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Abstract: Objective To combine the main component of triterpenoid in Chinese traditional and precious nourishing medicine
Ganoderma lucidum, ganoderic acid A (GAA), with anti-tumor compound isatin, evaluate the anti-tumor activity of the obtained
conjugate in vitro, analyze the structure-activity relationship, and predict the targets of GAA and these conjugate. Methods GAA
was connected with polyethylene glycol with one or three unit lengths, and then combined with isatin by click reaction. The
anti-proliferation activity of the synthesized compounds on MCF-7, HepG2, SJSA-1 and normal cell line HK-2 was investigated by
MTT assay. Results A total of 16 new GAA-isatin conjugates with different lengths and different substitutions were synthesized
and their structures were determined. Some of the compounds showed good anti-tumor activity, and the substitution of the isatin
fragment had a great impact on the anti-tumor effect, especially in the 6-position. Target fishing and molecular docking results
showed that GAA and its conjugate may exert anti-tumor effect through regulating mouse double minute 2/X (MDM2/X).
Conclusion The series of the compounds have strong selectivity for MCF-7. Compounds A1l and A16 have the value of further
research and have the potential to develop a dual-target or multi-target anti-tumor compound.
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Fig.1 Structure of ganoderic acid A
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Fig.2 Structures of isatin, sunitinib and indirubin
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Fig.3 Synthetic scheme of ganoderic acid A-isatin conjugates

22 RERE A-BEAH SN E R EFETE
ILAEY) A1 A, HERIFREUCR 2 A 100mg
(0.194 mmol), JIAZE] 50 mL LI T, =i
PEFARMA 5 mL & H %%, 77.2 nL(0.388 mmol)
1-2 - 11-8%-3,6,9- =%+t 74.8 mg (0.233
mmol) TBTU. 64.1 uL (0.388 mmol) DIPEA, %
TEHEFE 30 min, TLC RMIRBL, JEFFHIN =S H k-
HEE (10 : 1), JRFEEREMAMA NaCl B,

WGERE W, BUN RN NaSOs T4, 4l
P, LA OkE-HEE (20 0 1) BHTHAE, W

HERYD, BeT- 17, 15 122 mg i& R F (87247 a,
W2 N 87.7%. HERRFRELEELL 272 mg (1.85 mmol),
IIAZE] 50 mL BB+, =i %A AR ZOmA 20
mL " HIEHBHEZ (DMF), 0 CLLFNA 88.8 mg
(3.7 mmol) ZAbHN, I 30 min JE I 3-B AR,
TLC Rl 5, FEFFFI A -BE R 406 (4 1 1),
RILEE W G INBSTR CBE2EEL, YRy EE W, L
BEIR CHRJZ e T DA EE-BEER 408 (50 @ 1) i
ITHEERE, WEEHRY, e Tim, 1SELedin
b (1955 mg, WHEHN 57.1%).
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B E] 24 a (20 mg, 0.027 9 mmol), =iH4
RO 2 mL —&H e 6.25 mg (0.033 2
mmol) b. 1 mg (0.005 6 mmol) 2-MEWM) FERH, =
T4 2.5 h, TLC Kl je S, RMER G~/ L
Fe-FEE (20 @ D gHATAEIE, B, BET
W, 15 242 mg HOREAKRZR AL IR A
95.2%. &Y A2~A16 R FIFER& T,

WED AL O, R 952%. 'H-NMR
(600 MHz, CDCl3) o: 7.85 (1H, s, triazole-H), 7.60~
7.58 (2H, overlapped, isatin-H-6,7), 7.32~7.31 (1H,
m, isatin-H-4), 7.14~7.11 (1H, m, isatin-H-5), 6.44
(1H, t, J = 5.4 Hz, CONH), 5.06~5.00 [2H, m,
CH»-M(isatin)], 4.79~4.77 (1H, m, H-7), 4.64~4.60
(1H, m, H-15), 4.54~4.53 [2H, m, CHx-N(triazole)],
4.11~4.10 (1H, m, 7-OH), 3.87~3.85 [2H, m,
OCH,CH»-M(triazole)], 3.61~3.52 [10H, overlapped,
CH»(OCH2CH;0),], 3.51 ~3.48 (1H, m, 15-OH),
3.41~3.39 (2H, m, CONHCH>), 1.28 (3H, s, CHz3),
1.25 (3H, s, CH3), 1.14 (3H, d, /= 7.1 Hz, CH3), 1.12
(3H, s, CH3), 1.10 (3H, s, CHs), 0.96 (3H, s, CH3),
0.85 (3H, d, J = 6.5 Hz, CH3); '*C-NMR (150 MHz,
CDCl) o: 216.2 (C-3), 208.5 (C-23), 198.6 (C-11),
182.1 (C-26), 174.7 (indole-C-3), 158.4 (C-8), 157.0,
149.2, 140.5 (C-9), 139.1, 137.7, 124.3, 123.2, 123.1,
116.5, 110.6, 71.3 (C-15), 69.5, 69.4, 69.3, 69.1, 68.7,
68.2, 67.8 (C-7), 52.9 (C-14), 50.7 (C-12), 49.4, 48.9
(C-22), 47.7 (C-5),47.2 (C-17), 46.1, 45.7, 45.6, 38.2,
36.9, 35.2, 34.9 (C-25), 34.5, 344, 33.3, 31.6 (C-20),
27.9 (C-6), 26.3 (C-28), 19.7, 18.7, 18.5, 18.4, 17.0,
16.2. (triazole N —=%M: 7 BX, indole M| 1 B o

WEY A2: O, 1R 94.7%. 'H-NMR
(600 MHz, CDCl3) ¢: 7.79 (1H, s, triazole-H), 7.50~
7.48 (2H, overlapped, isatin-H-4,7), 7.27~7.26 (1H,
m, isatin-H-6), 6.33 (1H, t, J = 5.3 Hz, CONH),
4.98~4.93 [2H, m, CH>-M(isatin)], 4.71~4.70 (1H,
m, H-7), 4.55~4.53 (1H, m, H-15), 4.48~4.46 [2H,
m, CH»-N(triazole)], 3.91 ~3.90 (1H, m, 7-OH),
3.80~3.78 [2H, m, OCH,CH,-N(triazole)], 3.55~
3.46 [10H, overlapped, CH2(OCH>CH>0),], 3.35~
3.32 (3H, overlapped, 15-OH, CONHCH>), 1.28 (3H,
s, CH3), 1.21 (3H, s, CH3), 1.07 (3H, d, J = 7.0 Hz,
CH3), 1.05 (3H, s, CH3), 1.03 (3H, s, CH3), 0.89 (3H,
s, CH3), 0.78 (3H, d, J = 6.4 Hz, CH3); *C-NMR (150

MHz, CDCl;3) ¢: 216.1 (C-3), 208.5 (C-23), 198.6
(C-11), 181.2 (C-26), 174.6 (indole-C-3), 158.3 (C-8),
156.4, 147.5, 140.1 (C-9), 139.1, 137.0, 128.9, 124.1,
123.3, 117.3, 112.0, 71.3 (C-15), 69.5, 69.4, 69.3,
69.1, 68.7, 68.2, 67.8 (C-7), 52.9 (C-14), 50.7 (C-12),
49.4, 48.9 (C-22), 47.7 (C-5), 46.1, 45.7, 45.6, 38.2,
36.9, 35.3, 34.9 (C-25), 34.5, 33.3, 31.6 (C-20), 27.9
(C-6),26.3 (C-28),19.7,18.7, 18.5, 18.4, 17.0, 16.2.

WEY A3: HEFEAE, 1% 89.9%. H-NMR
(600 MHz, CDCls) o: 7.87 (1H, s, triazole-H), 7.53~
7.52 (1H, m, isatin-H-7), 7.45~7.44 (1H, m, isatin-H-
4), 7.30~7.29 (1H, m, isatin-H-5), 6.49 (1H, t, J=5.7
Hz, CONH), 5.01 ~4.98 [2H, m, CH,-MN(isatin)],
4.78~4.75 (1H, m, H-7), 4.62~4.40 (1H, m, H-15),
4.56~4.54 [2H, m, CH,-N(triazole)], 4.13~4.08 (1H,
m, OH-7), 3.89~3.85 [2H, m, OCH,CH,-N(triazole)],
3.65 ~3.50 [11H, overlapped, CH2(OCH,CH:0),
OH-15], 3.43~3.37 (2H, m, CONHCH>), 1.27 (3H, s,
CH3), 1.25 (3H, s, CH3), 1.14 (3H, d, J = 7.2 Hz,
CH3), 1.12 (3H, s, CH3), 1.09 (3H, s, CH3), 0.96 (3H,
s, CH3), 0.86 (3H, d, J = 6.3 Hz, CH3); '*C-NMR (150
MHz, CDCl;3) ¢: 217.3 (C-3), 209.6 (C-23), 199.6
(C-11),, 181.9 (C-26), 175.7 (indole-C-3), 159.4 (C-8),
157.8, 151.0, 141.1, 140.1 (C-9), 134.0, 127.4, 126.3,
124.3, 116.2, 115.1, 72.3 (C-15), 70.5, 70.4, 70.4,
70.1, 69.8, 69.2, 68.8 (C-7), 53.9 (C-14), 51.7 (C-12),
50.4, 49.9 (C-22), 48.7 (C-5), 48.1 (C-17), 47.1, 46.7,
46.6, 39.2, 37.9, 36.2, 35.9 (C-25), 35.6, 35.5, 34.3,
32.6 (C-20), 28.9 (C-6), 27.3 (C-28), 20.7, 19.8, 19.5,
19.4, 18.1, 17.2.

WEY A4: ORI, i 91.5%. H-NMR
(600 MHz, CDCls) o: 7.88 (1H, s, triazole-H), 7.72~
7.69 (2H, overlapped, isatin-H-4,6), 7.29~7.27 (1H,
m, isatin-H-7), 6.52 (1H, t, J = 5.5 Hz, CONH),
5.04~4.99 [2H, m, CH,-N(isatin)], 4.77~4.75 (1H,
m, H-7), 4.62~4.40 (1H, m, H-15), 4.55~4.52 [2H,
m, CH»-N(triazole)], 4.20 ~4.15 (1H, m, 7-OH),
3.87~3.85 [2H, m, OCH,CH-N(triazole)], 3.63~
3.51 [11H, overlapped, CH2(OCH,CH,0),, 15-OH],
3.42~3.39 (2H, m, CONHCH»), 1.27 (3H, s, CH3),
1.25 (3H, s, CH3), 1.14 (3H, d, /= 6.7 Hz, CH3), 1.12
(3H, s, CH3), 1.09 (3H, s, CHs), 0.96 (3H, s, CH3),
0.87 (3H, d, J = 6.3 Hz, CH3); '*C-NMR (150 MHz,
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CDCl) o: 217.3 (C-3), 209.6 (C-23), 199.7 (C-11),
182.1 (C-26), 175.8 (indole-C-3), 159.4 (C-8), 157.3,
149.0, 141.1, 140.9 (C-9), 140.1, 128.1, 124.4, 118.7,
117.0, 113.5, 72.3 (C-15), 70.5, 70.5, 70.4, 70.1, 49.8,
69.2, 68.8 (C-7), 53.9 (C-14), 51.7 (C-12), 50.4, 50.0
(C-22), 48.7 (C-5), 48.2 (C-17), 47.1, 46.6, 39.2, 37.9,
36.2, 35.9 (C-25), 35.5, 34.2, 32.6 (C-20), 29.7, 28.9
(C-6),27.4 (C-28),20.7,19.8,19.5,19.4, 18.1, 17.3-

WEY AS: HEFEAE, I 96.4%. H-NMR
(600 MHz, CDCl3) o: 7.88 (1H, s, triazole-H), 7.53
(1H, d, J = 7.6 Hgz, isatin-H-4), 7.36 (1H, d, J = 1.6
Hz, isatin-H-7), 7.12 (1H, dd, J = 7.6, 1.6 Hz,
isatin-H-5), 6.52 (1H, t, J = 5.9 Hz, CONH), 5.01~
4.98 [2H, m, CH,-N(isatin)], 4.78~4.75 (1H, m, H-7),
4.63 ~4.60 (1H, m, H-15), 4.56 ~4.54 [2H, m,
CH,-N(triazole)], 4.20~4.15 (1H, m, 7-OH), 3.88~
3.85 [2H, m, OCH,CH,-M(triazole)], 3.65 ~ 3.52
(11H, overlapped, CH2(OCH,CH20),, 15-OH), 3.43~
3.39 (2H, m, CONHCH»), 1.27 (3H, s, CH3), 1.25
(3H, s, CH3), 1.14 (3H, d, J = 6.7 Hz, CH3), 1.12 (3H,
s, CH3), 1.09 (3H, s, CH3), 0.94 (3H, s, CHs), 0.86
(3H, d, J = 6.3 Hz, CH3); "*C-NMR (150 MHz,
CDCl) d: 217.3 (C-28), 209.6 (C-23), 199.7 (C-11),
181.7 (C-26), 174.8 (indole-C-3), 159.4 (C-8), 158.0,
151.3, 145.2, 141.1 (C-9), 140.1, 126.4, 1244, 124,
115.8, 112.4, 72.3 (C-15), 70.5, 70.4, 70.3, 70.1, 69.8,
69.2, 68.8 (C-7), 53.9 (C-14), 51.7 (C-12), 50.5, 50.5
(C-22), 48.7 (C-5), 48.2 (C-17), 47.1, 46.8, 46.4, 39.2,
37.9, 36.3, 35.9 (C-25), 35.6, 35.5, 34.3 (C-20), 32.7,
28.9 (C-6), 27.4 (C-28), 20.7, 19.8, 19.5, 194, 18.1,
17.3.

WEY A6: Mk, YiZ 93.4%. 'H-NMR
(600 MHz, CDCls) o: 7.85 (1H, s, triazole-H), 7.24~
7.23 (1H, m, isatin-H-7), 7.15~7.12 (2H, overlapped,
isatin-H-4,6), 6.56 (1H, t, J = 5.4 Hz, CONH), 5.02~
4.97 [2H, m, CH,-N(isatin)], 4.78~4.75 (1H, m, H-7),
4.63 ~4.60 (1H, m, H-15), 4.54 ~4.53 [2H, m,
CH,-N(triazole)], 4.37~4.31 (1H, m, 7-OH), 3.87~
3.85 [2H, m, OCH,CH»-M(triazole)], 3.80 (3H, s, OCH3),
3.62 ~ 3.53 [11H, overlapped, CH>(OCH>CH:O),,
15-OH], 3.42~3.39 (2H, m, CONHCH>»), 1.27 (3H, s,
CH3), 1.25 (3H, s, CH3), 1.14 (3H, d, J = 7.1 Hz,
CH3), 1.12 (3H, s, CH3), 1.09 (3H, s, CH3), 0.96 (3H,

s, CH3), 0.85 (3H, d, J = 6.4 Hz, CH3); '*C-NMR (150
MHz, CDCl;3) ¢: 217.4 (C-3), 209.6 (C-23), 199.7
(C-11), 183.6 (C-26), 175.8 (indole-C-3), 159.5 (C-8),
158.1, 156.7, 144.2, 141.6 (C-9), 140.1, 124.9, 124.3,
117.9, 112.7, 109.6, 72.3 (C-15), 70.5, 70.5, 70.4,
70.1, 69.8, 69.2, 68.8 (C-7), 56.0, 53.9 (C-14), 51.7
(C-12), 50.4, 50.0 (C-22), 48.7 (C-5), 48.2 (C-17),
47.1, 46.8, 39.2, 38.0, 36.2, 35.9 (C-25), 35.5, 354,
34.3 (C-20), 32.6, 28.9 (C-6), 27.4 (C-28), 20.7, 19.8,
19.5,19.4,18.1, 17.3,

WEY AT: O, 1 84.9%. H-NMR
(600 MHz, CDCl3) o: 7.86 (1H, s, triazole-H), 7.56~
7.54 (1H, m, isatin-H-4), 6.85 ~ 6.84 (1H, m,
isatin-H-7), 6.58 ~ 6.55 [2H, overlapped, CONH,
isatin-H-5], 5.00 ~ 4.97 [2H, m, CH)-N(isatin)],
4.78~4.76 (1H, m, H-7), 4.63~4.60 (1H, m, H-15),
4.55~4.52 [2H, m, CH»-N(triazole)], 4.37~4.31 (1H,
m, 7-OH), 3.93 (3H, s, OCH3), 3.87~3.85 [2H, m,
OCH2CH»-NM(triazole)], 3.62~3.53 [11H, overlapped,
CH»(OCH2CH0),, 15-OH], 3.42 ~3.39 (2H, m,
CONHCH>»), 1.27 (3H, s, CHs), 1.25 (3H, s, CHz),
1.14 (3H, d, J= 7.1 Hz, CH3), 1.12 (3H, s, CH3), 1.09
(3H, s, CH3), 0.96 (3H, s, CH3), 0.86 (3H, d, J = 6.4
Hz, CH3); BC-NMR (150 MHz, CDCl3) §: 217.4
(C-3), 209.6 (C-23), 199.7 (C-11), 180.4 (C-26), 175.8
(indole-C-3), 168.6, 159.5, 159.4, 153.1, 141.7, 140.1,
127.9, 124.3, 110.9, 109.2, 98.2, 72.3 (C-15), 70.5,
70.4, 70.3, 70.1, 69.8, 69.2, 68.8 (C-7), 56.3, 53.9
(C-14), 51.7 (C-12), 50.4, 50.0 (C-22), 49.9, 48.7
(C-5), 48.2 (C-17), 47.1, 46.8, 46.6, 39.2, 38.0, 36.2
(C-25), 35.9, 35.5, 35.4 (C-20), 34.3, 32.6 (C-6), 28.9
(C-28),27.4,20.7,19.8, 19.5, 19.4, 18.0,

WEY) A8: FELLEIE K, 1% 96.2%. 'TH-NMR
(600 MHz, CDCl3) o: 7.85 (1H, s, triazole-H), 7.40~
7.34 (2H, overlapped, isatin-H-4, 6), 7.20~7.18 (1H,
m, isatin-H-7), 6.58~6.56 (1H, m, CONH), 5.04~
4.98 [2H, m, CH,-N(isatin)], 4.78~4.75 (1H, m, H-7),
4.63~4.60 (1H, m, H-15), 4.54 ~4.53 [2H, m,
CH»-M(triazole)], 4.37~4.31 (1H, m, 7-OH), 3.86~
3.87 [2H, m, OCH,CH»-MN(triazole)], 3.61 ~ 3.53
[11H, overlapped, CH2(OCH>CH0),, 15-OH], 3.41~
3.39 (2H, m, CONHCH>»), 2.32 (3H, s, CH3), 1.27
(3H, s, CH3), 1.25 (3H, s, CH3), 1.14 (3H, d, J = 6.9
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Hz, CH3), 1.12 (3H, s, CH3), 1.09 (3H, s, CH3), 0.96
(3H, s, CH3), 0.86 (3H, d, /= 6.2 Hz, CH3); '*C-NMR
(150 MHz, CDCl3) 6: 217.4 (C-3), 209.6 (C-23), 199.7
(C-11), 183.5 (C-26), 175.9 (indole-C-3), 159.5 (C-8),
158.1, 148.1, 141.6, 140.1 (C-9), 139.2, 134.0, 132.2,
128.2, 125.7, 124.3, 117.5, 111.4, 72.3 (C-15), 70.5,
70.4, 70.4, 70.1, 69.8, 69.2, 68.8 (C-7), 53.9 (C-14),
51.7 (C-12), 50.4, 49.9 (C-22), 48.7, 48.2, 47.1, 46.8,
46.6, 39.2, 379, 36.2, 359, 354, 34.3, 32.6, 29.7
(C-20), 28.9 (C-6), 27.4 (C-28), 20.7, 19.8, 19.5, 19.4,
18.1, 17.3,

WED A9: BMFEL, YK 89.4%. 'H-NMR
(600 MHz, CDCl3) 0: 7.93 (1H, s, triazole-H), 7.72~
7.67 (2H, overlapped, isatin-H-4,6), 7.26~7.25 (1H,
m, isatin-H-7), 6.18~6.16 (1H, m, CONH), 5.05~
5.00 [2H, m, CH>-N(isatin)], 4.78~4.76 (1H, m, H-7),
4.63 ~4.60 (1H, m, H-15), 4.55~4.53 [2H, m,
CH,-N(triazole)], 3.83 ~ 3.81 [2H, overlapped,
OCH2CH»-NM(triazole)], 3.49~3.46 (2H, m, NHCH.,),
3.46~3.23 (2H, m, CONHCH>), 1.27 (3H, s, CHz3),
1.25 (3H, s, CH3), 1.13 (3H, d, /= 7.5 Hz, CH3), 1.12
(3H, s, CH3), 1.10 (3H, s, CH3), 0.95 (3H, s, CH3),
0.83 (3H, d, J = 6.9 Hz, CH3); '*C-NMR (150 MHz,
CDCl) d: 217.3 (C-3), 210.1 (C-23), 199.7 (C-11),
182.1 (C-26), 176.0 (indole-C-3), 159.4 (C-8), 157.4,
149.0, 141.2, 140.9 (C-9), 140.1, 128.0, 124.4, 118.7,
117.0 113.4, 72.3 (C-15), 69.8, 68.8 (C-7), 53.9
(C-14), 51.7 (C-12), 50.4, 49.8 (C-22), 48.7 (C-5),
48.2 (C-17), 47.3, 46.7, 46.6, 39.1, 38.0, 36.2, 35.5,
34.3, 32.7 (C-20), 28.9 (C-6), 27.4 (C-28), 20.7, 19.8,
19.5,19.4,17.8,17.3,

WED A10: FEORE K, R 94.2%. 'H-NMR
(600 MHz, CDCl3) d: 7.94 (1H, s, triazole-H), 7.57~
7.53 (2H, overlapped, isatin-H-4,6), 7.31 (1H, d, J =
8.3 Hz, isatin-H-7), 6.20~6.16 (1H, m, CONH),
5.06~5.00 [2H, m, CH>-N(isatin)], 4.78~4.76 (1H,
m, H-7), 4.63~4.60 (1H, m, H-15), 4.55~4.53 [2H,
m, CH»-N(triazole)], 3.84 ~3.80 [2H, overlapped,
OCH,CH»-M(triazole)], 3.50~3.45 (2H, m, NHCH»),
3.45~3.22 (2H, m, CONHCH»), 1.27 (3H, s, CH3),
1.25 (3H, s, CH3), 1.13 (3H, d, /= 7.6 Hz, CH3), 1.12
(3H, s, CH3), 1.10 (3H, s, CH3), 0.95 (3H, s, CHz3),
0.83 (3H, d, J = 6.1 Hz, CH3); *C-NMR (150 MHz,

CDCl) 6: 217.4 (C-3), 210.1 (C-23), 199.7 (C-11), 182.3
(C-26), 176.0 (indole-C-3), 159.4 (C-8), 157.6, 148.6,
141.3, 140.1 (C-9), 138.0, 129.9, 125.1, 118.4, 113.0,
72.3 (C-15), 69.8, 68.8, 68.8 (C-7), 53.9 (C-14), 50.4
(C-12), 49.8, 48.7, 48.2 (C-22), 47.2 (C-5), 46.7 (C-17),
46.6, 39.1, 38.0, 36.2, 35.9, 35.6, 35.5 (C-25), 34.3, 32.7,
29.7,289,27.4,20.7,19.8,19.5, 194, 18.0, 17.3.

&) AL: AT, Y3 89.4%. 'H-NMR
(600 MHz, CDCLy) &: 7.94 (1H, s, triazole-H), 7.52
(1H, d, J = 8.2 Hz, isatin-H-4), 7.34 (1H, d, J = 1.4
Hz, isatin-H-7), 7.10 (1H, dd, J = 8.1, 1.4 Hz,
isatin-H-5), 6.22~6.20 (1H, m, CONH), 5.04~4.98
[2H, m, CH,-N(isatin)], 4.78~4.76 (1H, m, H-7),
4.63~4.60 (1H, m, H-15), 4.56 ~4.54 [2H, m,
CH»-N(triazole)], 3.85 ~ 3.81 [2H, overlapped,
OCH,CH,-M(triazole)], 3.50~3.48 (2H, m, NHCH»),
3.46~3.25 (2H, m, CONHCH,), 1.27 (3H, s, CHa),
1.25 (3H, s, CH3), 1.14 (3H, d, J = 6.8 Hz, CH3), 1.12
(3H, s, CH3), 1.10 (3H, s, CH3), 0.95 (3H, s, CH3),
0.83 (3H, d, J = 6.4 Hz, CH3); *C-NMR (150 MHz,
CDCL) &: 217.4 (C-3), 210.0 (C-23), 199.7 (C-11),
181.7 (C-26), 176.0 (indole-C-3), 159.5 (C-8), 158.1,
151.3, 145.2, 141.2, 140.1 (C-9), 126.3, 124.4, 124.3,
1159, 112.3, 72.3 (C-15), 69.8, 68.8 (C-7), 53.9
(C-14), 51.7 (C-12), 50.4, 49.8 (C-22), 48.7 (C-5),,
48.2 (C-17), 47.3, 46.7, 46.6, 39.1, 38.0, 36.2, 35.9,
35.6, 35.5, 34.3, 32.7 (C-20), 28.9 (C-6), 27.4 (C-28),
20.7,19.8,19.5,19.4,18.0, 17.3.

&Yy A12: FEAR O A, 1% 94.5%. 'H-NMR
(600 MHz, CDCL3) 6: 7.93 (1H, s, triazole-H), 7.22
(1H, d, J = 9.0 Hz, isatin-H-7), 7.14 (1H, dd, J = 8.0,
2.3 Hgz, isatin-H-6), 7.10 (1H, d, J = 2.8 Hz,
isatin-H-4), 6.25~6.23 (1H, m, CONH), 5.02~4.96
[2H, m, CH»-N(isatin)], 4.78~4.75 (1H, m, H-7),
4.63~4.61 (1H, m, H-15), 4.54~4.53 [2H, m,
CH»-N(triazole)], 3.83 ~ 3.81 [2H, overlapped,
OCH,CH,-N(triazole)], 3.80 (3H, s, OCH3), 3.50~
346 (2H, m, NHCH;), 3.45 ~ 322 (2H, m,
CONHCH,), 1.27 (3H, s, CHs), 1.25 (3H, s, CHa),
1.13 (3H, d, J = 7.2 Hz, CH3), 1.12 (3H, s, CH3), 1.10
(3H, s, CHs), 0.95 (3H, s, CHs), 0.84 (3H, d, J = 6.8
Hz, CH3); BC-NMR (150 MHz, CDCL) &: 217.4
(C-3), 209.9 (C-23), 199.7 (C-11), 183.5 (C-26), 176.0



© 2050 °

FER 20236F47 $54% BTH  Chinese Traditional and Herbal Drugs 2023 April Vol. 54 No. 7

(indole-C-3), 159.5 (C-8), 158.1, 156.6, 144.1, 141.6
(C-9), 140.1, 127.8, 124.3, 117.9, 112.6, 109.6, 72.2
(C-15), 69.8, 68.8, 68.7, 56.0, 53.9, 51.7, 50.3, 49.8,
48.6, 48.2, 47.2, 46.7, 46.6, 39.1, 37.9, 36.1, 35.9,
35.5, 35.5, 34.3, 32.6 (C-20), 28.8 (C-6), 27.4 (C-28),
20.7,19.8,19.5,19.4,17.9,17.2,

WED A13: BEOE K, YR 91.2%. 'H-NMR
(600 MHz, CDCl3) ¢: 7.95 (1H, s, triazole-H), 7.53
(1H, d, J = 8.6 Hz, isatin-H-4), 6.84 (1H, d, J = 2.3
Hz, isatin-H-7), 6.55 (1H, d, J = 8.6, 2.3 Hz,
isatin-H-5), 6.28~6.24 (1H, m, CONH), 5.03~4.96
[2H, m, CH,-N(isatin)], 4.78 ~4.76 (1H, m, H-7),
4.63 ~4.61 (1H, m, H-15), 4.55~4.53 [2H, m,
CH»-M(triazole)], 3.93 (3H, s, OCH3), 3.83~3.81 [2H,
overlap, OCH,CH»-M(triazole)], 3.49~3.47 (2H, m,
NHCH,), 3.47~3.23 (2H, m, CONHCH>), 1.27 (3H,
s, CH3), 1.25 (3H, s, CH3), 1.13 (3H, d, J = 6.6 Hz,
CH3), 1.12 (3H, s, CH3), 1.10 (3H, s, CH3), 0.95 (3H,
s, CH3), 0.84 (3H, d, J= 6.6 Hz, CH3); '*C-NMR (150
MHz, CDCls) d: 217.4 (C-3), 209.9 (C-23), 199.7
(C-11), 180.4 (C-26), 176.0 (indole-C-3), 168.6,
159.6, 159.5, 153.1, 141.7, 140.0, 127.9, 124.4, 110.9,
109.1, 98.1, 72.2 (C-15), 69.8, 68.8, 68.7 (C-7), 56.3,
53.9 (C-14), 51.7 (C-12), 50.3, 49.8 (C-22), 48.7
(C-5), 48.2 (C-17), 47.3, 46.7, 46.6, 39.1, 37.9, 36.1,
35.9, 35.5, 35.3, 34.3, 32.6 (C-20), 28.8 (C-6), 27.4
(C-28),20.7,19.8,19.5,19.4,17.9, 17.2,

WaEY) A14: FEEREA, Y3 90.8%. 'H-NMR
(600 MHz, CDCl3) d: 7.93 (1H, s, triazole-H), 7.40~
7.37 (2H, overlapped, isatin-H-4,7), 7.18~7.17 (1H,
m, isatin-H-6), 6.27~6.26 (1H, m, CONH), 5.04~4.98
[2H, m, CH»-M(isatin)], 4.78~4.76 (1H, m, H-7), 4.63~
4.61 (1H, m, H-15), 4.54~4.53 [2H, m, CH»-M(triazole)],
3.83~3.81 [2H, overlapped, OCH>CH»-N(triazole)],
3.48~3.46 (2H, m, NHCH»), 3.45~3.23 (2H, m,
CONHCH>»), 2.31 (3H, s, CHs), 1.26 (3H, s, CHz3),
1.25 (3H, s, CH3), 1.14~1.09 (9H, m, 3 X CH3), 0.95
(3H, s, CH3), 0.83 (3H, d, J = 6.1 Hz, CH3); '*C-NMR
(150 MHz, CDCl;) d: 217.4 (C-3), 209.9 (C-23), 199.7
(C-11), 180.4 (C-26), 176.0 (indole-C-3), 168.6,
159.6, 159.5 (C-8), 153.1, 141.7, 140.0, 127.9, 124.4,
110.9, 109.1, 98.1, 72.2 (C-15), 69.8, 68.8, 68.7 (C-7),
56.3, 53.9 (C-14), 51.7 (C-12), 50.3, 49.8 (C-22), 48.7

(C-5), 48.2 (C-17), 47.3, 46.7, 46.6, 39.1, 37.9, 36.1,
35.9, 35.5, 35.3, 34.3, 32.6 (C-20), 28.8 (C-6), 27.4
(C-28),20.7,19.8,19.5,19.4,17.9, 17.2,

WED A15: HEE g, R 97.7%. 'H-NMR
(600 MHz, CDCl3) d: 7.94 (1H, s, triazole-H), 7.61~
7.57 (2H, overlapped, isatin-H-6,7), 7.30 (1H, d, J =
7.9 Hz, isatin-H-4), 7.13 (1H, t, J = 7.9 Hz,
isatin-H-5), 6.25~6.23 (1H, m, CONH), 5.06~5.00
[2H, m, CH-M(isatin)], 4.78 ~4.76 (1H, m, H-7),
4.63 ~4.61 (1H, m, H-15), 4.55~4.53 [2H, m,
CH»-N(triazole)], 3.83 ~ 3.80 [2H, overlapped,
OCH,CH»-M(triazole)], 3.49~3.46 (2H, m, NHCH»),
3.45~3.23 (2H, m, CONHCH»), 1.27 (3H, s, CH3),
1.25 (3H, s, CH3), 1.14~1.10 (9H, m, 3 X CH3), 0.95
(3H, s, CH3), 0.83 (3H, d, J = 6.3 Hz, CH3); '*C-NMR
(150 MHz, CDCl;) 6: 217.4 (C-3), 210.0 (C-23), 199.7
(C-11), 183.2 (C-26), 176.1 (indole-C-3), 159.5,
158.1, 150.3, 141.6, 140.1, 138.8, 125.4, 124.4, 124.1,
117.5, 111.5, 72.3 (C-15), 69.8, 68.8 (C-7), 68.7, 53.9
(C-14), 51.7 (C-12), 50.4, 49.8 (C-22), 48.7 (C-5),
48.2 (C-17), 47.3, 46.7, 46.6, 39.1, 37.9, 36.1, 35.9,
35.5, 354, 34.3, 32.7 (C-20), 28.8 (C-6), 27.4 (C-28),
20.7,19.8,19.5,19.4,17.9,17.3

WED A16: HOE A, YR 98.4%. 'H-NMR
(600 MHz, CDCls) o: 7.95 (1H, s, triazole-H), 7.51
(1H, d, J = 1.2 Hz, isatin-H-7), 7.43 (1H, d, J = 7.8
Hz, isatin-H-4), 7.30~7.28 (1H, m, isatin-H), 6.24~
6.22 (1H, m, CONH), 5.05 ~ 498 [2H, m,
CH»-M(isatin)], 4.78~4.76 (1H, m, H-7), 4.63~4.61
(1H, m, H-15), 4.56~4.55 [2H, m, CH»-MN(triazole)],
3.84~3.82 [2H, overlapped, OCH>CH»-N(triazole)],
3.50~3.44 (2H, m, NHCH»), 3.43~3.25 (2H, m,
CONHCH>»), 1.27 (3H, s, CHs), 1.25 (3H, s, CHz3),
1.13 (3H, d, J=7.1 Hz, CH3), 1.12 (3H, s, CH3), 1.07
(3H, s, CH3), 0.95 (3H, s, CH3), 0.83 (3H, d, J = 6.6
Hz, CH3); C-NMR (150 MHz, CDCls) &: 217.4
(C-3), 210.1 (C-23), 199.7 (C-11), 182.0 (C-26), 176.1
(indole-C-3), 159.4 (C-8), 158.0, 151.0, 141.2, 140.1
(C-9), 134.0, 132.3, 128.2, 127.4, 126.3, 124.4, 116.3,
115.1, 72.3 (C-15), 69.8, 68.8 (C-7), 53.9 (C-14), 51.7
(C-12), 50.4, 49.8 (C-22), 48.7 (C-5), 48.2 (C-17),
47.3, 46.7, 46.6, 39.1, 38.0, 36.1, 35.9, 35.6, 35.5,
34.3, 32.7 (C-20), 28.7 (C-6), 27.4 (C-28), 20.7, 19.8,
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19.5,19.4, 18.0, 17.3.
2.3 ‘ApEIEFEHNHIA LS

K MTT &, VAR&E =AM EZ), e
A &%t IR 40 il 2 MCE-7. HepG2. SISA-1 M 1E
I &R HK-2 fIE . MCF-7. HepG2 il SISA-1
MRAESAH 10%BA4FMBEM 1% 5 R-55 =1
DMEM 578369, 7E 37 “CHI 5% CO, KIS
PREFR. HK-2 40fi7E DMEM/F12 (1 1) £kt
R, FFETHFERE R RS

HUH B2 K 9 MCF-7. HepG2. SISA-1 4,
INTC I3 3 7% B R A AR FE 9 3 X 105/mL, $52f
3 96 fLi T, 4L 200 pL. 37 C. 5% CO, &1
THEFE 120, WHEEFREE, AL MIER MRS

AFIRE S (257 504 100 pmol/L) FIBHMEZG (i
2 Sumol/L), HfLi%E 3 HfL. MCF-7. HepG2
Y 4k 285 9% 48 h, SISA-1 4Hf04k &84 9% 72 he WK
HE 2R, BAUMA TSR 7R 100 uL. 5
mg/mL MTT W 20 uL, REFRF0E 4 h, FFEE;
FRHE, BEFLION 100 uL MTT AR, 1555 T 45 5
SEAVAARSG . /E 570 nm AREEEUROLE (4D {H, i
HARH T )M, GraphPad Prism 8.0 1540177 i%
2, JBK 100 pmol/L FAEIHZRAER], WK 1 KK 4.
MR =4 wss—A 2:)/(A wm—A 20)
A g NEHH AMEH, A o N EHH CGRINZG AR Ingnpo 45
FHD AMH, AwdWWHRA CRINZI+Im4uie+0.1% DMSO+
B AfH

£ 1 FERET MCF-7. HepG2. SJSA-1 {MpafESER
Table 1 Viability of MCF-7, HepG2, SJSA-1 cells at different concentrations of synthetic compounds

e MCE-7 1555 %/% HepG2 1E35 2/% SISA-1 15 %/%
25 ymol-L™" 50 umol-L™" 100 umol-L™" 25 ymol'L™! 50 umol-L™" 100 umol-L™" 25 umol-L™! 50 umol-L™" 100 pmol-L™!

Al 82.7 86.6 53.8 103.6 67.7 64.8 107.9 103.1 90.9
A2 82.7 86.7 53.8 70.6 80.3 63.1 107.2 95.1 87.9
A3 87.3 98.2 459 69.3 69.1 55.8 97.9 90.7 101.4
A4 96.1 67.7 51.8 66.2 66.4 60.4 109.6 95.0 101.1
AS 69.4 55.0 323 64.2 58.5 48.0 99.9 102.8 90.1
A6 105.7 85.8 51.5 64.4 55.9 56.7 95.9 95.8 96.1
A7 81.5 79.2 433 51.9 66.4 27.1 83.7 89.7 84.5
A8 80.6 75.8 37.8 69.9 71.5 50.5 96.4 87.2 82.9
A9 49.7 39.7 37.1 81.7 80.6 58.2 97.9 78.5 61.5
Al10 69.4 48.5 447 84.0 84.4 65.6 99.3 96.4 73.9
All 69.4 59.0 45.6 717.6 68.1 33.5 95.4 75.3 52.5
Al12 71.6 73.7 47.6 64.6 65.7 60.6 108.1 107.3 100.5
Al3 79.9 68.9 25.9 96.9 70.5 59.9 98.7 99.4 823
Al4 121.6 41.8 23.0 100.5 95.1 71.5 102.1 105.2 102.1
AlS 89.8 86.9 52.8 107.9 103.4 85.2 97.2 102.9 94.8
Al6 51.6 442 243 76.5 84.1 55.3 105.4 70.4 414
GAA 109.9 86.2 83.6 96.1 90.1 87.1 108.6 105.0 95.6
GEFS 32.8 46.9 52.8

AT RZMR A KILATEDM 3 MKRE, HTE
100 pmol/L ¥R & Mg MR aF, PAlikiZE A 100 pmol/L
WEERT FTEE S RO R AT VR . RERIIZR
GIPt S AR MR AR RE — kB, X
MCF-7 41 R Pis sa R R B T HepG2 4HA,
TEH W ZHHE JSA-1 EHUsbsa s R g% . g
PR RELTREZ A BRI, X IEE R
HK-2 TR 8. E % B AT

7E MCF-7 & HepG2 Al &, FraHt&W1
T R 2R A R, Hrp A5, A13. Al4,
A16 £ MCF-7 EHbissaiE e sos, e AS.

A7. A8. All. A16 7f HepG2 Fik#PEEH, 1F
SISA-1 4 &=, HAE AT~Al11. A13. A16
AR EWPUNGETE T, VR 2R A KRB
Yixt SISA-1 #fE RIEFEMERE. HPhWEY
A1l A16 TEAN[A] i e 40 M 5 A 35 B BT ) i
YEVEYE, it — BRI T

24 WYXRFHR

241 ROEHEEMEW HEAAEY) A1~A8 5
W) A9~ A16 K ILHTHE AT I 5 B R
Ui R 2R A SHE4L T Be (8 58 £ B i BEXT
PrEvEERZ AR WK 5.
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150- MCEF-7 150- HepG2
= =
8 1004 & ¥ 1004
2 50+ 2 50
= =
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Fig. 4 Anti-proliferation effect of GAA-isatin conjugates (100 pmol-L™") on different cell lines
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Fig. 5 Structure-activity relationship of GAA-isatin conjugate derivatives on different cell lines
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Table 2 Results of target fishing

s PDB ID R AMGS AN
1 31bj-09 MDMX 0.896
2 3v8w-03 TKI 0.884
3 3coh-09 Aurora A 0.868
4 3zyu-09 BRD4 0.859
5 1zyj-03 P38MAP 0.842
6 1f4e-09 TS 0.816
7 2y05-03 LTB4DH 0.799
8 3023-08 IGF-1R 0.797
9 1rv1-09-s MDM2 0.792

10 3i8v-08 PDE4a 0.770
11 3sls-09 MEK-1 0.766
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Table 3 Results of molecular docking of GAA and A16
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Fig. 6 Molecular docking of A16 with MDMX (A) and MDM2 (B)
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