J P4 5Ky g R

I l I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬁ?ﬂiﬁ:\.l

3-ZR E5-1H-NE A3 422 15| Bk 157 2 0 B
TAEFI & B R I ihiE & T

MoAR', RO SRR, BAF!, XS
(1. 38 Y E2y B LR me, 2 Y 5630065 2. S rhE 252t 2524 052, S FH 550025)

HE O F B RGUEIG > T, LA S-2E0E-2,4- -3 H-E -3 . 2% EEANNs e Ay S0k, i ik — Rk S v,
BT 214 3- R JE- L H-MEmE D B2n5 | WeAis A= ), FLE5 MG A AR S5 (TH NMR) | ARG AR B (PC NMR)FI
P HER TS (HRMS)ZRAE . 38 i (AN I I8 186 1 07 e 22 B, K 228 BARAL & 5t it AS49 4l K A549/DDP
A I ELA BT A R I e, TR AR5 4n ST 25 Bk AS49/DDP (850 i € B [1C,4,=(0.0852+0.003) pmol/L] &
FHAE X BEUBEA R 29 4% . HLAIIFST S5 SRR B, 1bA W) 4n REDSBH I AS49/DDP AN GG A, Hi5 ANl & LR T,
Ay TxHE g R, HB TR I T AE S AKLL, Tubulin K P-gp 2540 24 56 . ALG ) 4n ATVE NS 2 AL S IR A
BN EMIOEWIL bl FS st/

KRR Mk mEeks AR ol

FESES 0626; R914.5 XEFRERL A doi: 10.7503/cjcu20260134

Catalyst-free Synthesis and Anti-lung Cancer Activity of
3-Phenyl-1H-pyrazole-indole Hybrid Derivatives
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Abstract In order to discover novel anti-lung cancer agents, a series of 21 novel 3-phenyl-1H-pyrazole-indole
hybrid derivatives was designed and synthesized via a one-pot reaction employing 5-phenyl-2, 4-dihydro-3H-pyrazol-
3-one, benzaldehyde, and indole as starting materials. All synthesized compounds were characterized by means of
'H NMR, "“C NMR and HRMS. In vitro anti-lung cancer activity screening revealed that most of the target compounds
exhibited potent inhibitory effects against both the A549 cell line and the A549/DDP cell line. Notably, compound 4n
demonstrated exceptional activity against the resistant A549/DDP cells, with an IC,; value of (0.085+0.003) umol/L,
which was 29-fold than the positive control cisplatin. Mechanistic studies indicated that compound 4n significantly
arrested the cell cycle of A549/DDP cells at the G/G, phase and induced apoptosis. Molecular docking results
suggested that its antitumor activity may be associated with interactions involving multiple targets, including AKt1,
tubulin, and P-gp. Compound 4n represents a promising anti-lung cancer lead candidate for subsequent structural

optimization and comprehensive mechanistic investigation.
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Fig.1 Anti-lung cancer agents containing an aryl-substituted pyrazole scaffold
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Fig.2 Design strategy of target compounds
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Y 98%, |7 oA LR AT IR |l s Y e Qe iRl &, B 2 RAEYHE AR RAF; DMEM
K2 JE (1Cell-0001) , FE A M (i) A= W4 AR e A7 BR 2 51 5 AS49 4 CACIE /)N 200 16 fii 9 240 LAk )
AS549/DDP 4t it Al BRAga i AR A0 bk ) , i R4 e i g 5 e A2zl i B o Hr
Waters Xevo G2-S QTOF &l i 3 A, 3¢ [F Waters 23 w] ; NIB610-FL AR B 28 6 B il ss, T2
AHTIEE AR A PR F] 5 CytoFLEX SR AL, 3 E Beckman /A ] 5 5424R T EL.OHL, F2[E Eppen-
dorf /A 1] ; Bruker Avance Neo 400 MHz BUAZ i IR I 1%, Fi+- Bruker 23 w) .
1.2 LIeiE
12,1 HARMAME AR EEIFT T RN AL 53 BIFREC10. 6 mg(0. 1 mmol ) R HIEE | 13. 1
mg(0. 1 mmol) 5-F JEI[IEF 16. 0 mg(0. 1 mmol) 5-HE-2, 4- (-3 H-MEME-3-F & F S B e, 439 i
A2 mLAARLE RS, FEXE R AR EE R U 7R 0 (L2 1), FE)2 (s (TLC) AN Sy 58 42 ) , ZemE
FEZATAS 3] 3-8 - | H-ME MR P05 | Al A= 4) 4a.

Table 1 Optimization of reaction conditions*

Entry Solvent Temperature/°C Time/h Yield(%)
1 H,0 60 12 0
2 CH,CN 60 12 16
3 CH,0H 60 6 30
4 EtOH 60 6 45
5 EtOAc 60 6 41
6 DCM 60 6 80
7 Toluene 60 12 10
8 DCM 40 20
9 DCM 80 47

10° DCM 60 79
11° DCM 60 52

% CHO

a. + m + @ Solvent
N7 N
HN H
(0]
1 2a 3a

b. n(5-Phenyl-2, 4-dihydro-3H-pyrazol-3-one) :n (5-methylindole) : n(benzaldehyde)=1:2:1; ¢. n(5-phenyl-2, 4-dihydro-3H-pyrazol-3-one) :
n(5-methylindole ) : n(benzaldehyde)=1:1:2.

TESA SN S S 3T T IR RS . LIAES9 4a i), 43 HIFREC42. 4 mg(0. 4 mmol ) < FH T |
52. 4 mg(0. 4 mmol ) 5-F JLM5[EF1 64. 0 mg (0. 4 mmol ) 5-FEHE-2, 4- S -3H-AEMR-3-Fi & T [ & v, Jin
A4 mL PSS T 60 CR;, FHTLC AN i 58 4= R 57 — S e/ AR L Ry 201 1), Z8RER
FEZ AT ORI — 42 F e/ T B R LR 402 1) 45 31 3- A8 3K - | - mR-BFRENs A A=) (4a).

(4- ( (5-Methyl-1H-indol-3-yl) (phenyl) methyl) -3-phenyl-1H-pyrazol-5-ol (4a) , £L {% [# 1K , m. p.
235.8~236.3 °C, ;7% 80%. 'H NMR(DMSO-d,, 400 MHz), 8: 11.78(s, 1H), 10.66(s, 1H), 7. 47~
7.39(m, 2H), 7.37(d, J=8.1Hz, 3H), 7.27(d, J=7.3 Hz, 2H), 7.25~7.17(m, 3H), 7. 13(t, J=7.2
Hz, 1H), 6.90(s, 1H), 6.83(d, J=8.2 Hz, 1H), 6.78(s, 1H), 5.45(s, 1H), 2.22(s, 3H); “C NMR
(DMSO-d,, 101 MHz) , &: 159.84, 144.48, 140.28, 134.63, 132.88, 130.93, 129.29, 128.67,
128.59, 128.34, 128.02, 127.81, 127.76, 126.97, 126.45, 125.56, 124.05, 122.33, 117.98,
116.39, 111.13, 104.25, 36.79, 21.32; HRMS (C,;H, N,NaO 31551 ) , m/z: 402. 1573 (402. 1582)
[M+Na]*.

S IAE Y 4a A BT, RIS N ) BOREEAF] | B 7 it B8 sy i 35— 28, il4s T k&4 4b~
A, AE T DA SRR BB S1~S63.
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4-((2-Methyl-1H-indol-3-yl) (phenyl ) methyl )-3-phenyl-1H-pyrazol-5-0l (4b) , ZL{4 & {4, m. p. 151. 2~
151.9 °C, 7##% } 71%. 'H NMR (DMSO-d,, 400 MHz) , 8: 11.77(s, 1H), 10.60(s, 1H), 7.43~7.33
(m, 3H), 7.32~7.25(m, 2H), 7.27~7.18(m, 4H), 7.20~7.11(m, 2H), 6.92(d, J=7.9 Hz, 1H),
6.92~6.83(m, 1H), 6.67(t, J=7.2 Hz, 1H), 5.56(s, 1H), 1.85(s, 3H); *C NMR (DMSO-d,, 101
MHz) , &: 160.4, 144.22, 141.4, 135.33, 132.62, 129.05, 128.93, 128.70, 128.38, 128.20,
128.10, 125.98, 119.94, 119.13, 118.16, 112.78, 110.50, 103.61, 37.05, 12.45; HRMS
(C,Hy, N.NaOHBAH ) , m/z: 402. 1585(402. 1582) [ M+Na .

4-((6-Methyl-1H-indol-3-yl) (phenyl ) methyl )-3-phenyl-1H-pyrazol-5-ol (4c) , £I 4[4, m. p. 231. 5~
231.9 °C, ;=% 4 82%. 'H NMR (DMSO-d,, 400 MHz) , 8: 11.85(s, 1H), 10.63(s, 1H), 7.44~7.38
(m, 2H), 7.40~7.33(m, 2H), 7.30~7.23(m, 2H), 7.25~7.16(m, 3H), 7.14~7.11(m, 2H), 6. 88
(d, J=8.1Hz, 1H), 6.85(dd, J=2.5, 1.0 Hz, 1H), 6.66(dd, J=8.2, 1.5 Hz, 1H), 5.45(s, 1H),
2.34(s, 3H); “C NMR(DMSO-d,, 101 MHz), &: 160. 33, 144.96, 140.73, 137.22, 131.35, 130. 17,
129.13, 129.05, 128.85, 128.46, 128.22, 126.02, 125.20, 123.75, 120.44, 118.63, 117.26,
111. 69, 104. 61, 37. 44, 21. 81; HRMS(C,,H,,N,0 35 (H ), m/z: 380. 1764(380. 1763 ) [ M+H ]".

4-((6-Fluoro-1H-indol-3-yl) (phenyl )methyl ) -3-phenyl-1H-pyrazol-5-ol (4d ) , ZL{4 1A, m. p. 220. 6~
221.2 °C, 7%} 61%. 'H NMR(DMSO-d,, 400 MHz) , 8: 11.79(s, 1H), 10.86(s, 1H), 7.42(d, J=
7.2 Hz, 2H), 7.40~7.32(m, 3H), 7.33~7.26(m, 2H), 7.23(t, J=7.5 Hz, 2H), 7.15(d, J=7.2 Hz,
1H), 7.13~7.06(m, 1H), 6.94(dd, J=8.7, 5.5 Hz, 1H), 6.88(s, 1H), 6. 73~6. 64(m, 1H), 5.45(s,
1H) ; C NMR (DMSO-d,, 101 MHz) , &: 160. 30, 157.98, 144.69, 136. 67, 136. 54, 131.27, 129. 14,
128.84, 128.49, 128.33, 128.22, 126.18, 125.05, 125.02, 124.04, 119.81, 119.70, 117.71,
107.20, 106.96, 104.25, 97.94, 97.68, 37.50; HRMS (C,H,,FN,0 it & {5 ) , m/k: 384.1513
(384.1512)[M+H J".

4- ( (5-Methoxy-1H-indol-3-yl) (phenyl) methyl) -3-phenyl-1H-pyrazol-5-ol (4e) , ZI {4 [ 1A , m. p.
171. 1~171. 8 °C, F=# 4 75%. 'H NMR(DMSO-d,, 400 MHz), 8: 11.78(s, 1H), 10.63(s, 1H), 7. 49~
7.41(m, 2H), 7.39(d, J=7.2 Hz, 3H), 7.34(d, J=7.3 Hz, 2H), 7.29~7. 18(m, 3H), 7.15(t, J=7.2
Hz, 1H), 6.88(s, 1H), 6.66(dd, J=8.7, 2.5 Hz, 1H), 6.43(d, J=2.5 Hz, 1H), 5.43(s, 1H), 3.52
(s, 3H) ; “C NMR (DMSO-d,, 101 MHz) , &§: 160.35, 153.17, 144.81, 140.83, 131.84, 131.35,
129.17, 128.84, 128.51, 128.30, 128.26, 127.52, 126.10, 124.95, 117.30, 112.48, 111.03,
104. 51, 100. 76, 37. 36; HRMS(C,sH,,N,0,315E) , m/z: 396. 1709(396. 1712)[ M+H .

4-( (6- (Benzyloxy ) -1H-indol-3-yl) (phenyl ) methyl ) -3-phenyl-1H-pyrazol-5-ol (4f) , ZI €& [& {4, m. p.
133.2~134.0 °C, 7*#% 5 95%. 'H NMR(DMSO-d,, 400 MHz), 8: 11.76(s, 1H), 10.60(s, 1H), 7. 47~
7.40(m, 3H), 7.43~7.33(m, 6H), 7.34~7.25(m, 3H), 7.21(t, J=7.6 Hz, 2H), 7. 13(t, J=7. 2 Hz,
1H), 6.92(d, J=2.3 Hz, 1H), 6.88(d, J=8.7 Hz, 1H), 6.78(d, J=1.4 Hz, 1H), 6.59(dd, J=8.7,
2.3 Hz, 1H), 5.44 (s, 1H), 5.08 (s, 2H) ; "*C NMR (DMSO-d,, 101 MHz) , §: 160.35, 154. 81,
144.93, 138.18, 137.40, 131.34, 129.13, 128.85, 128.47, 128.23, 128.08, 127.96, 126.07,
123.28, 121.91, 119.49, 117.45, 109. 44, 104. 55, 96. 50, 69. 98, 37. 54; HRMS(C,,H,,N,0,315&1H) ,
m/z: 472.2028(472.2025)[ M+H |*.

4-((5-Bromo-1H-indol-3-yl) (phenyl ) methyl )-3-phenyl-1H-pyrazol-5-ol (4g) , FI{A[EK, m. p. 241. 1~
241.6 °C, 7% N 73%. 'H NMR (DMSO-d,, 400 MHz) , §: 11.81(s, 1H), 11.02(s, 1H), 7.47~7.23
(m, 10H), 7.21~7.05(m, 3H), 6.98~6.87(m, 1H), 5.44(s, 1H); “C NMR(DMSO-d,, 101 MHz), §:
160.31, 144.42, 135.50, 131.21, 129.18, 128.97, 128.85, 128.57, 128.43, 128.25, 126.30,
126.03, 123.63, 121.18, 117.38, 113.96, 111.27, 104.07, 37.42; HRMS (C,,H,,BrN,0 i+ & {4 ) ,
m/z: 444.0710(444.0711)[ M+H |*.
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4-((4-Fluoro-1H-indol-3-yl) (phenyl ) methyl ) -3-phenyl-1H-pyrazol-5-ol (4h) , F1 {4 &K, m. p. 210. 1~
210.8 °C, 7%} 64%. 'H NMR (DMSO-d,, 400 MHz) , 8: 11.76(s, 1H), 11.13(s, 1H), 7.45~7.37
(m, 2H), 7.40~7.32(m, 3H), 7.21~7.15(m, 5H), 7.14~7.06(m, 2H), 7.02~6.92(m, 1H), 6.58
(dd, J=11.4, 7.8 Hz, 1H), 5.73(s, 1H); "C NMR(DMSO-d,, 101 MHz), 6: 158.07, 155. 64, 145. 50,
139.61, 139.49, 131.31, 129.06, 128.54, 128.42, 128.14, 125.86, 125.39, 121.77, 121.70,
116.01, 115.97, 115.70, 108.47, 108. 44, 104.95, 104.02, 103. 83, 37.72; HRMS(C,,H,,FN,0 i} %
i), m/z: 384.1515(384. 1512)[M+H "

4-( (5-Chloro-1H-indol-3-yl) (phenyl ) methyl ) -3-phenyl-1H-pyrazol-5-ol (4i) , FA{GE K, m. p. 239. 2~
239.8 °C, 7%k 74%. 'H NMR (DMSO-d,, 400 MHz) , 6: 11.81(s, 1H), 11.01(s, 1H), 7.48~7. 40
(m, 2H),7.43~7.33(m, 4H), 7.36~7.30(m, 1H), 7.31(s, 1H), 7.26(t, J=7.6 Hz, 2H), 7.21~7. 14
(m, 1H), 7.01(dd, J=8.5, 2.1 Hz, 1H), 6.94(dd, J=7.6, 1.8 Hz, 2H), 5.44 (s, 1H); “"C NMR
(DMSO-d,, 101 MHz) , &: 160.30, 144.46, 135.29, 131.22, 129.18, 128.85, 128.56, 128.42,
128.23, 126.29, 126.22, 123.24, 121.11, 118.13, 117.45, 113.47, 104.06, 37.44; HRMS
(C,H,,CIN,O HAE ) , m/z: 400. 1218(400. 1217) [ M+H J*.

4-( (6-Chloro-1H-indol-3-yl) (phenyl ) methyl ) -3-phenyl-1H-pyrazol-5-ol (4}) , ZLAFE A, m. p. 249. 4~
250. 1 °C, 7##°4 92%. 'H NMR (DMSO-d,, 400 MHz) , 8: 11.79(s, 1H), 10.95(s, 1H), 7.45~7.40
(m, 2H),7.40~7.35(m, 4H), 7.31~7.27 (m, 2H), 7.24(t, J=7.6 Hz, 2H), 7.17~7.13(m, 1H),
6.99~6.93(m, 2H), 6.85(dd, J=8.5, 1.9 Hz, 1H), 5.47(s, 1H); “C NMR(DMSO-d,, 101 MHz) , §:
160. 33, 144.60, 140.82, 137.19, 131.22, 129.16, 128.83, 128.53, 128.36, 128.22, 126.23,
126. 02, 125.97, 125. 61, 120.20, 119.01, 117. 83, 111.53, 104. 18, 37. 42; HRMS(C,,H,,CIN,0 1%
i), m/z: 400. 1216(400. 1217)[M+H ]".

4-( (4-Nitrophenyl ) (2-phenyl-1H-indol-3-yl) methyl ) -3-phenyl-1H-pyrazol-5-ol (4k ) , #& {4 [F {4, m. p.
168.7~169. 3 °C, 7# %4 93%. 'H NMR (DMSO-d,, 400 MHz), 8: 11.92(s, 1H), 11.41(s, 1H), 8. 13
(d, J=8.9 Hz, 2H), 7.75(d, J=8.1 Hz, 1H), 7.43~7.35(m, 3H), 7.33~7.26(m, 5H), 7. 18~7.04
(m, 6H), 6.91~6.82(m, 1H), 5.66(s, 1H); “C NMR (DMSO-d,, 101 MHz) , &: 159.99, 153.58,
146.09, 136.88, 135.98, 133.04, 130.00, 129.03, 128.88, 128.72, 128.17, 128.11, 127.58,
123. 64, 121. 80, 119. 15, 113.00, 111. 63, 103. 03, 38.00; HRMS(C,,H,;N,0, 315418 ), m/: 487. 1764
(487.1770)[M+H J".

4-( (5-Methyl-1H-indol-3-yl) (4-nitrophenyl ) methyl ) -3-phenyl-1H-pyrazol-5-ol (41) , B &, [F &, m. p.
212.1~212.7 °C, 77 %} 84%. 'H NMR (DMSO-d,, 400 MHz) , 6: 11.88(s, 1H), 10.84(s, 1H), 8.10
(d, J=8.9 Hz, 2H), 7.48~7.40(m, 4H), 7.41~7.34(m, 3H), 7.27(d, J=8.2 Hz, 1H), 7.01(d, J=
2.4 Hz, 1H), 6.88(dd, J=8.3, 1.7 Hz, 1H), 6.84(s, 1H), 5.59(s, 1H), 2.24(s, 3H); “C NMR
(DMSO-d,, 101 MHz) , &: 160.25, 152.94, 146.06, 135.21, 131.01, 130.00, 129.24, 128.66,
128.21, 127.40, 127.07, 124.98, 123. 48, 123. 13, 118.25, 115.39, 111.83, 103. 57, 37.27, 21.74;
HRMS(C,sH, N, 0,348 ) , m/: 425.1617(425. 1614) [ M+H |*.

4- ( (4-Bromophenyl) (2-phenyl-1H-indol-3-yl) methyl) -3-phenyl-1H-pyrazol-5-ol (4m) , ZI. (& [& & ,
m. p. 150.8~151.2 °C, 7%} 81%. 'H NMR(DMSO-d,, 400 MHz) , 8: 11.87(s, 1H), 11.31(s, 1H),
7.71(d, J=8.1 Hz, 1H), 7.41(d, J=8.2 Hz, 2H), 7.36(d, J=8.1 Hz, 1H), 7.33~7.25(m, 5H),
7.18~7.02(m, 8H), 6.83(t, J=7.6 Hz, 1H), 5. 53(s, 1H); *C NMR(DMSO-d,, 101 MHz), &: 160. 15,
144. 60, 136.82, 135.63, 133.19, 131.13, 131.01, 130.83, 128.93, 128.83, 128.64, 128.35,
128. 05, 127.93, 127.59, 122. 15, 121.61, 119.03, 118.87, 113.82, 111.46, 103.50, 37.26; HRMS
(CyoHp,BrN,NaO H8EAH ) , m/z: 542. 0840(542. 0844)[ M+Na J*.

4- ( (4-Bromophenyl) (5-methyl-1H-indol-3-yl) methyl) -3-phenyl-1H-pyrazol-5-ol (4n) , £I. {4 [# {4 ,

Chem. J. Chinese Universities, 2026, 47(8), 20260134 20260134(76/84)
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m. p. 234.7~235.3 °C, * %} 63%. 'H NMR(DMSO-d,, 400 MHz) , 6: 11.80(s, 1H), 10.73(s, 1H),
7.47~7.33(m, 7H), 7.23(d, J=8.2 Hz, 1H), 7.17(d, J=8.5 Hz, 2H), 6.96~6.91(m, 1H), 6. 85(dd,
J=8.2, 1.6 Hz, 1H), 6.80(s, 1H), 5.43(s, 1H), 2.23(s, 3H); "C NMR (DMSO-d,, 101 MHz) , §:
160.27, 144.30, 140.71, 135.16, 131.07, 131.03, 129.19, 128.56, 128.22, 127.22, 127.13,
124.69, 122.95, 119.06, 118.35, 116.19, 111.71, 104.22, 36.73, 21.78; HRMS (C,;H, BrN,0 i} %
fH), m/z: 458. 0866(458. 0868)[ M+H .

4-( (5-Bromo-1H-indol-3-yl) (4-nitrophenyl ) methyl ) -3-phenyl-1H-pyrazol-5-ol (40) , B & [E A&, m. p.
224.1~224.6 °C, 77#%} 64%. '"H NMR (DMSO-d,, 400 MHz) , &: 11.92(s, 1H), 11.18(s, 1H), 8. 12
(d, J=8.8 Hz, 2H), 7.50~7.32(m, 8H), 7.22~7.12(m, 2H), 7.07~7.02(m, 1H), 5.60(s, 1H) ;
BC NMR (DMSO-d,, 101 MHz) , &: 152.42, 146.20, 135.58, 130.06, 129.26, 128.71, 128.64,
128.20, 126.49, 123.97, 123.60, 121.08, 115.96, 114.16, 111.61, 103.00, 37.25; HRMS
(C,,H,(BrN,0,1151H ), m/z: 489. 0565(489. 0562) [ M+H ]".

4-( (6- (Benzyloxy ) -1H-indol-3-yl) (4-nitrophenyl ) methyl ) -3-phenyl-1H-pyrazol-5-ol (4p) , [ €& [#14,
m. p. 189.2~189.7 °C, 7%} 88%. 'H NMR(DMSO-d,, 400 MHz) , &: 11.88(s, 1H), 10.76(s, 1H),
8.08(d, J=8.8 Hz, 2H), 7.47~7.35(m, 11H), 7.33~7.29(m, 1H), 6.97~6. 84(m, 3H), 6.62(dd, J=
8.7, 2.3 Hz,1H), 5.56(s, 1H), 5.09(s, 2H) ; *C NMR (DMSO-d,, 101 MHz) , §: 155.00, 152.90,
146.06, 138.13, 137.51, 130.05, 129.23, 128.87, 128.63, 128.15, 128.11, 127.98, 123.74,
123. 45, 121.46, 119. 38, 115.96, 109. 81, 103. 37, 96. 61, 69.96, 37. 46; HRMS(C,,H,,N,0, &8,
m/z: 517. 1876(517. 1876)[ M+H |*.

4-((6-(Benzyloxy)-1H-indol-3-yl) (4-bromophenyl ) methyl ) -3-phenyl-1H-pyrazol-5-ol (4q) , £ & {4,
m. p. 174.4~175.1 °C, 7*%} 83%. 'H NMR (DMSO-d,, 400 MHz) , 6: 11.81(s, 1H), 10.66(s, 1H),
7.48~7.33(m, 11H), 7.34~7.26(m, 1H), 7.17(d, J=8. 6 Hz, 2H), 6.93(d, J=2.3 Hz, 1H), 6. 88(d,
J=8.6 Hz,1H), 6.81(dd, J=2.4, 1.1 Hz, 1H), 6.60(dd, J=8.7, 2.3 Hz, 1H), 5.40(s, 1H), 5.08(s,
2H) ; “C NMR (DMSO-d,, 101 MHz) , 8: 154.89, 144.27, 138. 15, 137.45, 131.13, 131.02, 129. 18,
128.86, 128.53, 128.17, 128.10, 127.97, 123.44, 121.66, 119.45, 119.09, 116.77, 109. 60,
104. 02, 96. 54, 69. 97, 36.98; HRMS(C, H,;BrN,0, 31518 ), m/z: 550. 1123(550. 1130)[M+H ",

4-( (6-Chloro-1H-indol-3-yl) (4-nitrophenyl ) methyl ) -3-phenyl-1H-pyrazol-5-ol (4r) , ¥ {4 [& {4, m. p.
202.6~203.2 °C, =%} 61%. 'H NMR (DMSO-d,, 400 MHz) , 6: 11.91(s, 1H), 11.10(s, 1H), 8. 10
(d, J=8.9 Hz, 2H), 7.46~7.40(m, 5H), 7.40~7.34(m, 3H), 7.07~7.01(m, 2H), 6.89(dd, J=8.5,
1.9 Hz, 1H), 5.60(s, 1H); “C NMR (DMSO-d,, 101 MHz) , 8: 152.51, 146.16, 137.27, 130. 04,
129.25, 128.68, 128.17, 126.32, 126.08, 125.61, 123.56, 120.14, 119.35, 116.37, 111.72,
103. 04, 37.31; HRMS(C,,H,,CIN,O,3151H) , m/z: 445. 1068(445. 1067) [ M+H |*.

4-( (4-Bromophenyl ) (6-chloro-1H-indol-3-yl) methyl ) -3-phenyl-1H-pyrazol-5-ol (4s) , ZI{%[&E /A, m. p.
181.2~182. 1 °C, F*# 4 89%. 'H NMR(DMSO-d,, 400 MHz), 8: 11. 84(s, 1H), 11.01(s, 1H), 7. 45~
7.32(m, 8H), 7.18(d, J=8.5 Hz, 2H), 7.03~6.96(m, 2H), 6.87(dd, J=8.5, 1.9 Hz, 1H), 5.43(s,
1H) ; “C NMR (DMSO-d,, 101 MHz), 6: 143.94, 137.23, 131.16, 131.08, 129.21, 128.58, 128. 17,
126. 14, 125.77, 120.19, 119.26, 119.15, 117.17, 111.60, 103. 66, 36. 86; HRMS (C,,H,BrCIN,0 i}
YY), m/z: 478.0320(478. 0322)[M+H "

4-( (5-Methoxy-1H-indol-3-yl ) (4-nitrophenyl ) methyl ) -3-phenyl-1H-pyrazol-5-ol (4t) , # {4 [F{A, m. p.
153.6~154. 1 °C, 7%} 78%. 'H NMR (DMSO-d,, 400 MHz) , §: 11.90(s, 1H), 10.80(s, 1H), 8.12
(d, J=8.9 Hz, 2H), 7.51~7.37(m, 7H), 7.27(d, J=8.8 Hz, 1H), 7.00(d, J=2.5 Hz, 1H), 6. 71(dd,
J=8.8, 2.4 Hz, 1H), 6.52(d, J=2.5 Hz, 1H), 5.58(s, 1H), 3.55(s, 3H); “C NMR(DMSO-d,, 101
MHz) , 8: 153.46, 152.86, 146.10, 131.89, 130.98, 130.02, 129.26, 128.67, 128.21, 127.20,
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125.38, 123.51, 115.88, 112.73, 111.38, 103.45, 100.63, 55.57, 37.28; HRMS (C,H,N,0, I &
fE), m/z: 441.1565(441. 1563) [ M+H ]

4- ( (4-Bromophenyl) (5-methoxy-1H-indol-3-yl) methyl) -3-phenyl-1H-pyrazol-5-ol (4u) , I {4 [& {4 ,
m. p. 144.1~144.7 °C, ;=3 K 77%. '"H NMR (DMSO-d,, 400 MHz) , 8: 11.81(s, 1H), 10.70(s, 1H),
7.47~7.37(m, 7H), 7.23(d, J=7.8 Hz, 3H), 6.96~6.88(m, 1H), 6.68(dd, J=8.7, 2.5 Hz, 1H),
6.46(d, J=2.5 Hz, 1H), 5.41 (s, 1H), 3.54(s, 3H); “C NMR (DMSO-d,, 101 MHz) , &: 153.29,
144. 18, 131. 87, 131. 09, 129.21, 128.57, 128.21, 127. 34, 125. 10, 119. 13, 116. 66, 112.59, 111. 16,
104. 05, 100. 71, 55. 53, 36. 78; HRMS(C,H,,BrN,O, 11518 ) , m/z: 474.0807(474.0817)[M+H ]*.
122 B A 8 AR & R S IOCER[13] 757, R Cell Counting Kit-8 (CCK-8) 1%}
G da~4u AT T IRSMITHEFETE PRI . 206 F A0 e BRI i 240k A 549 41 i AT 25k A549/DDP 4
i, ZERERRE AT, 2 IX10° - AHHIEERD T 96 FLAR T, BEALINA 100 wWL3GFREE, RRAL G024
2R ZRIE 0, 0.01, 0.1, 1, 101100 pmol/L, H-MKEFBE 3N fL, T37 CHiFR72h /5, HALN
A 10 pL CCK-8 AW, AREEMFE 0. 5 h, FAEGHR T 450 nm ME WO, FATHER 31K
1.2.3  AO/EB ¥ 5% ot 22 4 3k 40 M 1L 4 4 4n %F AS49/DDP 40 Ji, 7 A 19 v 1E 96 fLA h B fL4E AP 4
1X10°4~> A549/DDP 4 il , FLA40 4n 45 254 & 53971 0, 0. 05 F10. 10 pmol/L, YE IR 72 h, SRR
BERES (AO) AL 258 (EB) A6 YL (o 2 A TR I . AO/EB XYL 0, T AR HT B lc i, AO FIEB /Y
P M 10 pg/mL, BT TIFE 6 min &, DG B ML FHHAMIC 3 .
1.2.4  zhfa JA A SR PLYL @A TAE5 47 4n (0, 0.05, 0. 10 wmol/L) X+ A549/DDP 4l g J&1 14
IS, T 6 FLAR T AFLEERI 24 5% 1071~ A549/DDP 240l , 25251EH 72 W, 1 70% (KRR35 2 BT
4 “C[#5E 12h, F10 pL RNase (1 mg/mL)WEH 15 min, )58 FLIMA 10 wL400 we/mL B4k P BE (P1) ¥
W, T4 CRYEYLA 15 min, TR, “FA 7385 31K
125 #nfg A4l SRA Annexin V-FITC/PLRUG LA 716G 4n(0, 0. 05, 0. 10 pmol/L) BE 7515
T A549/DDP il & AP T F 6 LA AR LI RN 2 5x10° 1~ AS49/DDP 4, Z525/ER 72 h ), A
AnnexinV-FITC/PL T A G G- TR, f5e ) P =AM ARz, P47 5280 31K
1.2.6 4R XD 25 SRR SZ5A 17165497 4n (0, 0. 05, 0. 10 pmol/L) X A549/DDP 4 i i
Bl E S, F 6 LA AR FLIEFI 2 1X10°1~ AS49/DDP 4il il , 24 24 5 43 90 76 24 Fi1 48 h i RAE K]
&, 4 Image JBAFA M RIR AR, SPAT555% 31K
127 ER BT K 4F b f#H ChemDraw B2 646 A4 4n (9 2D 4544, Chem3D 2:1l4b&4)
4n (%) 3D 2514 5 7€ PDB (https: //www. resb. org) #04f 2t & JF T 2800 G & 111 AKtl (PDB: 3CQW) ',
AKt2(PDB: 2JDR)"", ROCK1(PDB: 6E9W)"*/, ROCK2(PDB: 6ED6)""®! PKA(PDB: 6E9L)""®, p70S6K
(PDB: 3A62) "), Tubulin (PDB: 1SA0) > I P-}# & 1 (P-gp) (PDB: 709W) "5 4 F %t $ % H
Schrodinger B AR ATHRAES 712227 S e B4 T, {8 PyMOL 3. 1 SR BRI AL 41X
128 %uitF % KM GraphPad Prism B HIASCEIE , H SPSS 3G it 43 B S Ab BRAH CE R |
BA LS 0 SCR13 ], ARSCIE PR 8 55 SRk (24 1352k A [R]— ik s2 5, Bras Frgl M) B2
B A AL AL, He S IR Al (s 38 Ak Sy A

2 #R51HE

21 BRULEWHER

Xt F RS PI BN 25 AEREAT TAOUAL , BRI TR 1. 15, 558 T ARl RO 7RI 0 )™ 38 ) R
(17 Entries 1~7), 24 PL S G FIN, 10510 4a 1077 5 5555 15 71 80% (1 H Entry 6) 5 HEIEY
BRSO AR, 7RI RRA, DRI R S R o — R e . BB, 8¢ TR %
BN (1 H Entries 6, 8 F19), 4 Sl BEREARZE 40 “CIRF, S IR IA]E A EL» F8FEAR 5 24 S B2
THRZ 80 C, BIRNIIN A4, (HUR ) AR, DRI e O RE O 60 °C. fe, B4 T R
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PIBCEH L2, 25 SR B A MU BB U AR BB B R 2R BT, e T IR N A VY
BHE R 1:1: TR ), LR NIRRT 60 “CF R .

FER R A5 N X R N BB PEDEA T TS . 3 i e AR v e K 2 F R 1 AU IE AT, 43500
5-RKE-2,4- A -3 H-MME-3- 0 52 N (2 2) , A5 51] 21 4> 3- R 5E- 1 H-HE e B2 | et A= 1) ({654 4b~4u)
FEH61%~95%. BT UL, 1Z N HA BT 0SS, BRI b TR A R L TRl LA B i e R
JC T U AT AT A 550 LSRR 1 5 A S I

Table 2 Scope of the substrates”

Compd. R! R? R? R* R’ Yield(%)
4a H H CH, H H 80
4h CH, H H H H 71
4c H H H CH, H 82
4d H H H F H 61
4e H H OCH, H H 75
4f H H H OCH,CH, H 95
4g H H Br H H 73
4h H F H H H 64
4 H H cl H H 74
4 H H H cl H 92
4k C.H, H H H NO, 93
4 H H CH, H NO, 84
4m C.H, H H H Br 81
4n H H CH, H Br 63
40 H H Br H NO, 64
4p H H H OCH,CH, NO, 88
4q H H H OCH,CH, Br 83
4r H H H cl NO, 61
4s H H H Cl Br 89
4 H H OCH, H NO, 78
4u H H OCH, H Br 77

/‘E R? CHO
R3
X N + mw + CH.Cl,
o - N 60 °C
(0] RS
1 2 3

22 B EWRIEIMNABETE M

kA1) da~4u SFE TR 25 Bk A549 41 it Rz it 245 1k A549/DDP 41t (4 TG 15 T2 3. Al W, &%
4m, 4t 1 4r 55 16 DAL A 0 %F AS49 20 it Ay 300 i 3 P 00 1 BEE X BR 25 4, Hb b A 4m [1C,,=
(0. 057+0. 002) pwmol/L ] {175 S BHA: X B4 [ IC,,=(1. 480+0. 008) wmol/L ][ 26 1% ; fL5 ¥ 4n, 4s Al
Ag 55 20 KA PR 25 1k AS49/DDP 4 Ji ()40 il 1 M A8 T BH A BR 25 0, b Ak &40 4n [1C,,=
(0. 085+0. 003) wmol/L ] )3 14 J2 P XS BRI 1C,=(2. 496+0. 117) wmol/L]i) 29 4% ; L& 4n, 4s Fl
Ak %5 6 ML A PRI 258k AS49/DDP 41 it FA Bl iy bk, RF(EHET0. 2.

FARISE R IT a5 AR B, 24 R WA F B IE RS (b &4 4g Fl4i) , REASHE =% AS49/DDP 41 it 11
PSR AL F I (fb A4 4a Fl de) IS, ATREAIRXT AS49/DDP 40 M (I 36 1 5 24 RO
THACIER, (f W) 4d F14)) , BEASHE =% AS49/DDP 21 S b % 1, T R* g 25 v I A1 (Ab-5 9 4c
A0 B, AT EARXT AS49/DDP A LA PTG 1 5 24 R R AAFEBUR, RO A T HUCEE (b A9 4p Fi
4q) I, BERSHEE AT AS49/DDP 4RI TEM: . SRR Z AL S WIAE S 0T & 245 i RE S 1 R 1
FE O, T ZEARBUNT A549 F1 AS49/DDP 4L ¥y BAT R AT A iE vk, 32 i e R AL S P 4n, 4t F14m
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Table 3 Anti-proliferation activities of compound 4a~4u against A549 and A549/DDP cell lines

Compd.

1C,,"/(pmol - L")

A549 A549/DDP RF*

4a 0.494+0.007 0.335+0.004 0.68
4h 4.807+0.052 1.057+0.042 0.22
4c 0.450+0.005 3.815+0.051 8.48
4d 1.006+0.010 0.429+0.015 0.43
4e 0.555+0.001 0.172+0.004 0.31
4f 1.325+0.015 2.482+0.071 1.87
4g 1.7170.045 0.035+0.001 0.02
4h 0.752+0.006 2.129+0.027 2.83
4i 0.155+0.004 0.137+0.003 0.89
4 3.512+0.033 0.265+0.014 0.08
4k 2.812+0.008 0.038+0.001 0.01
4] 0.499+0.005 0.239+0.006 0.48
4m 0.057+0.002 0.074+0.002 1.30
4n 0.443+0.011 0.085+0.003 0.19
40 0.445+0.011 0.153+0.004 0.35
4p 0.490+0.004 0.442+0.004 0.90
4q 4.701+0.111 0.048+0.001 0.01
4r 0.102+0.002 0.500+0.009 4.90
4s 0.664+0.005 0.027+0.001 0.04
4 0.099+0.001 0.083+0.007 0.84
4u 0.447+0.013 0.288+0.006 0.64
Cisplatin 1.480+0.008 2.496+0.117 1.69

a. Data are expressed as mean IC5+SD(pumol/L, n=3); b. RF was computed as IC5,(A549/DDP)/IC,,(A549).

FEE R, [N S B A5 21 0 Tt 24 2 PR e £ 1k R AP AR5, BT LASe 4 =35 X iR 25k A549/DDP

AN A B R AL ) A JF SR SR SRR

23 AO/EBIRHLEER

K37 7AW An /R T AS49/DDP 40 J5 1) AO/EB WUHS G YL 45 . W I, Bl 45 245k FE 1Y

Control

100 um

4n(0.05 pmol/L)

100 um

100 pm

4n(0.10 pmol/L)

» 100 um

100 pum

» 100 um

Fig. 3 Effects of compound 4n(0, 0. 05 and 0. 10 pumol/L) on A549/DDP cells as determined

by AO/EB dual-fluorescence staining assay
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Hahn, RILLADSER AS49/DDP A A i 2, R IARAUOEHT A549/DDP A ML A Krs /L, [R] A 4
MRz g a2 s R . DL ESERR], b5 4n RS TE T AS49/DDP Ai L & A A T
2.4 FR# A549/DDP 48t G /G, HB

El 47t T 4n (0, 0.05, 0. 10 pwmol/L)/EH T A549/DDP 41 5 () 4f i 1 . v L, b
Go/G, I 20 1 e 9143 511 A 51. 48%20. 93%, 57. 26%=0. 82% F1 67. 38%=1. 83% , LM 4n 45259 E Hy
0. 05 F10. 10 wmol/L I 4168 & 25 HiBH A GG 3, HLEWRIEIEASE(P<0. 05) 5 AbF SHARY A549/DDP 4 iy
Fe i b, B T G (P<0. 05) 3 40T Go/M Y AS49/DDP 4 i e AR %5 T2 1120 S48 hn s vk
B(P<0.05). LRI, fbA % 4n 2258 2 BT AS49/DDP ALY G/ G AR A 45 Pt e i 1 .

(A) Control 4n(0.05 pumol/L) 4n(0.10 pmol/L)
b Dip G1: 52.06 % 1 DipGl: 56.35 % * DipG1:65.33 % (B) — GO/G]
n.p(.:: ;n-. Dip G2: 15.19% 200 DipG2: 11.16% =S
Dip S: 3833% e Dip S: 26.18% Dip S: 19.12% = G,/M
= g L * * *
= .8
S o] E
o 20K 4 60K ° oK. 20K 30K 40K -
FLIOA: PEA FLIOA: PEA FLIOA: PEA 8-1 60
P a
30 Blo G 0408 50 DipGl: 57.94% Dip Gl: 68.85 % %
Dip G2: 6.73% :::(f:z::: 0 :::(f I'::::.' 8
200 Dip §: 42.14% 100 o . o 40+
i i ] k;
100 50
10
o] L 20 -
° 10K 20K 30K ax 0 20 o 0K ° 10K 20K 30K ax
FLIOA: PEA FLIOA: PEA FLIOA: PEA
20 150 el
Dip Gl: 51.97% DOl 149% i 0 DO N O N O
2: 9.33% Dip G2: 16.80 % 300 Dip G2: 14.64% x \ \ Y \
. " st o 55 1190% E PP VY DY
§ 200 Dip S: 37.68% § P g OOQ ‘&D ,@o QO.Q .QQ ‘QQ QO.Q '&0 .®°
200
Q'o‘? oY Q‘a\? ¥ @Q oY
- o N g &
® W W » W W W
0 LB ol .
o o o s o mk  ax e Concentration/(umol-L")
FLIOA: PEA FLIOA: PEA FLIOA: PEA
PI

Fig. 4 Cell cycle distribution analysis of compound 4n(0, 0. 05 and 0. 10 pumol/L) on A549/DDP cells
(A) Cell eycle distribution of A549/DDP cells was analyzed by PI staining and flow cytometry;

(B) quantitative representation of cell cycle distribution results(n=3; * P<0. 05, vs. Control).

2.5 HARAET R

KSR THEH14n(0, 0. 05, 0. 10 pmol/L)YEHIF A549/DDP 4iiffd 5, >R H Annexin V-FITC/PIXLH¥
AN PR T2 5L nT UL, PR T MR A L A543 R 1. 75%+0. 27%, 7. 37%+0. 10% F1 10. 75%=0. 44%,
P T S A0 LG 53 5 R 2. 03%+0. 64%, 21. 29%+0. 76% F135. 25%+1. 12%, w8140 M L 5143 51 Hy
3. 78%=0. 46%, 28. 66%=0. 75% F146. 00%=+1. 55%; HHIE T 25 4L, 16L& W) 4n BENS T 35 Hb 15 5 AS49/
DDP 4 & A R G, H -S43 254 B B IEAH 5 (P<0. 001). 33X 5 AO/EB XYL (A 45 R K CCK-8 K5
25 FRAR—F, LAY 4n FTES ASA9/DDP A & A P8 700 A& A 1547 .
2.6 ZHREXIRSEIGLER

B 67 T A0 R SCIR 45 5 . AT, A& 4n(0, 0.05, 0. 10 pmol/L) %524 24 h J5 A549/DDP 4l
i B A X R A 0 R 73, 46%+2. 1%, 66. 48%+3. 23% F1 35. 07%=+2. 99%. Ab4 ) 4n 1R vk
ik, %t AS49/DDP 20 i RIJE A4 fE 1 HIVE I ASR (P<0. 05) , BEE 25 BEsa I, Homhl ag )y w25 3
15, PHIBE T 22 T4 2. 1F5(P<0. 001) 5 Bl VE BTG, IR AR B @&, 452450 [a]
K48 hif, 28 14 B9 AE T R A AR Al 5 3 90. 32%2+0. 96% , TR 4 (81. 66%=+1. 38% ) I e
FEZ(61. 05%=1. 63%) ¥JRE i E i A549/DDP 4l A IR A5 fEJ1 (P<0. 001). Z5 |, b5 4n 230
FR T IEAH DA A549/DDP 4 J (R AN -G B8 T, 4K m] REAE SRR YT Hh R I g 4 U e
HIFERT.
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(A) Control 4n(0.05 pmol/L) 4n(0.10 pmol/L)
- Control 1 P1 - HOYE21(0051 P1 - HOYE21(0.1)1 P1 B) mmm [ atc apoptosis
~ 1Q1-UL(0.26%) Q1-UR(1.47%)| T 1Q1-U3.94%) Q1-UR(7.27%) T {Q1uy5.43%) Q1-UR(11.14%)) f— Early apoptosis
% % % == Total apoptosis
e < se Ie
g2 2 T w2 [ S * * *
. by . R 50 !
A P ] K acll ks ) | * * *
o |Q1LLOS 52%) QIRERTS%)| o JarLueso%) | ariresw) o |QHLUTOM | Q1LRE639%) =
Thot 10t 10t 100 0002 a0 0t a0® 0P 102 100 10f 100 10 %/ 40
FITC-A FITC-A FITC-A 7,
< Control 2 P1 © HOYE-21(0 052 P1 o HOYE-21(0 122 P4 17 =L
~ a1-uLo 84%) Q1-UR(2 01%)) ~ 1Q1-uL4 12%) Q1-UR(7 46%) T Q15 41%) Q1-UR(10 84%) 8
. =)
Y % % 3 30
° 24 2
<
b3 3 b o b kY
¢ ¢ M 20
2] ] ®
o |Q1-LL ; m) - Q1-LR(1.81%) s G'-‘-H'&.I”Y 4‘: B :2|4-H2l 61%) LS 10 -
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Fig. 5 Apoptosis was induced in A549/DDP cells by compound 4n(0, 0. 05 and 0. 10 pumol/L)
in a dose-dependent manner
(A) Annexin V/PI double staining and flow cytometry were performed to detect apoptosis in A549/DDP cells; (B) quantitative
representation of apoptosis rate(n=3, "P<0. 001, vs. Control).
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Fig. 6 Compound 4n(0, 0. 05 and 0. 10 pmol/L) inhibits the migration of A549/DDP cells

in a dose-dependent manner

(A) Wound healing assay results; (B) quantitative representation of wound healing rate(n=3,

“P<0. 001, vs. Control; “P<0. 05, vs. Control).
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Fig.7 Molecular docking results of compound 4n
(A) Molecular docking compound 4n with AKt1(PDB: 3CQW); (B) molecular docking compound 4n with Tubulin(PDB: 1SA0);
(C) molecular docking compound 4n with P-gp(PDB: 709W).
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