1-[2-( & RkE-1-55 ) -1 H-TB| BE-5-5 | -3-ERAC B AR 6T £ 9 1E 5 CDK9 $J 4
FRIT AR AN B EEETR

TR A, x4, REL, RER, FAER, WEBE'T (L WIS, W 2% 3211005 2. R
L2 S TR, TEG TLAR 336000; 3. J8 1A 252 B, Hdk 11361102, 4. erpu b ER: , #IT 44E 321000)

WE.HEY &4 R3804 20 10 B B0 5 G AR #3859 (CDKO) 374 A 1-[ 2-( &R d-1-4% ) -1 H-v3] o -5- & | -3-BAX Bk AT 4
W, IR R B B ERRTHR ., ik AR TRA AR RA, B 6 TR EART — 25 B 4RSS Ta~Tm, FFid i
"H-NMR " C-NMR #= HRMS s$ 57 A B ARCA3EAT T S H5E , AEek 35 (MTT) B4 0] T A AL -4 3T T B 5 4o fe 2 % 4 3
FAER A BB AR - A BB (ADP-Glo ) i B 52 s Abit] 7 4R AL &4 *F CDKO 3 B 75 14 3% v , 31 A S J2 B7 4 ik Al 7 M
WMt T T iz 5 00iRE R, R AV BARLSH T BB mIeey A KEA — o dph) &k, L P4 71 Fik,
A AFF am e & (SGC-T901) 4 1Cs {5 A (2.26 £0.04) wmol - L™", B 71 xF £ % § £5 & £ & 49 i (GES-1) a9 A& 1k 4 )
(ICs >100 wmol - L™") fetkshaiE 5280 %, 71 42 1 pumol » L™ 458 F ,CDKO #8475 b 4 (21.67 + 1.47) % , i B & o
T 2R ARSI H) CDK9 TR G p-ser2 49k ik, &G, il o F 87T 40 71 648 F W25 &4 CDKO ¢4 7& M A5 5 5F B A 1R
B EAEA S, BT KA R B AR AT B 09 CDKO 34 A, A IF 040 § e S, At — S AR e & L,
KR A RIBAT A M 5 1R aa AR AR B B G B 95 B

doi: 10. 11669/ cpj. 2024. 21. 003 RESES R4 XERIRE:A  XEHES 1001 -2494(2024)21 -2003 - 08

Design, Synthesis and Anti-Gastric Cancer Activity of 1-(2-adamantan-1-yl-1H-indole-5-yl) -3-Substituted

Thiourea Derivatives as CDK9 Inhibitors

YU Mingyue'”, LIU Junhua', ZHANG Haofan’ , ZHU Desheng®* , HUANG Jiangang', HU Hongyu'* (1. Xingzhi
College, Zhejiang Normal University, Lanxi, 321100, China; 2. College of Chemistry and Bioengineering, Yichun University, Yichun
336000, China; 3. School of Pharmaceutical Sciences, Xiamen University, Xiamen 361102, China; 4. Jinhua Municipal Ceniral Hospi-
tal, Jinhua 321000, China)

ABSTRACT: OBJECTIVE To design and synthesize novel CDK9 inhibitors 1-(2-adamantan-1-yl-1H-indole-5-yl) -3-substituted
thiourea derivatives and study their anti-gastric cancer activities. METHODS A series of target compounds 7a-7m were synthe-
sized from adamantan formyl chloride by 6-step reactions. The structures of the target compounds were identified by 'H-NMR,
"C-NMR, and HRMS. MTT assay was used to detect the inhibitory effect of synthetic compounds on the growth of gastric cancer
cells, ADP-Glo kinase assay was used to detect the effect of synthetic compounds on CDK9 kinase activity and Western blot assay
was used to detect the regulatory effect of hit compound on downstream signaling pathways. RESULTS The target compounds had
certain inhibitory activity on the growth of gastric cancer cells, among which compound 71 had the best activity on the gastric cancer
cell line (SGC-7901) with ICy, value of (2.26 +£0.04) pmol + L™", and 71 had little toxicity on normal gastric epithelial cells
(IC5y > 100 pmol + L™"). In addition, 71 showed specific inhibitory effect on CDK9 kinase activity in vitro. Upon 1 wmol + L™' 71
treatment, CDK9 kinase activity was only (21.67 +1.47)% , and in gastric cancer cells 71 inhibited CDK9 downstream protein
p-ser2 expression in a concentration-dependent manner. Finally, molecular docking study showed that 71 could stably bind to the
active site of CDK9 and had a high binding affinity. CONCLUSION This series of compounds have good anti-gastric cancer
activity and are worth of further study.

KEY WORDS: adamantan derivatives; indole; CDK9 ;gastric cancer
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J& 7 B % DU (2 W AN T 69 AR Wb 4, e
HEBBEERS R ECEE, WKL, §RmN
IT T DL ARAIT 0 E, 25T T .
FRAGALST REMSTE — & TR B b S K B FR 5 A A I,
RIS AT 25 A e ek 22 T RIE R, 5 %
B 225 RV, T T S0 T R R TR T R
HEAE . DRI, TR BT X B R A BT AL 259
+omEED

JELH R A R ( CDKGs ) St — 2822 5/ 75
R U , 20 SR S AR B SR T R
FEAVEH . BRI RIBESE W], CDKs 78 £ i
JE i Feik , I R 2 T B0 I 14 A e B R 2510
240 i A S0 26 P A SR O ( CDKO ) S J 0 2 1 44k
S D P I A — 5, 7ERAE RNA 5 S 2 i 5
G EEMMER ., CDKO FIZH MR E 11 T 1L R #
JRIERS SEAEM N T b 2 A4, W id RNA 40 1
(RNAPID) B R A i 6 76 55 228 %) d5 3t 4 1
Fe W], CDKO 76 B S0 77 51 B i s 25 22 i A
RIS Y S WU R 4 A
PRI S 36 2 W], miR-613 3@ b F ¥ CDKO K& R 300 i 5
SRR R AR R, 8 R B CDKO M
T T 0 B 0 R R o M R L — R BT TR

S F A H AR B 5T & U Y
ZEF AW K AN TR AL 3 43 T rh 1) 24383 A
PEEE TTRE S AR A TE I 8 T P IR A 2 T A

LI 50 o MR Yt — e E 228
WY, ) IZAAET AR I S Y %
PSR FIRE B AE /NS4 R B 40 i AR BT R £k
P EEEA . SRk AT, B
IR 1, BE W AR i 3t (o 24 ) 20 A 400 MO T A 3 A
FAPY RO SRR
ABEFEAERTII TAERERE -, MU 728 &

VR BOS A, DR B T AT e LR CDKO 417 il
) 3b HA R BRI AHPN f 4 RIGE 1 2452
FBHT 0I5, Bt T — RZET R bR
a1 1), LAIERAT EE 3b 35 P H. CDKO 411
750 1-[2-( 4 W doe-1 -3 ) -1 H-15] -5 -5 1 -3- AUt
it . HHARE G Ta ~ Tm 1 5 B 2K
WE 2,

Molecular
ridizaf

hybridizatio S NI
> —>R‘NJ\-\] /

H H

Target compound

OH
8 . L
J
1O s
Bl 1-[2-(& R k-1-2) -1H-%] %-5-2E | -3-BUR Bt IR 47 £
ekt
Fig. 1 Design of 1-(2-adamantan-1-yl-1H-indole-5-yl ) -3-sub-

stituted thiourea derivatives

O 0 H H
@_{ o-Toluidine #-BuLi.THF N NaNO, N
— > — —
1 K,CO, HN Y HSO, Y/
1 2 3 4

Fe/CH,COOH N Dabco, CS2

e p

5

H H i
N R"CNH2 N
/ Toluene R, ~ JI\ /
HN BTC, DCM SCN E I}:II
6

7a-Tm

B2 1-[2-(& W ke-1-2) -1H-7] %-5-2k | -3-BURBLIRAT £ 4 Ta ~Tm i & pk 3 &
Fig. 2 Synthetic route of 1-(2-adamantan-1-yl-1H-indole-5-yl) -3-substituted thiourea derivatives 7a —7m

1 F5RF
L1 =EH&5EHA

WEMKE (MTT) ¥y oK (ST1537, ¥ H 38 = KRAEW)
FARARAT ), p-ser2 (13499S, 25 [ Cell Signaling
Technology 7y ¥] ), B-actin ( 81115-1-RR, £
Proteintech Group /3 i ) , SGC-7901 ( ¥ [ £ = K 4=
PIHEARA RS A]) , CP-HO48 (v [ 35375 8 4E Bl 4L
AR, N B RN R AN GES-1 (B B A=
Y ARA R H]) , CDK9/ Cyclin T1 3 E§E 510, I
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1.2 FENE
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2 EWAHE

HAnb & Wi & st #2 LA 4 Ml B 5t S8 Fn 41 H
RO RSN, 15 B A W 2-HY 5 4 W o BB 4%
We(fb&4 2), 5 IE T B4 R 15 214 A 2
2-WIkE-1H-m| (59 3) o G 3 fisfkis 3
2- G WIE-5-f B- 1L H-M5| Wk (fb 54 4) L& 4 i
JEAS 24 W ke-5 -5 Je-1 H-M5|W: (b &5 5) o tbE
5 5REAERAF 2-4 NI ke-5- 5 5 RR-1H-151 b (fb &
W), a6 FA [ iy i A S5 5URR S i A5 31 H
LG Ta ~ Tm, 5 R UL 2, H A5 &
'"H-NMR, " C-NMR F1 HR-MS 1 .
2.1 AR 2- B A A W BT BE K B4 A (2)

fE 50 mL B O PR o A H R
(10 mL) , 1-4: Rl FH Bt 40 (0. 99 g,5 mmol ) ,2-F1 %L
KNE(0.54 g,5 mmol ) , BRERE (0. 69 g,5 mmol) i
FETHIER 2 80 °C, TLC kil iz i b FE o RN 25 3, ¥
FuE Kk, HE TS o A R O B
g, A9 2-HH I S R AR 1,17 g, W% 87%
"H-NMR (600 MHz, CDCl,) 8:7.88(d,/J =8.1 Hz,
1H),7.24 ~7.18(m,2H) ,7.17(d,J =7.5 Hz,1H)
7.05(dt,J=1.1,7.4 Hz,1H) ,2.26(s,3H) ,2. 11(brs,
3H),1.99(d,J =2.6 Hz,6H) ,1.77(m,6H) ,
2.2 AR 2-4 N bT-1H-v3] % 6 A i (3)

SR 24 | J5EAE T 25 mL = D
g oA 2k 4 W e B R e (0.285 g,
10 mmol) , 15 mL PUEER A, FEIRE]0 ~5 C, 78
RAGRI TRINIE T 348 (2 mL) . TLC &l ),
SN2 o FHAR TR 43 % 5% Fis 2 R A pH fH 2
7.0 ~7.5, 530, AU ICKBRER N T4 f5 , 1L g,
VB0 e 2 45 2 (AR 0 FR AT J2 0 0 B8 (BRI 7 o A
k- R O =100 1) 15 2-WIKEns Mk 0. 166 g, i
% 66. 1% ,' H-NMR (600 MHz, CDCL,) §:7.30(d,
J=7.9 Hz,1H),7.18 (dd,J =0.5,8.1 Hz, 1H),
6.88(dt,J=1.1,7.5 Hz,1H),6.83 ~6.77 (m,
1H),5.98(d,J=0.6 Hz,1H),1.97(d,J =2.6 Hz,
3H),1.93(d,J =2.9 Hz,6H) ,1.73(brs,6H) ,
2.3 AR 2-4 W br-5-H F-1H-v5] U 1 A R (4)

S SCHR[ 25 146 25 mL = [ H,0 CFmA
24 W fe-1H-n5] e (0.25 g, 10 mmol ) HI ¥ fif R
(0.8 mL) , FHI h AR BR 44 (0. 085 g, 10 mmol ) 1) it
F2(0.8 mL) i, &5 1 Ja, PRI R 1 ~2 h,
TLC Kzl , R D53 o AT S koK AT H 2 €2 ]
A, b ug, KV, TH . M= AR 20T 4 85 (VIR
R R AT - LR CTE =50 1) 19 2 44 [4 ™ 1) 2-42
o 22 ek 2024 4 11 45 59 4555 21 )

NIl e J-5-fiFf E-1H-n5 Wk 0.24 g, it % 82.8%
"H-NMR (600 MHz, DMSO-d, ) 8:11.65 (brs, 1H) ,
8.44(d,J=2.2 Hz,1H),7.93(dd,J =2.2,9.0 Hz,
1H),7.44(d,J=8.8 Hz,1H),6.38(d,J = 1.5 Hz,
1H) ,2.07 (brs,3H),1.98 (brs,6H) ,1.81 ~1.67 (m,
6H) " C-NMR (150 MHz, DMSO-d, ) §:154.0,140. 8,
139.9,127.7,116.9,116.3,111.4,98.2,41.9,36.6,
34.1,28.2; ESI-HRMS ( + ): m/z: C,, Hy, N, 0,*
[M+H]"297.159 9, BHi{(# :297. 159 8.,
2.4 F AR 2-4 W br-5-A F-1H-75] U 1y A R (5)

£ 250 mL = FfH AR UOIA £ (100 mL) |
PR (10 mL) ,7K (20 mL) , 885 (8. 62 g,0. 15 mol) ;
FHRZ 75 °C, A 2-4 Kl be 5E-5-1i Jk -1 H-1s] b
(11.4 ¢,0.038 mol) , 455 J5 AR 15 5w 2 h, TLC &)
JNE o GEHE BN IR G U8 IR VRS H S D8R R 4
B ) 7 A 80 mL /K J5 , FEAEfiE $F T A
80 mLZPR LT, AR B S M i pH (EN 7 ~ 855
W, A BUAR I TS K Bk 2 40, il g, AR R o
(k- 1R TR =21) 1921 4 A ™= 1) 2-4: Wil -
5-% F-1H-| WE 6.90 g, W % 67.0% ,' H-NMR
(600 MHz, CDCl, ) &:7.80 (brs, 1H), 7.10 (d,
J=8.4 Hz,1H),6.86(d,J=2.2 Hz,1H) ,6.57(dd,
J=2.2,8.4 Hz,1H),6.05(dd, J =0.7,2.2 Hz,
1H),3.65 ~3.23(m,2H) ,2.09 (brs,3H) ,1.96(d,
J=2.38 Hz,6H), 1.78 (q, J = 12.2 Hz, 6H),
"C-NMR (150 MHz,CDCL,) §:149.9,139.3,130. 3,
129.4,111.6,110. 8,105.3,95.5,42.6,36.8,33.7,
28.5;ESI-HRMS ( + ):m/z: C,yHyN," [M + H]*
267.1858 [M +H] ", FHif{H :267. 185 6,
2.5 & E K 2-4 R be-5-wn K S | BR-1H-7) % i
& (6)

FETHE Y 100 mL A9 = FOf, KA 2-4: K1
Bt -5-2d He-1H-M5 g (4. 10 g, 15. 5 mmol ) ) I 2RI
(20 mL) , =% (3 mL) . FZ2ER N CS,(3.50 g,
46.5 mmol) ., FERN 8 h, i J%, THEHE T &
H e (30 mL) J& , i in =6 (5.0 g, 17 mmol) , i
FEAEO ~5 °C, W 2 h Jg, TLC &, KW 45 3, F
FEJEHT 4B (Aililk- LR . BR = 10: 1) 15 3 2 & 4
P 2~ W -5 - A R TRUR -1 H-Ps | Wt 2. 89 g, i
# 64.0% ,' H-NMR (600 MHz, CDCl;) §:7.40(d,
J=1.8 Hz,1H),7.23(d,J =8.4 Hz,1H,) ,6.98(dd,
J=2.0,8.4 Hz,1H) ,6.20(d,/=1.5 Hz,1H) ,2. 14 ~
2.08(m,3H),1.99 ~1.94 (m,6H),1.85 ~1.74 (m,
6H)."” C-NMR (150 MHz, CDCL,) §:151.4,134.1,
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131.8,128.7,122.6,119.0,117.3,111.2,96.8,42. 5,
36.7,33.9,28.4; ESI-HRMS( +):m/z;C,yH, N,S*
[M+H]" 309. 142 2, Fp{H :309. 142 0,

2.6 1-(2-(& N ke-1-2)-1H-v e -5-5) -3-BU K A
Ik & & (7a ~Tm)

TE 25 mL B9 SO A, A 2-4 W e 36-5-Hm 4%
SER-1H-M5|: (0. 145 ¢,5 mmol ) , 17K (10 mL) , B
(5 mmol) , FHE ZE 80 °C, TLC A& 2 i, 4],
U8, TR I E A, 5% 70. 0% ~88. 6%

Ta. @R, IR 70. 1% , 465 93. 5% ,m. p.
198 ~ 200 °C,' H-NMR (400 MHz, DMSO-d, ) §:
10.92(s,1H),9.25 (brs, 1H) ,7.27 (dd, J =3.2,
4.95 Hz,2H) ,6.83(dd,J=1.7 8.5 Hz,1H) ,6. 08
(d,J =1.71 Hz,1H),3.47 ~3.40 (m,2H),2.06
(brs,3H),1.96 (d,J =1.96 Hz,6H),1.76 ( br,
6H),1.54 ~1.41 (m,2H),1.32 ~1.19(m,6H)
0.87(t,J =6.79 Hz, 3H),"” C-NMR ( 100 MHz,
DMSO-d,) &: 181.0,152.5,151.1,135.3,134.6,
128.4,116.8,111.5,95.8,44.5,42.2,36.8,33.9,
31.5,29.1,28.3,26.5,22.5,14. 4 ; ESI-HRMS ( + ) :
m/z:Cos H NyST [ M + H] 7 410.262 5, FHiS (H
410.262 4,

7b; A [E A, W2 78. 4% , 4l E 90. 5% ,m. p.
201 ~ 203 °C,' H-NMR (400 MHz, DMSO-d, ) §:
10.90(s,1H),9.21(s,1H) ,7.32(s,1H) ,7.25(d,
J=8.44 Hz,1H) ,6.96 (brs,1H) ,6.87(dd,J=1.7,
8.4 Hz,1H),6.07(d,J =1.3 Hz,1H) ,2.06 ( brs,
3H), 1.96 (brs, 6H), 1.89 ~ 1.83 (m, 2H),
1.80~1.71 (m,6H),1.64 (d,J =12.6 Hz,2H),
1.54(d,J =12.7 Hz,1H),1.32 ~1.04 (m,5H)
“C-NMR (100 MHz, DMSO-d, ) §: 180.0, 151.0,
134.4,130. 1, 128.3, 118.8, 116.4, 111.3, 95.7,
52.9,42.2,36.8,33.9,32.4,28.4,25.6,25. 1; ESI-
HRMS( + ) :m/z:C,sH,,N,S* [M + H] * 408.246 9,
FHIB{H . 408. 246 8,

Te: & FEAE, IR 80. 1% , 4l 94. 6% ,m. p.
221 ~ 223 °C,' H-NMR (400 MHz, DMSO-d, ) §:
10.91(s,1H),9.66 (s,1H) ,9.35 (brs, 1H) ,7.50
(d,J=7.8 Hz,2H),7.42(s,1H),7.33 ~7.25(m,
3H),7.13 ~7.07(m,1H) ,6.98(dd,J =1.8,8. 5Hz,
1H),6.10(d,J=1.6Hz,1H) ,2.07 (brs,3H),1.97
(s,6H),1.84 ~1.66(m,6H),"” C-NMR (100 MHz,
DMSO-d, ) §: 180.4, 151.0, 140.3, 134.5, 130.5,

128.7,128.3,124.6,124.3,119.0,116.6,111. 1,95. 8,
+ 2006 -
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42.3,36.8, 33.9, 28.4; ESI-HRMS ( + ): m/z:
CosHygN,S*[M +H * 402. 199 9, FHiSE :402. 199 8,
7d; P [E A 2R 78, 8% , 4l EE 90. 9% , m. p.
225 ~ 226 °C,' H-NMR (400 MHz, DMSO-d, ) §:
10.91(s,1H),9.54 (s,1H),8.87 (brs, 1H),7.42
(d,J=1.5Hz,1H) ,7.30 ~7.24(m,2H) ,7.22(dd,
J=1.5,6.9 Hz,1H),7.19 ~7.09 (m,2H), 6.98
(dd,J=1.9,8.5 Hz,1H) ,6.10(d,J =1.7 Hz,1H) ,
2.24(s,3H),2.07 (brs,3H),1.97(d,J =2.0 Hz,
6H),1.82 ~1.72 (m, 6H),"” C-NMR (100 MHz,
DMSO-d,) &:181.1,151.0, 138.8, 135.3, 134.6,
130.6,128.7, 128.3, 126.6, 126.3,119.2, 116.9,
111.2,95.8, 42.3, 36.8, 33.9, 28.4, 18.4; ESI-
HRMS( +):m/z: C,, H,yN;S* [M + H] *416.215 2
[M+H] " FHip{H:416.215 5,

Te.: & FEA, IR 75. 6% , 46 94.0% ,m. p.
234 ~ 236 °C,' H-NMR (400 MHz, DMSO-d, ) §:
10.91(s,1H),9.62 (s, 1H),9.27 (brs, 1H),7.41
(s,1H),7.32 ~7.24(m,3H),7.19(t,J =8. 1 Hz,
1H),6.97 (dd, J =1.8,8.5 Hz, 1H), 6.92 (d,
J=7.5Hz,1H) ,6.09(d,J=1.5 Hz,1H) ,2.28 (s,
3H),2.07 (brs,3H),1.97 (brs,6H),1.83 ~ 1.63
(m,6H) " C-NMR ( 100MHz, DMSO-d, ) §:180.3,
151.0,140.2,137.9, 134.5,130.5, 128.5, 128.2,
125.3,124.9, 121.5, 119. 1, 116.6, 111.1, 95.8,
42.3,36.8,33.9,28.4,21.5; ESI-HRMS( + ) :m/z:
Gy HyyN,S* [ M + H] *416.215 0, BiEE :416. 215 5,

7E A B, R 79. 5% , 46 95. 1% ,m. p.
227 ~ 228 °C,' H-NMR (600 MHz, DMSO-d, ) §:
10.92(brs, 1H),9.59 (brs, 1H) ,9.26 (brs, 1H),
7.41(s,1H),7.35(d,J =8.0 Hz,2H) ,7.27(d, ] =
8.4 Hz,1H) ,7.11(d,J =8.0 Hz,2H) ,6.97(d,J =
7.7 Hz,1H) ,6.09(s,1H) ,2.28(s,3H),2.07 ( brs,
3H),1.97(brs,6H),1.81 ~1.70(m,6H) ," C-NMR
(150 MHz, DMSO-d, ) §&: 180.4, 151.0, 137.7,
134.5,133.8,130.5,129.1, 128.2,124.6, 119. 1,
116.6,111.1,95.7,42.3,36.8,33.9,28.4,21.0;
ESI-HRMS ( + ): m/z: C,s Hy Ny, S* [M + H]*
416.215 1, PRi{H :416.215 5,

T (A EA, % 80. 1% , 4fi i 94. 0% , m. p.
244 ~ 246 °C,' H-NMR (400 MHz, DMSO-d, ) §:
10.90(s,1H),9.50 (s, 1H),9. 14 (brs, 1H),7.41
(d,J=0.9 Hz,1H),7.33(d,J =8.9 Hz,2H) ,7.27
(d,J=8.4 Hz,1H) ,6.97(dd,J=1.8,8.5 Hz,1H) ,
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6.88(d,J=8.9 Hz,2H) ,6.09(d,J=1.5 Hz,1H) ,
3.74(s,3H),2.07(brs,3H) ,1.97 (brs,6H) ,1. 82 ~
1.71 (m, 6H),"” C-NMR (100 MHz, DMSO-d, ) §:
180.7,156.8,151.0, 134.5,133. 1, 130.5, 128. 3,
126.7, 119. 1, 116.7, 113.9, 111.1, 95.7, 55.7,
42.3,36.8, 33.9, 28.4; ESI-HRMS ( + ): m/z:
Co HyyN;S*[M +H] " 432,210 6, Bl {1 :432. 210 4,

Th (A RE AR, IE 73, 1% , 465 96. 8% ,m. p.
208 ~ 210 °C,' H-NMR (600 MHz, DMSO-d, ) §:
10.93(s,1H),9.70 (brs,1H) ,9.31 (brs,1H) ,7. 46
(dd,J =5.1,8.6 Hz,2H),7.40 (s,1H),7.27 (d,
J=8.6 Hz,1H) ,7.14(t,J =8.8 Hz,2H) ,6.96(dd,
J=1.4,8.5Hz,1H) ,6.09(d,J =1.5 Hz,1H) ,2.07
(brs,3H),1.97 (brs,6H),1.80 ~1.72 (m,6H)
BC-NMR (150 MHz, DMSO-d, ) §:180.7,159.5(d,
J=238.5 Hz), 151.0, 136.7, 134.6, 130.3, 128.3,
126.9,119.0,116.6,115.2(d, J =21.0 Hz),111.2,
95.8,42.2,36.8,33.9,28.4; ESI-HRMS ( + ) :m/z;
CoH,, FN,S*[M +H] " 420.190 4, ¥i$ 1 :420. 190 4.,

7i: A E A, B 79. 1% , 46 FF 97. 6% ,m. p.
245 ~ 246 °C,' H-NMR (600 MHz, DMSO-d, ) §:
10.94(brs, 1H),9.78 (brs, 1H) ,9.44 (brs, 1H) ,
7.52(d,J =8.4 Hz,2H) ,7.41 (brs,1H) ,7.35(d,
J=8.8 Hz,2H),7.27(d,J =8.4 Hz,1H) ,6.96(d,
J=8.0Hz,1H) ,6.09(s,1H),2.07 (brs,3H),1.97
(brs,6H),1.81 ~1.72(m,6H) ,” C-NMR ( 150 MHz,
DMSO-d, ) &:180.4,151.1,139.4,134.6, 128.7,
128.4,128.2,126.0, 125.8,119.0, 116.6, 111.2,
95.8,42.2,36.8,33.9,28. 4; ESI-HRMS( + ) :m/z:
C,sHy, CIN; S* [M + H]"* 436.160 5, ¥ i {H:
436.160 9,

75 A E AR, % 82.3% , 4l 97. 1% ,m. p.
218 ~ 220 °C,' H-NMR (400 MHz, DMSO-d, ) §:
10.93(s,1H),9.95(s,1H),9.71 (brs,1H) ,7.78
(d,J=8.4Hz,2H) ,7.65(d,J =8.6 Hz,2H) ,7.43
(s,1H),7.28(d,J =8.4 Hz,1H),6.99 (dd, J =
1.7,8.5 Hz, 1H) ,6.10 (d, J = 1. 5Hz, IH) , 2. 07
(brs,3H),1.97 (d,J =2.0 Hz,6H),1.82 ~ 1. 69
(m,6H),"” C-NMR ( 100 MHz, DMSO-d, ) 6:180.3,
151.1,144.3,134.6, 130. 3, 128.3,125.7, 123.5,
118.8,116.5,111.2,95.8,42.2,36.8,33.9,28. 4;
ESI-HRMS ( + ):m/z; C,, Hy, F; N, ST [M + H]*
470. 187 2, PRI {H :470. 187 2,

7K A EAFE R, 1% 88. 6% , 41 96. 2% , m. p.

T E 2GR 2R 2024 4 11 H 5 59 55 21 )

242 ~ 243 °C,' H-NMR (600 MHz, DMSO-d, ) §:
10.78 ~10.94 (m,1H) ,9.42 (brs, 1H) ,8.77 (brs,
1H),7.40(s,1H),7.26(d,J =8.4 Hz,1H) ,7.10
(d,J=7.8 Hz,1H),7.01(s,1H) ,6.98 ~6.92(m,
2H) ,6.14 ~5.94(m,1H),2.25(s,3H),2.19 (s,
3H),2.05 (brs,3H),1.96 (brs,6H),1.82 ~ 1.70
(m,6H) " C-NMR (150 MHz, DMSO-d, ) §:151.0,
135.8,135.1,134.6, 131.2,129.4,128.7, 128.6,
128.3,126.9,119.2,116.9,95.8,42.3,36.8,33.9,
28.4,21.0,18.3; ESI-HRMS( + ) :m/z:C,,H,,N,S*
[M+H]* 430.231 0, Fip (i :430. 231 1,

71 B AR, R 72, 8% , 4l JF 97. 1% , m. p.
228 ~230 °C,'H-NMR (400 MHz, DMSO-d, )5:10. 94
(s,1H),9.85(brs,1H) ,8.96(brs,1H) ,7.52(d,J =
6.7 Hz,1H) ,7.42(s,1H),7.31 ~7.23(m,2H),
7.07 ~7.01(m,1H) ,6.97(dd,J =1.8,8. 5Hz,1H) ,
6.11(d,J=1.6 Hz,1H),2.07 (brs,3H) ,1.97(d,
J=2.2Hz,6H),1.83 ~ 1.69 (m, 6H)."” C-NMR
(100 MHz,DMSO-d,) §:181.6,161.7,156.2,151. 1
(d,J]=25.0 Hz),134.7,131.0,130.2(d,J =25.0
Hz), 129.4, 128.7, 128.3, 124.9, 119.0, 116. 8,
111.3,111.1,104.5,95.8,42.2,36.8,33.9,28.4;
ESI-HRMS ( + ):m/z; C,s Hyy F, N, S* [M + H]*
438. 181 2, #i{H :438. 181 0,

Tm; [0 E A R 74, 1% L 265 97. 6% ,m. p.
256 ~ 258 °C,' H-NMR (400 MHz, DMSO-d, ) §:
10.92(s,1H),9.66 (brs,1H) ,9.44 (brs, 1H) ,7.97
(dd,J =7.9,15.3 Hz,2H),7.86 ~7.79(m,1H) ,
7.63 ~7.43(m,5H),7.30(d,J =8.4 Hz,1H) ,7.06
(dd,J=1.9,8.5Hz,1H) ,6.11(d,J=1.6 Hz,1H),
2.07 (brs,3H),1.98 (brs, 6H),1.82 ~ 1.70 (m,
6H),"” C-NMR ( 100 MHz, DMSO-d, ) §&: 182.1,
151.0,136.2, 134.6, 134.3,130.7, 128.5, 128. 3,
126.9,126.5, 126.4,126.0,123.7,119.4,117. 1,
111.2,95.8, 42.3, 36.8, 33.9, 28.4; ESI-HRMS
(+):m/z:C,yHy N;ST [M + H] ¥ 452,214 9, Hilip
{H:452.215 5,

2.7 MTT %4 20 fe, e 77 0% %

KF MTT B:0 %2 T 7a ~ Tm X} 8 5 40 i &
(SGC-7901) FlIE & M ZhifEE b B2 40 ( GES-1) (&St
JEE I P o AL X A K A R A R4 1 At —
L, AT 4388 0. 25% 1) i 8 R AL B Ak, 1
TREAN M 7 , T, A2 T 2 X 10° ~4 x 10° 4>
ML EIR . HERPT 96 fLAk L, Bl 180 WL, B iH
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COBEFRA R R 7 24 ho W, A Z L & W)
DMSO &, 5L 20 L, FEIn AT 345 10% 11 13
BiSR i 80 wL, 5557 48 ho o MTT finA 96 fLii , &
fL20 WL, 55FAE R S 4 he W2 BT A DM-
SO, #AL 150 WL, AR IR FIRFES min, FHEGR G
RAEB ALy 570 nm L0 5 4L ) SGE BEAE (OD
(B, I BT T TR0 20 I G A i

% = [ (BAYEXTRR4] OD {8 - Z XM A
OD fi) /x5 BEZH OD ff ] x 100% A1)

TR TRI A BE R A4 i) 25, 15 UG SR H 2%
E(J ICSO{—EO
2.8 CDK9 g & 1 A I

AR S ] ADP-Glo i 2 vk , kA 59
X CDK9 4/t 1% PE 2 i, Bt 4 wL CDK9/Cyclin TI
W S (3 ng -+ wl™'), 5 pl WMEBIK Y
(0.2 pg + pL™"),10 pmol - L™ = @R IR FF (ATP)
FIZYREEL wmol - L™ LA Jin 42 384 AL,
37 CHFH 20 min J5 = FHE 10 ming SRJG , H55EA
TR ADP-Glo 32710 45 Jin 21 &4~ fL v, % R & 30
min JERA10 LI EEAS I R A8 2] L, = RS
30 minfd ] 22 T REBEHR UG
2.9 E %95 1 3E % (Western Blot, WB)

AP EERR T 6 fLA P, 24 h S I A W)k
AL G 71,24 h 5, W 25 B R Ak R IR 22 w4k
W (PBS) ¥ 3 W, IMA T x Loading Buffer, 4 J&
10 min, B0, 2R J5 78 Tris- T 20 R 22 viol b B IK .
Rk SE e, AT RS A B B R — R 2
% (PVDF) i E B M 1 h 5 IA—HUEE K
W E 2 Ja W = S W e 2% v #h UK (TBST) %
PEVE 3 W, ZJE AR L0 40, EREFE 1 h J5
ATA- 8
2.10 »F X

AROFFER M T M HTT LD IR R TS
715 CDKO WM EAE IR0, & 5, T 10 %
i) CDK9/ cyclinT1 &G 44 (PDB ID: TNWK) M
PDB %% #& FE ( https://www. rcsh. org/structure/
INWK) T 25, Z A AR 2. 81 A, T M
AR T B B E OSSR AR T, A E
R 5 B, BB B AR MR AR AL B loop PR, BT LA
W AT 45 i HEA o I Schrodinger 4 (V
2023-1) ] Protein Preparation Wizard #3k L) BRI\ 2
B BXS CDK9 35 45 3047 25 BRoK 731 FIE 77 70
5 BN EUET, A3 BCHL AT, A B R R 2 B IR AR AL
BUBBREER o AR A, DA 25 1 0 U5 I 2% L e
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fili il OPLS4 Jy ¥t & F 45 4 E 47 RE 1 fe /MBS AL
B, ffi A Schrodinger 1) LigPrep ( LigPrep,
Schrodinger, LLC, New York,NY,2023) T. A%} 71 7£
OPLS4 J1375 T LABGAZS Bt AT a5 e o, A 38 m
T DL B2 AE pH {2 7.0 +2. 0 4RZSF A= B 7T R
BT T AR &S SE . SR )5 A Schrodinger K14 1
Ligand Docking 5 Heff #E & 4 19 71 43 1 % £ 2
CDK9 ) ATP 35 EA7 o K2 EF B O T 5 5
PRBCHA B B O, 0 H A B2 SR e K B B XP 7 %
(extra precision) , HER ZHON AT BN ICE . fe)m
{fi H Schrodinger ff) MMGBSA #iH it 1T 71 fi
CDK9 & & ¥y 45 & fiE. Schrodinger [ Maestro
(Version 12.5) R I T #h 1RG5 1 RN #2485 3R 0 A
B EZ A AL T R 0 X 45 2R ] PyMol ( The
PyMOL Molecular Graphics System, Version 2.5.4
Schrodinger , LLC. ) #E4 718 YL F1 7R o

3 #£R5iFie
3.1 feeEatd

SR MTT 346 00 T A B AL A 0 T 1 i 40
SGC-7901 {RAMEMMIRLE R W2 1, /35IHE TSR
FERloedk Ik ST B SRR, A okt
SGC-7901 FlTEHEEm . AR 1,24 R 3k B
CUAE A AR 7e > (R0E) >Ta( 2 Ak) >7b(3HC
F) >Tm(FIE) 5 AR —BUR (7d ~75) 4-2HL
R(71) >4-FIAR(Th) >4-HE IR (Tg) >4- =3/
(7)) >2- R (7d) >3- FFEHRR(Te) >
4-HIEHR (76) s EAR R ) U R (Tk ~T1) ,2,4-—
SFIAR(TY) >2,4- " H IR (Tk) . Horp 71 30U i
U, H I (B 4(2.26 +£0.04) wmol « L™' g4k, 71 %
IER H BB b K 4 e (GES-1) [ IC,, K
(103.24 £0.67) umol - L',
3.2 {bA 4t CDK9 B & 4 5%

K ADP-Glo SB35, K 1 pmol + L™k
G W%t CDKO SltE s, 45 WK 3, e u &
3b EHL CDK9 SEHM I, 76 1 wmol - L™ A
WEET , CDKO BTG 14 (29. 68 £1.10) , 5 i1k
A Ti, 75,71 B0 CDK9 i 75 P ( CDK9/ Cyclin
T1 kinase activity <50% ), 4351}y (7i:39. 00 +3.29,
7j:49.17 £ 1.18,71:21.67 £ 1.47) , 5 MTT 455 —
71520 CDK9 JEHG o e, H 5 e 3 d
Py 3b AL, 71 ] CDKO JBEGTE 1R 38 ok 1 2, $80R
TV R REAEN CDKO il 58], vl VE S A 18 25 0 it 47 16
PEERIE

TP 2575 2024 47 11 45 59 5 21 1)



F1 1-[2-(&RIKE-1-2) -1H-75] 9 -5- 26 ] -3- R B JIR B 40 0 8 (SGC-7901) 7 P, n=3,x £
Tab.1 Antitumor activities( SGC-7901) of 1-[ 2-( adamantan-1-yl) -1 H-indol-5-yl ] -3-substituted urea. n=3,x s

Compound Structure R 1Cs5o/pwmol + L ~! Compound Structure R 1Cso/wmol + 1 =1
7a TSN 15.35 £0.23 7b ko 21.24 +0.34
7e }\© 10. 11 £0. 12 7d “\@ 12. 10 £0. 45
7e U 14.56 +0.20 7t k@\ 17.23 £0. 11
78 k@\ 8.45 £0.07 7h k@\ 8.09 £0.37

o~ F
7i A@\ 7.35£0. 11 7 l\©\ 9.76 +0.20
cl CF,
F
7k XQ/ 13.18 +0. 47 71 XQ/ 2.26 £0.04
F
7m 24.16 £0. 14 3pl2] 7.99 +0. 66

2 120+
Z
S 100
2
g 80
£
= 60
=
S 404
-
Q
= 20
M
8 o-
DMSO 7a 7b 7¢ 7d 7e 7 7g 7h 7i 7j 7k 71 Tm 3b
Compounds(1 pmol-L")
T 5% IR, D P <0.05,

Note: )P <0.05, compared with blank control group.

B3 i Ta~Tm 328 8 B 3 & G (K81 e 9/ % e
JE #1& & T1(CDK9/Cyclin T1) @B E M F 9, n=3,x+s
Fig.3  Effects of compounds 7a — 7m on CDK9/cyclin TI

kinase activity. n=3,x +s

3.3 WB M L& 4 x40 i & A RIE AT

PREIMTC I 968 240 B335 4 e At 2 5 0] 25
7R A P A 71 HAT A A Y
PUMR ST , DA 4 71 ASGHE— 28 (4 A= W 1
Mo DAAS R EE /) 71 X%F SGC-7901 4b 3 24 h, [ifi
Ja 1T WB Al % CDK9 i Ot . CDK9 il ik
W22 58108 — 5 0L (p-ser2 ) [ 23K 5 e s il MEAT 5K,
HIEI AT LA 70 A LAY AR R L 5 /L p-ser2 3%
IRFEAR, W CDK9 AT RERE 71 IR FERE AL (181 4) o
3.4 71 5 CDK9 £ & # K 41

AW — A5 1 - X 5 1 0 T 71 A
CDK9 (&5 &8, 3 F 32 Bon, fh&9 71 Al LA
45 (e CDK9 [ ATP 35 114% 71 g = 4E 254 n]
PIAREF 525 7R CDKO (s PE 4%, LK SA . A
SB Al DL i, AL W0 71 4 m) 10 B B A% A AR R B

T E 2GR 2R 2024 4 11 H 5 59 55 21 )

Phospho-RNApol II CTD

a-Tubulin

B4 @Rk (WB) &l CDK9 T & & &
Fig.4 Western blot analysis of changes of CDK9 downstream

protein

A =71 5 CDK9 S5/ RN BB -7 5EAG G —4Ex AR EAF AL,
A - Schematic representation of the surface of 71 binding to CDK9; B — The three-

dimensional interaction diagram of 71 binding to the protein.

BS5 fe#Tlh CDKO w4 4K H
Fig. 5 Binding pattern of compound 71 to CDK9

REAEAEE ML CDKO 119 SCHE SR SLTE A A H , mal
WEIR R N 1 L i U S AT LR CDKO
BCHEIX ) GLUL07 i3 S i1 T AR 9 ) S B A
AR, HAEK R 1.80 A5 T &9 T1 i RE%
REAR G LB 7 76 CDKO TG PE AL A BCBE X o BRILZ
Sh, TV B IRERE b A SR AR I T 3 22 1 15 CDK9

-+ 2009 -

Chin Pharm J, 2024 November, Vol. 59 No. 21



TG PR A 2 B IR 5k 5L 7 A A AR FH Y AT RE A, X 4%
%k %ﬁmﬁﬂﬁ&i%%ﬁ?%ﬁa%f Lf& 5 CDK9
B GLY28 WP B 1 BEES N 2.20 A () S SEAH B AR
Mo s, R MMGB-SA J7 315 17 71 5 CDK9
%54 H HTAE R —158.01 kJ - mol ', i — 25 UiHA T
71 5 CDK9 HARE 456 R T,

Wit FRARK, G T 134
1-[2-( A I BE-1-5 ) -1 H-m5| -5 -5 ] -3 - Qi Ik AT
HWp7a ~Tm, H 4584 H-NMR, ® C-NMR Fl HR-
MS RAE, R MTT kW 14 ik &3 T8
S 20 L AR A R RIVE T, e Ak B W TUIE YRR A,
H VX IER B E A st/ RSN
ity S g A 1 AR A CDKO S i Ve, A b T
S LAY 3b, 71 B #9R 1) CDKO (34 417 1
T, 570 DA BEAROR % 7 =4 ) 15 98 40 s CDKO
T%%E p-ser2 MRB, ma i Fr RS
Py 71 BeASE Hh 455 FE CDKO [T P 5 0F B AR
%E’J%%%%MJO TEAR R TAEH B2 %) 71k
it —22 e
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