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235 (hA2a Ki = 13.3 nM; AA; K; = 55 nM) 9} €+ 3F A2k (hAga
ICso = 136 nM; AA; ICs0 = 98.8 nM)S dERHHFUTL 1lo:e
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1H-981&2 [34-dIgnd—-6-0o7S A ~INEEZ =
Aon W A 84 4A (3= 4a—b, 8, 11a—x) 9 AL a&24<

S A= FRHen Al 7 47 v WHe ARS8

Fsstdaych Al B el g QwbA Ax: seh 1,
sheka 2 W sheka 3o A E o] lEHH
NH, NH, NH,
R A A
NNH2 . N = o, N = A . N % A
Q\H —> ;:f N= — :\\ﬂ/ N= — ;j N=
O,N O,N O,N HoN
1 2
3a A = 3-benzonitrile —>» 4a
3b A = 2-fluoro-3-benzonitrle —>  4b
gsha 1. =4 4a-bo T4

Reagents and conditions: (a) 2—amino—4,6—dichloropyrimidine—5—
carboxaldehyde, DMF, TEA, 0-25 C, 1 h, crude; (b) boronic acid
pinacol ester (A), Pd(PPhs)s, Na.COs, dioxane/H:0, 100 T, 3 h,

crude; (c) Fe/NH4Cl, THF/H20, 80 C, 2 h, 49-51%.



Reagents and conditions: (a) 3—cyanophenylboronic acid, Pd (PPhs) 4,

Na.COs3, dioxane/H:0, 100 T,

16 h, crude;

(b) 3—methyl—4-—

nitrobenzyl chloride, K2COs, DMF, 80 T, 16 h, 24%; (c) Fe/NH4C],

EtOH/H:z0, 60 C, 1 h, 38%.

(3,

O,N

9a
9b
9¢
9d
9e

R1=R2=R3=H
R1=F, R2=R3=H
R1=R3=H, R2=Me
R1=R3=F, Ry=H —]
R1=R3=H, Ry=CF3z—]

—

— 10a
10b
10c
- 10d
— 10e

Yy

10f
10g
10h
10i

10m
10n
- 100

Yy

10r
10s
10t

10w
- 10x

NH,
i
Z

\N__
R3

A=2-isonicotinonitrile
A=6-picolinonitrile
A=5-nicotinonitrile
A=4-picolinonitrile
A=2-isonicotinonitrile
A=6-picolinonitrile
A=5-nicotinonitrile
A=4-picolinonitrile
A=3-benzonitrile
A=2-fluoro-3-benzonitrile
A=2-isonicotinonitrile
A=6-picolinonitrile
A=5-nicotinonitrile
A=4-picolinonitrile
A=2-fluoro-3-benzonitrile
A=2-isonicotinonitrile
A=6-picolinonitrile
A=5-nicotinonitrile
A=4-picolinonitrile
A=3-benzonitrile
A=2-fluoro-3-benzonitrile
A=2-isonicotinonitrile
A=3-benzonitrile
A=2-fluoro-3-benzonitrile

11a-x

i



Reagents and conditions: (a) ArCH.X, K2CO3, DMF, 80 C, 16 h, 37—
74%; (b) (method A) boronic acid (A), Pd(PPhs)s, Na:COs,
dioxane/H20, 110 C, 16 h, (method B) sodium cyanopyridine—
sulfinate, Pd(OAc)z, K2COs, PCys, dioxane, 120 C, 16 h, 21-90%;

(c) Fe/NH4Cl, EtOH/H20, 60 C, 1h, 7-68%.

1A-9et52  [34-dIYvd-6-ottle =gl 2-ofn -

4,6-TI2E 2 ud-5- AR H =S ASH nIYST WL

ste 89 FAEES  HAs  AEEHeE 4A-EREE-1H-
vetEZ[3,4—d I Ev]d—-6-0}w(5)S Suzuki couplingo] 28] 3—

Alobmdd BZA e WESAIA ShghE 65 AEUTh WA 2elo]==



JHdr|E AFEsted Pd Fvl skl & E=  cross—coupling® Z

FYSHAT. B4 20 BB B #AR A%t

Suzuki, Stille, Negishi coupling= AFg3ste] &S APPS wf 7Fsk

A2 Al ow Qla] whgo] &3] JAH A sksUtt. shARE o] gt

FA= Pd &wdte] 233t desulfination coupling®. 2 AT <

AAFUT V. A PR A 29 bR ATE

5% 95% oo w agFor FAEASGY.

X 1. 3499 3E2 pAss FEA e A 3=

A
NN
R1 l =
N\
R2 N"
Rs
HoN

2] -2



Aoa A1

Compounds R1 Ro Rs
Ki (mM)* K; (nM) *
Istradefylline 8.64 610
11la H H H 310 2470
lle F H H 120 710
NN
11k N H Me H 65 510
A1
11p F H F 47 380
11v H CFs H 10.2 250
11b H H H 31 650
11f Ny CN F H H 10.6 160
| =
111 A2 H Me H 6.39 180
11q F H F 6.84 150
11c H H H 4790 32,000
1l1g | ~CN F H H 2640 32,800
N/
11lm A3 H Me H 2480 21,200
11r F H F 1220 10,000
11d H H H 4720 8530
11h | ~CN F H H 3190 28,000
_N
11ln A4 H Me H 1150 21,300
11s F H F 4920 -




4a H H H 16.38 -

11i F H H 12.1 160
CN
8 H Me H 11.1 110
A5
11t F H F 7.42 50
11w H CFs H 1.94 49
4b H H H 19.4 -
11; F H H 16.4 63
F
CN
11o H Me H 13.3 55
A6
11u F H F 6.45 30
11x H CF3 H 2.71 33

* Value is the average of the duplicate experiments.

2.2. AEAH &4

2.2.1. AAL] Ay, Aga FE&A At in vitro 8%

QAL Asy FEA (AAR) O 7t T 3= A% st

QA W A FEAT wAsl: Az AxF HEK-203 Axe] o

AAZ Apgste] fis [*H] -DPCPX¢] 247
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Hl ¥hH, Rpo CFse 7Fd £ A#AE Edsydy. €4 Wshe
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ew A, 58Ae @ Ds4do] PDe] FAHom siE 4
s Wil dHunt s mepy $2i Alohesdr] (A5 9 AB)E
Abgshd Aobwv]elel(A2) KT PDO § 2S AU FIE LpEd

st EWGE Q38 & o] E7lsdsUn. & FAdo] 73t 3=
% Aon®t Ay FEA 2T M et A% HgEE Hel 3EES
1lo¥ Yttt webA 1loE Ak FREAZ AASI F71 AFE

A9 ek 4o

v}

202, A W Aoy ot Al FEA ik 1109 7]5F
A4S CHO-K1 (A) 2 HEK-293 (Asx) A FoA ¢c—AMP A&E
ArE-sle] B GUTE ¥ 394 HE ukel 2ol 1lox A W Agy

obd Al FEAoA 2472 98.8 nM 2 136 nM9] ICs FHoZ A3

o

AFAg= YEhiien, ol 1lo7b ol Ai/As AZAA

12



A1l A2A

120- 120~
1004 g 1004 =
5 80 S 80
s 8 ]
S 604 £ 607
£ £
£ 40 e
X 20 &y
t:- 2 0 y T T T T T
55 PR P 10-10 10 10+ 10+
Ligand (M) Ligand (M)
(a) (b)

a3 3. A9 old Al FgAo] tEt 3eE 1109 7153 B4 (a)

CHO-K1 Alxze A; €A (b) HEK—293 A9 Asn T84

2.2.2. oAl = &A 89 FR el i A4

ot izal gl digh AeldS A7) 918l Al Aza, A ¥
Azl Ul 7kA obdlAl A s 1109 AF &S AL
CIETSSath=

1lo= A1% Aga T84 EFo dis] Aizes & AUids
Hol Z47Zb 55 nM¥ 13.3 nMe K; #& HSOou, Anst Aj
FgAde 22 0.4 M3 1.05 MO W A 23EE v

3l3E 1107}F ol Aoa/A 84 daaAIYS YERISUTHE 2).

® 2 2% WAl BE BHE 1109 AA W) obuledl 86 g
EEE

13



Adenosine Receptors  ICso (nM)? Ki (nM) ? ny"
A, 94 55 1.17
Aoa 24 13.3 0.79
Asg 1220 400 0.98
Az 1130 1050 0.44

4 Value is the average of the duplicate experiments; ° ny, Hill
coefficient. Values significantly greater or less than 1 represent
either positive or negative cooperative binding, respectively,
whereas a Hill coefficient of 1 indicates that the affinity of the
receptor for the ligand is independent of other bound ligand(s).
2.2.3. 37&Y 55 2N Y n vivo 84

FE AFelM= MPTP—1W vk RElE AREeto] PDojA
1109 A& a%< F/HYFUA”. MPTP-¥W whg-s 292 7hg

@ 598 PD B9 F shpolw, vz MPTP ol 7% ¥ HPLCE

AFEEE] A S W AxA Z=uvle] oF 90%7F &AE S
el 3}l 77y o

A ut MPTP A2 30% % 1loE Folsta 1 ¥ 79 Hot
] 13 £33k A3, HY 10 mg/kgd £FolA+= MPTPZ <3

LEubdl s (dloly vwAD & AEAZIA XPsdoh ey 1 910

mg/kg §FL WG U Fold T rpgaol $4 7] B HAED



HE vhe2o] e dytels A 9%e BdsUT @A ol

st F7F AFEA 6-0OHDA =HE= EHox L-DOPASH 1109

57 % Sham
4- 1 MPTP, 2.5 mg/kg Rasagiline
* MPTP, Vehicle
=
> 3 === MPTP, 1 mg/kg 110
° === MPTP, 10 mg/kg 110
o 2
n
1_
0

Sham Ras Veh 110 110
1% 4. Sham¥} vehicle, rasagiline, 11o(B]7 W)= A g3 MPTP—
Wwlo] Qle w29 FA A7 W7t A¥ The graph presents the
mean nesting scores £ SEM (2 = 12 rats per group). Data were

analyzed using the Kruskal-Wallis test and Dunn’ s multiple

comparison test (all mean values were compared to MPTP, vehicle).

* p<0.05 and ** p < 0.01.

15
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7FAgkEUTH(I® 5). Vehicle =& ot k2] 110(0.3, 1, 3, 10

60+ F 1 mgkg Z=EHT=ES IPE

o

mg/kg) & WA FoIdh

Folgayth gEdes 19 ¥

(o)}

0% & HrjelAd veles A4
AFE S4sl AYRAE FAAE W, 1ot §F EFom
gadeEe A8 ARUNE GANReH, 10 mekedld Ho)

b wEEYEUL ot @ Hxed  oliEddEUQ

—_ 140 mm HP, Vehicle

7 i

c 120 mm HP, 0.3 mg/kg 110

; s

8 100~ T _|_ _|_ m= HP, 1 mg/kg 110

2 go- m= HP, 3 mg/kg 110

- J

6o T HP, 10 mg/kg 110

- u .
3 40- HP, 1 mg/kg Istradefylline
= 7 *

2 204

«© i

|

o
1

Veh 110 110 110 110 Ist

a9 5. dRIAYEMHP) S FARRE 4A A= A8 T A AR
Rats were administered with 11o (PO) 60 min before haloperidol
injection at increasing dose levels. Istradefylline (1 mg/kg, PO) was
used as positive control. The graph presents the mean latency
(seconds) £+ SEM (7 = 10 rats per group). Data were analyzed
using the one—way ANOVA with Dunnett’ s multiple comparisons

test (all mean values were compared to vehicle). * p < 0.01.
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2.3. ¢F58 AT

2.3.1. in vitro YA} S+AA

1109 Ak 434S olsishr] 98l 57h4 F(CD-1 vh§-2,

Sprague Dawley #E, beagle dogs, cynomolgus monkeys, 171 2]

d BE MAEE ARES] A9 W af EYddA(CLind &

£ 3. whex, 9, ), A0l 9 elA FAIEelA 1lo ¥ vthEwe)

HE7}7) ) intrinsic F2lo]W A 2 extrapolated Sgold A ko] Qo

Extrapolated
Half—Life Intrinsic Clearance
Clearance, CL
Species (min) (mL/min/108 cells)
(mL/min/kg)
11lo Midazolam® 110 Midazolam 11lo
Mouse 70.9 49.9 0.00977 0.0139 115
Rat 46.9 21.9 0.0148 0.0317 69.2
Dog ND? 32.8 ND? 0.0211 ND?
Monkey 124 36.0 0.00558 0.0192 20.1
Human 184 68.3 0.00377 0.0101 9.58

* ND: Not determined because little/no compound depletion was

observed. " Midazolam (0.2 yM) was used as the positive control.
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552 FHAlZe 1M 1loE M= W vhe-~, A=, 50,

=43 A3 CLine # 9mL/min/million AZT 0.0098 (MF$-2),
0.0148(A=), 0.056(F%°]), 0.0038(AzH = YebgHULh F4%
CLin #t(mL/min/kg)="" 115(w}9-2), 69.2(A=), 20.1(AFo)),
9.6(Az7Ho1dFUE A HAEANM FEE 1109 CLine  ©l

Aol &8 dxwor AREE vInEHEY 40% viRoldsdTh
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o
-

(b)

®- 1 mg/kg PO ~-@- 1 mg/kg PO

1000 ~&- 3mglkg PO 1000 &~ 3mglkg PO
- 10 mg/kg PO o -m 10 mg/kg PO

e 1mgkg v 100-d e~ 1mgkg IV

-
=3
o

-
o

Plasma 110 (ng/mL)
Brain 110 (ng/g)

-

0 5 10 15 20 25
Time(h)

a9 6. k2 dH @I Hb ol A din] 110f HA FE.

1loE= ZAF(PO) T+ AwW(V)oZ FolxgHuUct 7z AJdo 7+

it

TelA Al vkl vhe-AE AlEYEt] I HE FRsAE Y
g4 9 Bydd AE & 1lod F%= LC-MS/MSE ARt

24 H L,

o9 WA U 1109 obEs HeuEH: B 4o AwHol

9»11%1/]]:]' PO l—?‘o% "l%‘ E'E‘ %%Eoﬂ}ﬂ Tmaxjf:_; 2}\121_019%‘]%]/]‘:} T1/2

S
flo

1, 3 ¥ 10 mg/kg &ZFolA Z2 4.38A1%F 3.6641%F 4
5.69A17F01AHF U Cax 262 1, 3 % 10 mg/kg o)A 2+ 36.8
ng/mL, 81.4 ng/mL % 367 ng/mLol%la, AUChs #< Al 7HA
3ol 176 h - ng/mL, 577 h - ng/mL % 2248 h - ng/mL°] 35t
AWMFAL Fo] T Thais 0.083A13F, T 82 3.95417F0191 3L, Crax 2

AUChs 3HE Z+2F 459 ng/mL 2 332h - ng/mL 51U th,

K

E 4. 72 A ONA 1109 kst wiZis B Aol &

19
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Dose Dose T max Tie Cumax AUChast BA €

(mg/kg)  Route (h) (h) (ng/mL) (h - ng/mL) (%)
1 PO 2.00 4.38 36.8 176 53.0
3 PO 2.00 3.66 81.3 577 57.9
10 PO 2.00 5.69 367 2249 67.7
1 IN 0.50 NC* 23.3 74.9 22.6
3 IN 0.50 NR " 53.9 183 18.4
10 IN 0.50 7.40 88.5 444 13.4
1 v 0.083 3.95 459 332 100
& NC = not reported due to insufficient data points for the

elimination phase or no exposure. > NR = not reported due to a poor
goodness of fit (R < 0.8) for the elimination phase. ¢ %
Bioavailability (BA) = [(AUC/Dose)/(AUCw/Dosern)] x 100;

AUCs for the 1 mg/kg IV dose was used for the calculation.

7 AIN)  Fek2 BE ImolA 0.5A3E F2 Tans

el ol o] AZE B8l sgEe] POl wlaEl o e Al
T3S yeEtdyth Ty 3 10 mgkg €% 189 A%
7TANZROIREUTE e 2/ £%F OF°9 Tie # AA DA
glolg] ¥JAEZ} EFESFAY AA dAS) AFER® <0.8)7F FA
oo} AArE A g5 UT 1, 3, 10 mg/kg 3ol thet Coax 32 27
23.3 ng/mL, 53.9 ng/m % 88.5 ng/mLoI o™, AUChs #t< ZHzt

20



74.9,183 @ 444 h - ng/mLol 5L Th

BT A EES AUFAL Fol IFW vlwste] AUCu«E
NEoz Hriglon, dolele E 5o AsdEUnh BT £ F
1109 AA o] 8&2 1, 3, 10 mg/kg €% ZwolA 247 53%, 57.9%,
67.7%% 433 ABA ol&Es dEHlsUN IN Fo 5 A

o] 85 Lo wel 13.4-22.6%% AAow okt

F 5. vh2 Holld 1109 ot detulg 9 ¥/ Hl&

Dose Dose Tmax T2 Crnax AUChast
B/P Ratio °©
(mg/kg)  Route (h) (h) (ng/mL) (h - ng/mL)
1 PO 2.00 NC* 5.58 4.26 0.0242
3 PO 0.50 3.23 12.8 56.4 0.0977
10 PO 2.00 7.71 48.1 375 0.167
1 IN 0.50 NC 9.63 5.23 0.0698
3 IN 0.50 NC 15.9 14.2 0.0776
10 IN 0.50 3.74 38.2 81.3 0.183
1 v 0.083 NR ° 410 246 0.741
& NC = not reported due to insufficient data points for the

elimination phase or no exposure. ” NR = not reported due to a poor
goodness of fit (R2 < 0.8) for the elimination phase. ¢ B/P ratio =

(Brain AUCpst/Plasma AUCast) .

-2~ HofAl 1109 kst dEhvu|EE E 5o Ao
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J&yth PO 2 IN ol BE MM AE ed Fw9 1lo

i

glstgiom, 1, 3 W 10 mg/kge EFelA 77t 4.26/5.23,
56.4/14.2 % 375/81.3 h-ng/mLY FYF AUChs #=
Uebllsyd. B/P BlE2 PO 7o 19 A% 0.0242-0.167, IN
Fol  IFY A 0.0698-0.183 WHAFUL o3t A=
Hgos l1llov IN AZE T3 ddd o o 2 AUCkol%E

ET7eta PO ZAES HuFgs w ¥ ¢ Wy Tdstes Zow

\\V]
o~
It
o,
e
-

1109 A% 4% =4S Frss A +5 A

£

=
=

[H

WS AFE3le]  hERG(human—ether—a—go—go) %3  HEK
AT hERG liability & Bt &Y [Cs0 116 n MO 2 O]
e Aer o Adst fFolM 3= AERG liability 7} Wh=

s AAEHTHE 6).

E 6. 1109 AERG oA, Aol 34 2 Ho ok &%

Toxicity
AERG inhibition ICs0 = 116 M
AMES no mutagenicity up to 1867 wxg/plate

22

___;rx_-! _k‘.'fl_ -1] -



MTD (rat) >1000 mg/kg

MTD (dog) >400 mg/kg

225U 3 9 9 Sprague Dawley oA 1los ©@HE
AT Folg Fo MTDE 1000 mg/kgs ZdHgow AF Hau
APEES BEEA ks 2 9 o ¥Edels MTDE
B7kst A¥, sgEs @3 AT 5o F 4 @2 >400
mg/kgolom, T (=5.7%) 3 P (=6.5%) ELFIM AFol ozt
dag ot ole Al FAgolu Al ke whdol Sl A ofd
Aoz FHJAFUT olgld A= 1109 @ §ZFo] =9l

Mol 2H2E Hdl 1000 mg/kg 2 400 mg/kg7hA HefAdo]l =
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'H 2 BC NMR A#HE# A% Bruker Avance III 400MHz
3715 AFEASUY. 43 A dE2%=, 33 8= NMROA]
sd=%), d™d &), dd(HE= e gE&), t(EEEZ2), m(HE ), br

d(¥l< "E2), br s(E2 423 9 dd@HE0Y EfEE

1o
2
bt
i
g
1%
_OL
rlr

FAYFUS seked g AHg-¥ HPLC Agilent
1100 LC/G1956A (A9 Agilent Eclipse Plus C18 3.5 gm, 4.6 X
150 mm), Agilent 1100 LC/G1956A (A Waters Xbridge®C18 3. 5
g#m, 4.6 X 150 mm); Agilent 1200/G6410B (A #: Eclipse Plus C18
3.5 ¢m 4.6 X 150 mm); SHIMADZU LC 20AB(ZAH: Xbridge®C18
35 wpm 4.6 X 150 mm). Al w prep-HPLC(HH:
Phenomenex Luna C18 150 X 25 mm X 10 pgm; ©o]FAh
[£(0.225% FA)-ACNI; B%: 23-53%, 10%)& Ab&3te] g}t
245 AAZFYr LC/MS+  SHIMADZU  LCMS-2020(AH:
kinetex EVO C(C18 2.1 x 30 mm, b5 wm), Agilent
1200/G6110A(Z™: ACE Excel 5 C18 2.1 X 30 mm, 5 gm)=
Abgetel SAREUY. Ll E A AFEYHRMS) 2 Agilent

ol &5 (ESD = =% s,

e

G6520 Q-TOFE Ahg3te] 27]%

3.1.1. 4a—4bell tigk Ark A}k A

4—Chloro—1— (4 —nitrobenzyl) —1 H—pyrazolo[3,4—d| pyrimidin—6—
24



amine (2)

2—amino—4,6—dichloropyrimidine—5—carboxaldehyde (1.0 eq) &
DMFe] =o]i TEA (5.0 eq) ¥ 4-YEZ #d s|=2-x 1 (1.0 eq,
2 HCD= 0 Tl H7tst & EFES 256 TelAd 1 A7 &<

awkst gyt g EFES oY opdHelER HNsta d4w

AFREUT £ sl 24 142 Qs $3E 2
s}

'H NMR (400 MHz, DMSO—ds) & 8.19 (d, /= 8.4 Hz, 2H), 8.09 (s,

1H), 7.40 (br d, /= 8.8 Hz, 4H), 5.56 (s, 2H).

3— (6—Amino—1— (4 —nitrobenzyl) —1//—pyrazolo[3,4—d|pyrimidin—
4—yl)benzonitrile (3a)

=34l 2 (1.00 eq), 3—cyanophenylboronic acid pinacol ester
(1.5 eq) NaxCOsz (2.0 eq) ¥ Pd(PPh3)s (0.05 eq)?] &

al tjo] Akl A B8t NoZ Al W HA|gtal E3HES Ny &l A

EtOHZ trituration@ &Ytk 3E 3a (crude)E A 1A =Z

'H NMR (400 MHz, DMSO—ds) & 8.59-8.44 (m, 3H), 8.20 (br d, J

= 8.8 Hz, 2H), 8.07 (br d, /= 7.6 Hz, 1H), 7.80 (t, /= 7.6 Hz, 1H),
25



7.43 (br d, J= 8.8 Hz, 2H), 7.15 (br s, 2H), 5.62 (s, 2H).

3—(6—Amino—1— (4—aminobenzyl) —1 A—pyrazolo[3,4—
dl pyrimidin—4—yl) benzonitrile (4a)

A 3 (1.0 eq), Fe (5.0 eq) NH4Cl (5.0 eq)= THF$} H0¢l
Qi 80 TellA 24z Bt mwket & o W FHste] ARES
AdAFUTh FEHAIAE 25 TelA 1 N HCIZ quench 3FAFUT
AFES Ay A=vE 1Y (SiOy, dichloromethane / THF = 1/0 to
10/1) = ZAAPSFUY. WAE 4a (& 51.3 %, % 99.2 %)=

b wAR FEHIGUTH

"H NMR (400 MHz, DMSO—dg) & 8.52-8.46 (m, 2 H), 8.36 (s, 1 H),

8.06-8.04 (m, 1 H), 7.79 (t, /= 7.8 Hz, 1 H), 7.08 (s, 2 H), 6.97 (d,

J=8.4Hz 2H),6.50 (dd, /= 6.8, 1.6 Hz, 2 H), 5.25 (s, 2 H), 5.05
(s, 2 H); C NMR (100 MHz, DMSO—ds) & = 162.5, 158.6, 156.4,
148.6, 138.2, 134.8, 133.6, 133.5, 132.2, 130.7, 129.1, 124.6,
118.9, 114.1, 112.6, 105.0, 49.7; HRMS (ESI) calc. for Ci9HisN7 [M

H]" 341.1389, found: 341.1386.

3—(6—Amino—1— (4—aminobenzyl) —1 A—pyrazolo[3,4—
dlpyrimidin—4—yl) —2—fluorobenzonitrile (4b)
sI3HE 3beol 4bs URE AAF Ad) wet £ 0 R AEste] 4bE S

1A (91.0g, 252mmol, 49.0% T&, 98.27% +%)E T533

ul

Ytk
26



"H NMR (400 MHz, DMSO—ds) & 8.18-8.12 (m, 2 H), 7.98 (d, J =
3.6 Hz, 1 H), 7.60 (t, /= 7.8 Hz, 1 H), 7.13 (s, 2 H), 6.98 (d, J =
8.4 Hz, 2 H), 6.50 (d, /= 8.4 Hz, 2 H), 5.24 (s, 2 H), 5.06 (s, 2 H);
¥C NMR (100 MHz, DMSO—ds) & 162.6, 161.8, 159.2, 155.6 (d, J
= 15.9 Hz, 1C), 148.7, 137.0 (d, /= 3.5 Hz, 1C), 136.3, 133.8 (d, ./
= 8.3 Hz, 10), 129.1, 126.3 (d, J= 3.9 Hz, 1C), 126.1 (d, /= 11.9
Hz, 1C), 124.5, 114.4, 114.1, 106.8, 102.0 (d, J = 15.9 Hz, 10),
49.7; HRMS (ESD cale. for CioHisFN7 [M + H] ' 359.1295, found:

359.1289.

3.1.2. 8] tig Axk 2z} B

3—(6—Amino—1/—pyrazolo[3,4—dl pyrimidin—4—yl) benzonitrile
(6)

Aoz o] &7} 3k 4—chloro—1H-pyrazolo[3,4—d]
pyrimidin—6—amine 5 (1.0 eq), (3—cyanophenyl)boronic acid (1.2
eq), Pd(PPhs)4 (0.1 eq) and NaxCOs (2 eq) & dioxane®] 21 A4 =

A H HAE F 100 CTolA 16A17F FeF A &)

Ao w st ArES AdFUY. 38 6(500 mg, crude) S

F4 0 dAR e MR F7F AA glol v dAlel
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AP S5 YT MS: m/z = 237.1 M + 1, ESTY).

3—[6—Amino—1—[(3—methyl—4—nitro—

phenyl) methyl]l pyrazolo[3,4 —d] pyrimidin—4 —yll benzonitrile (7)
4—(chloromethyl) —2—methyl—1—nitro—benzene (500 mg,

1.27 eq) 2+ 3—(6—amino—1/—-pyrazolo[3,4—dlpyrimidin—4—

yDbenzonitrile (1.0 eq)S DMFo] =¢ 3 KyCO3 (2.0 eq=

AR FY T (column: Phenomenex Luna C18 150 x 25mm X
10 £ m; mobile phase: [water (0.225% FA)—ACN]; B%: 40-70%, 10
min). 3tFE 7(200 mg, & 24%) S FN LAZ F5EI}AFUCH

"H NMR (400 MHz, DMSO—ds) & 8.56-8.42 (m, 3H), 8.10-8.06 (m,
1H), 8.00-7.92 (m, 1H), 7.86-7.76 (m, 1H), 7.40-7.30 (m, 1H),
7.24-7.08 (m, 3H), 5.65-5.43 (m, 2H), 2.49 (s, 3H); MS: m/z =

386.0 (M + 1, ESIY).

3—(6—Amino—1— (4—amino—3—methylbenzyl) —1 HF—pyrazolo[3,4—
dl pyrimidin—4—yl) benzonitrile (8)

AerE- (12 mL)¥ & mL)el 3 7(150 mg, 1.0 eq =

}o{r

Ze3la A7 (5.0 eq) 9 NH4Cl (8.0 eq)S H7FF5ULh £35S

le

mlo

60 TollA 1AIZF &t wyk sdsye. vhg = o 3}sfar 2hd

n:Ol'



ol

==
o

tol  FrEs ddsyH A" IF=&  prep—HPLCE
AR FY T (column: Phenomenex Luna C18 150 x 25 mm=10
«m; mobile phase: [water (0.225% FA)—ACN]; B%: 23-53%, 10
min). B4E 8(54.26 mg, T& 38%, &% 98.27%)& WA 1A=
FE5AFUTH

"H NMR (400 MHz, DMSO—dg) & 8.51 (s, 1H), 8.47 (d, J = 8.0 Hz,

1H), 8.35 (s, 1H), 8.06 (d, /= 7.6 Hz, 1H), 7.79 (t, /= 7.8 Hz, 1H),

7.05 (s, 2H), 6.88 (s, 1H), 6.83 (d, /= 8.4 Hz,1H), 6.52 (d, /= 8.0
Hz,1H), 5.23 (s, 2H), 4.80-4.78 (m, 2H), 1.99 (s, 3H); '"C NMR
(100 MHz, DMSO—ds) & = 162.0, 158.1, 155.9, 146.1, 137.8,
134.4, 133.1, 133.0, 131.8, 130.3, 129.6, 126.2, 124.4, 120.9,
118.4, 113.7, 112.1, 104.5, 49.2, 17.5; HRMS (ESI) calc. for

CooHi7N7 [M + H]* 355.1545, found: 355.1544.

3.1.3. 11la~11w&] ¥rt Ax} C

4—Chloro—1—(3—methyl—4—nitrobenzyl) —1 //—pyrazolo [3,4—
dl pyrimidin—6—amine (9c¢)

DMF g9 4—chloro—1/—pyrazolo[3,4—dlpyrimidin—6—
amine 5 (1.0 eq) ¢ 4-(chloromethyl)—2—methyl—1—nitro—
benzene (0.8 eq)E& Y1, KuCO3; (2.0 eq)E H7}ste] 80° CeoflA

thoRbE E9hE
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A 2894 &F38k] crude 38= 9cs dAFUHH 3= 9c=
A A2 dojH o (800 mg, crude), HES F7F AA glo]
5 Al AREE S Y TH

"H NMR (400 MHz, DMSO—dg) & 8.08 (s, 1H), 7.96 (d, J = 8.4 Hz,
1H), 7.40 (s, 2H), 7.32 (s, 1H), 7.20 (dd, J = 8.6, 1.4 Hz, 1H), 5.50
(s, 2H), 2.49 (s, 3H); '"C NMR (100 MHz, DMSO—ds) & 161.65,
156.06, 153.70, 148.06, 142.45, 133.17, 132.96, 131.27, 125.87,
124.87, 106.19, 48.92, 19.57; HRMS (ESD) calc. for Ci3Hi2CINgO:

[M + H]" 319.0705, found: 319.0708.

3—(6—Amino—1— (4—amino—3—methylbenzyl) —1 H—pyrazolo[3,4—
dlpyrimidin—4—yl) —2—fluorobenzonitrile (100)

tjo] LAty & (3—cyano—2—fluoro—phenyl)boronic acid
(1.2 eq), =74 9¢c (1.0 eq), Pd(PPh3)4 (0.1 eq), Na2CO3 (2.0 eq) &

ehes 2oz AW A3 § A stelM 110 T= 16 AF &<t

AAFUTH BAY FFES flash silica—gel AZVFETH IS A3
A HFUTE (ISCO®®; 40 g SepaFlash®® Silica Flash Column,
eluent of 0-80% EtOAc/petroleum ether gradient @ 40 mL/min).
335 1005 4 1A (& 90%, «% 98.54%) % +53 54

'"H NMR (400 MHz, DMSO—ds) & 8.22-8.18 (m, 2H), 8.11 (d, J =

4.4 Hz, 1H), 8.00 (d, /= 11.2 Hz, 1H), 7.64 (t, /= 10.2 Hz, 1H),
30



7.39 (s, 1H), 7.24-7.22 (m, 3H), 5.56 (s, 2H), 2.52 (s, 3H); 'C
NMR (100 MHz, DMSO—ds) & 162.32, 161.35, 158.74, 155.85,
155.32, 148.02, 142.77, 136.53 (d, J = 3.6 Hz, 1C), 135.88, 134.22
(d, 7 = 8.0 Hz, 1C), 133.18, 131.39, 125.95-125.83 (m, 10C),
125.53 (d, /= 12.5 Hz, 1C), 124.90, 113.82, 106.23, 101.58 (d, J
= 15.0 Hz, 10), 48.56, 19.64; HRMS (ESI) calc. for Cs0HisFN703

[M + HI]" 404.1266, found: 404.1268.

3—(6—Amino—1— (4—amino—3—methylbenzyl) — 1 /Z—pyrazolo[3,4—
dl pyrimidin—4—yl) —2—fluorobenzonitrile (110)

% d'ge] FA 100 (1.0 eq)E ¥ F H7FF (5.0 eq)

i)
Z
=
&
™
o
@

2
i
o
2
o
N
3%
o))
i
v
(ot
e
iGe
o
D
(@]
3
=2
x
—
>
-~

syt AdE AFELS prep~HPLCE ol &3dto] HAIRFUT
(column: Phenomenex Synergi C18 150 x 25 mm x 10 pgm;
mobile phase: [water (0.225%FA)—ACN]; B%: 16-46%, 11 min),
12 AR 89% =9 3des dlsHnh AFE< prep~HPLCZ
F7F AP E5Y Y (column: Phenomenex Luna C18 150 x 25 mm
X 10 gm; mobile phase: [water (0.225% FA)—-ACN]; B%: 18-

48%,10 min). 3TE 11loE WA TA(FH 59%, =% 97.78%) =

'"H NMR (400 MHz, DMSO—ds) & 8.17-8.13 (m, 2H), 7.96 (d, J =
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3.6 Hz, 1H), 7.60 (t, J = 7.6 Hz, 1H), 7.11 (s, 2H), 6.89 (d, /= 1.6
Hz, 1H), 6.84 (dd, / = 8.0, 2.0 Hz, 1H), 6.52 (d, /= 8.0 Hz, 1H),
5.22 (d, J = 4.8 Hz, 2H), 4.81 (br s, 2H), 2.00 (s, 3H); ""C NMR
(100 MHz, DMSO—ds) 8 162.2, 161.3, 158.7, 155.1 (d, /= 15.8 Hz,
10), 146.1, 136.6, 135.8, 133.3 (d, / = 8.4 Hz, 10), 129.7, 126.2,
125.9, 125.7 (d, J = 12.5 Hz, 10), 124.3, 120.9, 113.9, 113.7,
106.3, 101.5 (d, /= 15.9 Hz, 1C), 49.2, 17.4; HRMS (ESD calc. for

C20H16FN7 [M + H] " 373.1451, found: 373.1466.

2—(6—Amino—1— (4—aminobenzyl) —1 A—pyrazolo[3,4—
dl pyrimidin—4—yl)isonicotinonitrile (11a)
313h= 9a 4 10aEs ¢wt Ak Co me} &akd o= A2 sty

A 31 A4 (

& 8%, % 95.02%) 24 11as F53954Yth

5

'"H NMR (400 MHz, DMSO—ds) & 9.08 (dd, / = 5.2, 0.8 Hz, 1H),
8.67 (t, /= 1.4 Hz, 1H), 8.45 (s, 1H), 8.07 (dd, J = 4.8, 1.6 Hz,
1H), 7.10 (s, 2H), 6.95 (d, /= 8.8 Hz, 2H), 6.48 (dd, /= 6.8, 1.6
Hz, 2H), 5.24 (s, 2H), 5.03 (s, 2H); **C NMR (100 MHz, DMSO—ds)
8§ = 162.0, 156.6, 156.4, 155.7, 151.1, 148.2, 134.8, 128.5, 127.1,
124.1, 123.6, 120.6, 116.6, 113.7, 104.4, 49.1; HRMS (ESID) calc.

for C1gH1uNg [M + H]+ 342.1341, found: 342.1334.

6— (6—Amino—1— (4—aminobenzyl) —1 A—pyrazolo[3,4—

32



dlpyrimidin—4—yl) picolinonitrile (11b)
313%E 9a % 10bE AxE HAF Cofl mat =A8 02 A s}

FA UA(FE 11%, ©% 98.25%) ZA 11bE F53AH5UTh

ol

'"H NMR (400 MHz, DMSO—dg) & 8.65 (dd, J = 8.0, 1.2 Hz, 1H),
8.39 (s, 1H), 8.31 (t, /= 8.0 Hz, 1H), 8.24 (dd, J = 7.6, 1.2 Hz,
1H), 7.12 (s, 2H), 6.94 (d, / = 8.8 Hz, 2H), 6.48 (d, / = 8.4 Hz,
2H), 5.26 (s, 2H), 5.03 (s, 2H): "*C NMR (100 MHz, DMSO—ds) &
162.0, 155.8, 148.1, 139.5, 134.5, 132.6, 130.7, 128.8, 129.2,
125.5, 124.1, 113.7, 104.4, 49.1; HRMS (ESID) calc. for CisH14Ng [M

+ H]" 342.1341, found: 342.1334.

5= (6—Amino—1— (4—aminobenzyl) —1/A—pyrazolo[3,4—
dl pyrimidin—4—yl)nicotinonitrile (11c)

33 9a % 10cE vk A Coll wet sxAo® A g st
G DA (FE 7%, 5 98.17%) 2A 1lcE F5skFUTh
'H NMR (400 MHz, DMSO—ds) & 9.53 (d, /= 2.0 Hz, 1H), 9.22 (d,
J=2.0Hz, 1H), 8.91 (t, /= 2.0 Hz, 1H), 8.44 (s, 1H), 7.12 (s, 2H),
6.96 (d, J = 8.8 Hz, 2H), 6.48 (d, / = 8.4 Hz, 2H), 5.24 (s, 2H),
5.03 (s, 2H); '¥C NMR (100 MHz, DMSO-ds) & 162.0, 156.0,
155.8, 154.0, 152.4, 148.2, 139.4, 133.1, 132.3, 128.6, 124.0,
116.6, 113.6, 109.6, 104.8, 49.2; HRMS (ESI) calc. for CigH14Ng [M

+ H]" 342.1341, found: 342.1345.
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4—(6—Amino—1— (4—aminobenzyl) —1 A—pyrazolo[3,4—
dl pyrimidin—4—yl) picolinonitrile (11d)
3I3h= 9a 4 10dE ¢Ht AAF Col wef &x8 o ® A3ty

WA A (& 18%, w5 95.28%) 24 11d

i

FEBI
"H NMR (400 MHz, DMSO—dg) 8 8.97 (d, /= 5.2 Hz, 1H), 8.60 (d,
J = 0.8 Hz, 1H), 8.44 (s, 1H), 8.40 (dd, / = 5.0, 1.8 Hz, 1H), 7.19
(s, 2H), 6.95 (d, /= 8.4 Hz, 2H), 6.48 (d, /= 8.4 Hz, 2H), 5.25 (s,

2H), 5.04 (s, 2H); *C NMR (100 MHz, DMSO—dg) & 162.0, 156.0

(d, /= 2.5 Hz, 10), 152.2, 148.2, 145.2, 133.6, 132.8, 128.6, 127.4,

126.4, 123.9, 117.4, 113.6, 104.8, 49.2; HRMS (ESD calc. for

CisHi1sNg [M + H]+ 342.1341, found: 342.1365.

2—(6—Amino—1— (4—amino—2—fluorobenzyl) —1 H/—pyrazolo[3,4—
dl pyrimidin—4—yl)isonicotinonitrile (11e)
$5E 9b W 10eE UWt Hzak Col wap &AHOE A st

A 31 4 (

§ 32%, =% 96.12%) %A 11eE &

|t

shot Uk

5

'"H NMR (400 MHz, DMSO—ds) & 9.08 (dd, / = 4.8, 0.8 Hz, 1H),
8.68 (d, /= 1.2 Hz, 1H), 8.46 (s, 1H), 8.08 (dd, / = 5.2, 1.6 Hz,
1H), 7.13 (s, 2H), 6.88 (t, /= 8.4 Hz, 1H), 6.32-6.31 (m, 1H), 6.29
(s, 1H), 5.40 (s, 2H), 5.29 (s, 2H); C NMR (100 MHz, DMSO—ds)

8§ 162.6, 162.4, 160.2, 157.0, 156.1, 151.6, 151.0 (d, / = 11.6 Hz,
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10), 135.5, 131.2 (d, J = 6.7 Hz, 1C), 127.6, 124.1, 121.1, 117.1,
110.4, 110.2 (d, / = 2.5 Hz, 1C), 104.8, 100.2 (d, J = 25.05 Hz,
1C), 43.2; HRMS (ESD calc. for CisHisFNs [M + H]™ 360.1247,

found: 360.1253.

6—[6—Amino—1—[(4—amino—2—fluoro—
phenyl)methyllpyrazolo[3,4—d]pyrimidin—4—yl]lpyridine—2—
carbonitrile (11f)

AR ow Aelsto

M

3lgHE 9b %W 10fE AWk AxF Cofl wke}

FA 1A (58 30%, =5 96.38%) =AM 11f5 F53A5UTh

ol

'"H NMR (400 MHz, DMSO—ds) & 8.65 (dd, / = 8.0, 1.2 Hz, 1H),
8.39 (s, 11, 8.31 (t, / = 7.8 Hz, 1H), 8.24 (dd, J = 8.0, 1.2 Hz,
1H), 7.13 (s, 2H), 6.86 (t, /= 8.8 Hz, 1H), 6.31 (dd, /= 5.4, 1.8
Hz, 1H), 6.28 (s, 1H), 5.40 (s, 2H), 5.29 (s, 2H); *C NMR (100
MHz, DMSO—ds) & 162.1, 162.0, 159.7, 156.6, 156.5, 155.8, 150.5
(d, /= 11.5 Hz, 1C), 139.5, 134.7, 132.6, 130.6 (d, /= 6.6 Hz, 1C),
125.5, 117.3, 109.9, 109.8 (d, / = 2.4 Hz, 1C), 104.3, 99.8 (d, J =
23.8 Hz, 1C), 42.8 (d, / = 3.2 Hz, 1C); HRMS (ESI) calc. for

CisH1sFNg [M + H] T 360.1247, found: 360.1238.

5—(6—Amino—1— (4—amino—2—fluorobenzyl) —1 /—pyrazolo[3,4—

dl pyrimidin—4—yl)nicotinonitrile (11g)
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g5% 9bsl 10ge AW AA Col Wt #Adow A sk
FA A (& 13%, =5 94.57%) 24 11gS 589 5Uth
'"H NMR (400 MHz, DMSO—dgs) & 9.54 (d, /= 2.4 Hz, 1H), 9.23 (d,
J=2.0Hz 1H), 8.91 (t, J= 2.0 Hz, 1H), 8.45 (s, 1H), 7.14 (s, 2H),
6.90 (t, /= 8.4 Hz, 1H), 6.31 (d, / = 10.4 Hz, 2H), 5.41 (s, 21,
5.29 (s, 2H); C NMR (100 MHz, DMSO—dg) & 162.4, 156.47 (d,
JE = 13.9 Hz), 154.52, 152.90, 151.08 (d, JF = 11.5 Hz), 139.86,
133.74, 132.78, 131.30 (d, JF = 5.7 Hz), 117.12, 110.27, 110.21,
110.04, 105.13, 100.20 (d, JF = 23.8 Hz), 43.26 (d, JF = 3.3 Hz);
HRMS (ESD) cale. for CisHisFNg [M + HI' 360.1247, found:

360.1251.

4—(6—Amino—1— (4—amino—2—fluorobenzyl) —1 /—pyrazolo[3,4—
dl pyrimidin—4—yl) picolinonitrile (11h)
3% 9b ¥ 10hE AWt Ezab Col waf &AH o2 A shd]

A A (

& 7%, <% 95.76%) =4 11hE F53sUTH

5

"H NMR (400 MHz, DMSO—dg) & 8.97 (d, J = 5.2 Hz, 1H), 8.60 (s,
1H), 8.44 (s, 1H), 8.40 (dd, /= 5.2, 1.6 Hz, 1H), 7.19 (s, 2H), 6.89
(t, J= 8.4 Hz, 1H), 6.30 (d, /= 10.8 Hz, 2H), 5.41 (s, 2H), 5.29 (s,
2H); C NMR (100 MHz, DMSO—ds) & 162.2, 162.0, 159.8, 156.1
(d, /= 6.6 Hz, 1C), 152.2, 150.6 (d, /= 11.5 Hz, 1C), 145.2, 133.6,

133.1, 130.9, 127.4, 126.4, 117.4, 109.7, 109.6, 104.7, 99.7 (d, J =
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23.9 Hz, 10), 42.9 (d, J = 3.2 Hz, 1C); HRMS (ESID) calc. for

CisH1sFNg [M + H] T 360.1247, found: 360.1244.

3= (6—Amino—1— (4—amino—2—fluorobenzyl) —1 H/—pyrazolo[3,4—
dl pyrimidin—4—yl) benzonitrile (11i)

3}5E 9bol 10i5 Aoz Hlste] M uA (& 19%,
£E 97.66%) ZA 11i% #5854tk
"H NMR (400 MHz, DMSO—dg) & 8.51 (s, 1H), 8.47 (d, /= 8.0 Hz,
1H), 8.35 (s, 1H), 8.06 (d, /= 7.6 Hz, 1H), 7.79 (t, /= 7.8 Hz, 1H),
7.07 (s, 2H), 6.88 (t, J = 8.4 Hz, 1H), 6.32-6.29 (m, 2H), 5.40 (s,
2H), 5.28 (s, 2H); *C NMR (100 MHz, DMSO—dgs) & 162.1, 162.0,
158.2, 156.0, 150.6, 150.5, 137.7, 134.4, 133.2, 133.1, 131.7,
130.8 (d, J = 6.7 Hz, 1C), 130.2, 118.4, 112.1, 109.8 (d, J = 12.5
Hz, 1C), 104.4, 99.7 (d, / = 24.1 Hz, 10), 42.8 (d, JF = 4.1 Hz,
1C); HRMS (ESD calc. for CioHiuFN7 [M + HI* 359.1295, found:

359.1304.

3—(6—Amino—1— (4—amino—2—fluorobenzyl) —1 H/—pyrazolo[3,4—
dlpyrimidin—4—yl) —2—fluorobenzonitrile (11j)

3= 9b9 10j5 wAHH o= AHeste] WA uA (& 31%,
TE 97.40%) 24 1158 F53lsdth

"H NMR (400 MHz, DMSO—ds) & 8.21-8.10 (m, 2H), 7.98 (d, J =
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3.7 Hz, 1H), 7.61 (t,J = 7.8 Hz, 1H), 7.14 (s, 2H), 6.97-6.84 (m,
1H), 6.32 (s, 1H), 6.31-6.28 (m, 1H), 5.42 (s, 2H), 5.27 (s, 2H);
C NMR (100 MHz, DMSO—ds) & 162.16, 161.31, 159.72, 158.71,
155.34, 155.06, 150.60 (d, J = 11.6 Hz), 136.56 (d, JF = 3.3 Hz),
135.84, 133.51 (d, JF = 8.3 Hz), 130.86 (d, JF = 5.8 Hz), 125.88
(d, JF = 4.1 Hz), 125.65 (d, JF = 11.6 Hz), 113.90, 109.82, 109.63,
106.17, 101.51 (d, JF = 15.8 Hz), 99.72 (d, JF = 24.0 Hz), 42.75;
HRMS (ESD calc. for CigHisFoN7 [M + HIT 377.1200, found:

377.1210.

2—(6—Amino—1— (4—amino—3—methylbenzyl) —1 H—pyrazolo[3,4—
dl pyrimidin—4—yl)isonicotinonitrile (11k)

3I3HE 9cot 10kE Ak oz AHgste] A 1A (& 10%,
% 96.15%) A 11kE F53lsyth
'"H NMR (400 MHz, DMSO—de) & 9.08 (dd, / = 4.8, 0.8 Hz, 1H),
8.67 (dd, /= 1.6, 1.2 Hz, 1H), 8.45 (s, 1H), 8.07 (dd, /= 5.2, 1.6
Hz, 1H), 7.10 (s, 2H), 6.86 (s, 1H), 6.82 (dd, /= 8.2, 1.8 Hz, 1H),
6.51 (d, /= 8.0 Hz, 1H), 5.23 (s, 2H), 4.80 (s, 2H), 1.98 (s, 3H);
¥C NMR (100 MHz, DMSO—ds) & = 162.0, 156.6, 156.4, 155.7,
151.1, 146.1, 134.8, 129.5, 127.1, 126.1, 124.4, 123.6, 120.9,
120.6, 116.6, 113.7, 104.4, 49.2, 17.4; HRMS (ESI) calc. for

CioHi6Ns [M + H] " 356.1498, found: 356.1493.
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6— (6—Amino—1— (4—amino—3—methylbenzyl) —1 H—pyrazolo[3,4—
dl pyrimidin—4—yl) picolinonitrile (111)

sh3tE 9cst 1018 ¢AA oz AHEsto] 4 1A (& 10%,
TE 98.87%) ZA 111& F5aAFYTh
'"H NMR (400 MHz, DMSO—ds) & 8.65 (dd, / = 8.0, 0.8 Hz, 1H),
8.39 (s, 1H), 8.31 (t, J = 8.0 Hz, 1H), 8.24 (dd, J = 7.6, 1.2 Hz,
1H), 7.11 (s, 2H), 6.86 (s, 1H), 6.82 (dd, /= 8.2, 1.8 Hz, 1H), 6.52
(d, /= 8.0 Hz, 1H), 5.24 (s, 2H), 4.80 (s, 2H), 1.99 (s, 3H); C
NMR (100 MHz, DMSO—dgs) & = 162.0, 156.5, 156.3, 155.9, 146.0,
139.4, 134.5, 132.6, 130.7, 129.5, 126.0, 125.5, 124.4, 120.9,
117.3, 113.7, 104.3, 49.2, 17.4; HRMS (ESI) calc. for Ci9Hi6Ng [M

+ H]" 356.1498, found: 356.1488.

5—(6—Amino—1— (4—amino—3—methylbenzyl) —1 H—pyrazolo[3,4—
dl pyrimidin—4—yl)nicotinonitrile (11m)

3= 9cst 10me EAA o ® Agste] G4 1A (FE 15%,
TE 97.57%) 2A 11me F53FA5UTh
'"H NMR (400 MHz, DMSO—ds) & 9.53 (d, /= 2.0 Hz, 1H), 9.21 (d,
J=2.0Hz, 1H), 8.91 (t, /= 2.2 Hz, 1H), 8.43 (s, 1H), 7.12 (s, 2H),
6.88 (d, /= 1.6 Hz, 1H), 6.83 (dd, / = 8.4, 2.0 Hz, 1H), 6.52 (d, J

= 8.0 Hz, 1H), 5.23 (s, 2H), 4.80 (s, 2H), 1.99 (s, 3H); ""C NMR
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(100 MHz, DMSO—-ds) & 162.0, 156.0, 155.8, 154.0, 152.4, 146.1,
139.4, 133.0, 132.4, 129.6, 126.2, 124.3, 120.9, 116.7, 113.7,
109.6, 104.8, 49.2, 17.5; HRMS (ESI) calc. for CigHisNs [M + H] "

356.1498, found: 356.1495.

4—(6—Amino—1— (4—amino—3—methylbenzyl) —1 H—pyrazolo[3,4—
dl pyrimidin—4—yl) picolinonitrile (11n)
313HE 9cst 10ne oAbAo® A st A uA (& 7%,

T% 95.38%) %A 11n

o

FEIIAFUTH

'"H NMR (400 MHz, DMSO—dg) & 8.97 (d, /= 4.8 Hz, 1H), 8.60 (s,
1H), 8.44 (s, 1H), 8.40 (dd, /= 5.0, 1.4 Hz, 1H), 7.17 (s, 2H), 6.88
(s, 1H), 6.83 (d, /= 8.4 Hz, 1), 6.52 (d, /= 8.0 Hz, 1H), 5.24 (s,
2H), 4.81 (s, 2H), 1.99 (s, 3H); C NMR (100 MHz, DMSO—ds) &
161.99, 155.98, 155.95, 152.18, 146.09, 145.24, 133.54, 132.79,
129.58, 127.33, 126.37, 126.17, 124.24, 120.86, 117.34, 113.69,
104.80, 49.25; HRMS (ESID) calc. for C1gH16Ng [M + H]* 356.1498,

found: 356.1493.

2—[6—Amino—1-[(4—amino—2,6—difluoro—
phenyl) methyl]lpyrazolo[3,4—d] pyrimidin—4—yl]pyridine—4—
carbonitrile (11p)

3t 9d9l 10pE =xd oz AHyste] A 1A (& 16%,
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%

l

=% 98.30%) ZA 11pE F5eiA54HTh

"H NMR (400 MHz, DMSO—-dg) & 9.07 (dd, J = 4.8, 0.8 Hz, 1H),
8.67 (d, / = 0.8 Hz, 1H), 8.41 (s, 1H), 8.06 (dd, J = 4.8, 1.6 Hz,
1H), 7.11 (s, 2H), 6.20-6.14 (m, 2H), 5.79 (s, 2H), 5.26 (s, 2H);

13C NMR (100 MHz, DMSO—dg) 8 161.89, 156.53, 156.42, 155.66,

151.13 (d, /= 4.1 Hz, 1C), 135.07, 127.13, 123.61, 120.60, 116.63,

104.13, 97.91, 96.07, 95.79, 36.82 (br s, 1C); HRMS (ESI) calc. for

CisHis2F3aNg [M + H]+ 378.1153, found: 378.1155.

6—[6—Amino—1—[(4—amino—2,6 —difluoro—
phenyl)methyllpyrazolo[3,4—d]pyrimidin—4—yl]lpyridine—2—
carbonitrile (11q)

}g= 9deok 10qE =akd e ® Aejste] A4 1A (& 21%,
% 95.11%) 24 11qEs F53HdF4rh
'"H NMR (400 MHz, DMSO—ds) & 8.65 (dd, / = 7.8, 1.0 Hz, 1H),
8.34 (s, 1H), 8.31 (t, J = 7.8 Hz, 1H), 8.23 (dd, /= 7.8, 1.0 Hz,
1H), 7.12 (s, 2H), 6.18 (d, /= 10.0 Hz, 2H), 5.79 (s, 2H), 5.26 (s,
2H); ¥C NMR (100 MHz, DMSO—ds) & 163.33, 161.93, 156.48,
156.33, 155.82, 139.44, 134.79, 132.58, 130.66, 125.54, 117.32,
104.09, 97.91, 96.06, 95.79, 36.86; HRMS (ESI) calc. for

CisHi2F2oNg [M + H] " 378.1153, found: 378.1151.
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5—[6—Amino—1—[(4—amino—2,6—difluoro—
phenyl)methyllpyrazolo[3,4—d]pyrimidin—4—yl]lpyridine—3—
carbonitrile (11r)

I3t 9dsl 10rs oAHdo® AHPlete] 4 1A (& 30%,
T 99.42%) ZA 11rs F53AFHTH

"H NMR (400 MHz, DMSO—dg) & 9.52 (d, J = 2.0 Hz, 1H), 9.21 (d,

J=2.0Hz, 1H), 8.89 (t, /= 2.0 Hz, 1H), 8.38 (s, 1H), 7.13 (s, 2H),

6.18 (d, / = 10.4 Hz, 2H), 5.25 (s, 2H); *C NMR (100 MHz,
DMSO—ds) & 163.75 (d, /= 11.5 Hz, 1C), 162.37, 161.33 (d, J =
11.5 Hz, 1C), 156.36 (d, J = 18.0 Hz, 1C), 154.47, 152.89, 151.64,
139.82, 133.79, 132.80, 117.12, 110.03, 104.98, 98.32, 96.85-
95.49 (m, 1C), 37.33 (br s, 1C) ; HRMS (ESI) calc. for CisHi2F2Ng

[M + H]" 378.1153, found: 378.1155.

4—[6—Amino—1-[(4—amino—2,6 —difluoro—
phenyl) methyl]lpyrazolo[3,4—d] pyrimidin—4—yl]pyridine—2—
carbonitrile (11s)

3}E 9ds} 10sE A& o2 Aglste] ] uA (5 24%,
% 9551%) 2A 11sE F53tAFUth
'H NMR (400 MHz, DMSO—dg) & 8.97 (dd, /= 5.2, 0.8 Hz, 1H),
8.59 (dd, / = 1.6, 0.8 Hz, 1H), 8.40-8.38 (m, 2H), 7.19 (s, 2H),

6.22-6.16 (m, 2H), 5.80 (s, 2H), 5.27 (s, 2H); '"C NMR (100 MHz,
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DMSO—ds) 8 163.3 (d, J = 11.6 Hz, 1C), 162.00, 160.8 (d, J =
11.5 Hz, 10), 156.0, 152.2, 151.2, 145.2, 133.5, 133.1, 127.3,
126.4, 117.3, 104.6, 97.8, 96.0-95.8 (m, 1C), 36.9; HRMS (ESD

calc. for CigHi2FoNg [M + H] " 378.1153, found: 378.1155.

3—[6—Amino—1-[(4—amino—2,6 —difluoro—
phenyl) methyll pyrazolo[3,4—d] pyrimidin—4 —yllbenzonitrile (11t)
I3t 9dst 10tE A8 o2 A ste] &4 1A (& 33%,
TE 97.91%) A 11t F53954th
'"H NMR (400 MHz, DMSO—dg¢) & 8.49 (t, J = 1.4 Hz, 1H), 8.45
(td, J = 8.0, 1.4 Hz, 1H), 8.29 (s, 1H), 8.05 (td, J = 8.0, 1.4 Hz,
1H), 7.79 (t, J = 7.8 Hz, 1H), 7.07 (s, 2H), 6.21-6.15 (m, 2H), 5.80
(s, 2H), 5.25 (s, 2H); 'C NMR (100 MHz, DMSO—ds) & 163.28 (d,
J = 12.3 Hz, 1C), 161.94, 160.86 (d, J = 12.3 Hz, 10), 158.11,
155.93, 151.16, 137.75, 134.36, 133.27, 133.11, 131.74, 130.26,
118.43, 112.13, 104.28, 97.91, 96.15-95.93 (m, 1C), 95.78, 36.84
(br s, 1C); HRMS (ESD) calc. for CigHisFoN7 [M + H]™ 377.1200,

found: 377.1202.

3—(6—Amino—1— (4—amino—2,6—difluorobenzyl) —1 /-
pyrazolo[3,4—dl pyrimidin—4—yl) —2—fluorobenzonitrile (11u)

a2 9d9t 10uS =380z AEse] wad 1A (G 33%,
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% 98.28%) %A 11u

i

FEIIAFUTH

'"H NMR (400 MHz, DMSO—ds) & 8.14 (dd, / = 7.8, 6.6 Hz, 2H),
7.93 (d, /= 3.6 Hz, 1H), 7.60 (t, /= 7.8 Hz, 1H), 7.13 (s, 2H),
6.20-6.15 (m, 2H), 5.80 (s, 2H), 5.24 (s, 2H); '*C NMR (100 MHz,
DMSO—-ds) & 163.34, 162.11, 161.30, 160.92, 158.71, 155.12 (d, J
= 23.8 Hz, 10), 151.18, 136.84-136.24 (m, 1C), 135.84, 133.61 (d,
J=8.2Hz 10), 125.90 (d, /= 4.1 Hz, 1C), 125.67 (d, /= 12.3 Hz,
1C), 113.93, 106.03, 101.51 (d, /7 = 15.6 Hz, 1C), 97.85, 96.25-
95.98 (m, 1C), 95.87-95.36 (m, 1C), 36.82 (br s, 1C); HRMS (ESI)

calc. for CigH12F3N7 [M + H] " 395.1106, found: 395.1117.

2—[6—Amino—1—[[4—amino—3—
(trifluoromethyl) phenyll methyll pyrazolo[3,4 —dl pyrimidin—4 —
yll pyridine—4—carbonitrile (11v)

& et 10vE A o Z At et 1A (F& 53%,
T 97.10%) ZA 11ve F53AFHTE
'H NMR (400 MHz, DMSO—-ds) & 9.08 (dd, J = 5.2, 0.8 Hz, 1H),
8.67 (d, J = 0.8 Hz, 1H), 8.47 (s, 1H), 8.07 (dd, J = 4.8, 1.6 Hz,
1H), 7.28 (d, /= 1.6 Hz, 1H), 7.18 (dd, / = 8.6, 1.4 Hz, 1H), 7.14
(s, 2H), 6.77 (d, J = 8.4 Hz, 1H), 5.59 (s, 2H), 5.31 (s, 2H); "°C
NMR (100 MHz, DMSO—ds) 8 162.0, 156.7, 156.5, 155.6, 151.1,

145.7, 135.2, 132.6, 127.2, 125.3, 123.9, 123.6, 120.6, 117.0,
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116.6, 110.1, 110.0, 1043, 48.4; HRMS (ESD calc. fOI” C19H13F3N8

[M + H]" 410.1215, found: 410.1217.

3— (6—Amino—1— (4—amino—3— (trifluoromethyl) benzyl) — 1 /—
pyrazolo[3,4—dl pyrimidin—4—yl) benzonitrile (11w)

3}3E 9edl 10wE a8 o7 Agste]l A 1A (F& 21%,
£5 99.14%) 2A 11ws F535Uh
"H NMR (400 MHz, DMSO—dg) & 8.52 (s, 1H), 8.47 (d, /= 8.0 Hz,
1H), 8.38 (s, 1H), 8.06 (d, /= 7.6 Hz, 1H), 7.79 (t, /= 7.8 Hz, 1H),
7.30 (d, /= 1.2 Hz, 1H), 7.21-7.18 (m, 1H), 7.10 (s, 2H), 6.78 (d,
J = 8.4 Hz, 1H), 5.59 (s, 2H), 5.30 (s, 2H); "C NMR (100 MHz,
DMSO—ds) & 162.07, 158.28, 156.03, 145.72, 137.66, 134.41,
133.39, 133.11, 132.68, 131.76, 130.24, 126.31, 125.37 (q, JF =
5.5 Hz), 123.86, 118.39, 116.98, 112.14, 110.17 (q, JF = 29.0 Hz),
104.48, 48.49; HRMS (ESD calc. for CsoHisF3N; [M + HIT

409.1263, found: 409.1259.

3—(6—Amino—1- (4—amino—3— (trifluoromethyl) benzyl) — 1 //—
pyrazolo[3,4—dl pyrimidin—4—yl) —2—fluorobenzonitrile (11x)

35 9ed) 10xE wxA o AP ste] WA 1A (58 15%,
T 98.23%) 24 11xE F5AFUTH

"H NMR (400 MHz, DMSO—ds) & 8.17-8.13 (m, 2H), 8.00 (d, J =
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3.6 Hz, 1H), 7.60 (t, J = 7.8 Hz, 1H), 7.30 (d, J = 1.6 Hz, 1H),
7.21-7.19 (m, 1H), 7.15 (s, 2H), 6.78 (d, /= 8.4 Hz, 1H), 5.60 (s,
2H), 5.29 (s, 2H); 'C NMR (100 MHz, DMSO—ds) & 162.24,
155.28 (d, JF = 14.8 Hz, 1C), 145.78, 136.58 (d, JF = 3.3 Hz),
135.88, 133.84, 132.74, 126.32, 125.89 (d, JF = 4.1 Hz), 125.52,
123.77, 117.02, 113.91, 110.15 (d, JF = 29.5 Hz), 106.23, 101.53
(d, JF = 16.4 Hz), 48.50; HRMS (ESID calc. for CeoH13F4N7 [M +

H]" 427.1169, found: 427.1170.

3.2. in vitro QA olH| =l F£&A AF¢H 4 Jex 4

ot iyl F&A s WA == AF #4> Eurofins
Discovery Services (Panlabs, Taiwan)olA S A54yt} 3HeHE9)
A% G5 DMSOE Alxstil vjef $kF S ARESto] st 5=
g M FEUT B4 HFE DMSO ¥5+E 1.0%%54t} ofdAl
Ay 23849S A8 A FEAE HFFoE TEHE = A7 AxF
CHO-K1 A ¥ (CHO-K1—-AAIAR clone3, EPDST, R200510)¢]
Bl AFA 10pxgS weF ¢35 (20mM HEPES, pH 7.4, 10mM
MgCl,, 100mM NaCl 1.40 nM)°lA 1 nM [PHIDPCPX$ ¥
25 TellA 90 woF v EFYTE nl50l4 A3 100 #M R(-)—
PIAS] EA] 3tellx F7FEAFUTE B S ot 3W A HE

5 FHEHZ  7ey¥sEle]  EBo|xow  Ads  [PH]DPCPXE
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HEK—293 A3 (PerkinElmer, RBHA2AM) S B #HA AFAS wHjek
=N (50 mM Tris—HCI, pH 7.4, 10 mM MgCl,, 1 mM EDTA, 2

U/mL Adenosine Deaminase) A 0.05xM [PHICGS—21680%} &7

25 TCelA 90+ &<+ wigIHFUTH nl5old AFE 500 «M
NECA?®] A &tellA B7relFH ek WEH IS ofdetar 39 A% &
T HHE s Soldoz A [PHICGS-21680%
HAFUT A 2FEYES HE, Ax FEAIE P Ho=
e sl 7 Q23 HEK—-293 Al ¥ (PerkinElmer, ES—013—M) 9

By el AFAE ok 24N (50mM Tris—HCl, pH 6.5, 5mM MgCls,
ImM EDTA, 0.01% Bacitracin) 4] 1.6 nM [PHIMRS1754 %} %7
25° Celldl 90 b wikgFyrh w5old AP 100 #M
NECA?®] A &tel A B7reFH e WEHIS ofdetar 39 A&
T ZHEE  Jhedsted 5o)xozm Ags  [PHIMRS1754%
AR FULE Az 2389S Y3 As FEAE HgHoR s
a17r A% CHO-K1 A3 (PerkinElmer, ES—012-M)2] wWH el
ATAS Wk ¢%9(25mM HEPES, pH 7.4, 5mM MgCly, 1mM
CaCls, 0.1% BSA)elld 0.5 nM ["*IJAB-MECA$} &7 25° CollA
60 F<k MdPFUTh H5o1x AR 1.0 ¢ M IB-MECAS] EA|
atell A H7bE SlF Y

ICs0 #FS MathlQ™(ID Business Solutions Ltd., Guildford,
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UK)E AFE3F B]A3&  least—squares regression analysis®®
AEEASFUT A A Ko7 AAE A, #3Ee] #EE 1Cso,
Ao AREE A BtES R, =S Kpel ok historical
values (Eurofins Panlabs, Inc.ol4 A&@ZA oz 42 3H & AMESHY
Cheng @ Prusoff A& xgste] K ks AxdESUL
Competitive binding curve® 7|<7|5 ZAAA+= Hill A=
MathIQ™& o]-g-3to] 7lats] A5k Hill A7) 1.0% A 3] 2ol 7}

G vy welvh 9wy AllEe] AF 4§ WAL wEA

714 dATE Y A W Asn FEA cyclic AMP HTRF

rlo

(homogeneous time resolved fluorescence) 74
EuroscreenFast (Charleroi, Belgium) ol 4] CHO-K1(A)) ul
HEK293 (Az2a) H8 AEFE AREsto] CPA(AD) 3 NECA(A)E
reference agonist®, DPCPX(A;) % ZM241385(Az)E reference

antagonist 3}3rE =2 3to] 3y E L5}

3.3. iERG, AMES ¥ tjA} 2H84d A+

Nova Research Laboratories(New Orleans, LA, u]=)olA]
Ao r HHE HEK MEE AFEste] 110 54 =Fol tid AERG
ol AY A Teals SRaE

Adlo= A IKr¥ 553 HAE AERGZF AFEEHASUL AlEE
48



Cytogentrics Bioscience GmbH (Jachim—Jungius—Strafe 9, 18,059
Rostock, Germany)ollA Fa@skEyeh vF 2 &% 715, do]H
SR A PAE g AgE gl BdEgl syl

AMES 4te| 2] o} reverse—mutation A& OECD 7Fo]=g}Ql 471,
“abe| ol o]l AJE” 49l ICH SZ2(R1), “AA ARE gJokEe]
FAEA AY @ dolg aidel B3 AFT A w2 Agr|8e
¥ 9 ZA(SOP)e] uwa} Frontage laboratories inc. (Frontage
laboratories, Concord, OH, USA)°lA FaAFHAFUT. AH &9
B7b= HZol Ames et al.'o] 7]438t1 Maron® Ames!' ol 23|

AdelolEd ZHolE T WHEdd o FAFAFUT o] AEHS

-~

FHNG ERO R EAWel U AL AEH- zom

A AFHT 2 Edgie)l g Hrke] A, TA9I8 W TA100

(tester strains source: Molecular Toxicology Inc. (Boone, NC, USA).

TA98 lot number 5464D, part number 71-098L; TA100 lot number
5439D, part number 71-100L)& ZdHolE &3 WHE AFEsho]
S99 fritell #Agle] T8 ZHolE/ZHUCE vehicle W 2 HA

87H4 9] 1lo°l =M RFUE. Ealikol o ATHA o= @,

O

1lov= #Hdl 5% 5000 pg/plate (&% & 5000, 1581, 500, 158,
50, 15.8, 5.0 and 1.5 pg/plate)ollr] F7txojof FFUh T2t

llo= AgEA L=E YERUS L AlFHE FHi 55 1867

rg/plateRFUth vk 5, wi<F platesells ErH|Z] ol background
lawn?] “JHg FAHEE A NEPHUY. FEY S %
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= A5 F2Y 7B (Scan 1200 Automated colony counter and
scan software) & ARE3to] H A HFUT
1109 WA} <H¥AJS Frontage Laboratories Inc.2] SOPef ulz}

e, 9, Al d%el W AR §d oW

rhN

{HA] 3

B

A

A

dEAFUE. A TEE E A 2 BEE IHAE(BiolVT,
Westbury, NY, USA)E 37 T FxoIA 4ol A9 =& w7tX]
oA EEdA s dsuyc AE7F sheleiA 2= 37 TolA
& e wAZE So Sl &l FEGOmL) 2 AX

7|

g
deele 24 703 FEA EEelFUsUth Ax gl

ﬂl

AE Jhe3t MES] H]ES Trypan blue staining o2 =743}
AEEO] 70% olFA s 11oE HAE AE Y (Imillion
cells/mL)e] 23¥ 24-well plateelA 5% CO: % 95% ¥7]
FEfel A 37 TollM 4413F F<b iSO, 15, 30, 60, 120, 180,

240%vltt A 85 FEato] AASL ACNGHE ZFEEHo] %3ty 3

il

volumes) © 2 A FFUrh AZs ddZdsty A44% vT ws
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v}

S
Ay

(H

H]

i

Faa chFe MY W2 WANE = 04 P

=

=
WA g wastel 118 AA £EE FARASUL T
-3}l (using the linear portion of semi—log plot of the area ratio vs.

time) well—stirred model& AFE3Fo] CLiyw #& A= 54T

3.4.1. #1<EHE MPTP % w2 24

105799 7% C57BL/6J w}$-2~+ Charles River Laboratories
(Charles River Laboratories, Freiburg, Germany) olA <3l QPS
AEZ oA FEFFUY. AHE EE A= QPS Austrial

s=AAEHLI JACUO Y AR 9 Foles WsdY =

1>
feied)
o

Ad T #y B ARgel  digk e AEg}
A # (Tierversuchsgesetz  2012—-TVG 2012, BGB1. I Nr.
114/2012) & 35U Y. g2 Ad2> 22Eder A7 e
okt (Amt der Steiermarkischen Landersregierung, Abteilung
13—Umwelt and Raumordnung Austria, ABT13—-78J0234—2018).

FEESo] Eaiauia WY FEAR $AA AL

Ho
|
N

o

it

=

o ERES AT A A Az 1

N
m

4
S kSt B2EES Rettenmaierol A A 33 T3

AAF AT Sl T80 ZHe HE F3telM @5 AR ESASUH.
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FAPFUY. sE5S> dA4s 21 F71A273 d5/25)d ueh
AAEERSEULE Axd H= FJEo xiFE AXAF[F A= (Altromin) 9F

wA37] 8 At AFUTh F 144v9k2] 9] 3 C57BL/6J w9227}
1270 2% MAEAFUThm = 12/2%). 11 25 (OF 2~12)2
1dxfe] 2412 ZFA S 2 20 mg/kg MPTPE 43 574 U(IP)=
A2 gP5YTh Probenecid Hi=  vehicle 3 WAl MPTP X+
vehicle A= (o]: MPTP 3%, probenecid &) &4 IP
FAH250 mg/kg)E  Fd Fostdsuyrh st 152 vehicleWt
Fost(ClE D dEao® AREHEUT 15 4 3 WA MPTP
FAF 30 Ao 1P FAE Fd YA dlx2T/7]5 (rasagiline) &

1
FolHFUTE mpA s MPTP A5 30% § A WA 3¢E Fo

i

AANAEFUL 4 252 vehicle(ZF 2 PO 2 3 IN), AT (I1F

5~8) E& HZ W(IF 9~12)F E3 47HA &% lloE

Fouker& Ut T8 79 dA&Ho=® 3gE T vehicle®
A= GdFUE. PO A, ZF v As Asd 10xL/go 3tES
Fouker& Ut IN9 AS, 529 Aless H 30go = sfo] A

Ag 717 B FR ARE Q% Fos Aksuth 7 58S 5



p©L per naris (&% 10xL) ¢ &S Foukgtsy.

offt
(G
rlo
-
)
do
oy
=
il
ofrt
X
P
~

WE
9,
o

>

o)
=2

24‘
2

°:*

)
i
=

& FWrE e = F(nestlet)o] =o A= AolAl /HEAoR
7Hrol FsUth o8 4 Az (e.g., wood wool)i AlF3HA

syt dl&@ (nestlet)> A el H7F dd ot wAY}

A2 = 7] oF 2~3A1%F Ao =gFlon, A3 oy F ot AL
o5 2~3A1 ol FA A7 BEE F7HAEUTE Cotton

square®] =817 A AEH H7E Apole] AIFE EE AdelA

YA APRFUT TA 2A 9 FHE TA 7S 53

Ao me} g o] skl H U Th

1. vl&o] ol 8 AEEA &3 (90% ol 248

2. U&elo] EEAHOo 7 HoyHA(50%~90% <73t

oot
\./

3. gREel y&del AEHYE EAE WE 9NET AdF 5
Qe &9l 50% viwke] ASHA ol Aw Holx 90% v w

A7} AolA ket WA 1/4 ool &, Z Fol FAR wold

4. A9E & glxuk BHF mofo] =X Y&l 90% o]Ao] Mol



WL, AE7E AlelA vig WAL 1/4 oo sAZ Kol YA FA

B
b
4
2!
o2
o
A
i
=)
1o
o
o
N
o
o
=)
o
[
alie
i
o
f
a0 9
Hi
flo
)
o
paes
ales

3.4.3. gEANE 42 2PN 4

Z 12078 9] 9+7 Sprague Dawley #E (275~300 g) = Charles
River Laboratories(Charles River, Senneville, QC, Canada) A
T4kl Atuka, Inc.old #EElEUH EE F& AdS CCAC
Zrel=ekelat TACUC =9l &' A8 ZEEZ(AUP)Ol  we)
AtukaAtell Al F3Eglom, 2 Ao st [ACUC HWH3+&=
6606.0.39 4 tt.

Qo) uE F AR AR 1599 Ag s1zke] AZHAFU

1
SAFPEYUL. HEE Aolx 27t BF 2E(21 £ 2° 0)9 =4

Aol SA (e 6AFE oF 6A7HA = AR A ARFEHIoH

A}E (Teklad 7912, Harlan, Madison, WI, USA)%} &< =§=o]
ojlgg  F AR F U AG= TEAYE&E Y3 (CCAC)

Q1 gk

7hol =2l S=Adad 993 TACUC) 7}

ol

S=AAAGA (AUP) ol whe} =3 ¥ 51U
54



el Al Aol 12719 189 ATt AHEEHASYL 7 AR
el 10vke] el R=7E LAEJUFYE(E N o= 120vke]e] RD).

AaE 3N A%Hel AR THOE wrel AgHgor, 7 T3

-

AM Ax oM FAAE R, i 73 eld e AR

u
<F ALYtk Vehicle (0.5% methyl

=l
i
o
)
dlo
-
L
o
fu
™
i

cellulose, Sigma—Aldrich, St—Louis, MI, USA), 1lo X+
OJAEHHIEAL t = 0o AFE FoIsta 60% F(t = 60%)°]
g5 mgkg SO= FARFUH 7HEsA= 602 5
F7b2 BAAREUTHE = 120).

7 5w GEe v HAEAN F8 88 Z3domA

T

H7tE AU SFERAYE Fo & 60% (vehicle, 1lo E+

3.5. in vivo ¢¥&8, AA o] &E H vlFAdA9 { F H|E& AT

9~105" ] 3 CrliCD-1 vh-A5 vl= ZA 2 AgadA
Tsted A A 12/ SR ASE AL e 2R =AM
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il

$43 B2 Afzel AFHYSUL. MYE RE @A

=
N

Frontage Laboratories Inc.9] 7% & #g 9 Ag
Y3 JACUC) 9] HE W £olg woksy )
PO Fo Ador=  wfgAoA  DMSOO  E8¥  1los

Folguth PEG400 (1:3, viv)& 7HilX

m
i

i FoAgsUT g
Foo] Afex DMSO €38 1log FoA3FUch PEG400:
A4 (1:3:6, viv)E 1mL/kge & mE Ao Z2olg ).

IN 5999 4%, s=°] &%

S
]

i

sk

4 ALEE DMSO] g3

H
-
(@]
o
o
2
e
I
2
oo
S
A\l
Q1
S
—

g 27y 249 =gEUt 7 g9
wowdel #H5 Al a4 2FelA A whee wheaE
AMZEHIEFYTH AP PO W IN F19] 4% 0.5, 1, 2, 4, 8, 2443,

IV 5999 A% 0.083, 1, 2, 4, 8, 24A7IdHFULE oA e

Aol ez ¥ AE G Cold 10&3F 2000xgez A7) elA

AAEYAFUE olgA €2 LS 1lo sE2 4" WA -

ﬂ
o
O
i
Jo
>
=
bt
Jfu

S

44 WERLe]l RasUt 7 FEeN w2

g4 4l vyl PK B4 dFd AXEYe AlAHEIQl WinNolin

Version 6.2.1 (Pharsight, Mountain View, CA, USA)& A}E-3}¢]
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3.6. A=} AMelM e H) Wk &5 AT

Aol JiE o= s Hd uoF &% AT

rlr
Z
9_’(1
>
i
1o,

2!
FIH
i)
2
rlr
5y
-
@)
=
O
0Q
[©)
—
[ab)
o
o
=
&
o
2.
©)
)
5
o
1o
N
f:
offt
it
r o)
ik
g
>
ok
ofo

A= MTD A= g3l == Charles River Laboratoriesol]A] A%

8.1~9.65F%e 7% 4w o Sprague Dawley = (Rattus

norvegicus) & Totd A3 A 12417 A 11= FH FI17F A=
2 A EFE AR ES AFRo AIT F UEH

FuloA 150 mg/kg £% FO0=2 (o] 7] £ W AlE 753
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E=7(TEST) wHA 4.2.1
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Hl2 MTD d7+€°%, Marshall BioResources(North Rose, NY,

Moz #7497

ZS
Laboratories® test facility stock colony®l] =

Provantis™ (Instem LSS Ltd.,
USA) A 23t 1.3~1.44 9]

o] Fof 4 om,
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~
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33

e

SEREEE]

g HolE = Al
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AFE Fo dd =45 HolEE Provantis™(Instem LSS

Ltd., Staffordshire, UK) & AFg3lo] dAto 2 =3 9l 7S F 5T}

3.7. B4 ¥4

E7) B4 GraphPad Prism 8.3.0& A}£38}o] 355U}

Bonferroni %3+ Dunnett AF  #4(post hoc analysis)<
AAAEYE, dolg7F Ay EX7F old AS, IF 1 Apol=
Kruskal—Wallis #Ado2 HAES S vz vHZE 938 Dunn

AFS- - AR ew EASEYH. HlolEl= Hw  * SEMOE

A4 A2

2 AFM= I EHAZRA 1 H—pyrazolo [3,4 —
dlpyrimidin—6—amine o] A|EZEEZS zt= Ao AEL off Al
Aop TEA AIAE 3GAY &> AEE 2 2829 A WS
el AA 2 FAAFUHE. I T 2-EFLE-3-Alofxdd A

Ou= e deE llovw A B Aoy 84 Bl dial s
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Aol M=
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ERR
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gdrdgzel 9
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W oAb Aol o] 3He
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A 2 & 5—(N—Hydroxycarbamimidoyl)
Benzofuran Al¥ IDO1 AdA =& I+

A1 A AT WA

L-EHEFA(L-Trp) A= 7]15dd AZ(KP), AZEY YAt

BE, AW vdEel o3 dE FEARY HAH Ade 5 A 7HA

o3 ARZ =74 gUo??. z 45 AZA e L-Trp
Bas 22 ded 23 75 AX =4 oA, A U 23E AAAS

ZAsts Aoz 43 KPE E3l A YL KPolA L-Trpe 5%
At @420 Qzolyl 2,3-tho] A A YA 1 % 2(ID0O1 % IDO2)

e EFHER 23-HO|SAAYUA(TDO) O g3l N-xU-1-

L=Trp2 thrta 1mz3¥ IDO1/IDO2 %L TDO®| 298 7]%dd
A AbE9] AL ol=HE] T AME NK HMIZE dAsty, 8 T
ZA4 AXE (Treg)E GAgsta, CD4 + T AXY Tregzd #3I=

SR8k, 7H A ZHlE S8 W A Al A4S A=ske

e
12
12
2
i
dJo
i)
et
¥

A5 wekbd IDO1/ID02 % TDO Adf=

FEF WS BANOE PPANE FPRE A G A
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e

2 o DO A9 wef exlel o
oA AL W AlA = WA FE2 A (mAb) (F—AE=ZA T
Yz 3y @A 4(CTLA-4) mAb 9 & T2 g A Apd

g 1(PD-1D/==21%5" A4E gt= 1 (PD-L1) mAb) &

of|
flo

AR 2 aWo R FHHYAT A FHE we A
ARFU T

IDO1 A=z oAlAl F N7 EAEE(INCB-024360) (1),
U2 A 2= (GDC-0919) (2), 8 x=%EAEE (BMS—-986205) (3) & IDO1

G4 it I okE el £2 AFHE HAFUSG(H 1P
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Epacadostat (1)

Linrodostat (3)

Navoximod (2)

a9 7.1D0-1

IDO1 A A

3l

dujz <l

s

SENRE

o
oI

o

Aol M= Treg]

=13
=

HAE9 74 IDOS PD-L19

F+e 1DO1 9

CTLA4 =

TC -
a-

PD-1

ol
T
Top
o

r
B

)

TV ABTERNE] AjEA 1ot ATHETRA

SER RIS R

2

(N—

~5-7FE Aol vl thotol =

AT

T =
—

3ol

N_

63



hydroxybenzofuran—5—carboximidamide) & A|Z% D01 A=A
AAAZA AFstsyct. &4 U AE 76 BAA As anE
B7ret7l sl N —spolEEAlotw|d ] N-X|&A 8 W] 2-
AgAE WA AV FE2-2A A SARE d7Rsyoh =3

qeA oAA Y A4 vage FPstel Y 9IH AT neE

A

el S5 o,

A2 A AT 23

R o R? N R N
R’ 4 H —a> R' 4 H _b> R1 4 Cl
0] 0 0]
4 5 6
HO.
R? © N n
s
c N R
— R1 / H
O

382 4. 5— (N-3sto]EFA Zhatu | =) wlx5Fst F X249 §A4
Reagents and conditions: (a) NEt3, NH,OH-HCI, CH.Cly, r.t., 16 h;
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(b) NCS, DMF, 50 C, 3 h; (¢) R®*(CHy).NH», THF, r.t., 16 h.

o] WS Aol

>,
o
=)
[
a4
oty
ihla
o
A
N
L
o
2
z9,
o
o o
dlo
(i
)
2

HhE AT

MeOHelA Qo= 9 SrRyolz Al QeESAA 4

sol=sA|-3—ofole ==y EY 98 AERSHY. WxHEL 9

i

A3z Rhes syt 99 propargyl 30 AxTMAE whe o
ohE FIAE I thF 2- @l EFA M) EFE 100
1EFEHE AL 2 A HEe FRIYFUR O F 109

slEEAMYE Y= tert—FEUMEAR (TBS) ZFel o8 BRI HAY

e T ANFRzzIadgy gFoer  dZEorA 11

o?:
011
L
32

FUTh 119 YELrEs 423 ohss 122 $9597,



9
rlr
o
o

2 1o AE A 9T AR5 wet 3 dAld A HF
N-stol==Alotud 1307 HAZEGFUT 2- (Fl=FAmE)Hx
F& FEA Ae, 139 TBS IFS HEHFEIERE-

eetel=E Atgalel AASGD AT 148 Fustdsvc

!
u

(s34 5).

gt 5. 2-FAME 5 (N-tol =RA| Fpubv] o] ) wil 2 5 9
=AY 24

Reagents and conditions: (a) Iz, 20% NH4OH, MeOH, r.t., 2 h; (b)
propargyl alcohol, Pd(dppf)Cl., DIPA, Cul, toluene/THF (2:1),

100 C, 10 h; (¢) i) TBSCI, imidazole, DMF, r.t., 30 min; ii) Mel,

NaH, DMF, r.t., 1 h; iii) (chloromethyl)cyclopropane, NaH, DMF, r.t.,

12 h; (d) DIBAL—H, CH:Clz, =10 C, 30 min; (e) NEt3, NH:OH-HCI,

CH.Cly, r.t., 3 h; (f) NCS, DMF, 50 C, 3 h; (g) R?(CHs).NH,, THF,
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r.t., 16 h; (h) TBAF, THF, r.t., 1 h.

IDOTel digt &4 sgEe A axes IFN-y 2 AT
Hela Aol X3d a4 E= Ax E40d4 714 -Trpet 3
Hjoksk T 480nm¢  EF LA IFId T2 =A39

H7tE 51U TtE ICs0((half maximal inhibition concentration) %t
vehicle control tjH] 9] MR LS 7|07 AAEQOom E 7-1009]

71 A E o] Q<] u)iee. 83 341

7.9V AEA ] oA 24
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a9 8. IDO1eA 192 ¥+ veld E=. The key interacting
residues are marked and displayed as capped—stick representations
with carbon atoms in gray. Halogen bonding is drawn as a purple
dashed line, and bonding with heme is displayed as a green dashed

line. The bottom panel shows the 2D interactions.
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PART I: Discovery of Novel Dual Adenosine Aza and A; Receptor
Antagonists with 1A—Pyrazolo[3,4 —d]pyrimidin—6—amine Core

Scaffold as Anti—Parkinson’s Disease Agents

New compounds with 1/—pyrazolo [3,4 —d|pyrimidin—6—amine
core scaffolds were synthesized and characterized in vitro to
determine their affinity for human Ag2a and A; receptors. Among the
tested compounds, a few compounds displayed nanomolar binding
affinities for both receptors. One particular compound, 110, showed
high binding activities (4A2x K; = 13.3 nM; AA1 Ki = 55 nM) and full
antagonism (AA2a ICso = 136 nM; AA1 ICs50 = 98.8 nM) toward both
receptors. Further tests showed that 11o has low hepatic clearance
and good pharmacokinetic properties in mice, along with high
bioavailability and a high brain plasma ratio. In addition, 11o was
associated with very low cardiovascular risk and mutagenic
potential, and was well—tolerated in rats and dogs. When tested in
an MPTP—induced mouse model of Parkinson’s disease, 110 tended
to improve behavior. Moreover, 110 dose—dependently reversed
haloperidol—induced catalepsy in female rats, with graded EDso of
between 3 and 10 mg/kg. Taken together, these results suggest
that this potent dual Asa/A1 receptor antagonist, 1lo, is a good
candidate for the treatment of Parkinson’s disease with an excellent

metabolic and safety profile.

PART II: Discovery of 5—(N—hydroxycarbamimidoyl) benzofuran
derivatives as novel indoleamine 2,3—dioxygenase 1 (IDO1)

inhibitors

Human indoleamine 2,3—dioxygenase 1 (AIDO1) and tryptophan
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dioxygenase (ATDO) are rate—limiting enzymes in the kynurenine
pathway (KP) of Z—tryptophan (Z—-Trp) metabolism and are
becoming key drug targets in the combination therapy of checkpoint
inhibitors in immunoncology. To discover a selective and potent
IDO1 inhibitor, a structure—activity relationship (SAR) study of N—
hydroxybenzofuran—5—carboximidamide as a novel scaffold was
investigated in a systematic manner. Among the synthesized
compounds, the N—3—bromophenyl derivative 19 showed the most
potent inhibition, with an ICso value of 0.44 yuM for the enzyme and
1.1 uM in HeLa cells. The molecular modeling of 19 with the X—ray
crystal structure of IDO1 indicated that dipole—ionic interactions
with heme 1iron, halogen bonding with Cysl29 and the two

hydrophobic interactions were important for the high potency of 19.

PART 1 Keywords: Adenosine receptor antagonists; dual
antagonists; Parkinson's disease; MPTP; haloperidol;
PART II Keywords: Indoleamine 2; 3—deoxygenase 1, kynurenine

pathway; immuno—oncology;

Student Number : 2018—-36644
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