-2,3'-bipyridin-5-y1)-1H-
pyrrolo[2,3-c]pyridine-1-carboxylate (161 mg, 30% yield) as oil. LCMS (ESI)
[M+H]" = 520.3, Rt = 2.22 min (Method B).

[0152] Step 5: 6-Fluoro-N-methyl-5-(1H-pyrrolo[2,3-¢]pyridin-2-yl)-2,3'-bipyridin-
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[0153] To a solution of ferr-butyl 2-(6'-(tert-butoxycarbonyl(methyl)amino)-6-
fluoro-2,3"-bipyridin-5-yl)-1H-pyrrolo[2,3-¢]pyridine-1-carboxylate (160 mg, 0.31
mmol) in dichloromethane (5 mL) was added trifluoroacetic acid (351 mg, 3.08
mmol). The mixture was stirred at 40 °C overnight. The solvent was removed under
reduced pressure and the residue was purified by Pre-HPLC to 6-fluoro-N-methyl-5-
(1H-pyrrolo[2,3-c]pyridin-2-y1)-2,3'-bipyridin-6'-amine (5 mg, 5% yield) as a solid.
LCMS (ESI) [M+H]" = 320.0, Rt = 1.20 min (Method C). 'H NMR (400 MHz,
DMSO-ds) 6 12.18 (s, 1H), 9.17 (s, 1H), 8.90 (s, 1H), 8.19 (d, J= 7.7 Hz, 2H), 7.94
(d,J=13.5Hz, 2H), 7.04 (s, 1H), 6.88 (s, 1H), 6.57 (d, /= 7.7 Hz, 2H), 2.85 (d, J =
3.9 Hz, 3H).

Formula Ib
General:
" R' R")n
e L G G W T L Wy
h a_t //Y
RLJL/)—Q " R W W
12

[0154] A mixture of aryl pyrrolopyridine 5 (0.67 mmol) 2-bromoalkyl 11 (6.7 mmol)
and cesium carbonate (437 mg, 1.34 mmol) in N,N-dimethylformamide (10 mL) was
stirred at 60 °C for 15 h. Water was added and the reaction mixture was extracted
with ethyl acetate (40 mLx3). The organic phase was washed with brine (30 mLx3),
dried over anhydrous sodium sulfate and evaporated in vacuo. The residue was then
purified by flash column chromatography (dichloromethane/nethanol = 10/1) to give
pyrrolopyridine 12.

o
>R Rm R

o
' R" d
N7 N R B * Rﬁm—@—(‘j\
Rty N/ ARG WA W
14
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[0155] A mixture of aryl pyrrolopyridine 5 (0.25 mmol), epoxide 13 (1.78 mmol)
and potassium carbonate (70 mg, 0.51 mmol) in V,N-dimethylformamide (2 mL) was
heated at 50 °C overnight. The mixture was quenched by water and a precipitate was
formed. The mixture was filtered and the filtrate cake was recrystallized with
methanol to give 14.

[0156] Synthesis of Compound F
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2%% Compound F

[0157] Step 1: 2-(4-lodophenyl)-1H-pyrrolo[2,3-c]pyridine

7
\ZI

[0158] To a solution of 4-methylpyridin-3-amine (1.0 g, 9.26 mmol) in
tetrahydrofuran (15 mL) was added s-butyllithium (1.40 M in hexane, 19.84 mL,
27.78 mmoL) dropwise at -78 °C.  The mixture was warmed to room temperature
and stirred for 3 h. The mixture was cooled to -78 °C, ethyl 4-iodanylbenzoate (1.02
g, 3.70 mmol) was added within 5 min and stirred at -78 °C for 1 h. The reaction
mixture was quenched by methanol (5 mL) and extracted with ethyl acetate (50
mLx3). The organic phase was washed with brine (50 mLx3), dried over anhydrous
sodium sulfate and concentrated in vacuo. The residue was purified by flash column
chromatography (dichloromethane/methanol = 10/1) to give 2-(4-iodophenyl)-1H-
pyrrolo[2,3-c]pyridine (800 mg, 68% yield) as a yellow solid. LCMS (ESI) m/z =321
[M+H]"; Rt = 1.48 min (Method A).

[0159] Step 2: fert-Butyl 2-(4-iodophenyl)-1H-pyrrolo[2,3-c]pyridine-1-carboxylate

,Boc
N7 N
P !

[0160] A mixture of 2-(4-iodophenyl)-1H-pyrrolo[2,3-c]pyridine (500 mg, 1.56
mmol), di-fert-butyl dicarbonate (1.02 g, 4.69 mmol), potassium carbonate (430 mg,
3.12 mmol) and 4-dimethylaminopyridine (20 mg, 0.156 mmol) in N,N-
dimethylformamide (10 mL) was stirred at 50 °C for 15 h. Water was added and the
mixture was extracted with ethyl acetate (40 mLx3). The organic phase was washed
with brine (40 mLx3), dried over anhydrous sodium sulfate and evaporated in vacuo.
The residue was then purified by flash column chromatography
(dichloromethane/methanol = 10/1) to give tert-butyl 2-(4-iodophenyl)-1H-
pyrrolo[2,3-c]pyridine-1-carboxylate (540 mg, 82% yield) as yellow solid. LCMS
(ESI) m/z = 421 [M+H]"; Rt = 2.20 min (Method B); '"H NMR (400 MHz, DMSO-
ds) 3931 (s, 1H), 8.39 (d, /= 5.2 Hz, 1H), 7.85 (d, /= 8.0 Hz, 2H), 7.63 (d, J= 5.2
Hz, 1H), 7.33 (d, J= 8.0 Hz, 2H), 6.83 (s, 1H), 1.35 (s, 9H).

[0161] Step 3: tert-Butyl 2-(4'-methoxybiphenyl-4-yl)-1H-pyrrolo[2,3-¢]pyridine-1-
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[0162] A mixture of zert-butyl 2-(4-iodophenyl)-1H-pyrrolo[2,3-c]pyridine-1-
carboxylate (500 mg, 1.19 mmol) 4-methoxyphenylboronic acid (542.86 mg, 3.57
mmol), sodium carbonate (630 mg, 5.95 mmol) and [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium(II) (87.72 mg, 0.12 mmol) in
1,4-dioxane (15 mL) and water (3 mL) was stirred at 80 °C for 3 h under nitrogen
atmosphere. The mixture was filtered and the filtrate was concentrated to dryness. The
residue was diluted in ethyl acetate (50 mL) and washed with brine (50mLx3), dried
over anhydrous sodium sulfate and evaporated in vacuo. The residue was purified by
flash column chromatography (dichloromethane/methanol = 10/1) to give fert-butyl 2-
(4'-methoxybiphenyl-4-yl)-1H-pyrrolo[2,3-¢]pyridine-1-carboxylate (380 mg, 80%
yield) as a yellow solid. LCMS (ESI) m/z = 401 [M+H]"; Rt = 1.79 min (Method B),
'H NMR (400 MHz, CDCl3) 6 9.48 (s, 1H), 8.45 (d, /= 5.2 Hz, 1H), 7.66-7.59 (m,
4H), 7.52-7.50 (m, 3H), 7.03 (d, J = 8.4 Hz, 2H), 6.62 (s, 1H), 3.89 (s, 3H), 1.43 (s,
9H).

[0163] Step 4: 2-(4'-Methoxybiphenyl-4-yl)-1H-pyrrolo[2,3-c]pyridine

¥
N” /
YVaVaVs

[0164] To a solutuion of fert-butyl 2-(4'-methoxybiphenyl-4-yl)-1H-pyrrolo[2,3-
c¢]pyridine-1-carboxylate (380 mg, 0.96 mmol) in methanol (10 mL) and water (2 mL)
was added lithium hydroxide (121 mg, 2.88 mmol). The mixture was stirred at 50 °C
for 2 h and extracted with ethyl acetate (50 mLx3). The organic phase was washed
with brine (50mLx3), dried over anhydrous sodium sulfate and evaporated in vacuo to
give 2-(4'-methoxybiphenyl-4-yl)-1H-pyrrolo[2,3-c]pyridine (250 mg, 86% yield),
which was used to the next step without further purification. LCMS (ESI) m/z = 301
[M+H]"; Rt = 1.68 min (Method A); 'H NMR (400 MHz, DMSO-ds) 6 12.06 (s, 1H),
8.74 (s, 1H), 8.09-7.99 (m, 3H), 7.78-7.71 (m, 4H), 7.50 (s, 1H), 7.05-7.01 (m, 3H),
3.81 (s, 3H).

[0165] Step 5: 2-(2-(4'-Methoxybiphenyl-4-yl)-6H-pyrrolo[2,3-c]pyridine-6-
yl)ethanol (Compound F)

HO\/\N x N\ /
= ©

[0166] A mixture of 2-(4'-methoxybiphenyl-4-yl)-1H-pyrrolo[2,3-c]pyridine (200

mg, 0.67 mmol) 2-bromoethanol (831 mg, 6.7 mmol) and cesium carbonate (437 mg,

1.34 mmol) in N,N-dimethylformamide (10 mL) was stirred at 60 °C for 15 h. Water

was added and the reaction mixture was extracted with ethyl acetate (40 mLx3). The
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organic phase was washed with brine (30 mLx3), dried over anhydrous sodium
sulfate and evaporated in vacuo. The residue was then purified by flash column
chromatography (dichloromethane/nethanol = 10/1) to give 2-(2-(4'-
methoxybiphenyl-4-yl)-6H-pyrrolo[2,3-c]pyridine-6-yl)ethanol (52.0 mg, 23% yield)
as a yellow solid. LCMS (ESI) m/z = 345.1 [M+H]"; Rr=1.61 min (Method A); 'H
NMR (400 MHz, DMSO-ds) 6 9.06 (s, 1H), 8.35 (d, /= 6.8 Hz, 1H), 8.17 (d, /= 8.4
Hz, 2H), 8.10 (d, J = 6.8 Hz, 1H), 7.90 (d, J = 8.4 Hz, 2H), 7.77 (d, J = 6.8 Hz, 2H),
7.48 (s, 1H), 7.08 (d, /= 6.8 Hz, 2H), 5.23 (t, /= 5.2 Hz, 1H), 4.68 (t,/ = 5.2 Hz,
2H), 3.89-3.86 (m, 2H), 3.83 (s, 3H).

[0167] Synthesis of Compound G
Boc B & \ TFA, DCM,
Co3 CHACN/H,0 =N 76% =N
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[0168] Step 1: tert-Butyl 2-(4-(6-(dimethylamino)pyridin-3-yl)phenyl)-1H-
pyrrolo[2,3-c]pyridine-1-carboxylate

’Boc
N7 | N 7\
A .

[0169] A mixture of [6-(dimethylamino)pyridin-3-yl]boronic acid (172 mg, 1.04
mmol), fert-butyl2-(4-iodophenyl)pyrrolo[2,3-c]pyridine-1-carboxylate (290 mg, 0.69
mmol), sodium carbonate (219 mg, 2.07 mmol), [1,1'-bis(diphenylphosphino)
ferrocene]dichloropalladium(II) (51 mg, 0.07 mmol) in acetonitrile (10 mL) and water
(2 mL) was stirred at 60 °C for 3 h under nitrogen atmosphere. The reaction mixture
was concentrated to dryness and the residue was purified by chromatography
(dichloromethane/methanol = 100/1) to give tert-Butyl 2-(4-(6-
(dimethylamino)pyridin-3-yl)phenyl)-1H-pyrrolo[2,3-c]pyridine-1-carboxylate (190
mg, 66% yield) as a white solid. LCMS (ESI) m/z = 415.2 [M+H]"; Rt = 1.306 min
(Method A).

[0170] Step 2: 5-(4-(1H-Pyrrolo[2,3-c]pyridin-2-yl)phenyl)-V,N-dimethylpyridin-2-

amine
N
N/| / \ N/
N / =N \
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[0171] To a solution of tert-butyl 2-[4-[6-(dimethylamino)pyridin-3-yl]phenyl]
pyrrolo[2,3-¢]pyridine-1-carboxylate (190 mg, 0.46 mmol) in dichloromethane (2
mL) was added trifluoroacetic acid (2 mL). The mixture was stirred at 50 °C for 2 h.
The reaction was concentrated to dryness and the crude was purified by column
chromatography (dichloromethane/methanol = 97/3) to give 5-(4-(1H-pyrrolo[2,3-
¢]pyridin-2-yl)phenyl)-N,N-dimethylpyridin-2-amine (110 mg, 76% yield) as a yellow
solid. LCMS (ESI) m/z =315.1 [M+H]"; Rt = 1.243 min (Method A).

[0172] Step 3: 1-(2-(4-(6-(Dimethylamino)pyridin-3-yl)phenyl)-6H-pyrrolo[2,3-
c¢]pyridin-6-yl)-3-fluoropropan-2-ol

FY NS 2\

N/
OH W\ = \

=N
[0173] A mixture of N,N-dimethyl-5-[4-(1H-pyrrolo[2,3-c]pyridin-2-
yl)phenyl]pyridin-2-amine (80 mg, 0.25 mmol), 2-(fluoranylmethyl)oxirane (135 mg,
1.78 mmol) and potassium carbonate (70 mg, 0.51 mmol) in N, N-dimethylformamide
(2 mL) was heated at 50 °C overnight. The mixture was quenched by water and a
precipitate was formed. The mixture was filtered and the filtrate cake was
recrystalled with methanol to give 1-(2-(4-(6-(dimethylamino)pyridin-3-yl)phenyl)-
6H-pyrrolo[2,3-c]pyridin-6-y1)-3-fluoropropan-2-ol (44 mg, 42% yield) as a yellow
solid. LCMS (ESI) m/z=391.1 [M+H]"; Rt = 1.887 min (Method B); '"H NMR
(400 MHz, DMSO-ds) d 8.56 (s, 1H), 8.51 (d, /= 1.6 Hz, 1H), 8.16 (d, J= 8.0 Hz,
2H), 7.91-7.88 (dd, J= 8.8 Hz, J= 2.0 Hz, 1H), 7.67 (d, J = 8.4 Hz, 2H), 7.61 (d, J =
6.8 Hz, 1H), 7.52 (d, /= 6.8 Hz, 1H), 7.03 (s, 1H), 6.73 (d, J = 8.8 Hz, 1H), 5.68 (brs,
1H), 4.53-4.48 (m, 2H), 4.40-4.36 (m, 1H), 4.27-4.22 (m, 1H), 4.17-4.11 (m, 1H),
3.07 (s, 6H).

Formula Ic

General:

R R

o /AN A
2 '
HO Q X (R) R"
OH o) ro B
z NF =I= =\
R ] 10 Ra'—J e Yat
x , XN Q X
17

[0174] A mixture of aminophenol 15 (0.32 mmol), aryl acid 16 (0.16 mmol) in
polyphosphoric acid (2 mL) was stirred at 120°C for 16 h.  The reaction mixture was
poured into water and adjusted to pH = 7 with saturated sodium hydroxide. Then the
mixture was extracted with ethyl acetate (10 mLx4). The combined organic phase
was concentrated and the residue was purified by flash chromatography
(dichloromethane/methanol = 100/3) to give 17.

60



WO 2019/214681 PCT/CN2019/086201

xS 19 xS 5 =I5\
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N e I A=

18 20

[0175] A mixture aryl bromide 18 (3.9 mmol), aryl boronic ester 19 (4.68 mmol),
tetrakis(triphenylphosphine)palladium (340 mg, 0.3 mmol) and potassium carbonate
(1.38 g, 10 mmol) in acetonitrile (15 mL) and water (3.0 mL) was stirred at 90 °C for
16 h under nitrogen atmosphere. Water (50 ml) was added and solid was isolated. The
mixture was filtered and the filtrate cake was washed with water and ethyl acetate,
dried under vacuum to provide 20.

)n
R' R)m
N7 N Hooc T o WX {\ N M
R QENHZ + \ J \ Q/) Rz S

21 22

[0176] Pyridine-3,4-diamine 21 (1.83 mmol), 4-iodany! aryl benzoic acid (2.02
mmol) were mixed in PPA (10 mL) and stirred at 130 oC for 16 h. The reaction
mixture was poured into water. The mixture was adjusted to pH 9 with saturated aq
NaOH. The precipitate was filtered to give the imidazole product 23 (1.74 mmol).

[0177] A mixture of Na2COs (3.61 mmol), iodo-imidazole 23 (1.2 mmol), aryl
boronic acid 24 (1.2 mmol) and Pd(dppf)Clz (40 mg, 0.05 mmol) in MeCN (50 mL)
and water (10 mL) was heated at 60 oC for 3 h. The reaction was concentrated to
dryness and diluted with water (20 mL), filtered to get white solid. The crude
product was purified by flash chromatography (DCM / MeOH=20/1 to 10/1) to give
25 (0.31 mmol) as a white solid.

[0178] Synthesis of Compound H

Q OoH
g ®on NaOH, EtOH/THF,
. O 5Oy
Bi B: — NHB: OC
”QNH T Pd(dppNCl, KaCOs \_g oc 75% » 0

=N
dioxane/water, 509A
100°C, 4 h

68%

509B

N
NH;
< = e}
PPA, 120°C, 16 h A N =N

33% Compound H

[0179] Step 1: Ethyl 4-(6-((fert-butoxycarbonyl)amino)pyridin-3-yl)benzoate

(0]
7\
\—o — NHBoc
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[0180] A mixture of fert-butyl 5-bromopyridin-2-ylcarbamate (500 mg, 1.84 mmol),
4-(ethoxycarbonyl)phenylboronic acid (356 mg, 1.84 mmol), potassium carbonate
(762 mg, 5.52 mmol) and [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium
(IT) (132 mg, 0.18 mmol) in 1,4-dioxane (8 mL) and water (2 mL) was stirred at
100°C for 4 h under nitrogen atmosphere. The mixture was filtered and the filtrate
was extracted with ethyl acetate (40 mLx3). The organic layer was washed with
brine (30 mLx3), dried over anhydrous sodium sulfate and evaporated in vacuo. The
residue was purified by flash chromatography (dichloromethane/methanol = 15/1) to
give ethyl 4-(6-(fert-butoxycarbonylamino)pyridin-3-yl)benzoate (427 mg, 68%
yield) as a yellow solid. LCMS (ESI) [M+H]"=343.1; Rt = 2.37 min (Method B).

[0181] Step 2: 4-(6-((tert-Butoxycarbonyl)amino)pyridin-3-yl)benzoic acid

(0]
HO =N

[0182] To a solution of ethyl 4-(6-(fert-butoxycarbonylamino)pyridin-3-yl)benzoate
(250 mg, 0.73 mmol) in ethanol/tetrahydrofuran (v/v = 1/1, 6 mL) was added sodium
hydroxide (92 mg, 0.42 mmol) at 25 °C.  The mixture was stirred at 40 °C overnight.
Water (30 mL) was added to the mixture and extracted with ethyl acetate (30 mLv3).
The organic phase was washed with brine (30 mLx3), dried over anhydrous sodium
sulfate and evaporated in vacuo. The residue was purified by flash chromatography
(dichloromethane/methanol = 10/1) to give 4-(6-(fert-butoxycarbonylamino)pyridin-
3-yl)benzoic acid (172 mg, 75% yield) as a yellow solid. LCMS (ESI) [M+H]" =
315.2; Rr = 1.61 min. (Method A)

[0183] Step 3: 5-(4-(Oxazolo[5,4-c]pyridin-2-yl)phenyl)pyridin-2-amine

2 O

[0184] A mixture of 4-azanylpyridin-3-ol (35 mg, 0.32 mmol), 4-[6-[(2-
methylpropan-2-yl) oxycarbonylamino]pyridin-3-yl]benzoic acid (50 mg, 0.16 mmol)
in polyphosphoric acids (2 mL) was stirred at 120 °C for 16 h.  The reaction mixture
was poured into water and adjusted to pH = 7 with saturated sodium hydroxide. Then
the mixture was extracted with ethyl acetate (10 mLx4). The combined organic
phase was concentrated and the residue was purified by flash chromatography
(dichloromethane/methanol = 100/3) to give 5-[4-([1,3]oxazolo[5,4-c]pyridin-2-
yl)phenyl]pyridin-2-amine (15 mg, 33% yield) as a white solid. LCMS (ESI)
[M+H]" = 289.1; Rt = 1.62 min (Method B); '"H NMR (400 MHz, DMSO-ds) 6 9.13
(d,/J=12Hz, 1H), 8.57(d,J=5.6 Hz, 1H), 8.42 (d, /= 2.4 Hz, 1H), 8.26-8.28 (m,
2H), 7.84-7.89 (m, 4H), 6.57 (d, J = 8.8 Hz, 1H), 6.30 (s, 2H).

[0185] Synthesis of Compound I
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Compound |

[0186] Step 1: 5-(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)pyridin-2-
amine

o, —
,B{ >—< D—NH,
o \_y

[0187] A mixture of S-bromo-pyridin-2-ylamine (500 mg, 2.89 mmol), 1,4-
benzenediboronic acid bis(pinacol)ester (1.40 g, 4.25 mmol) and [1,1'-
bis(diphenylphosphino)ferrocene] dichloropalladium (II) (116 mg, 0.143 mmol) in 1
M sodium carbonate solution (5.7 mL) and acetonitrile (10 mL) was stirred at 120 °C
under microwave for 1 h under nitrogen atmosphere. The reaction mixture was
filtered and the filtrate was concentrated. The residue was purified by flash
chromatography to give 5-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)pyridin-2-amine (534 mg, 64%) as a white solid. LCMS (ESI) [M+H]" =
297.1; Rr=1.992 min (Method B).

[0188] Step 2: 2-Bromo-6-nitrobenzo[d]thiazole

02N S
Ty
N

[0189] To a solution of 2-amino-6-nitrobenzthiazole (3.0 g, 15.3 mmol) and copper
(D bromide (260 mg, 1.83 mmol) in hydrogen bromide (30 mL, 18% in water) and
water (27 mL) was added sodium nitrite (9.0 g, 130 mmol) slowly. The mixture was
stirred at room temperature for 30 min. The white precipitate was filtered and dried to
afford 2-bromo-6-nitrobenzo[d]thiazole (1.8 g, 46%). "H NMR (400 MHz, DMSO-ds)
§9.19 (d, J=22Hz, 1H), 8.36 (dd, J= 9.0, 2.4 Hz, 1H), 8.20 (d, J = 9.2 Hz, 1H).
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[0190] Step 3: 5-(4-(6-Nitrobenzo[d]thiazol-2-yl)phenyl)pyridin-2-amine

OZN\©:S —
N \ N

[0191] A mixture of 2-Bromo-6-nitrobenzo[d]thiazole (1.0 g, 3.9 mmol), 5-(4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)pyridin-2-amine (1.38 g, 4.68
mmol), tetrakis(triphenylphosphine)palladium (340 mg, 0.3 mmol) and potassium
carbonate (1.38 g, 10 mmol) in acetonitrile (15 mL) and water (3.0 mL) was stirred at
90 °C for 16 h under nitrogen atmosphere. Water (50 ml) was added and solid was
isolated. The mixture was filtered and the filtrate cake was washed with water and
ethyl acetate, dried under vacuum to provide 5-(4-(6-nitrobenzo[d]thiazol-2-
yl)phenyl)pyridin-2-amine (500 mg, 38%) as a yellow solid. LCMS (EST) [M+H]" =
349.0; Rr= 1.93 min (Method B).

[0192] Step 4: tert-Butyl (5-(4-(6-nitrobenzo[d]thiazol-2-yl)phenyl)pyridin-2-

yl)carbamate
OQN \E:[S —
N \ N

[0193] A mixture of di-ferz-butyl dicarbonate (920 mg, 4.2 mmol) and 5-(4-(6-
nitrobenzo[d]thiazol-2-yl)phenyl)pyridin-2-amine (500 mg, 1.44 mmol) in
tetrahydrofuran (40 mL) was stirred at 90 °C for 24 h. The mixture was concentrated
to afford rert-butyl (5-(4-(6-nitrobenzo[d]thiazol-2-yl)phenyl)pyridin-2-yl)carbamate
(380 mg, 59%) as yellow oil, which was directly used to the next step without
purification. LCMS (ESI) [M+H]" = 449.0; Rr= 2.23 min (Method B).

[0194] Step S: fert-Butyl (2-fluoroethyl)(5-(4-(6-nitrobenzo[d]thiazol-2-
yl)phenyl)pyridin-2-yl)carbamate

02N S — /—/
O:/ \ 7/ NBoc
N N

[0195] To a solution of tert-butyl (5-(4-(6-nitrobenzo|d]thiazol-2-yl)phenyl)pyridin-
2-yl)carbamate (200 mg, 0.45 mmol) and 1-fluoranyl-2-iodanyl-ethane (150 mg, 0.9
mmol) in N,N-dimethylformamide (10 mL) was added sodium hydride (3 mg, 60%
dispersion in mineral oil, 0.13 mmol). The reaction mixture was stirred at 50 °C for
15 h and poured into ice water, extracted with ethyl acetate. The organic layer was
washed with brine, dried over anhydrous sodium sulfate and evaporated to give fert-
butyl (2-fluoroethyl)(5-(4-(6-nitrobenzo[d]thiazol-2-yl)phenyl)pyridin-2-yl)carbamate
(150 mg, 67%) as a yellow solid. LCMS (ESI) [M+H]" =438.9; Rr= 2.25 min
(Method B).

[0196] Step 6: 2-(4-(6-((2-Fluoroethyl)amino)pyridin-3-yl)phenyl)benzo[d]thiazol-
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6-amine

H2N\©:S __ /_/
/ »—NH
N \ N

[0197] To a stirred solution of ferz-butyl (2-fluoroethyl)(5-(4-(6-
nitrobenzo[d|thiazol-2-yl)phenyl)pyridin-2-yl)carbamate (150 mg, 0.30 mmol) in
trifluoroacetic acid (10.0 mL) was added iron powder (500 mg). The mixture was
stirred at 50 °C for 2 h.  After cooling to room temperture, the mixture was filtered
and the filtrate was poured into water (30 mL). The precipitate was filtered and
washed with water to give the crude product, which was purified by flash
chromatography (dichloromethane/methnol = 100/1) to give 2-(4-(6-((2-
fluoroethyl)amino)pyridin-3-yl)phenyl)benzo[d]thiazol-6-amine (36 mg, 33%) as a
yellow solid. LCMS (ESI) [M+H]" = 365.0; Rr= 1.83 min.( Method B); "H NMR
(400 MHz, DMSO-ds) 6 8.43 (s, 1H), 7.98 (d, J = 8.2 Hz, 2H), 7.91-7.60 (m, 4H),
7.09 (d, /J=10.7 Hz, 2H), 6.80 (d, /=8.6 Hz, 1H), 6.66 (d, /=8.6 Hz, 1H), 5.51 (s,
2H), 4.57 (dt, J=47.7, 5.1 Hz, 2H), 3.63 (dd, J = 26.3, 5.0 Hz, 2H).

[0198] Synthesis of Compound J

(Boc),, DMAP, EtsN, i @ ﬁ
— DCM, rt, 16 h —
N TollH,0, Pd(dppiCly, ] N
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\©i pEr HZN(IS =\ ./ F F AN s =/
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—— N N MeOH, 50°C, 16 h N N
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OH

1 H
dlox:n1e/hHCI, FQ\/N NS _ ,
1% N N
Compound J

[0199] Step 1: fert-Butyl N-(4-bromophenyl)-V-methyl-carbamate

=/
BrONBoc
N

[0200] A mixture of 4-bromanyl-N-methyl-aniline (600 mg, 3.22 mmol), fert-butyl
(2-methyl propan-2-yl)oxycarbonyl carbonate (2.1 g, 9.67 mmol), 4-
dimethylaminopyridine (39 mg, 0.32 mmol) and triethanolamine (977 mg, 9.67
mmol) in dichloromethane (6 mL) was stirred at room temperature for 16 h. Then
water was added and the precipitate was filtered. The filtrate cake was dried to give
tert-butyl N-(4-bromophenyl)-N-methyl-carbamate (350 mg, 38% yield). LCMS (ESI)
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m/z =285 [M+H]", Rt = 1.617 min.

[0201] Step 2: fert-Butyl N-methyl-N-[4-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)phenyl] phenyl]carbamate

0 O C— /
B NBoc
/
0 \ N

[0202] A mixture of 4,4,5,5-tetramethyl-2-[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl]-1,3,2-dioxaborolane (1.15 g, 3.49 mmol), fert-butyl N-(4-
bromophenyl)-N-methyl-carbamate (500 mg, 1.75 mmol), sodium carbonate (370 mg,
3.49 mmol) and [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(II) (129
mg, 0.17 mmol) in toluene (10 mL) was stirred at 110 °C for 16 h. Then water was
added to the mixture and a precipitate was formed. The precipitate was filtered and
dried to give tert-butyl N-methyl-N-[4-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]phenyl]carbamate (300 mg, 42% yield). LCMS (ESI) m/z =409 [M+H]",
Rr=2.14 min.

-

~

[0203] Step 3: tert-Butyl N-[5-[4-(6-azanyl-1,3-benzothiazol-2-yl)phenyl |pyridin-2-

yl]-N-methyl-carbamate
HzN S p— /
N N

[0204] A mixture of 2-bromanyl-1,3-benzothiazol-6-amine (62 mg, 0.27 mmol),
tert-butyl N-methyl-N-[5-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl|pyridin-2-yl|carbamate (110 mg, 0.27 mmol), potassium carbonate (85 mg,
0.81 mmol) and tetrakis(triphenylphosphine)palladium (20 mg, 0.03 mmol) in 1,4-
dioxane (4 mL) and water (1 mL) was stirred at 110 °C for 3 h. The mixture was
filtered and the filtrate was concentrated to give the product tert-butyl N-[5-[4-(6-
azanyl-1,3-benzothiazol-2-yl)phenyl]pyridin-2-yl]-N-methyl-carbamate (40 mg, 34%
yield). LCMS (ESI) m/z = 431 [M+H]", Rt = 1.806 min.

[0205] Step 4: fert-Butyl N-[5-[4-[6-[(3-fluoranyl-2-oxidanyl-propyl)amino]-1,3-
benzothiazol-2-yl]phenyl]pyridin-2-yl]-N-methyl-carbamate

OH
H
F\)\/N S — /
N N

[0206] A mixture of fert-butyl N-[5-[4-(6-azanyl-1,3-benzothiazol-2-
yl)phenyl]pyridin-2-yl]-N-methyl-carbamate (40 mg, 0.09 mmol) and 2-
(fluoranylmethyl)oxirane (70 mg, 0.93 mmol) in methanol (3 mL) was stirred at 50 °C
for 16 h. The mixture was concentrated and the residue was purified by flash
column chromatography to give fert-butyl N-[5-[4-[6-[(3-fluoranyl-2-oxidanyl-
propyl)amino]-1,3-benzothiazol-2-yl]phenyl]pyridin-2-yl]-N-methyl-carbamate (35
mg, 74% yield). LCMS (ESI) m/z =508 [M+H]".
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[0207] Step S: 1-Fluoranyl-3-[[2-[4-[6-(methylamino)pyridin-3-yl]phenyl]-1,3-
benzothiazol-6-yl]amino]propan-2-ol

OH

[0208] A mixture of fert-butyl N-[5-[4-[6-[(3-fluoranyl-2-oxidanyl-propyl)amino]-
1,3-benzothiazol-2-ylphenyl]pyridin-2-yl]-N-methyl-carbamate (35 mg, 0.07 mmol)
in 1,4-dioxane/hydrochloric acid was stirred at room temperature for 1 h. The mixture
was filtered and the filtrate cake was dried to give 1-fluoranyl-3-[[2-[4-[6-
(methylamino)pyridin-3-yl]phenyl]-1,3-benzothiazol-6-ylJamino]propan-2-ol (20 mg,
71% yield). LCMS (ESI) m/z = 408 [M+H]", Rt = 1.4 min; "H NMR (400 MHz,
DMSO-ds) & 8.4 (s, 1H), 7.99 (t,J = 8.1 Hz, 2H), 7.80 (d, J = 8.9 Hz, 2H), 7.73 (d, J
= 8.7 Hz, 3H), 7.26 (d, J = 85.4 Hz, 1H), 6.89 (d, J = 10.4 Hz, 1H), 6.76 (s, 1H), 6.56
(d,J=8.7Hz, 1H), 6.10 (s, 1H), 5.41-5.27 (m, 1H), 4.43 (dd, J = 47.8, 14.7 Hz, 3H),
3.96 (s, 2H), 3.17 (d, J=35.0 Hz, 2H), 2.83 (d, /= 4.7 Hz, 3H).

[0209] Synthesis of Compound K

D O 2 @@ Nave @@@

Pd(dppf Clp, NayCOs,
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[0210] Step 1: Synthesis of 3

[0211] Pyridine-3,4-diamine (200 mg, 1.83 mmol), 4-iodanylbenzoic acid (500 mg,
2.02 mmol) were mixed in PPA (10 mL) and stirred at 130°C for 16 h. The reaction
mixture was poured into water. The mixture was adjusted to pH 9 with saturated aq
NaOH. The precipitate was filtered to geive the product 2-(4-iodophenyl)-3H-
imidazo[4,5-c]pyridine (560 mg, 1.74 mmol, 95.1% yield) as white solid. LCMS:
ESI-MS: m/z: 322.0 [M+H]+; RT =1.42 ( Method A)

[0212] Step 2: Synthesis of 4

[0213] A mixture of Na2CO3 (383 mg, 3.61 mmol), 2-(4-iodophenyl)-1H-
imidazo[4,5-c]pyridine (386 mg, 1.2 mmol), [6-(dimethylamino)pyridin-3-yl]boronic
acid (200 mg, 1.2 mmol) and Pd(dppf)Clz (40 mg, 0.05 mmol) in MeCN (50 mL) and
water (10 mL) was heated at 60°C for 3 h. The reaction was concentrated to dryness
and diluted with water (20 mL), filtered to get white solid. The crude product was
purified by flash chromatography (DCM / MeOH=20/1 to 10/1) to give 5-[4-(1H-
imidazo[4,5-c]pyridin-2-yl)phenyl]-N,N-dimethyl-pyridin-2-amine (100 mg, 0.31
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mmol, 26.3% yield) as a white solid. LCMS: ESI-MS: m/z: 316.1 [M+H]+; RT =
1.11 ( Method B )

[0214] Step 3: Synthesis of K

[0215] To a solution of 5-[4-(3H-imidazo[4,5-c]pyridin-2-y])phenyl]-N,N-dimethyl-
pyridin-2-amine (70 mg, 0.22 mmol) in DMF (2 mL) was added K2CO3 (153 mg, 1.11
mmol) and 1-fluoranyl-2-iodanyl-ethane (193 mg, 1.11 mmol). The mixture was
stirred at 25 °C for 2h. The reaction was concentrated to dryness and the residue
was purified by flash chromatography (DCM/MeOH = 100/1 to 30/1) to give 5-[4-[3-
(2-fluoranylethyl)imidazo[4,5-c]pyridin-2-yl]phenyl]-N,N-dimethyl-pyridin-2-amine
(40 mg, 0.11 mmol, 49.8% yield) as a yellow solid.

[0216] LCMS: ESI-MS: m/z: 362.1 [M+H]+; RT = 1.68 ( Method A ); 1H NMR
(400 MHz, DMSO-d6) § 8.94 (s, 1H), 8.53 (d, ] = 2.4Hz, 1H), 8.40 (d, ] = 8.4Hz,
2H), 8.09 (d, J = 6.4Hz, 1H), 7.91-7.93 (m, 1H), 7.72-7.76 (m, 3H), 6.75 (d, ] =
9.2Hz, 1H), 4.96-4.98 (m, 1H), 4.82-4.86 (m, 2H), 4.75-4.77 (m, 1H), 3.08 (s, 6H)
ppm.

Formula Id

General:
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[0217] A mixture of ethynl aryl 22 (1.72 mmol), iodo pyridine 21 (1.56 mmol),
cuprous iodide (30 mg, 0.16 mmol) and bis(triphenylphosphine)palladium(II) chloride
(55 mg, 0.08 mmol) in N,N-dimethylformamide (2 mL) and triethanolamine (948 mg,
9.37 mmol) was stirred at room temperature overnight under nitrogen atmosphere.
The reaction mixture was treated with ammonium chloride (10 mL) and extracted
with ethyl acetate (15 mLx3). The combined organic layer was washed with brine
(10 mL), dried over anhydrous sodium sulfate and concentrated. The residue was
purified by column chromatography (petroleum ether/ethyl acetate = 1/4) to give 23.

[0218] To a solution of 23 (1.38 mmol) in methanol (6 mL) and water (2 mL) was
added 1,8-diazabicyclo[5.4.0Jundec-7-ene (1.05 g, 6.9 mmol). The reaction mixture
was stirred at 80°C overnight. The mixture was diluted with water and methanol,

and then concentrated. The residue was purified by column chromatography
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(dichloromethane/methanol = 1/10) to give 24.

[0219] A mixture of aryl boronate 25 (1.68 mmol), and 24 (0.84 mmol), sodium
carbonate (268 mg, 2.53 mmol) and tetrakis(triphenylphosphine)palladium (49 mg,
0.04 mmol) in N,N-dimethylformamide (10 mL) and water (1 mL) was heated at 80°C
for 5h. The mixture was quenched with water and a precipitate was formed. The
mixture was filtered and the filtrate cake was purified by column chromatography
(dichloromethane/methanol = 7/100) to give 26.

[0220] Synthesis of Compound L

| | }@—B
'\@i (Boc),0 "@i ' </N \\> _ < > Br
= ” = _

_Boc
NH, THF.2h N TEA, Cul, Pd(PPhy),Cla,
82% DMF, it, 16 h HN-Boc
884A 87% 884B

0\
DBU, B NH,
MeOH/H,0, ~g
80°C, 16 h 5

NTX
74% = N Pd(PPhs)s, NasCOs, N .
884C DMF,Eg%C, Sh Compound L

[0221] Step 1: tert-Butyl 3-iodopyridin-4-ylcarbamate

[0222] A mixture of di-zfert-butyl dicarbonate (1.09 g, S mmol) and 3-
iodanylpyridin-4-amine (1.0 g, 4.55 mmol) in tetrahydrofuran (20 mL) was stirred at
room temperature for 2 h and concentrated. The residue was diluted with ethyl
acetate (50 mL) and washed with saturated sodium bicarbonate solution (30 mL) and
brine (30 mL), dried over sodium sulfate, filtered and concentrated. The residue is
purified by column chromatography (dichloromethane/ethyl acetate/petroleum ether =
38/12/50) give fert-butyl 3-iodopyridin-4-ylcarbamate (1.2 g, 82% yield) as white
solid. LCMS (ESI) [M+H]"=320.9; Rt = 1.65 min (Method A).

[0223] Step 2: fert-Butyl 3-((4-bromophenyl)ethynyl)pyridin-4-ylcarbamate

V= Br
HN—Boc

[0224] A mixture of 1-bromanyl-4-ethynyl-benzene (311 mg, 1.72 mmol), tert-butyl
N-(3-iodanylpyridin-4-yl)carbamate (500 mg, 1.56 mmol), cuprous iodide (30 mg,
0.16 mmol) and bis(triphenylphosphine)palladium(II) chloride (55 mg, 0.08 mmol) in
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N,N-dimethylformamide (2 mL) and triethanolamine (948 mg, 9.37 mmol) was stirred
at room temperature overnight under nitrogen atmosphere. The reaction mixture was
treated with ammonium chloride (10 mL) and extracted with ethyl acetate (15 mLx3).
The combined organic layer was washed with brine (10 mL), dried over anhydrous
sodium sulfate and concentrated. The residue was purified by column
chromatography (petroleum ether/ethyl acetate = 1/4) to give tert-butyl 3-((4-
bromophenyl)ethynyl)pyridin-4-ylcarbamate (515 mg, 87% yield) as a white solid.
LCMS (ESI) [M+H]" = 372.9; Rt = 1.899 min (Method A).

[0225] Step 3: 2-(4-Bromophenyl)-1H-pyrrolo[3,2-c]pyridine
>

[0226] To a solution of zerz-butyl N-[3-[2-(4-bromophenyl)ethynyl]pyridin-4-
yl]carbamate (515 mg, 1.38 mmol) in methanol (6 mL) and water (2 mL) was added
1,8-diazabicyclo[5.4.0Jundec-7-ene (1.05 g, 6.9 mmol). The reaction mixture was
stirred at 80°C overnight. The mixture was diluted with water and methanol, and
then concentrated. The residue was purified by column chromatography
(dichloromethane/methanol = 1/10) to give 2-(4-bromophenyl)-1H-pyrrolo[3,2-
c]pyridine (280 mg, 74% yield) as a pale yellow solid. LCMS (ESI) [M+H]" =
274.8; Rt = 1.697 min (Method A).

Iz

[0227] Step 4: 3-Fluoro-4'-(1H-pyrrolo[3,2-c]pyridin-2-yl)biphenyl-4-amine

X
UL
Z>N
H F

[0228] A mixture of 2-fluoranyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)aniline (399 mg, 1.68 mmol), 2-(4-bromophenyl)-1H-pyrrolo[3,2-c]pyridine (230
mg, 0.84 mmol), sodium carbonate (268 mg, 2.53 mmol) and
tetrakis(triphenylphosphine)palladium (49 mg, 0.04 mmol) in N,N-
dimethylformamide (10 mL) and water (1 mL) was heated at 80°C for 5h. The
mixture was quenched with water and a precipitate was formed. The mixture was
filtered and the filtrate cake was purified by column chromatography
(dichloromethane/methanol = 7/100) to give 3-fluoro-4'-(1H-pyrrolo[3,2-c]pyridin-2-
yl)biphenyl-4-amine (123 mg, 48% yield) as a pale yellow solid. LCMS (ESI)
[M+H]" = 303.9; Rr = 1.747 min (Method A); 'H NMR (400 MHz, DMSO-ds) &
12.07 (s, 1H), 8.84 (s, 1H), 8.18 (d, J = 5.6 Hz, 1H), 7.92 (d, J = 8.0 Hz, 2H), 7.73 (d,
J=28.4Hz, 2H), 7.48-7.33 (m, 3H), 7.08 (s, 1H), 6.88-6.83 (m, 1H), 5.37 (s, 2H).

[0229] Synthesis of Compound M
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[0230] Step 1: fert-Butyl 3-iodopyridin-4-ylcarbamate

[0231] A mixture of di-fert-butyl dicarbonate (1.09 g, 5 mmol) and 3-
iodanylpyridin-4-amine (1.0 g, 4.55 mmol) in tetrahydrofuran (20 mL) was stirred for
2 h at room temperature and concentrated. The residue was diluted with ethyl
acetate (50 mL) and washed with saturated sodium bicarbonate solution (30 mL) and
brine (30 mL). The organic layer was dried over sodium sulfate, filtered and
concentrated. The residue was purified by column chromatography (ethyl
acetate/dichloromethane = 12/100) to give fert-butyl 3-iodopyridin-4-ylcarbamate
(1.2 g, 82% yield) as a white solid. LCMS (ESI) [M+H]"=320.9; RT=1.65 min
(Method A).

[0232] Step 2: tert-Butyl 3-((4-bromophenyl)ethynyl)pyridin-4-ylcarbamate

N = Br
HN—Boc

[0233] A mixture of 1-bromanyl-4-ethynyl-benzene (311 mg, 1.72 mmol), fert-butyl
3-iodopyridin-4-ylcarbamate (500 mg, 1.56 mmol), cuprous iodide (30 mg, 0.16
mmol) and bis(triphenylphosphine)palladium(II) chloride (55 mg, 0.08 mmol) in N,N-
dimethylformamide (2 mL) and triethanolamine (948 mg, 9.37 mmol) was stirred at
room temperature overnight under nitrogen atmosphere. The reaction mixture was
treated with ammonium chloride (10 mL) and extracted with ethyl acetate (15 mLx3).
The combined organic layer was washed with brine (10 mL), dried over anhydrous
sodium sulfate, filtered and concentrated. ~The residue was purified by column
chromatography (ethyl acetate/ petroleum ether = 1/4) to give fert-butyl 3-((4-
bromophenyl)ethynyl)pyridin-4-ylcarbamate (515 mg, 87% yield) as a white solid.
LCMS (EST) [M+H]"=372.9; Rt = 1.899 min (Method A).

[0234] Step 3: 2-(4-Bromophenyl)-1H-pyrrolo[3,2-c]pyridine

Br

=4
N/
Iz
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[0235] To a solution of tert-butyl 3-((4-bromophenyl)ethynyl)pyridin-4-ylcarbamate
(515 mg, 1.38 mmol) in methanol (6 mL) and water (2 mL), 1,8-
diazabicyclo[5.4.0Jundec-7-ene (1.05 g, 6.9 mmol) was added, then the reaction
mixture was stirred at 80 °C overnight. The mixture was concentrated. The residue
was purified by column chromatography (dichloromethane/methanol = 10/1) to give
2-(4-bromophenyl)-1H-pyrrolo[3,2-c]pyridine (280 mg, 74% yield) as pale yellow
solid. LCMS (ESI) [M+H]" = 274.8; Rr= 1.697 min (Method A).

[0236] tert-Butyl (5-(4-(1H-pyrrolo[3,2-c]pyridin-2-yl)phenyl)pyridin-2-

yl)(methyl)carbamate
N — Boc

[0237] A mixture of 2-fluoranyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)aniline (150 mg, 0.63 mmol), 2-(4-bromophenyl)-1H-pyrrolo[3,2-c]pyridine (210
mg, 0.63 mmol), sodium carbonate (268 mg, 2.53 mmol) and
tetrakis(triphenylphosphine)palladium (72 mg, 0.063 mmol) in N,N-
dimethylformamide (15 mL) and water (3.0 mL) was heated at 80°C for 5h. The
mixture was quenched with water and a precipitate was formed. The mixture was
filtered and the filtrate cake was purified by column chromatography
(dichloromethane/methanol =20/1) to give tert-butyl (5-(4-(1H-pyrrolo[3,2-c]pyridin-
2-yl)phenyl)pyridin-2-yl)(methyl)carbamate (70 mg, 32% yield) as a yellow solid.
LCMS ESI-MS: m/z: 401.1 [M+H]*; RT = 1.643 min (Method A).

IZ

[0238] Step 5: 5-(4-(1H-Pyrrolo[3,2-c]pyridin-2-yl)phenyl)-N-methylpyridin-2-

amine
N7 -
| \ ~NH
> NN

[0239] A mixture of fert-butyl (5-(4-(1H-pyrrolo[3,2-c]pyridin-2-yl)phenyl)pyridin-
2-yl)(methyl)carbamate (70 mg, 0.17 mmol), trifluoroacetic acid (1.0 mL) in
dichloromethane (3.0 mL). The solution was heated at 40 °C for 3 h. The mixture
was quenched with water and a precipitate was formed. The mixture was filtered
and the filtrate cake was purified by reverse phase pre-HPLC to afford 5-(4-(1H-
pyrrolo[3,2-c]pyridin-2-yl)phenyl)-N-methylpyridin-2-amine as a white solid (20 mg,
38% yield) as a white solid. LCMS (ESI) [M+H]"=301.0; Rr = 1.246 min
(Method A); 'H NMR (400 MHz, DMSO-ds) 6 8.82 (s, 1H), 8.42 (t, J= 5.5 Hz, 1H),
8.34-8.12 (m, 3H), 7.94 (d, /= 8.3 Hz, 2H), 7.80 (dd, /=8.7, 2.5 Hz, 1H), 7.72 (d, J
=8.4 Hz, 2H), 7.39 (d, J= 5.3 Hz, 1H), 7.07 (s, 1H), 6.68 (t, J = 13.6 Hz, 1H), 6.55
(d,J=8.7Hz, 1H), 2.83 (d, J = 4.5 Hz, 3H).

Iz _

Formula Ie

General:
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[0240] A mixture of amino pyridine 27 (8.06 mmol), alpha-bromoketo-bromoaryl
(8.86 mmol) and sodium bicarbonate (744 mg, 8.86 mmol) in ethanol (50 mL) was
stirred at 830°C for 3 h. The reaction mixture was diluted with water and extracted
with ethyl acetate. The organic layer was dried and concentrated. The residue was
purified by chromatography (petroleum ether/ethyl acetate = 4/1) to give
imidazopyridine 29.

[0241] A mixture of imidazopyridine 29 (3.3 mmol), arylboronate 25 (3.96 mmol),
potassium carbonate (1.37 g, 9.9 mmol) and tetrakis(triphenylphosphine)palladium
(241 mg, 0.33 mmol) in N,N-dimethylformamide (20 mL) and water (4 mL) was
stirred at 80°C for 16 h.  The reaction mixture was diluted with water and extracted
with ethyl acetate (100 mLx3). The organic layer was dried over sodium sulfate and
concentrated. The residue was purified by flash chromatography (petroleum
ether/ethyl acetate = 2/1) to give 30.

[0242] Synthesis of Compound N

Br
7 N\
0 }—Qar o

. N pe!
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-78°C, 0.5h, SN N KoCO3, DMF, N N
#, 16 h 70°C, 16 h
57% 700C Compound N

26%

[0243] Step 1: 2-(4-Bromophenyl)-6-methoxyimidazo[1,2-a]pyridine

[0244] A mixture of S-methoxypyridin-2-amine (1.0 g, 8.06 mmol), 2-bromanyl-1-
(4-bromophenyl)ethanone (2.46 g, 8.86 mmol) and sodium bicarbonate (744 mg, 8.86
mmol) in ethanol (50 mL) was stirred at 80°C for 3 h. The reaction mixture was
diluted with water and extracted with ethyl acetate. The organic layer was dried and
concentrated. The residue was purified by chromatography (petroleum ether/ethyl
acetate = 4/1) to give 2-(4-bromophenyl)-6-methoxy-imidazo[1,2-a]pyridine (1.5 g,
49% yield) as a yellow solid. LCMS (ESI) [M+H]" =303.

[0245] Step 2: fert-Butyl 5-(4-(6-methoxyimidazo[1,2-a]pyridin-2-
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yl)phenyl)pyridin-2-yl(methyl)carbamate

O —
P = /
XN N

[0246] A mixture of 2-(4-bromophenyl)-6-methoxy-imidazo[1,2-a]pyridine (1.0 g,
3.3 mmol), fert-butyl N-methyl-N-[5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yD)pyridin-2-yl]carbamate (1.32 g, 3.96 mmol), potassium carbonate (1.37 g, 9.9
mmol) and tetrakis(triphenylphosphine)palladium (241 mg, 0.33 mmol) in N,N-
dimethylformamide (20 mL) and water (4 mL) was stirred at 80°C for 16 h. The
reaction mixture was diluted with water and extracted with ethyl acetate (100 mLx3).
The organic layer was dried over sodium sulfate and concentrated. The residue was
purified by flash chromatography (petroleum ether/ethyl acetate = 2/1) to give fert-
butyl 5-(4-(6-methoxyimidazo [1,2-a]pyridin-2-yl)phenyl)pyridin-2-
yl(methyl)carbamate (1.3 g, 78% yield) as a yellow solid. LCMS (ESI) m/z =
431[M~+H]".

[0247] Step 3: 2-(4-(6-(Methylamino)pyridin-3-yl)phenyl)imidazo[1,2-a]pyridin-6-
ol

HO —
=y \_ NH
[0248] A solution of tert-butyl N-[5-[4-(6-methoxyimidazo[1,2-a]pyridin-2-
yD)phenyl]pyridin-2-yl]-N-methyl-carbamate (1.5 g, 3.48 mmol) in dichloromethane
(10 mL) was stirred at -78°C for 0.5h. Then boron tribromide (8.7 mL, 17.4 mmol)
was added and the reaction mixture was stirred at -78°C for another 0.5 h. The
reaction mixture was slowly warmed to room temperature and stirred overnight. The
mixture was quenched by methanol and concentrated. The residue was purified by
column chromatography (dichloromethane/methanol = 10/1) to give 2-[4-[6-
(methylamino)pyridin-3-yl]phenyl]imidazo[ 1,2-a]pyridin-6-ol (800 mg, 57% yield) as
a white solid. LCMS (ESI) m/z =317 [M+H]".

[0249] Step 4: 1-Fluoro-3-(2-(4-(6-(methylamino)pyridin-3-yl)phenyl)imidazo[ 1,2-
a]pyridin-6-yloxy)propan-2-ol

OH

FWO ZONTN — /
P \ /) —NH
N N
[0250] A mixture of 2-[4-[6-(methylamino)pyridin-3-yl]phenyl]imidazo[1,2-
a]pyridin-6-ol (600 mg, 1.9 mmol), 2-(fluoranylmethyl)oxirane (1.44 g, 18.97 mmol)
and potassium carbonate (785 mg, 5.69 mmol) in N,N-dimethylformamide (2 mL)
was stirred at 70°C for 16 h.  The reaction mixture was filtered and the filtrate was
concentrated. The residue was purified by column chromatography
(dichloromethane/methanol = 10/1) to give 1-fluoranyl-3-[2-[4-[6-(methylamino)
pyridine-3-yl]phenyl]imidazo[ 1,2-a]pyridin-6-yl Joxy-propan-2-ol (201 mg, 26%
yield) as a yellow solid. LCMS (ESI) m/z = 393[M+H]", Rr= 1.653 min; '"H NMR
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(400 MHz, DMSO-ds) 6 8.41 (d,J = 1.6 Hz, 1H), 8.29 (s, 1H), 7.96 (d, /= 8.0 Hz,
2H), 7.76 (dd, J = 8.4 Hz, 2.4 Hz, 1H), 7.64 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 9.6 Hz,
1H), 7.07 (dd, J= 9.6 Hz, 2.0 Hz, 1H), 6.705 (d, J = 4.8 Hz, 2H), 6.55 (d, /= 4.8 Hz,
1H), 5.59 (s, 1H), 4.56 (m, 1H), 4.44 (m, 1H), 4.02 (m, 1H), 3.97 (m, 2H), 2.833 (d, J
= 4.8 Hz, 3H).

[0251] Synthesis of Compound O

H Ve a0
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[0252] Step 1: 2-(4-Bromophenyl)-6-methoxyimidazo[1,2-a]pyridine

/O = NwBr
XN

[0253] A mixture of 5-methoxypyridin-2-amine (1.0 g, 8.06 mmol), 2-bromanyl-1-
(4-bromophenyl)ethanone (2.5 mg, 8.86 mmol) and sodium bicarbonate (744 mg,
8.86 mmol) in ethanol (50 mL) was stirred at 80°C for 3 h. The reaction mixture
was added to water and extracted with ethyl acetate (100 mLx3). The organic layer
was dried and concentrated. The residue was purified by column chromatography
(petroleum ether/ethyl acetate = 4/1) to give 2-(4-bromophenyl)-6-methoxy-
imidazo[ 1,2-a]pyridine (1.5 g, 49% yield) as a yellow solid. LCMS (ESI) [M+H] =
303.

[0254] Step 2: 5-(4-(6-Methoxyimidazo[ 1,2-a]pyridin-2-yl)phenyl)-N,N-
dimethylpyridin-2-amine

<IN N — /

§ \N\ VAR

[0255] A mixture of N,N-dimethyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridin-2-amine (196 mg, 0.79 mmol), 2-(4-bromophenyl)-6-methoxy-
imidazo[1,2-a]pyridine (200 mg, 0.66 mmol), potassium carbonate (273 mg, 1.98
mmol) and tetrakis(triphenylphosphine)palladium (48 mg, 0.07 mmol) in N,N-
dimethylformamide (4 mL) and water (0.6 mL) was stirred at 80°C for 16 h. The
reaction mixture was concentrated and the residue was purified by column
chromatography (petroleum ether/ethyl acetate = 2/1) to give 5-[4-(6-
methoxyimidazo[ 1,2-a]pyridin-2-yl)phenyl]-V,N-dimethyl-pyridin-2-amine (200 mg,
79% yield) as a white solid. LCMS (ESI) [M+H]" = 345,

[0256] Step 3: 2-(4-(6-(Dimethylamino)pyridin-3-yl)phenyl)imidazo[ 1,2-a]pyridin-
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6-o0l
HO =~ N N\ - /
N \ N/ \

[0257] To a solution of 5-[4-(6-methoxyimidazo[1,2-a]pyridin-2-yl)phenyl]-N,N-
dimethyl-pyridin-2-amine (200 mg, 0.58 mmol) in dichloromethane (2 mL) was
added boron tribromide (1.5 mL, 2.9 mmol) at -78°C. The reaction mixture was
stirred at -78°C for 0.5 h, then warmed to room temperature slowly and stirred at
room temperature overnight. The reaction mixture was quenched with methanol and
concentrated. The residue was purified by column chromatography
(dichloromethane/methanol = 10/1) to give 2-[4-[6-(dimethylamino)pyridin-3-
yl]phenyl]imidazo[ 1,2-a]pyridin-6-ol (180 mg, 74% yield) as a white solid. LCMS
(EST) [M+H]" = 331.

[0258] Step 4: 1-(2-(4-(6-(Dimethylamino)pyridin-3-yl)phenyl)imidazo[1,2-
alpyridin-6-yloxy)-3-fluoropropan-2-ol

F\)\/O Z N A — /
XN \ "\

[0259] A mixture of 2-[4-[6-(dimethylamino)pyridin-3-yl]phenylJimidazo[1,2-
alpyridin-6-ol (130 mg, 0.39 mmol), 2-(fluoranylmethyl)oxirane (299 mg, 3.93
mmol) and potassium carbonate (163 mg, 1.18 mmol) in N,N-dimethylformamide (2
mL) was stirred at 60°C for 16 h. The reaction mixture was filtered and the filtrate
was concentrated. The residue was purified by column chromatography
(dichloromethane/methanol = 10/1) to give 1-[2-[4-[6-(dimethylamino)pyridin-3-
yl]phenyl]imidazo[1,2-a]pyridin-6-yl]oxy-3-fluoranyl-propan-2-ol (30 mg, 19%
yield) as a yellow solid. LCMS (ESI) [M+H]" = 407, Rt = 1.805 min; "H NMR (400
MHz, DMSO-ds) 6 8.50 (d, J = 2.4 Hz, 1H), 8.29 (m, 2H), 7.96 (d, J = 8.8 Hz, 2H),
7.87 (dd, J=8.8 Hz, 2.4 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.50 (d, /= 10.0 Hz, 1H),
7.05(dd, /J=9.2Hz, 2.4 Hz, 1H), 6.73 (d, /= 8.8 Hz, 1H), 5.53 (d, /=4.8 Hz, 1H),
4.56 (m, 1H), 4.45 (m, 1H), 4.06 (m, 1H), 4.00 (m, 1H), 3.08 (s, 6H).

Synthesis of Compound P
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[0260] Step 1: 2-(4-Bromophenyl)-6-nitroimidazo[1,2-a]pyridine

OoN =
XN

[0261] A mixture of S-nitropyridin-2-amine (1.0 g, 7.19 mmol), 2-bromo-1-(4-
bromophenyl)ethan-1-one (2.2 g, 7.91 mmol) and sodium bicarbonate (664 mg, 7.91
mmol) in acetonitrile (50 mL) was stirred at 80°C for 3 h. The reaction mixture was
added to water and extracted with ethyl acetate (100 mLx3). The organic layer was
dried and concentrated. The residue was purified by column chromatography
(petroleum ether/ ethyl acetate = 4/1) to give 2-(4-bromophenyl)-6-nitro-imidazo[1,2-
a]pyridine (800 mg, 16% yield) as a yellow solid. LCMS (ESI) [M+H]" =318.

[0262] Step 2: 2-(4-Bromophenyl)imidazo[1,2-a]pyridin-6-amine

XN

[0263] A mixture of 2-(4-bromophenyl)-6-nitro-imidazo[1,2-a]pyridine (800 mg,
2.51 mmol), iron (704 mg, 12.57 mmol), ammonium chloride (673 mg, 12.57 mmol)
and in tetrahydrofuran (10 mL), methanol (5 mL) and water (5 mL) was stirred at
50°C for 16 h. The reaction mixture was concentrated and the residue was purified
by column chromatography (dichloromethane/methanol = 20/1) to give 2-(4-
bromophenyl)imidazo[1,2-a]pyridin-6-amine (500 mg, 57% yield) as a brown solid.
LCMS (ESI) [M+H]" = 288.

HoN

[0264] Step 3: tert-Butyl 5-(4-(6-aminoimidazol1,2-a]pyridin-2-yl)phenyl)pyridin-

2-yl(methyl)carbamate
O o
N N Boc

[0265] A mixture of 2-(4-bromophenyl)imidazo[1,2-a]pyridin-6-amine (500 mg,
1.74 mmol), [6-[methyl-[(2-methylpropan-2-yl)oxycarbonyl]amino]pyridin-3-
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yl]boronic acid (569 mg, 2.26 mmol), potassium carbonate (718 mg, 5.21 mmol) and
tetrakis(triphenylphosphine)palladium (127 mg, 0.17 mmol) in N,N-
dimethylformamide (4 mL) and water (0.6 mL) was stirred at 80°C for 16 h. The
reaction mixture was concentrated and the residue was purified by column
chromatography (dichloromethane/methanol = 20/1) to give terz-butyl 5-(4-(6-
aminoimidazo[ 1,2-a]pyridin-2-yl)phenyl)pyridin-2-yl(methyl)carbamate (400 mg,
32% yield) as a white solid. LCMS (ESI) [M+H]" = 416.

[0266] Step 4: tert-Butyl 5-(4-(6-(3-fluoro-2-hydroxypropylamino)imidazo[1,2-
alpyridin-2-yl)phenyl)pyridin-2-yl(methyl)carbamate

OHH

AN N N
XN \ I\T Boc

[0267] A mixture of 2-(fluoranylmethyl)oxirane (183 mg, 2.41 mmol), tert-butyl 5-
(4-(6-aminoimidazo[ 1,2-a]pyridin-2-yl)phenyl)pyridin-2-yl(methyl)carbamate (100
mg, 0.24 mmol) and in methanol (2 mL) was stirred at 50°C for 36 h. The reaction
mixture was filtered. The filtrate was concentrated and the residue was purified by
column chromatography (dichloromethane/methanol = 10/1) to give fert-butyl 5-(4-
(6-(3-fluoro-2-hydroxypropylamino)imidazo[ 1,2-a]pyridin-2-yl)phenyl)pyridin-2-
yl(methyl)carbamate (80 mg, 67% yield) as a yellow solid. LCMS (ESI) [M+H]" =
492.

[0268] Step 5: 1-Fluoro-3-(2-(4-(6-(methylamino)pyridin-3-yl)phenyl)imidazo[ 1,2-
a]pyridin-6-ylamino)propan-2-ol

OHH

F N —
- > < > <\ />
X N N

[0269] A mixture of fert-butyl 5-(4-(6-(3-fluoro-2-hydroxypropylamino)imidazo
[1,2-a]pyridin-2-yl)phenyl)pyridin-2-yl(methyl)carbamate (100 mg, 0.2 mmol),
trifluoroacetic acid (70 mg, 0.61 mmol) and in dichloromethane (2 mL) was stirred at
25°C for2h. The reaction mixture was filtered. The filtrate was concentrated and
the residue was purified by column chromatography (dichloromethane/methanol =
10/1) to give 1-fluoro-3-(2-(4-(6-(methylamino)pyridin-3-yl)phenyl)imidazo[ 1,2-
alpyridin-6-ylamino)propan-2-ol (31 mg, 39% yield) as a yellow solid. LCMS (ESI)
[M+H]" =392, Rr=1.647 min. 'H NMR (400 MHz, DMSO-ds) 5 8.39 (s, 1H), 8.25
(s, 1H), 7.90 (d, J= 8.4 Hz, 2H), 7.79 (d, J = 8.8 Hz, 1H), 7.66 (m, 3H), 7.43 (d, J =
9.6 Hz, 1H), 7.10 (m, 1H), 6.745 (m, 1H), 6.56 (d, J = 8.8 Hz, 1H), 5.72 (s, 1H), 5.35
(d, /J=4.8 Hz, 1H), 4.51 (m, 1H), 4.35 (m, 1H), 3.94 (m, 1H), 3.11 (m, 1H), 2.98 (m,
1H), 2.82 (d, J = 4.4 Hz, 3H).

Synthesis of Compound Q
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0

Br- o) o)

QK@\E )3—B/b
L O s —:i OIS
NX~""NH,  NaHCO,, EtOH XN Pd(dppfiCls XN ©

70°C, 3h KOAg, dioxane,
53% 1208A 90°C, 16h 12088
91%

= NBS, CHsCN, = NaH, CHyl, =/ 12088 O =
N /NHz . 3h Br—\ /NH: DMF, rt, 2h  Br N /N — Y NN N/
N - N N\ NayCOs PddpphC SN P
. 8% F 1% 2,CO3, Pd(dppf)Cly,

F dioxane/H;0, 90°C, 3h F
1208C 1208D 1208E 37% Compound Q

[0270] Step 1: 2-(4-Bromophenyl)-6-methoxy-imidazo[1,2-a]pyridine

N

[0271] A mixture of S-methoxypyridin-2-amine (5 g, 40.28 mmol), 2-bromanyl-1-
(4-bromo phenyl)ethanone (11.2 g, 40.3 mmol) and sodium hydrogen carbonate
(3.4 g,40.48 mmol) in ethanol (250 mL) was stirred at 70 oC  for 3 h. The
reaction mixture was concentrated and the residue was diluted with water (100 mL)
and extracted with ethyl acetate (100 mLx3). The combined organic phase was
washed with brine (100 mL), dried over sodium sulfate and concentrated. The residue
was purified by slurrying in a mixture of petroleum ether/ethyl acetate (4/1) to give 2-
(4-bromophenyl)-6-methoxy-imidazo[ 1,2-aJpyridine (6.88 g, 53% yield). LC-MS:
m/z= 303 (M+H)+, retention time 1.311 min (Method A).

[0272] Step 2: 6-Methoxy-2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]imidazo [1,2-a]pyridine

/O =z N \ O
-4

[0273] A mixture of 2-(4-bromophenyl)-6-methoxy-imidazo[1,2-a]pyridine (5.8 g,
19.13 mmol), 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
1,3,2-dioxaborolane (5.8 g, 22.84 mmol), potassium acetate (3.77 g, 38.47 mmol) and
[1,1'-bis(diphenyl phosphino)ferrocene]dichloropalladium(II) (0.7 g, 0.96 mmol) in
1,4-dioxane (150 mL) was stirred at 90 oC  for 16 h and then cooled to room
temperature. The mixture was filtered and filtrate was concentrated under reduced
pressure. The residue was purified by flash chromatography (dichloromethane / ethyl
acetate =5/1) to give 6-methoxy-2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]imidazo[1,2-a]pyridine (8.5 g, 91% yield). LC-MS: m/z= 351 (M+H)+,
retention time 1.995 min (Method A).

[0274] Step 3: 5-Bromo-6-fluoropyridin-2-amine

Br@NHZ
N

F

79



WO 2019/214681 PCT/CN2019/086201

[0275] To a solution of 6-fluoranylpyridin-2-amine (6.4 g, 57.08 mmol) in
acetonitrile (90 mL) was added bromosuccinimide (10.67 g, 59.94 mmol). Then the
mixture was stirred at 25 oC for 3 h. The solution was poured into water and extracted
with dichloromethane (150 mL x3). The combined organic layer was dried over
sodium sulfate and concentrated. The residue was purified by flash chromatography
(15% ethyl acetate in petroleum ether) to give 5-bromanyl-6-fluoranyl-pyridin-2-
amine (8.5 g, 78 % yield) as yellow solid. LC-MS: m/z= 191(M+H)+, retention time
1.506 min (Method A).

[0276] Step 4: 5-Bromo-6-fluoro-N,N-dimethylpyridin-2-amine

B — /

r /
NIV
F

[0277] To asolution of 5-bromanyl-6-fluoranyl-pyridin-2-amine (6.2 g, 32.46
mmol) in dimethyformamide (100 mL) was added sodium hydride (3.25 g,
81.15 mmol) at 0 oC. The mixture was stirred at 0 oC for 20 min, then
iodanylmethane (13.82 g, 97.38 mmol) was added, and the resulting mixture was
stirred at 25 oC for 2 h. The mixture was poured into water and extracted with ethyl
acetate (150 mLx3). The combined organics were washed with brine (100 mLx3),
dried over sodium sulfate and concentrated. The crude product was purified by flash
chromatography (3% ethyl acetate in petroleum ether) to give 5-bromanyl-6-

fluoranyl-N,N-dimethyl-pyridin-2-amine (6.5 g, 91% yield) as a green solid. LC-MS:
m/z=219(M+H)+, retention time 1.239 min (Method A).

[0278] Step 5: 6-Fluoranyl-5-[4-(6-methoxyimidazo[1,2-a]pyridin-2-yl)phenyl]-
N,N-dimethyl-pyridin-2-amine

O AN —
NN Iy

[0279] A mixture of 5-bromanyl-6-fluoranyl-N,N-dimethyl-pyridin-2-amine (1.97 g,
8.99 mmol), 6-methoxy-2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]imidazo[1,2-a] pyridine (3.15 g, 8.99 mmol), sodium carbonate (1.91 g,
17.99 mmol), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(Il) (332.79
mg, 0.45 mmol) in 1,4-dioxane (75 mL) and water (15 mL) was stirred at 90 oC
for 3 h under nitrogen atmosphere. The reaction was cooled to room temperature and
filtered. The filtrate was concentrated and the residue was purified by flash column
chromatography (5% methanol in dichloromethane) to give 6-fluoranyl-5-[4-(6-
methoxyimidazo[ 1,2-a]pyridin-2-yl)phenyl]-N,N-dimethyl-pyridin-2-amine (1.2 g,
37% yield) as a yellow solid. LCMS: m/z=363 (M+H)+, retention time 5.020 min
(Method A). TH NMR (400 MHz, DMSO-d6) 6 8.32 (s, 1H), 8.23 (s, 1H), 7.98 (d, ] =
8.2 Hz, 2H), 7.94-7.82 (m, 1H), 7.58 (d, ] = 7.8 Hz, 2H), 7.51 (d, ] = 9.7 Hz, 1H),
7.04 (dd, J =9.7,2.2 Hz, 1H), 6.64 (d, ] = 8.5 Hz, 1H), 3.81 (s, 3H), 3.06 (s, 6H). 13C
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NMR (400 MHz, DMSO-d6) § 157.65, 148.96, 144.48, 142.55, 142.05, 142.00,
134.04, 132.93, 128.57, 128.54, 125.97, 120.20, 117.39, 110.55, 109.14, 107.58,
107.30, 103.96, 56.58, 38.09.

[0280] Synthesis of Compound R

O“N‘O — 7
—N NBS, CH;CN, —N —N (HO)ZB@NBOC N _ ,
NHQ&. Br NH, ————— Br | >N Br N NBoc
Q 82% \ 7/ Cul, CHiCN, \ 7 P(PPh3)s KsCOs /" \_

F F 60°C, 5h F DMF,80°C,4h F
1018A 34% 10188 49% 1018C
,BOC
NS o
i % R
1017A N/‘ 7 Nl N Npoe N | 7 N N NH
Pai(PPha),Cul w7 N/ =y N % N VAN VA
dioxane,100°C,o/n E E
33% 1018D R

[0281] Step 1: 5-Bromo-4-fluoropyridin-2-amine

—N
Br@—NHZ

F

[0282] To a solution of 4-fluoranylpyridin-2-amine (2.35 g, 20.96 mmol) in
acetonitrile (50 mL) was added N-bromosuccinimide (3.92 g, 22.01 mmol), then the
reaction mixture was stirred at 250C  for 2 h and concentrated. The residue was
purified by flash chromatography (ethyl acetate/petroleum ether =22%) to give 5-
bromanyl-4-fluoranyl-pyridin-2-amine (3.3 g, 17.277 mmol, 82.425% yield) as red
solid. LCMS: m/z=250.0 (M-55)+, retention time: 2.07min.

[0283] Step 2: 5-Bromo-4-fluoro-2-iodopyridine

—N
Br4<>:/)7l

F

[0284] A mixture of 5-bromanyl-4-fluoranyl-pyridin-2-amine (3 g, 9.74 mmol), tert-
butyl nitrite (1.51g, 14.61mmol) and copper (I) iodide (2.78 g, 14.61 mmol) in
acetonitrile (50 mL) was heated to 60 oC for 2 h. The mixture was cooled to room
temperature, filtered and concentrated. The residue was purified by flash
chromatography (ethyl acetate/petroleum ether =10%) to give 5-bromanyl-4-
fluoranyl-2-iodanyl-pyridine (1g, 3.3126mmol, 34.006% yield) as white solid. LCMS:
m/z=250.0(M-55)+, retention time: 2.16min.

[0285] Step 3: Tert-Butyl S-bromo-4-fluoro-2,3'-bipyridin-6'-yl(methyl)carbamate
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—N — /
BrWNBOC

F

[0286] A mixture of S-bromanyl-4-fluoranyl-2-iodanyl-pyridine (500 mg, 1.66
mmol), (6-((tert-butoxycarbonyl)(methyl)amino)pyridin-3-yl)boronic acid (396.63
mg, 1.57 mmol), potassium carbonate (571.42 mg, 4.14 mmol) and
tetrakis(triphenylphosphine) palladium(0) (191.3 mg, 0.17 mmol in 1,4-dioxane (5
mL) and water (1 mL) were stirred at 900C under nitrogen atmosphere for 3~4 h. The
mixture was filtered and the filtrate was concentrated. The residue was diluted with
ethyl acetate (100 mL), washed with brine and water, dried over anhydrous sodium
sulfate, filtered and concentrated. The residue was purified by flash chromatography
(methanol/dichloromethane=0~15%) to give tert-butyl N-[5-(5-bromanyl-4-fluoranyl-
pyridin-2-yl)pyridin-2-y1]-N-methyl-carbamate (310 mg, 0.811 mmol, 48.967% yield)
as yellow solid.

[0287] LCMS: m/z= 383.8(M+H)+, retention time:2.41min

[0288] Step 4: Tert-Butyl 2-(6'-(tert-butoxycarbonyl(methyl)amino)-4-fluoro-2,3'-
bipyridin-5-yl)-1H-pyrrolo[2,3-c]pyridine-1-carboxylate

?oc
= N N
\ | y/ 7 N N NBoc
N — —N \
F

[0289] To a solution of tert-butyl N-[5-(5-bromanyl-4-fluoranyl-pyridin-2-
yl)pyridin-2-yl]-N-methyl-carbamate (310 mg, 0.81 mmol) and tert-butyl 2-
tributylstannylpyrrolo [2,3-c] pyridine-1-carboxylate (452.58 mg, 0.89 mmol) in 1,4-
dioxane (10 mL) was added copper (I) iodide (11.19 mg, 0.08 mmol) and
tetrakis(triphenylphosphine)palladium(0) (93.67 mg, 0.08 mmol). The resulting
mixture was stirred at 100 oC overnight under nitrogen atmosphere. After cooling to
room temperature, the mixture was filtered and concentrated. The residue was purified
by flash chromatography (ethyl acetate/petroleum ether =0~30%) to give tert-butyl 2-
[4-fluoranyl-6-[6-[methyl-[(2-methylpropan-2-yl)oxycarbonyl]amino]pyridin-3-
yl]pyridin-3-yl]pyrrolo[2,3-c]pyridine-1-carboxylate (140 mg, 0.2695 mmol, 33.224%
yield) as oil. LCMS: m/z= 520.3(M+H)+, retention time: 2.24 min.

[0290] Step 5: 4-Fluoro-N-methyl-5-(1H-pyrrolo[2,3-c]pyridin-2-y1)-2,3'-bipyridin-
6'-amine (Compound R)

H
NN N TN
F

[0291] To a solution of tert-butyl 2-[4-fluoranyl-6-[6-[methyl-[(2-methylpropan-2-
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yl)oxy carbonylJamino]pyridin-3-yl]pyridin-3-yl]pyrrolo[2,3-c]pyridine-1-
carboxylate (140 mg, 0.27 mmol) in dichloromethane (3 mL) was added
trifluoroacetic acid (307.23 mg, 2.69 mmol) and then the mixture was stirred under
reflux until the starting materials was consumed. The solvent was removed under
reduced pressure and the residue was purified by Prep-HPLC to give 5-[4-fluoranyl-5-
(1H-pyrrolo[2,3-c]pyridin-2-yl)pyridin-2-yl]-N-methyl-pyridin-2-amine (3 mg,
0.0094 mmol, 3.4865% yield) as solid.

[0292] LCMS: m/z= 320.1(M+H)+, retention time: 1.70min, purity 100% (UV 254).

[0293] THNMR (400 MHz, DMSO-d6) & 12.10 (s, 1H), 9.13 (d, J = 11.0 Hz, 1H),
8.91 ~8.78 (m, 2H), 8.18 (dd, J = 8.8, 2.2 Hz, 1H), 8.14 (d, J = 5.4 Hz, 1H), 7.97 (d, J
=13.3 Hz, 1H), 7.56 (1, J = 10.6 Hz, 1H), 7.03 (s, 2H), 6.56 (d, J = 8.9 Hz, 1H), 2.88
(t,J=17.8 Hz, 3H).

[0294] Synthesis of Compound S

,Boc

N
N~
NBS, CH:CN, N e @%Sn% P
ot P 2 —
QNHQ MB(@LNHZ o o Br / \ | —.1017A N\ | / \Y / Br
=N 81% =N Cul, CHiCN, =N Pd(PPh;),,Cul, CsF N
F

F F 60°C, 2h dioxanhe, 50°C, o/n F
1136A 40% 11368 54%

1136C

(HO),B \ P NBoc TFA,DCM, i
__40°C,om | H
T Ve
(PPh3)s, KoCO5 21%
dioxane/H,0, 85°C, 3h °
22% 1136D

[0295] Step 1: 5-Bromo-6-fluoropyridin-2-amine

H,N” N7 F

[0296] To a solution of 6-fluoranylpyridin-2-amine (2.8 g, 24.98 mmol) in
acetonitrile (50mL) was added N-bromosuccinimide (4.67g, 26.22mmol). Then the
reaction mixture was stirred at 25 oC for 2 h and concentrated. The residue was
purified by flash chromatography (ethyl acetate/petroleum ether =0~10%) to give 5-
bromanyl-6-fluoranyl-pyridin-2-amine (3.91 g, 20.471 mmol, 81.965% yield) as
yellow solid. LC-MS: m/z= 193.0 (M+H) +, retention time: 1.64min (Method B).

[0297] Step 2: 3-Bromo-2-fluoro-6-iodopyridine

[0298] A mixture of S-bromanyl-6-fluoranyl-pyridin-2-amine (3.3 g, 17.28 mmol),
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tert-butyl nitrite (2.67 g, 25.92 mmol) and copper (1) iodide (4.94 g, 25.92 mmol) in
acetonitrile (30 mL) was heated to 60 oC for 2 h. The mixture was cooled to room
temperature, filtered and concentrated. The residue was purified by flash
chromatography (ethyl acetate/petroleum ether =0~10%) to give 3-bromanyl-2-
fluoranyl-6-iodanyl-pyridine (2.1 g, 6.9564 mmol, 40.263% yield) as white solid. LC-
MS: m/z=302.6 (M+H) +, retention time: 1.89 min (Method A).

[0299] Step 3: Tert-Butyl 2-(5-bromanyl-6-fluoranyl-pyridin-2-yl)pyrrolo[2,3-
c]pyridine-1-carboxylate

;300
N ' N —_—
| / \ Br
N N/

F

[0300] A mixture of tert-butyl 2-tributylstannylpyrrolo[2,3-c]pyridine-1-carboxylate
(500 mg, 0.98 mmol), 3-bromanyl-2-fluoranyl-6-iodanyl-pyridine (357 mg, 1.18
mmol), copper (I) iodide (18 mg, 0.09 mmol),
tetrakis(triphenylphosphine)palladium(0) (113 mg, 0.09 mmol) and cesium fluoride
(29 mg, 0.19 mmol) in 1,4-dioxane (5 mL) were stirred at 50 oC under nitrogen
atmosphere overnight. The mixture was filtered and the filtrate was concentrated
under reduced pressure. The residue was diluted with ethyl acetate (100 mL), washed
with brine and water, dried over with anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by flash
chromatography eluting (ethyl acetate/petroleum ether =0~10%) to give tert-butyl 2-
(5-bromanyl-6-fluoranyl-pyridin-2-yl)pyrrolo[2,3-c]pyridine-1-carboxylate (400mg,
54.84% yield) as yellow solid. LC-MS: m/z= 392 (M) +, retention time: 1.991 min
(Method A).

[0301] Step 4: Tert-Butyl 2-[6-fluoranyl-5-[6-[ methyl-[(2-methylpropan-2-
yl)oxycarbonyl] amino]pyridin-3-yl]pyridin-2-yl]pyrrolo[2,3-c]pyridine-1-
carboxylate

ﬁoc
NZ N — — Poc
W/ WA

[0302] To a solution of tert-butyl 2-(5-bromanyl-6-fluoranyl-pyridin-2-
yl)pyrrolo[2,3-c]pyridine -1-carboxylate (300 mg, 0.76 mmol) and [6-[methyl-[(2-
methylpropan-2-yl)oxycarbonyl] amino]pyridin-3-yl]boronic acid (289mg,
1.14mmol) in 1,4-dioxane (20 mL) and water (5 mL) was added potassium
carbonate (316 mg, 2.29 mmol) and tetrakis(triphenyl phosphine)palladium(0) (88
mg, 0.07 mmol). The resulting mixture was stirred at 85 oC for 3 h under nitrogen
atmosphere. The mixture was cooled to room temperature, filtered and concentrated to
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get the crude product (300 mg, 22.47% yield, purity 54%) as oil, which was directly
used to the next step without purification. LC-MS: m/z=520(M+H) +, retention time:
2.220min (Method B).

[0303] Step S: 5-[2-Fluoranyl-6-(1H-pyrrolo[2,3-c]pyridin-2-yl)pyridin-3-yl]-N-
methyl-pyridin-2-amine

N/ H — —

F

[0304] To a solution of tert-butyl 2-[6-fluoranyl-5-[6-[methyl-[(2-methylpropan-2-
yl)oxy carbonylJamino]pyridin-3-yl]pyridin-2-yl]pyrrolo[2,3-c]pyridine-1-
carboxylate (200 mg, 0.384 mmol) in dichloromethane (5 mL) was added
trifluoroacetic acid (5 mL) and then the mixture was stirred under reflux until the
starting materials were consumed completely. The solvent was removed under
reduced pressure and the residue was purified by Pre-HPLC to give 5-[2-fluoranyl-6-
(1H-pyrrolo[2,3-c]pyridin-2-yl)pyridin-3-yl]-N-methyl-pyridin-2-amine (26 mg,
21.15% yield) as solid. LC-MS: m/z= 320.0(M+H) +, purity 100% (UV 254),
retention time: 1.725 min (Method C); 1TH NMR (400 MHz, DMSO-d6) & 12.19 (s,
1H), 8.81 (s, 1H), 8.36 (s, 1H), 8.30 — 8.18 (m, 1H), 8.10 (dd, J = 11.4, 6.6 Hz, 2H),
7.74 (d, ] =8.7Hz, 1H), 7.56 (d, ] = 5.1 Hz, 1H), 7.27 (s, 1H), 6.89 (d, ] = 4.9 Hz,
1H), 6.58 (d, J = 8.8 Hz, 1H), 2.83 (d, J = 4.7 Hz, 3H).

[0305] Synthesis of Compound T

=\ ./
F NIS, CH,CN, F N j< F (Ho)zBONBOC F
B 0°C~rt — 0”0 — N — — /
HoN > HN— y | —— Br—\ Y, 1 —_——— Br—{ / \ 7 NBec
N= N CuBr, CH,CN, N Pd(dppf)Cly,Na,COy N N

47%

60°C, 5h dioxane/H,0, 80°C, 3h
1137A 37% 1137B 40% 1137C
Boc
NN
A, St poe F TEA, DCM H F
_—  wrA f‘@[N = =\ oo el 46h Né\‘ 'j \*/ \f/ N
7\ Y _—

PG(PPhs),,Cul, CsF, Z VI W 5% ~ N N
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1137D T
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[0306] Step 1: 4-Fluoranyl-5-iodanyl-pyridin-2-amine

F
e
\ //

[0307] To a solution of 4-fluoranylpyridin-2-amine (2.0 g, 17.84 mmol) in

acetonitrile (50 mL), was added N-iodosuccinimide (4.81 g, 21.40 mmol), then the

reaction mixture was stirred at 25°C overnight and concentrated. The residue was

purified by flash chromatography (ethyl acetate/petroleum ether =0-30%) to give 4-

fluoranyl-5-iodanyl-pyridin-2-amine (2.0 g, 47.10% yield) as yellow solid. LC-MS:
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m/z= 238 (M+H)+, retention time: 1.682 min (Method B).

[0308] Step 2: 2-Bromanyl-4-fluoranyl-5-iodanyl-pyridine

[0309] A mixture of 4-fluoranyl-5-iodanyl-pyridin-2-amine (1.5 g, 6.3 mmol), tert-
butyl nitrite (3.2 g, 31.42 mmol) and copper (I) bromide (4.47 g, 31.51 mmol) in
acetonitrile (30 mL) was heated to 60°C overnight and then cooled to room
temperature. The mixture was filtered and the filtrate was concentrated. The residue
was purified by flash chromatography (ethyl acetate/petroleum ether =0~10%) to give
2-bromanyl-4-fluoranyl-5-iodanyl-pyridine (800 mg, 37.843% yield) as yellow solid.
LC-MS: no MS, retention time: 1.89 min (Method A).

[0310] Step 3: Tert-Butyl N-[5-(6-bromanyl-4-fluoranyl-pyridin-3-yl)pyridin-2-yl]-
N-methyl-carbamate

[0311] To a solution of 2-bromanyl-4-fluoranyl-5-iodanyl-pyridine (431 mg, 1.42
mmol) and [6-[methyl-[(2-methylpropan-2-yl)oxycarbonyl]amino]pyridin-3-
yl]boronic acid (300 mg, 1.19 mmol) in 1,4-dioxane (20 mL) and water (5 mL)
was added sodium carbonate (378 mg, 3.57 mmol) and
bis(triphenylphosphine)palladium(Il) chloride (137 mg, 0.11 mmol). The resulting
mixture was stirred at 80°C for 3 h under nitrogen atmosphere. The mixture was
filtered and the filtrate was concentrated. The residue was diluted with ethyl acetate
(100 mL), washed with brine and water, dried over with anhydrous sodium sulfate,
filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography (ethyl acetate/petroleum ether =0-10%) to give tert-butyl N-[5-(6-
bromanyl-4-fluoranyl-pyridin-3-yl)pyridin-2-yl1]-N-methyl-carbamate (200 mg,
40.44% yield) as yellow solid. LC-MS: m/z= 381 (M) +, retention time: 2.141min
(Method A).

[0312] Step 4: Tert-Butyl 2-[4-fluoranyl-5-[6-[ methyl-[(2-methylpropan-2-
yl)oxycarbonyl] amino]pyridin-3-yl]pyridin-2-yl]pyrrolo[2,3-c]pyridine-1-
carboxylate

Boc F
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[0313] A mixture of tert-butyl N-[5-(6-bromanyl-4-fluoranyl-pyridin-3-yl)pyridin-2-
yl]-N-methyl-carbamate (200 mg, 0.52 mmol), tert-butyl 2-tributylstannylpyrrolo[2,3-
c] pyridine-1-carboxylate (291 mg, 0.57 mmol), copper (I) iodide (7 mg, 0.05
mmol), tetrakis(triphenylphosphine)palladium(0) (60 mg, 0.05 mmol) and cesium
fluoride (15.8 mg, 0.10 mmol) in 1,4-dioxane (5 mL) were stirred at 50 oC under
nitrogen atmosphere overnight. The mixture was filtered and the filtrate was
concentrated. The residue was diluted with ethyl acetate (100 mL), washed with brine
and water, dried over with anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The residue was purified by flash chromatography
(methanol/dichloromethane=0-10%) to give tert-butyl 2-[4-fluoranyl-5-[6-[methy]-
[(2-methylpropan-2-yl)oxycarbonyl Jamino]pyridin-3-yl]pyridin-2-yl]pyrrolo[2,3-
c]pyridine-1-carboxylate (130 mg, 47.81% yield) as white solid. LC-MS:
m/z=520(M+H) +, retention time: 2.190min (Method B).

[0314] Step 5: 5-[4-Fluoranyl-6-(1H-pyrrolo[2,3-c]pyridin-2-yl)pyridin-3-y1]-N-
methyl-pyridin-2-amine

[0315] To a solution of tert-butyl 2-[4-fluoranyl-5-[6-[methyl-[(2-methylpropan-2-
yl)oxy carbonylJamino]pyridin-3-yl]pyridin-2-yl]pyrrolo[2,3-c]pyridine-1-
carboxylate (110 mg, 0.217 mmol) in dichloromethane (5 mL) was added
trifluoroacetic acid (5 mL) and then the mixture was stirred under reflux until the
starting materials were consumed completely. The solvent was removed under
reduced pressure and the residue was purified by Pre-HPLC to give 5-[4-fluoranyl-6-
(1H-pyrrolo[2,3-c]pyridin-2-yl)pyridin-3-yl]-N-methyl-pyridin-2-amine (41 mg,
59.43% yield) as yellow solid. LC-MS: m/z= 320.0(M+H) +, purity: 100% (UV
254), retention time: 1.363 min (Method B); 1H NMR (400 MHz, DMSO-d6) 6 12.19
(s, 1H), 8.81 (s, 1H), 8.36 (s, 1H), 8.30 - 8.18 (m, 2H), 8.10 (dd, J =11.4, 6.6 Hz,
2H), 7.74 (d, J =8.7Hz, 1H), 7.56 (d, J = 5.1 Hz, 1H), 7.27 (s, 1H), 6.89 (d, J = 4.9
Hz, 1H), 6.58 (d, J = 8.8 Hz, 1H), 2.83 (d, ] =4.7 Hz, 3H).

[0316] Synthesis of Compound U
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[0317] Step 1: 6-Fluoro-5-iodopyridin-2-amine

F

[0318] A mixture of 6-fluoranylpyridin-2-amine (500 mg, 4.46 mmol) and N-
iodosuccinimide (833 mg, 4.68 mmol) in acetonitrile (10 mL) was stirred at 0°C for 3
h.  The reaction mixture was concentrated and the residue was purified by flash
chromatography (petroleum ether/ethyl acetate=10/1) to give 6-fluoranyl-5-iodanyl-
pyridin-2-amine (700 mg, 2.853 mmol, 64% yield) as white solid. LC-MS:
m/z=239(M+H)+.

[0319] Step 2: 6-Bromo-2-fluoro-3-iodopyridine

| o Br
ﬁ

F

[0320] A mixture of 6-fluoranyl-5-iodanyl-pyridin-2-amine (700 mg, 2.94 mmol),
tert-butylnitrite (1516 mg, 14.7 mmol) and copper (I) bromide (2117 mg, 14.71
mmol) in acetonitrile (20 mL) was stirred at 60°C for 3 h. Water was added to the
mixture. The mixture was extracted with ethyl acetate. The organic layer was dried
and concentrated. The residue was purified by flash chromatography (petroleum
ether/ethyl acetate=20/1) to give 6-bromo-2-fluoro-3-iodopyridine (600 mg,
1.75mmol, 59.3% yield) as yellow solid. LC-MS: no MS.

[0321] Step 3: 6-Bromo-3-(1-ethoxyvinyl)-2-fluoropyridine

\_WBT
F
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[0322] A mixture of 6-bromo-2-fluoro-3-iodopyridine (500 mg, 1.66 mmol) and
tetrakis (triphenylphosphine)palladium(0) (9565 mg, 8.28 mmol) in N,N-
dimethylformamide (5 mL) was stirred at 100°C for 16 h. Water was added to the
mixture. The mixture was extracted with ethyl acetate. The organic layer was dried
and concentrated. The residue was purified by flash chromatography (petroleum
ether/ethyl acetate =3/1) to give 6-bromo-3-(1-ethoxyvinyl)-2-fluoropyridine (200
mg, 0.761 mmol, 45.9% yield) as yellow solid. LC-MS: m/z=246(M+H)+.

[0323] Step 4: 1-(6-Bromo-2-fluoropyridin-3-yl)ethanone

[0324] A mixture of 6-bromo-3-(1-ethoxyvinyl)-2-fluoropyridine (150 mg, 0.61
mmol) and hydrochloric acid (4 N in dioxane, 0.76 mL, 3.05 mmol) in
dichloromethane (3 mL) was stirred at 90°C for 2h. The reaction mixture was
concentrated and the residue was purified by Pre-TLC (petroleum ether/ethyl acetate
=10/1) to give 1-(6-bromo-2-fluoropyridin-3-yl)ethanone (90 mg, 0.366 mmol,
60.1% yield) as yellow solid. LC-MS: no MS.

[0325] Step 5: 2-Bromo-1-(6-bromo-2-fluoropyridin-3-yl)ethanone

Br

Z

Br

[0326] A mixture of 1-(6-bromanyl-2-fluoranyl-pyridin-3-yl)ethanone (50 mg, 0.23
mmol), N-bromosuccinimide (41 mg, 0.23 mmol) and p-toluenesulfonic acid (4.5 mg,
0.023 mmol) was stirred at 100°C for 2 h. Dichloromethane was added and the
mixture was washed with water. The organic layer was dried and concentrated to give
2-bromanyl-1-(6-bromanyl-2-fluoranyl-pyridin-3-yl)ethanone (60 mg, 0.1253 mmol,
54.63% yield) as yellow solid. The crude product was used for next step without
purification. LC-MS: no MS.

[0327] Step 6: 2-(6-Bromo-2-fluoropyridin-3-yl)-6-methoxyimidazo[1,2-a]pyridine

/0@\ -
XN =N

F

[0328] A mixture of 2-bromanyl-1-(6-bromanyl-2-fluoranyl-pyridin-3-yl)ethanone
(132 mg, 0.44 mmol), S-methoxypyridin-2-amine (50 mg, 0.40 mmol) and NaHCO3
(37 mg, 0.44 mmol) in ethanol (5 mL) was stirred at 80°C for 3h. The reaction was
quenched with water and extracted with ethyl acetate. The organic layer was dried and
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concentrated. The residue was purified by flash chromatography (petroleum
ether/ethyl acetate =2/1) to give 2-(6-bromo-2-fluoropyridin-3-yl)-6-
methoxyimidazo[1,2-a]pyridine (20 mg, 0.043 mmol, 10.8% yield) as yellow solid.
LC-MS: m/z=322(M+H)+.

[0329] Step 7: 6-Fluoro-5-(6-methoxyimidazo[ 1,2-a]pyridin-2-yl)-N,N-dimethyl-
2,3"-bipyridin-6'-amine

[0330] A mixture of 2-(6-bromo-2-fluoropyridin-3-yl)-6-methoxyimidazo[1,2-
a]pyridine (20 mg, 0.06 mmol), [6-(dimethylamino)pyridin-3-yl]boronic acid (15.5
mg, 0.09 mmol), tetrakis (triphenylphosphine)palladium(0) (7.2 mg, 0.01 mmol)

and potassium carbonate (0.09 mL, 0.19 mmol) in N,N-dimethylformamide (3 mL)
was stirred at 80 oC for 3 h. Water was added to the mixture. The mixture was
extracted with ethyl acetate. The organic layer was dried and concentrated. The
residue was purified by flash chromatography (petroleum ether/ethyl acetate =5/1) to
give 6-fluoro-5-(6-methoxyimidazo[1,2-a]pyridin-2-yl)-N,N-dimethyl-2,3'-bipyridin-
6'-amine (5.5 mg, 0.015 mmol, 24.38 % yield) as yellow solid. LC-MS:
m/z=364(M+H)+, purity 100% (214 nm), Rt= 4.067. IHNMR (400 MHz, DMSO-d6)
§8.854 (d, J = 1.6Hz, 1H), 8.600 (m,1H),8.361 (d, J = 2.0Hz, 1H), 8.286 (d, J =
4.0Hz, 1H), 8.180 (dd, J = 9.2Hz, 2.4Hz, 1H), 7.925 (d, J = 8.0Hz, 1H), 7.538 (d, J =
9.2Hz, 1H), 7.090 (dd, J = 10.0Hz, 2.0Hz, 1H), 6.751 (d, ] = 8.8Hz, 3H), 3.802 (s,
3H), 3.116 (s, 6H).

[0331] Synthesis of Compound V
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[0332] Step 1: 1-(2-Bromobenzo[d]thiazol-6-ylamino)-3-fluoropropan-2-ol
OH H

F”Nj@i}*&
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[0333] To a solution of 2-bromobenzo[d]thiazol-6-amine (1g, 4.58 mmol) in
methanol (50 mL) was added 2-(fluoromethyl)oxirane (1.74g, 22.9 mmol). The
mixture was stirred at 60°C overnight. The mixture was filtered and the filtrate was
concentrated. The residue was diluted with ethyl acetate (100 mL), washed with brine
and water, dried over with anhydrous sulfate, filtered and concentrated under reduced
pressure. The residue was purified by flash column chromatography
(methanol/dichloromethane=0-30%) to give (1.74 g, 75.3%, yield) as yellow solid.
LC-MS: m/z= 304 (M+H)+, retention time: 1.651min (Method B).

[0334] Step 2: Tert-Butyl N-[5-(6-bromanylpyridin-3-yl)pyridin-2-yl]-N-methyl-
carbamate

Br \ \ 7 I\(B
oc
[0335] To a solution of 2-bromanyl-5-iodanyl-pyridine (637 mg, 2.24 mmol) and
tert-butyl N-methyl-N-[5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-
yl]carbamate (500 mg, 1.49 mmol) in 1,4-dioxane (20 mL) and water (5 mL) was
added potassium carbonate (619 mg, 4.48 mmol) and
tetrakis(triphenylphosphine)palladium(0) (172 mg, 0.14 mmol). The resulting mixture
was stirred at 90°C for 3 h under nitrogen atmosphere. The mixture was filtered and
the filtrate was concentrated. The residue was diluted with ethyl acetate (100 mL),
washed with brine and water, dried over with anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by flash column
chromatography (ethyl acetate / petroleum ether =0-10%) to give tert-butyl N-[5-(6-
bromanylpyridin-3-yl)pyridin-2-yl]-N-methyl-carbamate (400 mg, 71.93% yield) as
yellow solid. LC-MS: m/z= 364 (M+H) +, retention time: 2.136min (Method B).

[0336] Step 3: Tert-Butyl N-methyl-N-[5-(6-tributylstannylpyridin-3-yl)pyridin-2-

yl]carbamate
UzSn—\ /N
N / \ N Boc

[0337] To a solution of tert-butyl N-[5-(6-bromanylpyridin-3-yl)pyridin-2-yl]-N-
methyl-carbamate (380 mg, 1.04 mmol) in dry tetrahydrofuran (20 mL) was added n-
butyl lithium (0.62 mL, 1.25 mmol) at -78°C, the mixture was stirred at -78°C for 10
min, then tributylchlorostannane (509 mg, 1.56 mmol) was added to the reaction
mixture. The mixture was stirred at 25°C for 3h. The mixture was filtered and the
filtrate was concentrated. The residue was diluted with ethyl acetate (100 mL),
washed with brine and water, dried over with anhydrous sulfate, filtered and
concentrated under reduced pressure. The residue was purified by flash column
chromatography (ethyl acetate / petroleum ether=0~10%) to give tert-butyl N-methyl-
N-[5-(6-tributylstannylpyridin-3-yl)pyridin-2-yl]carbamate (180 mg, 25.53% yield) as
yellow oil. LC-MS: m/z= 574 (M)+, retention time: 2.101min (Method A).
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[0338] Step 4: Tert-Butyl N-[5-[6-[6-[(3-fluoranyl-2-oxidanyl-propyl)amino]-1,3-
benzothiazol-2-yl]pyridin-3-yl|pyridin-2-yl]-N-methyl-carbamate

OH

[0339] A mixture of 1-[(2-bromanyl-1,3-benzothiazol-6-yl)amino]-3-fluoranyl-
propan-2-ol (85 mg, 0.27 mmol), tert-butyl 2-tributylstannylpyrrolo[2,3-c]pyridine-1-
carboxylate (175 mg, 0.30 mmol), copper (I) iodide (3.8 mg, 0.02 mmol),
tetrakis(triphenylphosphine) palladium(0) (32 mg, 0.02 mmol) and cesium fluoride
(4.23 mg, 0.02 mmol) in N,N-dimethylformamide (5 mL) were stirred at 90°C under
nitrogen atmosphere overnight. The mixture was filtered and the filtrate was
concentrated. The residue was diluted with ethyl acetate (100 mL), washed with
brine and water, dried over with anhydrous sulfate, filtered and concentrated under
reduced pressure. The residue was purified by flash column chromatography
(methanol / dichloromethane=0~30%) to give tert-butyl N-[5-[6-[6-[(3-fluoranyl-2-
oxidanyl-propyl)amino]-1,3-benzothiazol-2-yl]pyridin-3-yl|pyridin-2-y1]-N-methyl-
carbamate (38 mg, 24.63% yield) as yellow solid. LC-MS: m/z= 510 (M)+, retention
time: 1.982 min (Method A).

[0340] Step 5: 1-Fluoranyl-3-[[2-[5-[6-(methylamino)pyridin-3-yl]pyridin-2-yl]-1,3-
benzothiazol-6-yl]amino]propan-2-ol

OH

H
'-\)\/N S — — /
\CEN/ /2 VAR

[0341] To a solution of tert-butyl N-[5-[6-[6-[(3-fluoranyl-2-oxidanyl-
propyl)amino]-1,3-benzothiazol-2-yl]pyridin-3-yl]pyridin-2-yl]-N-methyl-carbamate
(40 mg, 0.07 mmol) in dichloromethane (5 mL) was added trifluoroacetic acid (5 mL)
and then the mixture was stirred under reflux until the starting materials were
consumed completely. The solvent was removed under reduced pressure and the
residue was purified by Pre-HPLC to give 1-fluoranyl-3-[[2-[5-[6-
(methylamino)pyridin-3-yl]pyridin-2-yl]-1,3-benzothiazol-6-yl] amino]propan-2-ol
(11 mg, 34.22% yield) as yellow solid. LC-MS: m/z=410(M+H) +, purity 100%
(UV 254), retention time: 1.570 min, (Method B); 1H NMR (400 MHz, DMSO-d6) &
8.92 (s, 1H), 8.51 (s, 1H), 8.18 (t, ] = 6.8 Hz, 2H), 7.90 (s, 1H), 7.82 (dd, J = 41.3, 7.8
Hz, 1H), 7.16 (s, 1H), 6.89 (dd, J = 23.5, 6.5 Hz, 2H), 6.58 (d, ] = 8.6 Hz, 1H), 6.18
(s, 1H), 5.31 (d, J = 4.8 Hz, 1H), 4.69 — 4.46 (m, 1H), 4.42 — 4.34 (m, 1H), 3.93 (d, J
=16.4 Hz, 1H), 3.31 — 3.28 (m, 1H), 3.21 (dd, J =27.9, 21.2 Hz, 1H), 2.84 (d, ] = 4.3
Hz, 3H).

[0342] Synthesis of Compound W
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[0343] Step 1: Tert-Butyl N-[5-(5-bromanylpyridin-2-yl)pyridin-2-y1]-N-methyl-
carbamate

B Y
r\/\/\Bo«:

[0344] To a solution of 5-bromo-2-iodopyridine (637mg, 2.24mmol) and tert-butyl
N-methyl-N-[5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-ylJcarbamate
(500 mg, 1.49 mmol) in 1,4-dioxane (20 mL) and water (5 mL) was added potassium
carbonate (619 mg, 4.48 mmol) and tetrakis(triphenylphosphine)palladium(0) (172
mg, 0.14 mmol). The resulting mixture was stirred at 90 oC for 3 h under nitrogen
atmosphere. The mixture was filtered and the filtrate was concentrated. The residue
was diluted with ethyl acetate (100 mL), washed with brine and water, dried over with
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
residue was purified by flash column chromatography (ethyl acetate / petroleum ether
=0~10%) to give tert-butyl N-[5-(6-bromanylpyridin-3-yl)pyridin-2-yl]-N-methyl-
carbamate (380 mg, 69.73% yield) as yellow solid. LC-MS: m/z= 364 (M+H)+,
retention time: 2.143 min (Method B).

[0345] Step 2: Tert-Butyl N-methyl-N-[5-(6-tributylstannylpyridin-3-yl)pyridin-2-

yl]carbamate
Uzon / /
\ N \ N Boc

[0346] To a solution of tert-butyl N-[5-(6-bromanylpyridin-3-yl)pyridin-2-yl]-N-
methyl-carbamate (380 mg, 1.04 mmol) in dry tetrahydrofuran (20ml) was added n-
buty! lithium (0.62 mL, 1.25 mmol) at -78 C, the mixture was stirred at -78 “C for 10
min, then tributylchlorostannane (509 mg, 1.56 mmol) was added to the reaction
mixture. The mixture was stirred at 25°C for 3h. The mixture was filtered and the
filtrate was concentrated. The residue was diluted with ethyl acetate (100 mL),
washed with brine and water, dried over with anhydrous sulfate, filtered and
concentrated under reduced pressure. The residue was purified by flash column
chromatography (ethyl acetate / petroleum ether=0-10%) to give tert-butyl N-methyl-
N-[5-(6-tributylstannylpyridin-3-yl)pyridin-2-yl]carbamate (150 mg, 25.03% yield) as
yellow oil. LC-MS: m/z= 574 (M)+, retention time: 2.277 min (Method A).
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[0347] Step 3: Tert-Butyl N-[5-[5-[6-[(3-fluoranyl-2-oxidanyl-propyl)amino]-1,3-
benzothiazol-2-yl]pyridin-2-yl|pyridin-2-yl]-N-methyl-carbamate

H
/ / 7N
N \ N \ N Boc

[0348] A mixture of 1-[(2-bromanyl-1,3-benzothiazol-6-yl)amino]-3-fluoranyl-
propan-2-ol (85 mg, 0.27mmol), tert-butyl 2-tributylstannylpyrrolo[2,3-c]pyridine-1-
carboxylate (175 mg, 0.30 mmol), copper (I) iodide (3.8 mg, 0.02mmol),
tetrakis(triphenylphosphine) palladium(0) (32 mg, 0.02 mmol) and cesium fluoride
(4.23 mg,0.02 mmol) in N,N-dimethylformamide (5 mL) were stirred at 90°C under
nitrogen atmosphere overnight . The mixture was filtered and the filtrate was
concentrated. The residue was diluted with ethyl acetate (100 mL), washed with
brine and water, dried over with anhydrous sulfate, filtered and concentrated under
reduced pressure. The residue was purified by flash column chromatography
(methanol / dichloromethane=0-30%) to give tert-butyl N-[5-[6-[6-[(3-fluoranyl-2-
oxidanyl-propyl)amino]-1,3-benzothiazol-2-yl]pyridin-3-yl|pyridin-2-y1]-N-methyl-
carbamate (15 mg, 10.56% yield) as yellow solid. LC-MS: m/z= 510 (M)+,
retention time: 2.135 min (Method B).

[0349] Step 4: 1-Fluoranyl-3-[[2-[5-[6-(methylamino)pyridin-3-yl]pyridin-2-yl]-1,3-
benzo thiazol-6-ylJamino]propan-2-ol

OHH
F\)\/N S — — /
4 / /) —NH
N \N \N

[0350] To a solution of tert-butyl N-[5-[6-[6-[(3-fluoranyl-2-oxidanyl-
propyl)amino]-1,3-benzothiazol-2-yl]pyridin-3-yl]pyridin-2-yl]-N-methyl-carbamate
(35 mg, 0.06 mmol) in dichloromethane (5 mL) was added trifluoroacetic acid (5 mL)
and then the mixture was stirred under reflux until the starting materials were
consumed completely. The solvent was removed under reduced pressure and the
residue was purified by Pre-HPLC to give 1-fluoranyl-3-[[2-[5-[6-
(methylamino)pyridin-3-yl]pyridin-2-yl]-1,3-benzothiazol-6-yl] amino]propan-2-ol (6
mg, 21.33% yield) as yellow solid. LC-MS: m/z= 410(M-+H) +, purity 100% (UV
254), retention time: 1.763 min (Method B); 1H NMR (400 MHz, DMSO-d6) 6 9.12
(d,J =18 Hz, 1H), 8.83 (d, ] = 2.3 Hz, 1H), 8.27 (dd, ] = 8.4, 2.4 Hz, 1H), 8.16 (dd, J
=8.8,2.4Hz, 1H), 7.96 (d, J = 8.2 Hz, 1H), 7.77 (d, ] = 8.9 Hz, 1H), 7.18 (d, J = 2.2
Hz, 1H), 7.14 - 6.86 (m, 2H), 6.56 (d, J = 8.9 Hz, 1H), 6.16 (t, ] = 5.8 Hz, 1H), 5.32
(d,J=5.1Hz, 1H), 4.44 (dddd, J = 24.1, 15.1, 9.6, 4.4 Hz, 2H), 3.93 (d, ] = 17.3 Hz,
1H), 3.30 — 2.88 (m, 2H), 2.85 (d, J = 4.8 Hz, 3H).

[0351] Synthesis of Compound X
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[0352] Step 1: 5-(5-Bromanyl-6-fluoranyl-pyridin-2-yl)-N,N-dimethyl-pyridin-2-

amine
— - /
Br \ \ N/ N\

[0353] A mixture of 3-bromanyl-2-fluoranyl-6-iodanyl-pyridine (500 mg, 1.60
mmol), [6-(dimethylamino)pyridin-3-yl]boronic acid (250mg, 1.50 mmol),
bis(triphenylphosphine) palladium(II) chloride (105 mg, 0.15 mmol), sodium
carbonate (625mg, 4.8 mmol) in dioxane (12 mL) and water (4 mL) was heated at
80°C for 16 h under nitrogen atmosphere. The reaction mixture was diluted with
water (30 mL) and extracted with ethyl acetate (30 mLx3). The combined organic
layer was washed with brine (30 mL), dried over anhydrous sodium sulfate and
concentrated. The residue was purified by flash chromatography (ethyl
acetate/petroleum ether =0-10%) to give 5-(5-Bromanyl-6-fluoranyl-pyridin-2-yl)-
N,N-dimethyl-pyridin-2-amine (400 mg, 89% yield) as white solid. LCMS:
m/z=297[M+H]J+; RT=2.000 min. (Method B)

[0354] Step 2: 5-(6-Fluoranyl-5-tributylstannyl-pyridin-2-yl)-N,N-dimethyl-pyridin-

2-amine
BusS o o N/
Uzoh /
N\ / \ Vo

[0355] To a solution of 5-(5-bromanyl-6-fluoranyl-pyridin-2-yl)-N,N-dimethyl-
pyridin-2-amine (600 mg, 2.02 mmol) in tetrahydrofuran (50 mL) was added n-butyl
lithium (194mg, 3.03 mmol) at -78°C, the mixture was stirred at -78°C for 15 min,
then tributylchlorostannane (989 mg, 3.03 mmol) was added to the reaction mixture.
The mixture was stirred at 25°C for 3 h. The reaction mixture was diluted with
water (30 mL) and extracted with ethyl acetate (30 mLx3). The combined organic
layer was washed with brine (30 mL), dried over anhydrous sodium sulfate and
concentrated. The residue was purified by flash chromatography (ethy!l
acetate/petroleum ether =0-6%) to give 5-(6-fluoranyl-5-tributylstannyl-pyridin-2-yl)-
N,N-dimethyl-pyridin-2-amine (800 mg, 66% yield) as yellow oil. LCMS: m/z=506
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[M]+; RT=2.096 min. (Method B)

[0356] Step 3: 1-[[2-[6-[6-(Dimethylamino)pyridin-3-yl]-2-fluoranyl-pyridin-3-yl]-
1,3-benzo thiazol-6-yl]Jamino]-3-fluoranyl-propan-2-ol

OH
FWN\@S — — N/
/ / /
NN Ny N
F

[0357] A mixture of 1-[(2-bromanyl-1,3-benzothiazol-6-yl)amino]-3-fluoranyl-
propan-2-ol (56 mg, 0.27 mmol), 5-(6-fluoranyl-5-tributylstannyl-pyridin-2-y1)-N,N-
dimethyl-pyridin-2-amine (100 mg, 0.195 mmol), copper (I) iodide (3.4 mg, 0.018
mmol), tetrakis(triphenyl phosphine)palladium(0) (21 mg, 0.018 mmol) and cesium
fluoride (2.73 mg, 0.018 mmol) in N,N-dimethylformamide (5 mL) were stirred at 90
oC under nitrogen atmosphere overnight. The mixture was filtered and the filtrate was
concentrated. The residue was diluted with ethyl acetate (100 mL), washed with
brine and water, dried over with anhydrous sulfate, filtered and concentrated under
reduced pressure. The residue was purified by flash column chromatography
(methanol / dichloromethane=0-30%) to give 1-[[2-[6-[6-(dimethylamino)pyridin-3-
yl]-2-fluoranyl-pyridin-3-yl]-1,3-benzothiazol-6-ylJamino]-3-fluoranyl-propan-2-ol
(44 mg, 53.22% yield) as yellow solid.

[0358] LC-MS: m/z= 442(M+H)+, purity 100% (UV 254), retention time:
2.037min (Method B); 1H NMR (400 MHz, DMSO-d6) & 8.90 (d, J = 2.3 Hz, 1H),
8.76 — 8.61 (m, 1H), 8.22 (dd, J =9.1, 2.4 Hz, 1H), 8.01 (d, ] = 8.2 Hz, 1H), 7.80 (d, J
=8.9 Hz, 1H), 7.19 (d, J = 1.9 Hz, 1H), 7.02 — 6.90 (m, 1H), 6.78 (d, ] =9.2 Hz, 1H),
6.22 (t,J=5.6 Hz, 1H), 5.73 — 5.38 (m, 1H), 5.73 — 4.17 (m, 2H), 3.94 (d, T =21.0
Hz, 1H), 3.29 - 3.18 (m, 1H), 3.13 (s, 6H), 2.87 — 2.82 (m, 1H)

[0359] Synthesis of Compound Y

N Dﬁz‘gz%"ﬂ:'zh N Boc (Pin);By, Pd{dppfCly.
" T e Yo Kedome oo M { \H
=N 90% =N 7% HO
1348A 13488
H2N\<IS>7
n-BuLi, Bu;SnCl )—Br
_ NISCHICN, — 0;N~0J< = -78°C~t, 3h = N
N —NHe _ntE N g ————— I B BuSn— B ——
N 73% . N Cudt CCI;I%%N . N 37% - N Pd(PPhs)s, Cul, CsF,
. ! DMF, 90°C, 12h
1348¢ 44% 1348D 1348E 36%
(Ho)zg{ />7N TFA, DCM,

_ 1B T =N 45°C, 2h HzN\©: =N
NB )—N
\@ >_<\;§7 Pd(PPhg)s, KoCOs, \@ M ) NBeo——— M ¢

dioxane/H,0, 80 °C, 16h
1348F 28% 13486

[0360] Step 1: Tert-Butyl N-(5-bromanylpyrimidin-2-yl)-N-methyl-carbamate
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N Boc
Br4</: DN
=N \

[0361] A mixture of 5-bromanyl-N-methyl-pyrimidin-2-amine (4 g, 21.27 mmol),
tert-butyl (2-methylpropan-2-yl)oxycarbonyl carbonate (9 g, 42.54 mmol), 4-
dimethylaminopyridine (260 mg, 2.13 mmol) and triethylamine (6 g, 63.8 mmol) in
tetrahydrofuran (80 mL) was heated at 70°C for 3 h and concentrated. The residue
was purified by flash chromatography (petroleum ether/ethyl acetate=4/1) to give tert-
butyl N-(5-bromanyl pyrimidin-2-yl)-N-methyl-carbamate (5.5 g, 19.0 mmol,
89.728% yield) as white solid. LC-MS: m/z=232(M-56+H)+, purity 100%(UV 254
nm). Retention time: 2.06 min.

[0362] Step 2: (2-((Tert-Butoxycarbonyl)(methyl)amino)pyrimidin-5-yl)boronic acid

HO, N Boc
i
HO =N

[0363] A mixture of tert-butyl N-(5-bromanyl pyrimidin-2-yl)-N-methyl-carbamate
(4 g, 13.88 mmol), 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
y1)-1,3,2-dioxa borolane (5.29 g, 20.82 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]dichloro palladium(Il) (205.6 mg, 0.28 mmol),
potassium acetate (4.08 g, 41.65 mmol) in 1,4-dioxane (100 mL) was stirred at 90°C
for 3 h. The mixture was cooled to room temperature, filtered and concentrated. The
residue was purified by flash chromatography (petroleum ether/ethyl acetate=3/1) to
give (2-((tert-butoxycarbonyl)(methyl)amino) pyrimidin-5-yl)boronic acid (3 g,
10.669 mmol, 76.857% yield). LC-MS: m/z=324(M-56+H)+, purity 100%(UV 254
nm). Retention time: 1.31 min.

[0364] Step 3: 6-Fluoranyl-5-iodanyl-pyridin-2-amine

I —NH,
s

F

[0365] To a solution of 6-fluoranylpyridin-2-amine (3.0g, 17.84 mmol ) in
acetonitrile (50 mL) was added N-iodosuccinimide (5.2 g, 29.43 mmol), then the
reaction mixture was stirred at 25°C overnight. The mixture was concentrated and
the residue was purified by flash chromatography (ethyl acetate / petroleum ether
=0~30%) to give 6-fluoranyl-5-iodanyl-pyridin-2-amine (5.0g, 73.01% yield) as white
solid. LC-MS: m/z=238 (M+H)+, retention time: 1.529 min (Method B).

[0366] Step 4: 6-Bromanyl-2-fluoranyl-3-iodanyl-pyridine
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[0367] A mixture of 6-fluoranyl-5-iodanyl-pyridin-2-amine (4.0 g, 16.8 mmol), tert-
butyl nitrite (2.5 g, 25.2 mmol) and copper (I) bromide (3.5 g, 25.2 mmol) in
acetonitrile (30 mL) was heated to 60°C overnight and then cooled to room
temperature. The mixture was filtered and the filtrate was concentrated. The residue
was purified by flash chromatography (ethyl acetate / petroleum ether =0~10%) to
give 2-bromanyl-4-fluoranyl-5-iodanyl-pyridine (2.5 g, 44.34% yield) as yellow solid.
LC-MS: no Ms, retention time: 2.088 min (Method B)

[0368] Step 5: (6-Bromanyl-2-fluoranyl-pyridin-3-yl)-tributyl-stannane

BusSn ) —Br
) N
F

[0369] To a solution of 6-bromanyl-2-fluoranyl-3-iodanyl-pyridine (1.4 g, 4.63
mmol) in tetrahydrofuran (50 mL) was added n-butyl lithium (1.9 mL, 4.63 mmol) at
-78°C, the mixture was stirred at -78°C for 15 min, then tributylchlorostannane (2.26
g, 6.95 mmol) was added to the reaction mixture. The mixture was stirred at 25°C for
3 h. The reaction mixture was diluted with water (30 mL) and extracted with ethyl
acetate (30 mLx3). The combined organic layer was washed with brine (30 mL), dried
over anhydrous sodium sulfate and concentrated. The residue was purified by flash
chromatography (ethyl acetate/petroleum ether =0-6%) to give (6-bromanyl-2-
fluoranyl-pyridin-3-yl)-tributyl-stannane (800 mg, 37.09% yield) as yellow oil.
1HNMR (400 MHz, DMSO-d6) § 8.06 — 7.57 (m, 1H), 7.58 (dd, ] = 7.2, 2.4 Hz, 1H),
2.36-1.93 (m, 12H), 1.77-1.22 (m, 6H), 0.57 (dd, J = 82.9, 42.7 Hz, 9H).

[0370] Step 6: 2-(6-Bromanyl-2-fluoranyl-pyridin-3-yl)-1,3-benzothiazol-6-amine

H2N S —
/ ) Br
L

F

[0371] A mixture of 2-bromanyl-1,3-benzothiazol-6-amine (150 mg, 0.65 mmol), (6-
bromanyl-2-fluoranyl-pyridin-3-yl)-tributyl-stannane (319 mg, 0.68 mmol), copper (1)
iodide (9 mg, 0.06 mmol), tetrakis(triphenyl phosphine)palladium(0) (75 mg, 0.06
mmol) and cesium fluoride (15.8 mg, 0.10 mmol) in N,N-dimethylformamide (15
mL) were stirred at 60°C under nitrogen atmosphere overnight. The mixture was
filtered and the filtrate was concentrated. The residue was diluted with ethyl acetate
(100 mL), washed with brine and water, dried over with anhydrous sulfate, filtered
and concentrated under reduced pressure. The residue was purified by flash column
chromatography (methanol / dichloromethane=0~10%) to give 2-(6-bromanyl-2-
fluoranyl-pyridin-3-yl)-1,3-benzo thiazol-6-amine (100 mg, 36.75% yield) as yellow
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solid. LC-MS: m/z=325(M+H) +, retention time: 2.028 min (Method B).

[0372] Step 7: Tert-Butyl N-[5-[5-(6-azanyl-1,3-benzothiazol-2-yl)-6-fluoranyl-
pyridin-2-yl|pyrimidin-2-yl]-N-methyl-carbamate

HoN S — =N Boc
¥ Sawa

F

[0373] A mixture of 2-(6-bromanyl-2-fluoranyl-pyridin-3-yl)-1,3-benzothiazol-6-
amine (100 mg, 0.30 mmol), [2-[methyl-[(2-methylpropan-2-
yl)oxycarbonyl]amino]pyrimidin-5-yl] boronic acid (117 mg, 0.46 mmol),
tetrakis(triphenylphosphine)palladium(0) (35 mg, 0.03 mmol), potassium carbonate
(127 mg, 0.92 mmol) in dioxane (12 mL) and water (4 mL) was heated at 80°C for 16
h under nitrogen atmosphere. The reaction mixture was diluted with water (30 mL)
and extracted with ethyl acetate (30 mLx3). The combined organic layer was
washed with brine (30 mL), dried over anhydrous sodium sulfate and concentrated.
The residue was purified by flash chromatography (ethyl acetate/petroleum ether =0-
10%) to give tert-butyl N-[5-[5-(6-azanyl-1,3-benzothiazol-2-yl)-6-fluoranyl-pyridin-
2-yl]pyrimidin-2-yl]-N-methyl-carbamate (40mg, 28.65% yield) as yellow solid.

[0374] LCMS: m/z=453[M+H]+; RT=2.026 min.(Method B)

[0375] Step 8: 2-[2-Fluoranyl-6-[2-(methylamino)pyrimidin-5-yl]pyridin-3-y1]-1,3-

benzothiazol-6-amine
H;N S — _N>_
: Y / /N
N>_§\jl\>_<\:N \

F

[0376] To a solution of tert-butyl N-[5-[5-(6-azanyl-1,3-benzothiazol-2-yl)-6-
fluoranyl-pyridin-2-yl|pyrimidin-2-yl]-N-methyl-carbamate (40 mg, 0.08 mmol) in
dichloromethane (5 mL) was added trifluoroacetic acid (5 mL) and then the mixture
was stirred under reflux until the starting materials were consumed completely. The
solvent was removed under reduced pressure and the residue was purified by Pre-
HPLC to give2-[2-fluoranyl-6-[2-(methylamino)pyrimidin-5-yl]pyridin-3-y1]-1,3-
benzothiazol-6-amine (3 mg, 9.63% yield) as yellow solid. LC-MS: m/z=
352(M+H) +, purity 100% (UV 254), retention time: 3.360 min (Method B); 1H NMR
(400 MHz, DMSO-d6) § 9.05 (dd, J = 76.2, 68.1 Hz,2H), § 8.79 (dd, J = 76.2, 68.1
Hz, 1H), 8.03 (d, J = 8.5 Hz, 1H), 7.87 — 7.72 (m, 2H), 7.14 (d, = 2.1 Hz, 1H), 6.86
(d,J=8.8 Hz, 1H), 5.62 (s, 2H), 2.89 (s, 6H).

[0377] Synthesis of Compound Z
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HoN s

. NIS, DNF, N N N n-BuLi, BusSnCl \©: N,>_Br

oty 0ot Ty, 97O |ﬁm M,BWQ&

66% CH;CN, CuBr, Pd(PPh);, Cul

F F 80°C, 16h F CsF, DMF, 60°C, 6h
1349A 26% 12498 1345C 54%

HQ
HOE { TFA, DCM,
=N 13485 =N _N Boc 45°¢, 2h Hz”x@ =N _N>—NH
\EI w PA(PPha)s, KO3 \©: M / M /

DMF/H,0, 80°C, 3h

1349D 27% 1349E

[0378] Step 1: 4-Fluoro-5-iodopyridin-2-amine

I@—NHZ

F

[0379] To a solution of 4-fluoranylpyridin-2-amine (500 mg, 4.46 mmol) in N,N-
dimethylformamide (10 mL) was added N-iodosuccinimide (880 mg, 4.94 mmol) at
0°C. The mixture was stirred at 25°C overnight and concentrated. The crude product
was purified by flash chromatography (petroleum ether/ethyl acetate=3/1) to give 4-
fluoranyl-5-iodanyl-pyridin-2-amine (700 mg, 2.9 mmol, 66% yield) as yellow solid.
LC-MS: m/z=239(M+H)+, purity 100% (UV 254 nm). Retention time: 1.70 min.

[0380] Step 2: 2-Bromo-4-fluoro-5-iodopyridine

IAQBr

F

[0381] To a solution of 4-fluoranyl-5-iodanyl-pyridin-2-amine (500 mg, 2.1 mmol)
in acetonitrile (15 mL) was added tert-butyl nitrite (1080 mg, 10.47 mmol) and
copper (I) bromide (1490 mg, 10.5 mmol). The mixture was stirred at 60 oC for
16 h and concentrated. The crude product was purified by flash chromatography
(petroleum ether/ethyl acetate=10/1) to give 2-bromanyl-4-fluoranyl-5-iodanyl-
pyridine (180 mg, 0.5366 mmol, 25.54% yield) as yellow solid. LC-MS: no MS,
purity 90% (UV 254 nm). Retention time 2.01 min

[0382] Step 3: 2-Bromo-4-fluoro-5-(tributylstannyl)pyridine

BuﬁnQBr

F

[0383] To a solution of 2-bromanyl-4-fluoranyl-5-iodanyl-pyridine (100 mg, 0.3300
mmol) in tetrahydrofuran (2 mL) was added n-butyl lithium (0.2 mL, 0.5000 mmol) at
-78°C. The mixture was stirred at -78°C for 15 min, then tributylchlorostannane
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(163.33 mg, 0.5000 mmol) was added to the reaction mixture, and the mixture was
stirred at 25°C for 3h. The mixture was concentrated and the residue was purified
by flash chromatography (petroleum ether/ethyl acetate=20/1) to give (6-bromanyl-4-
fluoranyl-pyridin-3-yl)-tributyl-stannane (100 mg, 0.2150 mmol, 64.916% yield) as
yellow oil. LC-MS: no MS. purity 90% (UV 254 nm). Retention time: 2.65 min

[0384] Step 4: 2-(6-Bromo-4-fluoropyridin-3-yl)benzo[d]thiazol-6-amine

HzN S —
\C[N%Q*Br

F

[0385] To a solution of tetrakis(triphenylphosphine)palladium(0) (50 mg, 0.02
mmol) in N,N-dimethylformamide (5 mL) was added copper (I) iodide (4 mg, 0.03
mmol), cesium fluoride (4 mg, 0.0300 mmol), (6-bromanyl-4-fluoranyl-pyridin-3-yl)-
tributyl-stannane (100 mg, 0.22 mmol) and 2-bromanyl-1,3-benzothiazol-6-amine (50
mg, 0.2200 mmol). The mixture was stirred at 60 oC for 6 h and cooled to room
temperature. The mixture was filtered and the filtrate was concentrated. The crude
product was purified by flash chromatography (petroleum ether/ethyl acetate=1/1) to
give 2-(6-bromanyl-4-fluoranyl-pyridin-3-y1)-1,3-benzothiazol-6-amine (70 mg,
0.1188 mmol, 54.418% yield) as yellow solid. LC-MS: m/z=324(M+H)+, purity
54%(UV 254 nm). Retention time: 1.81 min.

[0386] Step S: Tert-Butyl 5-(5-(6-aminobenzo[d]thiazol-2-yl)-4-fluoropyridin-2-
yl)pyrimidin-2-yl(methyl)carbamate

HoN S =N =N Boc
N
Q¥ WaWal

F

[0387] To a solution of 2-(6-bromanyl-4-fluoranyl-pyridin-3-yl1)-1,3-benzothiazol-6-
amine (40 mg, 0.1200 mmol) in N,N-dimethylformamide (4 mL) was added [2-
[methyl-[(2-methylpropan-2-yl)oxycarbonylJamino]pyrimidin-5-yl]boronic acid (46
mg, 0.1800 mmol), tetrakis(triphenylphosphine)palladium(0) (14 mg, 0.02 mmol) and
potassium carbonate (50 mg, 0.3800 mmol). The mixture was stirred at 80°C for 3
h and then cooled to room temperature. The mixture was filtered and the filtrate was
concentrated. The crude product was purified by flash chromatography (petroleum
ether/ethyl acetate=1/1) to give tert-butyl 5-(5-(6-aminobenzo[d]thiazol-2-yl)-4-
fluoropyridin-2-yl)pyrimidin-2-yl(methyl)carbamate (15 mg, 0.03 mmol, 27 % yield)
as yellow solid. LC-MS: m/z=453(M+H)+, purity 33% (UV 254 nm). Retention time:
2.01 min.

[0388] Step 6: 2-(4-Fluoro-6-(2-(methylamino)pyrimidin-5-yl)pyridin-3-
yl)benzo[d]thiazol-6-amine

HoN S =N =N
@ENMK”E
F
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[0389] To a solution of tert-butyl N-[5-[5-(6-azanyl-1,3-benzothiazol-2-yl)-4-
fluoranyl-pyridin-2-yl]pyrimidin-2-yl]-N-methyl-carbamate (15 mg, 0.0400 mmol) in
dichloromethane (4 mL) was added trifluoroacetic acid (1 mL, 0.07 mmol). The
mixture was stirred at 45°C for 2h and concentrated. The crude product was purified
by flash chromatography (dichloromethane /methanol = 20/1) to give 2-[4-fluoranyl-
6-[2-(methylamino)pyrimidin-5-yl]pyridin-3-yl]-1,3-benzothiazol-6-amine (3 mg,
0.0083 mmol, 18.876% yield) as yellow solid. LC-MS: m/z=353(M+H)+, purity
98%(UV 254 nm). Retention time: 3.35 min, IHNMR (400 MHz, DMSO-d6) 6 9.34
(d, 1H), 9.10 (d, 2H), 8.08 (d, 1H), 7.79 (s, 1H), 7.70 (s, 1H), 7.14 (s, 1H), 6.86 (d,
1H), 5.64 (s, 2H), 2.89 (d, 3H).

Biological experiments

Expression and purification of human Tau protein
Materials:
[0390] pET4la-Tau wild type

[0391] One Shot® BL21(DE3) Chemically Competent E. coli (Invitrogen,
C600003)

[0392] Kanamycin sulfate (Sangon Biotech, A506636)
[0393] IPTG (Sangon Biotech, A100487)
[0394] Pipes buffer (100mM Pipes, pH6.8, ImM EGTA, 1mM MgS04)

[0395] Hepes buffer ( 25mM Hepes, pH7.2, 0.1mM EDTA, 0.5mM DTT, 100mM
NaCl)

[0396] Q-Sepharose Fast Flow column (GE Healthcare, 17-0510-01)
[0397] SP-Sepharose Fast Flow column (GE Healthcare, 17-0729-01)
Procedures:

Protein expression:

[0398] Step 1: Transform luL expression plasmid pET41a-tau wt into one One
Shot® BL21(DE3) Chemically Competent E. coli, on ice 30min.

[0399] Step 2: 42°C heat shock 90 second and on ice 2min, 37°C recovery for
30min, Plate small amount on LB(Kan+) agar plate incubate overnight at 37°C

[0400] Step 3: Pick and resuspend a single colony in 200mL liquid culture with
50ug/mL Kanamycin to produce a starter culture. Inoculate starter culture and shake
200rpm overnight at 37°C .

[0401] Step 4: Add 100X dilution Starter into fresh culture medium(Kan+) shake
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200rpm at 37°C until OD600=0.8.

[0402] Step 5: Add IPTG(final conc. ImM) and express protein for 3hr.
[0403] Step 6: Collect cell pellet and store at -80°C for purification.
Protein purification:

[0404] Step 1: Cell pellet was resuspended in Pipes buffer.

[0405] Step 2: Sonication and centrifugation (15,000rpm, 15min at 4°C).

[0406] Step 3: The supernatant was placed in a boiling water bath for 20min and
subsequently centrifuged. The heat-stable proteins in the supernatant were loaded
onto a Q-Sepharose Fast Flow column (20mL)

[0407] Step 4: The flow through containing tau was loaded onto SP-Sepharose Fast
Flow column (10mL), eluted with Pipes buffer containing 0.2M NaCl.

[0408] Step 6: Fractions containing tau were pooled, concentrated and dialyzed
against Hepes buffer, stored at -80°C.

[0409] Step 7: Reload SP-Flow through into Q-Sepharose Fast Flow column (20mL)
and SP-Sepharose Fast Flow column (10mL) again, eluted with Pipes buffer
containing 0.2M NaCl.

[0410] Step 8: Fractions containing tau were pooled, concentrated and dialyzed
against Hepes buffer, stored at -80°C.Repeat step 6-7 twice, Collect all above all
elution product and concentrated.

Biological Assays

Fluorescence quantitative Tau binding assay in vitro

[0411] 2 uM of recombinant tau proteins and 15 uM of heparin were fiberized in 30
mM Tris (pH 7.5) buffer by overnight incubation at 37°C.  0.04 uM of recombinant
tau proteins which was diluted in 30 mM Tris buffer (pH 7.5) was then reacted with
test compounds (containing 1%DMSO) for 1h. Regarding the fluorometric data, the
binding saturation curve was created and the parameter estimation method was
conducted using Prism software (GraphPad). Kd values were determined for each of
test compounds. Table A lists Kd values of exemplary test compounds.

Table A
Compound No. Quantitative Tau binding assay
Kd (uM)
Compound A 0.5
Compound B 0.99
Compound C 0.25
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Compound No. Quantitative Tau binding assay
Kd (uM)

Compound D 0.69
Compound E 2.7

Compound R 1.82
Compound S 0.94
Compound T 251
Compound F 0.34
Compound G 0.28
Compound H 0.09
Compound 1 0.8

Compound J 0.89
Compound K 3.5

Compound V 3.57
Compound W ND
Compound X 0.17
Compound Y >10
Compound Z 1.45
Compound L 0.54
Compound M 2.63
Compound N 0.26
Compound O 0.27
Compound P 0.37
Compound U 1.51
Compound Q 0.52

(ND: not determined)

Fluorescence competitive binding assay in vitro

[0412] Fluorescence competitive binding assay in vitro was performed as reported
previouslyl. Frozen tissues derived from the temporal cortex of an Alzheimer’s
disease patient was homogenized in 50 mM Tris-HCI buffer, pH 7.4, containing
protease inhibitor cocktail (cOmpleteTM, EDTA-free; Roche), and stored at -80°C
pending analyses. To assay radioligand binding with homologous or heterologous
blockade, these homogenates (100 pg tissue) were incubated with 5 nM [11C]PBB3
(molar radioactivity: 100-150 GBq/umol) in the absence or presence of unlabeled
PBB3 at varying concentrations ranging from 1071'-10 M in Tris-HCI buffer
containing 10% ethanol, pH 7.4, for 30 min at room temperature. Non-specific
binding of [11C]PBB3 was determined in the presence of 5x10”7 M PBB3. Samples
were run once only and specific radioligand binding was determined as pmol/g tissue.
Inhibition constant (Ki) and percentage of displacement were determined by using
non-linear regression to fit a concentration-binding plot to one-site and two-site
binding models derived from the Cheng-Prusoft equation with GraphPad Prism
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version 6.0 (GraphPad Software), followed by F-test for model selection. In a one-
site homologous blockade model, dissociation constant (Kd) was calculated from
homologous competitive binding using this function:

Kd=Ki=I1C50-Radioligand

[0413] where IC50 and [Radioligand] stand for the concentration of the competitor
inducing 50% inhibition and radioligand concentration, respectively. Experiments
with [''C]PBB3 and unlabeled PBB3 were performed in a dimly lit condition to avoid
photoconversion of the compounds. Table B lists Ki values of exemplary test

compounds.
Table B
Compound No. In vitro binding assay
Ki (uM)
Compound A 0.045
Compound B 0.002
Compound C 0.025
Compound D 0.001
Compound E 0.005
Compound R 0.015
Compound S 0.015
Compound T 0.14
Compound F ND
Compound G 0.01
Compound H ND
Compound 1 0.005
Compound J 0.005
Compound K ND
Compound V 0.0075
Compound W 0.005
Compound X ND
Compound Y ND
Compound Z 0.005
Compound L 0.005
Compound M 0.015
Compound N 0.02
Compound O 0.01
Compound P 0.045
Compound U ND
Compound Q 0.005

(ND: not determined)

Histological examination by fluorescence staining
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[0414] The fluorescence binding assessment was performed as reported previously'.
For fluorescence labeling with PBB3 and test compounds, deparaffinized temporal
cortex sections of an AD brain were incubated in 50% ethanol containing 0.001%
(W/V) of PBB3 or test compound at room temperature for 30 min. The samples
were rinsed with 50% ethanol for 5 min, dipped into distilled water twice for 3 min,
and mounted in non-fluorescent mounting media (VECTASHIELD, Vector
Laboratories). Fluorescence images were captured using a DM4000 microscope
(Leica) equipped with a custom filter cube for PBB3 (excitation band-pass at 391-437
nm and suppression low-pass with 458 nm cutoff). In the fluorescence binding
assessment, the reactivity of compounds with tau aggregates was semiquantitatively
evaluated as '0' (no labeling), '1' (faint labeling), '2' (weaker than PBB3), and '3'
(equivalent to or greater than PBB3). '0.5' score describes a middle-grounded
condition of two integer scores 0 and 1. '1.5' score describes a middle-grounded
condition of two integer scores 1 and 2. '2.5' score describes a middle-grounded
condition of two integer scores 2 and 3. Table C lists scores of exemplary test
compounds.

Table C
Compound No. Fluorescent binding Tangle/Thread
Compound A 2/2
Compound B 3/3
Compound C 2/1.5
Compound D 3/3
Compound E 3/3
Compound R 3/3
Compound S 3/3
Compound T 2.5/2.5
Compound F ND
Compound G 2/0.5
Compound H ND
Compound 1 2/1.5
Compound J 3/3
Compound K ND
Compound V 2.5/2.5
Compound W 3/3
Compound X ND
Compound Y ND
Compound Z 3/3
Compound L 2.5/1.5
Compound M 2.5/2
Compound N 0.5/0
Compound O 1.5/1.5
Compound P 1/0
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Compound No. Fluorescent binding Tangle/Thread

Compound U ND
Compound Q 1/0.5

(ND: not determined)

Live two-photon imaging in awake animals

Live imaging in awake animals was performed by two-photon laser scanning
microscopy as reported previously?. For the placement of a cranial window, rTg4510
tau transgenic mice® at 6 — 13 months of age were anesthetized with a mixture of air,
oxygen, and isoflurane (3 — 5% for induction and 2% for surgery) via a facemask, and
a cranial window (3 - 4 mm in diameter) was placed over the left somatosensory
cortex, centered at 1.8 mm caudal and 2.5 mm lateral to the bregma, according to
‘Seylaz-Tomita method’*. A custom metal plate was affixed to the skull with a 7-mm-
diameter hole centered over the cranial window. The method for preparing the chronic
cranial window was previously reported in detail by Takuwa et al. >. All imaging
experiments were performed at least two weeks after the creation of the cranial
window. Vessels and pathological tau inclusions were fluorescently labeled with a
sulforhodamine 101 (SR101; MP Biomedicals, Irvine, CA) and either PBB3 or test
compounds, respectively. SR101 was dissolved in saline to SmM, and either PBB3 or
test compounds was dissolved in DMSO (Wako): Saline=1: 1 solution to 0.05%
(W/V). 100uL of both solutions were injected intraperitoneally to the mice just right
before initiation of the imaging experiments. Noted that experiments of the same
experimental set (consisted of test-compounds and PBB3 experiments, respectively)
were conducted sequentially with a roughly one-week-long interval on the same
rTg4510 tau transgenic mouse. For imaging sessions, the awake animal was placed on
a custom-made apparatus as previously described’. Briefly, the metal plate on the
animal's head was screwed to a custom-made stereotactic apparatus, and the animal
was then placed on a styrofoam ball that was floating using a stream of air, allowing
the animal to exercise freely on the ball while the animal's head was fixed to the
apparatus. After head fixing, real-time imaging was conducted by a two-photon laser
scanning microscopy (TCS-SP5 MP, Leica Microsystems GmbH, Wetzlar, Germany)
with an excitation wavelength of 900 nm. Emission signals were separated by a beam
splitter (560/10 nm) and simultaneously detected with band-pass filters for SR101
(610/75 nm) and PBB3 (525/50 nm). A single image plane consisted of 1024 x 1024
pixels, and in-plane pixel size was 0.45 pm. Volume images were acquired with a
maximum depth of 0.3 - 0.5 mm from the cortical surface with a z-step size of 2.5
um. For each set of experiments conducted in the same rTg4510 tau transgenic mice,
a reference image plane showing abundant and clear fluorescence-labeled tau
pathologies was assigned accordingly based on the result of the control (PBB3)
experiment and its equivalents in all related experiments were also extracted from the
original volume image sets, respectively, for comparison. In each resultative images,

fluorescence intensity from 10 randomly selected fluorescence-labeled pathologies
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were measured by ImagelJ and the average was calculated after background
normalization. Noted that the background intensity of each image was acquired by
averaging the fluorescence intensity at 10 randomly selected areas where no
fluorescence-labeled pathologies were found. Figure 1 shows the results of two-
photon laser fluorescence microscopy for compound J and compound W in
comparison with PBB3. Figure 2 shows the images generated in rTg4510 mice
using two photon imaging for compound J in comparison with PBB3 (top), and the
quantification of green fluorescence signaling over time (bottom).
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