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B MBILRAIALIE S [3,4-dIEIE T E MANZ T A R E E YRR

IhERfE Y BERC  EAHHKC SEEC XEKRHAEC
RIEW* BB
CRHALKSELEGE LA 2 A BT B A% % LR 071000)
CioMILEER:  FRZGIGHKREHE  TIeM 061000)
RS RAZIRA EZR 5 A0 S L 100191)
CRRS SO S TR AR ASRE  TILRE 071000)

WE RGP E I AR R, WA T 13 S WIV IR (3 4-d) e T A . B AR L&
ZRRLIREE(H NMR ) Z BRI (C NMR A 20 955 3 A (HRMS)IEAT T 45 HIRAAIE. %t 4 #RA R 4H i (HeLa
MGC-803. MCF-7. BEL-7404) kM3 G s 4 S2 00 45 R, B bstb &R H — & PR s, MCF-7.
MGC-803 filJa 4H ik LR 2 2y - HeLa F1 BEL-7404. o, 6-[(6- FF S FR I 05| k-3 -5 ) i 225 - 1 -2 - ML Mk I 3, 4- )W g -4
i (Sim) 22 L HH B AR A R IS P, S MCF-7.MGC-80 A1l HeLa ZHfiu ¥ ICso #3/N T 30 pmolsL ™", 5 MCF-7 [J ICs
fE9(4.02+0.92) pmoleL ™!, T BB 25 4R FEIHTFF(10.120.62 pmoleL ™ YR E (593 +0.56 pmolsL ™). JHFH R
i SR U6 45 R B, R E XS Topoll AL HEIIHIENE, G EYX Topo 11 I H A FIFREHIHIEM:, X
Topo I AR I H HHIE .

KEgiE W MLMEIF[3.4-d e BUMIE; SN AR TR

Design, Synthesis and Biological Activity of Pyrazolo[3,4-d]pyrimidine
Derivatives Containing Indole Moiety

Sun, Xiaoyang®”’ Feng, Siran” Dong, Jinjiao® Feng Jiajia“ Liu, Zhenming®

Song, Yali** Qiao, Xiaoqiang®*“

(“ Key Laboratory of Pharmaceutical Quality Control of Hebei Province, College of Pharmacetical Sciences,
Hebei University, Baoding, Hebei 071000)
(® National Drug Clinical Trial Institution, Cangzhou Central Hospital, Cangzhou, Hebei 061000)
(° Drug Design Center, State Key Laboratory of Natural and Biomimetic Drugs, School of
Pharmaceutical Sciences, Peking University, Beijing 100191)
(¢ Key Laboratory of Medicinal Chemistry and Molecular Diagnosis of Ministry of Education,
Hebei University, Baoding, Hebei 071000)

Abstract Based on the combination principle in drug design, thirteen pyrazolo[3,4-d]pyrimidine derivatives containing
indole moiety were designed and synthesized. The target compounds were confirmed by '"H NMR, *C NMR and HRMS. Their
in vitro cytotoxicity against four human cancer cell lines (HeLa. MGC-803. MCF-7. BEL-7404) has been investigated and
most of the tested compounds displayed moderate antiproliferative activity. Especially, compound 5m exhibited the highest
level of antiproliferative activity with an ICs, value <30 pmol-L71 for HeLa, MGC-803 and MCEF-7. ICs, value of methyl
3-((4-oxo-1-phenyl-4,5-dihydro-1H-pyrazolo[3,4-d]pyrimidin-6-yl)thio)- 1 H-indole-6-carboxylate (5m) to MCF-7 was (4.02 &
0.92) pmoleL ™!, which was better than etoposide (10.10.62 pmol+L™") and camptothecin (5.93%0.56 pmol<L™"). Further
biological evaluation of these compounds suggested that these compounds showed selective inhibitory activity against Topo II
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as a possible intracellular target, and all compounds didn’t show inhibitory activity against Topo I.
Keywords indole; pyrazolo[3,4-d]pyrimidine; anticancer; topoisomerase; molecular docking

ML I [3,4-d) W e Fh AL MR A 5 I e A AR 45 i, AR
NEERIFEAENS [ Rh & 2530 R G0 B A B EZ LA
g O Ry BAARRY. BuEt T fumaEt
PO PR L AR T
[3.4-dEWE AL S MR IBE BT R AL & B AT R 4h
iR A PRSBSOS AR, Bk A
FSAN () 5 (A T R L 0 [ 3,4~ W WE A7 A2 4, 3 T O i
HA S RUEME R EY, 21 KBHWIEN ST Tk
.
| RS AT A 0 v T R R AR 7 W 0 3 e R 24 LA
FR T2, FEZ3 e SR T Tz i R, )
WA AT Lol BRI S R AR, 4 ST
JiiviRE 25 i) BERZ BAB R [, RSO [ A AR 25 T A A

ST M [3,4-d W e AL S AT SR AL A P
PUIIRIAE A, A SCARRE 2590001 v () A i P 2 A
52 N R R O W S 3,4 W T 5N [ — 43+,
wit& s 13 NMEEY. BistEr g
SR . BRI A = 20 D v HEAT BIE, R
4 Fp N\ R R 41 il (HeLa. MGC-803 MCF-7. BEL-7404)
XFEMEAEPIEAT T U R I, g5 SRR H ARk
BHIRE 4 BRI e 4 0 I H o SR B AR 1. 4T
XHERE R, BAnEY5 Topo I ARRINES &

R APt
NH X
'/‘l N~ > sH N
R! o

B1 AR [3,4-d] e AT YR
Figure 1 Design of pyrazolo[3,4-d]pyrimidine derivatives pos-
sessing indole moiety

1 GR5vHe
1.1 LEYHNER

AHFFLL 2-FIE-3- CEFER IR L BE(1) Nt ih 5
KBl B2 SEPFOKE IS et &4 21224,
SRIGAETC /K 2 R 5 2K B I S i S BR T S I 2B R AL &
Wy 31 &Y 3 7F 2 mol/L NaOH Wi 100 °C R [A|
W 20 min J5, ZERERAL, LA RS 462
wIE AW 4 55 AR B IE RG]k & A o5 L EAAS 21
Hbrfb &4 5128,
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o)
0
0 o R'NHNH, N7 o>
— )= EtOH, refl N
NG , reflux / NH,
RO

o}

1
COSCN
O/\
N | S
o)

4
N (i) NaOH, 100 ‘C
MeCN, reflux / H nin (i) CH;COOH
R1
3
o
NN NTNF % NH —NH
N N S H N | /)\ [ 2
/R DMSO, I, I N \/R
R H,0,, 60 °C R V.
4 5

5a: R' = Ph, R? = 5-OCHjg; 5b: R' =H, R? = H; 5¢c: R' = H, R? = 5-OCH3;
5d: R' = H, R? = 1-CHj; 5e: R" = Ph, R? = 6-F; 5f: R' = H, R? = 5-CHj;
5g: R' = H, R? = 6-COOCH3; 5h: R' = H, R? = 6-F; 5i: R' = Ph, R? = H;
5j: R" = Ph, R? = 5-Cl; 5k: R' = Ph, R? = 1-CHg; 5I: R" = Ph, R? = 5-CHj;
5m: R' = Ph, R? = 6-COOCHj3

B 1 AR LA
Scheme 1 Synthetic route of target compound

1.2 WLEDRURIE RN

HArb B IIRE I il = P
RAEFIN. DIMLED) Sm BT BE 0T, fENT 4
1R "H NMR B P 7E 6 12.91 (s, 1H) Mg EHEA % L
FIJRFUE, 6 12.22 (s, TH) MR E BB FI%, 6 8.19
(s, TH) NI MEIRER I i T4, 6 8.27 (s, 1H), 7.75 (d, J=
8.4 Hz, 1H), 7.66 (d, J=8.4 Hz, 1H), 7.41 (d, J=8.4 Hz,
2H), 7.10~7.13 (m, 1H), 6.93~6.95 (m, 2H)4t NFEIL
WS EER_FFR I, 3.90 (s, 3H) ML Bl ik, BC
NMR 3% & s 5 715 5 A=A R o o 6: 167.0,
161.1, 157.6, 151.4, 138.0, 137.0, 136.1, 136.0, 132.8,
128.4, 126.1, 123.3, 121.0, 120.0, 118.6, 114.0, 104.6,
95.6, 51.7. HA ik S msne 3 b B R ok (115 5 6 4y
BN 6 167.0, 161.1, SR T A& WS nE IR 15 5
Ry 6 157.6, FadErh FEZERIE THIESERN § 51.7,
AR AR, BIGER, IEPRIRRR R T 15 S, H
H o 132.8, 120.0 73 Al ARFE 9 0T FR R Bk 1) 2 28 ik
{551¢. HRMS &R E/R CH sNsOsS [M—H] it51{E
416.0817, MIEAH 416.0820, 1] LLAfIN AL AW Sm (1) 5
THETIE
1.3 RN

B NG| P I e [ 3, 4 -] T I 2R A0 A P D IS L
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Figure 2 Proposed mechanism

P )M R B, MR IE[3,4-d]mEnE BRI 1Y
AR B AR IR ISR, SRS 1, B AE R H A ]
YA, A 5B BRI R B, B HEAN 2 HI 15
FIHWAY S5, R HI 8% H0, FAb K 1 4k 4k
Z 5 R M.
1.4 LEVRIRHEEEAR

A HeLa, MGC-803, MCF-7, BEL-7404 /U Ff: % 41
A B2 AR GE N, SR ERR (M T35 13 ML &4k
177 T98 01035 M R AR F2 B B (CPT) AR HE 9
(Etop051de)1’Fjj|3Ei PRI AL Rk 1 Pox.
BT UL 1Cso (R BARMELEEI%T MGC-803 H
MCF-7 [ 40 B 2 300 B 3 ) il 36 1%, % HeLa A
BEL-7404 g 4nfaspalig iz, BBt a R,
FL 8 Ph i Rz s s s R SR T H. Ko, (L AIS,
51 % MGC-803 i 4t i A3 it v, J 1Cso (B 70N
(7.82£1.06) pmolsL "', (14.540.47) umol-L '; tb&4
Sm HUMR IS TR, % HeLa, MGC-803 Fl MCF-7 =7
JHIRE 40 B 1C s {E 2/ T 30 pmoleL ™", % MCF-7 ] ICs
{8 N (4.02 £0.92) pmoleL ™", I F XF F& 25 W 4K ¥ o1 4F
[(10.1£0.62) pmoleL ™ '1FI¥E =AM HK[(5.93 +0.56) pmols
L' th&Y sm w1 LAEN— AN 1P o Tk AT it —
BT
1.5  $RFMFAABGIEMNIK
1.5.1 4637 A8 1 &P

TSI R, Topo 1 A LAf# DNA f#E, A8 mifa
HAR A DNA, #b &4 5a~5m el Topo 135,
HMEWEA ) pBR322 JFiR DNA 4 JCE AR e b ot 7
DNA. HE 3w, &Y 5 /W 100 pmoleL " it
Topo 1 A3 I H 7.
1.5.2 463l FHMEs 11 &M

I SIS S R, Topo 11 AT LU DNA fiftlie, 28 ks
shARAS I DNA, R, #AY) Sa~5Sm fediif] Topo 11
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1 ALABY Sa~5Sm RSN INH]IE M 1Cs E

Table 1 Anticancer activity of compounds 5a to Sm as ICs,

ICSO/(pmobL*l)
HelLa MGC-803 MCE-7 BEL-7404
5a 48.11+0.83 27.9710.88 38.42+0.92 >60

Compd.

Sb >60 >60 59.55+0.67 >60
Sc >60 >60 >60 >60
Sd 47171134 >60 >60 >60
Se >60 42.81%£1.14 31.12%0.77 >60

5f >60 48.681£0.53 49.48 1+ 1.07 >60
S¢ >60 44.01£1.13 52.90£1.65 >60
5h >60 34.76+0.55 59.921+0.80 >60

5i 41.8610.58 7.82+1.06 56.661+0.75 >60

5j >60 37.51+0.71 >60 >60

S5k >60 >60 40.8910.92 >60

| 432711.65 1451047 26.261+0.83 >60

5m 14.85%1.17 28.11%3.604.02+0.92 >60
CPT 3.26%030 4.35+047 593%+0.56 13.64+0.39
Etoposide 3.02+0.80 2.61+0.74 10.1+0.62 9.45+1.38

© 2020 Chinese Chemical Society & SIOC, CAS

i00umollL D T C

5a 5b 5¢ 5d 5e 5f 5g 5h

Relaxed

Supercoiled

100 umol/k D T C 5i 5j 5k 51 5m

Relaxed

Supercoiled

B3 LAY 5a~5m Xt Topo I IS 14
Figure 3 Enzymatic inhibitory activities of compounds Sa~5m
against Topo I
D: pBR322 DNA; T: pBR322 DNA+Topo I; C: pBR322 DNA+Topo
I+ CPT; Sa~5m: pBR322 DNA +Topo I +compounds 5a~5m
W, IR EAS Y pBR322 JiURL DNA ¥4 01 fff 1 LA 5t
U DNA. tHE 4050, &%) Sa~5m £E#KE 100 pmols
LB} Topo IT R HEGRAMHIEE. (L&) Sa~5m
FRHNN Topo 11 361401l 7).
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100umol/lL D T C 5a 5b 5¢c 5d 5e 5f 5g 5h

Relaxed
Supercoiled

100 umol D T C i 5k 51 5m

Relaxed
Supercoiled

B4 L&Y 5a~5m 5t Topo IT HIHHIE
Figure 4 Enzymatic inhibitory activities of compounds 5a~5m

against Topo 11
D: pBR322 DNA; T: pBR322 DNA +Topo II; E: pPBR322 DNA+ Topo II
+Etoposide; 5a~5m: pBR322 DNA + Topo II+compounds 5a~5m

1.6 SFIHEHAR

27 AW Sm Al Etoposide 5 A3 Topo 11 (PDB
ID: 3QX3) XL FL4h R, MWER A FE /i T &9
Sm 5 Topo IT ({36 HEAT 5 B 7% L 11 45 S 1.

P 5 5 DNA-Etoposide-Topo 11 £ &I ECAA 0.5 nm
JEHEN K 2D i, IWEIF AT BIE H: Etoposide #
DC7.DG11.DG13.GLN778 Fl ASP479 ZhL Bt FHl, fir
T Topo I ¥&HEAL S 0. Hh, B S E X LA
75 DG13 Fl ASP479 7k Bl id S BAH TAE A, B4R
JRFRTLLS GLN778 BRIETE S BAEH, C 5
DG13 5L n-n AHHAEF.

Bl 5 Etoposide-Topo II ft)&5 &4k 20K
Figure 5 Proposed binding mode of Etoposide with Topo II

& 6 y DNA-tb &) 5m-Topo 11 E&MIHIECAE 0.5
nm JEE A K 2D S K, EBFATLLE H: (6EY Sm b
FIEIEIA T LA S AGR503. DA12. DG13. DG10 53¢
BARILTE R - AHEAEH, WIMEA BEEIES LYS456 B
FRESREA EAEH, 7 M3, 4-d) s mE 7] LA Topo
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I P2 AEHKPER 1. Bkl &0, 1b&% Sm nl LA
Topo II FIFEPE 1148, 5 Topo II-DNA L4 5 &M45 &%
EZEEY), MMRILHE Topo 1T A0S 4.

o

LEU
e B: 780

Bl 6 1b&% Sm-Topo II HI4E AR
Figure 6 Proposed binding mode of compounds 5m with Topo
II

2 i

A SR 259 it AR i e 3 A PR IR B, 1
THE LT 13 AN B W R I e I3, 4-d W e R AT A9, 4
MO BTG5 SEAG MR 45 SRR W B ARb SRR B
SRR (PR IE M, X MCE-7.MGC-803 83 41 i bk
UK =T HeLa £ BEL-7404. b, 484 sSm FI
R RSN IS 1, X MCF-7. MGC-80 1
Hela 40 [¥) ICso 35/ F 30 pmoleL ™", %} MCF-7 ] ICs,
L) T (4.024£0.92) pmoleL ™", It xf HE 25 M4k FE i
[(10.1 £0.62) umolL ~ "1 F1 ¥ B #H B [(5.93 £ 0.56)
pmoleL '], fbA 1 R FH v Ph Ak i gd 10 1) 35k 9 1k i
T H. TG se i s KR, M EwiE
100 pmoleL ™" ¥R X} Topo I KFHLHMEEE, X
Topo I FIH A FEIFEEHIHTEME, A% Topo
I1 A5 e o) 3o ek

3 SCIEE4e

3.1 UHF5EH

SGW X-4 A sSA (iR B A B BH A PR A D,
K KZIE); Bruker AVII-600 MHz #% #h 3t 3% i i 1
(Bruker); Q EXACTIVE & 43 ¥ i 1% 43 HT 1 (Thermo
Fisher Scientific); LDZX-30KBS 373 & /172575 K i 2%
(LW 2 BEIT 8800 ); W-CI-ZDF g & (L biss
SIS ), HF90 B CO, 55 7= F (I 7 S AN 28 B %
PR A7), Synergy HT HYEGHR1X (3K E BioTek A l);
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DYY-12 B 3KA (AL /T /S —4%#8)); Tanon-1600 #EAZ
FRAGA(E R RERH A PR A A, He wl A FE FI AR 4
RE A8 N [ P sl O A Al S AR, TEAKAR TR
Yo T IR AL HE
3.2 ZLWHE
3.2.1 b 2 a94 %

S-S -1 H-MEMe-4- R 2R Bl 5-2 - 1-43E-1H-
ML -4- R 2,8 (2) & BT VR 26 2 25 SR [23, 24], &
TEH 5 STk — 2K
322 b 3 aga R

YA 0.97 g (10 mmol) KSCN ] 20 mL JE/K 2%
TR, 18R NS (12 mmol) i) Z B VE I, PiFE
[E197E 45 min, FR23 KC 75305 €0 1 25 B I e sE R I 1Y)
CEHH, BT T —2 RN

W IR 2K H B S i AR TR 1 S i A8 T R AL
EW 2 WORERTR, 80 CIRIMR N, # 2 G (TLC)
W R RIHFE, 29 6~8 h JRIEE . F B R BICE
FIZET, 193] 5-[(3-7K 9 28 ) it IR Jik 1- 1 F7- b -4 F 7
LBEEY, 5-[(3-2K FH RIS B IR I ]-1- 2K 5 - 1 M k-4 FR R
LBE@G), BT N2 R
323 iLbdh 4 d9hm

FREL 10 mmol tL&4) 3 ¥&T 40 mL 2 molsL™' [
NaOH ¥, FHE 100 ClRlIA 30 min, ¥4 % =500
NFERBUK, BRI AT K& Ay, &G Kk,
T e OB EL R, 14 6-ifR-1,5,6,7-VU S -4H-ME M IF
[3,4-d]WENE-4-BH B 1-78%E-6-1mR-1,5,6,7- VY -4 H-L ik
FE[3,4-d)BEBE-4-T(4). WED 4 RALEHE S SCIv(E—
2T PR 68%~79%.
3.2.4 b S a9b R

¥ 1 mmol L&) 4. 1.1 mmol UL HE, 1.2 mmol
H,0, JHA 25 mL [FJ&RGE, A 6 mL DMSO ¥fiE. fin
& 60 CJE A 0.2 mmol F I, TLC Wil s v HEFEZ)
0.5 h M EEHR. BNk RAHE IR, BN
REREN KB, R ABEZEHL(20 mL X 3), A AL
FH, TEOKBR BREA T S5 SO R, — &R e/ R R AR &R
(V1 V=60 : DIEIESEFUEYS. 772 53%~T75%.

6-[(5- FF AR B 05| k- 3-8 ) i 3 - 1 - S - L e I 3,4-d]
U -4- i (Sa): H BB AR, IKE 61%. mp. 167.6~
170.7 °C; "H NMR (600 MHz, DMSO-d;) 6: 12.77 (s, 1H,
Pyrimidine-NH), 11.68 (s, 1H, Indole-NH), 8.18 (s, 1H,
Pyrazole C=CH), 7.74 (d, J=2.6 Hz, 1H, ArH), 7.54 (d,
J=8.1 Hz, 2H, ArH), 7.50 (d, J=8.8 Hz, 1H, ArH),
7.12~7.14 (m, 1H, ArH), 7.01~7.04 (m, 3H, ArH), 6.92
(dd, J=8.8, 2.2 Hz, 1H, ArH), 3.68 (s, 3H, OCH;); "°C
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NMR (151 MHz, DMSO-d;) d: 161.6, 157.6, 154.5, 151.5,
138.1, 135.9, 133.8, 131.6, 129.2, 128.5, 126.0, 119.9,
113.1, 112.3, 104.6, 100.3, 94.1, 55.4. HRMS (ESI") calced
for C,0H1sN50,S [M—H]~ 388.0868, found 388.0867.
6-[(M5] -3 35 ) i 25 | ML 1o 5 [ 3,4 g -4 (Sb):
R AK, IR 68%. m.p. 247.6~249.8 “C; 'H NMR (600
MHz, DMSO-dy) 0: 13.42 (s, 1H, Pyrazole-NH), 12.32 (s,
1H, Pyrimidine-NH), 11.79 (s, 1H, Indole-NH), 7.90 (s,
1H, Pyrazole C=CH), 7.83 (s, 1H, Indole-CH), 7.48~
7.51 (m, 2H, ArH), 7.19 -7.22 (m, 1H, ArH), 7.10~7.12
(m, 1H, ArH); >C NMR (151 MHz, DMSO- d;) d: 160.3,
158.2, 153.8, 136.4, 135.3, 133.7, 129.1, 122.0, 120.1,
118.1, 112.2, 102.6, 94.2. HRMS (ESI ) caled for
C13HgNsOS [M—H]™ 282.0450, found 282.0451.

6-[(5- HH 48 F 15| Wik -3- 7k ) ft ik b e - [ 3,41 P g -4-
fil(5¢): AR A, WE 62%. mp. 193.7~196.2 C; 'H
NMR (600 MHz, DMSO-ds) &: 13.45 (s, 1H, Pyra-
zole-NH), 12.28 (s, 1H, Pyrimidine-NH), 11.67 (s, 1H,
Indole-NH), 7.92 (s, 1H, Pyrazole C=CH), 7.78 (s, 1H,
ArH), 7.40 (d, J=8.8 Hz, 1H, ArH), 6.95 (s, 1H, ArH),
6.85 (dd, J=8.8, 2.1 Hz, 1H, ArH), 3.73 (s, 3H, OCH;);
BC NMR (151 MHz, DMSO-dy) d: 160.2, 157.7, 154.5,
153.6, 135.1, 134.2, 131.2, 129.6, 113.4, 112.5, 102.4,
100.2, 93.7, 55.3. HRMS (ESI") caled for Ci4H;NsO,S
[M—H]~ 312.0555, found 312.0557.

6-[(1- FF J5k 1| e -3- 22 ) it 225 bk 1o 3 [ 3,4 -] V6 Wi -4- ]
(5d): AERE, IE 72%. mp. 281.3~284.4 C; 'H
NMR (600 MHz, DMSO-ds) d: 13.44 (s, 1H, Pyra-
zole-NH), 12.33 (s, 1H, Pyrimidine-NH), 7.91 (s, 1H, Py-
razole C=CH), 7.84 (s, 1H, ArH), 7.57 (d, J/=8.2 Hz, 1H,
ArH), 7.50 (d, J=7.9 Hz, 1H, ArH), 7.26~7.29 (m, 1H,
ArH), 7.14~7.17 (m, 1H, ArH), 3.88 (s, 3H, CHs); "°C
NMR (151 MHz, DMSO-d;) d: 160.0, 157.8, 153.5, 147.2,
137.2, 135.2, 129.5, 122.2, 120.7, 118.6, 110.7, 102.5,
92.9, 32.7. HRMS (ESI") caled for C,4H;(NsOS [M—H]~
296.0606, found 296.0605.

6-[(6- T, 5] e -3- 56 ) it FiE 1- 1- 2% 5 — bk 1 3 [3,4-] M5
WE -4- B (Se): H B4 K, UK 60%. mp. 283.1 ~
285.7 “C; 'H NMR (600 MHz, DMSO-d;) J: 12.86 (s, 1H,
Pyrimidine-NH), 11.87 (s, 1H, Indole-NH), 8.19 (s, 1H,
Pyrazole C=CH), 7.83 (d, J=2.5 Hz, 1H, ArH), 7.55 (dd,
J=8.6, 5.4 Hz, 1H, ArH), 7.46 (d, J=7.9 Hz, 2H, ArH),
7.42 (dd, J=9.8, 1.8 Hz, 1H, ArH), 7.14~7.17 (m, 1H,
ArH), 7.01~7.04 (m, 2H, ArH), 6.97~7.00 (m, 1H, ArH);
C NMR (151 MHz, DMSO-ds) 6: 161.3, 159.3 (d, J=
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235.7 Hz), 157.5, 151.4, 137.9, 136.6 (d, J=12.9 Hz),
136.0, 134.1, 128.4, 126.0, 125. 7, 120.0 (d, /=10.4 Hz),
119.8, 108.8 (d, J/=24.4 Hz), 104.5, 98.3 (d, J=25.6 Hz)
95.2. HRMS (ESI) caled for CioH;;FNsOS [M—H]
376.0668, found 376.0667.

6-[(5- FF 25k M| WAk -3 - 56 ) i 25 UL 1 3,4~ P Wi -4 i
(5f): AR, I0H 67%. mp. 232.5~2354 C; 'H
NMR (600 MHz, DMSO-dg) o: 13.46 (s, 1H, Pyra-
zole-NH), 12.23 (s, 1H, Pyrimidine-NH), 11.67 (s, 1H,
Indole-NH), 7.95 (s, 1H, Pyrazole C=CH), 7.76 (d, J=2.3
Hz, 1H, ArH), 7.39 (d, /=38.3 Hz, 1H, ArH), 7.28 (s, 1H,
ArH), 7.02 (d, J=8.3 Hz, 1H, ArH), 2.36 (s, 3H, CH;); "°C
NMR (151 MHz, DMSO-dy) J: 162.8, 158.5, 153.8, 135.0,
133.6, 129.4, 129.2, 123.8, 117.8, 112.1, 99.9, 93.4, 54.9,
20.9. HRMS (ESI ) caled for C4H;(NsOS [M—H]
296.0606, found 296.0605.

6-[(6- FF 48 i ik 15| Wi -3- 5 ) it ik ] Ak M4t I [3,4-d1] 15
WE -4- il (Sg): A Bk AR, W E 53%. mp. 2705~
272.9 C; 'H NMR (600 MHz, DMSO-d;) o: 13.41 (s, 1H,
Pyrazole-NH), 12.45 (s, 1H, Pyrimidine-NH), 12.17 (s, 1H,
Indole-NH), 8.16 (s, 1H, Pyrazole C=CH), 8.08 (s, 1H,
ArH), 791 (s, 1H, ArH), 7.73 (d, J=8.2 Hz, 1H, ArH),
7.59 (d, J=8.2 Hz, 1H, ArH), 3.88 (s, 3H, OCH,); "°C
NMR (151 MHz, DMSO-dg) d: 166.9, 159.6, 157.7, 153.5,
137.2, 135.9, 135.1, 132.9, 123.4, 121.0, 118.4, 114.3,
102.6, 95.3, 51.9. HRMS (ESI") calcd for C;5sH;(N5O3S
[M—H] 340.0504, found 340.0503.

6-[(6- % 5] e -3- J55 ) fi = ] Wbt WA 5 [3,4-d1] % W -4- i
(5h): BERBE, IKE 66%. mp. 231.5~2352 C; 'H
NMR (600 MHz, DMSO-dg) o: 13.45 (s, 1H, Pyra-
zole-NH), 12.11 (s, 1H, Pyrimidine-NH), 11.84 (s, 1H,
Indole-NH), 7.99 (s, 1H, Pyrazole C=CH), 7.84 (s, 1H,
ArH), 7.46~7.48 (m, 1H, ArH), 7.30 (dd, /=9.8, 2.1 Hz,
1H, ArH), 6.95~6.99 (m, 1H, ArH); *C NMR (151 MHz,
DMSO-dy) o: 159.5, 159.3 (d, J=235.8 Hz), 158.0, 154.0,
139.1, 136.4 (d, J/=13.0 Hz), 134.3, 125.7, 119.6 (d, J=
10.1 Hz), 108.9 (d, J=24.5 Hz), 102.8, 98.5 (d, /=26.0
Hz), 94.9. HRMS (ESI ) caled for C{3H,FNs;OS [M—H]
300.0355, found 300.0356.

6-[ ("] Wie-3-F5 ) Tl 2k 1- 1- 2R B — ML I 5 [3,4-of W% Vg -4-
fi(5i): AEEER, WE 56%. mp. 250.3~253.3 C; 'H
NMR (600 MHz, DMSO-ds) J: 12.81 (s, 1H, Pyrimi-
dine-NH), 11.81 (s, 1H, Indole-NH), 8.18 (s, 1H, Pyrazole
C=CH), 7.81 (d, J=2.6 Hz, 1H, Indole-CH), 7.62 (d, J=
8.2 Hz, 1H, ArH), 7.56 (d, J/=7.9 Hz, 1H, ArH), 7.43 (d,
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J=7.9 Hz, 2H, ArH), 7.27~7.30 (m, 1H, ArH), 7.10~
7.15 (m, 2H, ArH), 6.96~6.98 (m, 2H, ArH). *C NMR
(151 MHz, DMSO-d;) J: 161.5, 157.6, 151.4, 138.0, 136.6,
135.9, 133.4, 129.0, 128.4, 126.0, 122.1, 120.3, 119.8,
118.6, 112.3, 104.6, 94.7. HRMS (ESI ) caled for
C1oH2NsOS [M—H]™ 358.0762, found 358.0762.

6-[(5- 58, 15] e -3- 5 ) A L 1-1- 4% 5 — b e - [3,4-d s
WE -4- B (55): A BB R, WE 65%. mp. 2594 ~
261.3 “C; 'H NMR (600 MHz, DMSO-d;) d: 12.86 (s, 1H,
Pyrimidine-NH), 12.00 (s, 1H, Indole-NH), 8.19 (s, 1H,
Pyrazole C=CH), 7.89 (d, J=2.7 Hz, 1H, Indole-CH),
7.63 (d, J=8.7 Hz, 1H, ArH), 7.60 (d, J=1.8 Hz, 1H,
ArH), 7.47 (d, J=7.8 Hz, 2H, ArH), 7.29 (dd, J=8.7, 2.0
Hz, 1H, ArH), 7.12 - 7.15 (m, 1H, ArH), 7.00~7.03 (m,
2H, ArH); "C NMR (151 MHz, DMSO-dy) 6: 161.2,
157.6, 151.4, 138.1, 136.0, 135.0, 130.4, 129.2, 128.5,
126.1, 125.2, 1223, 119.9, 118.0, 114.0, 104.7, 94.7.
HRMS (ESI ) caled for C;oH;;CINsOS [M — H]
392.0373, found 392.0372.

6-[(1- F FE 5 W -3- 3 ) A 3 - 1 - % JE I e 3 3,4 %
WE -4- i (Sk): E 8 K, IE 65%. mp. 234.1 ~
236.2 ‘C; "H NMR (600 MHz, DMSO-d;) 6: 12.79 (s, 1H,
Pyrimidine-NH), 8.18 (s, 1H, Pyrazole C=CH), 7.81 (s,
1H, ArH), 7.68 (d, J=8.3 Hz, 1H, ArH), 7.57 (d, J=7.9
Hz, 1H, ArH), 7.44 (d, J=8.1 Hz, 2H, ArH), 7.33~7.35
(m, 1H, ArH), 7.17~7.19 (m, 1H, ArH), 7.10~7.13 (m,
1H, ArH), 6.98~7.00 (m, 2H, ArH), 3.89 (s, 3H, CH3); "*C
NMR (151 MHz, DMSO-d,) J: 161.4, 157.6, 151.4, 138.1,
137.3, 137.0, 135.9, 129.4, 128.5, 126.1, 122.2, 120.5,
119.9, 118.8, 110.6, 104.6, 93.5, 32.9. HRMS (ESI") calcd
for C,0H,NsOS [M—H]~ 372.0919, found 372.0917.

6-[(5- F FE 5| W -3- 3 ) A JiE - 1 - % JE I e 3 3,4 %
WE -4- i (SI): B B oK, E 69%. mp. 254.8 ~
256.6 ‘C; "H NMR (600 MHz, DMSO-d;) 6: 12.78 (s, 1H,
Pyrimidine-NH), 11.69 (s, 1H, Indole-NH), 8.18 (s, 1H,
Pyrazole C=CH), 7.74 (d, J=2.6 Hz, 1H, Indole-CH),
7.49 (d, J=7.6 Hz, 3H, ArH), 7.36 (s, 1H, ArH), 7.10~
7.14 (m, 2H, ArH), 7.00~7.02 (m, 2H, ArH), 2.35 (s, 3H,
CH;); “C NMR (151 MHz, DMSO-dy) J: 161.4, 157.4,
151.4, 138.0, 135.9, 135.0, 133.4, 129.3, 129.1, 128.5,
126.0, 123.7, 119.9, 118.1, 112.0, 104.6, 93.6, 21.1. HRMS
(ESI") caled for CyHs2NsOS [M—H]~ 372.0919, found
372.0925.

6-[(6- F 480 i 258 M| Wik -3- L ) i ]-1- 2R 2 — i e 3
[3,4-d] W& BE -4- B (Sm): B8 K, IR 75%. mp.
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295.4~296.5 ‘C; 'H NMR (600 MHz, DMSO-d;) o:
12.91 (s, 1H, Pyrimidine-NH), 12.22 (s, 1H, Indole-NH),
8.27 (s, 1H, ArH), 8.19 (s, 1H, Pyrazole C=CH), 8.07 (d,
J=2.7 Hz, 1H, ArH), 7.75 (d, J=8.4 Hz, 1H, ArH), 7.66
(d, J=8.4 Hz, 1H, ArH), 7.41 (d, J=8.4 Hz, 2H, ArH),
7.10~7.13 (m, 1H, ArH), 6.93~7.95 (m, 2H, ArH), 3.90
(s, 3H, OCH;); C NMR (151 MHz, DMSO-d;) : 167.0,
161.1, 157.6, 151.4, 138.0, 137.0, 136.1, 135.9, 132.8,
128.4, 126.1, 123.3, 121.0, 119.9, 118.6, 114.0, 104.6,
95.6, 51.7. HRMS (ESI") calcd for CyH 4N5O5S [M—H]~
416.0817, found 416.0820.
3.2.5  HAFIE &K

FUHRE EMRA R MTT Ze )220 T 96
FUBR RN B, 90 pL/4L, 4ifussE 2X 10* 4>/mL,
37 C, 5% CO RN FRAM IR, N 10 pL/FLAER
WEEZW)(100 pmol/L), 4kEEREFE 44 h, JIWEMETE(MTT)
10 puL/ALESFE 4 h, WEEFRAEHELH, WO BRI, =
H B EH(DMSO) 100 puL/AL¥EfE MTT, BEbR R &
FL 490 nm B KAROAE, EREME =R, A 1
#%(%)=1—(0D sn—0D =)/ (OD mux—0D u¢)X
100 % 15 ICs fH.
3.2.6 463 FAMBEEIPH]) F PN K

IR 1 AR VA S R OSCHR[29]. R AL
1T PIFRECS R 77 12 BEOCRR[29).
32,7 ST EHR

ASCE IR DNA #7148 1 &444(PDB ID:
3QXIENZARKERL, DAKFEIAFE BT AL (A7 B s v
H4%. f#H Schrodinger Suite H' Maestro 10.2 #A4H]
Glide EH(BAF AL RRF0 T WHit 50 = FR LS HF)
BEAT 73 P, &%, FIH LigPrep T HAHECRAL Ak i
% SRJGFIF Protein Preparation Wizard fREe v & 52k
wH: ReEil, BEEIERTREEA Loop X, MNHAT.
23K INE; A Glide i3t Receptor Grid Generation
T H LGB AR O AT 2 i B E, RSP 1S
nmX 1.5 nmX 1.5 nm; #&J5HH Glide #8411 Ligand
Docking T.E LA Glide-XP #Ez0idk47 50 1% .

B AL (Supporting Information) {£54%) Sa~5m
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ARG LIRS Al . v 0 RS, X AR AT A
B 2 MAST X 3k (http://sioc-journal.cn/) b R %k,
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