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Abstract; Cancer has become a severe global public-health threat with continuously rising morbidity and mortality rates. Despite
the remarkable advances in antitumor drug development, conventional clinical chemotherapeutic drugs still suffer from inherent
limitations , including poor tumor selectivity, obvious toxic side effects, and frequent multidrug resistance, which severely restrict
their clinical application and therapeutic efficacy.Celastrol ,a naturally occurring pentacyclic triterpene derived from the medicinal
plant named Tripterygium wilfordii Hook.f. ,exhibits diverse pharmacological activities. Nevertheless,its poor water solubility , rapid
in vivo metabolism, and narrow therapeutic window considerably hinder its clinical transformation; thus, reasonable structural
modification was required to optimize its druggability. Epidermal growth factor receptor (EGFR) was a core therapeutic target for
multiple malignancies ,including liver cancer and non-small cell lung cancer, whose abnormal overexpression or mutation drives
tumor proliferation and metastasis; thus, it was an ideal target for antitumor drug research.In this study, several novel celastrol
derivatives were designed and synthesized, and the in vitro antitumor activities of celastrol and its derivatives were examined.
Celastrol was used as the starting material to synthesize target compounds 3a~ 3h through the amidation reaction at the 28-carboxyl
group and the esterification reaction at the 3-hydroxyl group of celastrol. The in vitro antitumor activities of the target compounds
were determined using a CCK-8 assay against HepG2 human hepatocellular carcinoma cells and A549 human lung cancer cells.
Additionally ,molecular docking was performed to simulate the binding mode between the target compounds and EGFR.A series of
novel celastrol derivatives were successfully synthesized and reported for the first time.The chemical structures of the synthesized
compounds were characterized by performing high-resolution mass spectrometry ( electrospray ionization) , proton nuclear magnetic
resonance spectroscopy,and carbon-13 nuclear magnetic resonance spectroscopy.The results of in vitro antitumor activity assays

showed that all compounds exhibited better inhibitory abilities than the positive control, cisplatin. Compounds (98, 13«, 148,
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20« ) -3-benzoyloxy-9, 13-dimethyl-29-( 1-pyrrolidinyl ) -24 ,25 , 26-trinoroleana-1( 10) ,3,5,7-tetraene-2 ,29-dione (3c) and (98,
13a, 148,20« ) -3-benzoyloxy-9, 13-dimethyl-29-( 1-piperidinyl ) -24 , 25, 26-trinoroleana-1( 10) ,3,5, 7-tetraene-2 , 29-dione ( 3f)
exhibited prominent inhibitory activities against HepG2 cells (3c:1Cs;=2.97 pmol/L,3f:1C;, =3. 18 wmol/L) and A549 cells

(3¢:IC5,=0.57 wmol/L,3f;1C5, = 0. 61 pwmol/L).Molecular-docking simulations revealed favorable binding interactions with

EGFR protein formed by both 3¢ and 3f through hydrogen bonding, hydrophobic effects,and other noncovalent interactions. Among

all the newly synthesized celastrol derivatives, the two derivatives with benzoyloxy substitution at the C-3 site exhibited the

strongest antitumor activity. Such structural modification is preliminarily suggested to have played a vital role in improving the

antitumor activity of celastrol ,and further comprehensive research is warranted.

Key words : celastrol ; derivatives ; synthesis ; antitumor activity ; epidermal growth factor receptor
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Fig.1 Synthetic route of the target compounds

1.2.1  (98,13a,148,20a) -3-52%-9, 13-
FHE-20- (1-MEMG e 3k ) -24 | 25, 26-= 2= F S BfUR -
1(10),3,5,7-PU%-2,29- - fii (2a) B9 HI 45

#45.1 mg(0. 1 mmol) THAELR ()T
3mL S HLEF, INA 57.0 mg (0.15 mmol)
HATU 1 52 pL (0.3 mmol ) DIPEA, 7K ¥ $i $
10 min J&, A 12 wL(0. 12 mmol ) VU &A1 | 28
AP SO (5 FH )2 3 78 (TLC) Wil Js i 56
(21 h), RWAFIER A 6 mL 5 beki
PR AW, KR 3 W, A A HLAH, iR
RN BRI G 2 TR B RN T8, L uE , U
W W 4 S AR AR £ L BRSO ™ i, K™ i 22
FIF(V(—EHBE) VOIECKE) = 1:10) 4ifb)5 T
#2453 37. 3 mg AL G 20, BELL AR AR
R CR .74, 0% ,m. p.217. 8~219. 4 °C . ESI-MS,
CysHy NOy, SEUNAE (3518 ), m/z: 504. 3478
(504.3478) [ M+H] ",

[k & b ARGS9 2b~2¢,

(98,13a,148,20a ) -3-753£-9, 13- H F£-29-
(1-WRBE L) -24, 25, 26-= 2= I F 8 HR-1(10),
3,5,7-VUsi-2,29-"Fi (2b) :44. 2 mg FELL AR K
AR E A W #R L 85. 2%, m. p. 145.7 ~ 147.1 C,
ESI-MS, C,, H, NO,, S AE (3548 ) , m/z:
518.3635(518.3634) [ M+H] ",

(98,13a,148,20a ) -3-F5H£-9, 13- — H F£-29-
(4-N kB )24 25, 26-= 2= I S BLR-1 (10),
3,5,7-PUH-2,29- il (2¢) :20. 9 mg LT MK
SR A, W%, 40.2% , m. p. 132.7 ~ 136.6 C,
ESI-MS, C,; Hy, NO,, SEIAE (3T 5 AE) , m/z:
520.3427(520.3427) [M+H] ",
1.2.2  (98,13a,148,20a) -3- N BEE HL-9, 13-
FHJL-20- ( 1-MEMB ke 3k ) -24 25, 26-= 25 HI 55 BIUR-
1(10),3,5,7-V04%-2,29- " (3a) 19 %

¥ 25. 6 mg(0. 05 mmol ) HAIAAL AW 2a ¥
T2 mL & W B, KT A 14 pL
(0.1 mmol) TEA , FFZZ 1234 /il 1 mL(0. 1 mmol ) N
P SR — G5 e A R, & TR BN, R TLC
MR W 5E 4 (29 1 h) o OMEEHR G, ITA 7 mL
AT e R SN TR S VR, FH R AN S A B VR
U3 UK A FH TC K B R AN T4, s D 5 D YRk v
gifa 2l 5 B TLC & alifh (VLR O TR) -
VOIESHE)=2:1) 135 21. 8 mg HFrfL& Y 3a,
By AR A IR, 77.86% , m. p. 108. 6 ~
112.3 °C, '"HNMR ( DMSO-d,,600 MHz) ,58:7.32
(d,1H,J=7.0 Hz);6.42(d,1H,J=7.2 Hz);
6.38(s, 1H);3.65~3.49 (m,2H);3.25~3.17
(m,1H);3.17~3.07(m, 1H);2.60(qd,2H, J=
7.5,3.1 Hz);2.40(d,1H, J=14.6 Hz) ;2.26 ~
2.16(m,2H) ;2. 11(s,3H) ;2.09~1.97(m,2H) ;
1.87~1.69(m,5H) ;1.69~1.59(m,5H) ;1. 59 ~
1.54(m,3H) ;1.43(s,3H);1.25(s,3H) ;1. 15~
1.11(m,6H) ;1. 10(s,3H) ;0.87~0.85(m, 1H) ;
0.47(s,3H), “CNMR ( DMSO-d,, 151 MHz),$:
176.7,174.7,172.0,171.8,163.3,142.7,137. 3,
134.0, 125.6, 122.5, 118.4, 48.2, 47.8, 45.3,
45.0,42.7,39.4,38.5,36.0,33.7,33.5,32.2,
31.4,30.6,30.1,29.8,29.4,28.6,27.5,26.9,
22.7,22.5,22.2, 18.3, 11.4, 9.5, ESI-MS,
Cy HyoNO, , S I {5 (3T B {H ), m/z: 560. 3749
(560.3740) [ M+H] ",

VLA B HPREAEY 3b~3h,
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(98,13a, 148, 20 ) -3-1E T Pt & %£-9, 13-
329 (1-MEMS g3 ) -24, 25 ,26- = 25 I 5 LR
1(10),3,5,7-V4-2,29-—Fifl (3b) :20. 1 mg B {f
AR AR 3. 69. 11% ,m. p.137.7~141.2 °C ,
"HNMR ( DMSO-d, , 600 MHz) ,6:7.31(d,1H, J=
7.1 Hz);6.41(d,1H,J=7.1 Hz) ;6.37(s,1H) ;
3.62~3.49(m,2H) ;3.26~3.17(m,1H) ;3. 12~
3.01(m,1H);2.54(qd,2H,J=7.5,3.1 Hz);
2.39(d,1H,J=16.7 Hz) ;2.24~2.17(m,2H) ;
2.10(s,3H);2.05~1.96(m,2H); 1.86 ~ 1. 74
(m,5H);1.67~1.60(m,7H);1.58 ~1.51 (m,
3H);1.42(s,3H);1.24(s,3H);1.14(s,3H);
1.09(s,3H);0.97(1,3H,J=7.4 Hz) ;0. 88~0. 79
(m,1H);0.46(s,3H), “CNMR ( DMSO-d,, 151
MHz ), &: 176.7, 174.7, 171.8, 171.1, 163.3,
142.7,137.2,134.0,125.6,122.5,118.4,48.2,
47.8,45.3,45.0,42.7,39.4,38.5,36.7,36.0,
35.3,33.7,33.5,32.2,30.6,30.1,29.8,29.4,
28.6,27.5,22.7,22.6,22.2,18.5,18.3,13. 8,
11.4, ESI-MS, C,, H, NO,, SZ {8 (5 14),
m/z:574.3896(574.3896) [ M+H ",

(98, 13a, 148, 20a ) -3-4% HI it 52 36-9, 13-
B BEE-20- (1-MEM& ke 3k ) -24 | 25, 26- = 3= FI 5 B R-
1(10),3,5,7-PU44-2,29- [ (3c) : 12. 86 mg #i
CRARENAR R .52, 96% ,m. p.137.8~142.2 C.,
"HNMR ( DMSO-d, , 600 MHz) ,8:8.11 ~8.07 (m,
1H);8.00~7.87(m,1H);7.79~7.72(m, 1H) ;
7.66~7.40(m,2H);7.37(d,1H,J=7.0 Hz);
6.45(d,1H,J=7.0 Hz);6.44 (s, 1H);3.66 ~
3.49(m,2H);3.25~3.22(m, 1H);3.11 ~3.08
(m,1H);2.40(d,1H,J=15.6 Hz);2.29~2.24
(m,2H) ;2. 18(s,3H) ;2.08~1.99(m,2H) ;1. 82~
1.69(m,5H);1.68~1.61(m,5H);1.59~1.52
(m,3H);1.46 (s,3H);1.26 (s,3H);1.15 (s,
3H);1.10(s,3H);0.86~0.81(m,1H) ;0.49(s,
3H), "CNMR ( DMSO-d,, 151 MHz),§:174.8,
174.8,172.2,167.8,164.1,142.9,137.7,134. 5,
133.3,130.3,129.5,129.0,125.6,122.5,118. 5,
48.2,47.8,45.4,45.0,42.9,39.5,38.5,36.7,
36.0,33.7,33.5,32.2,30.6,30.1,29.9,29.5,
28.6,27.5,22.7,22.6,22.2,18.3, 11.6, ESI-
MS, C,oHy,NO, , S (15546 ) , m/z: 608. 3742
(608.3740) [ M+H ",

(98, 13a, 148, 20a ) -3- 14 ik SH #£-9, 13- H

He29-(1-WR BE 2 )-24, 25, 26-= & I 5% B H-1
(10),3,5,7-VU4-2,29- i (3d) :25. 8 mg {1
AR B4 4. 99. 30% , m. p.127. 6~ 131.4 °C.,
"HNMR ( DMSO-d, , 600 MHz) ,6:7.31(d,1H, J=
7.0 Hz) ;6.41(d,1H,J=7.1 Hz) ;6.39(s,1H) ;
3.11~3.01 (m,4H);2.60(qd,2H,J=7.8,3.1
Hz);2.38(d,1H,J=15.4 Hz);2.23~2.16(m,
2H);2.11(s,3H);2.05~1.95(m,2H);1.81 ~
1.68(m,5H);1.75~1.62(m,2H);1.59 ~ 1.53
(m,6H);1.51~1.46(m,2H) ;1.43(s,3H);1.25
(s,3H);1.18(s,3H);1.13(t,3H,J=7.5 Hz);
1.10(s,3H) ;0.86~0.83(m,1H) ;0.49(s,3H) .
BCNMR ( DMSO-d,, 151 MHz),8:176.6,174.7,
172.0,171.9,163.3,142.7,134.0,133.0,125. 6,
122.5,118.5,46.0,45.2,44.9,42.7,40.5,38. 4,
36.6,36.1,34.7,33.5,32.2,30.8, 30. 8, 30. 3,
30.1,28.7,28.5,27.4,26.9,26.0,24.4,22.5,
18.5,11.4,9.5, ESI-MS, C,,H,,NO, , 52 {H (
BAH) ,m/z:574.3901(574.3896) [ M+H ",

(98, 13a, 148, 20a ) -3-1F. T Bt & 39, 13-
FH BE-29-(1-WR g 3L ) -24, 25, 26-= 2= HI 55 B -1
(10),3,5,7-VU%%-2,29- i (3e) :27.9 mg B {4
AR EA 4. 94. 56% ,m. p.116.4~119.6 °C
"HNMR ( DMSO-d, , 600 MHz) ,6:7.31(d,1H, J=
6.9 Hz) ;6.41(d,1H,J=7.1 Hz) ;6.39(s,1H) ;
3.10~3.02(m,4H);2.57 (qd,2H, J=7.8,3. 1
Hz);2.38(d,1H,J=12.6 Hz);2.25~2.13(m,
2H);2.11(s,3H);2.02~1.97(m,2H);1.75 ~
1.66(m,7H);1.65~1.59 (m,2H);1.59 ~ 1. 53
(m,6H);1.53~1.48(m,2H) ;1.43(s,3H);1.25
(s,3H);1.18(s,3H);1.10(s,3H);0.98(t,3H,
J=7.4Hz);0.87~0.81(m, 1H);0.49(s,3H),
“"CNMR ( DMSO-d,, 151 MHz),§:176.5,174.7,
171.9,171.1,163.2,142.7,133.9,125.6,122. 5,
121.6,118.5,45.9,45.2,44.9,42.7,40.5,38. 4,
37.0,36.6,36.1,35.4,34.7,33.5,32.2,30.8,
30.8,30.3,30.1,29.5,28.7,26.0,24.4,22. 4,
18.5,18.5,13.9,11. 5, ESI-MS, C, H,,NO, , Szl
{8 (FHEAE) ,m/z:588. 4054(588. 4053) [ M+H ",

(98, 13, 148, 20« ) -3-7K H it 48 3£-9, 13-
329 ( 1-WR I 3t ) -24 , 25, 26-= 2= HI 5% B 2-1
(10),3,5,7-DUH-2,29- - (3f) : 23. 5 mg ¥ {7
AR A, Y % 34. 73% ,m. p.132. 6~ 137.2 C,
"HNMR ( DMSO-d, , 600 MHz) ,8:8.12~8.07 (m,
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1H);8.00~7.90(m,1H);7.78~7.73(m, 1H);
7.64~7.43(m,2H);7.38(d,1H,J=7.2 Hz);
6.46(s,1H);6.45(d, 1H, J=7.6 Hz);3.93 ~
3.47(m,2H) ;3.26~2.96(m,2H) ;2.39(d, 1H,
J=15.6 Hz);2.30~2.25(m,2H) ;2. 18(s,3H) ;
2.03~1.97(m,2H) ;1.82~1.70(m,5H) ;1. 69 ~
1.63(m,2H);1.61~1.55(m,6H);1.54~1.50
(m,2H);1.46 (s,3H);1.27(s,3H);1.19 (s,
3H);1.11(s,3H);0.89~0.81(m,1H);0.51(s,
3H), "CNMR ( DMSO-d,, 151 MHz),§:176.4,
174.7,172.4,167.8,164.0,142.9,137.7,134. 5,
133.3,130.3,129.7,129.5,125.5,122.5,118. 5,
46.2,45.3,44.9,42.9,40.5,38.5,37.0,36.6,
36.1,34.7,33.5,32.2,30.8,30.8,30.3,30. 1,
28.7,26.0,24.4,22.6,22.5,18.5, 11.6, ESI-
MS,C, Hy, NO, , SEMAE (F1534E) , m/z: 622. 3895
(622.3896) [ M+H ",

(98, 13a, 148, 20a ) -3-1A ik H %£-9, 13- H
FE-29-(4-M ok JE ) 24| 25, 26-= F HI 55 B -1
(10),3,5,7-PUks-2,29- il (3g) : 13.2 mg B {f
AR A Y% . 57. 39% , m. p.122.7~126.6 C,
"HNMR ( DMSO-d, , 600 MHz) ,6:7.32(d,1H, J=
7.1 Hz);6.43~6.40 (m,2H);3.53~3.50 (m,
4H);2.61(qd,2H,J=7.1,3.1 Hz);2.35(d,1H,
J=15.8 Hz) ;2.26~2.16(m,2H) ;2. 11(s,3H) ;
2.04~1.92(m,2H) ;1.85~1.70(m,5H) ;1. 69 ~
1.60(m,2H);1.60~1.51 (m,4H);1.51 ~1.46
(m,2H);1.43(s,3H);1.25(s,3H);1.20 (s,
3H);1.13(t,3H,J=7.5 Hz);1.10(s,3H) ;0. 85 ~
0.81(m,1H);0.51(s,3H), “CNMR (DMSO-d,,
151 MHz),8:176.7,175.4,172.0,171.8,163. 3,
142.7,137.2,134.0, 125.7, 122.5, 118. 5, 66. 4
(2C),46.1,45.3,44.8,42.7,39.5,38.5,37.6,
36.6,36.0,34.5,33.4,32.1,30.8, 30. 5, 30. 2,
30.1,28.6,26.9,22.6,22.4,18.7,11.4,9.5,
ESI-MS, Cy Hgy NO,, SE O {8 (3 5 MH) , m/z:
576.3696(576.3689) [M+H] ",

(98, 13, 148, 20a ) -3-1F T Mk 48 3£-9, 13-
FH 3L-29-(4-N bk 3L ) 224 | 25 26-= 2= I 55 B -1
(10),3,5,7-PUs-2,29- [ (3h) :22. 5 mg B {f
AR A Y% . 30. 93% , m. p.110.2~114.6 C
"HNMR ( DMSO-d, , 600 MHz) ,6:7.31(d,1H, J=
7.1 Hz);6.43 ~6.39(m,2H);3.59 ~3.47 (m,
4H);2.55(qd,2H,J=7.2,3.1 Hz) ;2.35(d, IH,

J=15.7 Hz);2.27~2.21 (m, 1H);2.19 ~2.13
(m,1H) ;2. 11(s,3H) ;2. 04~1.96(m,2H) ;1. 85 ~
1.69(m,5H);1.69~1.62(m,4H);1.62~1.51
(m,4H);1.52~1.46(m,2H) ;1.43(s,3H) ;1.25
(s,3H);1.20(s,3H);1.10(s,3H);0.98(t,3H,
J=7.4Hz);0.86~0.84(m, 1H);0.51(s,3H),
BCNMR ( DMSO-d, , 151 MHz),8:176.7,175. 4,
171.8,171.1,163.3,142.7,137.1,134.0,125.7,
122.5,118.5,66.5,45.2,44.8,42.7,40.5,39. 5,
38.5,36.6,35.9,35.4,34.5,33.4,32.1, 30. 8,
30.5,30.2,30.1,29.5,28.6,22.6,22.4,18.7,
18.5,13.9,11.5, ESI-MS, C,,H,,NO, , S {H (
BAH) ,m/2:590. 3845(590. 3845) [M+H ",
1.3 RSN I e

DINGEER Ay B X B2, I T A R4 2 H A fk
ARG LH R CCK-8 1 5 o X 7 ] Jieb 9 24
JfIPk HepG2 \A549 B4 il ¥k B (1C, 18 ,
W ISR A0 MG B T o0 S AL % 4k
AR 9 20 LR HepG2 . A E /)N 200 i i
IR AS49, JBERETH AL T B0 5, A 10 mL 58
REFRIERATEIS) 10 WL AT AN BUR | idE
0 B A0 M B W, R T 96 FL 40 i KE FE A
(100 wL/AfL, 2 i i B 24 10000 ~/FL) , 40 M A
BT 37 °C & 5% CO, HHE 15 544 b 15 9%
24 h, T 20 MO BE JS A B TH 85 95 5 B AL A
100 L AS[m] v BE il X4 (0. 625 ,1.25.2.5.5,
10.20 wmol/L) , #kEe 15 5% 48 h J5 3 LFLIN K 5%
5 BALIMA 100 wL CCK-8 TA/EWE 10 min
J& , BRI E 450 nm RO (OD) , AR
SEEGAST HA 3 W RS OD fA, iz A A4
MAFIGE , Bfiz FH Graphpad Prism 10. 1. 2 #4131
FACEYIREEUNRRIRE (1C,, ) , 45 R LI {E+SD
TR,
1.4 IRz

A ) SCRR I RCSB' " 25 P 8503 12 W 34 (-
tps://www.resh.org/) R HU EGFR 25 1 1) X Hf 4k
A RZEF (PDB 458 2ITY ') | XHERTXE A
HEAT LB | LK R & S 454, R A AutoDock-
Tools 1. 5. 7 ZRAKEE M8 4 09 H AR L &4 3¢ il
3f 543 ) EGFR 8 HiEAT 70 1042, A X %
TR H A 3 K, FeJF i Pymol B JE7R
S HT HAMES Y5 EGFR 2 H 4> T4 5 BAA
M, FIFH Discovery Studio 4.5 X %f #5453 47 7]
WAL BTt B 3¢ 454 H | fE N - 10.00
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948 HBH 11 3]

kcalmol,{fﬁ?%‘/éx\%zlﬁ( —7. 87 kcalmol)

2 H#RE5iHR
2.1 HiEEYRE

ALY DLTE SR 3 R bR JEURE X C-28 fif
FRILIATEE AL, [FIAE X C-3 (iR TRk, 15
B —RIVH I E AL RN AW 3a~3h, £ C-
28 (o WERG AL SN T, TR 2 Tl 21 R WM =l B 28457
BHA K, H B4 A 1 2 Rl B 48 2 5 2k H HATU
R 4 G 3R AT A R D B A S R
W A e 24 7= 4 PR A A A, TLC. i A B Wi I 46
FEE  FEUCRIRAL, 78 C-3 fiFRfL I, m
A = C RN ESERRFAAT LA R s A A S A N
AR HE S B E AT, 2 P gk S B B ™ i
FEAR, FEW TR BEECR IR S, B A
HELLER C-3 (iR BRI — H LAY 25 1) o7 BHLi#F —
PR T WAL RN A T
2.2 HAMEA YRR R T

K CCK-8 #, PEHL AS49 Fl HepG2 4 Jifd iil]
FE BRI A Wy 0 AR e g 6 25 SR AR 1
453K, 8 S HARE A YT HepG2 4 FI A549
YA BTG T TSR (1C,, = 0. 57 ~4. 66 wmol/L) #f
98 T BEAE R BB 240141 (1C4, = 22. 09 7. 62 pumol/L) |
KB A= W%k W 4 i R e e S e S TR A
FELLZ AR Y sl B4, P b B4 3¢ F1 3 R B
ey e 3G M, 38 X b CEL M1 3a ~ 3h 1)
1C5, BRI, B/ T 21 2 1) XU S AB M AT o] £ B3
Hopo g 16 M, B4 AE WX AS49 48 i % 417 1
YEF(1C,,=0. 57~ 1. 86 pmol/L) 58 T H XS HepG2

F 1 EOMELRE BRI EYXS HepG2 (A549

HAEAY 1Cs,

Tab.1 ICy, of celastrol and its derivative against

HepG2 and A549 cells

IC5/ ( pumol - L71)

sl

HepG2 A549
3a 3.59 0.96
3b 3.86 1.14
3¢ 2.97 0.57
3d 3.6l 1.24
3e 3.59 1.86
3f 318 0.6l
3g 4.66 1.19
3h 3.35 1.03
Cisplatin 22.09 7.62
CEL 3.55 1.07

A (1C,, =2. 97 ~4. 66 wmol/L) (NI 1 FH ; 78
TATELLR I C-28 LBk R Ak B () B it | 3 —
A C-3 (3G | AR H kS 36400 40 #1278 1 BE 2
St LT e 0 M A RIOR S X S5 e Rl —
AR BRI E
2.3 HifB Y-S EGFR 5y TXH

FIF AutoDockTools 1. 5.7 #RA4M 1 P %5 -
1 HERMEA Y 3¢ F1 3f S4B B EGFR 8 H it
o, Btk &9 3¢ #1 3f 5 EGFR &
454 H HAE#R M —10. 00 keal/mol , ' FH X T &
INELTZE (-7. 87 keal/mol) |, 3R — B 8 H N
LR 5 EGFR HHAA BN GRe ). 1bEW
3c F13f 5 EGFR ML GA I 2,
K LAY 3¢ 5 EGFR LRI LI I 3 4>
S C2 B E O ORI R R H S
ASP160 J& i U ; C-2 7 B FE RS LYS50 TE R A
e, LAWY 3f 5 EGFR & HEMR L 2 1A
e TR R B L S HIST10 T A U 5 2 Y
RS ASP308 LS5 . AutoDock A
XSS B S A ST IR 6 I 00 25 R IE AT &
C-3 o 2 F g AU ] 5 0L 2 1 ) 22 A S SR TR ik it
W Z PSRRI, B e o] DA I 7 B T 41
K C-3 5] AR H k8 3L mT DU R TR A T4 R
i EY 5 EGFR BIES G4, DA 3 5 FLdt b 7
WEE

2.1 L ASP-160
) 430
=2
.

\}\/\\\ 3/ 24

Y/
ASP-308
o st\g' :
B2 k& 3c(a) F3(b) 5 EGFR My
PO EPE e
Fig.2 Molecular docking results of compounds

3c(a) and 3f(b) with EGFR protein

3 %t

PARIR =W 55 N TR LT 25 Ry J5k) % H: C-28 i
FRIEFN C-3 (i FRFEAATEE B, I A T —
R H BLE A RE L Z A B Y, JF i HRMS
(ESI) .,"HNMR #1 "CNMR X} H: 45 ¥ 2 4E 4 Hr i
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FFES AR WS TR 5 PR 73

WE, R CCK-8 3 dE A7 A Syt i 988 1% 1 i, 8
A B A YRR EA O T B X B 24 5040 470
G, E O B b G B AIL T R AL RN
PrbtE i, b b &9 3¢ BN 3F BB R 0 P
A, s AR R R AW 3¢ F1 3f 5 EGFR
o e ok SV A B K AR T AR AR A A SRS
PUBRR 0 25 R A — 5, VI IR TE C-28 fif
FRILWEAAE G 1 JE Rl b, 78 C-3 5 gk 2k
IR H e ] RE R 0 B A T 2L R PR A 1Y
A RUER NS 2 A5 A T — D IR N LR Sk
AHIRGE R — 2 TF R AT 0 VA TR S R4 R
TR AR AL T S U0 SRl AN B AR
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