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Synthesis and In Vitro Antitumor Activity of Silybin Oxazole Derivatives

Huo Rongdi, Zhao Fengju, Liu Jiayue, Li Xuecheng, Meng Yanqiu"

(College of Pharmaceutical and Bioengineering, Shenyang University of Chemical Technology, Shenyang, 110142)

Abstract Silybin is used as a hepatoprotective drug and has attracted much attention in recent years because of
its promising antitumor potential. In order to improve the antitumor activity of silybin, a series of silybin derivatives
were synthesized with natural silybin as the lead compound, and the structures of synthesized derivatives were
determined by NMR and MS. The antitumor activity of the target compounds against human breast cancer cells MCF-
7 and human gastric cancer cells SGC-7901 in vitro was tested by MTT assay. And the interaction mode between the
derivatives with the HER2 target was analyzed by molecular docking method. The results showed that they had better
inhibition rate on cancer cells than silybin, and the antitumor activities of derivatives II, and II, were similar to
positive control drugs such as lapatinib and afatinib. Derivatives II; and II, could closely bind with amino acid

residues of HER2 target protein through hydrogen bonding. This study can provide a reference for the research of new
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antitumor drugs.
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( Afatinib) F1 7 071 5 JE ( Lapatinib ) &y Bl 3 1) B i
2547 B F =
1.2 HEREULEWHER

19-0-2% B JE-2, 3-M &0k C i = (1) . 4%
0. 482¢g( 1mmol) /K KH[ &= % i 7€ 6mL DMF 1 | =
IR 2818 A 3mL 33% HBr £ I W, A
0. 032g( 0. Immol ) AH %% £ i 1k 55 PO T it 4k, 4
(TBAID) ,IRA W AE 110°C F Bt £ I 2h 5 KM 58
EREHEZR, OB OB R, 588w Wk
U, JO K B TR B T M R VR R AR B RS B (0
A KL FH 2 € 3l Ak, Y R0 S S/ 7N
VKSR (KFH L 200/100/5) , 43 0. 3508 B (08 K
AR PR I, 722 58.96% , K5 45, 212.7~216.4 °C ,'H
NMR (400MHz,DMSO-d,) 6:11.88(d,J=5.2Hz,
1H),10.82 (s, 1H),9.19 (s, 1H),7.11(d, J =
2.7Hz,1H),7.02(d,J=5.1Hz,3H) ,6.87(m,J =
3.9Hz,1H) ,6.81(d,J=4.8Hz,1H),5.92(d,J=
1.3Hz,1H),5.87(t,J=1.5Hz,1H) ,5.09(d,J=
6.8Hz,1H) ,4.94(d,J=4.9Hz,1H) ,4.61(m,J=
11.3.6.6Hz, 1H),4.51 (m, 1H), 4.08 (d, J =
6.5Hz,1H),3.93(dd,J=4.8 3.3 .1.5Hz,2H) ,
3.80(d, J =5.4Hz, 1H);”C NMR ( 101MHz,
CDCl, ) &; 177.04, 167.39, 163.89, 158.73,
150. 44 ,149. 24 ,148. 03, 147. 44, 146. 62,137. 92,
131.10,126.79,123.63,121.19,118.75,117.33,
116.08, 113.23, 102. 71, 100. 36, 96. 89, 76. 52,
76.08,60. 43,

11-(2-28 5 ) AR g 3 -2 3-Jf5f S /K K i 52
(IL,) : % 0.045g (0. Immol) L &% 1 ¥ T 3mL
DMF 1, % N i A NalO, (0. 2mmol ) 1 NH,OAc
(0. 2mmol) , 4P FEE 4 5, 3% A 0. 2mmol 2K FF
PV W IR A AR T0°C $58 F R 2. 5hy [ I 5E 42
JGR BRI, LR SRR Wi 3 W2 1 TR e
JCAK B R T 8k, V3 VA 40 A5 0 0 T A, L ™
FH 2 3 43 25 sl Ak, Wk B 50 A S5/ 79 T/ 0K T
R (PR FLEL = 70/10/1) , 43 0.017g ¥R # {4 [ {4
II,, 7% 31.95% 4% 55 133. 1~ 136.4 °C ,'H NMR
(400MHz, DMSO-d, ) 8:12.04 (s, 1H) , 11. 16 (s,
1H),8.95(s,1H),8.19(s, 1H) ,8.15(dd, J =
6.2.1.6Hz,1H),7.75(d, J=1.7Hz,1H) ,7.73
(d,J=1.7Hz, 1H),7.63 (dd, J = 3.0, 1. 8Hz,
3H),7.09(dd,J=4.8 1.2Hz,2H) ,7.04(dd,J=
5.6.4.2Hz,2H),6.87(d,J=6.0Hz, 1H) , 6. 82
(d,J=6.0Hz,1H) ,5.36(d,J=4.8Hz,1H) ,4.81

~4.76(m,1H) ,3.95(s,1H) ,3.87(dd,J=11.1,
7.8Hz, 2H);”C NMR ( 101MHz, CDCl, ) &:
177.67,167.96,164.49,163.55,158. 82, 150. 23,
149. 09, 148. 84, 146. 70, 138. 06, 138. 00, 133. 70,
132.21,130. 44,130. 40, 129. 83,129. 60, 129. 55,
126.10,125.61,123.72,117.41,114.28,113. 31,
112.48, 102.80, 100. 44, 96.98, 76.61, 76.17,
60. 61 ; ESI-MS m/z:467. 4362 [M+H]",

el &9 0, iyl s FUeE Y 1T 51
i Bl AR 5 A 1 B g il 25 Ak A 10, ~ 10,

11-ZR IR B 5L -2 33 &K ®ai 22 (I0,) < IR
O [E MA, PR R 27.25%, M S 219.7 ~ 222.8
°C.,'H NMR (400MHz, DMSO-d, ) 8: 11.98 (s,
1H),11.05(s,1H),8.91(s,1H),7.79(s,1H),
7.68~7.62(m,1H),7.62~7.56(m,1H),7.16
(d,J=1.5Hz,1H) ,7.08(s,1H),7.06~7.01(m,
2H) ,6.87(d,J=4.7Hz,1H) ,6.82(d,J=6. 1Hz,
1H),5.54(d,J=4.6Hz,1H) ,4.42(dt,J=4.6
2.2Hz,1H),3.95 (s, 1H),3.87(dd, J=11.1,
7.8Hz, 2H);"”C NMR ( 101MHz, CDCI,) §:
177.55,167.90, 164. 40, 158. 73,152. 38, 150. 62,
149.97,148.76,146. 62,139.52,137.92,133. 17,
126.79,125.52,123.63,117.33,114.20,113. 23,
112.58, 102.71, 100.36, 96.89, 76.52,
76.08,60. 53,

11-(2-( 2-% B R L ) R JF e 5L -2 3-Jii &=
KCRETEE (IL,) - IR B €5 [ A 77 3 28.36% , M A
191.4~194.4 °C ,'"H NMR (400MHz, DMSO-d, ) $:
10.53(s,1H),9.51 (s, 1H),8.76 (s, 1H),7.21
(s,1H),7.19(t,J=2.4Hz,2H),7.13(dd, J =
5.7.1.2Hz,1H) ,7.11~7.08 (m,1H) ,7.06(dd,
J=3.5.1.2Hz, 1H),7.03 (dd, J = 3.4, 1.5Hz,
1H),7.01(d,J=1.1Hz,1H),6.99(d,J=1. 1Hz,
1H) ,6.92(t,J=5.5Hz,1H) ,6.67(dd,J=12.7,
5.9Hz,2H),5.45(d,J=7.5Hz,2H) ,5.34(d,J=
2.8Hz,1H),4.56 ~4.52(m, 1H),3.78(d, J =
3.5Hz,1H),3.73(dd, J=7.5.5.5Hz, 1H);"C
NMR ( 101MHz, CDCl, ) §&: 178.37, 167.93,
164.39,162.07,158.72,153.87,150. 13, 148. 99,
148.74,146.60,137.96,137.90,132. 11,131. 85,
131.82,126.00,125.51,124.22,123.62,119.69,
119.64,117.31,114.18,113.21,112.38,102. 70,
100. 34,96. 88,76.51,76.07,68. 57; ESI-MS m/z:
568.4 [M+H]",
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11-(2-(4-980 AR BE ) -8 I WEwk 5E-2, 31l & /K
TR (0, - R ([ A PR 36.59% , M A
189.6~192.1 °C ,'"H NMR (400MHz, DMSO-d, )5
12.29(s,1H) ,11.00(s,1H) ,9.20(s,1H) ,8.28
(d,J=4.5Hz,2H),7.91 (dd, J = 4.4 2. 4Hz,
1H),7.84(dd,J=4.4 2.5Hz,1H),7.71(d, ] =
1.5Hz,1H),7.59(d,J=3.9Hz,1H) ,7.56(d,J =
3.9Hz,1H), 7.33 (s, 1H),7.29 (dd, J = 5.7,
4.2Hz,1H),7.12(d,J=4.7Hz,2H) ,7.07(d, ] =
6. 1Hz,1H) ,5.57(d,J=5.9Hz,1H) ,4.68(dt,J=
4.6.2.2Hz, 1H),4.20 (s, 1H), 4.12 (dd, J =
11.1.7.8Hz,2H) ;°C NMR (101MHz, CDCIL, ) §;
176.78,168. 16, 165. 53, 164.41,162. 10, 158. 74,
150. 56,149. 01, 148. 76, 146. 63, 137. 98, 137. 92,
132.13,129.55,129. 50, 126. 03, 125. 53, 124. 06,
123.64,117.46,117.43,117. 13, 114. 21, 113. 24,

112.40, 101.40, 99.99, 97.90, 76.53,
76.09,68. 60,
11-(2-(4-7iff 2 2R 5 ) 2 I R -2, 3- i

KR (L) < IR 0 [ 7 38 32, 14% , 45 A5
181.3~184.3 °C,'"H NMR (400MHz, DMSO-d, )&
12.06(s,1H),10.84(s,1H),8.91(s,1H),8.30
(d,J=3.9Hz,1H) ,8.27(d,J=3.9Hz,1H) ,8. 15
(d,J=4.5Hz,2H),7.65(dd, J = 4.6,2.4Hz,
1H),7.59(dd,J=4.3 .2.6Hz,1H) ,7.45(d, J=
1.5Hz,1H),7.07(s,1H),7.05~7.01 (m,2H) ,
6.87(d,J=4.7Hz,1H) ,6.81(d,J=6.2Hz,1H),
5.32(d,J=6.0Hz, 1H), 4.78 (dt, J = 4.6,
2.2Hz,1H),3.95 (s, 1H),3.87 (dd, J = 12.8,
8.5Hz, 2H );”C NMR ( 10IMHz, CDCl, ) §:
176. 84 ,168.27,164.47,162. 15, 158. 80, 150. 62,
149.33,149.07, 148. 82, 146. 68, 138. 04, 137. 98,
135.56,135.54,132.19,130. 65, 126. 08, 125. 59,
125.18,125.15,123.70,117. 19, 114.26,113.29,
112.46, 101.99, 99.94, 97.95, 76.59, 76.15,
68. 83 ;ESI-MS m/z:597. 5 [M+H}*
11-(2-( 3-fiF 2 4 R ) AT W we KL -2 3-JIii &
m%HEUL%%E@EwJ%KnJW@%ﬁ
188.0~191.3 °C,'"H NMR (400MHz, DMSO-d, ) §:
11.93(s,1H),10.84(s,1H),9.21(s,1H),8.56
(s,1H),8.49(d,J=3.9Hz, 1H),8.46(d, J =
2.5Hz,1H),7.73(dd,J=4.6.2.3Hz,1H) ,7.67
(d,J=2.6Hz, 1H),7.50 (dd, J = 6.3, 1.6Hz,
1H),7.45(d,J=1.5Hz,1H),7.07(s,1H),7.03

(d,J=6.4Hz,2H) ,6.86(d,J=4.7Hz,1H) ,6. 81
(d,J=6.2Hz,1H) ,5.32(d,J=3.6Hz,1H) ,4.95
(dd,J=10.4.5.9Hz,1H) ,3.95(s,1H) ,3.85(d,
J=3.7.0.9 Hz,2H) ;"C NMR (101MHz,CDCI,)
8: 177.05, 167.39, 163.90, 162.18, 158.74,
149. 14,149. 08, 148.72,147.27,144.71,137. 87,
137.62,132.88,132.21,130.51,127.12,126. 20,
125.90,125.63,125.35,123.83,117.32,114. 31,
113.99, 112.59, 100. 89, 100. 00, 94.36, 76.53,
76.09,68.29; ESI-MS m/z:597.4 [M+H]"
11-(2-(4- M 40 R R 0 ) R O i -2 3-Jfid
SUK REE (IL,) R AR, 7= % 31, 19%, 1%
5 159.4 ~161.6 °C .,'H NMR ( 400MHz, DMSO-
d,)6:12.06(s,1H) ,10.94(s,1H) ,8.95(s,1H),
8.04 (dd, J =13.6,3.7Hz,2H),7.70 (d, J =
1.7Hz,1H) ,7.68(d,J=1.7Hz,1H) ,7.22~7. 16
(m,2H),7.00~6.95(m,2H),6.86(dd,J=3.0,
1.8Hz,2H) ,5.61(d,J=1.3Hz,1H) ,5.47(d,J=
1.4Hz,1H) ,4.94(d,J=4.8Hz,1H) ,4.39~4.34
(m,1H),4.08(d,J=9.3Hz,1H),3.93(d,J=
12.7Hz,2H),3.77(s,3H);”C NMR ( 101MHz,
CDCl,) &: 177.02, 168.40, 164.47, 162.52,
161.72,158. 80, 150. 62, 149. 07, 148. 82, 146. 68,
138.04,137.98,132.19,130. 16, 130. 14, 126. 08,
125.59,123.70,123.52,117.19,115.25,115. 21,
114.26, 113.29, 112.46, 101.99, 99.94, 97. 50,
76.59,76.15, 68.83, 57.25; ESI-MS m/z; 583. 4
[M+H]",
11-(2-(4-50 3 ) 2R I i me 32 3-i A K
TWHT R (D) - IR B [ A 7R R 29.19% , E S
206.3~210.4 °C ,'"H NMR (400MHz, DMSO-d, )8 :
11.74(s,1H) ,10.82(s,1H),9.05(s,1H),8.05
(s,1H),8.02(dd,J=6.2.1.6Hz,1H) ,7.91(d,
J=3.9Hz,1H),7.88(d,J=3.9Hz,1H),7.74 ~
7.68(m,1H),7.68~7.62(m,1H),7.22(d,J=
1.5Hz,1H) ,7.13(s,1H),7.12~7.07(m,2H) ,
6.93(d,J=4.7Hz,1H) ,6.87(d,J=6.0Hz,1H),
5.38(d, J=5.9Hz, 1H), 4.68 (dt, J 4.6,
2.2Hz,1H) ,4.01 (s, 1H),3.93(dd, J=12.1,
6.4Hz, 2H);"”C NMR ( 101MHz, CDCl, ) §:
176.83,168.19,164. 46,162.25,158.79, 150. 00,
149.06,148. 81, 146. 67,138.93,138.03,137.97,
132.18,131.17,131. 12,130. 58, 130. 55, 126. 93,
126.07,125.58,123.69,117.18,114.25,113.28,
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112.45, 101.47, 100.04, 97.97, 76.58, 76. 14,
68.47;ESI-MS m/z;587.2 [M+H]",

11-( 21 Mgl 5 -5 I s L2 33 4 /K K i
(I, IR EE R, 775 32, 86% , 4 45, 196. 4 ~
199.1 °€C ,'"H NMR (400MHz, DMSO-d,) 8:12.16
(s,1H),9.57(s,1H),8.97(s,1H),7.50(d, J=
3.3Hz,1H),7.47~7.39(m,1H) ,7.27 (dd, J =
6.3.1.6Hz, 1H),7.22(d,J=1.6Hz, 1H),6.97
(dd, J=13.8.5.3Hz, 1H),6.90 (dd, J = 12. 4,
4.3Hz,1H),6.83(d,J=6.3Hz,1H),6.80(d,J=
2.0Hz,2H) ,6.64(d,J=6.1Hz,1H),6.58(d,J=
6.0Hz,1H),5.12(d,J=15.7Hz,1H) ,4.72(dd,
J=10.8.5.5Hz, 1H) ,4.10(d, J=1.7Hz, 1H)
4.06~4.01(m,2H);"”C NMR (101MHz, CDCI,)
8: 177.59, 169.57, 164.41, 162.71, 158.74,
149.28,149. 01, 148. 76, 146. 63, 144. 84 143. 45
137.98,137.92,132.13,126. 03,125. 53, 123. 64,
117.33,116.67,114.41,113.51,113.24,112.70,
102.72,100. 37,96. 43,76. 53,76. 09,60. 53,

11-(2-( 3-H A0 3 -4- 32 5 O Ok ) R I g e -
2, 3B A K KB (M, ). ¥R @K, R
34.55%, ¥ 4% 205.7 ~ 207.9 C.,'H NMR
(400MHz,DMSO-d,) 6:12.05(s,1H),10.97 (s,
1H),9.44 (s, 1H),9.15 (s, 1H),7.69 (d, J =
1.7Hz,1H) ,7.67(d, J=1.7Hz, 1H) , 7.45 (s,
1H),7.14(d,J=1.4Hz,1H) ,7.01(d,J=8. 3Hz,
3H),6.85(d,J=6.7Hz,2H),5.66 ~5.41 (m,
1H),5.40 ~5.17 (m, 1H),4.92 (dd, J = 14.2,
5.7Hz,1H) ,4.49(d,J=17.7Hz,1H) ,4.07(d,J=
9.2Hz, I1H), 3.94 ~ 3.87 (m, 2H), 3.76 (s,
3H);"C NMR ( 101MHz, CDCl, ) &: 177.11,
167.43,163.11,162.22,158.77,151.40,150. 35,
149.79,149. 16, 148.76,147.31,138.35,137.91,
132.25,125.94,125.38,125. 11,123. 86, 120. 03,
117.36,116.13,114.34 ,114.03,112.62,111. 06,
101.33, 99.06, 95.50, 76.57, 76.13, 68.37,
60.37;ESI-MS m/z;598.1 [M+H]",

1.3 {kMEMSEER

AR SC LA Afatinib Fl Lapatinib & FH 4 X B8 24
VR N FLIR e 40 M MCF-7 1A B & 40 L SGC-
7901, 2k H MTT %5 H bk A W 2847 1R St ik g
WM L, K AR K B K BT MCF-7 il
SGC-7901 Wi 40 ML TH Ak B3O, i 840 i B, LA
100 L BEFLEEFIE] 96 FLAR T, & F 37°C i & 4

5% CO, [HIRAN h 155, 5555 24h, B Hinfk &
Py (10 00 25 YK O R L 5 A R R R Y R
W E W  h 10,5,2.5.1,0.5
pmol/L, MU A5 & 1Y 25 W i A 20pL 96 Lk
e BEREE 3 AN AL N2 e R A SR SRR T
48h, 48h J7 FH IR, FEAL A 20pL(Tmg/mL)
MTT ¥ ,37°C Uk 2L 85 37 4h, B0 55 LW, 3
FLANA 60 L DMSO 1 % ¥ fif e IW0RE . 75 3 H6
G K AN K O 490nm T I A 45 AL 2 T A
(OD) , 15 H ks Atk & ¥ %k 40 B i 3 =R A1y,
. REE 3 W, 45 RBCFHE,
E :Hﬂﬁﬁqzﬁj OD {H -5 434 OD {H
Xt B 412 0D i -25 FH41F %) 0D {
x100%

2 #ZRE5itie
2.1 EWEEESN

LA Afatinib F1 Lapatinib 1E A BH Pt X} B8 24 |, 2R
FMTT 3EX5 5 B89 H AR A 45 9 3547 1 b4t e 98
PRI a0 25 2R (£ 1) BoR B AR & 9 0w
o fe T2 40 ) 400 ot T R A R T K RO

£ 1 B#RE&43 MCF-7 70 SGC-7901 4R i1 18 58 A9 30 1 75 14
Tab.1 Inhibitory activities of synthesized derivatives on the
proliferation of MCF-7 and SGC-7901 cells

1Cso/ (pmol-L7")

Inhibition rate/%

Compd

MCF-7 SGC-7901 MCF-7 SGC-7901

Silybin 14.3 21.3 >50 >50
I, 40. 1 36.4 24.3 30.5
1I, 41.2 40.5 20.9 22.1
11, 60. 1 47.6 11.7 16. 8
11, 36.7 37.5 30. 6 26.0
11, 31.4 30.6 >50 48.7

I 29.6 19.6 >50 >50
11, 44.6 40.9 20. 4 21.6
I, 37.5 38.9 29.8 25.3
11, 62.3 51.7 9.8 15.2
II,, 48.3 45.8 16.5 19.3
Afatinib 66.3 63.7 6.9 9.2
Lapatinib 65.3 59.6 7.6 13.2

2.2 T

Maestro Schrodinger X {4 G #% Tl illl #1115 &
P 5T 5 T AR B AR R 66 £ 3 2o R BCET 40 B 4
S SRR CIENER U S N iR W NS N e
K, A MM ERE, 45 A/ E<0 R EIK S T
AEs 52 A E 1 A K4 H . AL HER2 A Y
=4k 245 ¥ (PDB: 60P9) N # & F| ] Docking
score JIREXT BT & ML AT A9 (B H ARtk & ¥ ) i
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VP47, FAR f 4 5 B0 26 11 00 45 44 B 3T 40 00
%%20

®2 KCEEMEYS HER2 BEEAMNLESHE
Tab.2 Binding energy of silybin derivatives to HER2

target proteins

st Docking score L&Y Docking score
I, =7.757 I, -7.339
I, -8.611 1I, -9.303
I, -10. 452 I, -7.569
I, -7.521 1I, -11.175
I, -7.523 1I,, =7.699

Silybin -9.691 Afatinib -9.432

Discovery Studio4. 5 fg EL W4 #7 fb & 4 5 i
RMEEAMNS AN, 8T AL T B 5
Frigor 5w i) B ir b5 9 10, 10, 5 HER2 $2 4
F1(PDB: 60P9) %5 & Jr =, il 1 &l 2 iR,
K CE B R E RSB 5] A28 )5 | 1k
G 1, 5 HER2 ¥E4E (1 iy G B & BE R CYST21
THR768 ,GLN769 i i & 45 &, 5 & 5L R 5% 3%
LEU755 . LEU822 .\ VAL704 %38 i i /K 4 45 & 5 1k
A9 1, 5 HER2 & 11 () B HE R LEU696 |
THR768 ,GLN769 . LEU771, ASP833 il i & # 4%
&, 5 & B Rk 3 ALA832  VAL836 , LEU766 %%

[}

Acceptor Bl e

E1 &9, 5 HER2 ZEEHEERENNAS
Fig.1 Conformation of compound II; interacting with

HER2 protein

o A sy

o i g O

A%

Accotor Bl
B2 &¥WI, 5 HER2 ZEAHEERAZEHMNAZR
Fig.2 Conformation of compound II, interacting

with HER2 protein

Wi KA S, E Y I, 10, 5 GLN769 %%
LR ) AU AR TR BB N T AT A A R
FPE . T XHEAREAE TG Y SR E A B
araE N,

3 it

PLOK ®HI 5 R e Ak A ), L E RG] ATE
W IR 245 B 10 AN RLK CHET AT ARy, Hig
Fj2:"H NMR . ”C NMR 1 MS FF#iE . & &g b
RCR R R T RINIE R =/ DO NG N S ]
MCF-7 AL E 8 40 i SGC-7901 4 3 B H 42 4 1Y
A FE AN O M UK R B BRG] A RE R IR AT
W A0 4 v e R T . R RS AR B 25 M it
D535 B BT S 4L HER2 A A B irfb &
VMM EER, SR8 B LAEWRERS
HER2 £ [ Y — 26 2 B g 5 % % 42, 10 E 7 it
A BRI SXOR K TR B AT A ) 0 i — 2B S R 1
I R 2B E PR R B —E e R R
A Ja WFoR R K 3 ARFE R B 25T N R
IF () SRl
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